Prevalence of antibiotic resistance among P. aeruginosa in US hospitals, 2000–2009
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ABSTRACT
Introduction: P. aeruginosa (PA) represents an important cause of
severe infection in hospitalized patients. Initially appropriate empiric antibiotic therapy is a key determinant of outcome. Appropriate initial antibiotic selection is predicated on understanding the
epidemiology of resistance to commonly used antibiotics either as
single agents or as parts of combination regimens. We explored resistance among PA to frequently utilized antibiotic regimens over
time in the US.
Methods: We analyzed a nationally representative US-based microbiology database, Eurofins TSN, between years 2000 and 2009. We
examined the prevalence of PA’s resistance to the following antibiotics: piperacillin/tazobactam (PTZ), ceftazidime (TAZ), imipenem
(IMI), or meropenem (MER) alone, and combinations of PTZ+
ciprofloxacin (CIP), TAZ+CIP, IMI+CIP, MER+CIP, PTZ+gentamicin
(GEN), TAZ+GEN, IMI+GEN, MER+GEN. We evaluated specimens from
pneumonia (PNE), blood stream (BSI), urinary tract (UTI) and complicated intra-abdominal (IAI) infections.
Results: Among the 327,912 PA specimens 57.1% were PNE,
35.1% UTI, 5.6% BSI and 2.2% IAI. Overall, the highest prevalence of
resistance to single therapy was TAZ (24.8%) and combination
IMI+CIP (17.3%). The lowest rate of resistance was to PTZ as a single
agent (13.4%) and PTZ+GEN as combination (7.9%). PNE accounted for the highest proportion of resistance to all regimens examined, ranging from 9.5% PTZ+GEN to 29.5% TAZ. Between 2000
and 2009, while resistance rates rose to PTZ (12.4% to 15.0%), IMI
(20.8% to 25.2%), MER (19.5% to 24.2%), PTZ+CIP (8.8% to
10.1%), IMI+CIP (14.7% to 18.3%) and MER+CIP (14.9% to 17.4%),
those to the other regimens remained stable with some fluctuations.
Conclusions: Resistance among PA to routine anti-pseudomonal
regimens is high, with the highest levels observed in PNE. While they
have remained stable to some potential regimens, resistance rates
to others have increased over the decade examined. The most pronounced rise in PA resistance was to regimens containing carbapenems, irrespective of concomitant fluoroquinolone use. These trends
must inform not only empiric treatment of serious infections, but
also the approaches to antibiotic stewardship.
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■

Pseudomonas aeruginosa (PA) represents an important cause of
severe infection in hospitalized patients.
Multidrug resistance among PA represents a major treatment
challenge (1).
● For example, a recent US-based surveillance study reported
that one-quarter of device-related infections in hospitalized
patients were caused by carbapenem-resistant PA (2).
Initially appropriate empiric antibiotic therapy is a key determinant of outcome (1–10).
Appropriate initial antibiotic selection is predicated on understanding the epidemiology of resistance to commonly used
antibiotics either as single agents or as parts of combination regimens.

●

Data source
■ The Surveillance Network (TSN) database from Eurofins
● Database used extensively for surveillance purposes since 1994 (11–15).
● Routine clinical data collected from a nationally representative sample of
microbiology laboratories in 217 hospitals in the US
● Only clinically significant samples reported
● No personal identifying information for source patients available
● Only source laboratories that perform antimicrobial susceptibility testing
according to standard FDA-approved testing methods and interpret susceptibility in accordance with the Clinical Laboratory Standards Institute breakpoints included (16)

●
●
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To explore resistance among PA to frequently utilized antibiotic
regimens over time in the US

Sample frame
■ Time: between years 2000 and 2009
■ Only samples representing one of the four infections of interest included:
● Pneumonia
● Blood stream infection (BSI)
● Urinary tract infection (UTI)
● Complicated intra-abdominal infection (cIAI)
■ Examined the prevalence of PA’s resistance to the following antibiotics
(Table 1):

TABLE 1 Antibiotics examined

■

Single agent
pip-tazo
ceftaz
imi
mero

■

Combinations
pip-tazo+cipro
ceftaz+cipro
imi+cipro
mero+cipro
pip-tazo+gent
ceftaz+gent
imi+gent
mero+gent

■
■

RESULTS
We identified 327,912 pseudomonal specimens between
2000 and 2009, the majority of which were from pneumonia
(Figure 1).
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Geographic variation in the prevalence of resistance was examined
according to the 9 US census divisions (Figure 5)
● East North Central census division consistently had one of the highest rates of resistance to all regimens examined (Figure 6)
● There was substantial variability in resistance rates across the other
eight divisions (Figure 6)
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■

For all years and infection types combined (Figure 2)
● The highest prevalence of resistance
◆ Single therapy: ceftaz (24.8%)
◆ Combination therapy: imi+cipro (17.6%)
● The lowest rate of resistance
◆ Single therapy: pip-tazo (13.4%)
◆ Combination therapy: pip-tazo+gent (7.9%)

Figure 2 Resistance rates by agent
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For all infections combined, between 2000 and 2009 (Figure 4)
● Resistance rates rose for
◆ pip-tazo (12.4% to 15.0%)
◆ imi (20.8% to 25.2%)
◆ mero (19.5% to 24.2%)
◆ pip-tazo+cipro (8.8% to 10.1%)
◆ imi+cipro (14.7% to 18.3%)
◆ mero+cipro (14.9% to 17.4%)
● Resistance to the other regimens remained stable with some fluctuations

■

Figure 4 Combined resistance rates by year
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Geographically, resistance patterns in the ICU also echoed those outside the ICU
with some minor variations (Figure 8)

Figure 8 Resistance rates of specimens originating in the ICU by census division

Figure 6 Resistance rates by census division

20%

MidAtl
All
EaSoCent

10%
0%

WeSoCent
SoAtl
Pac

MidAtl = Mid-Atlantic; EaNoCent = East North Central; N Engl = New England;
SoAtl = South atlantic; WeNoCent = West North Central; WeSoCent = West South
Central; Pac = Pacific; EaSoCent = East South Central

■
■

REFERENCES

60%

pip/tazo

10%

We additionally examined resistance rates for specimens originating in the ICU
● Over time, resistance patterns in the ICU echoed those outside the ICU with some
minor variations (Figure 7)

Resistance among PA to routine anti-pseudomonal regimens is high, with the highest
levels observed in pneumonia.
While they have remained stable to some potential regimens, resistance rates to
others have increased over the decade examined.
Resistance rates among organisms isolated in the ICU are generally higher than those
among all the organisms examined.
The most pronounced rise in PA resistance was to regimens containing carbapenems,
irrespective of concomitant fluoroquinolone use.
These trends must inform not only empiric treatment of serious infections, but also the
approaches to antibiotic stewardship.

Figure 7 Resistance rates of specimens originating in the ICU by year

mero+gent
20%

Nationally representative database → highly generalizable results
TSN database consists of microbiology samples from hospital laboratories.
● While we attempted to reduce the risk of duplication, because of how samples are
numbered in the database, repeat sampling remains a possibility.

CONCLUSIONS

Pip-tazo = piperacillin-tazobactam; ceftaz = ceftazidime; imi = imipenem;
mero = meropenem; gent = gentamicin

0%

STUDY AIM

All enrolled laboratories undergo a pre-enrollment site visit
Logical filters used for routine quality control to detect unusual susceptibility profiles and to ensure appropriate testing methods
Repeat testing and reporting done as necessary
Laboratory samples reported as susceptible, intermediate, or resistant
according to CLSI breakpoints (16)
Grouped intermediate samples together with the resistant ones for the purposes of the current analysis
Duplicate isolates excluded

■

INTRODUCTION
■

STRENGTHS AND LIMITATIONS

METHODS

Mountain

1. Obritsch MD, Fish DN, MacLaren R, Jung R. National surveillance of antimicrobial resistance in
Pseudomonas aeruginosa isolates obtained from intensive care unit patients from 1993 to 2002.
Antimicrob Agents Chemother 2004;48:4606–10
2. Hidron AI, Edwards JR, Patel J, Horan TC, Sievert DM, Pollock DA, Fridkin SK. Antimicrobial-resistant
pathogens associated with healthcare-associated infections: Annual summary of data reported to
the National Healthcare Safery Network at the Centers for Disease Control and Prevention,
2006–2007. Infect Control Hospital Epidemiol 2008;29:996–1011
3. National Nosocomial Infections Surveillance (NNIS) System Report. Am J Infect Control
2004;32:470
4. Micek ST, Kollef KE, Reichley RM, et al. Health care-associated pneumonia and communityacquired pneumonia: a single-center experience. Antimicrob Agents Chemother 2007;51:3568–73
5. Iregui M, Ward S, Sherman G, et al. Clinical importance of delays in the initiation of appropriate
antibiotic treatment for ventilator-associated pneumonia. Chest 2002;122:262–268
6. Alvarez-Lerma F, ICU-acquired Pneumonia Study Group. Modification of empiric antibiotic treatment in patients with pneumonia acquired in the intensive care unit. Intensive Care Med
1996;22:387–394
7. Zilberberg MD, Shorr AF, Micek MT, Mody SH, Kollef MH. Antimicrobial therapy escalation and hospital mortality among patients with HCAP: a single center experience. Chest 2008:134:963–8
8. Dellinger RP, Levy MM, Carlet JM, Bion J, Parker MM, Jaeschke R, Reinhart K, Angus DC, Brun-Buisson C, Beale R, Calandra T, Dhainaut JF, Gerlach H, Harvey M, Marini JJ, Marshall J, Ranieri M,
Ramsay G, Sevransky J, Thompson BT, Townsend S, Vender JS, Zimmerman JL, Vincent JL. Surviving
Sepsis Campaign: international guidelines for management of severe sepsis and septic shock:
2008. Crit Care Med 2008;36:296–327
9. Shorr AF, Micek ST, Welch EC, Doherty JA, Reichley RM, Kollef MH. Inappropriate antibiotic therapy
in Gram-negative sepsis increases hospital length of stay. Crit Care Med 2011;39:46–51
10. Kollef MH, Sherman G, Ward S, Fraser VJ. Inadequate antimicrobial treatment of infections: a risk
factor for hospital mortality among critically ill patients. Chest 1999;115:462–74
11. Braykov NP, Eber MR, Klein EY, Morgan DJ, Laxminarayan R. Trends in resistance to carbapenems
and third-generation cephalosporins among clinical isolates of Klebsiella pneumoniae in the
United States, 1999–2010. Infect Control Hosp Epidemiol 2013;34:259–68
12. Sahm DF, Marsilio MK, Piazza G. Antimicrobial resistance in key bloodstream bacterial isolates:
electronic surveillance with the Surveillance Network Database—USA. Clin Infect Dis 1999;
29:259–63
13. Klein E, Smith DL, Laxminarayan R. Community-associated methicillin-resistant Staphylococcus
aureus in outpatients, United States, 1999–2006. Emerg Infect Dis 2009;15:1925–30
14. Hoffmann MS, Eber MR, Laxminarayan R. Increasing resistance of Acinetobacter species to
imipenem in United States hospitals, 1999–2006. Infect Control Hosp Epidemiol 2010;31:196–7
15. Jones ME, Draghi DC, Karlowsky JA, Sahm DF, Bradley JS. Prevalence of antimicrobial resistance in
bacteria isolated from central nervous system specimens as reported by U.S. hospital laboratories
from 2000 to 2002. Ann Clin Microbiol Antimicrob 2004;3:3
16. Clinical Laboratory Standards Institute. Available at http://www.clsi.org. Accessed July 8, 2013

2008
■

For all years combined, pneumonia accounted for the
highest proportion of resistance to all regimens examined, ranging from 9.5% pip-tazo+gent to 29.5% ceftaz
(Figure 3)
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