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ClinMicrobiol Rev 2012; 25: 664681



MIC (mg/L) Table 4

OprD allelic variants compared to PAO1 of the 13 P. aeruginosa clinical isolates, ATCC27853 and their isogenic persistent or mutated strains obtained during determination of MPCs.

Antimicrobial agent TOP10 TOP10 mic mgf) i 2 B “ s B v B
g KP-90 KP-128 TOP10 e—— T F
pl90 pl128 fare e s 2 3 2888383882 ¢8:28 52388 ereEss28 25 8z8¢8

4
5
5
1
1
1
1
1
1
1
1
1
2
2
2
2
2
2
2
2
2
2
2
2
2
2
3
3
3
3
3
3
3
3
w| 403
o424
of 425

Ceftazidime-avibactam 16 8 2 1 0.5 | BT I
- 41314 8 4 O 8_16mg/|_ IMP MIC IMP MIC
Imipenem 512 16 128 16 0.25 P @) 8-16mg/L >32mg/L
b3553 1 4 5T L Q G T E G A
Meropenem 512 8 512 8 0.06 B a2 s T LT > e
P3281 0.5 2 5 T L Q G T Q M E G A
Meropenem-vaborbactam 4 0.06 16 0.06 0.03 e Tt ity O, co R < a ke
- 3267A 8 16 L Q G T Q A K T T A G Q E E R G M O-
Doripenem >64 8 >64 8 Sm8me i LW ! TorTaax T 1 A cactcncu@®
b3546 2 2 h E R Q A K T T s G Q E G L
Carbapenemase gene blagpcrs  blakpgrs  blakpes blaype, - R - & I Ca e e .
Major porin  OmpK35 FS_aa89 WT FS aa89  WT WT e AU A < S .
mutation  OmpK36 WT WT WT WT s S o N E ok R AP L

Loop L1, amino acids 47-61; Loop L2, amino acids 93-127; Loop L3, amino acids 153-192; Loop L4, amino acids 221-233; Loop L5, amino acids 260-274;
Loop L6, amino acids 304-317; Loop L7, amino acids 352-392; Loop L8, amino acids 418-431
* Short L7 Loop; —Stop codon; ~Frameshift

Gray shaded: OprD aminoacid changes in mutated isolates compared to their isogenic clinical isolates.
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Galaniet al.ClinMicrobiol Infect. 2019; 25(6):763.e563.e8
Vassilaraet al. Diagn Microbiol Infect Dis. 2017; 88: 27281
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Sulfadiazine Tetracyclines Tetracyclines Aminoglycosides Tetracyclines
Macrolides Rifampicin Rifampicin Chloramphenicol Rifampicin
Tetracvclines Lincosamides Lincosamides Trimethoprim Macrolides
. . ) . Aminoglycosides Chloramphenicol Macrolides Aminoglycosides
A SMR the Small Multidrug Resistance family pB-lactams Aminoglycosides Aminoglycosides Chloramphenicol
< . - . Macrolid Chloramphenicol -lact
A MEFS the Major Facilitator Superfamily 6l:crt°allnse ) ’ ’?‘ﬁ?nceatll:fprim
7 .o . Polymyxins Sulfamides
A ABC ATP-Binding Cassettesuperfamily Sulfamides L
A MATE: the Multidrug And Toxic compoundExtrusion family Fomrihiopem Liucosdmides
A RND: theresistanceNodulation-Division family
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Table &. Overview of ISs and other differences in the efflux pump
regulators adeS and adeN in tigecycline-resistant (MIC =2 mag/L)
A. baumanniiisolates

er of isolates
Genetic modification ades adeM

—
ISAbal

ISAbaz27

ISAbal25

ISAbal insertion in intergenic region of adeRS
adeRSABC missing or truncated

1-nucleotide deletion

6-nucleotide insertion

Premature stop codon
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} Gersoret al 2018. JAC 73, 154608
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[ . gyrAt hparC
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gyrA parl MICs (mg/L)
Ser-83 Asp-H7 Ser-5i Crlu-54 Mal Cip
Leu - - - 128 0.25
Leu - - - 64 0.25
Leu - - - 128 0.25
Leu - - - 512 .25
Leu - - - 512 .5
Leu - - - 64 0125
Te - - - 512 .5
Gly - - 128 0125
- Tyr - - 64 125
Leu Gly - - 512 1
Leu Asn Te - 512 64
Leu Asn Te - 512 8
Leu Asn Te - 512 64
Leu Asn Te - 512 16
Leu Asn Te - 512 16
Leu Asn Te - 512 8
Leu Asn Te - 512 64
Leu Asn Te - 512 16
Leu Asn Te - 512 64
Leu Asn Te - 512 64
Leu Asn Te - 512 64
Leu Asn - Lys 512 8
Leu Asn Te Val 512 64
Leu Asn Te Gly 512 64
Leu Asn T Lys ] h4
Ser Asp Ser Cilu 4 0.032
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1
Species oA o8 parC: park
E. coli* Tyr50Phe Aspd26Asn Ala56Thr Lewd 16Phe
AlaS1Val Lys#H7GIu Ser5TThr He444Phe
AlafTSer Serd92Asn Asp&9Glu Lewd 45His/Tle
GlyTaCys GlyTaAsp Serd58Ak/Pro/Thr/Trp
Ser8iArg/lle Glud60Asp/Lys
GlyB1Asp/Cys Ser83Leu Tle464Phe
Asp82Gly Te529Len
| serB3Ala/lle/Lew Trp Tyrival | Cys107Trp
AlaB4Pro/Val Alal08Thr/Val
| Asps7 Asn/Glu/Gly/His Tyr/val |
Gln106Arg His
Alal19Glu
Alal96Glu
Arg237His
Salmonelia sppt AlasTPro Tyrd20Cys Glu51Lys Glud53Gly
AspT2Gly Glyd3dlen Thr575er Serd58Pro
Val73lle Gly435Ala/Glu/Val Thréélle Glud59Thr
Gly&1Asp/Cys/His/ Ser Argd3TLen GlyT2Cys Hiszd61Tyr
Asp2 AsnjGly Gly447Cys Gly7aasp Gly468Cys
SerB3Ala/Len/Phe/ Thr/Tyr Serd64Phel Tyr SerB0Arg/Tle Ser493Fhe
Asp8T Asn/Gly/Lys/Tyr Gludés Asp GluB4Gly/Lys Ala498Thr
Leu98Val Ald68GIn Phel 155er Arg5071le
Alal19 Gl Ser/Val LewdTOMet Alald]Ser Val512Gly
Alal 31 Gly Lys514 Asn
Glul 33Gly
Glul 394la

Species gyrA orE parC parE
Klebsiella preurnoniaet Asp8T Ala/ Asn /G ln/Glw Gly/His Tyr Ser80Arg He/Met

SerB0lle GlugaGly/Val

| Sers3lle/Leu/Phe/ Tyr |

Ser88lle/Phei Tyr
Mycobacterium tuberculosiss, || HiT0Arg Argd85Cys

AlaTa8er/Ghu/Gly [Len/Val Ser486Phe

ThridAla Asp(472=495=500) Ala/ Asn/His

AspB4Gly Gly509Ala

Gly&RAla/Cys Asp505Ala

Asp89 Asn/Gly Asnl 510=533=538) Asp/Lys/ Thr/lle

Ser91 Ala/Pro Thr(500=511=539) Asn/Pro

1e92 Met Glul501=540)Agpival

SIrep rOCocCUs PREUmOon iaey

Aspdd Alal Asn/Gly/His/ Phe/Tyr/Val
Prol02His
Alal 26 Arg
AspS00His
Asp533Ala
Asn53BAsp
Alal7Thr
Gly54val
Val7 1lle
AspBDAla
Glus 5Gly/Lys
SerB1Phe/ Tyr
Trp93Ser

Ala(504=515=543]Thr/Va

Gln549His
Pro5925er
Val3Zasp Ser52Gly Asp435Asn
Asp435Asn/Glu/Tle Gly7TGhu Prod545er
GludT4 Lys AspTBAsn He460Val
Ser79Phe/ Tyr Glud74Lys
AspE3Asn/Gly/ Tyr
Asn¥LAsp
Glyl28Asp
Glul35Asp
Lys137 Asn/Asp
Alal428er

Correiaet al., Journal of Medical Microbiology 2017;66:§539
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i N7-G1405 (Kgnm)16SRMTases

¢ KgmB(kanamycingentamicin
methyltransferas@(Streptoalloteichusenebrariug

¢  GrmA(gentamicinresistancemethyltransferaseg
(Micromonosporachinospora

¢ Sgm(sisomicingentamicinmethyltransferasg
(Micromonosporaionensiy

¢ Krm(kanamycinresistancemethyltransferasg (Frankiasp)

AT L ThE i N1-A1408 (Kam16SRMTases

SN S
" .Streptomyce$§ h ¢
Micromonosporapp

KamA(kanamycirapramycinmethyltransferase
(Streptomycesenjimariensiy

KamB(Streptoalloteichusenebrariug
Kam{Saccharopolysporairsuta)

* nucleotide position to be modified at the-gite of 16 SRNA

> DoiY, Arakawa ClinInfect Dis. 2007;45:884
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168 I’R NA B N < GR mtA) . Acquisition of 16S rRNA methylase gene in Pseudomonas

aeruginosa

Keiko Yokoyama, Yohei Doi, Kunikazu Yamane, Hiroshi Kurokawa, Naohiro Shibata, Keigo Shibayama, Tetsuya Yagi,
Haru Kato, Yoshichika Arakawa

THE LAMNCET * Vol 362 * December 6, 2003 » www thelancet.com

P aeruginosa  E coli XL1-blue P aeruginosa PAO1 P asruginosa
AR-2
~ A =\s + i i
J: \P ﬁe‘l’u-ganS@\R-Z pBCHS pECHS-13 pBC-3K pTORMLA pTOO0L Transconjugant 105
- 4 G-substituted deoxystreptamine antimicrobials
h =Y >Y A_ " C 8 h = W A Kanamycin groups
, , o Arbekacin =1024 05 1 4
0 B < h | M Cb CbT Amikacin =1024 1 8 4
-’ - Kanamycin =1024 2 128 =1024
~ N ~ A . Tobramycin »>1024 1 1 256
c[ _ W< B, . t CD I S N\Gentamicingmups
~ - - - Gentamicin =1024 0-5 256 =1024
o0 < ) B ‘ W . h A Sisomicin 1024 0-5 256 >1024
- .
C < t A t C h . . <t > v = v [sepamicin 1024 0-5 4 8
4 5-substituted deoxystreptamine antimicrobia
h > t A ¥ < ¢ v ~ 2 ] B Meomycin =1024 4 >1024 4 16 =1024
N ' Other aminoglycosides
Streptomycin 128 4 2 4 3z az =1024 =1024
Hygromycin B 1024 G4 2 32 512 512 1024 512
Others
Ceftazidime 2 0-5 025 0-25 MO MD 128 3z
Imipenem 1 0-25 0-25 0-125 MO MD 15 16
Ciprofloxacin 0-25 0-125 0125 0125 MO MD 64 B

~

w A h A B A B>x"_ A

U GamMic {A NJWB R
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31%

Streptomycesenebrarius KgmB
30%

Streptoalloteichufindustanug NbrB
33%

Micromonosporaionensig Sgm

Micromonosporaosea/ Grm

Pseudomonas aeruginosaR2 / RmtA

0.1
34% 35%
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Yokoyamaet al. Lancet 2003;362(9399):188893
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Kgm l Kam
G1405 A1408

B¢ 7 4 Arms

ArmA RmtA
RmtB1/B2RmtC
RmtDD2, RmtE

RmtERmtG RmtH

*G1405

¢ 7 1 Pam
NpmA
*A1408

A

m‘Cm A

C U
N7-G1405 g—

Arm family ~ U Sp

N1Al408 wC Lo | ASite
Pam family—— A A
C ...... G
1410- A =~ U = 1490

C ...... G
GG

4,6 DOS 4,5 DOS

Kanamycin Neomycin
Tobramycin

Amikacin
Gentamicin
Sisomicin
Netilmicin
Plazomicin

DoiY, Arakawa ClinIinfect Dis. 2007:45:884



nv>!q‘|| c[hV!/\l>|‘l B>!AVJ< q‘
Aminoglycosideaminocyclitols

Streptidine 2-deoxystreptamine (DOS)
4,5disubstituted 4,6 disubstituted

Streptomycin Neomycin L Kanamycin
Paromomycin . Tobramycin | ¢
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Ribostamycin L Dibekacin
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Monosubstituted Gentamicin - o
A : 4 Sisomicin HO
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16SRMT Bacterial species Country Specimen

Mobile
element

Coexisting resistance genes

blacry.s Blargy,, aacC2

Reference

1996 armA C.freundii Poland Clinical isolate ISCR1 2adA2. dffAl2. sull Golebiewsket al, 2007
1997 rmtA P.aerugonosa Japan Sputum ¢ Yokoyama et al, 2003
2002 rmtB S.marcescens Japan Sputum n3 bla;g,, aadA2 Doiet al, 2004

2003 rmmtC P.mirabilis Japan Throat swab ISEcpl aphAl Wachinoet al, 2006
2003 npmA E.coli Japan Urine 1S26 Wachinoet al, 2007
2005 rmtD P.aeruginosa Brazil Urine blagpy, Doiet al, 2007

2007 rmtD2 E.aerogenes Argentina Not reported ISCR14 cat, dfrAl2, aadA2, sull Tijetet al, 2011

2010 rmtE E.coli USA Cattle I LIK dapaphA7, strA, strB  Davis et al, 2010
2011 rmtF K. pneumoniae  w S dzyldladd/ Clinical isolate ISCR5  blaypyy, blagxa, @22 ¢l 0 Galimandet al, 202
2011 MG K. pneumoniae  Brazil Clinical isolates blaype, blacrsn.1s Buenoet al, 2013
2009 rmtH K. pneumoniae  Iraq Trauma ISCR2  blacrgy.1s Plaspy, blagyas hQl N SG FEZ wn

U< (18S rRNAWN- A




J-I. Wachino, Y. Arakawa / Drug Resistance Updatd$ (2012) 139 148 (Updated)
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1 Klebsiellgppneumoniagn = 1534)
o  _ 5 <mtB(0.2% ¢
2 KPG2
1 DHAL

} E.coli(n = 1398)

+ Proteusmirabilis(n = 734)
o  _ 5 <mtB(0.4% ¢
1VIM-1

+ Enterobactesspp (n = 414)

Galaniet al, ClinMicrobiollnfect2012; 18: E5¢E54
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} 1 - ¢ <A%aumannii
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1 - ¥ <Pvstudrtii
rmtB: 55.1 %

b1 - ¥ <KWpmneumoniae
rmtB" armA 3.9%

b1 8 <BEcoli!
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Nafpliotiet al. Microb Drug Resist. 2019;
Nafpliotiet al; EurJClinMicrobiolinfectDis2021; 40:111121
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Contents lists available at SciVerse ScienceDirect
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Letter to the Editor

Nosocomial dissemination of Providencia stuartii 1solates producing extended-

spectrum [3-lactamases VEB-1 and SHV-5, metallo-[3-lactamase VIM-1, and RNA
methylase RmtB

Lamprini Galani 2, Irene Galani @, Maria Souli ?, llias Karaiskos 2, Emanouella Katsouda ?, Eleni Patrozou <,
Fotini Baziaka?®, Charalampos Paskalis®, Helen Giamarellou ®*

1 GiakkoupP, TryfinopoulouK, PolemisM, PappaO, MiriagouV, VatopoulosA. Circulation of aultiresistant conjugative|ncAC
plasmid within thenosocomiaProvidenciastuartii population in the Athens are@®iagnMicrobiollnfect Dis 2015; 82: 624

» DoukaE,PerivoliotiE, KraniotakiE, FountouliskK, Economidour, TsakrisA, SkoutelisA, RoutsiC. Emergence of@andrug

resistant VIM1-producingProvidenciastuartii clonalstrain causing an outbreak in a Greek intensive care kmidAntimicrob
Agents 2015; 45: 53&

; OikonomouO, LiakopoulosA, PheelL M, Betts JMeviusD, Wareham D\WProvidenciastuartii Isolates from Greece: G@oarriage

of Cephalosporindlas,s, bla,gg,), Carbapenentbla,,.,), andAminoglycosidérmtB) Resistance Determinants by a Multidrug
Resistant Outbreak Clonklicrob Drug Resist2016; 22: 37586
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- ESISTANCE to antibacterial drugs may be trans-

\/

PENICILLINASE SYNTHESIS CONTROLLED BY INFECTIOUS R FACTORS
IN ENTEROBACTERIACEAE

By Dr. NAOMI DATTA
Department of Bacteriology, Postgraduate Medical School, London
AND

| Dr. POLYXENI KONTOMICHALOU |
Department of Bacteriology, Clinic o erapeutics, Lniversity of Athens

That genetic information for resistance to penicillins,

(SN
)

1S

y 1 "Temoneiraz © " ,Ax <h L h
E. colh ~ .
[ h "1 hh& jh (FTEML)

AN« h ¢ h $ /A ™ 7

ferred from one bacterium to another among the
Enterobacteriaceae by direct cell-to-cell contact (conjuga-
tion), This transferable resistance was discovered in
Japan1-? and later reported in Britain* and in Germany®.
The infectious agents which mediate the transfer are
known as resistance factors (R factors) and have been
shown to be extra-chromosomal genetic elements, or
plasmids, consisting of deoxyribonucleic acid® . R factors
are transferred by conjugation between cells of many
genera—all the Enterobacteriaceac? as well as other
Gram-negative bacilli such as Vibrio®, Serratic® and
Pasteurella'®, The resistance conferred by the R factors
first deseribed was against the four drugs streptomycin,
tetracycline, chloramphenicol and sulphonamides, usually
to all four together, but sometimes against three, two or
one of them. Lebek® deseribed an R factor which eonferrved

ineluding ampicillin, could be carried on B factors was
found independently in Britain'!, in Greece (Kontomicha-
lou, unpublished data) and in Switzerland (Lebek, personal
communication). Preliminary experiments!! sugpgested
that infectious resistance to penicillins was dependent on
the production of & penicillin-destroying enzyme. We now
report that this enzyme is penicillinase (EC 3.5.2.6),
since on jncubation with benzylpenicillin it liberates
penicilloic acid. We therefore present evidenee that the
genetic information for the biosynthesis of penicillinase is
carried on the R factor.

R factors and host bacteria. The R factors we have
studied are listed in Table 1. The host bacteria in which
penicillin resistance was studied were Escherichiacoli K12,
E. eoli strain TEM the R factor of which had been
climinated by acriflavine treatment™, and Salmonella

typhi strain 152, a drug.sensitive strain isolated in Greece
in 1962,

h N ) t A4 resistance to neomycin and kanamyein, as well as to the
< > { original four drugs.

© 1965 Nature Publishing Group
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MICs (mg/L) . BSBL' &

ANTIMICROBIAL AGENTS AND CHEMOTHERAPY, Sept. 1989, p. 1451-1456 Vol. 33, No. 9
0066-4804/89/091451-06%502.00/0
Copyright © 1989, American Society for Microbiclogy

Novel Plasmid-Mediated pB-Lactamase (TEM-10) Conferring
Selective Resistance to Ceftazidime and Aztreonam in Clinical
v - Isolates of Klebsiella pneumoniae
E: G.O I A JOHN P. QUINN.' DEBORAH MIYASHIRO,! DANIEL SAHM.,! ROBERT FLAMM.? anp KAREN BUSH?

Amoxicilin 2
Piperacillin 1
Piperacillin Tazobactanmimg/L 0.5
Cefotaxime 0.03
Ceftazidime 0.25
Aztreonam 0.06
Cefoxitin 4

Imipenem 0.12

Meropenem 0.03

1 2 2

0.03
0.5

4 8 4
0.12 0.12 0.12
0.03 0.03 0.03



TEM-42 Met
TEM-46 TEM-4
TEM-47 TEM-9

TE% TEM-48 TEM-13
TEM-49 TEM-25
TEM-9 Thr T_hl'
Thr TEM-61 TEM-27
TEM-25 TEM-20 TEM-5 "
TEM-68 TEM-42
TEM-48 TEM-43 TEM-24
TEM-72 TEM-47
TEM-49 Asp Arg TEM-52 TEM-48
TEM-53 val TEM-57 TEM-21 TEM-63 aly Ser TEM-49
TEM-63 TEI\i—42 TEMl—GS TEA1-56 TEMl'72 TE'IZZ TEM-50*  TEM-68**
TEM-1 Leu GIn Ala Leu Gly Glu His Arg Met Gly Ala Gly Glu Arg Thr Ser
21 39 42 51 92 104 153 164 182 218 237 238 240 244 265 268

Ier T T T
$ M-5 T i
TEM-5 o e Gl
TEM-5 : y
=N TEM-7 EM o TEM-49

TEM-6 TEM-8 e
TEM-8 o TEM8 TE?Te:ss
L= TEM-14 TEM-
TEM_14 b TEM-1 5
TEM-15 TEM-22 TEM-18
TEM-16 TEM-25 TEM-19
TEM-17 TEM-26 TEM-20
TEM-21 TEM-53 TEM-22
TEM-22 TEM-60 TEM-25
TEM-24 TEM-63 TEM-42
TEM-43 His TEM-48
TEM-46 TEM-6 TEM-49
TEM-50** TEM-11 TEM-52
TEM-52 TEM-16 TEM-66
TEM-56 TEM-27 TEM-68**
TEM-60 TEM-28 TEM-72
TEM-63 TEM-29
TEM-66 TEM-43

TEM-61

Bradford P. Clinical Microbiology Reviews 2001: 3B
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Enzyme family Ambler Class Pathogens I -lactamases group
Serinel - Enterobacterales KPGenzymes
lactamases P. aeruginosa GESenzymes
SME
IMI
Enterobacterales NMGA
SHWV38
SFEl
Serinel - OXA 23 group
lactamases _ OXA 24 group
Acinetobacter
OXA 58 group
OXA 51/66 group
Enterobacterales OXA 48 group
B. fragilis CcrA
Metallo- - Pseudomonas IMP-enzymes
lactamase Acinetobacter VIM-enzymes
Enterobacterales NDM-enzymes
SPM1
Pseudomonas
GIM1
Pseudomonas
Acinetobacter SIML

n"q ' K
¢ h “ j
271 1 7 1 HANH

BLDEttp://bldb.eu

Others

OXA:
>520

‘ —

GES:49

/

VIM: 74

S— IMP: 90

& \\

Carbapenemases
>860

585


http://bldb.eu/

NDM

OXA-48

¢ Dlakpe, blayginS D@y - A

Tn4401b

IRL trpR trpA ISKpn7 blagpc., ISKpn6 IRR
A99-bp in Tn4401a
A215-bp in Tn4401c
A68-bg in Tn4401d
A255-bp in Tn4407e
I Tn125 I
ISAba125 pa, .. . bleyg, iso tat  dct groES  groEL ISCR21 orilS dpac _1SAba125
-4 Kt > > o3
IRL tnp IRR IRL tnp IRR
Tn1999
| | ’ H |
1S1999 blagy .4z lysR 1S1999

Lee et al, 2016. FroMicrobiol 7: 895
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5CS Gene cassettes-3.2 kbp 3'CS
aatli 59-be 59-be 59-be
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-

\/

Promoter region

aacA7

dhfrl

— > ey

=35

-10

-35 -10

-tigacataagccigiicgeticgtaaactiaatgcanglageglatgoecieac geaact ggiccagaacciigaccgaacgcagegglgglaacggcgcagigecegiittcalg gettgttatgactgtitintgtacagt-

P1

P2

Miriagou et al. AntimicrobAgentsChemother2003; 47: 395
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Tehrani& Martin. Medchemcomm?2018;9: 14391456
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Ambler class®:
catalytic site
(spectrum)

A: serine (variable)

B: metallo
(carbapenemase)

CP: serine
(cephalosporinases)

Dr: serine (oxacillinases)

Bush-Jacoby-Medeiros
group’: catalytic site
(spectrum)

2a:serine (penicillinases)

2b: serine (penicillinases)

2be: serine (ESBLs)

2br: serine (inhibitor-resistant)

2c: serine (penicillinases)

2f: serine (carbapenemases)

3: metallo (carbapenemases)

1: serine (cephalosporinases)

2d: serine (oxacillinases)

h v+ h ° _ A

Substrates

Penicillins

Penicillins and
narrow-spectrum
cephalosporins

Penicillins and cephalosporins,
including extended-spectrum

Penicillins
Penicillins and carbenicillin

Penicillins, cephalosporins and
carbapenems

Most B-lactams, including
carbapenems, but not
monobactams

Penicillins and cephalosporins

Penicillins and cloxacillin; some
include cephalosporins and/or
carbapenems

Inhibited by

Clavulanate, avibactam
and other newer inhibitors

a

Clavulanate, avibactam
and other newer inhibitors

Clavulanate, avibactam
and other newer inhibitors

Avibactam and other
newer inhibitors

Clavulanate, avibactam
and other newer inhibitors

Avibactam and other
newer inhibitors

Chelating agents (EDTA)
and ANT431

Cloxacillin, avibactam and
other newerinhibitors

Sodium chloride; some by
clavulanate, avibactam
and other newer inhibitors

Bush& Bradford Nat RevMicrobiol 2019; 17: 29806

Examples

Penicillinases from
Gram-positive bacteria

TEM-1, TEM-2 and
SHV-1

SHV-2, TEM-10,
CTX-M and GES-1

TEM-30 and SHV-72
PSE (CARB)

KPC, SME,NMC-A and
GES-2

IMP. VIM and NDM

Chromosomal AmpC,
CMY,ACT-1 and DHA

OXA-1/30, OXA-10,
OXA-23 and OXA-48
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m-loop
Phe Met Ala Thr Pro Asp Arg - Trp Leu Leu Ala Pro  Asp Gin Phe Cys Gin Arg Thr Thr Val
KPQ'6 X 47 X 60 X 93 X 104* 163 (164 165 167 169 172 174 179 * 101 X 207 X 239 240 val 241 243 % 253 X 202 %
1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) 1) ) 1) 1) 1) 1) 1) 1)
Glu Pro Arg 2aadel Pro Thr Leu Tyr 2aa de Gly His Met Ala Val ins 3aains 3aains Asn 3aains Ala
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Genes Gene function E. coli | Kpneumoniae | Emterobacter | Salmonella | C. freunddii | Protrus Serratia References
p
spp. spp. mirabilis | marcescens
pmrASprnr Modification of lipid A by amBCADTEF operon, | + + * + - - - &5,68,69, 129,130
pmrC and pmrE genes
phoPiphoQ) Modification of lipid A by activation of the + + * + - - - 50.78.131,132 > G
pmrHFAELM operonfactvation of pmrAB by / | &
amBCADTEF | Modification of lipid A by pEtM and L-4&raM + * - < + D/ 94569, 175131
mgrB Orverexpression of phoP(Q and activatdon of - - - - - 51,79
U} L AT 1| wukaabnC | prAjLM
rog o311 4| omd Modulates lipid A biosynihesis - - - - - - 1o
arB Medification of lipid A by upregulation of - - - - - - 52
mutation pmrA B activation of the ghycosyliransterase
micr Phosphoethanclamine teransferase * * * * * - - B5. 94,100,133, 134
mcr Phosphoethanolamine teransferase + - - + - - - EE, 135
mcr3 Phospho ethanolamine teransferase + - - + - - - 102,136
mcrd Phospho ethanolamine teransferase + - * + - - - 103,137,138
mcrh Phosphoethanolamine teransferase + - + + - - - 104,139
micr Phosphoethanolamine teransferase - - - - - - - 105
mcr? Phos pho ethanolamine teransferase - + - - - - - 106
mcrl Phos pho ethanolamine teransferase + + - - - - - 107
r Effhee purnp + + - - - - - 36
o Az Kz g tupizny
efflux KpnEF Effhee pump - + - - - - - Hnz
iUt hon
sapd BCDF Efflix pumip - - - - - + - 42
iUt hon
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Prowinces of high pig production

Prowinces of high chicken production
@ Area of retail meat sampling for mor-1 screening
& Area of live animal sampling for ma- 1 screening
@ Area of inpatients formo-1 screening

Figure 1: Map of China

Emergence of plasmid-mediated colistin resistance
mechanism MCR-1 in animals and human beings in China:
a microbiological and molecular biological study
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Short communication: Bovine mastitis caused by a multidrug-resistant,
mcr-1-positive (colistin-resistant), extended-spectrum -lactamase—
producing Escherichia coli clone on a Greek dairy farm
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