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Bloodstream Infections Caused by ESBL-Producing E. coli and K. pneumoniae:
Risk Factors for Multidrug-Resistance

Kivanc Serefhanoglu, Hale Turan, Funda Ergin Timurkaynak and Hande Arslan
Baskent University, Medical Faculty, Department of Infectious Diseases and Clinical Microbiology; Ankara/Turkey

This prospective case-control study was conducted from October 2003 to June 2007 to evaluate risk factors for
multidrug resistance among extended-spectr um-b-lactamase-producing Escherichia coli and Klebsiella spp. (ESBL—
EK) isolates in blood cultures. All adult patients (>18 years old) whose blood cultures grew ESBL-EK during the
study period were included. An ESBL-EK isolate was defined as MDR if it was resistant to at least one member of
following two classes of antibiotics: aminoglycosides (amikacin, gentamicin, or netilmycin) and fluoroquinolones
(ofloxacin, or ciprofloxacin). Case patients were those with a MDR ESBL—EK isolate, and control patients were
those with a non-MDR ESBL-EK isolate. A total of 94 bloodstream infections, including 37 (39,4%) bloodstream
infections with ESBL—producing E. coli and 57 (60,6%) with ESBL—producing K. pneumoniae, in 86 patients were
enrolled. Thirty episodes (31.9%) weredueto MDR ESBL-EK. Theonly independent risk factor for MDR ESBL-EK
was duration of hospitalization before bacteraemia (OR 3.88; 95% CI 1.55-9.71; p=0.004). The rate of multidrug
resistance among ESBL-EK bloodstream isolates was high, and duration of hospitalization before bacteraemia was

the only indeepended risk factor for the MDR ESBL-EK bloodstream infections.
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Extended-spectrum p-lactamazes (ESBLS) are group of
plasmid-borne enzymeswith the ability to hydrolyze oxyimino-
B-lactams[1]. They aremainly found in avariety of members
of the Enterobacteriaceae, predominantly in Escherichia coli
(E. coli) and Klebsiella pneumoniae (K. pneumoniae), as
well as in Pseudomonas aeruginosa [2,3]. ESBLs confer
resistance not only to penicillins, aztreonam, and
cephal osporins but could also be resistant to other antibiotic
classes including aminoglycosides, trimethoprim-
sulfamethoxazol e, and quinolones[4-6]. Theclinical relevance
of the multidrug resistance among ESBL-producing E. coli
and Klebsiella spp. (ESBL—EK) isolates is of great concern
due to the severely limited therapeutic options and increased
risk of treatment failure in patients infected with such strains
[7]. Thereforeit isimportant to determine risk factorsfor the
infectionswith multidrug-resistant (MDR) ESBL—EK isolates.
Although the phenomenon of antimicrobial coresistance
among ESBL—EK isolatesof various sampleshas been reported
[8,9], theissue has not been well described among ESBL—EK
isolates causing blood stream infections.

In this report, we analyzed the clinical characteristics of
the bloodstream infections caused by MDR ESBL-EK
isolates, and compared them with those caused by ESBL—EK
isolates without such resistance pattern. We also evaluated
the antibiotic susceptibility pattern of these ESBL -producing
isolates to a variety of antibiotics. In order to avoid the
difficulties in differantiation between colonization and
infection, only patients' developing bacteraemias were
included in the study.
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Material and M ethods

This is a case-control study of bloodstream infections
caused by ESBL—EK, and was conducted from October 2003
to June 2007, at Baskent University Konya Medical and
Research Center, a 200-bed academic tertiary care center, in
Konya, Turkey. The database at the Clinical Microbiology
Laboratory and Department of Hospital Infection was
prospectively assessed in order toidentify patientswith ESBL -
EK bacteremia. The study protocol was approved by the ethics
committee of the Baskent University.

AnESBL—EK isolatewasdefined asMDRif it wasresistant
to at least one member of following two classes of antibiotics:
aminoglycosides (amikacin, gentamicin, or netilmycin) and
fluoroquinolones (ofloxacin, or ciprofloxacin). Duplicate
isolatesfrom the same patient were excluded. A duplicateisolate
was defined as an isolate recovered from blood speciemens
less than 15 days apart from the same patient.

In this case—control study, case patients were those with
a MDR ESBL—EK isolate, and control patients were those
withan ESBL—EK isolatethat did not meet criteriafor multidrug
resistance. All adult patients (>18 years old) whose blood
culturesgrew ESBL—EK during the study period wereincluded.
Nosocomial bloodstream infectionsaswell asother nosocomial
infections were defined according to the criteria proposed by
the Centers for Disease Control and Prevention [10].

Blood culture samples were collected by peripheral
venipuncture and processed in BACTEC 9050, Becton
Dickinson, USA. Antimicrobial susceptibility testing of the
isolated organisms was done by disk diffusion method using
the Kirby—Bauer technique [11], and as per the
recommendationsof the CLS! (formerly NCCLS) [12]. All disks
were obtained from Oxoid limited Wade Road, Basingstoke,
Hampshire, RG24 8PW, England. E. coli ATCC 25922 wasused
as the reference strain for quality control. Drugs tested were
ciprofloxacin, ofloxacin, gentamicin, amikacin, netilmicin,
piperacillin-tazobactam, cefepime, tetracycline,
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chloramphenicole, trimethoprim-sulfamethoxazole, and
imipenem. ESBL production was examined by the combination
disk method [13,14]. In brief, the diameters of the inhibition
zoneson cefotaxime and ceftazidime disks (30 pg each), alone
and in combination with clavulanic acid (10 ug), were
determined. An increase in the zone diameter of five mm or
more when either of the antimicrobial agents was combined
with clavulanic acid was considered evidence of ESBL
production.

Clinical variable collected from patients with bacteraemia
included age, gender, the severity of illness, as calculated by
the Acute Physiology and Chronic Health Evaluation
(APACHE) 1 score[15], location of the patient in the hospital
at the time of bacteremia, underlying medical conditions
(including malignancy, chronic renal disease, chronic
obstructive pulmonary disease, diabetes mellitus,
cerebrovascular disease, and chronic heart failure), laboratory
findings, recent hospitalization, duration of hospitalization
before onset of bacteremia, insertion of invasive device (i.e.,
drainage catheter, central venous catheter, mechanical
ventilation, and/or urinary catheter), corticosteroid therapy,
and any surgical procedure performed during the previous 30
days of onset of bacteremia. Antimicrobial therapy given for
at least 48 hr in the last 30 days before onset of bacteraemia
was considered as previous antibiotic treatment. Bacteraemia
was considered as hospital acquired if the blood culture was
collected >48 hours after admission of the patient. Death of
the patient was attributed to the bacteraemia if there was no
other condition documented as cause of death.

Satistical Analysis

Collected data were subjected to statistical analysisusing
SPSS«ttistical packageversion 13.0. Therisk factorsfor MDR
ESBL-EK were examined by multiple logistic regression
analysis and chi-squere test where appropriate. A value of
p<0.05 was considered as significant.

Results

A total of 94 bloodstream infections, including 37 (39.4%)
bloodstream infections with ESBL-producing E. coli and 57
(60.6%) with ESBL-producing Klebsiella spp. in 86 patients
were enrolled during the study period. Of the 94 episodes, 30
(31.9%) weredueto MDR ESBL—EK. Thespeciesof Klebsiela
wereK. pneumoniaein 50 (87.7%) episodesand K. oxytocain
seven (12,3%). The 30 MDR ESBL-EK isolatesincluded 10
(33.3%) E. coli, 18 (60%) K. pneumoniae, and two (6.7%) K.
oxytoca.

Theresults of multivariatelogistic regression analysisfor
demographics, APACHE 11 score, nosocomial infection,
hospital location at timeof infection, duration of hospitalization
before bacteremia, surgery in previous 30 days of bacteremia,
therapeutic procedures, corticosteroid usein previous 30 days,
comorhidities, and antibiotic use within 30 days in case
patientswith MDR ESBL—EK compared to control group with
non-MDR ESBL-EK areshowninTable 1. Theonly variable,

independetly associated with the MDR ESBL-EK infection,
was duration of hospitalization before bacteraemia (OR 3.88;
95% Cl 1.55-9.71; p=0.004). Univariateanalysisfor the species
of infecting organism, mortality, and source of bacteraemia
revealed no difference between the two groups (Table 2).

The detail antibiotic resistance pattern of the E. coli and
Klebsiella spp. isolates is given in Table 3. Only imipenem
remained effective against all isolates of ESBL-EK. Strains
resistant to piperacillin-tazobactam and cefepime were higher
in MDR ESBL-EK group (40 and 70%, respectively) thanin
non-MDR ESBL-EK group (35.9 and 64.1%, respectively);
about 80% of isolates in the both groups were resistant to
trimethoprim-sulfamethoxazole; 39.1 and 60.9% of non-MDR
ESBL-EK strains displayed resistance against at least one
member of aminoglycosides and fluoroquinolones tested,
respectively; and tetracyclineremained largely (approximately
94%) resistant among strains in the both groups.

Discussion

The presenting study investigated bloodstream infections
dueto ESBL—EK inour center over athree and one-half years
period. Atotal of 94 strainswere obtained inwhich ahigh rate
(31.9%) of multidrug resistance (ESBL-EK with both an
aminoglycoside and a quinolone resistance) was detected.
Since plasmids frequently carry both the ESBL and
aminoglycoside resistance genes and many Enterobacteriacea
species have also chromosomal resistance to quinolones, the
ESBL -producing Enterobacteriaceaare commonly multidrug
resistant [16]. Our finding is in accordonce with several
previous researchs that also found a high proportion of
multidrug resistance among ESBL producers. Paterson et al.
reported a close relationship between ESBL production and
ciprofloxacin resistancein K. pneumoniae[6]. A high rate (18
t059.5%) of aquinolone[6,17-21] and/or an aminoglycoside
(63-77%) [18,22] resistance has been reported among ESBL
producers from the various geopraphical areas.

We used a case-control approach to identify clinical
predictors of bacteraemia involving MDR ESBL-EK
organisms. It has been suggested that risk factors for an
infection may differ from risk factorsfor colonization[23]. So,
our study is important since we studied true infections by
including only bloodstream isolates. We found that duration
of hospitalization before bacteraemia (OR 3.88; 95% Cl 1.55—
9.71; p=0.004) wasthe only predictor of bacteraemiadueto a
MDR ESBL—EK. Thisindentified risk factor isnot surprising.
In the current study, the mean hospital stay before bacteremia
was 16.6 days in patients who developed MDR ESBL-EK
bacteraemia versus eight days in those who had non-MDR
ESBL-EK bacteremia. It is well known that K. pneumoniae
primarily attacks such individuals who are hospitalized for
severe underlying diseases. Those patients often require
prolonged hospitalization and invasive procedures, which
breach the normal host defenses and increase the risk of
bacteria colonization and infection [24]. It isnot an unexpected
scenario that the patients with long hospitalization require
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Table 1. Risk factorsfor MDR ESBL—EK in bloodstream infections, n (%)".

MDRESBL-EK ~ Non-MDRESBL-EK OR (95% ClI) pvalue
group (n=30) group (n=64)
Demographics
Ageinyears, mean SD 65.8+16.3 62+16.4 101 (0.96-1.07) 0658
Sex 207 (0.28-15.38) 0479
Male 18 (60) b 54.7)
Femde 12 (40) 2 (45.3
APACHEII, mean+ SD 16.2+9.8 156+9.3 091 (0.78-1.07) 0.259
Nosocomial infection 29 (96.7) 61 (95.3) 852 (0.00-2.70) 0.779
Hospital location at time of infection 0.00 (0.00-) 099
Intensive care unit 2 (86.2) 244 (72.7)
Genera medical or surgical ward 4(138) 17 (27.9)
Hospital stay before bacteremia, 166 (7-79) 8 (2-16) 388 (1.559.71) 0004
mean days (range)
Surgical procedurein previous 30 days 8 (26.7) 16 (25) 0.76 (0.06-10.06) 0834
Mechanical ventilation 12 (40) 16 (25) 0.19 (0.02-1.95) 0.163
Urinary catheterization 28 (933 60 (938) 0.22 (0.00-18.69) 0507
Central venous catheter 2 (733 46 (71.9) 104 (0.08-13.46) 0977
Drainage catheter 5(16.7) 8(125) 274 (0.16-46.00) 0483
Nursing home resident - 231 4.3E (0.00-) 099
Corticosteroid use in previous 30 d 3(10) 8 (125) 191 (0.03-14353) 0.768
Underlying diseases
Diabetesmellitus 8(26.7) 16 (25) 196 (0.14-26.62) 0613
Chronic obstructive pulmonary disease 5(16.7) 14 (21.9) 210 (0.16-27.57) 0571
Cerebrovascular disease 7(233) 13 (203 182 (0.12-24.76) 0598
Chronic renal disease 5(16.7) 8 (125) 146 (0.05-41.68) 0824
Malignancy 1(33 4(63) 2.35 (0.02-269.85) 0.725
Chronic heart failure 2(6.7) 5(7.8) 0.38 (0.01-13.85) 0597
Prior use of any antibiotic 29 (96.7) 58 (90.6) 300 (0.34-26.10) 0.298
within previous 30 d
Prior use of spesific antibiotic within previous 30 d
Trimethoprim-sulfamethoxazole 4(133) 5(7.8) 0.89 (0.04-20.91) 0943
Broad-spectrum cephal osporin? 11 (36.7) 25 (39)) 164 (0.12-21.65) 0.707
Narrow-spectrum cephal osporin® 5(16.7) 8 (125) 11.10 (0.63-194.68) 0.100
Extended-spectrum penicillins® 6 (20) 17 (26.6) 123 (0.14-1059) 0853
Piperacillin-tazobactam 4(133) 7 (109 2.30 (0.19-27.69) 0513
Carbapenems* 4 (133 6 (9.4) 056 (0.01-30.67) 0.777
Aminoglycosides® 3(10) 6 (94) 002 (0.00-9.03) 0.209
Quinolones' 13 (433 2 (344 0.17 (0.02-1.36) 0.0

* Logigtic regression andysis is used for andyss 2 Indudes ceftazidime, oefotaxime, ceftriaxone, and cefepime; P Includes cefozolin, oefuroxime; © Indudes ampicillin-
sulbactam, amoxicillin-clavulanate; ¢ Includes meropenem, imipenem; ©Includes amikacin, gentamicin, and netilmycin; " Includes ciprofloxacin, ofloxacin.

Table 2. Source, infecting organism, and mortality inthe MDR ESBL-EK and non-MDR ESBL-EK groups, n (%)™

MDRESBL-EK group (n=30) Non-MDR ESBL-EK group (n=64) pvalue

Sources of bacteremia o777
Urinary 11 (36.7) 26 (40.6)

Pneumonia 7(233) 11 (172

Skin/soft tissue 3 (10 5(7.8)

Abdominal - 3@

Venous catheter 3(10) 4 (6.2

Unknown 6 (20) 15 (235)
Organism 0413
E. coli 10 (333 27 (422)

Klebsiella spp. 20 (66.7) 37 (578

Mortality 7 (233 12 (188) 0.606

“Chi-squere test is used for analysis.
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Table 3. Resistance pattern of bloodstream MDR-and-non-MDR ESBL—EK isolatesto various antimicrobial agents.

No. (%) of isolateswith resistancetodrug

Antibictic MDR ESBL-EK strains(n=30) Non-MDR ESBL-EK grains(n=64) All (n=94)
Aminoglycosides? 30 (100) 25 (30 5 (585)
Fluoroquinolones® 30 (100) 39 (60.9) 69 (734)
Trimethoprim-sulfamethoxazole 25 (833 R (8L3) 77 (819)
Imipenem - - -
Piperacillin-tazobactam 12 (40) 23 (359 b (372
Cefepime 21 (70) M1 (64.0) 62 (65.9)
Tetracycline 28 (933 61 (95.3) & (A7)
Chloramphenicole 21 (70) 50 (78.1) 71 (755)

aResistance to at least one of amikacin and gentamicin; "Resistance to at least one of ciprofloxacin and ofloxacin.

frequent antibiotic therapy, and in turn antibiotic therapy
promotes colonization or infection of thetreated patientswith
resistant organisms by eradicating susceptible isolates and
reducing the host’s resistance to colonization [18].
Furthermore, review of literature shows that hospitalization
for along period of time is arisk factor for the isolation of
various highly resistant organisms [18,25-27]. In our study,
while prolonged hospitalization was a risk factor for
bacteraemiaduetoaM DR ESBL-EK, APECHE |1 score, used
to assess severity of the patients, was not. It would be
proposed that patients who need prolonged hospitalization
are expected to have higher APECHE |l scores. A possible
explanation for this discrepancy may be that the patients in
this study were generally medically debilitated patients, who
may frequently need hospitalization for a long time due to
their underlying diseases but can have a relatively low
APECHE |l score. In addition, a severe disease does not
necessitate the existence of ahighAPECHE Il score. APECHE
Il score shows severity of the status of the patient at thetime
of admission to an intensive care unit but not the presence of
a severe disease or genera illness status.

Antibiotic resistance to the various antibiotics tested was
striking in the present study and comparable between MDR
ESBL-EK and non-ESBL—EK isolates(Table 3). Among all of
94 isolates, 89.4% were resistant to tetracycline, 75.5% to a
fluroquinolone tested, 86.2% to trimethoprim-
sulfamethoxazole, 69.1% to piperacillin-tazobactam and 67%
to cefepime. Our datameansthat although the use of cefepime
or piperacillin-tazobactam to treat ESBL—EK infections (when
an ESBL-EK issusceptiblein vitro) are controversial [28,29],
the use of these antibiotics for an early, empiric therapy may
result in failure in a significant proportion of patients. In
general, the resistance rates to these antibiotics among
isolates in our study are similar to that reported from Isragl
[30] and Colombia[31], but higher than that in USA [7,32] and
Singapore[33].

In conclusion, the rate of multidrug resistance among
ESBL—EK bloodstream isolates was high at the Baskent
University Konya Medical and Research Center, which is a
serious threat to antibiotic therapy and may increase the rate
of treatment failure. Duration of hospitalization before

bacteraemiawasthe only independed risk factor for the MDR
ESBL—EK bloodstream infections.
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