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EDITORIAL

Multidrug-Resistant Gram-Negative Pathogens:
Multiple Approaches and Measures for Prevention
Jan E. Patterson, MD

Antimicrobial resistance continues to emerge in our hospitals. in the other? Both were case-control studies that evaluated
Despite the predominance of gram-positive healthcare-asimipenem resistance in P. aeruginosa at large teaching hospitals. There was a similar distribution of anatomical sites
sociated infections in the past 2 decades, gram-negative pathogens continue to be a concern because of the high mortality from which the clinical specimens were isolated and a similar
amount of intensive care unit exposure in both studies.
from these infections among seriously ill patients.1,2 Although
several alternative antimicrobials active against multidrugRecent studies have discussed the importance of the
resistant gram-positive pathogens are now available, multimethod used to select control subjects in case-control studies
drug resistant gram-negative pathogens continue to emerge
of antibiotic resistance.5,6 In the study by Lautenbach et al.,3
and new alternative therapies are not available. Preventive
the question being asked was "Among clinical isolates of P.
measures, then, become all the more important. Pseudomonas aeruginosa, what are the risk factors associated with imipenem
aeruginosa, Klebsiella pneumoniae, and Enterobacter species resistance in a given isolate?" Thus, patients colonized or
are among the most problematic gram-negative pathogens
infected with imipenem-resistant P. aeruginosa were classified
with emerging resistance. Four articles in this month's journal as case patients and patients colonized or infected with imaddress important issues in the prevention of the emergence
ipenem-susceptible P. aeruginosa were classified as control
of resistance in these pathogens.
subjects. The study by Fortaleza et al.4 was designed to evaluate risk factors associated with the recovery of imipenemLautenbach et al.3 and Fortaleza et al.4 study risk factors
associated with imipenem resistance3'4 and ceftazidime resis- resistant and ceftazidime-resistant P. aeruginosa isolates from
tance 3 in P. aeruginosa. The setting of the study by Fortaleza patients admitted to the authors' hospital. Case patients were
et al.4 was a 400-bed general teaching hospital in Campinas, those from whom imipenem-resistant or ceftazidime-resistant
Brazil. Cases in which imipenem-resistant P. aeruginosa strains of P. aeruginosa were recovered, and control subjects
matched to case patients were selected from the patients adstrains were recovered (108 patients) and in which ceftazimitted to the same ward. The questions asked were different,
dime-resistant strains were recovered (56 patients) were seand thus the procedures for selection of control subjects were
lected during the years 1999-2002. Case-control studies
different.
showed that independent risk factors associated with imipenem resistance in their hospital were transfer from another
Harris et al.5 have reviewed the methodologies for casehospital (perhaps a marker for longer time at risk), receipt
control studies of antibiotic resistance that may lead to varyof hemodialysis, and use of imipenem, amikacin, or vancoing results with respect to risk factors. Both Lautenbach et
mycin. Only transfer from another hospital and amikacin use
al.3 and Fortaleza et al.4 acknowledged the impact of methwere independent risk factors for recovery of ceftazidimeodology and chose control subjects on the basis of their inresistant P. aeruginosa; ceftazidime use was not.
tended question. The novel case-case-control study design
described by Kaye et al.6 addresses some limitations in study
The setting of the study by Lautenbach et al.3 was a 625design and has been used to study risk factors for colonization
bed tertiary care hospital in Philadelphia, Pennsylvania. Cases
in which imipenem-resistant P. aeruginosa strains were re- or infection with imipenem-resistant P. aeruginosa among
hospitalized patients.7 Findings of the study by Kaye et al.6
covered (142 patients) were identified during the years 1999showed that receipt of imipenem, piperacillin-tazobactam,
2000. Results of a case-control study showed that fluoroquinolone use, and not imipenem use, was an independent vancomycin, and/or aminoglycosides were risk factors for isolation of imipenem-resistant P. aeruginosa. The odds ratio for
risk factor for recovery of an imipenem-resistant strain.
the
risk of isolation of imipenem-resistant P. aeruginosa, howWhy was imipenem use a risk factor in one study and not
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ever, was lower than that found in a previous study,8 perhaps
because of the difference in the method of selection for control subjects. It is also of interest that both Harris et al.7 and
Fortaleza et al.4 found vancomycin use to be a risk factor for
recovery of imipenem-resistant P. aeruginosa. As Harris et al.7
suggest, this may be because of the deleterious effect of a
decrease in the population of endogenous gram-positive flora,
which allows P. aeruginosa to proliferate.7
In addition, as Fortaleza et al.4 point out, other factors in
addition to case-control study methodology can lead to different results in studies of risk factors for recovery of drugresistant organisms. These include the geographic location
where strains are isolated, since mechanisms of resistance may
differ between locales, and variation in prescribing patterns.
For instance, Fortaleza et al.4 refer to the dissemination of
metallo-|8-lactamase-producing P. aeruginosa in Brazilian
hospitals.9 Yet, in the United States, metallo-/3-lactamases
have not been commonly detected in P. aeruginosa, so the
mechanisms of imipenem resistance maybe different between
Philadelphia and Campinas, Brazil.
The study by Lautenbach et al.3 finds fluoroquinolone use,
not imipenem use, to be a risk factor for emergence of imipenem resistance in P. aeruginosa. Why would fluoroquinolones select for imipenem-resistant P. aeruginosa? Mechanisms of resistance to fluoroquinolones include not only
alterations in DNA gyrase but reduction or alteration in
outer-membrane proteins and efflux as well. As Lautenbach
et al.3 discuss, in vitro studies have suggested that emergence
of imipenem resistance after treatment with fluoroquinolones
has occurred. This is plausible, since both agents enter the
cell via outer-membrane proteins and can be expelled from
the cell by efflux systems.10 Neither Lautenbach et al.3 nor
Fortaleza et al.4 evaluated the mechanism of imipenem resistance in the strains they isolated, but since imipenem metallo-|8-lactamases are common in Brazil and not in the
United States, and since fluoroquinolone use can select for
imipenem resistance mediated by change in outer-membrane
proteins or efflux systems, the mechanisms of imipenem resistance may well be different in these 2 geographic areas,
resulting in different antibiotic selection risk factors.
Use of multiple antibiotics, alone or in combination, were
risk factors for infection with imipenem-resistant P. aeruginosa in both studies, although Lautenbach et al.3 found that
use of antibiotics other than imipenem did not remain as
independent risk factors. A salient point from both studies
is that the restriction of imipenem use alone should not be
the only strategy for controlling emergence of resistance. The
use of multiple antibiotics should be judicious since this also
contributes to resistance. Although it is important for empirical therapy to be appropriately broad for seriously ill patients," it is just as important to de-escalate therapy to culture-directed therapy once a pathogen is isolated, or to
narrow or discontinue empirical therapy once a suspected
drug-resistant pathogen or infection is ruled out.
The study of Lautenbach et al.3 showed that infection with

imipenem-resistant P. aeruginosa is associated with increased
hospital mortality, and other studies have also showed this.1213
In this same issue, Gomes et al.14 report from a 2,000-bed
tertiary care hospital in Sao Paolo, Brazil, that cephalosporin
resistance in K. pneumoniae is not associated with increased
mortality. Why the different conclusions with regard to antibiotic resistance and mortality? First, these are different
pathogens. The virulence of P. aeruginosa, particularly in serious infections, is well-known.12,13,15 Although mortality associated with serious infection due to cephalosporin-resistant,
extended-spectrum /3-lactamase (ESBL)-producing K. pneumoniae may be lower than that associated with P. aeruginosa
infection, nonurinary-tract K. pneumoniae infections have
also been associated with significant mortality.16 In addition,
previous studies have suggested that mortality may be higher
among patients infected with ESBL-producing K. pneumoniae, especially those who do not receive appropriate initial
therapy.17 Inadequate initial therapy has been shown in a
number of studies to be a significant predictor of hospital
mortality in seriously ill patients,11,151618 although some studies have not found this correlation.19,20 For ESBL-producing
K. pneumoniae, in particular, the impact of inadequate initial
therapy varies by site of infection.16,21 In the study of Gomes
et al.,14 the top 3 types of infection were the urinary tract
infection (39%), the primary bloodstream infection (16%),
and the lower respiratory tract infection (13%). The study of
Gomes et al.14 appears to differ from a recent study by Paterson et al.,21 which was a multicenter global study of ESBLproducing K. pneumoniae or Escherichia coli bacteremias only.
It evaluated mortality and clinical response rates among patients treated with cephalosporins alone, compared with patients treated with a carbapenem or combination therapy. The
study of Paterson et al.21 showed a high treatment-failure rate
and higher mortality among patients with these infections
who were treated with cephalosporins alone. Paterson et al.21
looked at cases of bacteremia only, and Gomes et al.14 looked
at cases of infection identified from specimens from all anatomical sites. Even though Gomes et al.14 did a separate
evaluation of infections identified from blood and specimens
from sterile sites that showed the same result, this was a small
sample.
Why the differences in the association between clinical failure and inadequate therapy in these 2 studies? Both are relatively small studies and thus are limited in statistical power.
As Gomes et al.14 point out, in their study cephalosporin doses
could not be well studied, and dosing may be critical for
treatment efficacy. Also, the mechanism of cephalosporin resistance was not evaluated by Gomes et al.,14 whereas Paterson
et al.21 confirmed the presence of ESBLs. In addition, types
of ESBLs vary by geographic location, and the type of ESBL
can make a difference in the response to therapy, since some
antibiotics are better substrates for certain ESBLs than others.22 The specific cephalosporins used, predominantly or individually, are not described in the study of Gomes et al.,14
thus limiting evaluation of this factor. Finally, Paterson et al.21
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looked at infections from multiple geographic sites; the study
of Gomes et al.14 was limited to one hospital in Sao Paolo,
Brazil.
The study of Gomes et al.14 does suggest an important point
for the hospital under study, though, and potentially for other
similar hospitals. The results from their hospital mean that
broader-spectrum agents or regimens, such as carbapenems
or combination therapy, may not need to be used widely for
empirical therapy in their hospital, despite the prevalence of
cephalosporin resistance. This could prevent unnecessary antibiotic use and save costs in a setting where such considerations are particularly important.
Clonality of strains was not evaluated in any of these studies, but transmission of multidrug-resistant gram-negative
pathogens is known to play an important role in the emergence of this problem in hospitals. The study by Gunale et
al.,23 also in this issue of the journal, expands the investigation
of the known transmission of gram-negative pathogens on
the hands of health care workers. Ten genetically distinct
cephalosporin-resistant strains (5 transmitted and 5 sporadic)
of Enterobacter cloacae and Pantoea agglomerans (formerly
Enterobacter agglomerans) were inoculated on the fingertips
of 10 healthy volunteers who had no skin conditions and
short fingernails. Fingertips were sampled at time 0 and at
15, 30, and 45 minutes to determine the survival rate of the
pathogens. There was no difference in survival rates between
the transmitted strains and the sporadic strains, suggesting
that there are no significant intrinsic differences between these
types of strains with respect to their survival rate on fingers.
There were, however, differences between test subjects. Seven
of the 10 strains survived best on one person, who had a
consistently higher bacterial count than the other test subjects.
There were substantial decreases in the viable bacteria count
after the first 15 minutes, but in some instances the bacteria
survived for up to 45 minutes.
The study of Gunale et al.23 is further evidence of the
importance of transient hand carriage, and individuals' predisposition for it, in the hospital setting, and reinforces the
importance of hand antisepsis as a cornerstone for preventing
the spread of resistant organisms. Although neither Lautenbach et al.,3 Fortaleza et al.,4 nor Gomes et al.14 evaluated
clonality among the drug-resistant strains they studied, it is
likely that some of the cases of infection represented isolates
spread between patients. This mechanism continues to be an
important one for the spread of resistance among gram-negative pathogens.
So, what can we conclude from these studies about measures that should be enacted to prevent the emergence of
resistance among gram-negative pathogens? Overall mortality
from infection with gram-negative pathogens, antibiotic-resistant or not, remains high. Mortality due to infection with
multidrug-resistant P. aeruginosa is of the most concern. Restriction of the use of individual antibiotics alone is unlikely
to be successful in the prevention of emergence of imipenem
resistance. The use of fluoroquinolones and multiple anti-
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biotics also contributes. The determination of local patterns
and mechanisms of resistance is key in determining which
antibiotic-use measures will work in one's own institution.
Basic measures, such as hand antisepsis, are crucial and need
further implementation and reinforcement. The lack of alternative agents on the horizon that are active against gramnegative bacteria makes our efforts at controlling emergence
of resistance all the more imperative.
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