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Background: Commonly encountered nosocomially acquired
gram-negative bacteria, especially Klebsiella pneumoniae, produce
extended-spectrum �-lactamases (ESBLs) as an antibiotic resis-
tance mechanism.

Objective: To determine whether microbiology laboratories
should report the presence of ESBLs and to establish the infection-
control implications of ESBL-producing organisms.

Design: Prospective observational study.

Setting: 12 hospitals in South Africa, Taiwan, Australia, Argen-
tina, the United States, Belgium, and Turkey.

Patients: 440 patients with 455 consecutive episodes of K. pneu-
moniae bacteremia between 1 January 1996 and 31 December
1997; of these, 253 episodes were nosocomially acquired.

Measurements: The K. pneumoniae isolates were examined for
the presence of ESBLs. Pulsed-field gel electrophoresis was used
to analyze the molecular epidemiology of nosocomial bacteremia
with ESBL-producing K. pneumoniae.

Results: Overall, 30.8% (78 of 253) episodes of nosocomial
bacteremia and 43.5% (30 of 69) episodes acquired in intensive
care units were due to ESBL-producing organisms. After adjust-
ment for potentially confounding variables, previous administra-
tion of �-lactam antibiotics containing an oxyimino group (cefu-
roxime, cefotaxime, ceftriaxone, ceftazidime, or aztreonam) was
associated with bacteremia due to ESBL-producing strains (risk
ratio, 3.9 [95% CI, 1.1 to 13.8]). In 7 of 10 hospitals with more
than 1 ESBL-producing isolate, multiple strains with the same
genotypic pattern were observed, indicating patient-to-patient
spread of the organism.

Conclusions: Production of ESBLs by Klebsiella pneumoniae is a
widespread nosocomial problem. Appropriate infection control and
antibiotic management strategies are needed to stem the spread
of this emerging form of resistance.
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Since the discovery that resistance of Staphylococcus au-
reus to penicillin is mediated by a �-lactamase, much

effort has been made to create �-lactam antibiotics that are
stable to common �-lactamases. Cephalosporin antibiotics
containing an oxyimino side-chain represent a major ad-
vance in antibiotic development. The merger of the oxy-
imino chain and a 2-amino-5-thiazolyl nucleus (in such
antibiotics as ceftriaxone, cefotaxime, and ceftazidime) re-
sulted in stability to the effects of the common TEM-1 and
SHV-1 �-lactamases produced by gram-negative bacilli,
such as Escherichia coli and Klebsiella pneumoniae. How-
ever, within a few years of the commercial release of these
antibiotics, gram-negative bacilli (especially K. pneumoniae)
that harbored mutated versions of the parent TEM and
SHV enzymes were detected. These and other newly de-
tected �-lactamases (for example, the functionally similar
CTX-M types) hydrolyze �-lactam antibiotics containing
the oxyimino side-chain. Genes encoding these extended-
spectrum �-lactamases (ESBLs) were carried on transfer-
able plasmids. These plasmids frequently carried determi-
nants of resistance to other classes of antibiotics,
particularly the aminoglycosides (1, 2).

Thus, ESBL-producing gram-negative bacilli were
found to truly be multiresistant pathogens: The majority of
these strains were resistant to all �-lactam antibiotics (with
the exception of cephamycins and carbapenems), most

aminoglycosides, trimethoprim–sulfamethoxazole, and some-
times the fluoroquinolones. Although the prevalence of
ESBL production among gram-negative bacilli varies geo-
graphically (and may even vary from hospital to hospital
within a city), widespread recognition of the advent of
these �-lactamases has been lacking (3).

Previous studies of the epidemiology of ESBL-pro-
ducing organisms have been largely limited to single
institutions (4, 5). Because substantial information on
the epidemiology of ESBL-producing K. pneumoniae or
other gram-negative bacilli is lacking, we established a
collaboration of researchers from 7 countries on 6 con-
tinents to prospectively enroll consecutive patients with
K. pneumoniae bacteremia.

METHODS

Study Design
We performed a prospective observational study of

440 consecutive, sequentially encountered patients with K.
pneumoniae bacteremia at 12 hospitals in South Africa,
Taiwan, Australia, Argentina, the United States, Belgium,
and Turkey. No patient was excluded from analysis. Pa-
tients were enrolled from 1 January 1996 to 31 December
1997. Patients were older than 16 years of age and had
positive blood cultures for K. pneumoniae. The investiga-
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tors completed a 188-item study form on each episode of
K. pneumoniae bacteremia. Patients were followed for 1
month after the onset of bacteremia to assess clinical out-
come, including death and infectious complications. The
study was observational in that administration of antimi-
crobial agents and other therapeutic management was con-
trolled by the patient’s physician rather than the investiga-
tors (6). The study was approved by institutional review
boards as required by local hospital policy at the time of
the study.

Definitions
All study definitions were established before data anal-

ysis. Nosocomial bacteremia was defined as K. pneumoniae
bacteremia occurring more than 48 hours after admission
to hospital. An episode of bacteremia was defined as the
period of 14 days from the time of collection of the first
blood culture positive for K. pneumoniae. Severity of acute
illness was assessed at the time of the positive blood cul-
tures by using the Pitt bacteremia score, a previously vali-
dated scoring system that is based on mental status, vital
signs, requirement for mechanical ventilation, and recent
cardiac arrest (Table 1) (7, 8). Severity of illness in patients
in an intensive care unit at the time of onset of bacteremia
was assessed by using the Acute Physiology and Chronic
Health Evaluation-3 score (9). Site of infection was deter-
mined to be pneumonia, urinary tract infection, meningi-
tis, incisional wound infection, other soft-tissue infection,
intra-abdominal infection, or primary bloodstream infec-
tion according to Centers for Disease Control and Preven-
tion definitions (10). Previous antibiotic therapy was de-
fined as antibiotics given for at least 2 days within the 14
days before an episode of K. pneumoniae bacteremia (11).
Antibiotic therapy for the episode of K. pneumoniae bacte-

remia was the receipt of antibiotics that are active in vitro
against the blood culture isolate (that is, susceptible accord-
ing to 1999 NCCLS breakpoints (12), given for at least 2
days within the first 5 days of collection of the first positive
blood culture. Mortality was death from any cause within
14 days from the date of the first positive blood culture for
K. pneumoniae.

Microbiological Analysis
Production of ESBL was phenotypically determined

by broth dilution using the NCCLS performance standards
current as of January 1999 (12). A �3 twofold decrease in
the minimal inhibitory concentration (MIC) for cefo-
taxime or ceftazidime tested in combination with clavu-
lanic acid compared with its MIC when tested alone was
considered phenotypic confirmation of ESBL production.
For example, an isolate with a ceftazidime MIC of 8
�g/mL and a ceftazidime–clavulanic acid MIC of 1
�g/mL fulfills this definition of an ESBL-producing organ-
ism (12). The MICs of antibiotics commonly used in the
treatment of gram-negative sepsis were determined for the
ESBL-producing isolates by using the gradient diffusion
method (Etest, AB Biodisk, Solna, Sweden).

Pulsed-field gel electrophoresis was used to establish
the genotypic relationships of ESBL-producing isolates
from each hospital (11).

Statistical Analysis
All statistical comparisons were made by using

PROPHET Statistics software, version 6.0 (ABTech-BBN
Corp., Charlottesville, Virginia) or Stata software, version
7.0 (Stata Corp., College Station, Texas). For bivariate
comparisons, the chi-square or Fisher exact test was used to
compare categorical variables. Continuous variables were
compared by using the t-test or the Mann–Whitney test.
Length of stay before positive blood culture was missing for

Table 1. The Pitt Bacteremia Score*

Criterion Points

Fever (oral temperature)
�35°C or �40°C 2
35.1–36.0°C or 39.0–39.9°C 1
36.1–38.9°C 0

Hypotension 2
Acute hypotensive event with drop in
systolic blood pressure � 30 mm Hg and
diastolic blood pressure � 20 mm Hg
or
Requirement for intravenous vasopressor
agents
or
Systolic blood pressure � 90 mm Hg

Mechanical ventilation 2
Cardiac arrest 4
Mental status

Alert 0
Disoriented 1
Stuporous 2
Comatose 4

* All criteria are graded within 48 hours before or on the day of first positive blood
culture. The highest point score during that time is recorded.

Context

Worldwide prevalence of extended-spectrum �-lactamase
(ESBL)–producing organisms is of great concern because of
their broad antibiotic resistance.

Contribution

Analysis of consecutive cases of Klebsiella pneumoniae
bacteremia at 12 hospitals on 6 continents shows that al-
though incidence varies widely among institutions, almost
one third of cases of nosocomial bacteremia and almost
one half of intensive care unit–based infections were
caused by ESBL-producing organisms. Patient-to-patient
spread is common, and prevention requires careful atten-
tion to routine infection control measures.

Cautions

Specific antibiotic exposures before K. pneumoniae infec-
tion cannot be confirmed as risk factors for ESBL-related
infections on the basis of this study.

–The Editors
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10 (4%) patients, all of whom had been readmitted within
1 week of discharge. Length of stay for these 10 patients
was therefore estimated by using a predictive model that
assumed “missing at random.”

Because previous receipt of antibiotics was not ran-
dom, a propensity score model was used to further evaluate
the effect of receipt of antibiotics containing an oxyimino
group as a risk for ESBL production. The score was calcu-
lated by using a logistic model in which receipt of �-lactam
antibiotics containing an oxyimino group (cefuroxime,
ceftriaxone, cefotaxime, ceftazidime, or aztreonam) was the
dependent variable (scored as yes or no) and predictors
were all available factors hypothesized to influence the re-
ceipt of antibiotic therapy (underlying patient conditions),
with adjustment for center by using the indicator variables
for site. Factors included in the calculation of this score
were age, sex, admission from nursing home, underlying
diseases (cancer, HIV infection, diabetes, or renal and liver
disease), previous surgery, use of corticosteroids, presence
of a central line, mechanical ventilatory support, presence
of a nasogastric tube, and the indicator variables for site. A
logistic model clustered on the patient that used receipt of
antibiotics containing an oxyimino group and the quintile
stratified score was then used to evaluate the risk for ESBL
production.

Role of the Funding Source
Merck and Company provided support for laboratory

studies but played no role in study design, conduct of the
study, interpretation of the results, or approval of the study
before publication.

RESULTS

During the study period, 455 episodes of K. pneu-
moniae bacteremia occurred in 440 patients; of these, 202

(44.4%) episodes in 196 patients were community ac-
quired and 253 (55.6%) episodes in 244 patients were
nosocomially acquired. Table 2 shows the characteristics of
the participants.

Of the episodes of K. pneumoniae bacteremia, 18.7%
(85 of 455) were due to ESBL-producing organisms and
81.1% (369 of 455) were due to non–ESBL-producing
organisms. One additional episode involved an isolate that
showed a markedly elevated MIC for the oxyimino �-lac-
tam antibiotics but no decrease in MIC with the addition
of clavulanic acid. This isolate had an MIC for cephamycin
antibiotics in the resistant range and may have possessed an
AmpC-like enzyme. This episode was excluded from fur-
ther analysis.

Seventy-eight of 253 (30.8%) episodes of nosocomial
bacteremia were due to ESBL-producing organisms. Table
3 shows the sites of infection associated with nosocomial
ESBL-producing K. pneumoniae bacteremia. Fewer epi-
sodes of community-acquired K. pneumoniae bacteremia
(3.5% [7 of 202]) were due to ESBL-producing organisms
(P �0.001) (risk ratio, 8.9 [95% CI, 4.2 to 18.8]). Of the
253 episodes of nosocomial bacteremia, 69 were acquired
in the intensive care unit. Of these 69 episodes, 30
(43.5%) episodes of K. pneumoniae bacteremia acquired in
the intensive care unit were due to ESBL-producing organ-
isms. Polymicrobial bacteremia was noted in 15.4% (12 of
78) episodes of nosocomial K. pneumoniae bacteremia due
to ESBL-producing organisms, 21.7% (38 of 175) episodes
of nosocomial bacteremia due to non–ESBL-producing or-
ganisms, and 16.3% (33 of 202) episodes of community-
acquired bacteremia.

Risk Factors for Nosocomial Bacteremia Due to
ESBL-Producing K. pneumoniae

The proportion of episodes of nosocomial bacteremia
due to ESBL-producing K. pneumoniae by country was
78% (7 of 9) in Turkey, 59% (20 of 34) in Argentina,
37% (28 of 76) in South Africa, 36% (12 of 33) in the
United States, 25% (3 of 12) in Belgium, 12% (5 of 43) in
Australia, and 7% (3 of 46) in Taiwan. On bivariate anal-
ysis, compared with patients from the 2 U.S. hospitals,
patients in the Turkish hospital were more likely to be
infected with ESBL-producing organisms (risk ratio, 6.1
[CI, 1.1 to 34.3]) and those in the Taiwanese hospital were
less likely to be infected with ESBL-producing organisms
(risk ratio, 0.12 [CI, 0.03 to 0.48]).

The following variables were not significantly associ-
ated with nosocomial bacteremia due to an ESBL-produc-
ing organism on bivariate analysis: sex, age, admission from
a nursing home, severity of illness, underlying diabetes
mellitus, liver disease or HIV infection, previous transplan-
tation surgery, any surgery in the 30 days before the onset
of bacteremia, use of corticosteroids, presence of a central
venous line, mechanical ventilatory support, or presence of
a nasogastric tube.

Table 4 shows the relationships between antibiotic ex-

Table 2. Characteristics of 244 Patients with Nosocomial
Klebsiella pneumoniae Bacteremia

Characteristic Data

Country of residence, % (n)
South Africa 31.1 (76)
Taiwan 18.9 (46)
Australia 17.2 (42)
Argentina 13.9 (34)
United States 10.2 (25)
Belgium 4.9 (12)
Turkey 3.7 (9)

Demographic
Men, % (n) 60.7 (148)
Women, % (n) 39.3 (96)
Median age (range), y 58 (17–90)
Nursing home resident 2.9 (7)

Underlying disease
Cancer 38.5 (94)
Diabetes mellitus 15.2 (37)
Chronic liver disease 13.1 (32)
Chronic renal failure 6.6 (16)
Transplant recipient 4.5 (11)
Burns 3.7 (10)
No underlying chronic condition 21.3 (52)
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posure and subsequent bacteremia with an ESBL-produc-
ing K. pneumoniae strain. Because exposure to a �-lactam
antibiotic containing an oxyimino group is a key clinical
question, we used a propensity score–adjusted logistic
model to control for all confounders related to use of such
agents. After this adjustment, the risk ratio for ESBL pro-
duction associated with use of �-lactam antibiotics con-
taining an oxyimino group was 3.8 (CI, 1.1 to 13.8).

Death from Nosocomial K. pneumoniae Bacteremia
The mortality rate by 14 days after onset of nosoco-

mial K. pneumoniae bacteremia was 24% (61 of 253 pa-
tients). Bacteremic nosocomial pneumonia was associated
with a 37% mortality rate, bacteremia related to vascular
line placement was associated with a 22% mortality rate,
bacteremia related to wound infection was associated with
a 20% mortality rate, bacteremia related to intra-abdomi-
nal collections was associated with a 16% mortality rate,
and bacteremia related to urinary tract infection was asso-
ciated with a 12% mortality rate. Mortality rates from nos-
ocomial bacteremia were 27% (21 of 78) among patients
infected with ESBL-producing K. pneumoniae and 23%

(40 of 175) among patients infected with non–ESBL-pro-
ducing K. pneumoniae.

Molecular Epidemiology of ESBL-Producing K.
pneumoniae Strains That Caused Bacteremia

In 7 of 10 (70%) hospitals in which multiple blood-
stream isolates of ESBL-producing K. pneumoniae were
found, at least two isolates shared the same genotypic pat-
tern on pulsed-field gel electrophoresis, implying patient-
to-patient transfer of identical organisms. In 6 of these 7
hospitals, patients were not routinely placed in contact iso-
lation (single rooms and receipt of nursing with gown and
gloves) as part of infection control policy after isolation of
an ESBL-producing organism. In contrast, in 3 of the 5
(60%) hospitals in which no transmission of ESBL-pro-
ducing organisms was documented, all patients were placed
in contact isolation after the detection of such organisms.

DISCUSSION

For the past 30 years, Klebsiella species that are resis-
tant to aminoglycosides have been known to cause out-

Table 3. Characteristics of Episodes of Nosocomial Bacteremia with and without Organisms That Produce Extended-Spectrum
�-Lactamase*

Variable ESBL-Producing
Organisms
(n � 78)

Non-ESBL Producing
Organisms
(n � 175)

All Episodes
(n � 253)†

Bivariate Risk
Ratio (95% CI)

In intensive care unit at first positive blood culture, % (n/n)
Yes 43.5 (30/69) 56.5 (39/69) 27.3 (69/253) 1.67 (1.16–2.40)
No 26.1 (48/184) 73.9 (136/184) 72.7 (184/253)

Mean length � SE of hospitalization before positive blood culture, d 36.3 � 5.4 19.9 � 1.9 25.1 � 2.2 1.01 (1.00–1.02)
Renal failure, % (n/n)

Yes 55.6 (10/18) 44.4 (8/18) 7.1 (18/253) 1.92 (1.21–3.04)
No 28.9 (68/235) 71.1 (167/235) 92.9 (235/253)

Burns, % (n/n)
Yes 80.0 (8/10) 20.0 (2/10) 4.0 (10/253) 2.78 (1.92–4.01)
No 28.8 (70/243) 71.2 (173/243) 96.0 (243/253)

Total parenteral nutrition, % (n/n)
Yes 46.1 (24/52) 53.9 (28/52) 20.6 (52/253) 1.72 (1.18–2.49)
No 26.9 (54/201) 73.1 (147/201) 79.4 (201/253)

Indwelling urinary catheter, % (n/n)
Yes 39.6 (53/134) 60.4 (81/134) 53.0 (134/253) 1.88 (1.25–2.83)
No 21.0 (25/119) 79.0 (94/119) 47.0 (119/253)

Neutropenia, % (n/n)
Yes 8.3 (3/36) 91.7 (33/36) 14.2 (36/253) 0.24 (0.08–0.72)
No 34.6 (75/217) 65.4 (142/217) 85.85 (217/253)

Positive test for Klebsiella within 2 weeks, % (n/n)
Yes 59.3 (32/54) 40.7 (22/54) 21.3 (54/253) 2.56 (1.83–3.59)
No 23.1 (46/199) 76.9 (153/199) 78.7 (199/253)

Previous use of an oxymino group antibiotic, % (n/n)
Yes 75.05 (30/40) 25.0 (10/40) 15.8 (40/253) 3.33 (2.45–4.52)
No 22.5 (48/213) 77.5 (165/213) 84.2 (213/253)

Source of infection, % (n/n)
Undetermined 11.9 (5/42) 88.1 (37/42) 16.6 (42/253)
Pneumonia 33.3 (20/60) 66.7 (40/60) 27.7 (60/253)
Urinary tract infection 33.3 (14/42) 66.7 (28/42) 16.6 (42/253)
Vascular catheter 47.2 (17/36) 52.8 (19/36) 14.2 (36/253)
Intra-abdominal collection 32.4 (12/37) 67.6 (25/37) 14.6 (37/253)
Wound infection 28.6 (4/14) 71.4 (10/14) 5.5 (14/253)
Other 27.3 (6/22) 72.7 (16/22) 6.3 (16/253)

* ESBL � extended-spectrum �-lactamase.
† Six patients had multiple episodes of Klebsiella bacteremia.
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breaks of hospital-acquired infection (13). However, the
advent of plasmid-mediated ESBL production by Klebsiella
species, together with plasmid-mediated aminoglycoside
resistance, in the early 1980s (14–16) signaled a major new
problem with antibiotic resistance. In the 12 hospitals
studied, we found that 30.8% of episodes of nosocomial K.
pneumoniae bacteremia were with ESBL-producing strains.
In intensive care units, in which antibiotic use is heaviest
and the potential for patient-to-patient transmission of or-
ganisms is greatest, 43.5% of episodes of bacteremia due to
K. pneumoniae involved ESBL-producing strains.

Many clinicians are probably unaware of the problem
of ESBL production by gram-negative bacilli. Presence of
genes encoding vancomycin resistance in E. faecium is
readily apparent to clinicians by routine laboratory reports
indicating resistance of the organism to vancomycin. How-
ever, there is no universally applicable marker of the pres-
ence of ESBLs. Although resistance of K. pneumoniae to
ceftazidime is a useful marker of presence of ESBLs, fewer
than 50% of Klebsiella isolates in the United States un-
dergo testing for susceptibility to ceftazidime (17). More-
over, some types of ESBL-producing organisms appear sus-
ceptible to ceftazidime according to standard methods, and
ceftazidime resistance may be due to mechanisms other

than ESBL production. Unfortunately, many laboratories
do not test for ESBL production (18).

Our results show that awareness of ESBL production
by K. pneumoniae is clinically important. In the absence of
infection control measures, ESBL-producing organisms
readily pass horizontally from patient to patient. Reliable
laboratory methods are now available by which ESBL pro-
duction can be detected by clinical microbiology laborato-
ries. These methods, which have been promoted by the
NCCLS (12), rely on initial screening tests and follow-up
confirmatory tests. We believe that clinicians should not
have to specifically request these tests; rather, all significant
K. pneumoniae isolates should undergo routine screening
by clinical microbiology laboratories. Isolates suspected of
producing ESBLs should not be reported as susceptible to
third-generation cephalosporins or cefepime until follow-
up confirmatory tests are performed.

We found that recent use of a �-lactam antibiotic con-
taining an oxyimino group appeared to be a risk factor for
ESBL production by K. pneumoniae. However, the rela-
tively few patients who received these antibiotics and the
relatively few ESBL producers preclude definitive conclu-
sions about this link. In addition, clustering of episodes
within patients was not considered in the statistical analy-

Table 4. Relationship of Antibiotics Received within 14 Days of a Positive Blood Culture for Klebsiella and Development of
Bacteremia with an ESBL-Producing Strain*

Antibiotic ESBL-Producing
Organisms (n � 78)

Non-ESBL Producing
Organisms (n � 175)

Episodes in Which
Antibiotic Was
Given (n � 253)

Bivariate Risk
Ratio (95% CI)

4OOOOOOOOOOOOOOO% (n/n)OOOOOOOOOOOOOOO3
Penicillins 26.1 (12/46) 73.9 (34/46) 18.2 (46/253) 0.82 (0.48–1.38)
�-Lactam–�-lactamase inhibitor combinations

Ticarcillin–clavulanate 0 (0/7) 100.0 (7/7) 2.8 (7/253) –
Ampicillin–sulbactam 28.6 (2/7) 71.4 (5/7) 2.8 (7/253) 0.92 (0.3–3.0)
Amoxicillin–clavulanate 14.3 (1/7) 85.7 (6/7) 2.8 (7/253) 0.46 (0.1–2.8)
Piperacillin–tazobactam 46.7 (7/15) 53.3 (8/15) 5.9 (15/253) 1.56 (0.9–2.8)
Any combination 29.4 (10/34) 70.6 (24/34) 13.4 (34/253) 0.95 (0.5–1.7)

First-generation cephalosporins 28.6 (4/14) 71.4 (10/14) 5.5 (14/253) 0.92 (0.4–2.2)
Second-generation cephalosporins

Cefoxitin or cefotetan 0 (0/4) 100 (4/4) 1.6 (4/253) –
Cefuroxime 75 (6/8) 25 (2/8) 3.2 (8/253) 2.55 (1.6–4.0)

Third-generation cephalosporins
Cefotaxime 33.3 (1/3) 66.7 (2/3) 1.2 (3/253) 1.1 (0.2–5.4)
Ceftriaxone 85.7 (18/21) 14.3 (3/21) 8.3 (21/253) 3.31 (2.5–4.4)
Ceftazidime 66.7 (6/9) 33.3 (3/9) 3.6 (9/253) 2.26 (1.4–3.7)
Any third-generation cephalosporin 75.2 (23/31) 25.8 (8/31) 12.3 (31/253) 2.99 (2.2–4.1)
Any �-lactam antibiotic containing an
oxyimino group 75.0 (30/40) 25.0 (10/40) 15.8 (40/253) 3.33 (2.45–4.52)

Fourth-generation cephalosporin (cefepime) 50 (1/2) 50 (1/2) �1.0 (2/253) 1.63 (0.4–6.6)
Other antibiotics

Aztreonam 100 (1/1) 0 (0/1) �1.0 (1/253) 3.27 (2.7–3.9)
Carbapenems 35 (7/20) 65 (13/20) 7.9 (20/253) 1.15 (0.6–2.2)
Aminoglycosides 34.5 (20/58) 65.5 (38/58) 22.9 (58/253) 1.16 (0.8–1.8)
Macrolides 100 (3/3) 0 (0/3) 1.1 (3/253) 3.33 (2.8–4.0)
Glycopeptides 40.5 (17/42) 59.5 (25/42) 16.6 (42/253) 1.40 (0.9–2.1)
Quinolones 40.0 (8/20) 60.0 (12/20) 7.9 (20/253) 1.33 (0.8–2.4)
Trimethoprim–sulfamethoxazole 40.0 (4/10) 60.0 (6/10) 3.9 (10/253) 1.31 (0.6–2.9)
Clindamycin 60.0 (6/10) 40.0 (4/10) 3.9 (10/253) 2.0 (1.2–3.5)
Metronidazole 34.4 (11/32) 65.6 (21/32) 12.6 (32/253) 1.15 (0.7–1.9)

* ESBL � extended-spectrum �-lactamase.
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ses; therefore, the true 95% CIs may be wider than those
presented. Finally, the effect of previous administration of
�-lactam antibiotics containing an oxyimino group may
differ by hospital. However, the data are too few to test for
such an interaction. Our analyses therefore can only pro-
vide hypotheses for further investigation. Several studies
have shown that reducing use of ceftazidime (19, 20), all
oxyimino �-lactam antibiotics (21, 22), or all cephalospo-
rins (5) decreases the occurrence of ESBL-producing or-
ganisms. It has also been speculated that replacing cepha-
losporins with antibiotics containing �-lactamase
inhibitors (such as piperacillin–tazobactam) may help to
reduce the occurrence of ESBL-producing organisms (23–
25).

The infection control implications of ESBL-producing
K. pneumoniae are underrecognized. In 70% of the study
hospitals, molecular genetic evidence indicated patient-to-
patient transmission of ESBL-producing strains of K. pneu-
moniae. More than 50 hospital outbreaks of infection with
ESBL-producing organisms have now been reported (26).
In all hospitals that used molecular typing methods (such
as pulsed-field gel electrophoresis), strains with the same
genotypic pattern have been isolated from different pa-
tients (26). Removable environmental foci are rarely found
(26, 27). Rather, as has been explicitly documented by
several investigators (21, 28, 29), ESBL-producing K.
pneumoniae transiently colonizes the hands of hospital staff
members, thereby facilitating patient-to-patient transmis-
sion of the organism. In 6 of 7 hospitals in which geno-
typically related strains of ESBL-producing K. pneumoniae
were found, the infection control policy did not mandate
placing patients infected with these strains in contact iso-
lation. Neutropenic patients were significantly less likely to
have bacteremia with an ESBL-producing strain than with
a non–ESBL-producing strain. This may be noteworthy
because neutropenic patients are usually subjected to en-
hanced infection control measures.

We have documented the global distribution of ESBL-
producing K. pneumoniae. However, the hospitals studied
showed marked diversity in occurrence of ESBL-producing
strains. Whether this is due to the differences in infection
control practices among hospitals or to differences in use of
antibiotics containing an oxyimino chain is uncertain. De-
spite the frequent occurrence of ESBL-producing organ-
isms, laboratory detection of ESBLs has long been subop-
timal. We have shown that detection of ESBLs is clinically
relevant, given that patient-to-patient transmission of or-
ganisms harboring ESBLs clearly occurs. Reduction in use
of �-lactam antibiotics containing an oxyimino group and
infection control interventions may reduce the spread of
ESBL-producing organisms within a hospital. In many
hospitals, vancomycin-resistant enterococci and methicil-
lin-resistant Staphylococcus aureus are endemic. We may
still be able to prevent ESBL-producing gram-negative ba-
cilli from becoming endemic as well.
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