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Purpose: To explore the clinical distribution ‘characteristics and antimicrobial susceptibil-
ities of carbapenem-resistant Escherichia coli (CR-ECO) in Hebei Province, China,
from2017 to 2019, and provide data on thestreatment of this bacterial infection and the
preventionofitsspread.

Materials and Methods: Atotal of 1439CR-ECO strains were collected from2017 t02019
in Hebei Province, China.  Drug- sensitivity tests were performed using the
minimuminhibitoryconcentration(M1C)method,andthedatawereanalyzedstatisticallyusingWWH
ONETS5.6software.

Results: A total of 54,377 strains of Escherichia coli were isolated in Hebei Province
from2017t02019,0fwhich1439strainswere CR-ECO(2.65%).Thehighestproportion(33.78%) of
strains  was" isolated from wurine, and the detection rate showed a slow
downwardtrendoverthepast3years.CR-
ECOwasmainlydetectedindenselypopulatedandeconomically developed areas. Of all the
patients, 54.2% were from the medical ward; theratio of male to female patients with CR-
ECO infections was 1.35:1; elderly patients
andadultsaccountedfor59.6%and30.8%,respectively,whereasminorsandnewbornsaccounted
for 4.9% and 4.7%, respectively. For CR-ECO, the drug resistance rates to p-lactams were all
higher than 80% and there was an annual increasing trend, while the drugresistance rates to
quinolones remained nearly unchanged. The rate of resistance to amino-glycosides was
relatively low, especially to amikacin (approximately 22%). The MIC50
ofotherantibacterialdrugs,exceptamikacin,wasequaltoorhigherthanthebreakpointofdrugresista
nce.

Conclusion:From2017t02019,theisolationrateof CR-ECQOinHebeiProvince,China,
remainedstable; however,thedrugresistancerateshowedanupwardtrend,primarilyincases of
urinary tract infections in older men; the resistance rate to amikacin was the
Iowest.Keywords:\Enterobacteriales‘bacteria,multidrugresistance,MIC50/MIC90,regi0naIdis
tribution

Introduction

Since the advent of penicillin, human beings have discovered and invented
varioustypes of antibacterial drugs, which play an extremely important role in the
treatmentof different infections. However, evidence that reduced susceptibility to
antibioticshas been increasing worldwide.In Spain, the resistance rate of Klebsiella
pneumo-
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niaetoimipenemincreasednearly13 timesfrom2010t02014.Dataonbacteremia







patientsfrom90Swisshospitalsshowedalinearincreasei dstap
hylococcusaureusresistancetooxacillinduringhospitalizatio

n.*From2010t02017,theproportionofEscherichiacoliisolate
dfrom25tertiaryhospitalsinGreece insensitive to third-
generation cephalosporins, car-
bapenems,andfluoroquinoloneswasincreasing.Thereareev
enstrainsthatareinsensitivetomanyantibiotics,suchas*multi-
drug-resistant bacteria, pan-drug-resistant bacteria,and
super bacteria”.>®Carbapenem antibiotics, as broad-
spectrum f-lactam drugs, can treat infections caused
byEnterobacterialesbacteriz i
of defense” for infection .
11Unfor‘cunately,theresistancerateofEnterobacterialesbacter
iatocarbape-nems has been increasing year by year.'*
*Carbapenem-
resistantEnterobacteriales(CRE)isaseriouspublichealththre
at with significant morbidity and mortality, and it
hasheenlistedasanurgentthreattobacterialdrugresistancebyt
he World Health Organization.">%In a study of 138
CREinfectedpatientstreatedwithceftazidime/avibactam,the3
0-day mortality rate was still as high as 34%."°p-
lactamasegene transport on mobile components is a key
mechanismfor the rapid global spread of CRE.****With the
extensiveuseofcarbapenemantibiotics,carbapenemresistant
Escherichiacoli(CR-ECO)has  evolved, resultingina
dilemma in the selection of antimicrobials for
infectionswiththisbacterium.EscherichiacoliST131produci
ngKlebsiella pneumoniae carbapenemase . (KPC) was
isolatedin Italy. Sequencing showed that  the strain
contained thekpe=2variantand TEM-1p-
lactamase.?’In2020,Escherichia-“coli ST131 0O16: H5
producing o0xa-244
wasisolatedfromGermanpatientsforthefirsttime.”* Thesprea
d of such variantsssthus poses a serious threat to
publichealth.*?'Compared ‘Wwith 'CRKP, CR-ECO has
obviouslynot attracted:enough attention, and its resistance
rate, geo-
graphicaldistribution,andotherdataareunknowninHebeiPro
vince, China. ‘Therefore, the aims of this study were
toexplore the clinical distribution characteristics and
antimi=crobialsusceptibilityofCR-
ECOinHebeiProvince,China,from 2017 to 2019, and to
provide data supporting thetreatment of this bacterial
infection and the prevention ofitsspread.

]MaterialsandMethods\

Generallnformation
Thestrainswereisolatedfronﬁheurine,sputum,blood,[secre-
tiond, and other clinical specimens of patients in 43

tertiaryhospitalsinHebeiProvince,China,from2017t02019.Atotal
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0f1439CR-
ECOstrainswereobtained.Toavoidduplicationofstatistic
sinthesamepatient,thefirstCR-
ECOisolatedfromthispatientwasscreenedwithWHONE
T5.6s0ftwareforthestudy.EscherichiacoliATCC25922a
ndPseudomonasaeru-
ginosaATCC27853wereobtainedfromtheClinicallnsp
ectionCenteroftheNationalHealthand\WellnessCommi
tteeofthePeople’sRepublicofChina. Thebacterialdrugs
ensitivitytestrecommendedbythe/Americanl nstituteofCli

drugsensitivitywasdeterminedusingtheCLSIdrugsensiti
v-itybreakpointofthe2019edition.?

Methods

]InstrumentsandReagentj
We used the BacT/ALERT 3D120 automatic blood
cultureinstrument (IBIO PARTICIPATIONS Co.,

bottles were
obtainedfromtheoriginalfactory. Thebacterialidentific

blood cultureinstrument (Becton, Dickinson and
Company, New Jersey,USA) was used and the
biochemical reaction tubes anddrug sensitive
reaction tubes were all obtained from theoriginal
factory. The bacterial solid culture medium usedwas
the  MacConkey  Agar  Medium~(Dijing
MicrobiologyTechnologyCo.,LTD,Guangzhou,China

).

ResearchMethods
ThestrainswereinoculatedintotheMacConkeyAgarMe
dium at 35 °C for"24 h, The bacterial solution
waspreparedto0.5McFarlandStandards,and20pLwasa
ddedtothedrugsensitivebroth.Thiswasmixedwell,and
the mixture.was poured onto the drug sensitive reac-
tion plate. The remaining bacterial solution was
pouredontothebiochemicalreactionplate.Theseplates
werethen placed in the bacterial identification
instrument,
thePhoenix100,fortheidentificationanddrugsensitivity
tests,andtheresultswerereadafter24hours.

The bacterial drug sensitivity test recommended
by
theAmericanlnstituteofClinicalandLaboratoryStandar
dization (CLSI) was used, and drug sensitivity
wasdetermined using the CLSI drug sensitivity break
point ofthe 2019 edition. CR-ECO was defined as an

isolate withimipenemand/ormeropenem(MICs>4pg/mL).

StatisticalProcessing

WHONET5.6 software was used for data analysis
(WorldHealthOrganization,Geneva,Switzerland).Imagesw

ere
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Standards Institute (CLSI)
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formedwithGraphPadprismsoftware(Version8.4.0,Insightf
ulScience Co., LTD, San Diego, CA, USA)
andAdobelllustrator2019software(AdobeSystemsl ncorpor
atedCo.,LTD,SANJose,California,USA).

Results

A total of 54,377 strains of Escherichia coli were
isolatedinHebeiProvince,China,from2017t02019,including
the 1439 strains of CR-ECO (2.65%). Among the
1439strains of CR-ECO, 439 strains (2.81%, 439/15,599)
wereisolatedin2017,461strains(2.40%,461/19,241)in2018,
and539strains(2.76%,539/1999)in2019. Amongthese,
486urinesamples(33.77%)rankedfirst,419sputumsamples
(29.12%) second, and 131 (9.10%) blood samplesthird.
Furthermore, 73 catheters and 72  secretions
rankedfourth(5.10%)andfifthplaces(5.00%),respectively(T
ablel).

Between 2017 and 2019, the characteristics of the
1439patientswithCR-
ECOinfectionwereasfollows:828(57.5%)males,611(42.5%
)females,andtheratioof
malestofemaleswas1.35:1.Therewere858(59.6%)
olderpeople(>60yearsold),443(30.8%)adults(18-60
yearsold),71(4.9%)minors(1-18yearsold)and68
(4.7%) newborns (<1 year old), respectively. The
1439strains of CR-ECO were isolated. from  internal
medicine780(54.20%),surgery384(26.69%),1CU139(9.66
%),
pediatrics80(5.56%),emergency43(2.99%),andout-
patient11(0.76%)(Figurel).

Tablel1DistributionCharacteristicsofCR-
ECOSpecimensfrom2017t02019

Specimen 2017 2018 2019
Type N LP@w | N [reey | N | P
Urine 152 34.6 156 | 33.8 178 33.0
Sputum 132 30.0 126 | 27.3 161 29.8
Blood 44 10.0 48 10.4 39 7.2
Catheter, 11 2.5 26 5.6 36 6.6
Secretion 15 3.4 28 6.0 29 5.3
Ascites 6 1.3 18 3.9 21 3.8
Pus 26 5.8 27 5.7 16 2.9
Bile 14 3.1 9 1.9 8 1.4
Drainage 0.2 4 0.8 12 2.2
Fecal 9 2.0 2 0.4 3 0.5
Vagina 7 1.5 0 0.0 1 0.1
Other 23 5.2 21 4.5 35 6.4
Total 439 100 461 100 539 100

Abbreviations:N,number;P ,proportion.
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From 2017 to 2019, 1439 strains of CR-ECO were iso-
latedfromHebeiProvince,China,accordingtoadministra-
tiveregions,withShijiazhuangrankingfirstwith445strains(30.
92%); Tangshansecondwith341strains(23.70%);Cangzhout
hirdwith172strains(11.95%,andHandanfourthwith103strain
5(7.16%),asshowninTable2.

Analysis of trend results of drug resistance rates
from2017t02019yieldedthefollowing:allp-

hfirst decreased and then increased. Among the three ami-
noglycosides, amikacin first increased ‘:and then
decreased;gentamicinandtobramycinfirstdecreasedandtheni
ncreased; and the two quinolones, levofloxacin and cipro-
floxacin,showed an upward. trend  first and
thenadownwardtrend(Table3).

Analysis of mean drug. resistance rates from 2017
t02019 yielded.the following: piperacillin/tazobactam rela-
tive to piperacillin(69.5% vs 92.5%) and ampicillin/sul-
bactamrelativetoampicillin(89.9%vs96.6%)weresignificant
ly reduced; the.first.to fourth generation cepha-losporins
represented by  cefazolin, cefuroxime, ceftriax-
one,cefotaxime, ceftazidime, and cefepime
showedadownwardtrend(91.3%vs91.2%vs91.6%vs88.2%v
$85.7%Vs85.6%).Amongcarbapenems,ertapenem,imipene
m,andmeropenemweredifferent(91.3%vs77.3% vs 72.2%).
Among the three aminoglycosides, gen-tamicin,
tobramycin, and amikacin were significantly dif-
ferent(65.0%Vvs56.8%vs22.2%).Levofloxacinwasslightly
lower than ciprofloxacin (81.0% vs 84.6%);
poundsulfawasrelativelylow(76.9%)(Table3).

com-

Discussion

In recent years, due to the irregular use of
antibacterialdrugs, the resistance rate of Escherichia coli
to antibacter-ial drugs has increased. Further, there has
been an increaseinappearanceofmulti-
drugresistantEscherichiacoli.®Whilecarbapenemantibiotics
havebecomethelastlineof ~defense against multi-drug
resistant Escherichia coli,CR-
ECOhasappearedallovertheworld,resultingindifficultiesint
hetreatmentofthisbacterialinfection,***" %

stanceofEnterobacterialestocarbapenems.?*Carbapenemsc
anbedestroyedbydirecthydrolysis.Because most
carbapenasegenes are located on
mobilegeneelements,theyareeasilytransferredbetweenEnter
obacterialesand other gram-negative bacilli,
leadingtowidespreadepidemicspreadinashortperiodoftime.?
5
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Figure 1Clinicaldistributioncharacteristicsof CR-ECO. (A)Gender distributioncharacteristicsofCR-ECO. (B)Distributioncharacteristicsof CR-

ECOdepartments. (C)AgedistributioncharacteristicsofCR-ECQO«

Modified  carbapenem inactivation  method. in
conjunctionwith EDTA-modified. carbapenem inactivation
method

andsimplifiedcarbapenemlnactivationmethodcanbeusedto

Table2RegionalDistributionCharacteristicsofCR-ECO
Specimensfrom2017t62019

Territory Year Total(N) Proportion(%)
Name 2017 |“2018 | 2019

N) N) N)
Shijiazhuang 145 142 158 445 30.92
Tangshan 107 113 121 341 23.70
Cangzhou 29 60 83 172 11.95
Handan 20 36 47 103 7.16
Xingtai 22 21 18 61 4.24
Chengde 28 18 14 60 4.17
Qinhuangdao 19 17 11 47 3.27
Zhangjiakou 7 7 32 46 3.20
Langfang 11 11 18 40 2.78
Total 439 461 539 1439 100

Abbreviation:N,number.

48arecommoncarbapenemresistancegenotypes.?*In 2018,
Escherichia coli ST131 producingkPC and TEM
carbapenemase was isolated from the urineof patients with
urinary tract infection for the first time inltaly.?

This study showed that CR-ECO accounted for
2.65%of all Escherichia coli that caused clinical infections
inHebei Province, China, from 2017 to 2019. From 2009
102014, 593 strains of Escherichia coli were isolated
frompig feces and rivers in Heilongjiang Province, China,
ofwhich CR-ECO accounted for 6.74%.2Moreover, the
CR-ECO isolated in 10 public pig farms in India accounted
for20.5% of all the strains of Escherichia coli between
2014and 2016.*This indicates that CR-ECO spreadsin
theenvironment,andthattheseparationrateishigherthanthatof
humanpatients.InHebeiProvince, China,thehighestseparatio
nrateofCR-
ECOwasfromurine,accountingforabout33%ofthetotal .Studi
eshave
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Table3DrugSensitivityDataofCR-ECOtoVariousAntibacterialDrugsfrom2017t02019

AntibioticName 2017 2018 2019 AverageValue

N R(%) S(%) N R(%) S(%) N R(%) S(%) N R(%) S(%)
Ampicillin 346 95.1 3.5 339 97.1 1.2 471 97.2 1.7 1148 | 96.6 2.1
Piperacillin 278 91 5.8 220 91.8 3.2 226 94.7 4.4 719 92.5 4.6
Cefazolin 343 84.6 15.5 383 93.5 6.5 374 95.2 4.8 1092 | 91.3 8.7
Cefuroxime 315 88.9 9.8 343 92.1 6.4 353 92.6 6.8 1004 | 91.2 7.7
Ceftriaxone 322 87.6 12.1 305 93.1 6.2 375 93.9 5.6 996 91.6 7.9
Cefotaxime 167 81.4 18 153 92.8 7.2 140 91.4 8.6 458 88.2 11.6
Compoundsulfamethoxazole 336 81 19 382 72.8 27.2 439 77.9 22.1 1149 | 76.9 23.1
Ciprofloxacin 349 80.8 16.3 408 87 11.5 477 85.3 10.9 1226 | 84.6 12.7
Levofloxacin 349 77.7 18.1 417 82.5 13.7 513 82.3 14 1271 | 81.0 15.1
Ampicillin/sulbactam 267 92.5 4.1 368 87.5 7.1 466 90.1 4:9 1093 | 89.8 5.5
Gentamicin 348 67 30.5 414 62.1 34.3 473 66.2 28.3 1227 |.65.0 30.9
Tobramycin 245 55.9 31.8 255 53.3 29.4 248 61.7 19.4 743 56.8 27.1
Aztreonam 283 82.3 15.2 236 77.5 19.9 286 82.5 16.4 801 81.0 17
Cefepime 352 84.9 13.4 426 84.5 10.6 514 87.2 8 1284 | 85.6 10.4
Ceftazidime 351 79.5 18.5 344 89 9.6 510 88 10 1197 | 85.7 12.4
Amoxicillin/clavulanicacid 137 39.4 49.6 97 89.7 8.2 120 86.7 9.2 353 69.1 24.6
Piperacillin/tazobactam 355 62.5 31.3 422 69 18.5 507 75.1 16.2 1276 | 69.5 21.2
Meropenem 361 62.3 32.7 402 74.9 17.9 472 78 18.2 1227 | 72.2 22.4
Imipenem 357 66.1 30.5 424 79.7 13 511 82.8 12.7 1284 | 77.3 17.8
Ertapenem 91 91.2 8.8 88 90.9 9.1 84 91.7 7.1 263 91.3 8.3
Amikacin 351 22.8 72.9 425 35.5 58.6 513 19.3 78.6 1281 | 22.2 70.6

Abbreviations:N,numberofstrains;R, drugresistancerate;S, sensitivityrate.

shown that the most common pathogen found in urine
isEscherichia coli, of which 70.3% _are “multi-drug
resistantbacteria,1.65%CR-

Province, China, there aremore.male than female patients
with CR-ECO
infection(1.35vs1),whileintheUnitedStates,59%werewome
n*n  additionthe -‘majority(90.4%)of the CR-ECO
infected people in.Hebei Province, China, are olderpersons
and adults, with only 9.6% being newborns andminors.
According<.to the statistics of two teaching hospi-
talsinLondon,51.2%o0ftheCR-ECOpatientsarebetween 16
and” 64 years old, while 48.8% patients
wereover64yearsold.*ThemedianageoftheCR-
ECOinfected people in the United States was 66 years
0|d.31According to the above data, CR-ECO causes
infectionsmainly in older patients. In this study, the CR-
ECO inpa-tients accounted for 99.2%, with the highest
proportionbeing in internal medicine, exceeding 50%,
while the ICUaccounted for approximately 10%. Johnson
et al*?showedthat patients with CR-ECO infection mainly
were admittedto the ICU. In Table 2, the CR-ECO isolated
clinicallyfromShijiazhuangandTangshanin2017-
2019showed
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first and second places in all the cities in Hebei
Province,China, respectively, while the total proportions
of the

kou were the last and penultimate places, respec-tively.
The total proportion was about 6%. In 2019,
theChinaAntimicrobialResistanceSurveillanceNetwork(C
ARSS) showed that the top five provinces and cities
inChina with respect to the CR-ECO separation rates
wereBeijing, Liaoning, Henan, Jiangsu, and Shanghai, and
thefive provinces and cities with the lowest separation
rateswere Tibet, Gansu, Ningxia, Inner Mongolia, and
Shanxi.InAmerica,theCR-
ECOseparationratesinGeorgia,Maryland, and New York
were significantly higher thanthose in Colorado, New
Mexico, and Oregon.“This indi-cates that CR-ECO is
distributed mainly in densely popu-
latedandeconomicallydevelopedareas.
Atpresent,theantibioticsusedtotreatCREarelimited.
Polymyxin,tigecycline, fosfomycinand
glycosidesarethedrugsofchoiceforthetreatmentofCRE
infections; however their clinical use is limited
bytheirpharmacokineticsandsideeffects.***"**Thedrugresist
ancerateofpiperacillin/tazobactamwas23%lower

amino-
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than that of piperacillin, and the drug resistance rate
ofampicillin/sulbactam was 6.8% lower than that of ampi-
cillinwhichprovedthattheantibacterialactivityofpenicillinpl
usenzymeinhibitorwashigherthanthatofasingledrugpreparat
ion.Forcarbapenem-sensitiveEscherichia coli, the
resistance rate of piperacillin/tazo-
bactamislessthanonetenthofthatofpiperacillin.**Inthisstudy,
theresistancerateofthefirsttothefourthgeneration
cephalosporins to  CR-ECO  showeda downward
trend, indicating that the level of cephalos-
porinsincreasedwiththeincreaseinantibacterialactiv-
ity.However,itisworthnotingthattheoveralldrugresistance
rate. of CR-ECO to cephalosporins is  still
veryhigh,over85%.Amongthethirdgenerationcephalos-
porins,theantibacterialactivityofceftazidimeagainstCR-
ECOwassuperiortothatofcefotaxi meandcef-
triaxone.InNorthAmerica,thesensitivityofceftazi-
dime/avibactam toCR-ECOwasmuchhigherthanthatof
ceftazidime (92% vs 19%).®In this study, the
drugresistanceratesof CR-ECOtoertapenem,imipenem,and
meropenem were 91.3%, 77.3%, and 72.2%, respec-
tively.Johnstonetal®*showedthatthesensitivityratesofmerop
enem,imipenem,andertapenemwere59%,29%,and4%,respe
ctively.ltcanbeseenthattheantibacterialactivityoftheaboveth
reecarbapenemsagainstCR-
ECOdescendingorderismeropenem,imi-
penem,andertapenem.Whentreatinginfectionscausedby.
multidrug-resistant gram-negative bacteria, aminogly-
cosidesarerecommended,especiallyforurinarytractinfection
scausedbyrenalaccumulation.Consideringtheototoxicityand
nephrotoxicityofsuchdrugs,drugMiC shouldbe
monitoredfor individualized
treatment.**I nthisstudy,theantibacterialactivityofamikacina
gainstCR-
ECOwas41.1and42:4percentagepointshigherthanthatoftobr
amycinandgentamicin,respec-
tively.Amikacinshowedhigherantimicrobialactivityagainst
CR-ECOthangentamicininAsia-
Pacifi¢(68%Vs31%)andEurope(78%vs50%).** Theresistanc
erates of ‘CR-ECO to gentamicin and amikacin in
Chinawere59.3%and13.2%,respectively. * Amikacinhassho
whnhighactivityagainstCR-ECOandcanbeusedas an
empirical drug candidate for the treatment of CR-ECO
infections. However,we should pay
closeattentiontoitsadversereactionssuchasototoxicityandne
phrotoxicity.

TheMIC50/MIC90referstotheminimuminhibitory
concentrationofantibacterialdrugsthatcaninhibitthegrowth
of pathogens by 50%/90%.%In this study

(Table 4), the CR-ECO MIC50 in Hebei Province,
China,was equal to or slightly higher than the resistance
breakpoints of most antibiotics. The MIC50 of cefotaxime
andceftriaxone was 16 times that of the resistance break
point,but the MIC50 of amikacin was far lower than that
of theresistance break point, which was 6.25% of the
resistancebreak point and 25% of the sensitivity break
point. In thisstudy,amikacinhadahigheractivityagainstCR-
ECOthanotherantibacterialdrugs(Table3).Unfortunately,C
R-
ECOstillshowedahighdrugresistanceratetonewantibacterial
drugs, with sensitivity rates of .45% (MIC50 >256
pg/mL)andonly10%(MI1C50>256pg/mL)toceftazidime/taz
obactam.*’

Conclusion

Inconclusion,thedetectionrateofCR-
ECOinHebeiProvince,China,remainedrelativelystablefrom
2017t02019,whilethedrugresistancetocommonlyusedantibi
oticsintheclinicwashigh;especiallythedrugresistanceratetop
enicillinsandcephalosporins,whichwas as high as 90.0%.
To treat this bacterial
infection, sensitiveantibacterialagentsshouldbeselectedacco
rdingtotheresultsofdrugsensitivitytests.CR-
ECOmainlycausesurinarytractinfectionsinoldermaleinpatie
nts.fhaddition,CR-
ECOisdistributedmainlyindenselypopulatedandeconomical
lydevel-oped areas in Hebei Province, China. To

understand theepidemiologicalcharacteristicsoftheCR-
ECOarea,itis  necessary  to monitor drug
resistance

data. Alimitationofthisstudyisthattheisolateswerenotsequen
cedfordrug-resistantgenotypes,sothetrans-
missiontrajectoriescouldnotbeaccuratelytracked. Theadmini
strationofcarbapenemsshouldbestrength-
enedtodelaythegenerationofCR-
ECO.TopreventthespreadofCR-
ECO,medicalandgovernmentagen-
ciesneedtoworktogethertodevelopscientificpre-
ventionandcontrolmeasures.

DataSharingStatement
The data used and/or analyzed in this study are
availablefromthecorrespondingauthoronreasonablerequest.

EthicsApprovalandinformedConsent
The protocol has been reviewed by the Ethics
Committee(IRB)oftheFirstAffiliatedHospitalofHebeiNorth
University.Sincetheprojectisanobservationalstudyandal |
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Table4CR-ECOMIC50andMIC90in2017-2019

AntibioticName Quantity BreakPoint MIC50 MIC90 MICRange
Tigecycline 159 $<0.03R20.25 0.5 1 0.025-8
Ertapenem 262 S<0.5R>2 2 8 0.12-32
Cefotaxime 458 S<1R>4 64 64 0.12-128
Piperacillin 719 S<16R>128 128 128 2-256
Tobramycin 743 S<4R216 16 16 0.5-32
Aztreonam 801 S<4R=216 32 64 0.25-128
Ceftriaxone 996 S<1R>4 64 128 0.25-128
Cefazolin 1092 S<16R232 32 64 2-128
Ampicillin/sulbactam 1093 S<8R232 32 64 2-128
Ampicillin 1148 S<8R232 32 64 2:128
Compoundsulfamethoxazole 1149 S<2R>4 8 16 0.25-32
Ceftazidime 1197 S<4R=216 32 64 0.12-128
Ciprofloxacin 1226 S<1R>4 4 4 0.06-32
Meropenem 1227 S<1R24 8 16 0.06-32
Gentamicin 1227 S<4R216 16 16 0.5-32
Levofloxacin 1271 S<2R>8 8 16 0.12-16
Piperacillin/tazobactam 1276 S<16R>128 128 128 1-256
Amikacin 1281 S<16R=64 4 64 0.25-128
Cefepime 1284 S<2R216 32 64 0.12-128
Imipenem 1284 S<1R>4 8 16 0.0625-64

Abbreviations:MIC,minimuminhibitoryconcentration;MIC50/MIC90,MIC50andMIC90caninhibit50%or90%oftheteste dbacteria.
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