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Successful nosocomia pathogens must overcome two major obstacles to cause infections:
the host immune defense system and the antibiotics that are ubiquitous in the hospital
setting. The bacterium Pseudomonas aeruginosa is adept at scaling both of these hurdles. It
produces a plethora of pathogenic factors that target different aspects of host defenses, and it
ranks high on the list of antibiotic resistant bacteria.

P. aeruginosa uses an arsenal of toxinsto target cells of the innate immune system. Of these,
ExoU appears to be particularly critical. This protein isinjected directly into host cells
through a needle-like apparatus called the type |11 secretion system [1]. Once in the cytosol,
it istargeted to the host cell plasma membrane and activated by host cell factors to become a
potent phospholipase. The net result is cleavage of phospholipids in the host cell plasma
membrane, which causes lysis and death of the host cell. Recent studies have demonstrated
that neutrophils are a prime target for ExoU injection during the early stages of P.
aeruginosa pneumonia[2]. The subsequent death of these neutrophils resultsin alocalized
“neutropenia’ in the lungs and creates an environment in which P. aeruginosa thrives[3].
Although only one-fourth of P. aeruginosa clinical isolates harbor the gene encoding ExoU
[4], these isolates appear to be particularly virulent and have been linked to especially severe
infections[5, 6].

P. aeruginosa’s credentialsin the forum of antibiotic resistance are no lessimpressive. It has
been designated an ESK APE organism, one of six bacteriafor which novel antimicrobial
agents are most needed [7]. Loss of susceptibility to the widely used fluoroquinolonesis
especialy problematic, with resistance rates now over 30% in U.S. hospitals[8]. This
resistance has been linked to worse clinical outcomes [9]. Since fluoroquinolone resistance
often results from over-expression of efflux pumps, it is frequently linked to multidrug
resistance. Thus the association between fluoroquinolone resistance and poor outcomesis
thought to occur because of an increased likelihood of inadequate empiric therapy prior to
the availability of antimicrobial susceptibility results.
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Interestingly, previous reports indicated that the exoU gene and resistance to
fluoroguinolones (as well as other antibiotics) cluster together in the same strains of P.
aeruginosa [10-12]. These strains therefore have the capacity to both thwart the innate
immune response and resist the sterilizing action of one of the most frequently used
antibiotics. In this month’sissue of Critical Care Medicine, Sullivan and colleagues present
findings suggesting that such strains more frequently lead to pneumonia[13]. In a
retrospective analysis of 218 consecutive patients with respiratory culturesthat grew P.
aeruginosa, the single most significant predictor of pneumonia (as opposed to bronchitis or
colonization) in a multivariate regression model was the combined traits of fluoroquinolone
resistance and the exoU gene. These findings suggest that strains with both the propensity to
produce ExoU and the ability to resist the killing effects of fluoroquinolones are more likely
cause progression to pneumonia rather than merely colonize the respiratory tract or cause
bronchitis. The authors go on to suggest that diagnostic tests capable of rapidly identifying
such strains could prove clinically useful in allowing clinicians to rapidly intervene to
prevent pneumonia or to treat it early in its course.

One of the more interesting questions generated by this study is how the linkage between
fluoroquinol one resistance and the exoU gene developed. At first glance, one might assume
that fluoroquinolone resistance occurred in an ancestral P. aeruginosa strain that harbored
the exoU gene, and that this resistance phenotype was subsequently disseminated in a clonal
manner. However, both strain genotyping and fluoroquinolone resistance alele sequencing
studiesindicate that these strains are non-clonal [13, 14]. Perhaps the most likely
explanation, as suggested by the authors, liesin the fact that antimicrobial agents work best
in the presence of arobust immune response. Experience with neutropenic patients confirms
the importance of neutrophilsin facilitating bacterial eradication by antibiotics. By targeting
neutrophils, ExoU allows persistence of P. aeruginosa in the host for longer times[15] and
therefore more prolonged exposure of viable bacteria to fluorogquinolonesin patients treated
with these agents. This prolonged exposure enhances the chance of fluoroquinolone
resistance mutations arising. Additional studies designed to follow the emergence of
fluoroguinolone resistance in exoU+ strains as patients progress from colonization to
pneumoniawould be informative in this regard.

The study by Sullivan and colleagues has several limitations, which are acknowledged by
the authors. Most importantly, it is retrospective, and respiratory cultures were presumably
obtained at the discretion of the treating physicians. Also, the use of sputum and
endotracheal cultures could have misidentified the true etiology of pneumonia, especially
when these cultures grew multiple organisms.

What are the implications of this study? First, while the poor outcomes observed with
fluoroquinolone-resistant strains of P. aeruginosa have been ascribed to inappropriate
empiric therapy, it is also possible that the co-existing exoU gene and presumably secretion
of the ExoU toxin is at least partially responsible for these worse outcomes [10]. Second,
additional studies are needed to determine whether other bacterial virulence determinants are
also associated with increased levels of antimicrobial resistance. If the phenomenon reported
by Sullivan and colleagues is indeed more general, our conventional view that antibiotic
resistance and pathogenic factors both independently lead to worse clinical outcomes may

be too simple. These two characteristics may instead be interdependent—two sides of the
same coin.

Acknowledgments

Supported by the National Institutes of Health (grants RO1 A1053674, R01 Al1075191, RO1 A1099269, and R21
A1088286)

Crit Care Med. Author manuscript; available in PMC 2015 January 01.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Hauser

Page 3

Dr. Hauser’ sinstitution received grant support from the National Institutes of Health and Microbiotix, Inc. (Dr.
Hauser hasjoint NIH grants with personnel at Microbiatix, Inc.).

References

1

Sato H, Frank DW. ExoU is a potent intracellular phospholipase. Mol Microbiol. 2004; 53(5):1279—
1290. [PubMed: 15387809]

. Diaz MH, Hauser AR. Pseudomonas aeruginosa cytotoxin ExoU isinjected into phagocytic cells

during acute pneumonia. Infect Immun. 2010; 78:1447-1456. [PubMed: 20100855]

. Diaz MH, Shaver CM, King JD, et a. Pseudomonas aeruginosa induces localized

immunosuppression during pneumoniain mammals. Infect Immun. 2008; 76:4414—4421. [PubMed:
18663007]

. Feltman H, Schulert G, Khan S, et al. Prevalence of type Il secretion genesin clinical and

environmental isolates of Pseudomonas aeruginosa. Microbiology. 2001; 147:2659-2669.
[PubMed: 11577145]

. Roy-Burman A, Savel RH, Racine S, et al. Type Il protein secretion is associated with death in

lower respiratory and systemic Pseudomonas aeruginosainfections. J Infect Dis. 2001; 183:1767—
1774. [PubMed: 11372029]

. EI-Solh AA, Hattemer A, Hauser AR, et a. Clinical outcomes of type |11 Pseudomonas aeruginosa

bacteremia. Crit Care Med. 2012; 40(4):1157-1163. [PubMed: 22080633]

. Rice LB. Federal funding for the study of antimicrobial resistance in nosocomial pathogens: no

ESKAPE. JInfect Dis. 2008; 197(8):1079-1081. [PubMed: 18419525]

. Rosenthal VD, BijieH, Maki DG, et al. International Nosocomial Infection Control Consortium

(INICC) report, data summary of 36 countries, for 2004—2009. Am JInfect Control. 2012; 40(5):
396-407. [PubMed: 21908073]

. Hsu DI, Okamoto MP, Murthy R, Wong-Beringer A. Fluoroquinolone-resistant Pseudomonas

aeruginosa: risk factors for acquisition and impact on outcomes. J Antimicrob Chemother. 2005;
55(4):535-541. [PubMed: 15728150]

10. Wong-Beringer A, Wiener-Kronish J, Lynch S, Flanagan J. Comparison of type Il secretion

system virulence among fluoroguinol one-susceptible and -resistant clinical isolates of
Pseudomonas aeruginosa. Clin Microbiol Infect. 2008; 14(4):330-336. [PubMed: 18190571]

11. Zhu H, Conibear TC, BandaraR, et al. Type |11 secretion system-associated toxins, proteases,

serotypes, and antibiotic resistance of Pseudomonas aeruginosa isol ates associated with keratitis.
Curr Eye Res. 2006; 31(4):297-306. [PubMed: 16603462]

12. Garey KW, Vo QP, Larocco MT, et a. Prevalence of type |11 secretion protein exoenzymes and

antimicrobial susceptibility patterns from bloodstream isolates of patients with Pseudomonas
aeruginosa bacteremia. J Chemother. 2008; 20(6):714—720. [PubMed: 19129069]

13. Sullivan E, Bensman J, Lou M, et a. Risk of developing pneumoniais enhanced by the combined

traits of fluoroquinolone resistance and type |11 secretion virulence in respiratory isolates of
Pseudomonas aeruginosa. Crit Care Med. 2013 in press.

14. Agnello M, Wong-Beringer A. Differentiation in quinolone resistance by virulence genotype in

Pseudomonas aeruginosa. PLoS One. 2012; 7(8):e42973. [PubMed: 22905192]

15. El Solh AA, Akinnusi ME, Wiener-Kronish JP, et a. Persistent infection with Pseudomonas

aeruginosain ventilator-associated pneumonia. Am J Respir Crit Care Med. 2008

Crit Care Med. Author manuscript; available in PMC 2015 January 01.



