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RESULTATS

4.1. CAPACITAT DELS CENTRES ESPANYOLS PER A DETECTAR 1

INFORMAR FENOTIPS DE RESISTENCIA A BETALACTAMICS (ANNEX I)

El proposit d’aquest estudi fou avaluar la capacitat dels laboratoris
espanyols per a detectar i informar correctament la producci6 de BLEA i
betalactamases AmpC, tant cromosomiques com plasmidiques, en aillats

clinics d’ E. colii K. pneumoniae.

Les 12 soques seleccionades, detallades en l’apartat de material i
metodes, foren distribuides als 57 centres participants, repartits per tot
I’'ambit nacional. Els resultats obtinguts pels diferents centres es compararen
amb els valors obtinguts pels centres de referéncia (Taula 12 de l'apartat de

material i métodes).

4.1.1. TECNIQUES D’IDENTIFICACIO I ESTUDI DE SENSIBILITAT MICROBIANA
UTILITZADES PELS CENTRES PARTICIPANTS

El 61,4% dels centres participants varen utilitzar sistemes
automatitzats per a la identificacio, incloent el sistema MicroScan WalkAway
(Dade Behring MicroScan, West Sacramento, CA, EEUU; n=25), el sistema
Vitek 2 (bioMérieux-Vitek, Hazelwood, Montana, EEUU; n=8) y el sistema
Phoenix (Becton Dickinson Diagnostic Systems, Sparks, MD, EEUU; n=2). EIl
38,6% restants varen utilitzar sistemes semi-automatitzats o manuals,
incloent el sistema Wider (Francisco Soria Melguizo, Madrid, Espanya; n=16),
el sistema MicroScan AutoScan 4 (Dade Behring MicroScan, West

Sacramento, CA, EEUU; n=2), el sistema API20E (bioMérieux, Franca; n= 2), el
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sistema BBL Enterotube II (Becton Dickinson Diagnostic Systems, EEUU;
n=1), o no especificat (n=1). Tots els centres que utilitzaren un sistema
automatitzat o semi-automatitzat per a la identificaci6 l'utilitzaren també per a
l'estudi de sensibilitat microbiana, exceptuant dos usuaris de Vitek 2, que
utilitzaren la técnica manual de difusié6 amb discs. En el cas dels que
utilitzaren la técnica manual per a la identificacio, la técnica utilitzada per a
l'antibiograma va ser la técnica de disc-difusio, exceptuant els dos centres que
utilitzaren el sistema API20E per a la identificacio, que utilitzaren sistemes
automatitzats, un el sistema Vitek 2 i l'altre el Sensititre (TREK Diagnostic
Systems, West Sussex, Inglaterra) (Taula 28).

Taula 28. Metodologia utilitzada pels 57 laboratoris participants per a la identificacio i

I’estudi de sensibilitat antimicrobiana.

Teécnica N2 de centres (%)

= Manual o semi-automatitzada 22 (38,6)
Wider (Francisco Soria Melguizo) 16
MicroScan Autoscan 4 (Dade Behring MicroScan) 2
API20E (bioMérieux) 2
BBL Enterotube II (Becton Dickinson Diagnostic 1
Systems)

= Sense especificar 1

= Automatitzada 35 (61,4)
MicroScan Walk-Away (Dade Behring MicroScan) 25
Vitek 2 (bioMérieux) 8
Phoenix (Becton Dickinson Diagnostic Systems) 2

Tecnica N2 de centres (%)

* Manual o semi-automatitzada 22 (38,6)
Wider 16
MicroScan Autoscan 4 2
Sineérgia amb doble disc 4

* Automatitzada 35 (61,4)
MicroScan Walk-Away 25
Vitek 2 7
Phoenix 2
Sensititre (TREK Diagnostic Systems) 1
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4.1.2. RESULTATS DE LA IDENTIFICACI0O BACTERIANA PER PART DELS
LABORATORIS PARTICIPANTS

La identificacio bacteriana a nivell de génere va ser correcta en el 99,3%
dels casos i en el 99,1% a nivell d’espécie. Les Gniques soques que varen ser
identificades erroniament foren la soca CCGO04, identificada incorrectament
per dos centres com a K. ozaenae i com a Klebsiella spp. per un altre centre; la
soca CCGO6, identificada incorrectament per un centre com a E. aerogenes; la
soca CCGO7, identificada incorrectament per un centre com a K. oxytoca i la
soca CCG12 identificada incorrectament per un centre com a E. coli. El1 40%
(2/5) dels errors en la identificacio varen ocorrer en un unic centre usuari del
sistema automatic MicrosScan WalkAway. Les tres identificacions incorrectes
restants varen ocorrer en tres centres diferents. Les técniques utilitzades pels
centres foren el sistema automatic MicrosScan WalkAway (un centre), el
sistema semi-automatic MicrosScan AutoScan 4 (un centre) o la técnica

manual BBL-Enterotube (un centre).

4.1.3. CAPACITAT DELS CENTRES ESPANYOLS PER A REALITZAR I INFORMAR
CORRECTAMENT ELS RESULTATS DE SENSIBILITAT ANTIMICROBIANA

Per a l'analisi de les dades corresponents a l'’estudi de la sensibilitat
antimicrobiana es varen utilitzar les categories cliniques interpretades
subministrades pels participants. Els criteris aplicats foren els del CLSI amb

les matisacions detallades en 'apartat de material i meétodes (Taula 14) .

La distribucio de les discrepancies segons el tipus d’error, per a cada

soca i per a cada tipus d’antimicrobia, es mostren en la taula 29 (per a les
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cefalosporines i ’aztreonam) i la taula 30 (per a carbapenémics i combinacions

de penicilllina amb inhibidors de betalactamics).

En general, es varen observar percentatges d’errors baixos amb les
cefalosporines i l'aztreonam en el grup de les soques productores de BLEA,
degut fonamentalment a l’elevat nombre de centres que foren capacos de
detectar la producciéo de BLEA en aquestes soques. Tots els VME observats en
el cas de les cefalosporines foren deguts a la falta d’identificacié del fenotip
BLEA, excepte un VME per a la cefepima, degut a que un centre no va corregir
la categoria clinica de l'antimicrobia a pesar que el seu sistema expert li
suggeria la possible preséncia de BLEA. En el cas de l'aztreonam, dels tres
VME observats, un va ser degut a la falta d’identificaciéo del fenotip BLEA,
mentre que en els dos casos restants van ser deguts a que els centres no
corregien la categoria clinica d’aquest antimicrobia a pesar d’haver detectat la
preséncia de BLEA. Els majors percentatges d’errors per al grup de les soques
productores de BLEA es varen observar per a les combinacions de
penicil-lines-inhibidors de betalactamases. No obstant, en més de la meitat
dels casos (69,5% per a amoxicil'lina-acid clavulanic i 64,4% per a
piperacillina-tazobactam), aquests errors no estaven relacionats amb la
metodologia emprada per a 'estudi de sensibilitat antimicrobiana, sin6 amb la
interpretacio que feia el microbioleg pel fet de detectar una BLEA (canvis de
categoria clinica de S a R o de I a R). No es va observar cap discrepancia amb

els carbapenémics en el grup de soques productores de BLEA.

En el cas de les soques productores del fenotip AmpC, la majoria
d’errors detectats per a cefalosporines, aztreonam o piperacillina-tazobactam

no estigueren relacionats directament amb la metodologia emprada, siné que
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foren consequiéncia de la interpretacio del microbioleg del fenotip de
resisténcia. En 13 casos, els errors foren fruit de confondre la produccio
d’AmpC amb una BLEA, amb el conseglient canvi de la categoria clinica a
resistent en totes les cefalosporines i aztreonam. En altres ocasions, encara
que es va identificar correctament el mecanisme de resisténcia subjacent, la
falta de recomanacions clares sobre com informar aquest tipus de soques, va
fer que els criteris aplicats foren molt variats, amb gran tendéncia a deixar els
carbapenémics i els antimicrobians no betalactamics, en cas de sensibilitat,
com a Unica alternativa terapéutica, de forma que alguns centres informaven
totes les cefalosporines, incloent la cefepima i la combinacié piperacil-lina-

tazobactam com a resistents amb independéncia del valor de la seva CIM.

Les dues uniques discrepancies observades per als carbapenémics
afectaren a l'ertapenem i la soca CCG09. En un dels centres el valor de CIM
obtingut amb tires d’Etest va ser de 3 mg/l, corresponent-li per tant la
categoria intermedia. En laltre, es va obtindre un valor de CIM de 4 mg/1
(MicroScan WalkAway), corresponent a la categoria clinica intermedia, encara

que el microbioleg ho va corregir a la categoria de resistent.

No s’observaren discrepancies significatives respecte a les soques
control recomanades pel CLSI. Les Uniques discrepancies es detectaren en les
combinacions de penicillina-inhibidor de betalactamases i la soca control
CCG11 (productora de TEM-1). L’analisi detallat d’aquestes discrepancies va
revelar que sols en un cas l’error fou degut a la técnica, essent els dos altres
errors deguts a l’erronia interpretacio que feia el microbidleg al considerar que
la producci6 de TEM-1 implica un canvi de categoria clinica de sensible a

intermeédia.
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Taula 29. Distribuci6é de les discrepancies en la interpretacié dels valors de sensibilitat antimicrobiana i taxa d’errors per a cefalosporines i

aztreonam.
CEFTRIAXONA CEFOTAXIMA CEFTAZIDIMA CEFEPIMA AZTREONAM
ESPECIE/ BETALACTAMASA .—.—.—.
9 0 (0) 0 (0) 0 (0) 0(0) 57 0 (0) 0 (0)

NA
9 00 0O 52 0() 0@ 57 0() 1(2 57 00 NA 12 38 0(0

9 0 0@ 53 0( 0(@ 57 0( 0(© 57 00 NA 0(@© 38 0(0) O0/(0)
9 0 O0( 53 0 0(@ 57 0( 0(© 57 00 NA 0(@© 38 0(0) O0/(0)
9 0() 1(11) 53 0() 0(@) 57 0() O0(© 57 000 NA 2(4) 38 0(0) O0/(0)

8§ 00 00 49 00 0@ 52 00 0(0 5200 NA 0() 35 0(0) 0(0)

9 000 0(0) 53 000

‘Total soques BLEA positives =~ 62 0(0) 1(2) 366 0(0) 1(0,3) 394 0(0) 1(0,3) 394 0(0) NA 6(2) 263 0(0) 3(1)
(CCGO7 K. pneumoniae/ FOX5 9 6(67) NA 53 32(60) NA 57 4(7) 0(0) 56 2(4) 9(16) NA 38 22(56) NA
(CCGO8 B coli /AmpC cromosomica | 9 4(44) NA 53 23(43) NA 57 20(35) 0(0) 57 2(4) 10(18) NA 38 20(53) NA
©€CGO9 B coli/CMY2 9 0(0) NA 53 2(4) NA 57 4(7) 1(2° 57 1(2) 15(26) NA 38 31(82) NA
‘Total soques AmpC positives 27 10(37) NA 159 57(36) NA 171 28(16) 1(0,6) 170 5(3) 34 (20) NA 114 73 (64) NA

MIiE: error menor; MaE: error major; VME: error maxim; NA: no aplicable

57 0(0 0@ 57 000 NA 3(5 38 0(0) O0(0)

a Nombre de determinacions realitzades per a aquesta combinacié microorganisme-antimicrobia.

b Els percentatges es calcularen considerant com a denominador el nombre de determinacions de la sensibilitat realitzades a aquest antimicrobia.

¢ Error produit en el valor brut de sensibilitat. CIM obtinguda pel centre: 8 mg/l (S); CIM obtinguda pels centres de referéncia: 32 mg/l (R).
(Técnica per a 'estudi de sensibilitat del centre: Wider).



Taula 30. Distribuci6 de les discrepancies en la interpretacio dels valors de sensibilitat antimicrobiana i taxa d’errors per als carbapenémics i

les combinacions de betalactamics/inhibidors de betalactamases.

SOCA

CCGO1
CCGO02
CCGO3
CCGo4
CCGO5
CCGO06
CCG12

ESPECIE/ BETALACTAMASA

E. coli /CTX-M-14

E. coli /CTX-M-9

E. coli /CTX-M-10

E. coli /SHV-12

K. pneumoniae/ TEM-4

K. pneumoniae/CTX-M-10

K. pneumoniae ATCC 700603 /SHV-18

Total soques BLEA positives

CCGO7

CCGO08 E. coli /AmpC cromosomica

CCG09

K. pneumoniae/ FOX-5

E. coli /CMY-2

Total soques AmpC positives

CCGO04
CCGO5

MIiE: error menor; MaE: error major; VME: error maxim,;

E. coli ATCC 25922

E. coli ATCC 35218/TEM-1
Total soques BLEA I AmpC positives

na

28
28
28
28
28
25
28
193
28
28
28
84
28
29
57

Errors (%)®

Errors (%)®

na

MiE  MaE MiE VME
0(0,00 0(0,00 56 37 (66,1) 0 (0,0)
0(0,00 0(0,00 56 19 (33,9) 0 (0,0)
0(0,00 0(0,00 56 19 (33,9) 0 (0,0)
0(0,00 0(0,00 56 18(32,1) 0 (0,0)
0(0,00 0(0,00 56 22(39,3) 0 (0,0)
0(0,00 0(0,00 51 16(31,4) 0 (0,0)
0(0,00 0(0,00 56 20 (35,7) 0 (0,0)
0(0,0) 0(0,0) 387 151 (39) 0 (0,0)
0(0,00 0(0,00 56 6 (10,7) 0 (0,0)
0(0,00 0(0,00 56 9 (16,1) 0 (0,0)
1(3,6) 1(3,6) 56 8(14,3) 2 (3,6)
1(1,2) 1(1,2) 168 23 (13,7) 2 (1,2)
0(0,00 0(0,00 55  0(0,0) 0 (0,0)
0(0,00 0(0,00 56  2(3,6) 0 (0,0)
0(0,00 0(0,00 111 2 (1,8) 0 (0,0)

a Nombre de determinacions realitzades per a aquesta combinacié microorganisme-antimicrobia.
b FEls percentatges es calcularen considerant com a denominador el nombre de determinacions de la sensibilitat realitzades a aquest
antimicrobia.
¢ Error produit en el valor brut de sensibilitat. CIM obtingudes pels dos centres: 8/4 mg/1 (S); CIM obtinguda pels centres de referéncia:
32/16 mg/1 (R). (Técniques per a ’estudi de sensibilitat dels dos centres: Wider).

na

56
56
56
56
56
51
56
387
55
56
56
167
56

56
112

AMOXICIL.LINA/ACID PIPERACIL.LINA/
| ERTAPENEM CLAVULANIC TAZOBACTAM

Errors (%)P

MiE
15 (26,8)
15 (26,8)
15 (26,8)

14 (25)
47 (83,9)
11 (21,6)
15 (26,8)
132 (34,1)
20 (36,4)
17 (30,4)
22 (39,3)
59 (35,3)

0 (0,0)

1(1,8)

1(0,9)
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4.1.4. CAPACITAT DELS CENTRES ESPANYOLS PER A DETECTAR CORRECTAMENT EL

MECANISME DE RESISTENCIA

4.1.4.1. Deteccio del mecanisme BLEA

Dels 53 centres que utilitzaven sistemes automatitzats o semi-
automatitzats per a l’estudi de la sensibilitat antimicrobiana, el 37,7% va
especificar que davant la sospita de produccié6 de BLEA realitzava sempre
proves confirmatories, utilitzant el test de sinérgia de doble disc (10
laboratoris) o tires Etest (10 laboratoris).

El 86% (49/57) dels laboratoris va identificar correctament la produccio
de BLEA en totes les soques productores d’aquests enzims. Altres tres
laboratoris no varen especificar la producciéo de BLEA als seus informes, pero
varen realitzar la correcci6 de les categories cliniques de les cefalosporines i
aztreonam a resistent, pel que podrien incloure’s entre les anteriors. El
percentatge d’éxit en la deteccié6 de BLEA s’elevaria doncs al 91,2%. Tant sols
cinc centres varen errar en la identificacié d’alguna de les soques productores
de BLEA. Els errors en la deteccio d’aquests enzims es produiren amb les
soques CCGO2 (un centre), CCGOS (2 centres) i CCG12 (2 centre).

L’error en la deteccié de BLEA detectat per a la soca CCGO2 (productora
de CTX-M-9) es va produir en un centre que utilitzava el sistema Vitek 2. En
aquest cas, les targetes utilitzades no contenien ni cefotaxima ni ceftriaxona, i
les lectures de CIM de les altres cefalosporines i aztreonam foren inferiors a
1 mg/1. Un dels errors en la deteccié de la soca CCGOS5 (productora de TEM-4)
es va produir en un centre que utilitzava la técnica de sinérgia amb doble disc,
i que va obtenir un test de sinérgia amb acid clavulanic negatiu, pel que va

identificar el microorganisme com un possible hiperproductor de SHV-1. En
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laltre cas, es tractava d’un usuari del sistema Wider que a pesar d’obtindre
valors de CIM de tots els betalactamics dins de la categoria resistent, a
excepciod de cefepima i carbapenémics, no va sospitar la preséncia de BLEA.

En aquest mateix centre tampoc es va detectar la preséncia de BLEA en
la soca CCG12 (control de qualitat recomanat pel CLSI per a la deteccio de
BLEA/productora de SHV-18), a pesar d’obtindre un antibiograma amb CIM
elevades d’algunes cefalosporines i aztreonam. En aquest cas el seu sistema
expert li suggeria la possibilitat de preséncia de BLEA associada a alteracions
de permeabilitat o preséncia de betalactamasa AmpC, pero l'usuari no va
realitzar cap tipus de comprovaciéo i no va corregir la categoria clinica de
cefepima a resistent.

L’altre error produit en la soca CCG12 es va donar en un usuari del
sistema MicroScan AutoScan 4. En aquest cas del 'error també es va produir
en la interpretacio que feia el microbioleg, ja que no va sospitar la preséncia de
BLEA a pesar d’obtindre valors de CIM elevats d’alguna de les cefalosporines i

l'aztreonam i la suggeréncia de BLEA per part del seu sistema expert.
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4.1.3.2. Deteccié del mecanisme AmpC

Degut a la falta de métodes aplicables en rutina per a la detecci6é de
betalactamases AmpC, la deteccio de soques amb aquest fenotip de resisténcia
resulta sovint complicat. Aixi, la possible preséncia d'una pACBL va ser
suggerida per a les soques CGGO2 (productora de FOX-5) i CGGO3 (productora
de CMY-2) pel 51% i el 60% dels laboratoris respectivament. En el cas de la
soca CGGO1 (hiperproductora de la seva AmpC cromosomica), la possibilitat
d’hiperproduccié d'una AmpC va ser senyalada pel 53% dels centres. Tan sols
en el 47% dels centres es varen identificar correctament les tres soques
productores d’AmpC. El 32% dels centres no va especificar el mecanisme de
resisténcia i el 15% ho va fer incorrectament. Els principals errors foren
deguts a la confusio del fenotip AmpC amb una BLEA, en el 8% dels casos, o0 a
la confusi6 amb una hiperproduccié de la penicillinasa associada o no a

alteracions de permeabilitat en el 7% dels casos (Figura 31).

Figura 31. Capacitat dels centres espanyols per a detectar el fenotip AmpC.

M |dentificacio correcta M No especifiquen

Identificacié incorrecta
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4.2. TRANSMISSIO IN VIVO D’'UN PLASMIDI PORTADOR DE blapua-11
qnrB ENTRE UNA SOCA D’Escherichia coli Il UNA DE Serratia marcescens

(Annex II)

La detecciéo de pACBL és molt problematica degut a la falta de métodes
fenotipics estandarditzats, complicant-se encara més quan aquestes es troben

presents en microorganismes productors d'una AmpC cromosomica natural.

En una mostra d’orina d'un home de 65 anys, es va aillar una
S. marcescens i una E. coli amb un patré fenotipic compatible amb una
betalactamasa AmpC induible. Encara que en el cas de la soca de
S. marcescens podria tractar-se de la seva AmpC cromosomica natural,
l'observacio d’abundants colonies dins dels halos d’inhibicio de les
cefalosporines de tercera generacio i aztreonam va fer sospitar la preséncia

d’'una pACBL.

Per a determinar la transmissibilitat d’aquesta resisténcia es va
procedir a la realitzacio de técniques de conjugacio i es va determinar el patro
de sensibilitat per disc difusi6 tant de les soques cliniques com dels
transconjugants obtinguts. Ambdues soques cliniques presentaren el mateix
patro de sensibilitat a antibidtics tant betalactamics com no betalactamics, a
excepcid de la cefotaxima i ’acid nalidixic. S. marcescens mostrava sensibilitat
disminuida a cefotaxima (14 mm) mentre que E. coli era sensible a aquest
antibiotic (25 mm). En canvi, E. coli presentava sensibilitat disminuida a 1’acid
nalidixic (15 mm) mentre que S. marcescens es mostrava sensible (21 mm).
L’estudi de sensibilitat dels transconjugants obtinguts tant de la soca de

S. marcescens com d’E. coli va ser ideéntic. Els transconjugants d’ambdoés
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aillats presentaren sensibilitat disminuida a l’acid nalidixic (14-15 mm). La
transmissibilitat de la resisténcia a acid nalidixic via conjugacio va fer sospitar

la preséncia de gens gnr en aquestes soques.

La preséncia de gens blapua-1 i gnrB4, tant en les soques cliniques com
en els transconjugants, es va demostrar mitjancant técniques de PCR i
seqUenciacid. Aquest és el primer estudi on es detecta la preséncia d'una

PACBL en una soca de S. marcescens.

L’analisi plasmidica es va dur a terme mitjancant la tipificaci6 del
replico i de la relaxasa per PCR, S1-PFGE, Southern blot i hibridacio. Encara
que es va observar més d’'un plasmidi en les soques donadores en el gel S1-
PFGE (Figura 28), els resultats obtinguts de la tipificacié del replicé i de la
relaxasa Unicament varen donar resultats positius per a un Unic replico
IncL/M i una unica subfamilia de relaxases MOBpi3 respectivament. Les
seqUéncies nucleotidiques dels amplicons obtinguts dels replicons L/M (684
pb) van ser idéntiques tant per a la soca de S. marcescens com la d’E. coli, aixi
com també els seus respectius transconjugants. Aquestes sequéncies
presentaren un 96% d’homologia amb els plasmidis IncL/M pEL60
(AY422214), pCTX-M3 (AF550415) i pCTXM360 (EU938349). Les sequéncies
dels amplicons obtinguts de la relaxasa (177 pb) tant de les soques cliniques
com dels seus transconjugants també foren idéntiques, mostrant un 86%

d’homologia amb els mateixos plasmidis pEL60, pCTX-M3 i pCTXM360.

Les analisis de Southern blot i hibridacioé varen revelar la co-localitzacio
dels gens de resisténcia blapua-1 i gnrB4 en el mateix plasmidi conjugatiu

(Figura 32). En les soques cliniques de S. marcescens i E. coli, els gens blapua-1
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i gnrB4 hibridaren en un plasmidi d'unes 70 kb, mentre que els plasmidis
portadors d’aquestes resisténcies en els transconjugants presentaren mides
molt majors, essent de 190 kb per al transconjugant de S. marcescens i d’unes

250 kb per al transconjugant d’E. coli (Figura 32).

Figura 32. S1-PFGE hibridat amb les sondes blapua-1, gnrB4 i IncL/M.

1 2 3 4 S5 6

A)

kb kb
-436.5

436.5—

288 0 —388.0

a0 e

201.0— —201.

242 5— =2492.5

194.0— -194.0

145.5— -145.5

48.5— -48.5

2 3 4 5 2 3 4 5 2 3 4 5
—-— . — e S e SR

. .—» ~ 250 kb
= 190kb4—l - .
=~ 70kb €¢— - . —= 70 kb
B) C) D)

Carrils 1 i 6: marcador de pesos moleculars A; carril 2: N4112 (S. marcescens); carril
3: N4112 Tc; carril 4: N4114 (E. coli); carril 5: N4114 Tc; A) S1-PFGE; B) S1-PFGE
hibridat amb blapua-1; C) S1-PFGE hibridat amb el replico L/M; D) S1-PFGE hibridat
amb gnrB4.

El fet que tant la soca de S. marcescens com la d’E. coli s’aillaren d’un
mateix pacient, que presentaren el mateix patré de sensibilitat, que ambdues
presentaren els gens de resisténcia blapua-1 i gnrB4 en un mateix plasmidi
IncL/M-MOBpi13 d'unes 70 Kb i que ambdos plasmidis foren conjugatius al

laboratori, suggereix una possible transmissiéo d’aquestes resisténcies in vivo.
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4.3. CARACTERITZACIO 1 EPIDEMIOLOGIA DE LES pACBL (Annex III)

4.3.1. CARACTERITZACIO DE LES pACBL

De la totalitat d’enterobacteris sense betalactamasa cromosomica AmpC
induible aillats durant 1999-2007, 437 compliren el criteri d’inclusio detallat
en el punt 3.2.1 de l'apartat de material i métodes, com a possibles productors
d’'una pACBL. La seva caracteritzacié genotipica, mitjancant la técnica de PCR
multiple descrita per Pérez-Pérez et al., va permetre la deteccio de 117 pACBL
en soques d’E. coli (n=75), P. mirabilis (n=20), K. pneumoniae (n=16), K. oxytoca
(n=4) i S. enterica (n=2). Els tipus d’enzims detectats foren CMY-2, DHA-1,
ACC-1, CMY-4 i tres noves variants de CMY-2 descrites per primer cop en
aquest estudi: CMY-25, CMY-27 i CMY-40. Set d’aquests aillats (6%) eren a
més a més productors d'una BLEA (dues soques d’E. coli amb DHA-1 i
CTX-M-14; una K. pneumoniae amb CMY-2 i CTX-M-1; tres K. pneumoniae

amb DHA-1 i CTX-M-15 i un P. mirabilis amb CMY-2 i CTX-M-2).

Figura 33. Origen de les

El 66,7% dels aillats procediren de mostres
mostres productores de pACBL.

d’orina, el 14,5% de diferents exsudats, el
10,3% de sang, el 3,4% de mostres del tracte
respiratori i el 5,1% restant de diferents

origens com femtes entre d’altres.

M Orina Exsudats
Mostres sanguinies = Altres
El 68,3% (69/101) dels pacients que Respiratories ‘

presentaren una infeccio per enterobacteris portadors de pACBL eren persones
d’edat avancada, entre els 70 i els 89 anys. L’edat dels pacients portadors de

les 16 soques restants de la colleccié és desconeguda.
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4.3.2. RELACIO CLONAL DE LES SOQUES

Tal i com es menciona en l'apartat de material i métodes, les dues
técniques utilitzades per a determinar la clonalitat de les soques foren I’ERIC-
PCR per als aillats d’E. coli i el PFGE per a la resta d’enterobacteris. En
aquelles soques d’E. coli amb patrons d’ERIC-PCR amb homologies superiors
o iguals al 80% també es va realitzar el PFGE ja que és considerada com la

técnica de tipificacié estandard per a aquest tipus d’analisis.

Del total de soques d’E. coli (n=75) estudiades per ERIC-PCR (Figura
30), es varen obtenir 69 patrons diferents i tres clusters de dues soques
cadascun amb patrons idéntics, tant per ERIC-PCR com per PFGE (Figura 34).
El contagi entre pacients es va suggerir en dos dels clusters, donat que en
ambdos casos es tractava de persones que havien compartit sala i periode
d’hospitalitzacio. En el cluster composat pels dos aillats d’E. coli amb DHA-1

no es va establir cap tipus de relacio epidemiologica entre els pacients.

De les 48 soques restants estudiades per PFGE (20 P. mirabilis, 16
K. pneumoniae, quatre K. oxytoca i dos S. enterica), s’obtingueren patrons de
bandes diferents en tots els casos, a excepcid6 de dues soques de
K. pneumoniae portadores de DHA-1 i una BLEA CTX-M-15, cinc soques de
P. mirabilis amb CMY-2 (quatre idéntiques per PFGE i una probablement
relacionada) i dues soques de K. oxytoca amb DHA-1. El possible contagi entre
els dos pacients portadors de les soques de K. pneumoniae es va poder
determinar, mentre que en el cas de les cinc soques de P. mirabilis, no es va
poder establir cap tipus de relacié entre els pacients per epidemiologia clinica.

Les dues soques de K. oxytoca pertanyien al mateix pacient, encara que foren
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aillades en un interval de temps de vuit mesos, fet que suggereix que aquesta

soca es troba formant part de la microbiota habitual del pacient i que podria

estar actuant com a reservori d’aquesta resisténcia.
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Figura 34. Dendrograma de les 75 soques d’E. coli analitzades per ERIC-PCR.
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4.4. PREVALENCA I DISTRIBUCIO DE LES pACBL

Des de l'aparicié a 'any 2000 de la pACBL a I’Estat espanyol (34), molt
pocs han sigut els estudis realitzats per a determinar la prevalenca d’aquests

enzims a Espanya.

Amb la finalitat de conéixer la situacié d’aquestes betalactamases al
nostre entorn, es varen avaluar totes les soques d’enterobacteris sense
betalactamasa cromosomica AmpC induible, aillades a 'Hospital de la Santa

Creu i Sant Pau durant el periode 1999-2007.

Del total de les 27.119 soques cliniques aillades durant aquest periode,
el 73% (19929/27.119) foren E. coli, el 9% (2387/27.119) K. pneumoniae, el
8% (2095/27.119) P. mirabilis, el 7% (1771/27.119) S. enterica, el 2%
(509/27.119) K. oxytoca i el 2% restant (428/27.119) d’altres espécies
d’enterobacteris com C. koseri (n=211), P. vulgaris (n=108), Shigella spp.

(n=101) i P. penneri (n=8).

De la totalitat de soques analitzades, 437 compliren el criteri d’inclusio,
de les quals 117 foren productores de pACBL. Les 320 soques restants foren
soques productores de BLEA, hiperproductores d’enzims AmpC (E. coli o
hiperproductores d’enzims de classe A (Klebsiella spp.). La prevalenca global
en aquest periode va ser del 0,4%. A pesar de que els valors de prevalenca son
relativament baixos, s’observa un increment significatiu (p<0,001; taula de
contingéncia Xi-quadrat; software SPSS V15) d’aquests enzims any darrere
any, passant d'una prevalenca del 0,06% l'any 1999 fins a valors de 1’'1,3% el

2007 (Figura 35).
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Aquest increment significatiu s’observa en la practica totalitat
d’espécies estudiades (Taula 31). Per al cas d’E. coli, s’observa una prevalenca
molt baixa durant el primer any d’estudi (0,04%), donant-se un increment a
l'any seglient (0,3%). No obstant, el nombre de soques portadores de pACBL
durant els anys 2000-2003 torna a baixar, i no és fins a l'any 2004 que
s’observa un increment significatiu any rere any de la prevalenca, fins a
assolir valors maxims el 2007 (1,1%). En el cas de K. pneumoniae, ocorre un
fenomen semblant, encara que els valors de prevalenca sén més elevats que
els observats per a E. coli. S’observen dos pics maxims de prevalenca l'any
2005 i 2007 amb valors de 1'1,5% en ambdos anys. En el cas de P. mirabilis,
Unicament es descriu una soca productora de pACBL durant els primers anys,
pero és a partir del 2004 quan es dispara de forma exponencial el nombre de
soques productores d’aquesta resisténcia, arribant a ser l'espécie més
prevalent del nostre estudi, amb valors del 2,7% l'any 2006 (Taula 31). En
K. oxytoca, tnicament s’aillen soques productores de pACBL durant 2006-
2007 amb valors de prevalenca del 2,6% i 2,3% respectivament. En S. enterica
es descriuen Unicament dues soques en tot el periode d’estudi, una ’'any 1999
i ’altra el 2006 amb valors de prevalenca maxims del 0,8% el 2006 (Taula 31).

Figura 35. Dades de prevalenca global de soques d’enterobacteris sense AmpC

cromosomica productores de pACBL a 'HSCSP durant 1999-2007.
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Encara que E. coli fou l'espécie on es caracteritzaren un major nombre
de soques portadores de pACBL (n=75), P. mirabilis fou ’'espécie portadora de
PACBL més prevalent (1%), seguida de soques de K. oxytoca (0,8%) i
K. pneumoniae (0,7%) respectivament. S. enterica fou ’espécie menys prevalent

(0,1%) (Taula 31).

Taula 31. Prevalenca i distribuci6 de les pACBL durant 1999-2007.

Eil;%c];f I PERIODE D’ESTUDI
2000 2001 2002 2003 2004 | 2005 2006 2007

E. coli

N° soques aillades 2283 2068 1820 2109 2440 2285 2385 2315 2224 N= 19929
CMY-2 1 6 1 1 3 8 4 14 15 53 (71%)
CMY-4 1 1 2 (3%)
CMY-40 1 1 (1%)
CMY-27 2 2 (3%)
ACC-1 1 1 2 (3%)
DHA-1 4 3 6 13 (17%)
DHA-1+ CTX-M-14 2 2 (3%)
% 0,04% 0,3% 0,05% 0,04% 0,1% 0,4% 0,4% 0,8% 1,1% 75 (0,4%)

K. pneumoniae
N° soques aillades 214 222 181 181 288 295 273 339 394 N= 2387

CMY-2 1 1 1 3 (19%)
CMY-25 1 1 (6%)
DHA-1 2 2 3 7 (44%)
ACC-1 1 1 (6%)
CMY-2 + CTX-M-1 1 1 (6%)
DHA-1 + CTX-M15 3 3 (19%)
% 0,4 0,5 03 1,5 09 1,5 16 (0,7%)
P. mirabilis

N° soques aillades 280 140 201 178 267 249 248 262 270 N= 2095
CMY-2 1 2 2 6 7 18 (90%)
DHA-1 1 1 (5%)
CMY-2+ CTX-M-2 1 1 (5%)
% 0,7 0,8 1,2 2,7 2,6 20 (1%)
K. oxytoca

N° soques aillades 0 0 45 68 65 70 98 76 87 509
DHA-1 2 2 4 (100%)
% 2,63 2,3 4 (0,8%)

S. enterica
N° soques aillades 352 148 290 208 182 231 141 125 94 N= 1771
CMY-2 1 1 2 (100%)

% 0,3 0,8 2 (0,1%
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Del total de pACBL caracteritzades en aquest estudi, CMY-2 fou l'’enzim
predominant, amb valors del 67% (78/117), seguida de DHA-1, amb una
representacio del 26% (30/117). Altres pACBL caracteritzades amb menor
proporci6 foren: ACC-1, CMY-4, CMY-25, CMY-27 i CMY-40, essent aquestes
tres ultimes variants de CMY-2 descrites per primer cop en aquest estudi

(Taula 31).

L’espécie que va mostrar una major variabilitat de pACBL fou E. coli,
essent CMY-2 l’enzim caracteritzat amb una major proporcio (71%), seguit de
DHA-1 (20%). En el cas de K. pneumoniae trobem la situacié inversa, essent
DHA-1 l’enzim majoritariament descrit (63%) seguit de CMY-2 (25%). En
menor proporcio també trobem CMY-25 i ACC-1. Per al cas de P. mirabilis,
practicament la totalitat de soques eren portadores de CMY-2 (95%) descrivint-
se Unicament una soca portadora de DHA-1. En K. oxytoca tots els enzims
detectats foren DHA-1, mentre que en les dues Uniques soques aillades de

S. enterica, ambdues eren portadores de CMY-2 (Taula 31, Figura 36).

Figura 36. Distribuci6 dels tipus de pACBL en funci6 de l’espécie aillada.
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4.5. CARACTERITZACIO DELS VECTORS IMPLICATS EN LA

DISSEMINACIO DE LES pACBL (Annex III)

L’estudi dels vectors implicats en la mobilitzacio de les pACBL és de
vital importancia a l’hora d’establir les mesures de control i prevencio
necessaries per a intentar reduir la disseminacié d’aquests gens de

resisténcia.

4.5.1. DETERMINACIO DE LA FREQUENCIA D’AUTOTRANSFERENCIA

El primer pas per a determinar si les nostres pACBL d’estudi es
trobaven vehiculades per plasmidis i amb quina freqiiéncia es mobilitzaven a

una cel'lula receptora es va realitzar mitjancat la técnica de conjugacio.

Del total de les 117 soques estudiades, la transferéncia dels gens ampC
per conjugacié va tindre lloc en el 83% dels casos (97/117), amb freqtiéncies
d’autotransferéncia que oscil'laren entre 102 i 10-8. De les set soques que a
més a més de presentar una pACBL eren portadores també duna BLEA,
s’obtingueren transconjugants en sis dels casos, transferint-se ambdés gens
de resisténcia tan sols en quatre aillats. No s’obtingueren transconjugants de
les soques portadores de CMY-4, CMY-25 i CMY-40. El percentatge de
transconjugants obtinguts i la seva freqiiéncia de conjugacio en funci6 de la

pACBL transferida, es troba reflectida en la taula 32.

Taula 32. Percentatge i freqiéncia de conjugaci6 de les pACBL.

pACBL/(n % CONJUGACIO FREQ. CONJUGACIO

CMY-2 (78) 85% 102 a 108
DHA-1 (30) 87% 105 a 108
ACC-1 (3) 67% 105 a 107
CMY-27 (2) 100% 105 a 107
CMY-4 (2), CMY-25 (1) i

CMY-40 (1) i i
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4.5.2. CARACTERITZACIO DELS PLASMIDIS PORTADORS DELS GENS ampC

La primera aproximacio per a caracteritzar els plasmidis portadors dels
gens ampC va ser mitjancant PBRT, S1-PFGE i hibridaci6 amb sondes
especifiques, tant per al replico obtingut com per al tipus de pACBL en
questio.

Del total dels 18 replicons testats, 10 replicons, incloent 11/Iy, L/M, N,
FIA, FIC, A/C, FIIA, K i F, varen estar implicats en la disseminaci6 dels gens
ampC. Els grups Inc més ampliament representats, sols o formant part de
multireplicons foren: A/C (n=30), L/M (n=27), 11/Iy (n=26), K (n=10) i el grup F
(n=10). Aquesta primera aproximacio va permetre la caracteritzacié dels
plasmidis portadors dels gens ampC en el 78% (91/117) de les soques

d’estudi.

Com a segona aproximacio per a caracteritzar les 26 soques restants no
resoltes seguint aquesta metodologia, es va realitzar la PBRT dels grups ColE,
IncU i IncR i la caracteritzacio de la regio mob que codifica per a la relaxasa.
Onze soques foren positives per al replico ColE mentre que cap de les soques
testades va ser positiva per als replicons de tipus IncU o IncR. Els resultats
obtinguts de la tipificacié de la regio mob foren: 10 mostres positives per a la
subfamilia de relaxases MOBui2, set MOBp11, quatre MOBri2, tres MOBpi2 i tres

MOBpi31.

La hibridaci6 amb sondes especifiques per al replico ColE i per a les
relaxases obtingudes va permetre la caracteritzaci6 de quatre plasmidis
portadors de gens ampC: dos plasmidis MOBri1, un plasmidi MOBpi2 i un

cointegrat entre un plasmidi tipus ColE i una relaxasa MOBp;.
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Els motius pels quals les 22 soques restants no es varen poder resoldre

van ser diversos (Taula 33), incloent:

1) En nou aillats, no es va observar cap plasmidi en el gel de S1-PFGE, o cap
dels plasmidis presents va hibridar amb la sonda del gen ampC.

2) En tres aillats, els plasmidis portadors dels gens ampC no es varen poder
caracteritzar ni per PBRT ni per la tipificacio de la relaxasa.

3) En sis aillats, multiples plasmidis presents en la soca hibridaren tant per
al replicé com per al gen ampC en questio.

4) Quatre aillats es varen lisar durant el S1-PFGE i per tant no es varen

poder analitzar (dues E. coli amb CMY-2 i dues E. coli amb DHA-1).

Taula 33. Resultats de ’analisi plasmidica de les soques no resoltes.

SOQUES . PBBT/RELAXASA/GENS DE
ESPECIE pACBL/BLEA RESISTENCIA 1 MIDA DEL PLASMIDI
(D/Tc)?
(kb)
27D P. mirabilis CMY-2 -
44D P. mirabilis CMY-2+CTX-M-2  ColE
72D P. mirabilis CMY-2 ColE
74D P. mirabilis CMY-2 MOBH12 (SXT/R391)P
75Tc P. mirabilis CMY-2 ColE (40), MOBH12 (SXT/R391)P
76D P. mirabilis CMY-2 MOBH12 (R391)
112T¢c = P. mirabilis CMY-2 IncP+ColE (40), MOBH12 (SXT/R391)P
117Tc  P. mirabilis CMY-2 ColE+MOBp11 (40)
33D E. coli CMY-40 ColE (230), MOBr1:
46Tc E. coli CMY-2 pNTe CMY-2(373)
93D E. coli CMY-4 pNTe CMY-4 (40)
65D K. pneumoniae CMY-25 pNTe EMY-25 (380)
6Tc E. coli CMY-2 A/C eMY-2(179 i 359)
. A/C+F ¢MY-2(97Kb), A/C MY-2(135 i
SO0 IR CMY-2 140), A/C+F(+FIB C)MY2/ (230) (
12Tc K. pneumoniae CMY-2+CTX-M-1  A/C+N CMY-2+CTX-M-1 (200 i 425)
39Tc K. pneumoniae CMY-2 A/CceMY-2(173 1 353)
37Tc E. coli DHA-1 L/M DPHA-1 (100 and 312)
62Tc E. coli DHA-1 L/M DHA-1 (74 and 164)

a D: donadores per la impossibilitat d’obtindre transconjugants; Te: transconjugants.

b La sequenciacié dels amplicons MOBHyi2 va ser compatible amb la relaxasa d'un ICE
de la familia SXT/R391.

¢ pNT: plasmidi no tipificable ni per PBRT ni per la relaxasa.
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4.5.2.1. Plasmidis portadors dels gens blacuy.2

Els plasmidis portadors dels gens blacuy-2 presentaren mides molt
diverses que oscil-laren entre les 81 i les 414 kb, essent per regla general els
meés grans aquells que presentaven més d’un replico. Del 81% (63/78) dels
plasmidis portadors de blacwy-2 caracteritzats, el 41% (26/63) pertanyeren als
grups IncA/C (amb mides que oscil'laven entre les 150 i les 170 kb en el 69%
dels casos), €l 29% (18/63) a Incl1/Iy (amb mides que oscil'laven entre les 82 i
les 100 kb en el 88% dels casos) i el 13% (8/63) a IncK (amb mides que
oscil'laven entre les 81 i les 86 kb en el 63% dels casos). Una de les soques
d’E. coli portava el gen blacmy-2 en un plasmidi tipus F i una soca de P. mirabilis
en un cointegrat entre un plasmidi tipus ColE i un plasmidi MOBp;;. La
sequenciacio de la regi6 mob va indicar que es tractava d’un plasmidi tipus
IncPla, plasmidi helper freqiientment associat a plasmidis mobilitzables. En el
16% (10/63) dels casos, els plasmidis portadors de blacuy-2 presentaven més
d’un replicé (Figura 30). En el 19% (15/78) dels casos, els vectors implicats en

la disseminaci6 dels gens blacmy-2 no es varen poder caracteritzar (Taula 34).

Figura 37. Tipus de plasmidis portadors de blacmy-2.
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4.5.2.2. Plasmidis portadors dels gens blapua-1

Els plasmidis portadors dels gens blapua1 presentaren també mides
molt diverses que oscil'laren entre les 52 i les 293 kb. Del 87% (26/30) dels
plasmidis caracteritzats, tots menys un foren assignats al grup IncL/M. En el
77% (20/26) dels casos, el plasmidi de tipus L/M va ser 1"anic replicé trobat
(amb mides que oscil'laren entre les 70 i les 80 kb en el 56% dels casos) o
formant multireplicons en el 19% (5/26) dels casos, trobant-se quatre soques
amb els replicons L/M + F (15%) i una soca amb L/M + N (4%). LXnic
plasmidi no pertanyent al grup L/M fou del tipus IncN (Figura 38). En dos dels
tres casos on a més a més també és va transferir una BLEA junt amb la
DHA-1, ambdues resisténcies es trobaren localitzades en el mateix plasmidi.
En el 13% (4/30) dels casos, els vectors implicats en la disseminacio dels gens

blapua-1 no es varen poder caracteritzar (Taula 34).

Figura 38. Tipus de plasmidis portadors de blapua-1.
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4.5.2.3. Plasmidis portadors dels gens blaacc1

La técnica de PBRT i posterior hibridacié va permetre la caracteritzacio
Unicament d’'un dels plasmidis portadors de blaacc-1 en un plasmidi de 95 kb
pertanyent al grup Incll/ly. Les dues soques restants es varen resoldre
mitjancant la tipificacio de la regié6 mob, essent ambdues soques positives per
PCR per a la subfamilia MOBri:. La seqlienciacié dels amplicons de les
relaxases tipus MOBgri1: va ser compatible en un dels casos amb la relaxasa del
plasmidi R46 (tipus IncN), mentre que en l’altre cas es va descriure una
relaxasa nova (N° de GeneBank: FJ421285) en un plasmidi de 75 kb, amb una
homologia aminoacidica del 79% amb la regié Tral del plasmidi R46 i d’'un
S51% amb la regi6 Tral del plasmidi pCT14. Aquesta nova relaxasa va rebre el
nom de VirD2, per la seva homologia amb la relaxasa del sistema model

d’Agrobacterium (Taula 34).

4.5.2.4. Plasmidis portadors dels gens blacwy-4, -25,-27i -40

De les sis soques portadores de les diferents variants de blacmy-2, dues
soques presentaren blacwy-4 i blacmy-27 en plasmidis de tipus F, amb mides de
121 i 73 kb respectivament, mentre que en l'altra soca portadora de blacwmy-27,
el gen ampC es va localitzar en un plasmidi MOBpi2 de 249 kb. La
seqUenciacié de la regio mob va indicar que es tractava dun plasmidi tipus
Incll. Els plasmidis portadors de blacmy-2s i el restant blacmy-4 no es varen
poder caracteritzar ni per la tipificacio del replicé ni per la tipificacié de la
relaxasa (Taula 34). Finalment en la soca portadora de blacmy-s0 cap dels
plasmidis presents en la soca varen hibridar amb la sonda del gen ampC,

indicant la seva possible localitzacié cromosomica (Taula 33).
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Taula 34. Families plasmidiques associades amb diferents tipus de pACBL en Enterobacteriaceae.

ENZIMS (n) REPLICONS/RELAXASES AILLATS (n) N2 SOQUES MIDES (kb) TOTAL (%)
CMY-2/ CMY-2+BLEA (78) A/C E. coli (15), K. pneumoniae (2), P. mirabilis (8), S. enterica (1) 26 = 97 a 365 33%
I1 E. coli (16), P. mirabilis (1), S. enterica (1) 18 =~ 82 a 350 23%
K E. coli (7), P. mirabilis (1) 8 =81all3 10%
I1 +K E. coli (2) 2 =90 a 93 3%
I1+F E. coli (3) 3 =~ 84 a 133 4%
A/C+F E. coli (3) 3 =~ 162 a 339 4%
A/C+11 E. coli (1) 1 =414 1%
F E. coli (1) 1 =190 1%
ColE + MOBp11 P. mirabilis (1) 1 = 97 1%
No resolt P. mirabilis (8), E. coli (5), K. pneumoniae (2) 15 - 19%
DHA-1/ DHA-1+BLEA (30) L/M E. coli (8), K. pneumoniae (9), K. oxytoca (3) 20 =70 a 293 67%
L/M+F E. coli (2), K. pneumoniae (1), K. oxytoca (1) 4 =108 a 171 13%
N E. coli (1) 1 = 52 3%
L/M+N P. mirabilis (1) 1 =~ 103 3%
No resolt E. coli(4) 4 - 13%
ACC-1 (3) I1 E. coli (1) 1 = 95 33%
MOBF11 E. coli (1), K. pneumoniae (1) 2 ~ 64176 67%
CMY-4 (2) F E. coli(1) 1 =121 50%
No resolt E. coli (1) 1 =~ 40 50%
CMY-27 (2) F E. coli (1) 1 =73 50%
MOBp12 E. coli (1) 1 ~ 249 50%
CMY-25 (1) No resolt K. pneumoniae (1) 1 ~ 380 100%
CMY-40 (1) No resolt E. coli (1) 1 - 100%
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4.5.3. CORRELACIO ENTRE LA PBRT I LA TIPIFICACIO DE LA RELAXASA

La caracteritzacio plasmidica mitjancant la tipificacié de la relaxasa és
una nova técnica en procés de desenvolupament que encara no ha estat
ampliament testada per a una gran collecci6 de soques cliniques. Amb
l'objectiu de comprovar si els resultats obtinguts per PBRT eren reproduibles
amb aquesta nova técnica, tots aquells grups Inc obtinguts per la PBRT varen
ser posteriorment analitzats per a la corresponent subfamilia de relaxases
MOB especifiques. A més a més, la caracteritzacio de les 19 subfamilies de
relaxases detallades en la taula 23 de l'apartat de material i métodes 3.2.6.1
també es va realitzar en totes aquelles soques que eren negatives per als 18
replicons testats per PBRT i aquelles soques on existia alguna discrepancia de

resultats entre ambdues técniques.

Entre els 138 replicons detectats per PBRT en les 117 soques de la
colleccio, la subfamilia especifica de relaxases es va caracteritzar en 127 dels
casos, mostrant una correlacio del 92% (127/138) entre ambdues técniques.
Curiosament, dels 11 casos on la relaxasa especifica no es va detectar, 10 dels

casos eren de grups IncF, mentre que el grup restant fou IncL/M.

L’estudi de totes de les subfamilies de relaxases es va dur a terme en 25
soques: 14 soques amb resultats negatius per a tots els replicons testats i 11
soques on la PCR de la relaxasa especifica era negativa. La tipificacio de la
regio mob ens va permetre detectar 20 plasmidis més que la técnica de PBRT,
incloent 11 plasmidis pertanyents a la subfamilia MOBpi; (relaxases

associades a plasmidis IncP-1), quatre a MOBui12 (IncA/C i ICE SXT/R391),
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tres MOBFri11 (IncN i IncW), un MOBp12 (Incl, Ki B/O) i un MOBp4 (IncU). Entre
la diversitat plasmidica observada en els 14 aillats negatius per a tots els
replicons testats es varen trobar: sis MOBp11, quatre MOBy12 i tres MOBri1,
trobant-se els gens ampC en tres dels plasmidis detectats per aquesta nova

técnica (dos MOBri11i un MOBp11) (taula 35).

Taula 35. Nova diversitat plasmidica detectada per la técnica de la relaxasa.

MOBp11 B MOBr11 MOBuiz B MOBp12 MOBp4

4.5.4. LOCALITZACIO CROMOSOMICA DELS GENS ampC

Per tal d’esbrinar si els gens ampC de les 18 soques no resoltes,
excloent les quatre soques lisades durant la realitzaci6 del S1-PFGE,
presentaven una localitzacié cromosomica, es va procedir a la digestié del DNA
total de les soques amb I-Ceu-I seguida del PFGE, Southern blot i hibridacié de

les membranes amb les sondes especifiques per als gens ampC implicats.
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Entre les 18 soques no resoltes (Taula 33), 'analisi amb I-Ceu-I va
confirmar la localitzaci6 cromosomica dels gens ampC en totes les soques
testades, a excepciéo de la soca d’E. coli (93D) portadora de blacmy4 en un
plasmidi no tipificable (pNT) de 40 kb. Una de les vuit soques de P. mirabilis
portadora de blacwy-2 i la soca de K. pneumoniae portadora de blacwuy-2s varen

presentar multiples copies del gen ampC al cromosoma.

4.5.4.1. Mobilitzacié de blacwy-2 per ICE de la familia SXT/R391 en soques de
P. mirabilis (Annex 1V)

El fet que tres de les vuit soques de P. mirabilis on blacuy-2 va ser
localitzat al cromosoma foren conjugatives i que a més a més quatre d’elles
presentaren una relaxasa compatible amb un ICE de la familia SXT/R391
(Taula 33), va fer sospitar que la mobilitzaci6 dels gens ampC en aquestes

soques podia estar vehiculada per aquest tipus d’elements.

Per a poder demostrar la implicacié d’aquests MGE en la mobilitzacio de
blacuy-2, es va procedir a la deteccidé per PCR de gens que codifiquen per a la
integrasa (int) i per al sistema toxina/antitoxina (TA), ambdés altament
conservats en els ICE pertanyents als membres d’aquesta familia. A
continuaci6 es va procedir a hibridar el gel d’I-Ceu-I-PFGE, realitzat tant per a
les soques salvatges com per als transconjugants obtinguts, amb els
amplicons de blacwmy-2, int i prfC (diana on s’integra SXT/R391 al cromosoma

bacteria).

En set dels vuit P. mirabilis analitzats per PCR es varen obtenir
amplicons tant per a int com per a TA. La hibridaci6 amb blacuy2 i int va

confirmar que tant els gens blacuy-2 com I'ICE de la familia SXT/R391 es
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localitzaven en la mateixa porcié del genoma en les set soques amb amplicons
positius per a inti TA. L"anica soca (27D) no mobilitzada per un ICE d’aquesta
familia, va presentar almenys quatre copies de blacuy-2 al cromosoma (Figura

32).

Per altra banda s’observaren patrons diferents d’I-Ceu-I-PFGE entre les
tres soques transconjugants (75Tc, 112Tc i 117Tc) i la soca receptora HB101
(Figura 39). Es va observar una insercio al cromosoma en els tres
transconjugants; la banda de 660 kb present en la soca receptora desapareixia
en tots els transconjugants apareixent una banda de major grandaria, que era
diferent per a cada transconjugant. El gen prfC va hibridar en la banda de 660
kb en la soca receptora i en les diferents insercions dels transconjugants. No
es va observar hibridaci6 amb prfC en les soques donadores de P. mirabilis
perqué 'amplico utilitzat per a fer la sonda de prfC es va obtindre d’una soca

d’E. coli (Figura 39).

Una de les set soques portadores de blacwy-2 vehiculades per un ICE, era
portadora a més a més de blacrx-m-2 (soca 44D, taula 33). La hibridacié amb la
sonda de blacrx-m-2 en el gel d’I-Ceu-I-PFGE, va confirmar la seva localitzacié al

cromosoma pero a un lloc diferent d’on es trobava localitzat I'ICE.
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Figura 39. Hibridacio del gel I-Ceu-I-PFGE amb blacwuy-2, inti prfC.

[T
N M=
-
- -

A) I-Ceu-I PFGE; B) I-Ceu-I PFGE hibridat amb blacwuy-2; C) I-Ceu-I PFGE
hibridat amb la integrasa (int) de la familia SXT/R391; D) I-Ceu-I PFGE
hibridat amb prfC.
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4.5.4.2. Localitzacié cromosomica dels gens ampC en els aillats amb maultiples

hibridacions

Entre els sis aillats on més d’un plasmidi hibridava tant per al replico
com per al gen ampC en questio, es va seleccionar una soca (62D) de forma
aleatoria. La conjugacié d’aquesta soca es va tornar a repetir i en aquest cas
es seleccionaren a més a més 25 transconjugants. Per tal de veure si els
primers resultats obtinguts eren reproduibles, es va procedir a l’analisi
plasmidica tant de la soca salvatge com dels 25 transconjugants seleccionats
aleatoriament. L’analisi cromosomica també es va dur a terme tant per a la

soca donadora com per als 25 transconjugants.

Els resultats obtinguts varen revelar que el gen ampC es trobava
originariament localitzat tant al cromosoma com en un plasmidi d’unes 70 kb
en la soca donadora, mentre que per al cas dels transconjugants s’observaren
diferents patrons plasmidics on els gens ampC hibridaven en un o més
plasmidis de diferents tamanys en funcié del transconjugant especific (Figura
40). En molts dels transconjugants no es va observar cap hibridaci6 dels gens
ampC en cap dels plasmidis presents en la soca, pero en tots ells el gen ampC

es va trobar localitzat al cromosoma bacteria.
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Figura 40. Hibridaci6 dels gels S1-PFGE amb la sonda de blapua-i.
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4.6. CARACTERITZACIO DE L’ENTORN GENETIC DE LES pACBL (Annex

V)

Les regions adjacents als gens ampC també varen ser estudiades amb
lobjectiu d’analitzar amb més detall els vectors implicats en la seva
disseminacio. Aquest estudi es va realitzar mitjancant PCR creuades explorant

les regions adjacents més freqiientment descrites en la literatura.

4.6.1. ORGANITZACIO GENETICA DE blacwy-2, -4, -25,-271-40

Les regions adjacents explorades per als gens blacuy-2 (n=78), blacwy-4
(n=2), blacwmy-25 (n=1), blacmy-27 (n=2) i blacwmy-40 (n=1) foren ISEcp1 i els gens blc
(lipoproteina de membrana externa) i sugE (canal d’expulsio per a la sortida de

drogues), ambdos procedents del cromosoma de C. freundii.

L’element transposable ISEcpl es va localitzar upstream del gen ampC
mentre els gens blc i sugE, foren localitzats downstream en totes les soques
estudiades (Figura 34). No obstant, I’element ISEcp1 va aparéixer truncat en el
55% (46/84) dels aillats. El truncament es trobava a l'extrem 5’ en el 29%
(24 /84) dels casos mentre que en el 26% (22/84) dels aillats restants, aquest

truncament es va observar a l'extrem 3’ (Figura 41).
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Figura 41. Organitzaci6 genética de blacwmy-2, -4, -25, -27 i -40.

a-b (amplifica)

a b

ISEcpl

blaCMY—Z—tipus

a-d (amplifica; 2164 pb)
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2y <
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ISEcpl

VIS 4d_
c-d (amplifica; 1025 pb)
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ISEcpl

blaCMY-Z—tipus

<
a-d (amplifica; 1584 pb)

1.- ISEcp1 sencer (model pNF4656)

blc

TIPUS DE pACBL (n)

| sugk

J r‘ CMY-2 (n=37); CMY-4 (n=1)

blc
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E
2% CMY-2 (n=21); CMY-4 (n=1);

/ |—‘ CMY-25 (n=1); CMY-40 (n=1)
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’_‘ CMY-2 (n=20); CMY-27

Els gens ampC estan representants per fletxes liles, els elements transposables per
fletxes de color vermell i les regions adjacents procedents del cromosoma de C. freundii
per fletxes de color verd. Els gens truncats estan representats per fletxes incompletes.
1) el 45% dels aillats sén idéntics a l'estructura descrita en el plasmidi pNF4656
(AY581207); 2) el 29% dels aillats tenen I'ISEcpl truncat en l'extrem 5’; 3) el 26% dels
aillats tenen 1’ ISEcpl truncat en 'extrem 3’. a, b, c i d fan referéncia a la posici6 dels
iniciadors utilitzats per a amplificar la regié de l’element transposable (iniciadors
descrits en la Taula 26 de material i métodes).
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4.6.2. ORGANITZACIO GENETICA DE blapua.1

Els gens explorats en les 30 soques portadores de blapua-1 foren ISCRI

(orf513), IS26, orf2, ampR, qacEA1 i sull.

Es va detectar un estructura composada per set ORF consecutius en el
93% (28/30) de les soques portadores de blapua-1 (estructura I) (Figura 42). En
aquest cas, upstream del gen ampC es varen detectar: el seu regulador ampR,
gens conservats caracteristics d’un integr6 de classe 1, gacEA1, sull i orf-5, i
l’element transposable IS26. Downstream del gen ampC es va trobar un ORF
de funci6o desconeguda procedent del cromosoma bacteria de Morganella
(Figura 42). En una de les soques restants l’element [IS26 es va trobar
downstream (estructura II), mentre que en l’altra soca, aquest element no es
va trobar ni upstream ni downstream del gen ampC (estructura III) (Figura 42).
L’element ISCRI no es va detectar en cap de les soques a excepcié dun aillat.

En aquest cas, aquest element no es va trobar adjacent del gen ampC.

Figura 42. Organitzaci6 genética de blapua-1.
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4.6.3. ORGANITZACIO GENETICA DE blaacc

Les tres soques productores dels gens blaacc-1 presentaren l'element
ISEcpl, truncat al seu extrem 5’, upstream del gen ampC, mentre que el gen
gdha va ser localitzat downstream (Figura 43). Tots tres aillats foren negatius

per a la preséncia de ’element [S26.

Figura 43. Organitzaci6 genética de blaacc-1.

blascc.

5’AISEcpl E i . gdha

4.6.4. ORGANITZACIO GENETICA DE blacwy-» MOBILITZATS PER ICE (Annex V)

L’organitzacié genética de les set soques portadores de blacuy2 en un
ICE de la familia SXT/R391 es va analitzar utilitzant com a model
I'ICEPmiJpanl (AB525688), recentment descrit a Jap6. Es va procedir a
realitzar PCR creuades cobrint la major part de la regié6 que va des del gen
rumA, gen conservat de I'ICE, fins a la sequiéncia IS10 dreta del transposoé
Tn10 compost (16.460 pb) (Figura 44). Els productes purificats de PCR
obtinguts dels transconjugants (75Tc, 112Tc i 117Tc) foren sequenciats. Les
set soques de P. mirabilis varen mostrar la mateixa organitzaciéo geneética que
la descrita per a TICEPmiJpanl, encara que es varen detectar algunes
diferéncies en referéncia a la posicido del truncament de I'ISEcpl localitzada
downstream del gen ampC. L’ ISEcpl present en 44D, 72D, 74D i 76D es va
trobar truncat en el seu extrem 5’, mentre que en 75Tc, 112Tc i 117Tc el

truncament era idéntic al que s’observa per a 'ICEPmiJpanl (Figura 44).
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Figura 44. Organitzacioé genética dels gens blacmy-2 en soques de P. mirabilis amb ICE de la familia SXT/R391.

A) ICEPmiJpn1 (AB525588) Mida del fragment: 16460bp

rumA  orfl2 orfl3 Aorfl4 1SIOL AISEcpl blacyy., blc sugE ecnR Jjpn01 dsbC AtraC AISEcpl 1S10R

| > - -

B) Soques 75Tc, 112Tc and 117Tc (identics a ICEPmi]pn1)

Fragment 4
F. t 2

Fragment | ragmen Fragment 3 .
rumA-1S10L ISI0L- blacmy-2 — Jpn01-1S10R

blacmy 2- jpn01

C) Soques 44D, 72D, 74D and 76D isolates (ISEcp1 truncat a I'extrem 5’)

a-d (no va amplificar)

a-b (no va amplificar)

c-d ( va amplificar)

LLEGENDA

M ISEcp] truncat al mig
M‘ ISEcp1 truncat en I’extrem 5’
------------- Regiod no explorada

Regi6 amplificada i seqiienciada

1kb

Les fletxes negres representen els gens conservats de I'ICE. Les fletxes gris obscur representen el transposé Tnl0. Les fletxes gris clar
representen IISEcpl. Les fletxes amb linies diagonals representen al gen blacmy-2. Les fletxes blanques representen altres gens presents en
aquesta regié6 A) Regio de 16.460 pb de I'ICEPmiJpnl utilitzat com a model per a explorar ’entorn geneétic del gen blacuy-2 en els aillats
d’aquest estudi. B) Representacié esquematica de les regions amplificades i seqiienciades. Les soques 75Tc, 112Tc i 117Tc s6n idéntiques a
ICEPmiJpnl. C) Aquestes soques presenten la mateixa organitzacié genética que ICEPmiJpnl, a excepcié de l’element ISEcpl que apareix

truncat a l'extrem 5’.
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4.7. SENSIBILITAT A ANTIMICROBIANS NO BETALACTAMICS

L’estudi de sensibilitat a antibiotics no betalactamics en les soques
cliniques portadores de pACBL va mostrar un elevat grau de resisténcia a la

majoria dels antimicrobians testats (Figura 45).

Els percentatges de resisténcia més elevats en aquestes soques foren
detectats per a antimicrobians com l’acid nalidixic, amb el 74% de soques
resistents, les tetraciclines, amb un 68% de soques resistents, les
sulfonamides, amb un 62% de soques resistents, i la ciprofloxacina, amb un
51% de soques resistents. El 44% de les soques foren també resistents a
cloranfenicol, trimetoprim i kanamicina, un 37% de les soques foren resistents
a gentamicina, un 34% a tobramicina i un 20% a neomicina. Tan sols un 6%
de les soques productores de pACBL foren resistents a netilmicina, un 3% a

espectinomicina i un 2% a amikacina.

Figura 45. Percentatge de soques resistents a antibiotics no betalactamics.
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Amb l’'objectiu d’avaluar si aquests determinants de resisténcia eren
transferits per conjugacio, conjuntament amb els diferents tipus de pACBL, es
va estudiar també el patr6 de sensibilitat de tots els transconjugants
obtinguts. En aquest cas, com que la receptora utilitzada per als experiments
de conjugaci6 era resistent a una majoria d’aminoglucosids, la transferéncia

d’aquests antibiotics no es va poder avaluar.

Tal i com es mostra en la taula 36, les soques cliniques portadores de
PACBL, a excepci6 de la soca portadora de CMY-25, foren resistents a la gran
majoria d’antibiotics no betalactamics. No obstant, el percentatge de soques

transconjugants mostrant co-resisténcia a aquests antibiotics fou molt menor.

Taula 36. Percentatge de resisténcia a antibiotics no betalactamics en soques
cliniques i nivells de co-resisténcia en els transconjugants.

ANTIBIOTICS NO BETALACTAMICS (% de soques resistents)a

pACBL (n9) NAL CIP SSS TMP SXT TET CHL

Di(n=78) 77 47 73 44 40 81 59

CMY-2>  Dic(n=66) 76 52 73 39 36 79 56

Tc(n=66) O 0 50 3 3 47 42

D:(=30) 77 60 47 47 37 43 17

DHA-1c  Drc(n=26) 81 62 50 46 38 46 15
Tc(n=26)  62° 0 15 15 8 12 0
_ D (n=3) 2 2 2 1 0 2 0
ACCT  pem=3) 0 0 2 0 0 0 0
D (n=2) 2 2 0 1 0 2 0
CMY-27  tem=2) O 0 0 0 0 0 0
CMY-4¢ Dy (n=2) 2 2 2 2 2 2 1
CMY-25¢ Dy (n=1) 0 0 0 0 0 0 0
CMY-40¢ D¢ (n=1) 1 1 0 1 0 0 0

Dr: soques cliniques; Drc: soques cliniques que han conjugat; Tc: transconjugants

a Quan el nombre de soques és menor de 10, s’indica el nombre de soques resistents.

b Dues soques portaven a més a més una BLEA; una d’elles va ser conjugativa.

¢ Cinc soques portaven a més a més una BLEA; totes elles foren conjugatives.

4 No s’obtingueren transconjugants de les soques portadores de CMY-4, CMY-25 i
CMY-40.

e El 61,5% dels transconjugants (16/26) mostraren sensibilitat disminuida a l’acid
nalidixic (14-18 mm).

181



“ RESULTATS

Els determinants de resisténcia transferits amb major freqiiéncia en les
soques productores de CMY-2 foren les sulfonamides (50% de les soques), les
tetraciclines (47%) i el cloranfenicol (42%). En canvi, el determinant de
resisténcia no betalactamic majoritariament transferit als transconjugants
portadors de DHA-1 fou l’acid nalidixic, mostrant-se sensibilitat disminuida a
aquest antibiotic en el 62% dels casos (Taula 36). Els transconjugants
obtinguts per a les soques portadores d’ACC-1 i CMY-4 foren sensibles a la
practica totalitat d’antibiotics no betalactamics avaluats, a excepcié de dos
transconjugants portadors d’ACC-1, que mostraren resisténcia a sulfonamides

(Taula 36).

4.8. PREVALENCA DE GENS gnrB EN SOQUES PORTADORES DE blapua-1

(Annex VI)

El fet que el 62% dels transconjugants portadors de blapua-1 presentaren
sensibilitat disminuida a 1’acid nalidixic, va fer sospitar la possible preséncia
de gens gnr en aquestes soques. L’amplificaciéo per PCR dels gens gnrA, gnrB i
gnrS es va dur a terme en les 30 soques de l’estudi portadores de DHA-1. Es

varen detectar gens gnrB en la totalitat de les soques estudiades.

Amb T'objectiu de determinar si ambdos gens de resisténcia es trobaven
al mateix plasmidi o en plasmidis diferents, les membranes transferides d’S1-
PFGE hibridades anteriorment amb les sondes de blapua-1 i dels replicons
detectats per PBRT varen ser posteriorment hibridades amb sondes
especifiques de gnr. Dues de les soques d’estudi es varen lisar durant el S1-

PFGE i no pogueren ser analitzades. Els resultats de la hibridacié6 varen
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demostrar la co-localitzacié dels gens de resisténcia blapua-1i gnrB en el mateix

plasmidi en les 28 soques testades (Taula 37).

Totes les soques portadores dels gens gnrB, blapua-1 0 blapua-1 més
blasLea portaven aquests gens en plasmidis IncL/M d’ampli rang d’hostatger, a
excepci6é d’una soca que portava ambdoés gens de resisténcia en un plasmidi

tipus IncN (Taula 37).

Tal i com es mostra en la Figura 42 de 'apartat 4.6.2, els gens blapua-1
presentaren la mateixa organitzacio geneética en el 93% (28/30) de les soques,
trobant-se l'element IS26 i una regi6 del cromosoma de M. morganii upstream i
downstream del gen ampC respectivament. Per tal de localitzar el gen gntB en
les soques portadores de blapua-1, €s va realitzar ’extraccié plasmidica d’'una
de les soques d’estudi. Els plasmidis aillats foren sequienciats per la casa
comercial Eurofins MWG Operon. L’analisi parcial dun dels plasmidis
sequienciats, anomenat pEC37Tc (N° de GenBank: HQ700359), va mostrar que
els gens blapua-1 i gnrB4 estaven ambdoés localitzats en un transposo IS26
compost, presumiblement implicat en la seva mobilitzaci6. Altres regions
trobades en aquesta estructura foren l'extrem 3’CS d'un integré de classe 1 i

l'oper6 psp (phage shock protein) (Figura 46).
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Taula 37. Patro de resisténcia a antibidtics no betalactamics en les soques salvatges i transconjugants, localitzacié dels gens bla i gnrB i mida

dels plasmidis.

SOQUES .
-D/Te ESPECIES
35-Tc E. coli
36-Tc E. coli
37-Tc E. coli
38-Tc E. coli
62-Tc E. coli
63-Tc E. coli
64-D E. coli
95-Tc E. coli
96-Tc E. coli
97-Tc E. coli
98-Tc E. coli
99-Tc E. coli
100-D E. coli
101-Tc E. coli
102-Tc E. coli
40-D K. pneumoniae
41-Tc K. pneumoniae
66-D K. pneumoniae

67-Tc K. pneumoniae
103-Tc K. pneumoniae
104-Tc K. pneumoniae
105-Tc K. pneumoniae
106-Tc K. pneumoniae
107-Tc K. pneumoniae
108-Tc K. pneumoniae

68-Tc K. oxytoca
69-Tc K. oxytoca
109-Tc K. oxytoca
110-Tc K. oxytoca
77-Tc P. mirabilis

PATRO DE RESISTENCIA A ANTIBIOTICS NO BETALACTAMICS

DONADORES
SSS,SXT, TET, NAL, CIP
SSS, TET
SSS, TMP, SXT, TET, NAL, CIP
SSS, TMP, SXT, NAL, CIP

SSS, TMP, SXT, TET, CHL, NAL, CIP

NAL, CIP

NAL

SSS, TMP, SXT, NAL, CIP

SSS, TET, CHL, NAL, CIP

TET, NAL, CIP

SSS, TMP, SXT, TET, NAL, CIP
SSS, TMP, SXT, TET, NAL, CIP
NAL

SSS, TMP, SXT, TET, NAL, CIP

NAL
TMP, CHL, NAL

TMP, NAL, CIP
TMP, NAL, CIP

SSS, TMP, SXT, TET, CHL, NAL, CIP

NAL
NAL, CIP

SSS, TMP, SXT, TET, CHL, NAL, CIP

SSS, TMP, SXT, TET

SSS, TMP, SXT, TET, NAL, CIP
NAL

SSS, TMP, SXT, TET, NAL, CIP

TRANSCONJUGANTS
SSS

NAL

SSS, NAL

SSS, NAL

NAL

NAL

NAL

NAL

TET, NAL

NAL

NAL

TMP, TET, NAL

NAL

TMP, SXT
TMP

NAL

NAL
SSS, TMP, SXT, TET, NAL

REPLICONS/ ENZIMS DE RESISTENCIA/ MIDA

PLASMIDI (kb)
L/M+FIADHA-1,QnrB (x171)

L /M DHA-1,0nrB (2,09)
L/M PHA-1,OnrB (2100 and 312)
L /M PHA-1,0nB (x79)

L /M DHA-1,QnrB (274 and 164)
L/ M DHA-1,0nB (x293)

F, FIB (soca lisada)

L /M DHA-1,0nB (x2,36)

L /M PHA-1,0nrB (~96)
L/ M DHA-1,0nB (~173)

N DHA-1,0nrB (x52)
L/M+FIA DHA-1,QnrB (»] 55)
L/M, F, FIB (soca lisada)

L /M DHA-1,QnrB (x156), 11 /Iy CTX-M-14 (~88)

L/M PHA-1,0n:B (x93), F-FIB (~148)
L/M DHA-1,QnrB (z79)
L/M DHA-1,QnrB (zQOQ)
L/M DHA-1,QnrB (z72)
L/M DHA-1,QnrB (z72)

L /M DHA-1,0nrB,CTX-M-15 (~ ] 68)
L/M+FIC DHA-1.QnrB.CTX-M-15 (%1 53)
L/M DHA-1,QnrB (z72)

L/M DHA-1,QnrB (z72)

L/M DHA-1,QnrB (z72)
L/M DHA-1,QnrB (z70)
L/M DHA-1,QnrB (z72)
L/M DHA-1,QnrB (z72)

L/ M+FIC DHA-1,0nB (1 53)
L /M DHA-1,QnrB (~112)

L/ M+NPHA1,0nrB (2103)

NAL: acid nalidixic, CIP: ciprofloxacina, S$SS: sulfonamides, TMP: trimetoprim, SXT: trimetoprim-sulfametoxazol, TET: tetraciclina,
CHL: cloranfenicol. Tots els transconjugants resistents a NAL varen mostrar sensibilitat reduida (14-18 mm; categoria clinica intermedia).
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Figura 46. Organitzacié genética del plasmidi pEC37Tc en comparacié amb altres

regions comuns d’altres plasmidis portadors dels gens blapua-11 gnrB.

pPRBDHA (K. pneumoniae)

phage shock protein

F A BCD blapya ampR qacEAlsull orf5A3° 1S4321

ISCRI  sapCA3’ sapB sapA
pPMDHA (K. oxytoca)
ISCRI sapCA3’ sapB  sapA

phage shock protein

F A BCD blapya1 ampR  qacEAlsull orf5 1S26

pHS7 and pKP1212/05-1 (K. pneumoniae)

1S26 partial sapB sapA

phage shock protein

pTN60013 (K. pneumoniae)

pEC37Tec (E. coli)
1 kb

|:|/\N Deleci6 en I’extrem 3’

Partial IS26

qErB4 F A BC D blapya ampR  qacEAlsull

phage shock protein

F A B CD blapua ampR  gacEAlsull orf5 1S26

phage shock protein

Partial I;26 Ean4 F 2 B 35 5 ElaDHAI amp:P: qachISfll 0r§>5 ISZi

Els ntmeros d’accés al GenBank de pRBDHA, pMPDHA, pHS7, pKP1212/05-1,
pTN60013 i pEC37Tc s6n AJ971343, AJ971344, EF683583, FJ943500, AJ971345 i
HQ700359, respectivament. Els gens estan representats per fletxes. Els gens de
resisténcia gnrB4 i blapua-1 estan representats per fletxes ratllades. Les fletxes de color
negre representen les sequéncies d’inserci6. Les regions marcades en gris representen
regions amb 100% d’identitat amb les altres seqiiéncies. Encara que els gens gnrB4
estan presents en tots els plasmidis, les fletxes per a pPRBDHA, pMPDHA i pTN60013 no
estan dibuixades perque aquests gens no estan anotats en les seqtiéncies dipositades al

GenBank.
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DISCUSIO H

DISCUSIO

La continua aparici6 de bacteris multiresistents, tant en lIambit
hospitalari com en la comunitat, ha esdevingut un problema a nivell mundial.
La causa més freqiient de multiresisténcia és la resisténcia adquirida, gracies

a la disseminaci6 i l'intercanvi genétic entre bacteris.

Els membres de la familia Enterobacteriaceae han esdevingut
tradicionalment una font continua d’infecci6 en humans. Els multiples
esforcos per fer front a aquestes infeccions, principalment mitjancant 1'as
d’antibiotics betalactamics, s’han vist superats en molts casos per la capacitat
d’aquests microorganismes d’adquirir nous mecanismes de resisténcia,

principalment per la producci6 de betalactamases.

Aquest treball ha estat principalment enfocat en l'estudi de les pACBL
en enterobacteris, que encara que presenten una menor prevalenca que altres
betalactamases adquirides com les BLEA, estan en continu augment i

constitueixen una important font de resisténcia a antibiotics betalactamics.

La falta de meétodes fenotipics estandarditzats per a la deteccio de
soques productores de pACBL i el fet que aquestes betalactamases presenten
un patré fenotipic indistingible al d'una hiperproducciéo d’'una betalactamasa
AmpC cromosomica, planteja enormes dificultats a I’hora de detectar aquest
tipus de resisténcies al laboratori (80, 129, 251). En aquest sentit, segons els
resultats que es desprenen de 'estudi nacional del control de qualitat realitzat
a 57 centres espanyols (annex I), s’observa que la seva capacitat per a detectar

la producci6é d’enzims AmpC en soques de K. pneumoniae i E. coli, presenta
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certes limitacions. Aquests resultats es deuen, a més a més d’'una falta de
marcadors especifics, a la inexisténcia de recomanacions clares sobre com
informar aquest tipus de soques. Els criteris aplicats pels centres foren molt
variats, amb gran tendéncia a deixar com a Unica alternativa terapéutica dins
dels betalactamics als carbapenémics, excloent també a la cefepima. Un dels
principals motius de l’exclusio de la cefepima com a possible opcio terapéutica
fou la confusié del fenotip AmpC amb una BLEA. Aquest error fou també
detectat en altres estudis previs. En un control de qualitat realitzat 'any 2003
a Espanya (48) on s’incloia una soca d’E. coli hiperproductora de la seva AmpC
cromosomica amb impermeabilitat per pérdua de porines, el 6% (3/52) dels
centres la identificaren erroniament com una BLEA. D’igual manera en un
estudi multicéntric realitzat el 1999 als EEUU (249), cap dels 38 centres
avaluats va diferenciar la soca d’E. coli hiperproductora d’AmpC, confonent-la

també amb una soca productora de BLEA.

En aquest estudi de qualitat, també es varen incloure soques de
K. pneumoniae i E. coli productores de les BLEA més prevalents, incloent
quatre soques productores de CTX-M. En els darrers anys s’ha anat observant
un canvi molt rapid en ’epidemiologia de les BLEE en aquestes espécies tant a
Espanya com a altres paisos (47, 49, 50, 77). L’increment de BLEA tipus
CTX-M i el fet que en estudis de qualitat anteriorment realitzats a I’Estat
espanyol el 38,5% dels laboratoris varen fallar en la deteccio d’aquest
mecanisme de resisténcia en la Unica soca productora de CTX-M de l’estudi
(48), varen ser els principals motius per a incloure aquest fenotip de

resisténcia.
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En el nostre estudi, el 91% dels laboratoris va detectar correctament la
preséncia de BLEA en totes les soques enviades, evidenciant l’eficacia dels
laboratoris espanyols per a identificar de forma fiable les BLEA més prevalents
entre els aillats clinics d’E. coli i K. pneumoniae. En aquestes soques, la
quantitat d’errors d’interpretacié per a cefalosporines i aztreonam fou molt
baixa. Els pocs VME detectats foren deguts principalment al fet de no haver
detectat el fenotip BLEA, excepte en un cas on la categoria de la cefepima no
es va canviar a resistent a pesar que el sistema expert utilitzat pel laboratori
suggeria la preséncia de BLEA. El nombre de VME per a cefalosporines en
aquest estudi va ser molt menor que el detectat en 'estudi de qualitat realitzat
a Espanya previament esmentat (48). En el nostre estudi, dins de les
cefalosporines i 'aztreonam, la cefepima va ser ’antibiotic que va presentar la
taxa d’errors més elevada. En aquests laboratoris, la cefepima es va informar
com a sensible, sense modificar la categoria clinica a resistent. En un estudi
similar realitzat a Italia, els problemes observats per a les cefalosporines en
soques productores de BLEA foren superiors (161). La majoria de VME es
varen detectar per a la soca de P. mirabilis productora de TEM-52,
possiblement perqué en el moment en que es va realitzar l'estudi, 'espécie
P. mirabilis no estava inclosa en les recomanacions del CLSI per a ser testada

per a la preséncia de BLEA.

Les taxes d’errors més elevades en el nostre estudi per a les soques
productores de BLEA es varen observar per a les combinacions de penicil-lines
amb inhibidors de betalactamases. En les dues terceres parts dels casos,

l'error es va produir en la categoria clinica interpretada, ja que els laboratoris
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canviaven la categoria de sensible o intermedi a resistent quan es detectava el

fenotip BLEA.

Encara que no existeixen métodes fenotipics estandarditzats per a la
detecci6 de pACBL, si que s’han desenvolupat alguns meétodes comercials,
anteriorment esmentats, com els tests de sinérgia de doble disc amb
cloxacil'lina o acid boronic entre d’altres (63, 80, 147, 167, 189). La
problematica d’aquests meétodes radica en que no s6n valids per a detectar
PACBL en microorganismes productors d'una AmpC cromosomica natural. No
obstant, la preséncia de colonies situades a la proximitat dels halos d’inhibicio
de la cefoxitina, cefotaxima, ceftazidima i aztreonam s’ha descrit com un
possible indicador de la preséncia d’aquests enzims en soques d’E. coli (176).
Aquest Ultim meétode va ser 1"dnica técnica fenotipica que ens va permetre
sospitar la preséncia d'una pACBL en una soca productora duna AmpC
cromosomica natural, aillant-se per primer cop una soca de S. marcescens
productora duna pACBL, suggerint-se a més a més la transferéncia
horitzontal in vivo d’'un plasmidi portador dels gens blapua-1i gnrB entre aillats

de S. marcescens i d’E. coli (Annex II).

Encara que els nivells de prevalenca d’aquests enzims son relativament
baixos arreu del moén, el nombre de soques productores de pACBL continua
augmentant any darrere any (79, 84, 154, 160, 214, 237, 279, 281), fet que
també s’ha constatat en aquesta tesi (Annex III). La prevalenca global
d’enterobacteris productors de pACBL a I'Hospital de la Santa Creu i Sant Pau
durant 1999-2007 fou del 0,4%, observant-se un increment significatiu del
0,06% el 1999 a I'1,3% el 2007. Aquest increment de la prevalenca ja s’havia

constatat en un estudi previ dut a terme per dos hospitals espanyols (Pais
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Basc i Catalunya), on s’analitzen tots els aillats d’enterobacteris sense
betalactamasa AmpC cromosoémica durant el periode 1999-2000, observant-se
un increment del 0,07% el 1999 a 0,41% l'any 2000 (191). En altres estudis
realitzats a ’Estat espanyol s’observa un increment de la prevalenca en soques
d’E. coli productores de pACBL. En aquest sentit es registren valors de
prevalenca del 0,12% en soques aillades durant 2002-2003 (39) i de I'1,8% en
soques aillades durant 2004-2007 (197). En aquest ultim estudi s’observa que
la prevalenca de soques d’E. coli portadores pACBL incrementa un 38,9%
I'dltim any de l'estudi en comparacié als dos primers anys. Recentment s’ha
realitzat un estudi per a analitzar la prevalenca d’enterobacteris productors de
PACBL a nivell nacional, observant-se una prevalenca global del 0,6%, sent les
comunitats autonomes de Catalunya i Asturies les que presentaren els valors

de prevalenca més elevats, 0,91 i 0,85% respectivament (178).

El major increment de soques productores de pACBL a I'Hospital de la
Santa Creu i Sant Pau es va produir principalment en els tres darrers anys
d’estudi. Aquest increment podria justificar-se amb l'emergéncia de soques
productores de DHA-1 (16 de 40 en 2007) i lincrement de soques de
P. mirabilis productores de CMY-2 (18 soques en els tres darrers anys).
L’augment de soques productores de DHA-1 s’ha vist especialment reflectit al
continent asiatic, principalment per ’emergéncia de soques de K. pneumoniae
portadores de DHA-1, convertint-se en la pACBL més prevalent i de major

importancia clinica en aquesta zona (79, 144, 236, 237).

Aquest increment significatiu de la prevalenca s’observa en la practica
totalitat d’espécies estudiades, sent P. mirabilis I'espécie portadora de pACBL

meés prevalent (1%) (Annex III). Aquests resultats van en consonancia amb els
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resultats obtinguts en un estudi multicéntric realitzat a Polonia durant 2003-
2004, on P. mirabilis fou també 1’espécie portadora de pACBL més prevalent,
amb valors del 20,5% (85). En altres estudis realitzats a Italia, s’observa un
increment de la prevalenca en soques de P. mirabilis portadores de CMY-16 del
0,3% el 2003 fins a valors del 4,6% el 2006 (160). Per contra, en altres estudis
realitzats a Corea durant 2002-2004 no s’ailla cap soca de P. mirabilis
productora de pACBL (237), o s’aillen en una menor proporcié en comparacio

a altres espécies (2).

De la totalitat de pACBL presents, CMY-2 és la més prevalent i
ampliament distribuida, sobretot en soques d’E. coli, P. mirabilis i S. enterica
(11, 21, 76, 164, 188, 191, 207, 221, 224). En el present estudi va ser 'enzim
predominant (67%), seguida de DHA-1, amb una representacio del 26%.
DHA-1 es va associar principalment a soques de Klebsiella spp., sent 1"inica
PACBL detectada en K. oxytoca. Aquesta associacio s’ha observat en molts

altres estudis (79, 144, 236, 237, 279).

El continu augment de la prevalenca d’aquests enzims es deu principalment a
la disseminaci6o dels gens ampC per transferéncia horitzontal. En aquest
sentit, els gens ampC foren transferits per conjugacié en el 83% de les soques
testades en la present tesi (Annex IV), corroborant que els vectors que
mobilitzen aquestes resisténcies tenen una gran capacitat per a disseminar-se

i transmetre aquesta resisténcia possiblement tant intra- com inter-espécie.

A dia d’avui, encara existeix molt poca informacié disponible sobre els
vectors implicats en la disseminacio dels gens ampC. Els pocs treballs

presents actualment estan principalment basats en la caracteritzacio de
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plasmidis portadors de blacmy-2, mentre que els estudis que caracteritzen els

vectors d’altres tipus de gens ampC so6n escassos o inexistents (52).

En el present estudi (Annex IV), el 81% (95/117) dels gens ampC foren
localitzats en plasmidis de grups Inc/MOB coneguts. Els presents resultats
mostren una estreta relacié entre el tipus de gen ampC i el plasmidi implicat
en la seva disseminaci6. Els plasmidis pertanyents als grups IncA/C, Incll/Iy
s’han descrit com els principals vectors de mobilitzacié dels gens blacmy-2 (10,
52, 121, 173, 184, 188, 261). En el present estudi, els grups IncA/C i Incl1/Iy
foren també els plasmidis portadors de blacmy2 més prevalents, seguits per
plasmidis IncK. Aquest ultim grup Inc també s’ha trobat vehiculant els gens
blacwy-2 en altres estudis (20, 76, 172). No obstant, encara que els gens blapua-1
han estat principalment associats a plasmidis tipus IncFII en estudis previs
(109, 121, 246), en la nostra col-lecci6 s’observa una clara associacié entre
aquests gens i els plasmidis IncL/M. Aquesta associacié també s’ha observat
recentment en una colleccié de 26 soques de K. pneumoniae aillades en un

hospital de Granollers (78).

Els tres gens blaacc-1 caracteritzats en aquesta tesi foren mobilitzats per
un plasmidi tipus Incll/Iy en un dels casos i per plasmidis tipus MOBri1 en
els dos casos restants. El fet que la PBRT no féra capac¢ de detectar dos dels
tres plasmidis portadors dels gens blaacc-1 en la nostra colleccié i que una
d’aquestes relaxases MOByri1 fora una nova relaxasa, suggereix que els gens
blascc-1 podrien estar mobilitzats per nous plasmidis no contemplats per la
téecnica del PBRT. A dia d’avui la informacié existent sobre els plasmidis
portadors de blaacc-1 és escassa. En "anic estudi on es va localitzar el gen

blaacc-1 en un plasmidi, aquest no es va poder caracteritzar per PBRT (76). Per
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tant, aquest és el primer estudi on els plasmidis portadors de blaacc-1 s’han

pogut caracteritzar.

Els resultats que inicialment s’esperaven de la caracteritzacido dels
plasmidis portadors dels nous gens blacwuy-25,-27 i -40 descrits en aquest estudi
fou pensar que serien similars als plasmidis portadors dels gens blacwy-2,
d’igual manera que s’ha descrit per a altres variants de blacmy-2 (59, 121). A
diferéncia del que s’esperava, sols un gen blacmy-27 va ser mobilitzat per un
plasmidi MOBpi2 (Incla) identificat per la tipificacio de la regié6 mob que
codifica per a la relaxasa. Un dels gens de blacwy-41 un dels gens de blacwy-27 €s
varen mobilitzar per plasmidis tipus IncF. Aquests tipus de plasmidis s’han
vist menorment associats a gens blacmy-2 i en molts casos solen aparéixer en
plasmidis amb més d'un replico (121, 188). Pel que fa als plasmidis portadors
dels gens blacwy-2s i blacmy-4 restants, no pogueren ser caracteritzats ni per la
técnica de PRBT ni per la caracteritzacié de la regi6 mob, mentre que el gen

blacmy-40 €s va localitzar al cromosoma.

La técnica del PBRT fou un meétode efica¢ per a detectar la gran majoria
de plasmidis portadors dels gens ampC (78%). No obstant, en les 25 soques on
es varen estudiar totes les subfamilies de relaxases, aquesta técnica ens va
permetre observar una major diversitat plasmidica, sent capac¢ de detectar 20
plasmidis més que la técnica del PBRT. Quatre d’aquests plasmidis, incloent 2
plasmidis de la subfamilia MOBFi;, un MOBpi1 i un MOBpi2 foren portadors

dels gens ampC.

A pesar de la bona correlacié entre la técnica de PBRT i la tipificacio de

la relaxasa, aquesta ultima técnica no va ser capac¢ d’identificar 11 dels
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replicons detectats per PBRT. Algunes raons podrien explicar aquest fracas en
la identificacio de la regi6 mob corresponent. En primer lloc, s’han descrit molt
pocs plasmidis amb més d'una relaxasa (100). En aquest sentit, cinc dels
plasmidis, on la técnica va fallar en la seva identificacio, presentaven més d’un
replico. Una segona explicacio és I'abséncia de gens mob en alguns plasmidis.
Com que no varem obtenir transconjugants en 4 de les soques, 'abséncia de
relaxosoma podria ser una explicaci6 dels resultats de conjugaci6o negatius per
a aquestes soques. En dos dels casos, no es va trobar una possible explicacio
del perqué la técnica de la relaxasa va fracassar en la identificaci6 de dos
plasmidis. En aquest cas potser ens trobem davant la preséncia de relaxases

més divergents.

Sis soques portadores de pACBL de la present collecci6 mostraren
multiples plasmidis on tots ells hibridaven tant per al replicé com per al gen
ampC en questio. Aquesta observacio ha estat préviament descrita per Dierikx
et al. (76) en una soca de Salmonella portadora de blacrx-m-2. En aquest cas els
gens blacrx-m-2 en varen localitzar en dos plasmidis de diferent mida i on

ambdos plasmidis hibridaren tant per als replicons IncP com IncHI.

Quan es va aprofundir en l’estudi d'una de les soques de la colleccio
amb multiples hibridacions i es va tornar a repetir ’analisi plasmidica, es va
observar que el gen ampC es trobava localitzat en un plasmidi d'unes 70 kb en
la soca salvatge, mentre que per al cas dels transconjugants s’observaren
diferents patrons plasmidics on els gens ampC hibridaven en un o més
plasmidis de diferents mides en funcié del transconjugant especific. La
posterior analisi cromosomica va mostrar la preséncia d'una copia del gen

ampC al cromosoma bacteria tant de la soca donadora com de la resta de
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transconjugants. El fet que s’obtingueren diferents patrons plasmidics
procedents de multiples transconjugants obtinguts a partir d'una mateixa
soca donadora i que tots els transconjugants presentaren copies del gen ampC
al cromosoma, posa de manifest la complexitat i l’elevada quantitat de
reorganitzacions de material genétic implicades en la disseminacio d’aquests

gens de resisténcia.

Les pACBL deriven de les betalactamases cromosomiques de diferents
membres de bacteris gramnegatius de la familia Enterobacteriaceae i
Aeromonadaceae, que el algun moment es varen transferir a plasmidis via
elements mobils com sequiéncies d’insercio i transposons entre d’altres (206).
En aquest sentit alguns autors senyalen a 1ISEcpl com el primer element
mobil responsable de la transferéncia del gen ampC cromosomic de C. freundii
a un plasmidi (261). Molts treballs on s’analitzen les regions adjacents al gen
blacwy-2 indiquen que aquest gen es troba en un entorn geneétic molt conservat
(54, 68, 107, 114, 120, 184, 241), suggerint que la regié6 ampC-blc-sugE-ecnR
del cromosoma de C. freundii es va mobilitzar tan sols un cop, sent 'element
ISEcpl el responsable de la mobilitzaci6 de blacmy-2 a diferents tipus de
plasmidis, independentment del seu replico o de la seva estructura. El nostre
estudi és consistent amb aquests treballs, ja que la totalitat de les soques
portadores de blacmy-2, -4, -25, 27 i -40 presentaren la mateixa estructura:

ISEcp1/AISEcp1-ampC-blc-sugE.

L’entorn genétic de blaacc-1 també fou molt conservat, sent possiblement
també l’element ISEcp1 el relacionat en la transferéncia de la regio ampC-gdha
del cromosoma d’ H. alvei a un plasmidi. No obstant, encara que la seqiiéncia

d’insercié IS26 s’ha relacionat amb la transmissio dels enzims ACC-1 i
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normalment apareix interrompent ISEcpl (83, 204), cap dels aillats d’aquesta
col'leccio presenta aquest element mobil. L'organitzacié genetica dels gens
blapua-1 fou més variada. La mobilitzacio dels gens blapua-1 s’ha associat
principalment a integrons de classe 1 associats a IS26 o ISCR1 (253, 258, 260,
271). Es varen diferenciar tres estructures molt similars en les soques
portadores de DHA-1, pero l'element ISCRI no va estar present en cap d’elles.
Les estructures I i II foren idéntiques a l’entorn genétic de blapua-1 descrit
previament en els plasmidis pTN60013 (260) i pT948 (271) respectivament.
L’element IS26 i els gens qacEAI i sull, aquests dos ultims pertanyents a
l'extrem conservat 3’CS d’un integro de classe 1, estigueren presents en
ambdues estructures. En 1"anic aillat mostrant I’estructura III, sols es varen

trobar els gens gacEA1 i sull.

Encara que les pACBL s’han descrit principalment vehiculades per
plasmidis, també s’han trobat pACBL de localitzacié cromosomica en algunes
soques de P. mirabilis (38, 85, 156, 175) i d’E. coli (188). Recentment s’ha
descrit per primer cop la mobilitzacié de blacmy-2 per un ICE de la familia
SXT/R391 en una soca de P. mirabilis al Japd (116). En aquest sentit, set de
les vuit soques de P. mirabilis d’aquesta col-leccié varen ser mobilitzades per
aquest tipus d’elements (Annex V). L’'organitzacio geneética del gen blacmy-2 en
aquestes soques va ser practicament idéntica a la mostrada per 'ICEPmiJap]l,
on el transpos6é Tn 10 podria ser el responsable de la mobilitzacié de blacuy-2 a
I'interior de I'ICE (116). El1 fet que un ICE de la familia SXT/R391 sigui el
responsable de la mobilitzacié dels gens blacuy-2 en el 37% (7/19) de les soques
de P. mirabilis portadores de CMY-2 en la nostra collecciéo i que aquests

elements s’hagin descrit en dos parts del moén tant distants mobilitzant blacmy-2
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ens fa creure que no és un incident aillat i que aquests elements juguen un
paper molt important en la disseminacié d’aquests gens de resisténcia. A més
a meés, aquestes set soques foren aillades en els tres darrers anys de l'estudi,
suggerint una tendéncia creixent en la mobilitzacio de blacuy-2 per aquest

vector.

De la mateixa manera que ocorre amb les soques portadores de BLEA,
els plasmidis que vehiculen la resisténcia a pACBL solen contenir altres gens
que confereixen resisténcia a altres families d’antibiotics (7, 32, 129, 206,
288). La preséncia de determinants addicionals de resisténcia s6n una causa
més de preocupacié sobre el tractament apropiat de les soques productores
d’AmpC tant en humans com animals. En aquest sentit, la majoria dels aillats
de lestudi presentaren un patré6 de multiresisténcia, sent resistents a
quinolones, tetraciclines, sulfonamides, cloranfenicol i diferents
aminoglucosids. No obstant, la transferéncia d’aquests gens de resisténcia va
ser menor i diferencial en funci6 del tipus de pACBL implicada. A pesar que el
77% de les soques donadores productores de CMY-2 eren resistents a l’acid
nalidixic, cap dels transconjugants va mostrar resisténcia a aquest antibiotic.
Els determinants de resisténcia antibiotica transferits amb major freqtiéncia
foren les sulfonamides, les tetraciclines i el cloranfenicol. Aquests resultats
van en concordanca amb altres descrits anteriorment (109, 121, 172, 261),
suggerint que aquestes resisténcies es localitzen proximes a blacwy-2 en un

entorn altament conservat, sent vehiculats per la mateixa estructura.

En canvi, la resisténcia a antibiotics no betalactamics majoritariament
transferida en els transconjugants portadors de DHA-1 fou a l’acid nalidixic,

mostrant-se sensibilitat disminuida a aquest antibiotic en el 62% dels casos.
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Des de fa uns anys s’ha constatat una clara associacio entre els gens que
codifiquen per a DHA-1 i els gens gnr, especialment gnrB4, trobant-se aquesta
associacio practicament a la totalitat de soques portadores de DHA-1 (78, 200,
203, 240, 246). Els resultats de la present tesi varen demostrar la co-
localitzacio dels gens de resisténcia blapua-1 i gnrB en el mateix plasmidi
conjugatiu en tots els aillats analitzats (Annex VI). A excepcié d’un cas, tots
els plasmidis varen pertanyer a plasmidis tipus IncL/M d’ampli rang
d’hostatger, mentre que blapua-1 s’ha trobat tradicionalment en plasmis IncFII
de curt rang d’hostatger (52, 109). La co-localitzacié dels gens blapua-1i gnrB
en un plasmidi IncL/M també es va detallar en ’Annex II, on es suggeria la
transferéncia in vivo d’aquest plasmidi entre una soca d’E. coli i una de
S. marcescens. La preséncia d’ambdos gens de resisténcia en el mateix
plasmidi i el continu augment en la prevalenca de gens gnr podria estar
justificant l'augment de soques portadores de DHA-1 (203, 240, 246). La
possibilitat que els gens blapua-1 estiguen mobilitzats per un vector amb major
capacitat de disseminacio, com els plasmidis L/M, podria explicar la
distribucié generalitzada que s’ha anat observat en els darrers anys dels gens
blapua-1, arribant a ser la pACBL més prevalent en alguns paisos, sobretot en

el continent asiatic.

Els gens blapua1 i gqnrB s’han localitzat formant part de la mateixa
estructura, associats a integrons o transposons complexos (123, 136, 258).
L’analisi detallada de l'entorn genétic d'una de les soques de l’estudi va revelar
que ambdoés gens es trobaven localitzats conjuntament en un transposé IS26
compost, possiblement implicat en la seva mobilitzacié. Altres gens trobats en

aquesta estructura foren l'extrem conservat 3’CS d’un integré de classe 1 i
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l'oper6é psp. Aquest operd s’indueix com a resposta a l’estrés. Sota una gran
varietat de senyals ambientals, l'oper6 psp es transcriu ampliament per a
preservar la integritat cel'lular (126). Aquesta estructura genética portadora de
trets beneficiosos per al bacteri com gens de resisténcia antibiotica i una
amplia resposta a factors ambientals, podria estar contribuint al manteniment
d’aquest plasmidi en el bacteri, permetent aixi la seva difusié. L’associacié de
blapua-11 gnrB en estructures similars s’ha descrit anteriorment en soques de
Klebsiella spp., principalment K. pneumoniae (123, 136, 258), pero aquest és
el primer estudi on es detalla aquesta organitzacié geneética en una soca d’E.

coli.

La preséncia de gens gnr s’ha vist associada a un increment en els
valors de CIM de les quinolones i a fracassos terapéutics quan aquests
antibiotics soén utilitzats en el tractament d’enterobacteris amb valors de CIM
dins del rang de sensibilitat per a les quinolones (170). Tenint en compte que
la prevalenca de plasmidis portadors de blapua-1 i gnrB és tan elevada i que
aquests plasmidis presenten una distribuci6 mundial, seria recomanable
evitar 1"as de quinolones per al tractament d’infeccions causades per

enterobacteris productors de DHA-1.
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CONCLUSIONS

1. La majoria dels laboratoris espanyols de microbiologia clinica identifiquen
de forma fiable les BLEA més prevalents a Espanya entre els aillats clinics
d’E. coli i K. pneumoniae. Per contra, la seva capacitat per a detectar la
produccio de pACBL en aquestes dues espécies, o la hiperproduccié de la

betalactamasa AmpC cromosomica en el cas d’E. coli és limitada.

2. Les taxes d’errors més elevades per a les soques productores de BLEA es
varen observar per a les combinacions de penicilllines amb inhibidors de
betalactamases. En les soques amb fenotip AmpC, les majors taxes d’errors
s’observaren per a les cefalosporines. En aquest cas, la principal tendéncia
dels laboratoris va ser deixar com a Unica alternativa terapéutica dins dels

betalactamics als carbapenémics, excloent la cefepima.

3. S’ha suggerit la transferéncia horitzontal in vivo d'un plasmidi IncL/M de
70 kb portador dels gens blapua-1i gnrB entre aillats de S. marcescens i E. coli,

descrivint-se per primer cop una pACBL en una soca de S. marcescens.

4. L’observacio de colonies situades a la proximitat dels halos d’inhibicié de
la cefoxitina, cefotaxima, ceftazidima i aztreonam ha sigut 1"anica técnica
fenotipica que ha permeés sospitar la preséncia d'una pACBL en una soca

productora d’AmpC cromosomica natural.

5. La prevalenca global d’enterobacteris productors de pACBL a I'Hospital de
la Santa Creu i Sant Pau durant 1999-2007 és del 0,4%, incrementant-se
significativament del 0,06% el 1999 a 1'1,3% el 2007. Aquest increment s’ha

produit principalment en els tres darrers anys d’estudi.
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Aquesta circumstancia podria ser deguda a l’emergéncia de soques
productores de DHA-1 i a I'increment de soques de P. mirabilis productores de

CMY-2.

6. El 6% de les soques productores de pACBL son també productores d'una
BLEA, recolzant la noci6 del capitalisme genétic, on s’incideix amb el fet que
els bacteris resistents tenen major facilitat que els sensibles per a adquirir

nous mecanismes de resisténcia.

7. CMY-2 ha sigut la pACBL aillada amb major freqiiéncia en aquest estudi,
seguida de DHA-1. Altres pACBL aillades amb menor freqiiéncia s6n ACC-1,
CMY-4, CMY-25, CMY-27 i CMY-40, sent les tres ultimes pACBL descrites per

primer cop.

8. La distribuci6 d’aquests enzims varia en funcié de la espécie estudiada.
CMY-2 s’ha detectat majoritariament en E. coli, P. mirabilis i S. enterica,

mentre que DHA-1 s’ha associat principalment a K. pneumoniae i K. oxytoca.

9. S’observa una gran diversitat clonal entre les soques productores de
PACBL, detectant-se tan sols petits clusters en soques d’E. coli, K. pneumoniae,

P. mirabilis i K. oxytoca.

10. El 81% dels gens ampC s’han localitzat en plasmidis Inc/MOB coneguts.
Aquests gens ampC ha sigut capacos de mobilitzar-se per conjugacio en el
93% dels casos, amb freqiiéncies d’autotransferéncia entre 10-2 i 10-8. Els
resultats obtinguts mostren una estreta relacié entre el gen ampC i el plasmidi
implicat, constatant a més a més la gran mobilitat dels plasmidis portadors de

pACBL.
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11. Els plasmidis portadors de blacmy-2 més prevalents en aquest estudi son
del grup IncA/C, Incl1/Iy i en menor proporci6 del grup IncK. En el 17% dels

casos, els gens blacwy-2 es localitzen en plasmidis amb més d'un replico.

12. Tots els plasmidis portadors de blapna-1, 2 excepcioé d’'un cas, pertanyen al
grup IncL/M. En el 19% dels casos els gens blapua-1 €s localitzen en plasmidis

amb meés d’un replicé.

13. Els tres gens blaacc-1 han estat mobilitzats per plasmidis Incll/Iy (n=1) i
MOBri1: (n=2). La técnica de PBRT va fracassar en la deteccio de dos dels tres
plasmidis analitzats i una de les relaxases MOByri11 detectades va ser una nova
relaxasa no descrita anteriorment. Aquests resultats suggereixen que els gens
blascc-1 podrien estar vehiculats per nous plasmidis no contemplats per la
téecnica de PBRT. Aquest és el primer estudi on els plasmidis portadors de

blaacc-1 s’han pogut caracteritzar.

14. Algunes de les variants de blacmy-2 del present estudi no s’han pogut
caracteritzar per cap de les técniques de tipificacié emprades (blacmy-21 blacmy-
25), altres es troben localitzades al cromosoma (blacwy-40) 0 mobilitzades per

plasmidis F (blaCMy_4i blacw_m) i MOBF12 (blaCMy_27).

15. Els entorns geneétics dels gens blacwmy-2,-4,-25,-27 i -40 i blaacc-1 han sigut molt

conservats, relacionant-se en tots els casos amb l'element mobil ISEcp 1.

16. S’ha observat una major variabilitat en l'entorn geneétic dels gens blapha-1,
relacionant-se principalment amb els gens conservats de l'extrem 3’CS dun

integro de classe 1, gqacEA1 i sull, i I’element mobil IS26.
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17. Els gens blacwmy-2 presenten una localitzacié cromosomica en el 40% de les
soques de P. mirabilis. En set soques aillades en els tres darrers anys d’estudi,
els gens blacwy2 foren mobilitzats per un ICE de la familia SXT/R391,
suggerint que aquests elements juguen un paper molt important en la
disseminacié de blacmy-2, almenys en aquesta espécie i sobretot en els darrers

anys.

18. L’entorn genétic d’aquests ICE va ser practicament idéntic al descrit en
una soca de P. mirabilis aillada al Jap6. El transposé Tnl10 sembla ser el

responsable de la mobilitzacié de blacwuy-2 a l'interior de I'ICE.

19. Les soques cliniques portadores de pACBL mostren un elevat grau de
resisténcia a la majoria d’antibiotics no betalactamics testats. No obstant, la
transferéncia dels determinants de resisténcia via conjugacié és molt menor,
suggerint que aquestes resisténcies podrien estar localitzades al cromosoma
bacteria o en diferents plasmidis que no han conjugat. Els determinants de
resisténcia transferits amb major freqiiéncia en les soques portadores de
CMY-2 han sigut les sulfonamides, les tetraciclines i el cloranfenicol. La
resisténcia a l’acid nalidixic ha sigut transferida majoritariament en les soques

productores de DHA-1.

20. S’han trobat gens gnrB en tots els enterobacteris portadors de blapua-1,
trobant-se ambdoés gens vehiculats per plasmidis d’ampli rang d’hostatger en
totes les soques estudiades. Aquests resultats posen de manifest la possible
co-seleccié dels gens blapna-1 amb 1"as de quinolones, justificant 'augment de

les soques productores de DHA-1, sobretot en els darrers anys.
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21. Aquest és el primer estudi on es descriu la co-localitzacié dels gens

gnrB4 i blapua-1 a l'interior d’'un transposo IS26 compost en una soca d’E. coli.
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1. DMost clinical microbiology laboratories reliably identified the most
prevalent ESBL among clinical isolates of E. coli and K. pneumoniae in Spain.
However, their ability to detect and report pACBL-producers of the two species

and E. coli hyperproducing AmpC was limited.

2. The highest error rates in the clinical microbiology laboratories for ESBL-
producing strains occurred when reporting combinations of penicillins plus -
lactamase inhibitors. In AmpC-producing strains, the highest error rates were
observed when reporting cephalosporins, mainly because the AmpC phenotype
was misidentified as an ESBL phenotype. The criteria that laboratories often
used in this case were to leave carbapenems as the only therapeutic

alternatives within the B-lactams, and exclude cefepime.

3. The in vivo horizontal transfer of a 70 kb IncL/M plasmid coharbouring
blapua-1 and gnrB resistance genes between S. marcescens and E. coli isolates
was suggested. Moreover, this is the first report of an isolate of S. marcescens

harbouring a pACBL.

4. The observation of scattered colonies near the edge of the inhibition zones
of cefoxitin, cefotaxime, ceftazidime and aztreonam has been the only
phenotypic method that led us to suspect the presence of a pACBL in a

chromosomal AmpC producer.

5. The overall prevalence of Enterobacteriaceae carrying pACBL at Hospital de
la Santa Creu i Sant Pau from 1999 to 2007 was 0.4%, increasing significantly

over this period from 0.06% to 1.3%. The largest increase in pACBL-
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producing strains occurred mainly in the last three years of the study. This
increase could have been due to the emergence of DHA-1-producing strains

and the increase of CMY-2-producing P. mirabilis.

6. Six percent of the pACBL-producing strains were also ESBL producers,
reinforcing the idea of genetic capitalism. This notion suggests that resistant
bacteria have greater ability to acquire new resistance mechanisms than non-

resistant bacteria.

7. In our study, CMY-2 was the most prevalent AmpC enzyme, followed by
DHA-1. Less commonly found enzymes were ACC-1, CMY-4, CMY-25, CMY-27
and CMY-40. These last three mentioned enzymes are described for the first

time.

8. Distribution of pACBL depends on the species studied. CMY-2 was mainly
detected in E. coli, P. mirabilis and S. enterica, while DHA-1 is mainly

associated with K. pneumoniae and K. oxytoca.

9. Great clonal diversity was observed among pACBL producing strains. Only
small clusters were detected in strains of E. coli, K. pneumoniae, P. mirabilis

and K. oxytoca.

10. Eighty-one percent of ampC genes were located on plasmids of known
Inc/MOB groups. These ampC genes were able to mobilise by conjugation in
93% of cases, with conjugation frequencies ranging between 10-2 and 10-8. The
results show a close relationship between the ampC gene and the plasmid
involved, and they also demonstrate the high mobility of plasmids carrying

pACBL.

211



n CONCLUSIONS

11. A/C, I1/Iy and the less frequently found IncK groups were the most
prevalent replicons in plasmids carrying blacmy-2. In 17% of cases, plasmids

carrying these genes displayed more than one replicon.

12. All but one plasmid carrying blapua-1 belonged to the IncL/M group. In

19% of cases, plasmids carrying these genes displayed more than one replicon.

13. The three blaacc-1 genes were carried by Incll/Iy (n=1) and MOBF1; (n=2)
plasmids. The PBRT failed to detect two out of three blaacc-1-carrying
plasmids, and one of the MOBri: relaxases found was a novel relaxase that
has not been previously reported. These results suggest that blaacc.1 genes
could be carried by new backbones uncovered by PBRT. This is the first time

that plasmids carrying blaacc-1 have been typed.

14. Some of the newly-described blacwy-2 variants could not be typed by any
of the methods used (blacmy-+ and blacuy-2s). Others were found on the
chromosome (blacmy-s0) or mobilized by F (blacmy-4 and blacwy-27) and MOBgFi2

(blacwmy-27) plasmids.

15. The regions surrounding blacmy-2-4,-25,-27-40 and blaacc.i were highly

conserved. In all cases they were associated with the ISEcp 1 mobile element.

16. The regions surrounding blapua-1 were more variable. They were mainly
associated with the conserved genes of the 3’CS of class 1 integrons, gacEAI

and sull, and the IS26 mobile element.
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17. The blacwy-2 genes had a chromosomal location in 40% of P. mirabilis
isolates. In seven P. mirabilis isolated in the last three years of study, blacmy-2
were mobilised by the SXT/R391 ICE family, suggesting that these elements
play an important role in the dissemination of blacumy-2, at least in this species

and especially in recent years.

18. The regions surrounding these ICE were almost identical to those
described in a P. mirabilis strain isolated in Japan. The Tn10 transposon

seemed to be responsible for mobilising blacmy-2 inside the ICE.

19. pACBL-producing clinical isolates displayed a high level of resistance to
most non-f-lactam agents tested. However, the transfer of resistance
determinants via conjugation was much lower. This suggests that resistance
may be located on the bacterial chromosome or present on other plasmids that
have no conjugated. The resistance determinants most frequently transferred
in CMY-2-producing isolates were sulfonamides, tetracyclines and
chloramphenicol. The nalidixic acid determinant was transferred mostly in

DHA-1-producing isolates.

20. gnrB genes were found in all DHA-1-producing Enterobacteriaceae.
blapua-1 and gnrB genes were both mobilised by the same broad-host-range
plasmids in all the studied isolates. These results suggest the possible co-
selection of the blapua-1 genes when using quinolones, justifying the increase of

DHA-1-producing isolates, especially in recent years.

21. This is the first study to describe co-localization of gnrB4 and blapmua-1

genes inside an IS26 composite transposon in an E. coli strain.
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Abstract

The ability of 57 Spanish microbiology laboratories in detecting and reporting 3-lactam resistance phenotypes in Escherichia coli and
Klebsiella pneumoniae was evaluated. Laboratories received 6 well-characterized isolates expressing the most widespread extended-
spectrum P-lactamases (ESBLs) in Spain (4 CTX-M type, 1 TEM type, and 1 SHV type), 3 isolates producing AmpC-type enzymes
(2 plasmid mediated and 1 E. coli hyperproducing its chromosomal AmpC), and 3 quality control strains. Ninety-one percent of laboratories
recognized all ESBL producers correctly, and therefore, low error rates were observed when testing cephalosporins and aztreonam. The
highest error rates were observed with combinations of penicillin plus B-lactamase inhibitor, although more than 60% of cases were due to
the interpretation made by the microbiologists. Correct recognition of all AmpC B-lactamase—producing strains occurred in only 47.4% of
laboratories. These isolates were wrongly reported as ESBL producers and penicillinase hyperproducers in 7.6 % and 5.8% of cases,

respectively. Detection of the AmpC-type phenotype by Spanish laboratories needs to be improved.

© 2008 Elsevier Inc. All rights reserved.

Keywords: -Lactamase; ESBL; AST; Quality control

1. Introduction

Antimicrobial susceptibility testing is one of the most
important tasks in the clinical microbiology laboratory. Most
laboratories use standardized methods that allow from in
vitro results to determine the most suitable antimicrobial
treatment. These results may be affected by methodology,
interpretative criteria, and changes in bacterial resistance
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mechanisms. Quality assurance of antimicrobial suscept-
ibility testing is commonly carried out using internal quality
control programs to evaluate methods, reagents, and staff
capabilities, with additional external proficiency testing for
quality assurance of antimicrobial susceptibility testing
methods. In Spain, most of the clinical microbiology
laboratories are part of an official quality control program
developed by the Spanish Society of Infectious Diseases and
Clinical Microbiology (SEIMC), which includes identifica-
tion and antimicrobial susceptibility testing of 4 to
6 unknown enterobacterial pathogens every year. The
application of this program at national level has increased
the quality of Spanish laboratories, although it is insufficient
in evaluating how well laboratories are able to routinely
detect specific antimicrobial resistance phenotypes. The
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Table 1
Strains used for proficiency testing and expected susceptibility results for test drugs
Strain  Species and characteristics MIC (mg/L) and susceptibility categories according to CLSI

AMC PTZ CRO CTX CAZ FEP AZT IPM MEM ERT
CCGO1 E. coli 33-22 producing the CTX-M-14 ESBL 16/8 (I) 2/4(S) >64(R) >64 (R) 1 (R) 8-16 (R) 8 (R) 0.125 (S) =<0.03 (S) =<0.03 (S)
CCGO02 E. coli 10-7 producing the CTX-M-9 ESBL 4/2-8/4(S) 2/4(S) >64(R) 16-32(R) 025([R) 2(R) 1 (R) 0.125 (S) =<0.03 (S) <0.03 (S)
CCGO3 E. coli 23-9 producing the CTX-M-10 ESBL 4/2-8/4(S) 2/4(S) >64 (R) 32-64(R) 1(R) 16 (R) 4 (R) 0.125 (S) =<0.03 (S) =<0.03 (S)
CCGO04 E. coli 22- 3 producing the SHV-12 ESBL 4/2-8/4 (S) 4/4(S) 16 (R) 4-8(R) >64(R) 1(R) >64 (R)  0.125(S) <0.03 (S) <0.03(S)
CCGO5 K. pneumoniae 16-3 producing the TEM-4 ESBL 8/4 (S) 32/4(1) 4-8(R) 4-8(R) >64(R) 05(R) >64 (R)  0.06(S) <0.03(S) <0.03(S)
CCGO06 K. pneumoniae 25-2 producing the SHV-1 + CTX-M-10 ESBL 8/4 (S) 4/4(S) >64(R) >64(R) 4R 4 (R) 16 (R) 0.125 (S) =<0.03 (S) 0.03-0.06 (S)
CCGO07 K. pneumoniae 1960 producing the FOX-5 plasmid AmpC-type B-lactamase 32/16 (R)  16/4 (S) 4 (S) 4(S) 16 (I) 025(S) 1S 0.125 (S) =0.03 (S) 0.06 (S)
CCGO8 E. coli TG31 hyperproducing its chromosomal AmpC p-lactamase 64/32 (R) 16/4(S) 2-4(S) 4(S) 16 (I) 0.125 (S) 8(S) 0.125 (S) =<0.03 (S) <0.03 (S)
CCGO09 E. coli TG22 producing the CMY-2 plasmid AmpC-type B-lactamase 32/16 (R)  8/4(S) 32(D) 16 (I) 32 (R) 0.5 (S) 8(S) 0.125 (S) =<0.03(S) 1-2(S)
CCG10 E. coli ATCC 25922 QC for susceptibility testing 4/2 (S) 2/4(S) 0.06(S) 0.06(S) 025(S) =<0.03(S) 0.125(S) 0.06(S) =<0.03(S) =0.03(S)
CCG11 E. coli ATCC 35218 QC for susceptibility testing 4/2-8/4 (S) 1/4(S) =<0.03(S) =<0.03(S) 0.125(S) =<0.03 (S) =<0.03(S) 0.125(S) =<0.03 (S) =<0.03 (S)
CCG12 K. pneumoniae ATCC 700603 producing the SHV-18 ESBL 4/2-8/4 (S) 16/4(S) 4 (R) 2-4(R) 32 (R) 1 (R) 32 (R) 0.125 (S) =0.03 (S) 0.06 (S)

AMC = amoxicillin—clavulanic acid; PTZ = piperacillin—tazobactam; CRO = ceftriaxone; CTX = cefotaxime; CAZ = ceftazidime; FEP = cefepime; AZT = aztreonam; IPM = imipenem; MEM = meropenem;
ERT = ertapenem; I = intermediate; S = susceptible; R = resistant.
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epidemiology of antimicrobial resistance mechanisms in
Gram-negative rods is changing very rapidly. The worldwide
spread of extended-spectrum [-lactamases (ESBLs) and the
emergence of plasmid-mediated AmpC p-lactamases
(pPAmpCs) in members of the Enterobacteriaceae family
are examples of such changes that call for a revision of the
systems used to test and report susceptibility to broad-
spectrum P-lactams. In 2001, a nationwide quality control
study of B-lactam susceptibility testing was performed in
Spain (Cantén et al., 2003), which included, according to the
epidemiology of antimicrobial resistance in Spain at the
time, only 1 CTX-M-producing strain and no pAmpC
producers. Categoric errors in the evaluation of the CTX-M-
9—producing strain occurred in 38.5% of laboratories. Since
then, the epidemiology of 3-lactam resistance in Enterobac-
teriaceae in Spain has changed. In the 1st nationwide study
of ESBL-producing Escherichia coli and Klebsiella pneu-
moniae in Spain, the most prevalent ESBLs were CTX-M-9,
SHV-12, and CTX-M-14 for E. coli and TEM-3 and TEM-4
for K. pneumoniae (Hernandez et al., 2005). Isolates
expressing pAmpC are becoming increasingly common
(Mirelis et al., 2006).

The purpose of this study was to evaluate the proficiency
of Spanish laboratories in detecting the most prevalent
ESBL and pAmpC phenotypes in clinical isolates of E. coli
and K. pneumoniae. Moreover, susceptibility to -lactams
and interpretation of them were also evaluated.

2. Materials and methods
2.1. Bacterial strains

Twelve well-characterized strains were selected: 7 ESBL
producers, which included 6 clinical isolates expressing the
most commonly found ESBLs in Spain and K. pneumoniae
ATCC 700603 as a positive quality control strain recom-
mended by the Clinical and Laboratory Standards Institute
(CLSI, 2007); 3 AmpC p-lactamase—producing strains,
comprising 1 E. coli strain, which overexpressed its
chromosomal AmpC cephalosporinase because of mutations
into their promoter sequence, and 2 pAmpC-producing
strains; and finally, 2 ATCC strains recommended by the
CLSI as quality control strains for susceptibility testing
assays (CLSI, 2007). A detailed description of the strains is
reported in Table 1. Identification at species level, anti-
microbial susceptibility testing, and confirmation of resis-
tance phenotypes to 3-lactams were independently evaluated
by 2 reference laboratories (Departamento de Microbiologia,
Facultad de Medicina, Sevilla, Spain, and Servei de
Microbiologia, Hospital de la Santa Creu i Sant Pau,
Barcelona, Spain). Bacterial identification was performed
using API 20E strips (bioMérieux, Marcy 1’Etoile, France).
Antimicrobial susceptibility testing was performed by both
disk diffusion and microdilution methods, according to CLSI
guidelines. B-Lactamases produced by selected strains were
characterized by conventional methods, which included

isoelectric focusing, substrate profile determination by
bioassay, and molecular characterization based on polymer-
ase chain reaction and DNA sequencing (Miro et al., 2005).

2.2. Study design

The study was designed as a nationwide proficiency
study, under the scientific auspices of the SEIMC’s official
quality control program. In March 2007, the 12 test strains,
numbered as in Table 1, were sent to all participating
laboratories as blood culture isolates. Each laboratory was
requested to use routine methods for the identification and
antimicrobial susceptibility testing (AST) of the strains. An
electronic form was issued for reporting identification and
AST results, which included both quantitative (inhibition
zone diameter or MIC) and qualitative results (susceptible,
intermediate, or resistant according to the breakpoints used).
Laboratories were also requested to report qualitative results
to clinicians in their normal manner and to include additional
informative notes concerning resistance phenotypes. Infor-
mation about the AST method and the criteria used to
interpret AST results was also requested (Table 2).

2.3. Evaluation of results

Discrepancies between AST results and reference values
were classified as follows: very major errors (VMEs), when
the laboratory reported a resistant strain as susceptible (VME
percentages were determined for resistant isolates only);
major errors (MaEs), when the laboratory reported a
susceptible strain as resistant (the percentages of MaE were
determined for susceptible isolates only); or minor errors
(MiEs), when the laboratory reported an intermediate strain
as resistant or susceptible, or a resistant or susceptible strain
as intermediate (Canton et al., 2003).

Detection of ESBL expression was evaluated on the
basis of the specific notes reported on the electronic form.
For these isolates, changes in the interpretation of AST
results were assessed when the laboratory provided
a quantitative result, which was lower than the resistance
breakpoint and reported the interpretative category
as resistant.

Table 2
Information requested of participant centers

Specify the bacterial identification method used (type [manual, automated,
or semiautomated], galleries, panels, or cards used) and the identification
results

Specify the AST method used (disk diffusion assay, agar or broth dilution
methods, type of tool used, and galleries, panels, or cards used)

AST quantitative results obtained (inhibition zone diameter in millimeters or
MIC in milligrams per liter)

Qualitative results (S, I, R) according to the breakpoints used

Interpretative results (S, I, R) and criteria used (CLSI, MENSURA,
EUCAST, others)

Additional test performed and results obtained

Additional informative notes included in your routine reports

AST = antimicrobial susceptibility testing; S = susceptible; I = intermediate;
R = resistant.
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Detection of AmpC expression was only evaluated on the
basis of the specific notes reported on the electronic form.

3. Results

3.1. Participation rate and characteristics of
participating laboratories

Fifty-seven clinical microbiology laboratories represent-
ing every region in Spain (including the Balearic Islands and
Canary Islands) agreed to take part in this study and
provided the data required. Most centers (61.4%) used
automated methods for bacterial identification and AST,
which included MicroScan WalkAway (n = 25; Dade
Behring MicroScan, West Sacramento, CA), Vitek 2 (n =
8; bioMérieux), and Phoenix (n = 2; Becton Dickinson
Diagnostic Systems, Sparks, MD). The remaining 38.6%
used semiautomated systems, including Wider (n = 16;
Francisco Soria Melguizo, Madrid, Spain), MicroScan
AutoScan 4 (n = 2; Dade Behring MicroScan), or manual
systems, including API 20E (n = 2; bioMérieux), BBL
enterotube (n = 1; Becton Dickinson), and unspecified (n =
1). All laboratories using automated or semiautomated
methods for identification procedures used the same ones
for AST, except for 2 centers (Vitek 2) that used disk
diffusion assays. The center using manual identification by
BBL used disk diffusion for AST, and the 2 centers using
API 20E wused Vitek 2 and Sensititre (TREK Diagnostic
Systems, West Sussex, UK), respectively. Every laboratory
in the survey reported using the CLSI criteria to interpret
AST results (CLSI, 2007), except for one (which adopted the
MENSURA guidelines) (Baquero et al., 1997).

3.2. Proficiency in bacterial identification

Bacterial identification at genus and species level was
correct in 99.3% and 99.1% of cases, respectively. E. coli
CCGO04 was identified as Klebsiella ozaenae in 2 centers and
as Klebsiella spp. in 1 center. K. pneumoniae CCG06 was
identified as Enterobacter aerogenes in 1 center,
K. pneumoniae CCGO7 as Klebsiella oxytoca in 1 center,
and K. pneumoniae CCG12 (control strain) as E. coli in
1 center. There were 2 misidentifications where the
MicroScan WalkAway was used, 2 in centers using the
MicroScan AutoScan 4, and 2 using manual methods (1 with
BBL enterotube and the other with API 20E).

3.3. Proficiency in AST

Because the range of antimicrobial concentrations varied
depending on the method used and some centers used the
disk diffusion assay, interpretative categories were used to
analyze AST proficiency. The interpretative criteria were
those proposed by the CLSI with supplementary comments.
Because there are no specific recommendations for
reporting susceptibility to several drugs in ESBL- and
AmpC-producing E. coli and K. pneumoniae, and bearing

in mind the potential risk of therapeutic failure of these
agents in complicated infections, the criteria established in
Table 3 were applied (Livermore et al., 2008; Paterson, 2006;
Paterson et al., 2004).

The distributions of discrepancies by type of categoric
error, by organism, and by antimicrobial agent are shown
in Table 4 (for cephalosporins and aztreonam) and in
Table 5 (for carbapenems and combinations of penicillins
plus PB-lactamase inhibitors).

In general, there were low error rates for cephalosporins
and aztreonam in ESBL-producing strains, probably because
a large number of centers had detected the ESBL phenotypes
(see below). For cephalosporins, all but I VME were due to
failure to detect ESBL production. In 1 case, the cefepime
category was not changed to resistant, despite the fact that
ESBL production had been suggested. One VME for
aztreonam was due to failure to detect ESBL production
and the other 2 due to the fact that the center did not change
the category for this agent when ESBL production had in fact
been detected.

The highest error rates in ESBL-producing strains were
observed for combinations of penicillins plus B-lactamase
inhibitors. Nevertheless, 69.5% of errors with amoxicillin—
clavulanic acid and 64.4% with piperacillin—tazobactam
were due to the interpretative criteria used by the
laboratories in changing the category from susceptible or
intermediate to resistant when ESBL production was
detected. There were no discrepancies for carbapenems in
ESBL-producing strains.

For AmpC-producing strains, most errors detected for
cephalosporins, aztreonam, or piperacillin—tazobactam were,
again, not due to the methodology but to the interpretative
criteria applied in the laboratory, and depending on the
encountered phenotype. In 13 cases, AmpC production was
interpreted as ESBL production, inducing a change to the
resistant category for cephalosporins, aztreonam, and even
piperacillin—tazobactam (35.1%) as reported for ESBL-
producing strains. In other laboratories, although the AmpC
phenotype was identified, the lack of clear interpretative
criteria for cephalosporins and piperacillin—tazobactam

Table 3
Supplementary comments established to interpret ESBL- and AmpC-
producing E. coli and K. pneumoniae

Drug and resistance Qualitative Interpretative
mechanism clinical category clinical category
ESBL producers

Penicillin plus B-lactamase inhibitor S S/1

combinations: AMC, PTZ

AmpC producers

Penicillin plus B-lactamase inhibitors S S/
combinations: PTZ

Third generation cephalosporins and S S/
aztreonam: CRO, CTX, CAZ, AZT 1 /R

AMC = amoxicillin—clavulanic acid; PTZ = piperacillin—tazobactam; CRO =
ceftriaxone; CTX = cefotaxime; CAZ = ceftazidime; AZT = aztreonam.



Table 4
Distribution of interpretative discrepancies and categoric errors rates for cephalosporins and aztreonam
Strain  Species/p-lactamase Ceftriaxone Cefotaxime Ceftazidime Cefepime Aztreonam
No.* Errors (%)° No.* Errors (%)° No.* Errors (%)° No.* Errors (%)° No.* Errors (%)°
MiE MaE VME MiE MaE VME MiE MaE VME MiE  MaE VME MiE MaE VME
CCGO1 E. coli/CTX-M-14 9 0(0.0) NA°® 0(0.0) 53 0(0.0) NA 0 57 0(0.0) NA 0 57 0(0.0) NA 0 38 0(0.0) NA 1
0.0) 0.0) (0.0) (2.6)
CCGO02 E. coli/CTX-M-9 9 0(0.0) NA 0(0.0) 52 0(0.0) NA 0 57 0(0.00 NA 1 57  0(0.0)0 NA 1 38 0(0.0)0 NA 2
0.0) (1.8) (1.8) (5.3)
CCGO3  E. coli/CTX-M-10 9 0(0.0) NA 0(0.0) 53 0(0.0) NA 0 57 0(0.0) NA 0 57 0(0.0) NA 0 38 0(0.0) NA 0
0.0) (0.0) (0.0) (0.0)
CCG04 E. coli/SHV-12 9 0(0.0) NA 0(0.0) 53 0(0.0) NA 0 57 0(0.0) NA 0 57 0(0.0) NA 0 38 0(0.0) NA 0
0.0) 0.0) (0.0) (0.0)
CCGO5 K. pneumoniae/TEM-4 9 0(0.0) NA 1 53 0(0.0) NA 0 57 0(0.0) NA 0 57 0(0.0)0 NA 2 38 0(0.0) NA 0
(11.1) 0.0) 0.0) (3.5) (0.0)
CCGO06 K. pneumoniae/CTX-M- 8 0(0.0) NA 0(0.0) 49 0(0.0) NA 0 52 0(0.0) NA 0 52 0(0.00 NA 0 35 0(0.0) NA 0
10 0.0) 0.0) (0.0) (0.0)
CCGI12 K. pneumoniae/SHV-18 9 0(0.0) NA 0(0.0) 53 0(0.0) NA 1 57 0(0.0) NA 0 57 0(0.0)0 NA 3 38 0(0.0) NA 0
(1.9) 0.0) (5.3) (0.0)
Total ~ ESBL-positive strains 62 0(0.0) NA 1(1.6) 366 0(0.0) NA 1 394 0(0.0) NA 1 394 0(0.0)0 NA 6 263 0(0.0) NA 3
0.3) 0.3) (1.5) (1.1)
CCGO7 K. pneumoniae/FOX-5 9 6 (66.7) 0 (0.0) NA 53 32(60.4) 0 NA 57 4(7.00 NA NA 56  2(3.6) 9(l6.1) NA 38 22(579) 0 NA
(0.0) 0.0)

(continued on next page)
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Table 5

Distribution of interpretative discrepancies and categoric errors rates for carbapenems and combinations of penicillins plus (-lactamase inhibitors

Strain  Species/pB-lactamase Imipenem Meropenem Ertapenem Amoxicillin—clavulanic acid Piperacillin—tazobactam
No.* Errors (%)° No.* Errors (%)° No.* Errors (%)° No.» Errors (%)° No.* Errors (%)°
MiE MaE  VME MiE MaE  VME MiE MaE  VME MiE MaE  VME MiE MaE  VME

CCGOl  E. coli/CTX-M-14 54 0(0.0) 0(0.0) NA® 53 0(0.0) 0(.0) NA 28 0(0.00 0(0.0)0 NA 56 37 (66.1) NA NA 56 15(26.8) 0(0.0) NA
CCGO02 E. coli/lCTX-M-9 54  0(0.0) 0(.00) NA 53 0(0.00 0(0.00 NA 28 0(0.00 0(0.0)0 NA 56 19 (33.9) 0(0.0) NA 56 15(26.8) 0(0.0) NA
CCGO3 E. coli/CTX-M-10 54 0(0.0) 0(0.0)0 NA 53 0(0.00 0(0.00 NA 28 0(0.00 0(0.0)0 NA 56 19 (33.9) 0(0.0) NA 56 15(26.8) 0(0.0) NA
CCGO04 E. coli/fSHV-12 54 0(0.0) 0(0.0)0 NA 53 0(0.00 0(0.00 NA 28 0(0.00 0(0.0) NA 56 18 (32.1) 0(0.0) NA 56 14 (25.0) 0(0.0) NA
CCGO5 K. pneumoniae/TEM-4 54 0(0.0) 0(0.00) NA 53 0(0.00 0(0.00 NA 28 0(0.00 0(0.00 NA 56 22 (39.3) 0(0.0) NA 56 47 (83.9) NA NA
CCGO06 K. pneumoniae/CTX-M-10 49  0(0.0) 0(0.0)0 NA 48 0(0.00 0(0.0) NA 25 0(0.0) 0(0.0) NA 51 16 (31.4) 0(0.0) NA 51 11 (21.6) 0(0.0) NA
CCGI12 K. pneumoniae/SHV-18 54 0(0.0) 0(0.0)0 NA 53 0(0.00 0(0.00 NA 28 0(0.00 0(0.0)0 NA 56 20 (35.7) 0(0.0) NA 56 15(26.8) 0(0.0) NA
Total ESBL-positive strains 373 0(0.0) 0(0.0)0 NA 366 0(0.0) 0(0.0) NA 193 0(0.0) 0(0.00 NA 387 151(39.0) 0(0.0) NA 387 132(34.1) 0(0.0) NA
CCGO07 K. pneumoniae/FOX-5 53 0(0.0) 0(0.0)0) NA 52 0(0.00 0(0.00 NA 28 0(0.00 0(0.0)0 NA 56 6 (10.7) NA 0(0.0) 55 20 (36.4) 0(0.0) NA
CCGO8 E. coli/ AmpC 54 0(0.0) 0(0.0)0 NA 53 0(0.00 0(0.00 NA 28 0(0.00 0(0.0)0 NA 56 9(16.1) NA 0(0.0) 56 17 (30.4) 0(0.0) NA
CCGO09 E. coli/CMY-2 54 0(0.0) 0(0.0)0 NA 53 0(0.00 0(0.00 NA 28 1(3.6) 1(3.6) NA 56 8 (14.3) NA 2(3.6) 56 22 (39.3) 0(0.0) NA
Total AmpC-positive strains 161 0(0.0) 0(0.0)0 NA 158 0(0.0) 0(0.0) NA &4 1(1.2) 1(1.2) NA 168 23 (13.7) NA 2(1.2) 167 59(353) 0(0.0) NA
CCGI10 E. coli 54 0(0.0) 0(0.0) NA 53 0(0.00 0(0.00 NA 28 0(0.00 0(0.0)0 NA 55 0(0.0)0 0(0.0)0 NA 56 0(0.0)0 0(0.0)0 NA
CCGl1 E. coli/TEM-1 54  0(0.0) 0(.0) NA 53 0(0.00 0(0.00 NA 29 0(0.00 0(0.0)0 NA 56 2(3.6) 0(0.00 NA 56 1(1.8) 0(0.0) NA
Total ESBL-negative. 108 0(0.0) 0(0.00 NA 106 0(0.0)0 0(0.00 NA 57 0(0.00 0(0.00 NA 111 2(1.8) 0(0.0) NA 112 1(09) 0(0.0) NA

AmpC-negative strains

# Number of susceptibility testing determinations carried out for this organism—antimicrobial combination.

® Percentage rates were calculated considering the number of susceptibility testing determinations for the antibiotic as the denominator.
¢ Not applicable.
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yielded different interpretations with a noticeable tendency
to consider carbapenems and non—Q-lactam antimicrobials
as the only therapeutic options. In this way, most of the 28
centers that identified any of the 3 AmpC producers reported
most of the cephalosporins, aztreonam, and piperacillin—
tazobactam as resistant, irrespective of their MIC values. It is
worth mentioning that most of these centers also corrected
cefepime to the resistant (7 centers) or intermediate (1 center)
category in those strains susceptible in terms of MIC.

The only 2 discrepancies for carbapenems were
observed in the CMY-2—producing strain. In 1 case, an
MIC value of 3 mg/L was obtained by E-test, and
ertapenem was reported as intermediate. In the other case,
an MIC of 4 mg/L (intermediate) was obtained using
MicroScan WalkAway, although the microbiologist chan-
ged the category to resistant.

There were no significant discrepancies with the quality
control strains recommended by CLSI (CCG10 and CCG11).
An exception was CCG11 (control strain for combinations of
penicillins plus P-lactamase inhibitors) and piperacillin—
tazobactam. In 1 case, this was due to an error determining
the MIC; in 2 other cases, however, it was due to an error in
the interpretative criterion applied where the centers
involved considered that TEM-1 production required a
change in category from susceptible to resistant.

3.4. Performance in detecting ESBL producers

Twenty of 53 laboratories using automated or semiauto-
matic methods reported to use ESBL confirmatory tests
(50% disk diffusion and 50% E-test) when an ESBL
phenotype was detected. All ESBL-producing strains were
identified correctly in 86% of the centers (49 of 57).
Although 3 centers did not report an ESBL phenotype, they
made the correct interpretation and modified the clinical
category for cephalosporins and aztreonam, thereby increas-
ing the success rate from 86% to 91.2%. Only 5 centers
misidentified an ESBL-producing strain: The CTX-M-9—
producing strain was misidentified in 1 center, probably the
result of using Vitek 2 cards without cefotaxime or
ceftriaxone, and the TEM-4—producing strain was misiden-
tified in 2 centers; in 1 center, the error was due to a negative
synergy with clavulanic acid by disk diffusion assay,
the strain being interpreted as a TEM-1 hyperproducer; and
the last one did not recognize the ESBL phenotype, despite
the Wider system having obtained MIC values for oxyimino-
cephalosporin and aztreonam in the resistant category. The
same center failed to detect the ESBL phenotype in strain
CCG12 (the quality control strain for the ESBL phenotype).
Curiously, there were 2 other errors detecting the ESBL in
this strain. In 1 case (MicroScan AutoScan 4), the
microbiologist or technician did not suspect ESBL produc-
tion, despite high MIC values in some cephalosporins and
aztreonam. In the other case (Wider), the expert system
suggested the presence of an ESBL associated with
decreased permeability or the presence of an AmpC P-

lactamase, although no further test was performed to
differentiate them.

3.5. Performance in the detection of AmpC [B-lactamase

This resistance phenotype is difficult to detect because
there is no reliable routine method for detecting this kind of
enzymes. The presence of pAmpC (in the FOX-5- and CMY-
2—producing strains) was indicated by 50.9% and 59.9% of
participants, respectively; hyperproduction of chromosomal
AmpC in strain CCGO8 was suggested by 52.6%, and only
47.4% of centers correctly identified the 3 AmpC-producing
strains. More than 30% of centers did not specify the
resistance phenotype of the strains, whereas 10% did so, but
incorrectly. The most frequent error was misidentifying it as
an ESBL phenotype (7.6%), followed by penicillinase
hyperproduction plus permeability defect (5.8%).

In general, no remarkable differences in identification or
AST were observed between the methods used by participat-
ing laboratories (data not shown).

4. Discussion

ESBL-producing Enterobacteriaceae are becoming more
prevalent throughout the world. In the Ist national study
developed in Spain (2002), the frequency of ESBL-
producing E. coli and K. pneumoniae was 0.5% and 2.7%,
respectively (Hernandez et al., 2005). A 2nd national study,
still under development, using the same methodology
increased these values up to 4.0% and 5.0%, respectively
(Canton et al., 2007). In these studies, as has been observed
in most European countries, the most prevalent ESBLs in E.
coli belonged to the CTX-M family. A major challenge for
microbiologists is the detection and reporting of ESBL
production in Enterobacteriaceae. Following the CLSI
criteria, ESBL producers should be reported as resistant to
all penicillins, cephalosporins, and aztreonam, indepen-
dently of their MIC values. Nevertheless, recent EUCAST
expert rules (http://www.eucast.org) recommend reporting as
intermediate any result of susceptible to all penicillins,
cephalosporins, and aztreonam and to change it to resistant if
it is in the intermediate range.

Furthermore, an increasing prevalence of pAmpC-
producing enterobacteria has been described (Alvarez
et al., 2004). These enzymes are not inactivated by P-
lactamase inhibitors and confer a spectrum of activity
greater than has been observed in ESBLs. Taking into
account the difficulty of detecting pAmpCs, the real
prevalence of these enzymes is probably underestimated in
several countries (Philippon et al., 2002). Some local studies
suggest that the prevalence of pAmpC-producing strains are
increasing in Spain (Mirelis et al., 2006). This fact leads us
to highlight the importance of developing standard recom-
mendations to deal with AmpC producers.

Various multicenter studies have been performed to
evaluate the ability of clinical microbiology laboratories to
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detect specific resistance phenotypes of clinical concern.
These studies are usually designed as proficiency quality
control studies, in which resistant strains are distributed from
a central laboratory to participating centers. In 2001, a
quality control survey was carried out in Spain for B-lactam
susceptibility testing with a well-defined collection of
Enterobacteriaceae and Pseudomonas aeruginosa strains
(Canton et al., 2003). In this study, using a broad panel of
strains expressing different resistance mechanisms, only 1
CTX-M-producing strain was included and no pAmpC
producers. The present study was developed for 3 major
reasons: a) 38.5% of laboratories taking part in the
previously mentioned study failed to detect ESBL produc-
tion in the only CTX-M-producing strain tested; b) the
epidemiology of ESBLs has changed very rapidly in Spain,
as in other countries, and those ESBL-producing E. coli and
K. pneumoniae, which are the most widespread, on the basis
of national studies, have been selected for inclusion in this
study; and c) for the Ist time in a study of this kind in Spain,
pAmpC-producing strains have been included.

With quality control strains (ATCC 29922, ATCC
700603, and ATCC 35218), laboratories exhibited a high
overall performance. Very few problems were observed for
ESBL producers when testing cephalosporins and aztreo-
nam. The few VMEs detected were mainly due to a failure to
identify the ESBL phenotype, except in 1 case where the
cefepime category was not changed to resistant, despite the
fact that the system had suggested an ESBL. The number of
VME with cephalosporins in this study was much lower than
that reported in the previous proficiency study in Spain
(Canton et al., 2003). In this study, cefepime was the
antimicrobial tested, which had the highest error rates. Every
VME arose with ESBL-producing strains. In these labora-
tories, cefepime was reported as susceptible, and no
categoric modification was performed. In a similar study
performed in Italy (Luzzaro et al., 2006), major problems
were observed for ESBL producers when testing cephalos-
porins. Most VMEs were detected with a TEM-52—
producing Proteus mirabilis strain, probably because, at
the time of the survey, P. mirabilis was not included among
the species to be tested for ESBL production by the CLSI.
The highest error rates for ESBL-producing strains were
observed with combinations of penicillins plus B-lactamase
inhibitors. Nevertheless, two-thirds of errors were due to the
interpretative criteria because the category was changed from
susceptible or intermediate to resistant when the ESBL
phenotype was detected. Although therapeutic failures have
been reported when combinations of penicillin plus (-
lactamase inhibitors have been used, there is some
controversy about their utility in the treatment of infections
caused by ESBL-producing Enterobacteriaceae (Peterson,
2008). Accordingly, specific recommendations are desirable
to avoid such discrepancies in reporting the susceptibilities
of these combinations.

In AmpC-producing strains, there was a high rate of
MiE for cephalosporins (except cefepime). Thirteen cases

were due to identifying them as ESBL-producing strains,
which led to a change of category to resistant. More often
though, even when the AmpC phenotype had been
established, it was the absence of specific recommenda-
tions that produced a great variety of results, the most
common being to leave carbapenems and non—p-lactams
as the only therapeutic alternatives. In some centers, even
cefepime was categorized as intermediate when the MIC
value was in the susceptibility range. Luzzaro et al. (20006)
described a large number of VME for piperacillin—
tazobactam and E. coli hyperproducing AmpC, mentioning
differences in intrinsic activity between amoxicillin—
clavulanic acid and piperacillin—tazobactam against these
strains as a possible explanation. Because the AmpC-
producing strains used in our study were susceptible to
piperacillin—tazobactam, these differences could not be
evaluated. However, we observed no important differences
in terms of errors between the 2 combinations. The only 2
discrepancies with carbapenems were observed with
ertapenem and CMY-2—producing E. coli. In 2 centers,
the MIC value was in the intermediate range and reported
as resistant in one of them. Susceptibility test results for
imipenem and meropenem were correct in all the
participating centers. Similar results were obtained in
other proficiency studies (Canton et al., 2003; Luzzaro
et al., 2000).

In conclusion, Spanish laboratories carried out the AST
of the most prevalent ESBL-producing strains in Spain
very efficiently, with correct recognition of the ESBL
phenotype in more than 90% of the laboratories. It is now
necessary to develop specific interpretative criteria for
combinations of penicillins plus P-lactamase inhibitors,
based on both in vitro and clinical experience. More
difficulties were observed for AmpC-producing strains. A
search for reliable screening methods in detecting pAmpCs
and chromosomal AmpC hyperproduction is desirable.
Furthermore, clinical microbiologists should be alert to the
detection of such microorganisms because some local
studies suggest that they may have increased in recent
years (Mirelis et al., 2006).

Because the epidemiology of resistance in Enterobacter-
iaceae changes very rapidly, prevalence studies should be
routinely accompanied by proficiency studies to evaluate the
proficiency of clinical microbiology laboratories in detecting
and reporting the most prevalent phenotypes of antimicrobial
resistance. This information could be very useful to
clinicians in choosing adequate therapeutic options and
effective infection control measures.
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Abstract

We report a Serratia marcescens and an Escherichia coli isolate simultaneously
detected in the same patient. Both isolates showed susceptibility patterns sugges-
tive of harbouring a plasmid-mediated AmpC [B-lactamase (pACBL) and a
plasmid-encoded quinolone resistance (PMQR). PCR-based replicon, MOB typ-
ing, plasmid profile and Southern hybridization analyses revealed that both isolates
coharboured blapya, and gnrB genes on the same IncL/M-MOBp;; plasmid
approximately 70kb in size. Together with the fact that both plasmids were
conjugative in the laboratory, these results strongly suggest that a horizontal
transfer event could take place in vivo. This is the first report of an isolate of
S. marcescens harbouring a pACBL. The only phenotypic method that suggests the
presence of a pACBL in an isolate harbouring an inducible chromosomal AmpC
enzyme is the observation of scattered colonies near the edge of the inhibition
zones of some B-lactams. The presence of both resistance genes on the same
plasmid and the reported increase in PMQR could perhaps explain the widespread

groups; relaxases; Enterobacteriaceae.

Introduction

Serratia marcescens is an opportunistic pathogen that is
mainly involved in nosocomial infections and especially
affects immune-suppressed patients. It sometimes shows
high-level resistance to -lactam antibiotics. This phenom-
enon occurs mainly in two ways: by derepression of its
natural chromosomally encoded AmpC [B-lactamase or by
acquisition of new genes (Naumiuk et al., 2004). The
plasmid-mediated acquisition of B-lactamases such as ex-
tended-spectrum B-lactamases (TEM, SHV and CTX-M
type) or carbapenemases (KPC, GES, IMP and VIM type)
is well known (Naumiuk et al., 2004; Walther-Rasmussen &
Hoiby, 2007; Pitout, 2008). Although plasmid-mediated
AmpC B-lactamases (pACBLs) have been reported in other
Enterobacteriaceae (Pérez-Pérez & Hanson, 2002; Mirelis
et al., 2006; Park et al., 2007; Pitout, 2008; Tamang et al.,
2008; Carattoli, 2009; Strahilevitz et al., 2009; Mata et al.,
2010), to our knowledge, pACBLs have not been reported in
S. marcescens. pACBLs confer resistance to all B-lactams,
including cephamycins, except cefepime and carbapenems,
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distribution of blapya_; genes.

and they are not inhibited by commercialized f-lactamase
inhibitors. Acquired ampC genes derive from the chromo-
somal ampC genes of several bacterial species and are
traditionally classified into six groups (CIT, DHA, ACC,
EBC, FOX and MOX) (Pérez-Pérez & Hanson, 2002; Mirelis
et al., 2006; Mata et al., 2010). Plasmids carrying these genes
often carry multiple other resistances.

Several reports have recently described cotransmission
between blappa.; and gnr genes. gnr genes are plasmid-
mediated and confer low resistance to quinolones. There are
four major families of gnr determinants: gnrA, qnrB, qnrS
and gnrC, all of which are present in clinical isolates of the
family Enterobacteriaceae (Robicsek et al., 2006; Park et al.,
2007; Tamang et al., 2008; Carattoli, 2009; Strahilevitz et al.,
2009).

The aim of this study was to demonstrate the expression
of an inducible acquired pACBL in S. marcescens and
Escherichia coli isolates from the same patient. Moreover, as
the E. coli isolate showed reduced susceptibility to quino-
lones, plasmid-encoded quinolone resistance (PMQR) were
also screened.

© 2010 Federation of European Microbiological Societies
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Materials and methods

Clinical sample

Bacterial isolates were recovered from a urine specimen
collected during nephrostomy in a 68-year-old patient who
had initially undergone BCG instillation therapy and was
later treated surgically by radical cyst-prostatectomy for a
vesicle and ureteral transitional cell carcinoma. This patient
carried an ileal conduit.

Conjugation experiments

Conjugation assays were performed using the broth mating
method at 37 °C. Escherichia coli and S. marcescens isolates
suspected to harbour pACBL were used as donor strains. As
a recipient strain, we used the E. coli HB101 (UA6190),
which expresses a green fluorescent protein marker and is
resistant to rifampin, gentamicin and kanamycin. Briefly,
donor and recipient cells from exponentially growing cul-
tures [3h at 37°C with agitation in Luria—Bertani (LB)
media] were mixed with a donor/recipient ratio of 1:1 and
incubated overnight at 37 °C. Transconjugants were selected
on LB agar supplemented with ceftazidime (10 ugmL™)
and rifampin (100 pugmL™") and were exposed to UV
illumination.

Bacterial identification and antimicrobial
susceptibility

Isolates were identified using the API System 20E
(bioMérieux, Marcy DEtoile, France). The disc diffusion
susceptibility test was performed on both donor and trans-
conjugant strains, according to Clinical Laboratory Standards
Institute guidelines, using commercially available discs (Neo-
Sensitabs, Rosco Diagnostica S/A, Taastrup, Denmark). The
antimicrobial agents included were ampicillin, piperacillin,
cephalotin, cefuroxime, cefotaxime, ceftazidime, cefepime,
aztreonam, imipenem, cefoxitin, amoxicillin—clavulanic acid,
piperacillin—tazobactam, nalidixic acid, ciprofloxin, sulpho-
namides, trimethoprim, trimethoprim—sulphamethoxazole,
chloramphenicol, rifampin, tetracycline, gentamicin, kana-
mycin, tobramycin, amikacin and streptomycin. The induci-
ble AmpC -lactamase was suspected when antagonism
between oxyimino--lactams and imipenem or cefoxitin was
observed on primary antibiogram plates. The presence of
scattered colonies in the inhibition halo of cefoxitin, cefotax-
ime, ceftazidime and aztreonam was also examined (Mirelis
et al., 2006).

Characterization of antimicrobial resistance
genes

Antimicrobial resistance genes present in donor and trans-
conjugant strains were studied. ampC genes were character-
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ized using a previously described multiplex PCR (Pérez-
Pérez & Hanson, 2002). Specific primers used to obtain the
complete blapya., gene sequence were: DHA-1A 5'-CTG
ATG AAA AAATCG TTA TC-3’ and DHA-1B 5'-ATT CCA
GTG CAC TCC AAA ATA-3'. PCR conditions were one
cycle of denaturation at 95°C for 5min, followed by 30
cycles at 95 °C for 1 min, annealing at 55 °C for 1 min and
elongation at 72 °C for 1 min. The amplification was ended
with an extension cycle at 72 °C for 7 min.

Screening of gnr genes was carried out by multiplex PCR
amplification of gnrA, gnrB and qnrS genes as described
(Robicsek et al., 2006).

All amplicons obtained were purified using the Wizard®™
SV Gel and PCR clean-up system kit (Promega Corpora-
tions, Madison, WI). DNA sequencing of purified PCR
products was performed by Macrogen (Macrogen Inc.,
Seoul, Korea). Nucleotide and amino acid sequences were
analysed using MEGA-BLAST and PSI-BLAST, respectively (www.
ncbi.nlm.nih.gov).

PCR-based replicon typing

PCR-based Inc/rep typing was performed to identify the
major incompatibility groups of the plasmids present in
parental and transconjugant strains (Carattoli et al., 2005).
Template DNA was prepared by extraction of total DNA
using the GenElute™ Bacterial Genomic DNA commercial
kit (Sigma). The PCR products obtained were then purified
and sequenced as mentioned above.

Characterization of the relaxase MOB family

To identify the relaxase MOB family of the plasmids present
in parental and transconjugant strains, a PCR-based MOB
amplification method was performed (Alvarado et al.,
2008). The primers used to amplify the MOBp;; subfamily
were MOByp,5 forward (5’-AAC CCA CGC TGC AAR GAY
CCV GT-3') and MOBp,; reverse (5'-AGC GAT GTG GAT
GTG AAG GTT RTC NGT RTC-3'). PCR conditions were
one cycle of denaturation at 94 °C for 4 min, followed by 30
cycles at 94 °C for 305, 59 °C for 30s, 72 °C for 15s and a
final extension at 72°C for 5min. The amplified DNA
fragments were then purified and sequenced using primers
MOBp,; forward and MOBp,; reverse clamp (5'-AGC GAT
GTG GAT GTG AAG-3').

Plasmid profiles and Southern blot analysis

From each parental and transconjugant strain, plasmid
profiles were visualized after DNA linearization with the S1
enzyme, followed by pulsed-field gel electrophoresis (PFGE)
as described previously (Barton et al., 1995). Plasmid sizes
were estimated using FINGERPRINTING Il INFORMATIX ™ soft-
ware. S1-PFGE was then transferred onto a nylon-
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membrane by Southern blotting. Purified DNA products
obtained from the PCR of blappa. 1, qnrB genes and the
replicon IncL/M were used as probes for hybridization of the
S1-PFGE blots. These probes were labelled using the com-
mercial kit Amersham ECL Direct Nucleic Acid Labelling
and Detection Systems, as recommended by the manufac-
turer (GE Healthcare).

Results and discussion

An S. marcescens and an E. coli with an inducible AmpC-
B-lactamase phenotype were isolated from a urine sample
together with an E. coli with its natural susceptible pattern, a
meticillin-resistant Staphylococcus aureus, an Enterococcus
faecalis and a Morganella morganii.

Primary antibiogram plates of S. marcescens and the
resistant E. coli isolate showed oxyimino-f-lactams antagon-
ism with imipenem or cefoxitin. Moreover, we observed
scattered colonies located near the edge of cefoxitin, cefotax-
ime, ceftazidime and aztreonam. This pattern of susceptibility
was compatible with the presence of a pACBL (Mirelis et al.,
2006). Both isolates showed the same antimicrobial suscept-
ibility pattern for all B-lactam and non-f-lactam antibiotics,
except for cefotaxime and nalidixic acid. Cefotaxime showed
reduced susceptibility in S.marcescens (14 mm), whereas
E. coli remained susceptible (25 mm). Nalidixic acid showed
reduced susceptibility in E. coli (15 mm), whereas S. marces-
cens remained susceptible (21 mm) (Table 1). The two
transconjugants showed the same antimicrobial susceptibility
pattern. The acquired reduced susceptibility to nalidixic acid
in the S. marcescens transconjugant should be noted (Table 1).

The presence of blapya.; and gnrB genes was confirmed
by PCR and amplicon sequencing in both isolates and their
respective transconjugants. DNA sequencing of the ampli-
cons obtained for gnrB genes (429bp) revealed 100%
identity to the gnrB4 gene. These results were in complete
agreement with other reports that found a close association
between qnrB4 and blapya_; determinants in isolates of the
family Enterobacteriaceae (Park et al., 2007; Tamang et al.,
2008; Strahilevitz et al., 2009).

Although pACBLs have been described in Enterobacter-
iaceae with a natural chromosomal AmpC enzyme (Park
et al., 2007; Tamang et al., 2008; Mata et al., 2010), to our
knowledge, this is the first time that a pACBL is reported in
an S. marcescens isolate.

The observation of scattered colonies near the edge of the
inhibition zones was the only phenotypic method to suspect
the presence of a pACBL in an isolate harbouring an
inducible chromosomal AmpC enzyme. Although this
method proved to be effective in Enterobacteriaceae lacking
inducible chromosomal AmpC B-lactamase (Mirelis et al.,
2006; Mata et al., 2010), more phenotypic tests are needed to
detect pACBLs in chromosomal AmpC producers. The lack
of standardized phenotypic methods could be the main
cause of failure in the detection of these acquired resistances
in many clinical laboratories, especially in chromosomal
AmpC producers.

Although more than one plasmid was observed by S1-
PFGE in donor strains (Fig. 1), the results of PCR-based
replicon typing and relaxase characterization only revealed a
single replicon (IncL/M) and a single relaxase family
(MOBp;3), respectively (Fig. 1). Nucleotide sequences of
the amplicons obtained for IncL/M replicons (681 bp) from
S.marcescens and E.coli were identical, as were their trans-
conjugants. These nucleotide sequences were 96% homo-
logous with the IncL/M plasmids pEL60 (AY422214),
pCTX-M3 (AF550415) and pCTXM360 (EU938349). Nu-
cleotide sequences of the amplicons obtained by relaxase
gene amplification (177 bp) both from donor and transcon-
jugant isolates were identical. They showed 86% homology
with the same IncL/M-MOBp,; enterobacterial plasmids
pEL60, pCTX-M3 and pCTXM360 mentioned above. In
Enterobacteriaceae, plasmids showing identical rep and mob
genes, components of the plasmid core, usually share the
major part of their genetic backbone. It can therefore be
expected that plasmids from S. marcescens and E. coli isolates
are highly similar to each other.

The narrow-host-range IncF-like plasmids (Carattoli,
2009) have been described as the most prevalent plasmids
harbouring blapya_; genes. Nevertheless, it is worth noting

Table 1. Phenotypic and genotypic characteristics of Serratia marcescens and Escherichia coli isolates and their transconjugants all carrying blappa-1

and gnrB genes

Clinical isolates and Antibiotic resistant Antimicrobial resistance Replicon type MOB
transconjugants enzymes pattern of plasmid family
N4112 (S. marcescens) DHA-1, gnrB4 AMP, PIP, AMC, CEF, CXM, FOX, CAZ, CTX /M MOBp13
N4112 Tc (E. coli transconjugant) DHA-1, gnrB4 AMP, PIP, AMC, CEF, CXM, FOX, CAZ, CTX, NAL* M MOBp13
N4114 (E. coli) DHA-1, gnrB4 AMP, PIP, AMC, CEF, CXM, FOX, CAZ, NAL* /M MOBp13
N4114 Tc (E. coli tranconjugant) DHA-1, gnrB4 AMP, PIP, AMC, CEF, CXM, FOX, CAZ, CTX, NAL* /M MOBp13

*Nalidixic acid (NAL) with reduced susceptibility (14—15 mm). All the isolates were susceptible for the remaining antibiotic agents tested as mentioned in

Materials and methods.

AMP, ampicillin; PIP, piperacillin; CEF, cephalotin; FOX, cefoxitin; CAZ, ceftazidime; CTX, cefotaxime; AMC,amoxicillin—clavulanic acid; RIF, rifampin.
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that IncL/M is the most frequently found incompatibility
group among the Enterobacteriaceae carrying blapya_ genes
studied in our setting (96.6%; 28 from 29 isolates) (data not
published). Curiously, gnrB4 genes have frequently been
linked to the broad-host-range IncL/M plasmids (Carattoli,
2009). The presence of both resistance genes on the same
plasmid and the reported increase in PMQR could perhaps
account for the increasing number of isolates harbouring
blapua1 genes (Park et al., 2007; Tamang et al., 2008;
Strahilevitz et al., 2009). The possibility that blappa.; genes
may be mobilized by a vector with a greater capacity to
spread could perhaps explain the recently widespread dis-
tribution of blapya_; genes.

Southern hybridization analysis revealed the colocaliza-
tion of blapya., and qnrB resistance genes on the same
conjugative plasmid (Fig. 1). In S. marcescens and E. coli
donor strains, blapya.; and gnrB genes hybridized to an
approximately 70 kb-sized plasmid. Plasmids coharbouring
these resistances in their transconjugants were larger than in
wild strains; that in the S. marcescens transconjugant was
around 190 kb, while that in the E. coli transconjugant was
around 250 kb. All plasmids belonged to the IncL/M group
(Fig. 1). These discrepancies in the size between donors and
their respective transconjugants could be explained by
cointegrates formed during the conjugation process (Garcia
et al., 2005; Tamang et al., 2008). Care should therefore be
taken in molecular epidemiology studies when plasmid size
is only estimated in transconjugants because it could be
overestimated.
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Fig. 1. S1-PFGE hybridized with blapya1, gnrB
and Incl/M probes. Lanes 1 and 6: A ladder, PFG
marker; lane 2: N4112 (Serratia marcescens
donor); lane 3: N4112 Tc (Escherichia coli
tranconjugant); lane 4: N4114 (E. coli donor);
lane 5: N4114 Tc (E. coli transconjugant); (a)
S1-PFGE; (b) Southern hybridization with the
blapna.1 probe; (c) Southern hybridization with
the IncL/M probe; (d) Southern hybridization
with the qnrB probe.

=250 kb

To sum up, this is the first report of an isolate of S.
marcescens harbouring a pACBL. The observation of scat-
tered colonies near the edge of the inhibition zones was the
only phenotypic method that led us to suspect the presence
of a pACBL in a chromosomal AmpC producer. Our results
suggest an in vivo horizontal transfer of a plasmid cohar-
bouring blapys.; and gnrB resistance genes between
S. marcescens and E. coli isolates.
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Abstract

In 2007, a significant increase in acquired ampC genes in Entero-
bacteriaceae from 0.06% in 1999 to 1.3% was observed. Proteus
mirabilis showed the highest prevalence (0.95%) and CMY-2 was
the most prevalent AmpC enzyme (66.7%). Other enzymes such
as CMY-4, DHA-I, ACC-I, and three new enzymes called CMY-
25, CMY-27 and CMY-40 were detected. Seven out of the 17
isolates (6%) also produced an extended-spectrum f-lactamase.

As acquired AmpC enzymes are likely to become a serious
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public health issue worldwide, close surveillance is necessary to
curb their spread.
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Acquired AmpCs appeared in the late 1980s and have been
detected mainly in isolates of Klebsiella spp., Escherichia coli,
Proteus mirabilis and Salmonella spp. although they have also
been identified in other species including natural AmpC
producers [I]. These enzymes confer resistance to most
p-lactams — including cephamycins — with the exception of
cefepime and carbapenems [2].

Most acquired ampCs derive from chromosomal ampC
genes of the family Enterobacteriaceae (Citrobacter freundii,
Enterobacter spp., Morganella morganii and Hafnia alvei)
whereas the origin of others remains unknown. Isolates har-
bouring acquired ampCs are usually multi-resistant [3—6], lim-
iting the therapeutic options even further. In this context,
we aimed to determine the prevalence of acquired AmpCs
in Enterobacteriaceae isolates lacking inducible chromosomal
ampC genes at a Spanish hospital from January 1999 to
December 2007.

Isolates were obtained from routine cultures at the Hospi-
tal de la Santa Creu i Sant Pau (Barcelona, Spain). When
there were multiple isolates from a patient within a 30-day
period, only one was considered for analysis. Isolates were
identified using standard methods [7]. The disc diffusion sus-
ceptibility test was performed according to Clinical Labora-
tory Standards Institute (CLSI) guidelines [8], using
commercially available discs (Bio-Rad, Marnes La Coquette,
France). The production of Extended-spectrum beta-lacta-

mase (ESBL) was studied using the double-disc synergy test

Journal Compilation ©2009 European Society of Clinical Microbiology and Infectious Diseases, CMI, 16, 470-476
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and confirmed when necessary by Etest ESBL (AB Biodisk,
Solna, Sweden) [3,9].

As some acquired AmpCs do not confer resistance to
cefoxitin, the strains selected for this study were those
showing intermediate resistance or resistance to amoxicillin-
clavulanic acid, cefotaxime or ceftazidime according to CLSI
breakpoints [8], and negative results for ESBL production.
Isolates which screened positive for ESBL production and
showed intermediate susceptibility or resistance to amoxicil-
lin-clavulanic or cefoxitin were also included [10]. Acquired
AmpCs were characterized using the previously described
multiplex PCR [2]. Amplicons were purified and sequenced as
described previously [9]. PCR-positive isolates were tested
using a double-disc synergy test based on the utilization of
cloxacillin (500 ug) as inhibitor of AmpC enzymes (except
Escherichia coli strains). All PCR-positive isolates were also
tested for the presence of scattered colonies in the inhibition
halo of cefoxitin, cefotaxime, ceftazidime and aztreonam [10].

Among the 27 |19 isolates of Enterobacteriaceae lacking
inducible chromosomal AmpC f-lactamases, 437 isolates
were studied as putative acquired AmpC producers. We
obtained amplicons in 117: 75 E. coli, 20 P. mirabilis, 16 K.

Clinical Microbiology and Infection, Volume 16 Number 5, May 2010

CMI

pneumoniae, four K. oxytoca and two S. enterica. The remain-
ing 320 isolates were ESBL producers, hyperproducers of
chromosomal AmpC enzymes (E. coli), or hyperproducers of
class A enzymes (Klebsiella spp.). Moreover, other non-enzy-
matic resistance mechanisms such as altered permeability
may also have been present in these isolates. A few of the
|17 isolates included in this study have been described previ-
ously [7,9,10].

The 117 isolates were recovered from urine (66.7%), flu-
ids and tissue (14.5%), blood (10.3%), respiratory tract
(3.4%) or other samples (5.1%). Most samples were from
ambulatory patients (64.1%).

The overall prevalence of Enterobacteriaceae carrying
acquired ampCs was 0.43%, rising from 0.06% (1999) to 1.3%
(2007). This significant increase (p <0.001; contingency table-
chi-square test was used for evaluation; spss VI5 software;
SPSS Inc., Chicago, IL, USA), which occurred mainly in the last
3 years, could have been as a result of the emergence of
Enterobacteriaceae-producing DHA (16 out of 40 in 2007) and
the increase of CMY-2-producing P. mirabilis. The highest prev-
alence was found in P. mirabilis (0.95%), as in a recent survey

in Polish hospitals where acquired AmpCs were observed

TABLE 2. Prevalence and distribution of acquired AmpCs among Enterobacteriaceae lacking inducible chromosomal ampC

genes
1999 2000 2001 2002 2003 2004 2005 2006 2007 1999-2007

E. coli (n) 2283 2068 1820 2109 2440 2285 2385 2315 2224 n= 19929
CMY-2 I 6 | I 3 8 4 14 15 53 (70.7%)
CMY-4 I | 2 (2.7%)
CMY-27 2 2 (2.7%)
CMY-40 I 1 (1.3%)
DHA-I 4° 3 8° 15 (20%)
ACC-1 I I 2 (2.7%)
Total (%) 1 (0.04) 6 (0.29) 1 (0.05) 1(0.05) 3(0.12) 9(0.39) 10 (0.42) 19 (0.82) 25 (1.12) 75 (0.38)
K. pneumoniae (n) 214 222 181 181 288 295 273 339 394 n = 2387
CMY-2 | 14 I I 4 (25%)
CMY-25 I 1 (6.3)
DHA-I 2 2 6° 10 (62.5)
ACC-1 I 1 (6.3)
Total (%) | (0.44) 1 (0.55) 1 (0.34) 4 (1.46) 3 (0.84) 6 (1.52) 16 (0.67)
P. mirabilis (n) 280 140 201 178 267 249 248 262 270 n = 2095
CMY-2 | If 4fe 6 7 19 (95%)
DHA-I I I (5%)
Total (%) 1 (0.71) I (0.80) 4 (1.21) 7 (2.67) 7 (2.60) 20 (0.95)
K. oxytoca (n) 0 0 45 88 65 70 98 76 87 n =509
DHA-I 2" 2" 4 (100%)
Total (%) 2 (2.63) 2 (2.30) 4(0.79)
S. enterica (n) 352 148 290 208 182 231 141 125 94 n=1771
CMY-2 I I 2 (100%)
Total (%) 1 (0.28) I (0.80) 2 (0.11)
Others' n =428
Overall prevalence (%) 0.06 0.31 0.08 0.04 0.09 0.38 0.53 1.01 1.3 0.43

*Two of these isolates showed identical ERIC and PFGE patterns and spread among patients was established.
®Two of these isolates showed identical ERIC and PFGE patterns but no epidemiological relationship was established between patients.

“Two isolates also harboured a CTX-M-14.
9This isolate also harboured a CTX-M-1.

“Three isolates also harboured a CTX-M-15. Two of these isolates showed identical PFGE patterns. Patient spread was established.
‘PFGE results showed a cluster of five P. mirabilis (four identical PFGE and one probably related pattern; all carrying CMY-2). One of these strains was isolated in 2004,
another in 2005 and the remaining three in 2007. No epidemiological relationship was established between patients.

80ne of these isolates also harboured a CTX-M-2 (first report in Catalonia).

"PFGE results showed a cluster of two K. oxytoca (one strain isolated in 2006 and the other in 2007). Both were isolated from the same patient over an interval of

8 months.

"The species included here are: C. koseri (211 isolates), Shigella spp. (101 isolates), P. vulgaris (108 isolates) and P. penneri (eight isolates). No acquired AmpCs were found.

©2009 The Authors
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exclusively in P. mirabilis (20.5%) [ 1]. Other studies found no
acquired-AmpC-producing P. mirabilis [5] or found it at
a lower rate (0.75%) [12]. It is of note that in our setting,
P. mirabilis is acquiring different types of f-lactamases, including
AmpCs [9].

CMY-2 has a worldwide distribution. In our study, it was
the predominant enzyme (66.7%), followed by DHA-I
(25.6%). DHA-I was mainly associated with Klebsiella spp.
and was the only acquired AmpC detected in K. oxytoca. Less
commonly found enzymes were ACC-1, CMY-4, CMY-25,
CMY-27 and CMY-40. The last three are reported here for
first time (their amino acid substitutions and the correspond-
ing susceptibility test results are shown in Table I). Seven
(6%) out of the |17 acquired-AmpC-producing isolates also
produced an ESBL (Table 2). The prevalence and type of
acquired AmpCs differs depending upon the geographical
area, the species studied and the period of study [4,11-14],
possibly as a result of the selection criteria used. For this
reason, it is difficult to compare the prevalence of acquired
AmpCs between studies.

Resistance of the AmpC-producers to non-f-lactam anti-
biotics was high. Isolates showed resistance to nalidixic acid
(74.4%), ciprofloxacin (51.3%), tetracycline (67.5%), chlor-
amphenicol (43.6%), sulphonamides (61.5%), trimethoprim
(43.6%) and aminoglycosides such as streptomycin (52.1%),
kanamycin (43.6%), gentamicin (36.7%) and tobramycin (34.2%).

The cloxacillin test was positive for all analysed isolates.
Using the disc diffusion method, 86.3% of isolates showed an
inhibition halo to third-generation cephalosporins (13-33 mm)
and aztreonam (13—43 mm). Most of these (91.1%) showed
scattered colonies near the edge of the inhibition zones. Both
these phenotypic tests are useful to detect the presence of
acquired AmpCs in Enterobacteriaceae lacking inducible chro-
mosomal AmpC. Nevertheless, as previously reported [15],
the cloxacillin test does not allow differentiation between
chromosomal and acquired AmpC enzymes. PCR is the still
the most reliable test in these cases.

The clonal diffusion of these enzymes was analysed by
clinical and molecular epidemiology. Enterobacterial repeti-
tive intergenic consensus (ERIC)-PCR was used as a first
approach for E. coli strains [2,9]. Those that showed ERIC
patterns with >80% homology were then analysed by pulsed-
field gel electrophoresis (PFGE) [3]. PFGE was also used to
study the clonal relationship of the remaining isolates.
Results are shown in Table 2.

Acquired-AmpC-producing organisms are likely to remain
undetected in many clinical laboratories as there is a lack of
standardized phenotypic methods [10,16]. In a multi-centre
Spanish study, only 53.2% of 57 laboratories were able to
detect E. coli and K. pneumoniae producing acquired AmpC [17].

There are very few reports from Europe regarding the epi-
demiology of acquired-AmpCs over a period of several years
[4], and to date, this is the first from Spain. Our findings sup-
port the view that the prevalence and diversity of acquired
ampC genes is increasing. Knowledge about the prevalence
and diffusion of this emergent resistance may be helpful to

establish preventive measures that will curb their spread.

Nucleotide Sequence Accession Number

The new f-lactamase gene sequences were submitted to the
GenBank under accession numbers EU515249 (blacmy.zs),
EU515250 (bIaCMY—27) and EU515251 (bIGCMy_40).
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Objectives: To gain insights into ampC transmission between bacterial strains.

Methods: We examined the genetic context of 117 acquired ampC genes from 27119 Enterobacteriaceae col-
lected between 1999 and 2007. Plasmid analysis was carried out by PCR-based replicon or relaxase typing, S1-
PFGE and Southern hybridization. I-Ceul/PFGE was used for isolates not characterized by plasmid analysis. PCR
reactions were used to map the genetic organization of the ampC genes.

Results: Among the isolates studied, 81.2% of ampC genes were located on plasmids of known Inc/MOB
groups, 7.7% were chromosomally located and 11.1% were not determined. A/C, I1 and K were the most com-
monly found replicons in plasmids carrying blacmy-2, while L/M replicons were associated with blapya-1. blaacc-1
was linked to I1 and MOBgq; plasmids; blacmy-27 was associated with IncF and MOBpy;, plasmids; the plasmid
carrying blacmy-25 could not be typed, and blacuy-40 was chromosomally located. All 87 isolates carrying
blaCMY’Zl b[GCMy,m blGCMyQS, b[GCMy,27, blGCMy,40 or b[GACCfl dlSplOyed the tl’OnSpOSOﬂ‘”ke structures ISECPI/
AISEcp1-blacmy-blc-sugE or AISEcpl-blaacc.1-gdha. The most prevalent structure in blapya-1 (93.3% of cases)
was identical to that described in the Klebsiella pneumoniae pTN60013 plasmid. Remarkably, in three isolates
containing chromosomal blacuy-», this gene was mobilized by conjugation.

Conclusions: Although plasmids are the main cause of the rapid dissemination of ampC genes among bacteria,
we need to be aware that other mobile genetic elements such as integrative and conjugative elements (ICEs)

can be involved in the mobilization of these genes.

Keywords: incompatibility groups, relaxases, mobile genetic elements, resistance gene dissemination

Introduction

AmpC B-lactamases confer resistance to most B-lactams except
cefepime and carbapenems.! Although most of the AmpC
enzymes are intrinsic and chromosomally encoded, some
are also found on plasmids. This is due to the action of
mobile genetic elements (MGEs) in several species that can
capture these chromosomal genes and transfer them into mobi-
lizable and/or conjugative plasmids, and subsequently dissemi-
nate them into many bacterial species that naturally lack
these genes.! >

As plasmids are the principal vehicles for the dissemination
of a great variety of resistance genes, their study and under-
standing is critical for reversing the increasing trend in anti-
biotic resistance rates worldwide. PCR-based replicon typing
(PBRT)® is currently the method of choice for plasmid charac-
terization in clinically relevant bacteria. However, this method
has several limitations in identifying divergent or novel repli-
cons.”® A new method based on the characterization of
plasmid-encoded relaxases and covering a wider diversity of
transmissible plasmids from ~y-proteobacteria has recently
been proposed.®

© The Author 2011. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
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There is little information regarding the association of
plasmid-mediated ampC genes with specific plasmid families.
The few reports to date are mainly based on biased collections
(e.g. only one ampC gene reported, or a single host studied)’
and mainly focused on blacuy-2, while reports on other ampC
genes such as blapya-1 and blaacc.; are either scarce or non-
existent. The aim of this study was to determine the plasmid
families and the genetic loci involved in the dissemination of
acquired ampC genes into 117 Enterobacteriaceae lacking chro-
mosomal AmpC enzymes. These isolates were recovered at Hos-
pital de la Santa Creu i Sant Pau (Barcelona, Spain) over a 9-year
period (1999-2007). The predominantly acquired AmpC
B-lactamase was found to be CMY-2 (n=78), followed by
DHA-1 (n=30). Less commonly found enzymes were ACC-1
(n=3) and CMY-2 variants [CMY-4 (n=2), CMY-27 (n=2),
CMY-25 (n=1) and CMY-40 (n=1)].°

Methods

Bacterial isolates

A total of 27119 isolates of Enterobacteriaceae lacking inducible chro-
mosomal AmpC enzymes were investigated between 1999 and 2007.
The criteria for selecting putative acquired AmpC producers have been
previously described.® Among these isolates, 117 carried acquired
ampC genes, including 75 Escherichia coli, 20 Proteus mirabilis,
16 Klebsiella pneumoniae, 4 Klebsiella oxytoca and 2 Salmonella enterica.
Clonal relationships were established for one cluster of five P. mirabilis
isolates, three clusters of two identical E. coli isolates and one cluster
of two identical K. pneumoniae isolates.’

Conjugation experiments

Conjugation assays were performed using a broth mating method at 37°C.
A modified E. coli HB101 strain, UA6190 (aminoglycosides and rifampicin
resistant), was used as the recipient strain. This recipient also expresses a
green fluorescent protein (GFP) marker, integrated in the chromosome by
the suicide mini-transposon delivery plasmid pAG408 together with two
aminoglycosides resistance genes as described previously.*® Transconju-
gants were selected on Luria-Bertani (LB) agar supplemented with cefta-
zidime (10 mg/L) and rifampicin (100 mg/L), and were exposed to UV
illumination to check for GFP fluorescence. The frequency of transfer was
expressed as the ratio of transconjugants to total recipient cells.

Susceptibility testing of transconjugants

Disc diffusion susceptibility tests were performed on transconjugant
strains, according to CLSI guidelines,'* using commercially available Neo-
Sensitabs discs (Rosco Diagnostica S/A).

PBRT

PBRT® was used to identify the major incompatibility (Inc) groups of plas-
mids present in transconjugants, or in parental strains when conjugation
did not occur. When ampC genes were not associated with any of the Inc
groups obtained by PBRT, ColE, IncU and IncR plasmids were tested.!?
Template DNA was prepared by extraction of total DNA using the
GenElute™ Bacterial Genomic DNA kit (Sigma).

Characterization of the relaxase MOB family

A PCR-based MOB amplification method® 3 was performed to identify the
relaxase MOB family of plasmids carrying the ampC genes that could not

be characterized by PBRT. Briefly, this new plasmid characterization
methodology classifies plasmids according to their mob region; this
encodes the plasmid relaxase, which is found in all conjugative and mobi-
lizable plasmids. Conjugative plasmids can be classified into six MOB
families (MOBg, MOBy, MOBqg, MOBc, MOBp and MOBy) based on the
amino acid sequence of their relaxases. Subgroups of five relaxase MOB
families prevalent in the vy-proteobacteria (MOBp, MOBE, MOB., MOBy
and MOBq) were studied. When the relaxase was the only determinant
obtained from plasmids mobilizing ampC genes, amplicons obtained
from the MOB PCR were purified and sequenced. Primers and PCR con-
ditions used to amplify these relaxases are listed in Table S1 (available
as Supplementary data at JAC Online).

Plasmid profiles and Southern blot analysis

When possible, plasmid analysis was carried out in the transconjugant or
donor strains by DNA linearization with S1 nuclease followed by PFGE as
previously described.' Plasmid sizes were estimated using Fingerprinting
1T Informatix™ software (Bio-Rad). DNA was transferred from S1-PFGE
gels onto nylon membranes by Southern blotting. Purified DNA products
obtained from the PCR of ampC genes, blagsg. genes, Inc group or MOB
relaxase amplicons were used as probes for hybridization of the
S1-PFGE blots. These probes were labelled with the Amersham ECL
Direct Nucleic Acid Labelling and Detection Systems, according to the
manufacturer’s instructions (GE Healthcare).

I-Ceul analysis

The chromosomal locations of ampC and blagsg, genes were investigated
by digestion of the entire DNA with I-Ceul, followed by PFGE.'® This tech-
nique was applied to isolates that could not be characterized by the
methods mentioned above.

Detection of the flanking regions of acquired ampC genes

An overlapping PCR strategy was used to map the regions surrounding
these genes. The regions surrounding ampC genes most frequently
described in the literature were explored.!>1®1° In the case of
b[GCMy,z, blGCMy,z,, blGCMy,zs, b[ClCMv,27, b[GCMy,z,o, the presence of ISECPI,
blc and sugE genes was studied. As truncated versions of ISEcpl (at
either the 3’ or 5" end) have been described, several primers were used
to explore this region. For blapya-1, searched genes were ISCR1 (orf513),
1S26, orf2 (conserved region of unknown function in Morganella
species), ampR, qacEAl and sull; for blaacci, searched genes
were 1S26, ISEcpl and gdha. Primers and PCR conditions are listed
in Table S1.

Results

Conjugation experiments

All 117 isolates from the collection were studied. Among these,
conjugative transfer of the ampC gene was detected for 97 iso-
lates (82.9%). Conjugation frequencies ranged from 1072 to
108, Conjugation experiments involving CMY-4, CMY-25 and
CMY-40 donors did not produce any transconjugants, despite
testing under several different conjugation conditions (data not
shown).

Susceptibility testing

Most donor strains showed high levels of resistance to all
non-B-lactam antimicrobial agents tested (Table 1). However, the
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Table 1. Non-B-lactam antibiotic susceptibility testing

Non-B-lactam antibiotics (% of resistant isolates)®

AmpC enzymes D or Tc (n) NAL CIP SSS TMP SXT TET CHL
CMY-2° D (78) 76.9 47 4 73.1 43.6 39.7 80.7 59.0
Tc (66) 0.0 0.0 50.0 3.0 3.0 47.0 42 4
DHA-1¢ D (30) 76.7 60.0 46.6 46.7 36.7 433 16.7
Tc (26) 61.5 0.0 15.4 15.4 7.7 11.5 0.0
ACC-1 D (3) 2 2 2 1 0 2 0
Tc (3) 0 0 2 0 0 0 0
CMY-27 D (2) 2 2 0 1 0 2 0
Tc (2) 0 0 0 0 0 0 0
CMY-44 D (2) 2 2 2 2 2 2 1
CMY-25¢ D (1) 0 0 0 0 0 0 0
CMY-404 D (1) 1 1 0 1 0 0 0

NAL, nalidixic acid; CIP, ciprofloxacin; SSS, sulphonamides; TMP, trimethoprim; SXT, trimethoprim/
sulfamethoxazole; TET, tetracycline; CHL, chloramphenicol; D, clinical strain; Tc, transconjugant.

“When the number of strains is less than 10, the resistant isolates are expressed as n rather then %.
®Two of these isolates also harboured an ESBL; the plasmid mobilizing ampC was conjugative in one

case.

“Five of these isolates also harboured an ESBL; plasmids mobilizing these genes were conjugative in

all cases.

Transconjugants were not obtained in isolates carrying CMY-4, CMY-25 or CMY-40.

percentage of transconjugant strains showing co-resistance to
non-B-lactam antibiotics was lower. CMY-2 and DHA-1 enzymes dis-
played higher rates of resistance to non-g-lactam antibiotics, while
isolates carrying ACC-1, CMY-25 and CMY-27 were susceptible to
most antibiotics tested. Resistance to sulphonamides, tetracycline
and chloramphenicol were mainly present in isolates carrying
blacpy-2, while 61.5% of blapua-1-carrying transconjugants displayed
reduced susceptibility to nalidixic acid (Table 1).

Plasmid characterization

The first approaches to characterize plasmids carryingampC genes
were PBRT and Southern hybridization using the amplicons
obtained by PBRT as probes. Eleven of the 18 replicons tested,
including I1, L/M, N, FIA, FIB, FIC, A/C, K, B/O and F, were involved
in the dissemination of ampC genes. The most representative,
alone or with other replicons, were A/C (n=30), L/M (n=25), 11
(n=25), K (hn=10) and the F group (n=10) (Table 2). The ampC
genes were also found in plasmids with two or more replicons in
15 isolates (13%). The multi-replicon combinations identified
were I1+F (n=3), I[1+K (n=2), AIC+FIB+F (n=2), LIM+FIA
(n=2), LIM+FIC (n=2),LIM+N (n=1), A/IC+11 (h=1) and ColE+
MOBp1; (n=1) (Table 2). Characterization of plasmids carrying
ampC gene was possible in 91 isolates in this first step (78%).

As a second approach, the remaining 26 non-typeable
isolates were tested using PCR for ColE, IncU and IncR replicons
and for the relaxase MOB family. None of the isolates was posi-
tive for IncU or IncR plasmids. Hybridization with the ColE repli-
cons and the MOB relaxase amplicons found in these isolates
allowed us to characterize another four plasmids carrying
ampC genes: two MOBg;; plasmids, one MOBp;, plasmid and
one co-integrate of a ColE-like plasmid and a MOBpy; plasmid
(Table 2). MOBgy1 sequencing revealed that one case was

compatible with the relaxase of the R46 (IncN-like) plasmid,
while a novel MOBg14 relaxase was found for the other case (sub-
mitted to GenBank under accession number F421285). The
translated sequence showed 79% amino acid identity (44/56)
to Tral of IncN plasmid R46, and 51% (31/61) to Tral of pCT14.
Sequencing of the MOBpy; and MOBp;; amplicons revealed
relaxases identical to Tral of the IncP-1a plasmid RP4, and to
NikB of the Incla plasmid R64, respectively.

The 95 characterized strains showed that ampC genes were
generally located on large plasmids of various sizes. The predomi-
nant plasmids present in the 78 strains carrying CMY-2, or CMY-2
plus an extended-spectrum B-lactamase (ESBL), belonged to Inc
groups A/C (33%), 11 (23%) and K (10%). blacmy-> was also found
in multi-replicon plasmids (14%) (Table 2). On the other hand, all
but one of the plasmids associated with DHA-1 (or DHA-1 plus
ESBL) belonged to the L/M group. In most cases, L/IM was the
only replicon present (67%), or it was present in multi-replicon plas-
mids (17%). Genes encoding ACC-1, CMY-4 and CMY-27 were
carried by Incl1, IncF, MOBg;; (an IncN-like and a novel relaxase)
or MOBp1> (Incl1-like relaxase) plasmids.

No differences were observed in plasmid content among clon-
ally related isolates, except for the cluster of two E. coli containing
blacmy-27. The ampC gene was located on an IncF plasmid in one
case, while in the other case it was located on a MOBp1, plasmid.

The remaining 22 isolates were non-typeable by the methods
used: (i) in nine isolates, no plasmids were observed in the
S1-PFGE gel, or the plasmids present did not hybridize with the
ampC gene; (i) in three isolates, plasmids carrying ampC genes
were not solved by PBRT or by relaxase-typing methods; (iii) in
six isolates, multiple hybridization bands with ampC and other
replicon probes (four blacwy> and two blapua-1) were found
[when total DNA from several independent transconjugant colo-
nies was analysed by S1-PFGE and hybridization with ampC
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Table 2. Plasmid families associated with acquired AmpC g-lactamases in Enterobacteriaceae

Enzyme (n) Replicons/relaxases® Isolates (n) Strains (n) Sizes (kb)  Total (%)
CMY-2/CMY-2+ESBL (78) A/C E. coli (15), K. pneumoniae (2), P. mirabilis (8), S. enterica (1) 26 ~95 to 365 33
11 E. coli (16), P. mirabilis (1), S. enterica (1) 18 ~80 to 350 23
K E. coli (7), P. mirabilis (1) 8 ~80to 115 10
114K E. coli (2) 2 ~90 and 95 3
I1+F E. coli (3) 3 ~85 to 135 4
A/C+FIB+F E. coli (2) 2 ~160 and 340 3
A/C+FIA+FIB E. coli (1) 1 ~300 1
A/C+1I1 E. coli (1) 1 ~415 1
F E. coli (1) 1 ~190 1
ColE+MOBp1; P. mirabilis (1) 1 ~100 1
chromosomal P. mirabilis® (8) 8 — 10
location
non-typeable E. coli® (3), K. pneumoniae? (2) 5 ~110 to 425 6
degraded E. coli (2) 2 — 3
DHA-1/DHA-1+ESBL (30) L/M E. coli® (8), K. pneumoniaef (9), K. oxytoca (3) 20 ~70 to 295 67
L/M+FIA E. coli (2) 2 ~155and 170 7
L/M+FIC K. pneumoniae® (1), K. oxytoca (1) 2 ~110 and 150 7
N E. coli (1) 1 ~50 3
L/M+N P. mirabilis (1) 1 ~105 3
non-typeable E. coli™ (2) 2 ~75 to 310 7
degraded E. coli (2) 2 — 7
ACC-1 (3) 11 E. coli (1) 1 ~95 33
MOBg11 E. coli (1), K. pneumoniae (1) 2 ~65 and 75 67
CMY-4 (2) F E. coli (1) 1 ~120 50
non-typeable E. coli (1) 1 ~40 50
CMY-27 (2) F E. coli (1) 1 ~75 50
MOBp1 > E. coli (1) 1 ~250 50
CMY-25 (1) non-typeable K. /oneumonioei (1) 1 ~380 100
CMY-40 (1) chromosomal E. coli (1) 1 — 100
location

9 includes all the IncF plasmids amplified by F-simplex PCR using the PBRT method; MOBp;; belongs to the MOBs relaxase family (includes IncP-1
plasmids); MOBp;, belongs to the MOBy relaxase family (includes Incl, K and B/O); MOBg;; belongs to the MOBg relaxase family (includes IncN and
IncW).

®One P. mirabilis also harboured blacry.m-> (also located on the chromosome). These isolates are not clonally related. An SXT/R391-like element was
involved in the mobilization of blacwy-2 genes in seven out of the eight P. mirabilis.

“The plasmid carrying blacwy-2 in one E. coli could not by typed either by PBRT or by relaxase typing. This isolate also carried copies of blacuy-2 on the
chromosome. The remaining two E. coli showed multiple hybridization bands with the ampC gene and the replicon probes involved, and copies on the
chromosome.

40ne K. pneumoniae also harboured blacxr-m-1 on the plasmid containing blacwy-». Both showed multiple hybridization bands with the ampC gene and

the replicon probes involved, and copies on the chromosome.

¢Two E. coli also harboured blacry-m-14 genes on different plasmids belonging to the IncI group (~90 kb).

fone K. pneumoniae also harboured blacxr-m-15 genes on the same IncL/M plasmid (~170 kb).

90ne K. pneumoniae also harboured blacxr-m-15 genes on the same cointegrate IncL/M+FIC (~155 kb).

PBoth isolates showed multiple hybridization bands with blapya-; and L/M probes. They also had copies on the chromosome.

"The plasmid carrying blacuy-25 could not by typed either by PBRT or by relaxase typing. This isolate also carried copies of blacuy-25 on the chromosome.

probes, we observed several patterns: one or two hybridization
bands of different sizes depending on the specific transconjugant
(data not shown)]; and (iv) four isolates were degraded during
S1-PFGE and therefore could not be characterized (Table 2).
[-Ceul/PFGE analysis was applied to all the unsolved isolates
except those that were degraded during S1-PFGE. A chromoso-
mal location was confirmed in the nine isolates (eight P. mirabilis
with CMY-2, and one E. coli with CMY-40) without ampC plasmid

hybridization signals in the S1-PFGE gel. The eight P. mirabilis
strains were not clonally related. Four of these isolates were posi-
tive for MOBy1, amplicons, compatible with the presence of an
SXT/R391-like element; for three of these P. mirabilis isolates con-
taining a chromosomal copy of blacmy-2, the gene had been
mobilized by conjugation.

Two of the three non-characterized plasmids carrying ampC
genes, and all isolates showing multiple hybridization bands
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with the replicon and the ampC probes, also had copies of the
ampC gene located on the chromosome.

In three of the seven isolates with ampC and blagsg. genes,
both genes were located on the same plasmid; in two isolates,
blagsg. genes (one blacrx-m-2 and one blacrx-m-15) Were located
on the chromosome; in the remaining two, ampC and blagsg,
genes were located on different plasmids.

Detection of the flanking regions of acquired ampC genes
Genetic organization of blacyy-> and its derivatives

ISEcp1 and the genes blc (outer membrane lipoprotein) and sugk
(drug efflux channel) were found in all the screened isolates
(Figure 1). ISEcpl is responsible for the transfer of the
blacmy-2-iike-blc-sugE region from the chromosome of Citrobacter
freundii to a plasmid.* However, truncation of ISEcpl was
observed in 54.8% (46/84) of the isolates. ISEcpl was truncated
at the 5 end in 28.6% (24/84) of these, as amplicons were not
obtained when using the a-b or a-d primer combinations,
whilst c-d primers produced amplification products (Table S1
and Figure 1). In the remaining 26.2% (22/84) of the isolates,
ISEcpl was truncated at the 3’ end; in these cases, a-d
primers successfully amplified a product of 1584 bp instead of
the 2164 bp expected.

Genetic organization of blapya-;

We found a structure composed of seven consecutive open
reading frames (ORFs) in 28 out of 30 blappa-1-carrying isolates
(93%). The genes were orf-2 (98% identical to orf-1 from Morga-
nella morganii chromosome, accession no. AF055067),> blapua-1,
ampR, gacEA1, sull, orf-5 and the 1S26 element. One of the
remaining two isolates had the 1S26 element downstream of
blapna-1; this was not found upstream or downstream of
blapna-1 in the other isolate (Figure 1). Screening for ISCR1 was
negative in all but one of the isolates. In this case, ISCR1 could
not be linked with the blappa-1 gene, although Expand Long Tem-
plate PCR System (Roche Applied Science) was also performed to
efficiently amplify the large genomic DNA fragments (~20 kb).

Genetic organization of blaacc.1

In all three isolates carrying blaacc-1, an ISEcpl element trun-
cated at the 5 end was found upstream of this gene, while
gdha (a gene derived from the chromosome of Hafnia alvei)
was found downstream (Figure 1). IS26 was not present in any
of the isolates.

Discussion

In this work we characterized the genetic context of the largest
collection to date of plasmid-mediated AmpC B-lactamases in
Enterobacteriaceae lacking inducible chromosomal AmpC
enzymes,” describing the widest variety of ampC genes in a
single study. The prevalence of AmpC enzymes is increasing,>#*°
mainly due to the transfer of these genes into mobilizable and
conjugative plasmids.

Our results showed a close relationship between each ampC
gene and the plasmid involved. Plasmids belonging to the A/C

and 11 Inc groups are the most frequently reported blacuy-» car-
riers.>*720723 In the present study, A/C and I1 Inc groups were
also the most prevalent plasmids carrying blacmy-2, followed by
IncK plasmids. Although the blapya-1 gene has mainly been
associated with IncFII plasmids in previous reports,”*%22 our col-
lection exhibited a clear association with IncL/M replicons.
Several recent studies have also described the association of
blapua-1 with IncL/M plasmids.?*?°> This new trend could be
explained by a direct link between blapya-1 and gnrB to the
IncL/M plasmids identified in the present collection.?® This
association could explain why the 61.5% of transconjugants car-
rying blapya.1 displayed reduced susceptibility to nalidixic acid.?®

The three blaacc-1 genes were carried by I1 (n=1) and MOBg1,
(n=2) plasmids. One of the MOBfy; relaxases had a sequence
not previously reported. Data on plasmids carrying blaacc-, are
scarce. To our knowledge, the plasmid location of blaacc.; has
only been reported once, and the plasmid could not be typed
by PBRT.® Thus, this is the first time that plasmids carrying
blaacc-1 have been typed.

The fact that PBRT also failed to detect two out of three
blaacc-1-carrying plasmids of our collection and that one of the
MOBg;; relaxases found has a novel sequence suggests that
the blaacc-1 gene could be carried by new backbones undetected
by PBRT.

Plasmid associations of the recently-described blacmy-2s,
blacmy-27 were expected to be similar to those obtained for
blacmy-», as is the case for other blacwy-» variants.” However,
only one blacuy-27 was carried by an Incla plasmid, as identified
by the relaxase-typing method. One blacuy-4 and one blacmy-27
were carried by IncF plasmids, which are less commonly found
associated with blacmy-; and usually appear in multi-replicon plas-
mids; the plasmid carrying blacwy-2s found in a K. pneumoniae
isolate could not be solved either by PBRT or by relaxase typing.

Among the remaining 22 isolates that were not solved by
plasmid analysis, nine had the ampC gene chromosomally
located, and six showed multiple hybridization bands with
ampC and replicon probes. It is also remarkable that these six
isolates also had copies of ampC located on the chromosome.
A picture of broad gene dissemination should be kept in mind,
since different hybridization bands were obtained from different
transconjugants arising from the same donor. This suggests
either that different co-integrations from plasmid harbouring
ampC genes are formed during conjugation, or that a highly
active MGE is involved in the ampC genes - moving between
different replicons in the donor strain. Further studies are
needed to address this issue.

Moreover, in seven out of eight P. mirabilis where blacuy-> was
located on the chromosome, ampC genes were mobilized by SXT/
R391-like integrative and conjugative elements (ICEs).?’

Furthermore, we analysed the regions surrounding the ampC
genes. The genetic organization of blacwy-> and its variants was
highly conserved. All the isolates carried the transposon-like
element ISEcpl (ISEcp1/AISEcp1-blacmy-blc-sugE), as documen-
ted in previous reports.>*1® A well-conserved structure was
also found in all isolates carrying blaacc.1 genes (AISEcpl-
blaacc-1-gdha). However, although 1S26 is commonly related to
the transmission of ACC-1 enzymes (and normally appears
within ISEcp1),*89 none of our isolates harboured this insertion
sequence. The genetic organization of blappa-1 Was more vari-
able. Mobilization of DHA-1 enzymes has been associated with
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c-d (amplified; 1025 bp)

1.3 AISEcp1 3'end

a-b (did not amplify)
a

ISEcp1 CMY-2 (20); CMY-27 (2)

a-d (amplified; 1584 bp)

2. blap,a 4

2.1 Structure I (pTN60013-like)

orf-2 _ blagya, ampR qacEAI-sull  orf-5 1526
e ) > DHA-1 (28)
2.2 Structure II (pT498-like)
1526 orf-2 4 Dlapysy  ampR qacEAl-sull
— 7 DHA-1 (1)
2.3 Structure III
DHA-1 (1)

3.blaycc4

3.1 Salmonella Bareilly 60.50-like

5'AISEcp1

» o _ ACC-1 (3) l—kb

Figure 1. Genetic organization of the ampC genes. ampC genes are represented by filled arrows, while the surrounding genes are represented by white
arrows. Truncated genes are represented by disrupted arrows. (1.1) 45.2% of the isolates showed an identical structure to pNF4656 (AY581207). (1.2)
28.6% of the isolates showed ISEcpl truncated at the 5" end. (1.3) 26.2% of the isolates showed ISEcp1 truncated at the 3’ end. (2.1) 93.3% of the
isolates showed an identical structure to pTN60013 (AJ971345). (2.2) One isolate showed an identical structure to pT498 (AY705809). (2.3) In one
isolate, IS26 was not present either upstream or downstream of blapya-1. (3.1) All three isolates showed an identical structure to S. enterica serovar

Bareilly 60.50 (AY856832).
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IS26 or class 1 integron-bearing ISCR1 elements.***’ We found
three similar structures (Figure 1), but ISCRI1 was not involved
in any of them. Structures I and II were identical to
those described in the K. pneumoniae plasmids pTN60013
(AJ971345) and pT498 (AY705809), respectively. The most
prevalent was structure I (93.3% of cases). 1S26 and gacEA1
and sull genes - the last two belong to the 3’ conserved
sequence of class 1 integrons - were present in both structures.
In the single isolate displaying structure 111, only gacEA1 and sull
genes were found.

Although plasmids have been shown to be the main vehicles
for the fast dissemination of ampC genes among clinically rel-
evant bacteria, other MGEs may also play an important role in
the marked increase in the prevalence of these enzymes.
Further studies focusing not only on plasmids but also on other
MGEs such as ICEs are needed to appreciate the complex pro-
cesses involved in the dissemination of antibiotic resistance
genes worldwide.
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Objectives: To characterize the vectors involved in the dissemination of blacuy-2 genes in clinical isolates of
Proteus mirabilis collected between 1999 and 2007.

Methods: Plasmid analysis of 19 P. mirabilis carrying ampC genes was performed by PCR-based replicon typing,
S1-PFGE and Southern hybridization with ampC and replicon probes. Isolates that could not be characterized
were examined for the presence of SXT/R391-like elements. To demonstrate the involvement of these elements
in the dissemination of blacuy-», we performed a PCR amplification of the integrase (int) and toxin/antitoxin (TA)
genes from SXT/R391-like integrative conjugative elements (ICEs). Later on, I-Ceu-I PFGE gels and hybridization
with blacumy-2, int and prfC probes were performed. The genetic organization of blacuy-> was also studied.

Results: ampC genes were located on large conjugative plasmids in 11 of the 19 (58%) P. mirabilis studied.
However, in eight of these isolates a plasmid was not involved in the mobilization of ampC genes. I-Ceu-I
PFGE and hybridization analyses revealed that blacuy-, were chromosomally located in these eight P. mirabilis
isolates. The genetic organization of blacuy-> and hybridization analyses revealed that blacuy-2 was carried by an
ICE almost identical to ICEPmiJpan1 in seven out of these eight isolates.

Conclusions: The prevalence of ICEs carrying blacmy- was surprisingly high [37% (7 out of 19)]. This is the first
study giving prevalence data on ICEs carrying blacmy-2 genes. These results suggest the need to study these
mobile genetic elements in the context of dissemination of acquired AmpC B-lactamases and also of other

B-lactamases, such as extended-spectrum B-lactamases and carbapenemases.

Keywords: mobile genetic elements, AmpC B-lactamases, Enterobacteriaceae

Introduction

Proteus mirabilis causes 90% of Proteus infections in humans and
is responsible for urinary tract, wound and bloodstream infec-
tions. These isolates naturally lack bla genes on their chromo-
some, and are therefore generally susceptible to all B-lactam
antibiotic agents. However, they have demonstrated a great
ability to acquire resistance genes, such as inhibitor-resistant
TEM B-lactamases (IRTs), extended-spectrum B-lactamases
(ESBLs) and acquired ampC B-lactamases.! =3

Acquired AmpCs confer resistance to most g-lactams, includ-
ing third-generation cephalosporins and cephamycins, with the
exception of cefepime and carbapenems, and they are poorly
inhibited by B-lactamase inhibitors.* CMY-2 is the most widely
distributed acquired AmpC worldwide.** Plasmids are thought
to be the main mechanism involved in the acquisition of these
genes in P. mirabilis, via mobile genetic elements such as
ISEcp1, 1S5, 1S10 and 1S1294.>° Nevertheless, there are a few

reports in which the acquired ampC genes in P. mirabilis are
located on the chromosome. During the preparation of this
manuscript, a paper was published that described the mobiliz-
ation of blacmy-2 via an integrative and conjugative element
(ICE) in one P. mirabilis isolated in Jopon.6

ICEs are self-transferable mobile genetic elements that are
able to move from the chromosome of a donor to the chromo-
some of a recipient bacterium through a process of excision, con-
jugation and integration.” ICEs are composed of a highly
conserved set of genes that mediate their core functions, and
variable regions. The latter are subject to high recombination
rates, allowing the ICEs to capture foreign genes such as anti-
biotic or heavy metal resistance genes.®®

SXT and R391 ICEs were first discovered in isolates of Vibrio
cholerae and Providencia rettgeri, respectively, but they have
since been found in many other bacteria.>’ More than 30
elements belonging to the SXT/R391-like family have now been
described, all possessing a highly conserved integrase gene.

© The Author 2011. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
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The encoded integrase mediates the site-specific integration of
the ICE into the 5" end of prfC, a conserved gene encoding the
peptide chain release factor 3.’

The aim of this study was to characterize the vectors involved
in the dissemination of blacuy-2 genes in clinical isolates of P. mir-
abilis collected between 1999 and 2007.

Materials and methods

Bacterial isolates

A total of 2095 P. mirabilis isolates were examined for the presence of
acquired AmpCs at a Spanish hospital between January 1999 and
December 2007. The criteria used for selecting suspected AmpC produ-
cers has been described previously.3 Out of these, 19 isolates harboured
acquired ampC genes (18 blacuy., and one blacwy-, plus blacrxm-2).>

(a) ICEPmiJpn1 (AB525588)

rumA orfl2 orfl3 Aorf14 I1S10L AISEcpl blacyy., blc sugE ecnR

SRR

(b) 75T¢, 112Tc and 117Tc isolates (identical to ICEPmJpn1)

Junction 2
IS10L- blaCMy_z

Junction 1

Junction 3

Clonal relationships were established for five isolates (four identical
PFGE and one probably related pattern). However, these isolates were
not epidemiologically related.® Isolates were recovered from urine
(45%), fluids and tissue (35%), and blood and respiratory sputum
samples (10%). Eighty-five percent of patients carrying these isolates
were between 70 and 96 years old.

Conjugation assays and susceptibility testing

Conjugation assays were performed using a broth mating method at
37°C.° A modified Escherichia coli HB101 (UAB190) was used as the reci-
pient strain [rifampicin and aminoglycoside resistant and green fluo-
rescent protein (GFP) producing]. Transconjugants were selected on
Luria Bertani (LB) agar supplemented with ceftazidime (10 mg/L) and
rifampicin (100 mg/L). Disc diffusion susceptibility tests were performed
on parental and transconjugant strains according to CLSI guidelines,'®
using commercially available discs (Neo-Sensitabs, Rosco Diagnostica).

Fragment size: 16460bp

jpn01 dsbC AtraC AISEcp IS10R

i I

rumA-IS10L bldguy.o- jpn01

(c) 44D, 72D, 74D and 76D isolates (5’'AISEcp1)

a-b (did not amplify)

i

a-d (did not amplify)
> <
-d (amplified; 1025 bp)

“ ISEcp1 truncated in the middle
N‘ ISEcp1 truncated in the 5" end

Z

>

Junction 4

jpn01-1S10R

Region not explored 1kb

Region amplified and sequenced

Figure 1. Genetic organization of blacwy-; in the seven P. mirabilis with SXT/R391 ICEs. Black arrows represent the conserved genes of the ICE. Dark
grey stippled arrows represent the Tn10 transposon. Light grey arrows represent the truncated ISEcp1. Hatched arrows represent the blacmy-> gene.
White arrows represent other genes present in this region. Thin black arrows represent different primer combinations used to explore this region. ‘D’
indicates donor isolates that did not produce transconjugants, ‘Tc’ indicates transconjugants. (a) 16460 bp region of the ICEPmiJpn1 used as a model
to map the surrounding regions of the blacuy-, gene in the isolates of the study. (b) Schematic representation of the regions amplified and sequenced.
Isolates 75Tc, 112Tc and 117Tc are identical to ICEPmiJpnl. (c) Isolates displaying an identical organization to ICEPmiJpn1, except for the ISEcpl
element that appears truncated in the 5’ end. Primer information is listed in Table S1.
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Plasmid analysis

Plasmid analysis was carried out by PCR-based replicon typing (PBRT),* %2

DNA linearization with S1 nuclease followed by PFGE and Southern
hybridization using ampC and replicon probes, as described previously.’

SXT/R391-like ICE analysis

Chromosomal DNA analysis in donor, transconjugant and recipient
strains was performed by digesting the entire DNA with the I-Ceu-I
enzyme, followed by PFGE.'> PCR analysis was performed to determine
the presence of two conserved SXT/R391 genes in all P. mirabilis isolates
carrying the ampC gene on the chromosome. This included amplification
of the integrase (int) and the toxin-antitoxin (TA) system and was carried
out using the SXTINT F and SXTINT R primers for int and the SXTTA F and
SXTTA R primer for TA (Table S1, available as Supplementary data at JAC
Online). The presence of the circular intermediate form of the ICE was
explored using the LE4 and RE4 primers (Table S1).°

Purified DNA products obtained from the PCR of ampC, int and prfC
genes were used as probes to hybridize with the I-Ceu-1 PFGE gels. To
demonstrate that ampC genes were carried by the SXT/R391-like ICEs,
an overlapping PCR amplification was performed using the model ICEP-
milpan1 (AB525688).° A section of 16460 bp was analysed by amplifica-
tion of four regions, called junctions 1-4, covering most of the region

from rumA, a conserved gene from the ICE, to the right-hand copy of
1S10 at the end of the Tn10 transposon (Figure 1). Sequencing of the pur-
ifled PCR products of these four regions using transconjugant templates
was performed. The primers used for this analysis are listed in Table S1.

Results and discussion

AmpC B-lactamases have been increasingly described in P. mir-
abilis.®> In this study we characterized the vectors involved in
the carriage of blacuy-2 by 19 P. mirabilis isolates at a Spanish
hospital between 1999 and 2007. Plasmid analysis by PBRT,
S1-PFGE and Southern hybridization revealed that ampC genes
were located on large conjugative plasmids in 11 of the 19
(58%) P. mirabilis studied, most of them belonging to the IncA/
C group (8 out of 11; 73%). The remaining three isolates
carried the ampC genes on plasmids belonging to the Incl1/Iy,
IncK and ColE groups (Table 1). However, in 8 of the 19 isolates
a plasmid was not involved in the mobilization of the ampC
genes (Table 1). I-Ceu-1 PFGE and hybridization analyses
revealed that blacmy-2 were chromosomally located in these iso-
lates (Figure S1, available as Supplementary data at JAC Online).
Furthermore, these isolates were not clonally related. Acquired

Table 1. Non-B-lactam antibiotic resistance profiles in donor and transconjugant P. mirabilis strains, location of ampC genes and plasmid size

Non-B-lactam antibiotic resistance

Resistance Replicon typing/resistance
Strains® enzymes Transconjugants®  Year of isolation clinical strain transconjugant  enzymes/plasmid size (kb)/ICEs
10 CMY-2 yes 2000 NAL, SSS, TMP, SXT, TET, CHL SSS, TET, CHL A/CMY2 (~168)
27 CMY-2 no 2004 NAL, TMP, SXT, TET, CHL — —
28 CMY-2 yes 2004 NAL, SSS, TET SSS, TET A/CM2 (~165)
43 CMY-2 yes 2005 NAL, CIP, SSS, TMP, SXT, TET, CHL ~ SSS, TET, CHL AICTMY2 (~162)
44° CMY-2, no 2005 NAL, CIP, SSS, TMP, SXT, TET, CHL — ICEMY-2

CTX-M-2

45 CMY-2 yes 2005 NAL, CIP, TMP, TET none KEMY-2 (~82)
71 CMY-2 yes 2006 TET none ColEM""2 (~97)
72¢ CMY-2 no 2006 NAL, SSS, TET — ICECMY=2
73 CMY-2 yes 2006 NAL, CIP, SSS, TET, CHL SSS, TET, CHL AJCTMY2 (~159)
74¢ CMY-2 no 2006 TMP, TET — [CEMY-2
75¢ CMY-2 yes 2006 TET none ICECMY2
76¢ CMY-2 no 2006 NAL, SSS, TMP, SXT, TET, CHL — ICEMY-2
111 CMY-2 yes 2007 NAL, CIP, SSS, TET, CHL SSS, TET, CHL A/CM-2 (~155)
112¢ CMY-2 yes 2007 NAL, TET none ICESMY-2
113 CMY-2 yes 2007 NAL, CIP, SSS, TET, CHL SSS, TET, CHL AICTMY2 (~170)
114 CMY-2 yes 2007 NAL, TMP, TET none 11/1y*MY2 (~83)
115 CMY-2 no 2007 NAL, CIP, SSS, TMP, SXT, TET, CHL  — AICTM2 (~97)
116 CMY-2 yes 2007 NAL, CIP, SSS, TET, CHL SSS, TET, CHL AJICMY2 (~150)
117¢ CMY-2 yes 2007 NAL, CIP, TET none ICESMY-2

NAL, nalidixic acid; CIP, ciprofloxacin; SSS, sulphonamides; TMP, trimethoprim; SXT, trimethoprim/sulfamethoxazole; TET, tetracycline; CHL,

chloramphenicol.

Other antibiotics used for susceptibility testing were imipenem and chloramphenicol. As the recipient used for conjugation was resistant to several
aminoglycoside agents, this antimicrobial group was not included in the study.
NAL¥, the transconjugant strain resistant to NAL, displayed reduced susceptibility (14-18 mm).

“Names assigned to the strains.

PRefers to plasmids carrying ampC genes conjugated into the modified E. coli HB101 (UA6190) recipient strain.

blacmy-2 genes were carried by an SXT/R391-like ICE in these isolates.
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ampC genes have been described previously in the chromosome
of P. mirabilis. Several ISEcp1-mediated transpositions have been
found to be involved in the mobilization of these ampC genes into
the chromosome of a multidrug-resistant P. mirabilis clone in
Europe.'*

Remarkably, in three isolates from the study (75, 112 and
117) containing chromosomal blacwmy-2, the gene was mobilized
by conjugation. Moreover, I-Ceu-I PFGE gels displayed different
patterns for the three transconjugants obtained (75Tc, 112Tc
and 117Tc) and the recipient E. coli HB101. An insertion on the
chromosome was observed in all three transconjugants; this
involved the ~660 kb band from the recipient cell disappearing
and a larger band of various sizes appearing in the transconju-
gants (Figure S1). All these data suggested that a putative ICE
could be involved in the dissemination of blacuy-> in these iso-
lates. These differences in size could be explained by the for-
mation of different tandem arrays of the ICEs.®

PCR amplification of the int and TA genes from the SXT/R391
ICE family was positive in seven of the eight P. mirabilis with
ampC genes located on the chromosome. Results obtained
using RE4 and LE4 primers yielded a 546 bp product, suggesting
the presence of a circular intermediate form of an ICE in all seven
isolates positive for int and TA.

The integrase of the SXT/R391-like ICEs enables site-specific
integration into the 5' end of the chromosomal prfC gene.”®
Hybridization with the prfC probe demonstrated that this con-
served gene was located in the ~660 kb band from the recipient
cell (Figure S1). No hybridization was observed in the P. mirabilis
donor isolates, presumably because of sequence differences
between the P. mirabilis prfC and the E. coli prfC probe (Figure S1).

Hybridization analyses with labelled blacuy-> and SXT/R391 int
family probes in the donor and transconjugant strains indicated
that blacwy-> genes and the SXT/R391 element were located in
the same portion of the genome in all but one of the isolates
tested (Figure S1). It is remarkable that the 27D P. mirabilis
isolate without the SXT/R391-like element showed at least four
copies of blacuy-2 on its chromosome (Figure S1). In this isolate
neither a plasmid nor an SXT/R391-like ICE was involved in the
dissemination of this gene.

The local genetic organization of the blacuy-2 gene confirmed
that blacmy-; was located inside an ICE, through an
[S10-mediated transposition, in the seven P. mirabilis analysed
(Figure 1). All the isolates analysed displayed an identical struc-
ture to that described in the P. mirabilis carrying ICEPmiJpan,
with the exception of isolates 44D, 72D, 74D and 76D, which
showed an ISEcpl truncated at the 5 end instead of in the
middle of the element. In these isolates, amplicons were not
obtained with the primer combinations a-b and a-d, whilst
combination of primers ¢ and d amplified successfully (Figure 1).

The fact that ICEs carrying blacuy-2 have been found in two
widely distant parts of the world, Japan and Spain, probably indi-
cates that ICEs play an important role in the dissemination of
these resistance genes.

Although acquisition of ampC genes in Enterobacteriaceae
has been mainly associated with plasmids, it is remarkable
that the prevalence of ICEs carrying blacwy-2 in our setting
was surprisingly high. SXT/R391 ICEs related to the mobilization
of blacmy-2 were recovered in 37% (7 out of 19) of the P. mir-
abilis carrying these genes between 1999 and 2007. Further-
more, the seven P. mirabilis were collected during the last

3 years (Table 1), suggesting an increasing trend in mobilization
of blacwy-2 by this vector. This is the first study worldwide giving
prevalence data on ICEs carrying blacmy- genes. These
results also suggest the necessity for surveillance of mobile
genetic elements such as ICEs in the context of the dissemina-
tion of acquired AmpC B-lactamases and perhaps also for

other resistance mechanisms, such as ESBLs and
carbapenemases.
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Abstract

A collection of 30 DHA-I-Enterobacteriaceae producers was
examined for the presence of gnr genes. PCR-based replicon
typing, plasmid profile and Southern hybridisation analyses
revealed that all isolates co-harboured blappa.; and gnrB genes
on the same plasmid. All but one of these plasmids belonged to
the L/M group. Genetic organization analyses of a randomly
selected isolate revealed the co-localization of both genes on an
IS26-composite transposon. As plasmids carrying both genes
seem to have a high prevalence and a worldwide distribution,
care should be taken when quinolones are used to treat infec-

tions caused by DHA-I| producers.
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DHA-I, an inducible acquired AmpC enzyme conferring
resistance to most f-lactamams, and QnrB, a plasmid-medi-

ated enzyme conferring low resistance to quinolones, have
been widely associated with clinical isolates of the family
Enterobacteriaceae [1,2]. Although these enzymes were first
described in 1992 and 2006, respectively [3,4], it was not
until some years later that their presence noticeably
increased, and they became the most prevalent enzymes of
their groups in some countries [I,5,6]. As a strong correla-
tion has been reported between these two resistance mech-
anisms [6], the aim of this study was to analyse the presence
of gnr genes on a large characterized collection of DHA-I-
Enterobacteriaceae producers to determine whether they
were localized on the same or different plasmids. As in some
cases blappa.; and gnrB genes have been linked together on
a complex sull-type integron [7], we also analysed their
genetic organization on the plasmid.

A total of 30 Enterobacteriaceae lacking inducible chromo-
somal ampC genes encoding blapya.; or blapya.; plus
blactx.m.14-15 were collected from a Spanish hospital (Hospi-
tal de la Santa Creu i Sant Pau, Barcelona) from 2005 to
2007 [8]. Bacterial isolates were mainly recovered from
urine (76.7%) and most of them (83.3%) were from patients
aged 70 to 95 years old. Occurrence of these resistance
determinants increased over this period from six cases in
2005 to 16 cases in 2007 [8]. No clonal relationship was
established between these isolates except for one cluster of
two E. coli, one cluster of two K. pneumoniae co-producing
DHA-1 plus CTX-M-I5 and one cluster of two K. oxytoca
[8].

Using the broth mating method [9], transfer of blapya.
genes via conjugation was possible in 86.7% (26/30) of the
tested strains, with a conjugation frequency ranging from
10~ to 1078 transconjugants per recipient. Transconjugants
were selected on LB agar supplemented with ceftazidime
(10 mg/L) and rifampin (100 mg/L). Among the five isolates
co-harbouring blapya.; plus blactx.mi4.15 genes, both resis-
tant determinants were transferred in three of them (101-
Tc, 103-Tc and 104-Tc) (Table 1).

Antibiotic agents used in the disc diffusion susceptibility
test in donor and transconjugant strains are listed in Table I.
All donor and transconjugant strains showed high-level resis-
tance to most f-lactam antibiotic agents, as expected by an
ampC-producer. Antibiotics displaying higher activity against
AmpC f-lactamases were imipenem, cefepime and aztreo-
nam, with percentages of susceptible isolates of 100%, 92.3%
and 84.6%, respectively (data not shown). These isolates also
showed reduced susceptibility to other antibiotic families
(Table ). Non-f-lactam antibiotics transferred via conjuga-
tion were nalidixic acid (61.5%), sulphonamides (30.8%),
trimethoprim (15.4%), tetracycline (11.5%) and trimetho-
prim-sulphamethoxazole (7.7%) (Table ).

©2011 The Authors
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TABLE |. Non-f-lactam resistance profiles in donor and transconjugant strains, location of bla and qnrB genes and plasmid

size

Non-f-lactam resistance profile®

Isolation Replicon typing/resistant
Strains-D/Tc* Species data® Donors Transconjugants enzymes/plasmid size (kb)?
35-Tc E. coli 01/05 SSS,SXT, TET, NAL, CIP SSS L/M-FIAPHA=I.QE () 71)
36-Tc E. coli 06/05 Sss, TET NAL L/MPHA=I.QNrE (~909)
37-Tc E. coli 07/05 SSS, TMP, SXT, TET, NAL, CIP SSS, NAL L/MPHA=LQB (100 and 312)°
38-Tc E. coli 12/05 SSS, TMP, SXT, NAL, CIP - L/MPHA-QnrE (- 76)
62-Tc E. coli 06/06 SSS, TMP, SXT, TET, CHL, NAL, CIP SSS, NAL L/MPHAZIQB (74 and 164)°
63-Tc E. coli 07/06 NAL, CIP NAL L/MPHAZIQE (793)
64-D E. coli 12/06 - - F, FIB (Iysed)
95-Tc E. coli 01/07 NAL NAL L/MPHAZIQB (936)
96-Tc E. coli 06/07 SSS, TMP, SXT, NAL, CIP NAL L/MPHA=I.QNrE (- gg)
97-Tc E. coli 07/07 SSS, TET, CHL, NAL, CIP NAL L/MPHA-IQrE (1 73)
98-Tc E. coli 07/07 TET, NAL, CIP TET, NAL NDHA=1L.QnrE (- 59)
995Tc E. coli 08/07 SSS, TMP, SXT, TET, NAL, CIP NAL L/M-FIAPHA=1.QnrB (| 55)
100-D E. coli 07/07 SSS, TMP, SXT, TET, NAL, CIP - L/M, F, FIB (lysed)
101-Tc E. coli 09/07 NAL NAL L/MPHAZLONE (o 156), 11/1)ST*M~1* (~88)
102-Tc E. coli 12/07 SSS, TMP, SXT, TET, NAL, CIP TMP, TET, NAL L/MPHA=IQB (.93) F-FIB (~148)
40-D K. pneumoniae 01/05 - - L/MPHA=I.QNrE (- 70)
41-Tc K. pneumoniae 06/05 NAL NAL L/MPHA=I.QrE (-902)
66-D K. pneumoniae 08/06 TMP, CHL, NAL - L/MPHA=I.QArE (- 79)
67-Tc K. pneumoniae 10/06 - - L/MPHAZLQNrE (79)
103-Tc K. pneumoniae 02/07 TMP, NAL, CIP TMP, SXT L/MPHA-1-QrB.CTX-MEIS (|68
104-Tc K. pneumoniae 03/07 TMP, NAL, CIP TMP L/M-FICPHA=!.QuB.CTX-MIS () 53)
105-Tc K. pneumoniae 06/07 SSS, TMP, SXT, TET, CHL, NAL, CIP - L/MPHA=LQNE (o 79)
106-Tc K. pneumoniae 06/07 NAL NAL L/MPHA=LQrE (o 79)
107-Tc K. pneumoniae 08/07 NAL, CIP - L/MPHA=L.QrE (o 79)
108-Tc K. pneumoniae 10/07 SSS, TMP, SXT, TET, CHL, NAL, CIP - L/MPHA=I.QnrE (- 70)
68-Tc K. oxytoca 11/06 - - L/MPHAZLQNE (79)
69-Tc K. oxytoca 12/06 SSS, TMP, SXT, TET - L/MPHA—IQrB (79)
109-Tc K. oxytoca 06/07 SSS, TMP, SXT, TET, NAL, CIP NAL L/M-FICPHA=1.QB (| 53)
110-Tc K. oxytoca 08/07 NAL NAL L/MPHAZIQE (- 112)
77-Tc P. mirabilis 10/06 SSS, TMP, SXT, TET, NAL, CIP SSS, TMP, SXT, TET, NAL L/M-NPHA=IQE (] 03)

Ampicillin, piperacillin, cephalotin, cefuroxime, cefotaxime, ceftazidime, cefepime, aztreonam, cefoxitin, amoxicillin-clavulanic acid, piperacillin-tazobactam and imipenem were
also used for susceptibility testing. As the recipient used for conjugation was resistant to aminoglycoside antibiotics, this antibiotic family was not included in the study.

NAL, nalidixic acid; CIP, ciprofloxacin; SSS, sulphonamides; TMP, trimethoprim; SXT, trimethoprim-sulfamethoxazole; TET, tetracycline; CHL, chloramphenicol.

*Names assigned to the strains. D, donor strains due to the inability to obtain transconjugants; Tc, transconjugant strains.

Plsolation date of donor strains (month/year).

“The disc diffusion susceptibility test was performed according to Clinical Laboratory Standards Institute (CLSI) guidelines. All transconjugant strains resistant to NAL dis-

played reduced susceptibility (1418 mm; intermediate as clinical category).

9Plasmid analyses results given are from transconjugant strains with the exception of 40-D, 64-D, 66-D and 100-D due to the inability to obtain transconjugants in these iso-

lates.

blappa.-1, L/M replicon and gnrB probes hybridized in both plasmids present in this isolate.

Screening of gnr genes in all 30 isolates was carried out by
PCR amplification [I0]. gnrB genes were present in all iso-
lates tested. These results were in agreement with other
reports that found a close association between gnrB, espe-
cially gnrB4, and blapya.; determinants in isolates of the fam-
ily Enterobacteriaceae [6,1 [—-13].

PCR-based replicon typing, plasmid profile and Southern
hybridization analyses were performed in all 30 DHA-I
producers (Table |) as previously described [9]. Two of
these isolates were lysed during the SI-PFGE and therefore
could not be analysed. To determine whether both resis-
tance genes were localized on the same or different plas-
mids, hybridization with blapya.; and gnrB probes was
performed. Results revealed the co-localization of blapya.,
and gnrB resistance genes on the same conjugative plasmid
in all 28 isolates tested (Table 1). All but one of the plas-
mids associated with gnrB, blapya.; or blapya., plus blagsg,
belonged to the broad-host-range L/M plasmids (Table 1),
while blappa. has traditionally been found on narrow-host-
range IncFll plasmids [14]. The single isolate not linked to

©2011 The Authors

the IncL/M group, carried both resistance genes on an IncN
plasmid. This is the first time that both blapya.; and gnrB
genes have been described on an IncN plasmid [14]. The
new localization of blapya.; and gnrB4 genes in broad-host-
range L/M plasmids has been postulated as a possible cause
of the lately widespread distribution of blapya.; genes [9].
Our results reinforce this idea, together with the fact that
a strong association between gnrB and blapya., has been
evidenced worldwide [2,6,7,15] and that recent reports
have found blapya.; and gnrB genes also in L/M plasmids
[16].

The genetic organization of these 30 isolates carrying
blapya.; has been previously analysed by overlapping PCR
amplification, exploring the most frequent regions surround-
ing ampC genes described in the literature (data not shown).
As 93.3% (28/30) of the isolates displayed the same genetic
organization, an 1S26 element and a region from the Morga-
nella morganii genome found upstream and downstream of
blapya.1, respectively, one of them was randomly selected
for further analyses. Plasmid extraction of this E. coli isolate

Clinical Microbiology and Infection ©201 | European Society of Clinical Microbiology and Infectious Diseases, CMI
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was performed. Isolated plasmids were sequenced by Euro-
fins MWG Operon using GS FLX Titanium series chemistry
technology. Partial analysis of the sequenced plasmid, called
pEC37Tc, showed that blapya.; and gnrB4 were localized
together on an IS26-composite transposon, most likely
involved in their mobilization (Fig. I). Other non-resistance
genes found in this structure were the 3'CS extreme of a
class | integron and the stress-inducible psp (phage shock
protein) operon (Fig. I). Under a wide variety of environ-
mental signals, the psp operon is highly transcribed to con-
serve membrane integrity, efficient translocation and
maintenance of the proton motive force [I7]. This structure,
carrying beneficial traits to the bacteria such as antibiotic
resistance genes and a wide response to environmental fac-
tors, may contribute to the maintenance of the plasmid in
the bacteria. Linkage of blapna.; and gnrB4 genes on similar
structures has so far been described in isolates of Klebsiella

PRBDHA (K. pneumoniae)

Research Note 3

spp, mainly K. pneumoniae [7,18,19]. To our knowledge, this
is the first time that this genetic organization is described in
an E. coli strain.

The presence of gnr genes has been associated with an
increase in the quinolone MIC values and treatment failures
when quinolones are used to treat quinolone-susceptible
enterobacteria [I5]. As plasmids carrying both resistance
determinants seem to have a high prevalence and a world-
wide distribution, care should be taken when quinolones are
used to treat infections caused by DHA-I-Enterobacteriaceae
producers.

Nucleotide Sequence Accession Number

The GenBank accession number of the sequence presented
here is HQ700359 (pEC37Tc).

ISCR1 sapCA3’  sapB sapA

Phage shock protein
F A BCD

o gUE TG

pPMDHA (K. oxytoca)

ISCRI sapCA3’" sapB  sapA

-

Phage shock protein
F A BCD

blapya.1 ampR gacEAlsull orf5A3" 184321

blapya-1 ampR  qacEAlsull orf5 1S26

pHS7 and pKP1212/05-1 (K. pneumoniae)

1S26 paniEI sapB  sapA

pTN60013 (K. pneumoniae)

Partial IS26

PEC37Tc (E. coli)

Partial IS26 gnrB4

— 210
D/\N Deletion at the 3’end

gnrB4

Zmlmry

(i

Phage shock protein

A BCD blapya-1 ampR  gacEAlsull

Phage shock protein

A B CD blapya-1 ampR  qacEAlsull orf5 1S26

Phage shock protein

17 A B CD

plapya. ampR  qacEAlsull orf5 1826

FIG. | Genetic organization of pEC37Tc in comparison with the common regions of other plasmids carrying blapya.; and gnrB genes. GenBank
accession numbers of pRBDHA, pMPDHA, pHS7, pKP1212/05-1, pTN60013 and pEC37Tc are AJ971343, AJ971344, EF683583, FJ943500,
AJ971345 and HQ700359, respectively. Genes are represented by arrows. The resistant genes qnrB4 and blapya., are represented by filled

arrows. Insertion sequences are represented by black arrows. Shaded regions are regions of 100% identity. Although gnrB4 genes are present in

all the plasmids shown, the arrow for this gene is not drawn in pRBDHA, pMPDHA and pTN60013 because it is not annotated in the submitted

GenBank sequence.
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