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Plasmid-Mediated Extended-SpectrumpB-lactamase-Producing
Strains of Enterobacteriaceadsolated from Diabetes
Foot Infections in a Brazilian Diabetic Center

Motta R.N., Oliveira M.M., Magalhdes P.S.F., Dias A.M., Centre of Diabetes and Hypertension, Federal
Aragéo L.P., Forti A.C. and Carvalho C.B.M. University of Ceara, Fortaleza/CE, Brazil

We bacteriologically analyzed 156 species of Enterobacteriaceae, isolated from 138 patients
with community-acquired diabetic foot ulcers, in a prospective study made at a diabetic center and
at the Federal University of Ceard, Brazil, from March, 2000, to November, 2001.The samples
were cultured using selective media, and identification, susceptibility tests and detection of plasmid-
mediated-extended-spectrun-lactamase (ESBL) producing strains were made with conventional
and automated methods. The most frequently occurring pathogens wafepneumoniag21.2%),
Morganella morganii (19.9%) and E. coli (15.4%). High resistance rates were noted for
ampicillin, first generation cephalosporin, trimethoprim/sulfamethoxazole, tetracycline,
amoxicillin-clavulanic acid and chloramphenicol. ESBL-producing strains were detected in 6%
of the patients. Resistance among gram-negative bacteria has become increasingly common, even
in community-acquired infections.
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Nowadays, diabetes mellitus is one of the world’snfections are normally polymicrobial. The organisms
most important health problems. In Brazil, there arenvolved include aerobic gram-positive cocci, gram-
about 5 million diabetics, half of which are unawarenegative bacilli Escherichia coli Klebsiellaand
that they have the diseagenong the population Proteusspecies) and anaerobBsa¢teroidespecies
between 30 and 69 years old the prevalence andPeptostreptococcyi§3].
diabetics is 7.6%. Most diabetic patients who are Enterobacteria are an important pathogenic group
attended at Brazilian University hospitals have fooin community and hospital-acquired infections and
ulcers. The prevalence of diabetes is 6.4% in the statesistance to antibiotics has become increasingly
of Ceara, Brazil, while the rate of cases that areommon. The most serious resistance patterns now
undiagnosed is 64%4,2]. emerging among Gram-negative organisms include

It has been estimated that 15% of diabetic patientesistance to extended-spectrum cephalosporins and
develop an ulcer on the foot or ankle at some timgenicillins[4].

Infection is a common sequel of diabetic foot ulceration  In Latin America, resistant bacteria are emerging as
and trauma, which, once established, progressively serious threat to patients with common infections in
worsens and becomes more difficult to treat. Theommunity and hospital settings. The time to change
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of enterobacteria and their participation in diabetic foomethod, as described by the National Committee for

ulcer infections, our objectives were: Clinical Laboratory Standards (NCCL[S) and by
a) to analyze, in a prospective study, the prevalendbe VITEK system. Quality control was done by the
of enterobacteria and ESBL-producing straingEscherichia colATCC test (American Type Culture
isolated from diabetic patients with community- Collection) 25922The antimicrobial agents tested
acquired foot infection. were: ampicillin, amikacin, gentamicin, amoxicillin-
b) to monitor the patterns of antibiotic susceptibilitiesclavulanic acid, aztreonam, cephalotin, cefoxitin,
of the bacterial species isolated in this investigationcefotaxime, ceftriaxone, ciprofloxacin, cefepime,

chloramphenicol, imipenem, trimethoprim/
Materials and Methods sulfamethoxazole and tetracycline.

Patient Selection. The subjects of this study consistddSBL-Producing Strains. Those strains, that were

of - 141 patients with diabetes who had an infecteghenotypically identified as ESBL-producing strains in

foot ulcer and who were attended at the CIDHthe agar diffusion method and identified as ESBL-

(Centro Integrado de DiabetesHipertensdo) producing strains by the VITEK system, were

located in Fortaleza, Ceara, Brazil, between MarcBubsequently tested with the double disk diffusion

1, 2000 and November 30, 2001. The data watechnique, as recommended by NCCLS.

collected prospectively. Each patient was included

only once in the study. They were taken to aResults

ambulatory clinic specialized in foot ulcers after they

had been registered at the health station and after thémformation on Clinical Isolates. The Enterobacteria

diabetes was diagnosed. (97.8%) were the most frequently isolated bacteria,
with 156 species from 138 patient$ie five most

Bacteriological Procedures. All the patients had signfrequently occurring pathogens were (nunil8éy:

of mild to moderate localized infection (cellulites, Klebsiella pneumonia€33/21.2%),Morganella

exudates, etc.). The surface of the wound was preparatbrganii 31/19.9%)Escherichia col{(24/15.4%),

with a vigorous saline scrub, followed by debridemenProteus mirabilis(23/14.7%) andEnterobacter

of superficial exudates with sterile instruments.aerogenegl0/6.4%). The six most frequent pathogens

Specinens were obtained by scraping the ulcer base @ccounted for 77.6% of all isolates.

the deepest part of the wound edge with a sterile swab.

The specimens were collected with a swab an&usceptibilities. The resistance rates of the

transported in Stuart transport mediy6y7].  Enterobacteriaceae strains to ampicillin, tetracycline,

Bacteriological studies were performed in thecefalotin and sulfonamides were 68.6%, 64.1%, 51.3%

microbiology laboratory of the Federal University of and 37.2%, respectively (Figures 1 and 2). The most

Ceara. Total transfer time to the laboratory was no long@&ffective drugs against these enterobactegia the

than two hours. The specimens were inoculated intoarbapenems (100% were susceptible to imipenem),

blood agar (BAP), MacConkey agar and Brain Hearfollowed by ciprofloxacin and the fourth generation

Infusion broth (BHI). The cultures were incubated atcephalosporins cefepime and gentamicin.

35°C. Bacteria were identified by conventional

biochemical test$] and/or by an automated system ESBL-Producing Strains. ESBL-producing strains

VITEK (bioMérieux Vitek, St. Louis). were isolated from 10 patients. The species found were
K. pneumoniadseven isolates) ard. coli (three

Susceptibility €sting. Antimicrobial susceptibility testing isolates). Four of the patients had been interned during

of isolates was done by the reference agar diffusiothe preceding 30 days. One patient had a recent lesion




BJID 2003; 7 (April) Enterobacteriaceaésolated from Diabetes Foot Infections 131

that had been developing for 10 days without anypractices, different climate, and other unrecognized
treatment with antibiotics. The remaining five patientfactors [14].

had been treated with antibiotics during the preceding Enterobacteria are an important group in community
30 days (cefalexin and ampicillin). None of theand hospital-acquired infections. They are common
aminoglycosides showed good activity against thesprecipitants of sepsis by virtue of the inflammatory
10 isolates. The antimicrobial activities of fie  response, activated by endotoxins present in the Gram-
lactamase inhibitor compounds, quinolones, aztreonamegative cell wall. Patients with diabetes mellitus and
and another class of antibiotics, chloramphenicol andialysis patients are at high risk for enterobacteria
trimethoprim/sulfamethoxazole, were unsatisfactoryinfection. Unfortunately, resistance has become
Only imipenem showed good activity; it inhibited 100%increasingly common among gram-negative bacteria,

of the isolates. making empirical therapy decisions more difficult. The
MOst serious resistance patterns now emerging among
Discussion Gram-negative organisms include resistance to

extended-spectrum cephalosporins and peniduns

Enterobacteria are commonly isolated from infected his resistance is commonly mediated by ESBLSs in
ulcers in diabetic patients. In the seventies, Leteé¢  Escherichia colandKlebsiellaspecies, or by the
[10] isolated enterobacteria from 11 patients among hyper production of chromosomally mediated
group of 20 patients with foot ulcers. Goldstein et alcephalosporinases (Bush group | amp C enzymes) in
(1996)[11] isolated enterobacteria from 12 of 25 Citrobacter, SerratiaandCitrobacterspecie$13).
patients, in a prospective study made to determine thighe ESBL genes generally result from point mutations
relative frequency of bacterial isolates cultured fronin the genes of broad-spectr{trlactamase Ambler
community-acquired foot infections. Patients who hadlass A enzymes, such as TEM-1, TEM-2 or SHV-1.
previously received antibiotics were more likely to haveThey are usually located in conjugative megaplasmids,
MRSA, enteroccci anB. aeruginosaln our study, which often carry genes responsible for resistance to
enterobacteria were the most frequently isolated speciegher antibacterial drugs, making it extremely difficult
(in 97.8% of the patients). Cefalexin was taken by 56%®o treat infections caused by bacteria that produce these
of these patients. enzyme$15).

There is a strong association between heavy Alongwith ESBLS, plasmid-mediated Ambler class
antimicrobial consumption within a population andtheC cephalosporinases (or Bush group 1
frequency of recovery of resistant bacteria [12]. Carsephalosporinases) have been found in clinical isolates
etal. [13], compared the non-hospital use of antibioticef the EnterobacteriaceaeThese enzymes can
in the 15 member states of the European Union in 199toduce resistance to cephamycins, extended spectrum
and found that in 11 of these countries, the mostephalosporins and aztreonam, and unlike class A
commonly used antibiotic was broad-spectrumESBLS,-lactamase inhibitors do not inhibit these
penicillin. Data on antibiotic sales are not publiclybacterig16].
available in many countries, including Braailhigh The emergence of plasmid-mediated extended-
percentage of the Enterobacteria that we isolated spectrunf-lactamases (ESBLS) amg members of
our study were resistant to ampicillin, tetracycline, firsthe Enterobacteriaceabas increased worldwide
generation cephalosporin, trimethoprim/[17-19. In France, 14.1% of th€. pneumoniae
sulfamethoxazole, amoxicillin + clavulanic acid andisolated from 12 university hospitals up to 1990 were
chloramphenicol. It is unclear why the Gram-negativeeefotaxime resistant, and, 51% of tike
isolates should manifest such high rates of resistanggneumoniaasolated in a training hospital were
The reasons may include differences in the use d&SBL-producing [19]. In the United States, National
antimicrobial substances, differences in infection contraNosocomial Infection Surveillance notifications up
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Figure 1. Antimicrobial resistance of 13nterobacteriaceat® aminoglycosides, sulfonamides, quinolones,
chloramphenicol and tetracycline.
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to 1991 indicated 5% resistance to ceftazidime4.5% (Uruguay) to 12% (Chile and Mexico) among
Although these strains were initially only found on E. coli, and from 31% (Mexico) to 56.6% (Brazil)
the east and west coasts, and in the Chicago regicaamongK. pneumoniagd].
K. pneumonia&SBL producing strains are now  In 1998 a Brazilian multicenter study was conducted
widespread all over the United States (20,21). Onby the Sentry Antimicrobial Surveillance Program in 20
thousand two hundred and ten clinical isolates o€linical laboratories and 36 hospitals located in different
Escherichia coli,collected from a University regions of the country; 855 isolates were evaluated,
hospital in Southern Taiwan in 1999, were screenehcluding 591 enterobacteria. The two most frequently
for ESBL-producing strains; the rate of prevalenceoccurring pathogens weke coliandK. pneumoniae
in that study was 1.6%, lower than that reported ilAmong the Brazilian isolates collected by the SENTRY
Japan (2.9 to 8.%L7]. program, 13.6% of thE. coliand 42.1% of th&.

Until 1987, there were no reports of ESBLs frompneumoniagvere ESBL-producing straifid2,23. In
the southern cone of South America (5). In 1997 theur study, the frequency of ESBL-producing strains was
SENTRY Antimicrobial Surveillance Program analyzed6%, possibly reflecting community spread of these strains.
ESBL producing strain&( coliandK. pneumoniae  The resistance profile was similar to that of other studies
isolated from the bloodstream, and found that ESBIdescribed in the SENTRY surveillance program, and it
producing strains causing blood infections varied fronmindicates a combination of other beta-lactamases, hyper
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Figure 2. Antimicrobial resistance of 198nterobacteriaceat® beta-lactamics.
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production of ESBL, or 2br group ESBL, according todiagnosis and antibiotic use strategies, we are treating
the Bush et al. classificatiphg]. blinding, with inevitable negative consequences.
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