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The unrelenting rise in antimicrobial resistance is of great concern. The urgency of the problem
is compounded by the recognition that fewer new antimicrobial agents are introduced each
year [1]. Past efforts to curb resistance have been largely unsuccessful. It is important to note
that what attention has been focused on emerging resistance, has been primarily directed toward
gram-positive organisms (e.g., methicillin-resistant Staphylococcus aureus (MRSA) and
vancomycin-resistant enterococci (VRE)). Indeed, the few antimicrobial agents introduced in
recent years have targeted treatment of multidrug resistant gram-positive organisms.

Despite strong evidence for person-to-person spread of MRSA, the optimal infection
prevention strategies to curtail spread of this organism remain unclear. This has primarily been
due to an historical lack of scientifically robust and generalizable data. Only very recently have
more rigorous studies been conducted to evaluate the role of specific strategies (i.e., universal
screening) for controlling MRSA, and even these studies have differed markedly in their
conclusions [2,3]. The impact of a weak foundation of scientific evidence is perhaps not
surprising; forces external to the healthcare epidemiology community have increasingly
imposed pressure for action. For example, despite the lack of clear evidence of the effect of
universal screening for MRSA, an increasing number of US states have introduced or passed
legislation mandating screening programs for MRSA.

What can this experience teach us about facing antimicrobial resistance among gram-negative
pathogens? Unlike the 1980s and 1990s, the importance of gram-negative organisms as causes
of healthcare acquired infections may be resurging [4,5]. Furthermore, the breadth of resistant
organisms continues to increase and now includes multidrug-resistant (MDR) Pseudomonas
aeruginosa, extended-spectrum beta-lactamase (ESBL)-producing Enterobacteriaceae, MDR
Acinetobacter baumannii, and carbapenemase-producing Klebsiella pneumoniae. Therapeutic
options for these organisms are few. Indeed, there are increasing numbers of organisms that
should be considered extremely drug resistant (XDR) for which few, and sometimes no,
therapies exist [6]. Not surprisingly, mortality rates for patients with infections due to these
organisms are very high and closely linked to delays in initiation of adequate therapy [7,8].
Unfortunately, “adequate therapy” is difficult to institute when the organism is resistant to all
commercially available antimicrobials. Therapeutic options are unlikely to improve in the
coming years as no new agents active against MDR gram-negative organisms are currently in
clinical stages of development.

Given the above considerations, it is imperative that we make all efforts to preserve the agents
we have available now. The two primary components of emergence of resistance are
endogenous elaboration of resistance in the presence of selective pressure (e.g., antibiotic use)
and person-to-person spread. Clearly, interventions should be targeted preferentially at those
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processes thought to primarily underlie emergence of resistance for a given gram-negative
pathogen. Unfortunately, these data do not currently exist.

It is against this backdrop that Johnson and colleagues conducted the study published in this
issue of the Journal of Infectious Diseases [9]. The goal of this study was to characterize the
importance of person-to-person spread in the emergence of imipenem-resistant P.
aeruginosa (IRPA). The authors used as their study population all patients admitted to the
medical and surgical intensive care units (ICUs) at the University of Maryland between
September 1, 2001 and September 1, 2006. All such patients underwent peri-anal sampling on
ICU admission, weekly, and upon ICU discharge. Among those patients not colonized with
IRPA upon ICU admission, the authors assessed the incidence of new colonization with IRPA.
Pulsed-field gel electrophoresis (PFGE) was used to assess genetic relatedness of IRPA
isolates. Furthermore, only those subjects with similar PFGE types whose hospitalizations
overlapped by at least one day were considered to represent person-to-person spread.

Overall, 7,071 patients were included in the study cohort. Compliance with peri-anal swabbing
was 90% with 17,656 peri-anal swabs collected during the study period. One-hundred fifty-
one subjects were positive for IRPA colonization on ICU admission. There were 149 subjects
who were negative for IRPA on admission but subsequently acquired IRPA during their ICU
stay. Among these acquisitions, 46 (31%) had a similar PFGE pattern to another isolate.
However, only 16 (11%) had both a similar PFGE pattern and an overlapping hospital stay.
Of the 149 patients who developed new IRPA colonization during their ICU stay, 38 (26%)
had an imipenem-susceptible P. aeruginosa isolate on admission culture. Of these, 27 had
resistant isolates that were identical by PFGE to their preceding susceptible counterparts.

The authors are to be commended on this important contribution to the literature. Their work
represents by far the largest study to evaluate the role of person-to-person spread in the
emergence of antimicrobial-resistant P. aeruginosa. Data of the sort are critical in helping
better define the optimal approach to curbing further emergence of antimicrobial-resistant
gram-negative organisms. Indeed, these data build on past work by this group [10,11]. In these
recent studies, Anthony Harris’ group has explored similar issues for ESBL-producing K.
pneumoniae (ESBL-KP) and ESBL-producing Escherichia coli (ESBL-EC) colonization. In
these studies, Harris and colleagues found that while 52% of new ESBL-KP colonization was
due to person-to-person transmission, only 13% of ESBL-EC was due to transmission [10,
11]. This series of papers suggests that while person-to-person transmission plays an important
role in acquisition of antimicrobial resistant gram-negative organisms, its relative contribution
to emergence of resistance may differ across organisms. As such, infection control
interventions may need to be tailored to the specific organism.

The definition of person-to-person transmission employed in the study by Johnson and
colleagues deserves further scrutiny. Most past studies have simply relied on molecular
evidence (e.g., PFGE) to define transmission. This is obviously a low threshold in that if two
patients are colonized with closely related strains but hospitalized months apart, little clinical
epidemiologic evidence for person-to-person transmission exists. The current study used a
more stringent definition which required both similar PFGE patterns as well as overlapping
hospital stays. The impact of using this more stringent definition is evident in the results: 39%
of subjects met the definition based only on PFGE results while only 11% met the definition
requiring both molecular and epidemiologic evidence of transmission.

So what is the “correct” definition? Using only molecular criteria casts the net wide, but almost
certainly classifies some events as person-to-person transmission when they are not. Subjects
meeting the more stringent definition are much more likely to represent true transmission.
However, this definition likely misses some transmission events if another source (e.g., the
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hospital environment) serves as an intermediate step. More work is required to determine the
impact of different definitions for transmission. Indeed, given different pathogen
characteristics (e.g., duration of colonization, viability on inanimate objects), the optimal
definition may differ across organisms. Most importantly, we should strive for a standard
definition across studies to optimize comparability of results.

Most studies of gram-negative resistance have focused primarily on organisms derived from
clinical cultures. However, subjects identified only via clinical cultures represent a select subset
of all patients colonized with the pathogen of interest. The importance of focusing on
colonization in elucidating the epidemiology of antimicrobial resistance has been recently
highlighted [12]. Furthermore, recent work has concentrated on specific methodologic issues
related to studying colonization including carriage of multiple distinct strains in a given subject,
the yield of different approaches to detecting colonization, and the utility of frozen fecal
samples [13–17].

What are the implications of the current study for healthcare epidemiology practice? Should
we be employing enhanced infection control approaches for IRPA? Perhaps a broader question
is what proportion of resistant colonization must to be accounted for by transmission to warrant
targeting person-to-person spread? 5%? 10%? 50%? One might argue that given the dire
situation of antimicrobial resistance among gram-negative pathogens, even a small
contribution from transmission should warrant intervention. If so, what should that intervention
be? Institution of contact precautions for patients colonized with the resistant organism?
Universal screening? Screening targeted to specific high risk populations? These decisions
have important implications not only for allocation of limited resources but also because
implementation of infection control isolation precautions has been increasingly associated with
negative clinical outcomes and decreased patient satisfaction [18,19].

One clear message of the paper is how complex the emergence of resistance is and how little
we really understand at this point. One of the historical limitations of the healthcare
epidemiology literature is that studies are often done with little or no financial support, often
severely limiting the scope and quality of the work. This type of investigation requires
considerable effort and resources as evidenced by its length, the number of subjects enrolled,
and the amount of swabs obtained. It is most encouraging that the importance of this type of
work, while time and cost intensive is increasingly seen as a valuable investment by funding
agencies.

In the future, two complementary needs are critical. First, given the recognized variability in
the epidemiology of resistance across different centers and populations, multicenter studies of
resistance are vital [20]. Only through such collaborative efforts can we hope to build the
evidence base necessary to inform strategies for addressing these resistant infections. Second,
additional resources must be made available. To this end, it is worth highlighting the recent
introduction of congressional legislation to address a number of these issues; the Strategies to
Address Antimicrobial Resistance (STAAR) Act seeks to strengthen federal antimicrobial
resistance surveillance, prevention and control, and research efforts.

The problem of antimicrobial resistance in gram-negative pathogens represents an immense
abyss into which we have continued to descend. Only through coordinated efforts across
investigators and institutions within the healthcare epidemiology community, and allocation
of sufficient research funding to identify effective solutions, can we hope to gain the foothold
necessary to begin the long ascent.

Lautenbach Page 3

J Infect Dis. Author manuscript; available in PMC 2010 September 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



References
1. Spellberg B, Powers JH, Brass EP, Miller LG, Edwards JE Jr. Trends in antimicrobial drug

development: implications for the future. Clin Infect Dis 2004;38:1279–86. [PubMed: 15127341]
2. Harbarth S, Fankhauser C, Schrenzel J, et al. Universal screening for methicillin-resistant

Staphylococcus aureus at hospital admission and nosocomial infection in surgical patients. Jama
2008;299:1149–57. [PubMed: 18334690]

3. Robicsek A, Beaumont JL, Paule SM, et al. Universal surveillance for methicillin-resistant
Staphylococcus aureus in 3 affiliated hospitals. Ann Intern Med 2008;148:409–18. [PubMed:
18347349]

4. Albrecht SJ, Fishman NO, Kitchen J, et al. Reemergence of gram-negative health care-associated
bloodstream infections. Arch Intern Med 2006;26:1289–94. [PubMed: 16801511]

5. Kohlenberg A, Schwab F, Geffers C, Behnke M, Ruden H, Gastmeier P. Time-trends for Gram-negative
and multidrug-resistant Gram-positive bacteria associated with nosocomial infections in German
intensive care units between 2000 and 2005. Clin Microbiol Infect 2008;14:93–6. [PubMed:
18034861]

6. Paterson DL, Doi Y. A step closer to extreme drug resistance (XDR) in gram-negative bacilli. Clin
Infect Dis 2007;45:1179–81. [PubMed: 17918079]

7. Ibrahim EH, Sherman G, Ward S, Fraser VJ, Kollef MH. The influence of inadequate antimicrobial
treatment of bloodstream infections on patient outcomes in the ICU setting. Chest 2000;118:146–55.
[PubMed: 10893372]

8. Hyle EP, Lipworth AD, Zaoutis TE, Nachamkin I, Bilker WB, Lautenbach E. Impact of inadequate
initial antimicrobial therapy on mortality in infections due to extended-spectrum beta-lactamase-
producing enterobacteriaceae: variability by site of infection. Arch Intern Med 2005;165:1375–80.
[PubMed: 15983286]

9. Johnson JK, Smith G, Warren MS, et al. The role of patient-to-patient transmission in the acquisition
of imipenem-resistant Pseudomonas aeruginosa colonization in the intensive care unit. J Infect Dis.
2009(in press)

10. Harris AD, Kotetishvili M, Shurland S, et al. How important is patient-to-patient transmission in
extended-spectrum beta-lactamase Escherichia coli acquisition. Am J Infect Control 2007;35:97–
101. [PubMed: 17327188]

11. Harris AD, Perencevich EN, Johnson JK, et al. Patient-to-patient transmission is important in
extended-spectrum beta-lactamase-producing Klebsiella pneumoniae acquisition. Clin Infect Dis
2007;45:1347–50. [PubMed: 17968833]

12. Donskey CJ. The role of the intestinal tract as a reservoir and source for transmission of nosocomial
pathogens. Clin Infect Dis 2004;39:219–26. [PubMed: 15307031]

13. Lautenbach E, Harris AD, Perencevich EN, Nachamkin I, Tolomeo P, Metlay JP. Test characteristics
of perirectal and rectal swab compared to stool sample for detection of fluoroquinolone-resistant
Escherichia coli in the gastrointestinal tract. Antimicrob Agents Chemother 2005;49:798–800.
[PubMed: 15673772]

14. Lautenbach E, Santana E, Lee A, et al. Efficient recovery of fluoroquinolone-susceptible and
fluoroquinolone-resistant Escherichia coli strains obtained from frozen samples. Infect Control Hosp
Epidemiol 2008;29:367–9. [PubMed: 18279070]

15. Lautenbach E, Bilker WB, Tolomeo P, Maslow JN. Impact of diversity of colonizing strains on
strategies for sampling Escherichia coli from fecal specimens. J Clin Microbiol 2008;46:3094–6.
[PubMed: 18650357]

16. Lautenbach E, Tolomeo P, Black N, Maslow JN. Risk factors for fecal colonization with multiple
distinct strains of Escherichia coli among long-term care facility residents. Infect Control Hosp
Epidemiol 2009;30:491–3. [PubMed: 19292660]

17. Green HP, Johnson JA, Furuno JP, et al. Impact of freezing on the future utility of archived surveillance
culture specimens. Infect Control Hosp Epidemiol 2007;28:886–8. [PubMed: 17564997]

18. Gasink LB, Singer K, Fishman NO, et al. Contact isolation for infection control in hospitalized
patients: is patient satisfaction affected? Infect Control Hosp Epidemiol 2008;29:275–8. [PubMed:
18205528]

Lautenbach Page 4

J Infect Dis. Author manuscript; available in PMC 2010 September 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



19. Stelfox HT, Bates DW, Redelmeier DA. Safety of patients isolated for infection control. JAMA
2003;290:1899–905. [PubMed: 14532319]

20. Weinstein RA, Henderson DK. A double-edged sword and a golden opportunity for healthcare
epidemiology. Infect Control Hosp Epidemiol 2009;30:1–3. [PubMed: 19067597]

Lautenbach Page 5

J Infect Dis. Author manuscript; available in PMC 2010 September 15.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript


