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Rates of fluoroquinolone resistance among Pseudomonas aeruginosa in hospitals are increasing, but inter-

hospital variability is great. We sought to determine whether this variability correlated to fluoroquinolone use

in hospitals and in the surrounding community. Hospital quinolone use in 1999 (24 hospitals) through 2001

(35 hospitals) was determined from billing records. The number of fluoroquinolone prescriptions within a

10-mile (∼16-km) radius of each hospital was determined for 1999 and 2000. Hospital fluoroquinolone use

increased from 1999 through 2001, from 137 to 163 defined daily doses (DDD)/1000 patient-days ( ).P p .01

The rate of community fluoroquinolone use also increased, from 2.3 to 2.8 DDD/1000 inhabitant-days (P !

). Rates of fluoroquinolone-resistant P. aeruginosa increased from 29% in 1999 to 36% in 2001 (.001 P p

). Both community and hospital fluoroquinolone use were predictive of rates of fluoroquinolone-resistant.003

P. aeruginosa. Levofloxacin was associated with resistance, but ciprofloxacin was not. Most of the variability

in resistance rates is explained by volume of fluoroquinolone use, both in the hospital and the surrounding

community.

Fluoroquinolone antibiotics have potent activity against

a broad spectrum of pathogenic bacteria and are safe

and effective for many community- and hospital-

acquired infections [1]. Ciprofloxacin, in particular, is

effective for treatment of serious nosocomial infections,

including those caused by Pseudomonas aeruginosa [1,

2]. Newer fluoroquinolones, including levofloxacin, ga-

tifloxacin, and moxifloxacin, have improved activity

against Streptococcus pneumoniae, including strains that
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are resistant to penicillin, and use of these fluoroquin-

olones has increased substantially in the community for

treatment of respiratory tract infections [3–5].

Epidemiologic investigations and case reports link

community fluoroquinolone use to fluoroquinolone-

resistant S. pneumoniae [6–8]. In US hospitals, there is

also an association between community sales of fluor-

oquinolones and the prevalence of ciprofloxacin-

resistant P. aeruginosa in intensive care units [9]. Fur-

thermore, retrospective studies in multiple-hospital

networks have found a positive association between in-

creasing use of fluoroquinolones and fluoroquinolone-

resistant P. aeruginosa [10, 11]. The Centers for Disease

Control and Prevention (CDC) reports that the increase

in hospital rates of fluoroquinolone-resistant P. aeru-

ginosa is second only to the rate for methicillin-resistant

Staphylococcus aureus [12]. This is especially worrisome,

because fluoroquinolone resistance in P. aeruginosa is

linked to resistance for unrelated antibiotics [9, 13, 14].
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Unfortunately, there are few new drugs in development for the

treatment of resistant gram-negative bacterial infection [15].

Antimicrobial resistance in a hospital is believed to reflect

the impact of 3 variables: hospital antimicrobial use, cross-

transmission of resistant strains, and introduction of antimi-

crobial-resistant organisms from the community [16]. How-

ever, these relationships have been difficult to quantify, in part

because antimicrobial use data in the community and in hos-

pitals are not readily available. We measured fluoroquinolone

use in a network of US hospitals during a 3-year period (1999–

2001). We also measured fluoroquinolone use in the com-

munities surrounding these hospitals for 2 years, from March

1999 through February 2001. The purpose of this study was to

determine whether both sites of use were independently and

significantly associated with hospital rates of fluoroquinolone-

resistant P. aeruginosa.

METHODS

Hospital antibiotic use in the Surveillance and Control of

Pathogens of Epidemiologic Importance (SCOPE)–MediMedia

Information Technology (MMIT) Antimicrobial Monitoring

Network. SCOPE is a nosocomial bacteremia surveillance

network involving ∼40 medical-surgical hospitals throughout

the United States [17]. SCOPE is coordinated at Virginia Com-

monwealth University in Richmond, Virginia. MMIT (Yardley,

PA; http://www.mminfotech.com) performs detailed patient-

level analyses of drug use in ∼70 US nongovernment hospitals

and links drug use to hospital and patient demographic data.

The SCOPE-MMIT Antimicrobial Surveillance Network is an

alliance between SCOPE and MMIT, and the network has mea-

sured inpatient antibiotic use, beginning with 19 MMIT hos-

pitals in 1999 and expanding to 45 hospitals in 2004. All in-

patient antibiotic dispensing data are electronically extracted

from billing records. Drug identity is determined from rec-

ognition of codes from the Uniform System of Classification

(IMS). Antibiotic use is identified by recognition of antibac-

terial drugs (code 15000), antiviral drugs (code 82000), and

antifungal drugs (code 38000). For this report, patient-level

data were aggregated for “hospital wide” antimicrobial use. The

total number of grams of individual antibiotics and total pa-

tient-days (PD) are used to calculate the defined daily dose

(DDD)/1000 PD [18, 19]. The DDDs for ciprofloxacin, levo-

floxacin, gatifloxacin, and moxifloxacin used in this study were

1000 mg, 500 mg, 400 mg, and 400 mg, respectively.

The database is validated at each new hospital from random

patient profiles that detail all demographic characteristics, di-

agnoses, procedures, and drugs used by the patient. These sam-

ple profiles are sent to each hospital to confirm that all recorded

information for individual patients has been received by

MediMedia and interpreted accurately.

This study received an expedited review and was approved

by the Institutional Review Board of Virginia Commonwealth

University.

Hospital demographic data. Demographic data for the

year 2000 were obtained from the MediMedia database, the

American Hospital Directory [20], and Hospital Select [21].

Hospitals are geographically dispersed over the whole United

States, with 33% of hospitals in the East, 13% in the West, 13%

in the Midwest, and 41% in the South [22]. Members of the

Council of Teaching Hospitals and Health Systems [23] were

designated as teaching hospitals.

Community fluoroquinolone use. The number of com-

munity prescriptions in the United States for fluoroquinolone

antibiotics and the mean number of doses prescribed from

March 1999 through February 2001 were obtained from IMS

Health (http://www.imshealth.com) in conjunction with its

Xponent database. IMS Health measures and assesses prescrip-

tion and nonprescription drug use world wide. Xponent pro-

vides aggregated information about use trends and total

prescription volume. Fluoroquinolone prescriptions were tab-

ulated by individual zip codes. Fluoroquinolone use during

January and February 1999 was estimated from the slopes of

drug use during March and April 1999. Fluoroquinolone use

for March 2001 was estimated by extrapolating use from Jan-

uary and February 2001.

The density of community fluoroquinolone use surrounding

each hospital was estimated using Zipfind.net (Bridger Sys-

tems). All zip codes within a 5-mile (∼8-km) and 10-mile (∼16-

km) radius of the zip code of each SCOPE-MediMedia hospital

were identified. The mean number of tablets per prescription,

number of prescriptions, and tablet strength were used to es-

timate total number of grams dispensed. The population in

each zip code was determined from data from the 2000 Census

and used to calculate the number of DDDs per 1000 inhabitant-

days for each antibiotic, as recommended by the World Health

Organization (http://www.whocc.no/atcddd/).

Measurements of fluoroquinolone susceptibility for P. aeru-

ginosa. Antibiograms for 1999–2001 were requested from all

hospitals. We requested the methodology used to determine

antimicrobial susceptibility, as well as policy toward duplicate

isolates and surveillance cultures in the construction of the

annual antibiogram. Antibiograms were constructed using

NCCLS guidelines for the Kirby-Bauer disk diffusion method

or by Vitek (bioMérieux) or MicroScan (Dade Behring) au-

tomated susceptibility testing. For hospitals that reported sus-

ceptibilities by unit or infection site (e.g., blood), data were

aggregated so that rates of resistance included all clinical

sources. Most hospitals reported fluoroquinolone susceptibility

for P. aeruginosa using ciprofloxacin. Levofloxacin susceptibility

was reported by 2 hospitals during 1999, by 4 hospitals during

2000, and by 3 hospitals during 2001.

Statistical analysis. Repeated-measures analysis of vari-
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Table 1. Hospital demographic data during the year 2000 for 34 hospitals in the Sur-
veillance and Control of Pathogens of Epidemiologic Importance–MediMedia Network.

Characteristic Mean � SD Median (range)

No. of admissions 15,741 � 10,750 13,320 (1,593–42,417)
No. of patient-days 77,459 � 61,060 61,785 (12,115–239,147)
Age, years 53.2 � 5.4 55 (41.2–65.2)
Case mix index 1.52 � 0.26 1.55 (0.92–2.10)
Length of hospital stay, days 6.23 � 1.05 6.00 (4.0–8.4)
No. of staffed beds 331 � 190 290 (62–866)
No. of occupied beds 230 � 159 182 (28–658)
No. of intensive care unit beds 24 � 24 16 (0–119)
No. of surgeries per 1000 admissions 288 � 101 294 (70–500)
Population in 10-mile (i.e., ∼16-km)

radius around each hospital 724,622 � 768,938 519,938 (11,820–3,078,812)

NOTE. Table excludes data from a single women and children’s hospital at which the mean age of
patients was 14.3 years.

ance assessed the significance of changes in antibiotic use and

changes in fluoroquinolone susceptibility in hospitals for which

data were available from 1999–2001. Least-squares linear re-

gression was used to examine the univariate relationship be-

tween fluoroquinolone use in hospitals and in communities,

as well as selected hospital demographic data, to rates of fluor-

oquinolone-resistant P. aeruginosa. We then used multiple lin-

ear regression to assess the significance of combined hospital

and community fluoroquinolone use and the rates of fluoro-

quinolone-resistant P. aeruginosa during 1999 and 2000. The

program JMP IN, version 4.0.4 (SAS Institute), was used for

all analyses. A P value of !.05 was considered to be statistically

significant. All tests were 2-tailed.

RESULTS

Hospital demographic data. All hospitals were general med-

ical-surgical institutions, except for 1 women and children’s

hospital (table 1). Data from this hospital are not included in

the statistical analysis but do appear in the figures to contrast

fluoroquinolone use and rates of resistance. There were no

significant associations between hospital demographic data and

rates of fluoroquinolone-resistant P. aeruginosa.

Hospital fluoroquinolone use. The mean hospital fluor-

oquinolone use across all hospitals, by quarter, is seen in figure

1. The mean total amount of fluoroquinolone use (�SD) dur-

ing 1999 was DDD/1000 PD (24 hospitals). Use in-132 � 54

creased to DDD/1000 PD in 2000 (35 hospitals) and140 � 71

to DDD/1000 PD in 2001 (35 hospitals). Paired fluor-155 � 69

oquinolone use data was available for 18 hospitals from 1999–

2001, and the increase from DDD/1000 PD in 1999137 � 57

to DDD/1000 PD in 2001 was statistically significant163 � 75

( ). There is a seasonal increase in total fluoroquinoloneP p .01

use during the fourth quarter of each year and the subsequent

first quarter. There was marked variability across hospitals in

total fluoroquinolone use and in use of specific agents. From

1999 through 2001, levofloxacin use increased from 88 � 55

to DDD/1000 PD, and ciprofloxacin use decreased132 � 77

from to DDD/1000 PD. In hospitals for which39 � 35 28 � 25

paired data were available, the increase in levofloxacin use was

significant ( ), but the decrease in ciprofloxacin useP p .0006

was not ( ). As a percentage of total fluoroquinoloneP p .14

use, the rate of levofloxacin use increased from 64% in 1999

to 82% in 2001; ciprofloxacin use decreased from 28% to 17%

during the same period.

Community fluoroquinolone use. The mean rate of com-

munity fluoroquinolone use surrounding all 35 hospitals, by

quarter, is seen in figure 2. The mean total rate of fluoroquin-

olone use in communities increased from 2.59 DDD/1000 in-

habitant-days in the first quarter of 1999 to 3.39 DDD/1000

inhabitant-days in the first quarter of 2001. Ciprofloxacin use

remained steady over this time and exceeded use of levofloxacin

until the first quarter of 2001. Levofloxacin use gradually in-

creased over the same period, with the greatest increases in use

occurring during the fourth quarter and the subsequent first

quarter of the following year. Gatifloxacin and moxifloxacin

use increased after their introduction into the US market, con-

tributing to the increase in total fluoroquinolone use.

The mean total rate of fluoroquinolone use during 1999

within a 10-mile radius of each hospital was DDD/2.3 � 0.6

1000 inhabitant-days and increased during 2000 to 2.8 � 0.7

DDD/1000 inhabitant days ( ). The mean rate of cip-P ! .0001

rofloxacin use (�SD) did not change significantly between

1999 and 2000 ( to DDD/1000 inhabitant1.5 � 0.4 1.5 � 0.4

days). The mean rate of levofloxacin use (�SD) during the

same period increased significantly, from to0.8 � 0.4 1.1 �

DDD/1000 inhabitant-days ( ). The volume of to-0.4 P p .0001
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Figure 1. Trend analysis of hospital fluoroquinolone use. Each point represents the aggregated mean of hospital usage by quarter, expressed as
defined daily doses (DDD) per 1000 patient-days (PD), across all hospitals between 1999 and 2001. Individual data for trovafloxacin, norfloxacin, and
ofloxacin are not shown to improve clarity but are included in the trend line of total use. In hospitals at which paired data were available for all 3
years, total annual fluoroquinolone use increased significantly over this period ( ). Levofloxacin use increased significantly ( ), andP p .01 P p .0006
ciprofloxacin use decreased ( significant).P p not

tal fluoroquinolone use in the community (the number of

DDDs per 1000 inhabitant-days in a 10-mile radius) was un-

related to total hospital fluoroquinolone use (number of DDDs

per 1000 PD) during 1999 ( ; ) or 20002R p .004 n p 23

( ; ).2R p .002 n p 34

Fluoroquinolone-resistant P. aeruginosa and fluoroquino-

lone use. Antibiograms that reported rates of fluoroquino-

lone-resistant P. aeruginosa were available from 21 hospitals for

1999, 28 hospitals for 2000, and 32 hospitals in 2001. The

median number of fluoroquinolone-resistant P. aeruginosa iso-

lates was 263 (range, 41–1600) for year 2001. Rates of resistance

in these hospitals increased from a mean of 29% in 1999 (me-

dian, 27%; range, 11%–45%) to 36% in 2000 (median, 35.5%;

range, 12%–61%) and to 38% in 2001 (median, 36%; range,

12%–60%). Paired antibiograms were available for 18 hospitals,

and rates of resistance increased significantly, from 29% in 1999

to 33% in 2000 and 36% in 2001 ( ).P p .003

Univariate analysis revealed a significant association between

total hospital fluoroquinolone use and rates of fluoroquino-

lone-resistant P. aeruginosa for the years 2000 ( ;2R p .34

; 28 hospitals) and 2001 ( ; ; 27 hos-2P p .001 R p .35 P p .001

pitals). This relationship did not reach significance for 1999

( ; ), but only 17 hospitals had data available2R p 0.21 P p .066

for analysis. When individual fluoroquinolones were examined,

ciprofloxacin use was not associated with resistance. However,

for the years 2000 and 2001, the association between levoflox-

acin use and resistance was statistically significant ( 2R p .38

[ ] and [ ], respectively) (figure 3).2P p .0006 R p .39 P p .0008

Community fluoroquinolone use was also associated with

fluoroquinolone-resistant P. aeruginosa. The correlations be-

tween fluoroquinolone use and resistance were consistently

greater for a 10-mile radius than for a 5-mile radius (data not

shown). Although ciprofloxacin was the dominant fluoroquin-

olone, its use did not correlate with rates of resistant P. aeru-

ginosa for 1999 ( ) or 2000 ( ). There was, how-2 2R p .12 R p .08

ever, a significant correlation between levofloxacin use in the

community and hospital rates of resistant P. aeruginosa for the

years 1999 ( ; ) and 2000 ( ;2 2R p .56 P p .001 R p .25 P p

) (figure 4)..008

For 1999–2001, the women and children’s hospital had the

lowest rate of fluoroquinolone use and a low rate of fluoro-

quinolone-resistant P. aeruginosa (figure 3). In contrast, the rate

of community fluoroquinolone use surrounding this hospital

was average (figure 4).

A multiple regression model showed that 2 predictor vari-

ables (total rate of fluoroquinolone use [i.e., sum of levofloxacin

and ciprofloxacin use rates] in hospitals and in communities)

were significantly associated with rates of fluoroquinolone-

resistant P. aeruginosa in 1999 ( ; ; )2R p .63 P p .0009 n p 17

and 2000 ( ; ; ). In 1999, fluoroquin-2R p .43 P p .0009 n p 28

olone use was independently associated with resistance in both

the community ( ) and the hospital ( ). In theP p .001 P p .031

year 2000, hospital fluoroquinolone use was significantly as-

sociated with resistance ( ), and community use wasP p .0004

not ( ).P p .068

A multiple regression model with 4 independent variables

(ciprofloxacin and levofloxacin use both in hospitals and in

communities) was analyzed for 1999. The model was predictive

of rates of resistance ( ; ; ). Levoflox-2R p .78 P p .0014 n p 16

acin use in the community was statistically significant (P p
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Figure 2. Trend analysis of community fluoroquinolone use. Each point represents the aggregated mean of community use for the specified drug,
expressed as defined daily doses (DDD) per 1000 inhabitant-days, within a 10-mile (∼16-km) radius surrounding all 35 SCOPE-MMIT hospitals. Total
fluoroquinolone use and levofloxacin use increased significantly over this period; ciprofloxacin use did not change significantly.

Figure 3. Individual hospital levofloxacin use during the year 2000,
expressed as defined daily doses (DDD) per 1000 patient-days (PD), versus
hospital rates of fluoroquinolone-resistant Pseudomonas aeruginosa. The
relationship is significant ( ; ; 27 hospitals). Box, A2R p .38 P p .0006
women and children’s hospital, which was not included in calculation of
the regression line but is shown for contrast.

), but community usage of ciprofloxacin was not statis-.0006

tically significant ( ). Hospital use of levofloxacin andP p .37

ciprofloxacin was not predictive of resistance in 1999. In the

year 2000, the model explained one-half of the variation in

rates of resistance ( ; ; ), and levoflox-2R p .50 P p .003 n p 27

acin use both in the community ( ) and in the hospitalP p .031

( ) contributed significantly to the model. Ciproflox-P p .029

acin use was not predictive of rates of resistance in the com-

munity ( ) or in the hospital ( ).P p .83 P p .75

DISCUSSION

Resistance of P. aeruginosa to fluoroquinolones is mediated by

multiple mechanisms, and the organism is often multidrug

resistant [13]. Such strains cause endemic infections and are

only susceptible to colistin (colistimethate sodium) [13, 24].

These strains have evolved when there are few drugs under

development that are active against multidrug-resistant gram-

negative bacteria [13, 15].

The mean rates of fluoroquinolone-resistant P. aeruginosa in

our hospital network (29% in 1999, increasing to 38% in 2001)

are similar to those in other reports. Surveillance from 250 US

hospitals in the year 2000 found that 29% of P. aeruginosa were

fluoroquinolone resistant [14], a rate similar to that from the

CDC Project ICARE hospitals (∼24% in 1998/1999) [12]. These

reports of the mean rates of resistance, however, underempha-

size marked variability between hospitals, from 16% to 60%

during 2001 in our network. The women and children’s hospital

consistently had the lowest rates of resistance, from 11% in

1999 to 13% in 2001, as well as the lowest rates of fluoro-

quinolone use. This is the first report that antibiotic use in the

hospital and surrounding communities explains much of this

variability—something that has not been possible in previous

studies that lack local antibiotic use data [9–11, 25–27].

Fluoroquinolone use is a significant risk factor for selection

of resistant P. aeruginosa in individual patients and in popu-

lations [9–11, 27–29]. Richard et al. [28] found that prior re-

ceipt of a fluoroquinolone was the main risk factor for infection

with a quinolone-resistant gram-negative bacterium. They also

reported that, of 206 hospitalized patients, the gastrointestinal

tracts of 63 were colonized with fluoroquinolone-resistant bac-

teria [29]. One-half of these organisms were P. aeruginosa, and

receipt of a fluoroquinolone within the preceding month, either

in the hospital or in the community, was the main risk factor.

The observation that community antimicrobial use may con-

tribute to antimicrobial resistance in hospitals is a relatively
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Figure 4. Individual community levofloxacin use during the year 2000,
expressed as defined daily doses (DDD) per 1000 inhabitant-days, within
a 10 mile radius of each hospital, versus hospital rates of fluoroquinolone-
resistant P. aeruginosa ( ; ; ). Box, A women and2R p .28 P p .004 n p 28
children’s hospital, which was not included in calculation of the regression
line but is shown for contrast.

new phenomenon. Before the availability of fluoroquinolones,

the antibiotics used most often in the community were not

used in hospitals to treat serious infections. The exception has

involved patients admitted from a long-term care facility at

which use of potent antimicrobial agents is common [30]. In

1999, Fridkin et al. [31] reported from the National Nosocomial

Surveillance System that fluoroquinolone resistance in P. aeru-

ginosa was higher in community isolates than in hospital iso-

lates. They speculated that this may be related to community

use of fluoroquinolones. A report that the increase in fluoro-

quinolone-resistant P. aeruginosa in intensive care units in the

United States is correlated with community fluoroquinolone

use is consistent with our observations [9]. However, the rel-

ative rate of use of fluoroquinolones in the community (∼3

DDD/1000 inhabitant-days) is considerably lower than that in

the hospital (∼150 DDD/1000 PD), strongly suggesting that

hospital use is more likely to contribute to fluoroquinolone

resistance in the hospital than is community use.

The finding that fluoroquinolone resistance is most closely

linked to levofloxacin use (and not to ciprofloxacin use) is

intriguing. Rates of fluoroquinolone resistance in P. aerugi-

nosa were increasing before levofloxacin was widely used, so

use of this agent cannot be solely responsible. However, lev-

ofloxacin may be more likely to select for resistant strains of

P. aeruginosa than is ciprofloxacin. Peterson et al. [32] re-

ported that the monthly prevalence of ciprofloxacin-resistant

P. aeruginosa at Northwestern Memorial Hospital (Chicago,

IL) increased from ∼7% in June 1992 to 25% by October

1995. This was more closely linked to ofloxacin use than to

ciprofloxacin use. Bhavnani et al. [11] found that hospital

expenditures for levofloxacin were associated with fluoro-

quinolone resistance in P. aeruginosa, whereas ciprofloxacin

expenditures were not. When levofloxacin was approved for

use in the United States in 1996, ciprofloxacin was more active

against P. aeruginosa [1], but recent surveillance reports in-

dicate that susceptibility is now essentially identical [14].

There are, however, subtle differences between these 2 drugs

that may explain these observations. Fluoroquinolone-resis-

tant P. aeruginosa are most likely to originate in the gastro-

intestinal tract [29]. The bioavailability of levofloxacin is

nearly 100%, whereas the bioavailability of ciprofloxacin is

60%–70% [1]. The higher gastrointestinal concentrations of

ciprofloxacin may eliminate borderline fluoroquinolone-

susceptible organisms, whereas lower gastrointestinal concen-

trations of levofloxacin may select for fluoroquinolone-resis-

tant strains. Furthermore, in vitro serial passage studies by

Gilbert et al. [33] report that levofloxacin is consistently more

likely than ciprofloxacin to select for fluoroquinolone-resis-

tant strains of P. aeruginosa.

There are limitations to our observations. First, hospitals did

not use uniform methods to construct and report antibiograms.

Failure to eliminate duplicate isolates, for example, tends to

increase the rate of reported resistance [34]. Second, there is

potential for information bias, selection bias, and confounding

during investigations that link aggregate antibiotic use to re-

sistance [35]. Although we found no relationship of selected

hospital demographic data to rates of resistance, there are other

variables that may contribute to resistance in P. aeruginosa. In

particular, patient-to-patient transmission is a frequent con-

founder of the relationship between drug use and resistance

[12, 35, 36]. This, however, appears to be an unlikely expla-

nation of our observations, because patient-to-patient trans-

mission of drug-resistant P. aeruginosa is uncommon and is

less important than drug exposure [37]. Finally, associations

cannot by themselves prove causal relationships. However, the

association between community fluoroquinolone use and hos-

pital rates of resistance has now been replicated: the variability

in rates of resistance correlated with use, antibiotic use preceded

increasing resistance, and the results are biologically plausible.

Whether a return to more modest use of fluoroquinolones

or preferential use of fluoroquinolones with a lower propensity

to select for resistant strains will delay or reverse the rates of

increasing resistance remains unclear. What is clear is that we

are rapidly losing a valuable class of antibiotics for the treatment

of serious nosocomial infections.

Acknowledgments

We wish to express our appreciation to the following persons who made
this investigation possible: Carol Baum (Aventis Pharmaceuticals; Bridge-
water, NJ), for providing IMS Health data; Virginia Commonwealth Uni-
versity (Richmond, VA) student Heather Tomes, for database entry; Dom-
inique Monnet, for his helpful comments; MediMedia Information



Quinolone Use and Resistant Pseudomonas • CID 2004:39 (15 August) • 503

Technology (Yardley, PA) personnel Brian Bamberger, Anne Mahoney, and
Jim Letcavage; and the pharmacists, infection-control practitioners, mi-
crobiologists, and physicians from the SCOPE-MediMedia Antimicrobial
Surveillance Network (Richmond, VA).

Financial support. Merck, Bayer, and Aventis (to R.E.P.); Aventis and
Roche (to C.K.J); and Pfizer, Merck, Aventis, and Roche (to R.P.W.).

Conflict of interest. R.E.P.: Speaker’s bureau and consulting for Cubist,
Aventis, and Roche; C.K.J.: speaker’s bureau and consulting for Gerson
Lehrman Group; R.P.W.: speaker’s bureau and consulting for Pfizer, Merck,
Aventis, and Roche. All other authors: No conflict.

References

1. Owens RC Jr, Ambrose PG. Clinical use of the fluoroquinolones. Med
Clin North Am 2000;84:1447–69.

2. Peacock JE, Herrington DA, Wade JC, et al. Ciprofloxacin plus pi-
peracillin compared with tobramycin plus piperacillin as empirical
therapy in febrile neutropenic patients: a randomized, double-blind
trial. Ann Intern Med 2002; 137:77–87.

3. Scheld WM. Maintaining fluoroquinolone class efficacy: review of in-
fluencing factors. Emerg Infect Dis 2003; 9:1–9.

4. McCraig LF, Besser RE, Hughes JM. Antimicrobial drug prescribing in
ambulatory care settings, United States, 1992–2000. Emerg Infect Dis
2003; 9:432–7.

5. Steinman MA, Gonzales R, Linder JA, Landefeld CS. Changing use of
antibiotics in community-based outpatient practice, 1991–1999. Ann
Intern Med 2003; 138:525–33.

6. Chen DK, McGeer A, de Azavedo JC, Low DE. Decreased susceptibility
of Streptococcus pneumoniae to fluoroquinolones in Canada. Canadian
Bacterial Surveillance Network. N Engl J Med 1999; 341:233–9.

7. Davidson R, Cavalcanti R, Brunton JL, et al. Resistance to levofloxacin
and failure of treatment of pneumococcal pneumonia. N Engl J Med
2002; 346:747–50.

8. Goldstein EJ, Garabedian-Ruffalo SM. Widespread use of fluoroquin-
olones versus emerging resistance in pneumococci. Clin Infect Dis
2002; 35:1505–11.

9. Neuhauser MM, Weinstein RA, Rydman R, Danziger LH, Karam G,
Quinn JP. Antibiotic resistance among gram-negative bacilli in US
intensive care units: implications for fluoroquinolone use. JAMA
2003; 289:885–8.

10. Zervos MJ, Hershberger E, Nicolau DP, et al. Relationship between
fluoroquinolone use and changes in susceptibility to fluoroquinolones
of selected pathogens in 10 United States teaching hospitals, 1991–2000.
Clin Infect Dis 2003; 37:1643–8.

11. Bhavnani SM, Callen WA, Forrest A, et al. Effect of fluoroquinolone
expenditures on susceptibility of Pseudomonas aeruginosa to cipro-
floxacin in US hospitals. Am J Health Syst Pharm 2003; 60:1962–70.

12. Fridkin SK, Hill HA, Volkova NV, et al. Temporal changes in prevalence
of antimicrobial resistance in 23 US hospitals. Emerg Infect Dis 2002;8:
697–701.

13. Livermore DM. Multiple mechanisms of antimicrobial resistance in
Pseudomonas aeruginosa: our worst nightmare? Clin Infect Dis 2002;
34:634–40.

14. Sahm DF, Critchley IA, Kelly LJ, et al. Evaluation of current activities
of fluoroquinolones against gram-negative bacilli using centralized in
vitro testing and electronic surveillance. Antimicrob Agents Chemother
2001; 45:267–74.

15. US Food and Drug Administration, Center for Drug Evaluation and
Research, Anti-Infective Drugs Advisory Committee (AIDAC). Ap-
proaches to the development of antimicrobial agents for the treatment
of resistant pathogens. In: Proceedings of the AIDAC meeting (Gaith-
ersburg, MD). 2002.

16. Wenzel RP, Wong MT. Editorial response: managing antibiotic use—
impact of infection control. Clin Infect Dis 1999; 28:1126–7.

17. Edmond, M, Wallace S, McClish DK, et al. Nosocomial bloodstream

inflections in United States hospitals: a three-year analysis. Clin Infect
Dis 1999; 29:239–344.

18. Cosentino M, Leoni O, Banfi F, Lecchini S, Frigo G. An approach for
the estimation of drug prescribing using the defined daily dose meth-
odology and drug dispensation data: theoretical considerations and
practical applications. Eur J Clin Pharmacol 2000; 56:513–17.

19. ATC/DDD index 2004. Oslo, Norway: WHO Collaborating Centre for
Drug Statistics Methodology, 2004. Available at: http://www.whocc.no/
atcddd/indexdatabase/. Accessed 30 March 2004.

20. American Hospital Directory. Available at: http://www.ahd.com. Ac-
cessed Fall 2001–2002.

21. Hospital Select: Medical-Net. Available at: http://www.Hospitalselect.
com. Accessed Fall 2001–2002.

22. National Center for Health Statistics. Available at: http://www.cdc.gov/
nchs/. Accessed Fall 2002.

23. The Association of American Medical Colleges. Council of teach-
ing hospitals and health systems alphabetical listing. Available at:
http://www.aamc.org/members/listings/thalpha.htm. Accessed Fall
2001–2002.

24. Stein A, Raoulta D. Colistin: an antimicrobial for the 21st century?
Clin Infect Dis 2002; 35:901–2.

25. Fridkin SK, Steward CD, Edwards JR, et al. Surveillance of antimicro-
bial use and antimicrobial resistance in United States hospitals: project
ICARE phase 2. Project Intensive Care Antimicrobial Resistance Epi-
demiology (ICARE) hospitals. Clin Infect Dis 1999; 29:245–52.

26. Jones RN, Kirby JT, Beach ML, Biedenbach DJ, Pfaller MA. Geographic
variations in activity of broad-spectrum beta-lactams against Pseudo-
monas aeruginosa: summary of the worldwide SENTRY Antimicrobial
Surveillance Program (1997–2000). Diagn Microbiol Infect Dis 2002;
43:239–43.

27. Fridkin SK, Gaynes RP. Antimicrobial resistance in intensive care units.
Clin Chest Med 1999; 20:303–16.

28. Richard P, Delangle MH, Merrien D, et al. Fluoroquinolone use and
fluoroquinolone resistance: is there an association? Clin Infect Dis
1994; 19:54–9.

29. Richard P, Delangle MH, Raffi F, Espaze E, Richet H. Impact of fluor-
oquinolone administration on the emergence of fluoroquinolone-re-
sistant gram-negative bacilli from gastrointestinal flora. Clin Infect Dis
2001; 32:162–6.

30. Bonomo RA. Multiple antibiotic-resistant bacteria in long-term-care
facilities: an emerging problem in the practice of infectious diseases.
Clin Infect Dis 2000; 31:1414–22.

31. Fridkin SK, Steward CD, Edwards JR, et al. Surveillance of antimicro-
bial use and antimicrobial resistance in United States hospitals: Project
ICARE Phase 2. Project Intensive Care Antimicrobial Resistance Epi-
demiology (ICARE) Hospitals. Clin Infect Dis 1999; 29:245–52.

32. Peterson LR, Postelnick M, Pozdol TL, Reisberg B, Noskin GA. Man-
agement of fluoroquinolone resistance in Pseudomonas aeruginosa—
outcome of monitored use in a referral hospital. Int J Antimicrob
Agents 1998; 10:207–14.

33. Gilbert DN, Kohlhepp SJ, Slama KA, et al. Phenotypic resistance of
Staphylococcus aureus, selected Enterobacteriaceae, and Pseudomonas
aeruginosa after single and multiple in vitro exposures to ciprofloxacin,
levofloxacin, and trovafloxacin. Antimicrob Agents Chemother 2001;
45:883–92.

34. Shannon KP, French GL. Antibiotic resistance: effect of different criteria
for classifying isolates as duplicates on apparent resistance frequencies.
J Antimicrob Chemother 2002; 49:201–4.

35. Steinke D, Davey P. Association between antibiotic resistance and com-
munity prescribing: a critical review of bias and confounding in pub-
lished studies. Clin Infect Dis 2001; 33(Suppl 3):S193–205.

36. McGowan JE. Antimicrobial resistance in hospital organisms and its
relation to antibiotic use. Rev Infect Dis 1983; 5:1033–48.

37. Bonten MJ, Bergmans DC, Speijer H, Stobberingh EE. Characteristics
of polyclonal endemicity of Pseudomonas aeruginosa colonization in
intensive care units: implications for infection control. Am J Respir
Crit Care Med 1999; 160:1212–9.


