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ANTIMICROBIAL RESISTANCE

Antimicrobial-resistant organ-
isms are an emerging global
health problem that will like-

ly evolve into one of the most sig-
nificant challenges facing medical
practice.1 Infections with resistant or-
ganisms lead to increased patient 
morbidity as a result of antibiotic
treatment failures. Costs incurred by
prolonged hospital stays are only a
small portion of the additional ex-
penses associated with these infec-
tions. It has been estimated that mi-

crobial resistance could add $0.1 bil-
lion to $10 billion annually to health
care costs in the United States.2

Moreover, once generated, resis-
tance does not disappear quickly.
This leads to dramatic increases in
costs of care and infection preven-
tion efforts and the need for more 
effective antimicrobial agents.3 Of
most concern, however, is that the
rates of the development of resis-
tance among some organisms are
challenging the ability of the phar-

maceutical industry to design effec-
tive new agents.4 It is quite conceiv-
able that in the near future, organ-
isms will have developed resistance
to all available antimicrobial agents.

For Gram-negative pathogens, �-
lactamase production remains the
most important contributing factor
to �-lactam resistance.5 One impor-
tant group of �-lactamases—the 
extended-spectrum �-lactamases
(ESBLs)—is an increasingly signifi-
cant cause of treatment failure. In
this article, I will discuss the clinical
significance and emergence of the
ESBLs in the community setting.

Extended-spectrum �-lactamases
�-Lactamases are bacterial enzymes
that inactivate �-lactam antibiotics
by hydrolysis, which results in inef-
fective compounds. �-Lactamases
can differ from one another in their
substrate profile (the different types
of antibiotics they can inactivate), in-
hibitor profile (which compounds
inactivate them), and sequence ho-
mology (amino acid composition).6

At least 450 different types of �-lac-
tamases originating from clinical iso-
lates have been described, and a Web
site has been specifically created to
monitor the latest developments
(http://www.lahey.org/studies/
webt.htm).

ESBLs have the ability to hydro-
lyse various types of the newer �-lac-
tam antibiotics.7 Organisms, such as
Escherichia coli and Klebsiella species,

Enterobacteriaceae Producing
ESBLs in the Community: 
Are They a Real Threat?
Johann D. D. Pitout, MD, FFPath (SA)

Organisms that produce extended-spectrum �-lactamases
(ESBLs) remain an important cause of failure of therapy with
cephalosporins and have serious infection control conse-
quences. Klebsiella pneumoniae and Escherichia coli remain the
major ESBL-producing organisms isolated worldwide. Klebsiella
species that produce ESBLs (such as the SHV and TEM types)
are a major cause of hospital-acquired infections, while E coli
that produce ESBLs (the CTX-M enzymes) have emerged as an
important cause of community-onset urinary tract infections in
some areas. These bacteria are often associated with resistance
to other classes of antibiotics, especially the fluoroquinolones.
A heightened awareness of clinicians and the enhanced testing
by laboratories, including molecular surveillance studies, are
required to reduce treatment failures, limit the introduction of
these bacteria into hospitals, and prevent the spread of these
emerging pathogens. [Infect Med. 2007;24:57-65]

Key words: Enterobacteriaceae  ■ Extended-spectrum �-lactamases  
■ Community-onset infections

Dr Pitout is associate professor, division of microbiology, Calgary Laboratory Services, department
of pathology and laboratory medicine and department of microbiology and infectious diseases,
University of Calgary, Alberta.

0702IIM201740pitlay  5/15/07  4:26 PM  Page 57

Lixin Liu
Stamp

Lixin Liu
Text Box
Subscription Information

http://www.medscape.com/viewpublication/91_about


58 INFECTIONS in MEDICINE   February 2007

ANTIMICROBIAL RESISTANCE continued

that produce ESBLs remain an im-
portant cause of cephalosporin treat-
ment failures and have serious infec-
tion control consequences. It is rec-
ommended by some authorities to
isolate patients infected with these
types of organisms for the preven-
tion of crossover infections, although
this is not always done on a routine
basis. It is therefore important that
clinical microbiology laboratories
detect and report ESBL-producing
organisms.

Most ESBLs can be divided into 4
groups: TEM, SHV, OXA, and CTX-
M types.6 Klebsiella pneumoniae and 
E coli remain the major ESBL-pro-
ducing organisms isolated world-
wide, but these enzymes have also
been identified in several other
members of the family Enterobacte-
riaceae, as well as certain non-fer-
mentors. In a recent report, the Infec-
tious Diseases Society of America
(IDSA) listed ESBL-producing Kleb-
siella species and E coli among the 6
priority drug-resistant microbes for
which new therapies are urgently
needed.4

Organisms (mostly Klebsiella spe-
cies) that produce SHV and TEM
types of ESBL have traditionally
been responsible for serious nosoco-
mial infections; they are often mul-
tidrug-resistant, and the therapeutic
options are limited.8 Specific risk fac-
tors for acquisition of these bacteria
include length of hospital stay, sever-
ity of illness, time in the ICU, intuba-
tion and mechanical ventilation, uri-
nary or arterial catheterization, and
previous exposure to antibiotics.7

Most patients infected with ESBL-
producing organisms have been ad-
mitted to ICUs, but infections can
also occur in almost any area of the
hospital. These organisms are also
isolated with increasing frequency
from patients in extended-care facil-
ities.9 Less than 20 years after the first
description of ESBLs, organisms pro-
ducing these enzymes have become

important players in antimicrobial
resistance.

Organisms that produce CTX-Ms
have become the most prevalent
type of ESBLs described during the
past 5 years, especially in certain Eu-
ropean and South American coun-
tries.10 Organisms that produce spe-
cific CTX-Ms have been isolated
from different countries: CTX-M-9
and CTX-M-14 are mostly present in
Spain; CTX-M-14 in Canada and
China; CTX-M-1 in Italy; CTX-M-3 in
Poland; and CTX-M-2 in several
South American countries, Japan,
and Israel. CTX-M-15 has been 
described on all continents except
Antarctica.

The CTX-M enzymes usually
have greater activity against cefo-
taxime than against ceftazidime and
are associated with mobile elements,
such as ISEcp1.11 The epidemiology
of organisms that produce CTX-M
enzymes is very different from that
of those organisms that produce
TEM- and SHV-derived ESBLs.12

CTX-M enzymes are not limited to
nosocomial infections caused by
Klebsiella species, and their potential
to spread beyond the hospital en-
vironment has exacerbated public
health concerns. E coli that produce
CTX-M �-lactamases seem to be true
community ESBL producers, and the
current emergence and spread of
these bacteria will have important
implications.

Treatment of infections 
caused by ESBL-producing 
Enterobacteriaceae
The choice of drugs for treating seri-
ous infections caused by ESBL-pro-
ducing bacteria is limited to the car-
bapenems (imipenem, meropenem,
and ertapenem).7 The mortality rate
for patients with infections treated
with a carbapenem was significantly
lower than that for patients who re-
ceived other antibiotics reported to
have in vitro activity against ESBL-

producing bacteria.13

Treatment failures have been de-
scribed when cephalosporins and
combinations of a �-lactam with a 
�-lactam inhibitor were used for se-
rious infections caused by ESBL-pro-
ducing Enterobacteriaceae.14 These
treatment failures are most likely at-
tributable to the inoculum effect, in
which minimal inhibitory concentra-
tions rise as the number of bacteria
increases. The cephamycins, such as
cefoxitin, should be avoided when
treating such infections because of
the relative ease with which these
bacteria decrease the expression of 
outer membrane proteins, thus cre-
ating resistance.14

Antibiotics from other classes,
particularly the fluoroquinolones,
trimethoprim/sulfamethoxazole
(TMP/SMX), and the aminoglyco-
sides, can be used if susceptibility
testing shows in vitro activity. Sever-
al studies have demonstrated a sig-
nificant increase in resistance to the
fluoroquinolones among communi-
ty isolates, especially the CTX-M
producers; this will influence the fu-
ture use of antibiotics in the treat-
ment of community-onset infections,
especially empiric treatment of uri-
nary tract infections (UTIs).15

It is possible that the widespread
use of antibiotics, such as extended-
spectrum cephalosporins, fluoro-
quinolones, and TMP/SMX, in the
hospital and in community settings
will continue to select for the emer-
gence of isolates that possess muta-
tions in the genes responsible for
ESBL production.

Community-onset infections and
ESBL-producing bacteria
Community-onset infections are de-
fined infections that have an onset
within 48 hours of hospital admis-
sion or that present in the outpatient
setting. Such infections can be divid-
ed into 2 groups.16

■ The first group is associated with
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health care institutions and includes
patients receiving intravenous treat-
ment or specialized care, those who
have attended a hospital clinic with-
in the previous 30 days, those who
have been admitted to a hospital
within the previous 90 days, and res-
idents of nursing homes or long-
term–care centers.
■ The second group represents truly
community-acquired infections in
patients who do not meet the above-
mentioned criteria.

Most community-onset infections
caused by ESBL-producing bacteria
are health care–associated. The first
possible community acquisition of
an ESBL-producing isolate was re-
ported in 1998 in Ireland: a nalidixic
acid–resistant E coli that produced an
ESBL was isolated from the urine of
an elderly patient who had not been
recently hospitalized.17 This was fol-
lowed by several case reports and
larger studies from Israel, the United
Kingdom, Canada, and different
countries in Europe.15 The character-
istics of community-onset infections
that are caused by ESBL-producing
bacteria are summarized in the
Table.

There is a “chicken versus egg”
issue concerning ESBL-producing
bacteria in the community. Did these
bacteria originate in hospitals and
were then introduced into the com-
munity, or did they originate within
the community setting? Evidence of
a community origin includes the fact
that CTX-Ms (the most common
ESBL in the community) evolved
from environmental organisms
(such as Kluyvera species) and the
fact that these enzymes are associat-
ed with mobile elements (therefore,
they can be maintained and spread
within the community with relative
ease).11

Furthermore, several studies have
shown that farm and domestic ani-
mals from different parts of the
world are colonized with ESBL-pro-

ducing bacteria.15 This is further sup-
ported by studies from Spain and the
United Kingdom that showed that
up to 4% of the general population
are colonized with ESBL-producing
bacteria.18,19

Consequences for the 
medical community
The emergence of ESBL-producing
bacteria in the community has im-
portant consequences for the med-
ical community in general but espe-
cially for the clinical microbiology
laboratory, clinicians, and infection
control practitioners. The clinical mi-
crobiology laboratory plays a critical
role in detecting and reporting ESBL-

producing bacteria, but many labo-
ratories may not be fully aware of the
importance of these organisms and
how best to detect them.20 One con-
sequence of this lack of awareness is
that there have been several treat-
ment failures in patients who re-
ceived inappropriate antibiotics and
outbreaks of multidrug-resistant,
Gram-negative pathogens that re-
quired expensive control efforts.

Although several guidelines are
available, including those from the
Clinical and Laboratory Standards
Institute (CLSI) in the United States,
this remains a contentious issue,
since many laboratories have diffi-
culty in detecting ESBL-mediated re-

Table – Characteristics of community-onset infections
caused by ESBL-producing bacteria (Escherichia coli)15

Type of ESBL
CTX-M (especially CTX-M-15)

Infections
Most often UTIs; bacteremia and gastroenteritis

Susceptibilities
Resistance to all penicillins and cephalosporins; high-level resistance 
to other classes of antibiotics, especially fluoroquinolones and
trimethoprim/sulfamethoxazole

Molecular epidemiology
Most isolates often not clonally related, although clusters have been 
described in Canada, the United Kingdom, Italy, and Spain

Risk factors
•Recurrent UTIs and underlying renal pathology

•Previous use of antibiotics, including cephalosporins and fluoroquinolones

•Previous hospitalization

•Nursing home residence

•Older age

•Diabetes mellitus

•Underlying liver pathology

ESBL, extended-spectrum �-lactamase; UTI, urinary tract infection.
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sistance because of cost-cutting prac-
tices, while others are unaware of the
relevant CLSI guidelines. Proficien-
cy testing shows that compliance
among clinical laboratories varies
widely throughout the world.5 A
study published in 2003 showed that
only 8% of clinical laboratories from
rural hospitals in the United States
routinely screened for ESBL-produc-
ing organisms.21

The second major consequence af-
fects clinicians who are confronted
with bacteria that typically cause
nosocomial infections causing infec-
tions in patients in the community.
The presence of ESBLs complicates
antibiotic selection, especially in pa-
tients with serious infections, such as
bacteremia.7 The reason for this is
that ESBL-producing bacteria, in-
cluding those originating in the com-
munity, are often multiresistant to
various antibiotics; an interesting
feature of CTX-M–producing iso-
lates is the co-resistance to the fluo-
roquinolones.15 Antibiotics that are
regularly used for serious communi-
ty-onset infections, such as the third-
generation cephalosporins, are often
not effective against ESBL-produc-
ing bacteria.14 A recent study from 
Israel has demonstrated that up to 
15% of cases of non-nosocomial bac-
teremia are caused by ESBL-produc-
ing bacteria.22

The final major consequence for
the medical community is the possi-
ble introduction of ESBL-producing
bacteria from the community into
the hospital setting. The above-men-
tioned study from Israel showed that
11% of patients admitted to a gener-
al medical ward were positive for
ESBL-producing bacteria on fecal
screening.22

Combating ESBL-producing  
bacteria in the community
Four important issues need to be ad-
dressed if the spread of ESBL-pro-
ducing bacteria is to be curbed.

■ Should all Enterobacteriaceae isolated
in the clinical laboratory from commu-
nity specimens be tested routinely for
ESBL-production? The clinical labora-
tory acts as an early-warning system,
alerting the medical community to
new resistance mechanisms in clini-
cally important bacteria. The detec-
tion of ESBL-producing organisms
in laboratories is a critical require-
ment for appropriate treatment of
patients, for infection prevention
and control efforts, and for tracking
these organisms in surveillance sys-
tems. All clinical microbiology labo-
ratories should rule out ESBL pro-
duction in Enterobacteriaceae, re-
gardless of the specimen type or the
location of the patient (in the com-
munity, hospital, or nursing home
setting). An appropriate approach to
initially screening organisms from
the community is to use resistance 
to cefpodoxime followed by confir-
mation disk tests using both cefo-
taxime with and without clavulanate
and ceftazidime with and without 
clavulanate.23

■ Should a carbapenem routinely be
used for the treatment of serious com-
munity-onset infections? The routine
use of a carbapenem for empiric
therapy for serious community-
onset infections is not indicated, but
additional studies are needed to fur-
ther define the risk factors for such
infections. It is evident that most in-
fections are health care–associated,
but the risk factors for the truly com-
munity-acquired infections need to
be established.
■ Should all patients be screened for
ESBL-producing bacteria via rectal spec-
imens before or during hospital admis-
sion, and must barrier precautions be in-
stituted when taking care of these pa-
tients? Limiting the introduction of
ESBL-producing organisms into the
hospital setting might prove diffi-
cult, since routine rectal screening of
patients admitted from the commu-
nity may be impractical. However, it

is important to investigate fecal colo-
nization among the general popula-
tion, especially in North America.
This will help identify patients who
are at risk for colonization with
ESBL-producing bacteria, so that
barrier precautions can be initiated
on hospital admission. This ap-
proach will help prevent the spread
of these organisms.
■ What future investigations are need-
ed? Investigations are needed to
study the microbiologic and ecolog-
ic factors that make certain CTX-M
producers (especially CTX-M-15)
such successful pathogens. A simple
standardized and cost-effective typ-
ing protocol should be established
for monitoring the spread of differ-
ent clusters of CTX-M-15–producing
E coli throughout the world. This
protocol can be distributed to differ-
ent laboratories, and typing images
can be forwarded to a center for
comparison purposes to ensure the
tracking of these important CTX-
M–producing bacteria. Additional
molecular surveillance studies are
necessary to track CTX-M-produc-
ing E coli in the community and to in-
vestigate their influx into hospitals.
A more accurate evaluation of the
origin of CTX-M �-lactamases, in-
cluding the distribution of Kluyvera
species, is also required.

Summary
It is clear that the epidemiology of
ESBL-producing bacteria is becom-
ing more complex, with increasing-
ly blurred boundaries between hos-
pitals and the community. E coli that
produce CTX-M �-lactamases seem
to be true community ESBL produc-
ers with different behavior than Kleb-
siella species that produce TEM- and
SHV-derived ESBLs. These bacteria
have become widely prevalent in the
community in certain areas and are
likely to be imported into the hospi-
tal setting.

Because of the significant public
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health implications, including the
treatment of community-acquired
UTIs, the spread of organisms that
produce ESBLs (especially CTX-Ms)
in the community merits close mon-
itoring with enhanced surveillance
efforts. This will help prevent infec-
tions caused by these emerging
pathogens. It is important for clini-
cians to be aware of the emergence of
ESBL-producing bacteria in the com-
munity. Not all clinical laboratories
necessarily test for ESBLs in bacteria
isolated from community patients.
Clinicians can play a major role in
helping to curb the spread of these
organisms by making clinical labora-
tories that perform testing on their
patients aware of the importance of
ESBLs in this setting. ❖

REFERENCES
1. Cosgrove SE, Carmeli Y. The impact of antimi-

crobial resistance on health and economic out-
comes. Clin Infect Dis. 2003;36:1433-1437.

2. Gums JG. Assessing the impact of antimicrobial
resistance. Am J Health Syst Pharm. 2002;59
(suppl 3):S4-S6.

3. Livermore DM. Bacterial resistance: origins,
epidemiology, and impact. Clin Infect Dis. 2003;
36(suppl 1):S11-S23.

4. Talbot GH, Bradley J, Edwards JE Jr, et al. Bad
bugs need drugs: an update on the develop-
ment pipeline from the Antimicrobial Avail-
ability Task Force of the Infectious Diseases So-
ciety of America [published correction appears
in Clin Infect Dis. 2006;42:1065]. Clin Infect Dis.
2006;42:657-668.

5. Jacoby GA, Munoz-Price LS. The new beta-lac-
tamases. N Engl J Med. 2005;352:380-391.

6. Bradford PA. Extended-spectrum beta-lac-
tamases in the 21st century: characterization,
epidemiology, and detection of this important

resistance threat. Clin Microbiol Rev. 2001;14:
933-951.

7. Paterson DL, Bonomo RA. Extended-spectrum
beta-lactamases: a clinical update. Clin Microbi-
ol Rev. 2005;18:657-686.

8. Babic M, Hujer AM, Bonomo RA. What’s new
in antibiotic resistance? Focus on beta-lac-
tamases. Drug Resist Updat. 2006;9:142-156.

9. Kassis-Chikhani N, Vimont S, Asselat K, et al.
CTX-M beta-lactamase-producing Escherichia
coli in long-term care facilities, France. Emerg
Infect Dis. 2004;10:1697-1698.

10. Canton R, Coque TM. The CTX-M beta-lac-
tamase pandemic. Curr Opin Microbiol. 2006;9:
466-475.

11. Bonnet R. Growing group of extended-spec-
trum beta-lactamases: the CTX-M enzymes.
Antimicrob Agents Chemother. 2004;48:1-14.

12. Woodford N, Ward ME, Kaufmann ME, et al.
Community and hospital spread of Escherichia
coli producing CTX-M extended-spectrum
beta-lactamases in the UK. J Antimicrob Chemo-
ther. 2004;54:735-743.

13. Paterson DL, Ko WC, Von Gottberg A, et al. An-
tibiotic therapy for Klebsiella pneumoniae bac-
teremia: implications of production of extend-
ed-spectrum beta-lactamases. Clin Infect Dis.
2004;39:31-37.

14. Paterson DL. Recommendation for treatment
of severe infections caused by Enterobacteri-
aceae producing extended-spectrum beta-lac-
tamases (ESBLs). Clin Microbiol Infect. 2000;6:
460-463.

15. Pitout JD, Nordmann P, Laupland KB, Poirel L.
Emergence of Enterobacteriaceae producing
extended-spectrum beta-lactamases (ESBLs) in
the community. J Antimicrob Chemother. 2005;56:
52-59.

16. Friedman ND, Kaye KS, Stout JE, et al. Health
care-associated bloodstream infections in
adults: a reason to change the accepted defini-
tion of community-acquired infections. Ann In-
tern Med. 2002;137:791-797.

17. Cormican M, Morris D, Corbett-Feeeney G, et
al. Extended spectrum beta-lactamase produc-
tion and fluoroquinolone resistance in patho-
gens associated with community acquired uri-
nary tract infection. Diagn Microbiol Infect Dis.
1998;32:317-319.

18. Munday CJ, Whitehead GM, Todd NJ, et al.
Predominance and genetic diversity of com-
munity- and hospital-acquired CTX-M extend-
ed-spectrum beta-lactamases in York, UK. J An-
timicrob Chemother. 2004;54:628-633.

19. Valverde A, Coque TM, Sanchez-Moreno MP,
et al. Dramatic increase in prevalence of fecal
carriage of extended-spectrum beta-lactamase-
producing Enterobacteriaceae during nonout-
break situations in Spain. J Clin Microbiol. 2004;
42:4769-4775.

20. Thomson KS. Controversies about extended-
spectrum and AmpC beta-lactamases. Emerg
Infect Dis. 2001;7:333-336.

21. Stevenson KB, Samore M, Barbera J, et al. De-
tection of antimicrobial resistance by small
rural hospital microbiology laboratories: com-
parison of survey responses with current
NCCLS laboratory standards. Diagn Microbiol
Infect Dis. 2003;47:303-311.

22. Ben-Ami R, Schwaber MJ, Navon-Venezia S, et
al. Influx of extended-spectrum beta-lactam-
ase-producing enterobacteriaceae into the hos-
pital. Clin Infect Dis. 2006;42:925-934.

23. National Committee for Clinical Laboratory
Standards. Performance Standards for Antimicro-
bial Susceptibility Testing; Fourteenth Information-
al Supplement. M100-S14. Wayne, Pa: National
Committee for Clinical Laboratory Standards;
2004. 

Therapeutic agents 
mentioned in this article

Cefotaxime

Cefoxitin

Cefpodoxime

Ceftazidime

Clavulanate

Ertapenem

Imipenem

Meropenem

Trimethoprim/sulfamethoxazole

A wish can teach a sick child

that anything is possible.

Even the future.

Someday I’ll bring
my kids here.

To see how, call

1-800-722-WISH

or visit us at www.wish.org.

Share the power of a wish®.

0702IIM201740pitlay  5/15/07  4:26 PM  Page 65




