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Abstract

OBJECTIVE.—To determine anatomic sites of colonization in patients and to assess 

environmental contamination with Klebsiella pneumoniae carbapenemase (KPC)–producing 

Enterobacteriaceae.

DESIGN, SETTING, AND PATIENTS.—We conducted a cross-sectional microbiologic survey 

of 33 patients and their environments at 6 long-term acute care hospitals (LTACHs) in 

metropolitan Chicago. Swab samples of anatomic sites and inanimate surfaces in patients’ rooms 

and common areas were cultured. blaKPC was verified by polymerase chain reaction. Patient 

charts were reviewed for covariates known to be associated with colonization and environmental 

contamination.

RESULTS.—Mean age was 66 years. Median length of stay prior to surveillance was 50 days. 

Thirty (91%) patients were mechanically ventilated, 32 (97%) were bedbound, and 27 (82%) had 

fecal incontinence. Of the 24 patients with KPC-producing Enterobacteriaceae recovered from 1 

or more anatomic sites, 23 (96%) had KPC-producing Enterobacteriaceae detected at 1 or more 

skin sites. Skin colonization was more common in patients with positive rectal/stool swab cultures 

or positive clinical cultures (P < .001). Rectal/stool swab was the single most sensitive specimen 

for detecting KPC-producing Enterobacteriaceae colonization (sensitivity, 88%; 95% confidence 

interval [CI], 68%−97%); addition of inguinal skin swab culture resulted in detection of all 

colonized patients (sensitivity, 100%; 95% CI, 86%−100%). Only 2 (0.5%) of 371 environmental 

specimens grew KPC-producing Enterobacteriaceae.

CONCLUSIONS.—Culture of more than 1 anatomic site was required to detect all 

KPC-producing Enterobacteriaceae-colonized patients. Skin colonization was common, but 
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environmental contamination was rare. These results can guide development of multimodal 

interventions for control of KPC-producing Enterobacteriaceae in LTACHs.

Long-term acute care hospitals (LTACHs) serve patients with multiple comorbidities 

and complex medical requirements.1 These features place LTACH patients at high risk 

of colonization and infection with multidrug-resistant organisms (MDROs), such as 

methicillin-resistant Staphylocococcus aureus (MRSA), vancomycin-resistant enterococci 

(VRE), and extended-spectrum beta-lactamase (ESBL)-producing gram-negative bacteria.2 

Recently, LTACHs have been found to play an important role in the regional 

dissemination of an emerging MDRO, Klebsiella pneumoniae carbapenemase (KPC)–

producing Enterobacteriaceae.3,4 Halting the spread of KPC-producing Enterobacteriaceae is 

a public health priority in the United States and elsewhere.5–7

The most effective measures to prevent transmission of KPC-producing Enterobacteriaceae 

in LTACHs and other healthcare facilities are unknown. One strategy uses active surveillance 

to identify and isolate carriers,5 but the optimal testing protocol, including which anatomic 

sites are most sensitive for detecting colonization, is not well defined.8 Antiseptic skin 

cleansing with chlorhexidine gluconate and enhanced environmental cleaning have both 

been used in successful multimodal interventions to control outbreaks of KPC-producing 

Enterobacteriaceae, but there are few reports that have informed these interventions. 

Specifically, little is known about the extent of patient skin colonization or of environmental 

contamination with this pathogen.9–11

We hypothesized that extrarectal colonization and environmental contamination with KPC­

producing Enterobacteriaceae are common. To test this hypothesis and to develop a 

biologic basis for KPC-producing Enterobacteriaceae control interventions, we conducted 

a multicenter culture survey of LTACH patient body sites and inanimate surfaces in patients’ 

environments.

METHODS

We conducted a cross-sectional microbiologic and medical record survey at 6 LTACHs in 

metropolitan Chicago over a 4-month period in 2011. Patients who were colonized with 

KPC-producing Enterobacteriaceae were identified through whole-facility point prevalence 

surveys (1 point prevalence survey per LTACH) that were performed 1–7 weeks earlier 

as part of an investigation of the emergence of KPC-producing Enterobacteriaceae in 

the region. Colonization prevalence at individual LTACHs ranged from 10% to 53% of 

patients.12 Clinical microbiology laboratory information system databases at each LTACH 

were also reviewed in order to identify patients with a clinical culture positive for KPC­

producing Enterobacteriaceae.

Study subjects were selected so that patients with different total body and potential 

environmental burdens of KPC-producing Enterobacteriaceae would be evaluated. Subjects 

were assigned to 1 of 3 groups: patients with a rectal surveillance culture that was negative 

for KPC-producing Enterobacteriaceae and who did not have a history of KPC-producing 

Enterobacteriaceae in a clinical culture (group 1), patients with a rectal surveillance culture 

that was positive for KPC-producing Enterobacteriaceae but who did not have a history 
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of KPC-producing Enterobacteriaceae in a clinical culture (group 2), and patients with a 

positive rectal surveillance culture and a history of KPC-producing Enterobacteriaceae in a 

clinical culture (group 3). We hypothesized that the number of anatomic and environmental 

sites positive for KPC-producing Enterobacteriaceae would be greatest, on average, for 

group 3 patients, followed by group 2 patients and then group 1 patients.

Each LTACH was visited only once, at which time all patient and environmental specimens 

were collected. On the day of the survey, all patients with a previous rectal surveillance 

culture result were divided into the 3 groups described above. Up to 3 patients in each group 

were studied; the intention was to test a total of 10 patients in each group.

Swab specimens were collected from 10 × 10-cm areas of intact skin (inguinal, axillary, 

antecubital fossae, and upper back); from the tracheostomy site, if present, or from the 

oropharynx if the patient did not have a tracheostomy; from urine, if the patient was not 

anuric; and from the rectum. If stool was present on perianal skin, this was cultured in lieu 

of rectal swabbing. Sterile double Dacron swabs (Becton Dickinson) moistened in modified 

Stuart’s medium were used to sample each skin site. Single swabs were used for rectal 

culture. To sample urine, a double swab was dipped in urine collected in a sterile cup. The 

time from bathing to swabbing was not recorded, although all facilities had a policy that 

required daily patient baths.

Sterile, moistened double Dacron swabs were also used to culture environmental sites in 

occupied patient rooms and in common areas. Sites varied according to facility but included 

dresser, call button, bed rails, overbed table, infusion pump control panel, ventilator control 

panel, toilet flusher, computer keyboard, and medicine cabinet door. Common-area sites 

included equipment in the physical therapy gym and the hemodialysis room and items in 

staff break rooms. A 10 × 10-cm area of the surface of each site was swabbed when feasible. 

For smaller surfaces, the entire site was swabbed. For large surfaces, high-touch regions 

were swabbed. Rooms and common areas were cleaned daily with a quaternary ammonium 

compound. The time from cleaning to environmental sampling was not recorded.

Swabs were processed within 4 hours of collection. For anatomic site specimens, the 

first swab was tested for KPC-producing Enterobacteriaceae using a direct ertapenem disk 

method.13 The second swab was placed in 5 mL tryptic soy broth (Remel) containing a 

10-μg meropenem disk (Becton Dickinson; final concentration of meropenem, 2 μg/mL). If 

there was no growth in the ertapenem disk test but the broth indicated growth after overnight 

incubation, a 25-μL broth aliquot was plated onto a fresh MacConkey agar (Remel), streaked 

for isolation, and incubated overnight. Because single swabs were used for rectal cultures, 

broth enrichment was not performed.

For environmental site cultures, both swabs were inoculated into 5 mL tryptic soy broth 

containing a 10-μg meropenem (Becton Dickinson) disk. After overnight incubation, turbid 

broth cultures were plated onto MacConkey agar, and results were interpreted as described 

above.

Isolated colonies from positive cultures underwent real-time polymerase chain reaction 

(PCR) testing for blaKPC.14 All blaKPC-positive isolates and all gram-negative rods identified 
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in environmental cultures, regardless of blaKPC PCR results, were identified to the species 

level by the MicroScan Walk-away System (Siemens). Susceptibility of blaKPC-positive 

isolates to chlorhexidine gluconate (Sigma Chemicals) was determined by an agar dilution 

method.15

Patient medical records were reviewed for the following information: age, sex, length 

of stay, medical comorbidities, indwelling medical devices, mobility, incontinence, and 

antibiotic therapy. To calculate the sensitivity of various anatomic sites for detection of 

KPC-producing Enterobacteriaceae carriage, we defined the criterion standard for patient 

carriage as culture positivity for KPC-producing Enterobacteriaceae in any 1 or more 

anatomic sites. Descriptive statistics and associations between colonization with KPC­

producing Enterobacteriaceae and clinical or demographic variables were analyzed by the 

Fisher exact test and Kruskall Wallis test, where appropriate, using SAS, version 9.1.3 (SAS 

Institute). The project was reviewed by the Rush University Medical Center Institutional 

Review Board, which granted expedited approval.

RESULTS

Thirty-three subjects were enrolled: 12 in group 1,11 in group 2, and 10 in group 3 (Table 

1). The number of patients tested at each LTACH ranged from 3 to 8. Overall, 18 (54%) 

subjects were men, mean age was 66 years, and median length of stay in the LTACH prior 

to enrollment was 50 days. The majority of subjects surveyed had multiple comorbidities: 30 

(91%) were mechanically ventilated, 32 (97%) were bedbound, 28 (85%) had a gastrostomy 

tube in place, 27 (82%) had fecal incontinence, and 30 (91%) had received at least 1 

antibiotic since admission to the LTACH.

Twenty-four patients (3 patients from group 1 and all patients from groups 2 and 3) had at 

least 1 anatomic site that grew a blaKPC-positive isolate, and 23 (96%) patients had more 

than 1 positive anatomic site (Table 2). The single most sensitive anatomic site was rectal 

(88%, 95% confidence interval [CI], 68%−97%). Culture of the inguinal and rectal sites 

together detected all positive patients. Direct plating without broth enrichment was sufficient 

to detect KPC-producing Enterobacteriaceae at 190 of 191 colonized sites (99.5%).

Colonization of intact skin by KPC-producing Enterobacteriaceae was common. Of the 24 

patients who were colonized at any anatomic site, 23 patients (96%) had KPC-producing 

Enterobacteriaceae detected at 1 or more skin sites. A higher burden of skin site colonization 

was found in patients from groups 2 and 3 compared to those from group 1. Among 

patients with negative rectal surveillance cultures (group 1), 3 (25%) grew KPC-producing 

Enterobacteriaceae from 1 or more inguinal, axillary, back, or antecubital skin sites (Figure 

1). In comparison, 10/11 (90%) patients in the rectal surveillance-positive/clinical culture­

negative group (group 2) and 10/10 (100%) patients in the rectal surveillance-positive/

clinical culture-positive group (group 3) had a KPC-producing Enterobacteriaceae isolate 

detected at a skin site (P < .001; Figure 1). The mean number of skin sites that grew 

KPC-producing Enterobacteriaceae was 0.5 sites per patient in group 1, 1.8 sites per patient 

in group 2, and 2.3 sites per patient in group 3 (P < .001).
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Nineteen patients were colonized with blaKPC-positive K. pneumoniae, 2 were colonized 

with K. pneumoniae and Enterobacter aerogenes, 1 was colonized with only E. aerogenes, 

1 was colonized with K. pneumoniae and Escherichia coli, and 1 was colonized with K. 
pneumoniae, E. aerogenes, and E. coli. For the 32 blaKPC-positive isolates identified from 

patient skin sites, minimum inhibitory concentrations (MICs) of chlorhexidine ranged from 

1 to 128 μg/mL. The geometric mean MICs were 41.4 μg/mL for 27 K. pneumoniae isolates 

and 48.5 μg/mL for 5 other isolates (4 E. aerogenes and 1 E. coli).

A total of 371 environmental sites were cultured. Of these, 2 sites (0.5%; bed rails and 

call button) were positive for KPC-producing Enterobacteriaceae. Both of these sites were 

in the room of a group 3 patient who had a history of KPC-producing Enterobacteriaceae 

from a sputum culture; 6/7 (86%) of this patient’s anatomic sites grew KPC-producing 

Enterobacteriaceae in our surveillance cultures. Fifty-seven (15%) environmental sites 

grew other carbapenem-resistant gram-negative bacteria: 53 Acinetobacter baumannii, 
2 Pseudomonas aeruginosa, 1 Achromobacter xylosoxidans, and 1 Chryseobacterium 
indologenes.

DISCUSSION

The best strategies for surveillance and control of KPC-producing Enterobacteriaceae in 

acute and long-term care facilities are still being defined. Our study provides information 

that should prove useful to infection preventionists and others who are working to 

prevent cross transmission of KPC-producing Enterobacteriaceae in LTACHs. First, we 

demonstrated that although rectal/stool swab culture was the single most sensitive specimen 

type for detecting KPC-producing Enterobacteriaceae carriage, adding culture of inguinal 

skin improved sensitivity. Inguinal and rectal screening together detected all colonized 

patients. These findings are consistent with those of other investigators who determined that 

the inguinal skin was a frequent site of ESBL-producing Enterobacteriaceae colonization 

among short-term acute care hospital patients.16,17 Culture of multiple anatomic sites may 

be necessary to optimize detection of colonized patients.

Colonization of other skin sites with KPC-producing Enterobacteriaceae was also common, 

especially among patients with rectal carriage or with a prior positive clinical culture. Since 

KPC-producing Enterobacteriaceae are assumed to be transmitted from patient to patient via 

contaminated healthcare worker hands, these findings suggest that reducing the burden of 

KPC-producing Enterobacteriaceae on patients’ skin—a likely source of healthcare worker 

hand contamination—should be explored as a means of reducing cross transmission in 

LTACHs. Cleansing the skin of critically ill patients daily with chlorhexidine gluconate 

has been shown to decrease horizontal spread of VRE, MRSA, and Acinetobacter spp. in 

short-term acute care hospital intensive care units.18–20

When planning a chlorhexidine gluconate skin-cleansing intervention in an LTACH, 

one must consider at least 4 issues. First, a recent report of reduced susceptibility to 

chlorhexidine in the hyperepidemic KPC-producing K. pneumoniae strain ST258 raises 

the concern that chlorhexidine skin cleansing may prove less effective for these pathogens 

than for the MDROs studied earlier. Chlorhexidine MICs of the isolates tested in our study 
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remain within a range that would be expected to be inhibited by commercially available 

chlorhexidine skin cleansers, since, for example, 2% chlorhexidine solutions contain 20,000 

μg of chlorhexidine per milliliter. Second, cleaning protocols need to anticipate the risk of 

skin recontamination by these patients, who often have fecal incontinence (Table 1). Third, 

the high rates of axillary skin positivity (Figure 1) raise concerns about the modes of such 

contamination and the need for special attention to cleaning this easily missed site. Fourth, 

the potential role of KPC-producing Enterobacteriaceae as resident skin flora, rather than as 

transient skin colonizers, should be explored.

While skin colonization with KPC-producing Enterobacteriaceae was common, 

contamination of the environment was rare. Only 2 (0.5%) sites (bedrail and call button) 

were found to be contaminated. Both of these sites were in the room of a patient 

with a relatively high body burden of KPC-producing Enterobacteriaceae, with 6 of 7 

anatomic sites tested culture positive. Additionally, unlike many of the patients studied, 

this patient was able to intentionally touch his immediate environment, which may have 

led to its contamination. Overall, current environmental cleaning protocols at the LTACHs 

appeared to have been adequate to limit environmental contamination with KPC-producing 

Enterobacteriaceae. Alternatively, these pathogens may not survive as well on dry inanimate 

surfaces as other gram-negative bacilli.

Our study has limitations. Although we included patients from 6 of 7 LTACHs in 

metropolitan Chicago, the sample size was small and may not have been representative 

of all LTACH patients. Broth enrichment was not used for culturing the rectal swab 

specimens, which may have resulted in lower sensitivity of detecting KPC-producing 

Enterobacteriaceae at that anatomic site compared to other sites. However, for non-rectal 

sites, broth enrichment had minimal effect on sensitivity; only 1 (0.5%) additional site 

was detected by broth enrichment, suggesting that that broth enrichment would not have 

improved sensitivity of rectal swab screening greatly. The use of double swabs to collect 

environmental specimens may be an insensitive method of environmental sampling because 

of swabs’ relatively small surface area. Sensitivity of our environmental culture method 

was enhanced by using broth enrichment, however, and we were able to identify other 

carbapenem-resistant gram-negative bacteria in 15% of environmental cultures, suggesting 

that our method was adequate. Additionally, because our study was performed at LTACHs 

with high prevalence of KPC-producing Enterobacteriaceae, these results may not be 

generalizable to facilities with lower prevalence.

In the United States, LTACHs are increasingly being identified as reservoirs for KPC­

producing Enterobacteriaceae.3,4,21 Focused interventions to reduce cross transmission of 

KPC-producing Enterobacteriaceae at these facilities are therefore warranted. The frequent 

skin contamination identified in our study suggests that careful attention to patient skin 

antisepsis and to healthcare worker hand hygiene may be essential interventions to decrease 

spread. These hypotheses should be investigated.

ACKNOWLEDGMENTS

We thank the patients and staff members of the 6 participating LTACHs for their assistance and cooperation.

Thurlow et al. Page 6

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2021 August 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Financial support.

This study was supported in part by the Centers for Disease Control and Prevention Epicenters Program (R.A.W., 
PI) 1U54CK000161.

REFERENCES

1. Munoz-Price LS. Long-term acute care hospitals. Clin Infect Dis2009;49(3):438–443. [PubMed: 
19548836] 

2. Gould CV, Rothenberg R, Steinberg JP. Antibiotic resistance in long-term acute care hospitals: the 
perfect storm. Infect Control Hosp Epidemiol2006;27(9):920–925. [PubMed: 16941316] 

3. Endimiani A, Depasquale JM, Forero S, et al.Emergence of blaKPC-containing Klebsiella 
pneumoniae in a long-term acute care hospital; a new challenge to our healthcare system. J 
Anlimicrob Chemother2009;64(5):1102–1110.

4. Won SY, Munoz-Price LS, Lolans K, Hola B, Weinstein RA, Hayden MK. Emergence and rapid 
regional spread of Klebsiella pneumoniae carbapenemase-producing Enterobacteriaceae. Clin Infect 
Dis2011;53(6):532–540. [PubMed: 21865189] 

5. Centers for Disease Control and Prevention. Guidance for control of infections with 
carbapenem-resistant or carbapenemase-producing Enterobacteriaceae in acute care facilities. 
MMWR2009;58:256–260. [PubMed: 19300408] 

6. Wernli D, Haustein T, Conly J, Carmeli Y, Kickbusch I, Harbarth S. A call for action: the application 
of the International Health Regulations to the global threat of antimicrobial resistance. PLoS 
Med2011;8(4):e 1001022.

7. Schwaber MJ, Lev B, Israeli A, et al.Containment of a country-wide outbreak of carbapenem­
resistant Klebsiella pneumoniae in Israeli hospitals via a nationally implemented intervention. Clin 
Infect Dis2011;52(7):848–855. [PubMed: 21317398] 

8. Calfee D, Jenkins SG. Use of active surveillance cultures to detect asymptomatic colonization with 
carbapenem-resistant Klebsiella pneumoniae in intensive care unit patients. Infect Control Hosp 
Epidemiol2008;29(10):966–968. [PubMed: 18754738] 

9. Munoz-Price LS, De La Cuesta C, Adams S, et al.Successful eradication of a monoclonal 
strain of Klebsiella pneumoniae during a K. pneumoniae carbapenemase–producing K. 
pneumoniae outbreak in a surgical intensive care unit in Miami, Florida. Infect Control Hosp 
Epidemiol2010;31(10):1074–1077. [PubMed: 20738186] 

10. Munoz-Price LS, Hayden MK, Lolans K, et al.Successful control of an outbreak of Klebsiella 
pneumoniae carbapenemase-producing K. pneumoniae at a long-term acute care hospital. Infect 
Control Hosp Epidemiol2010;31(4):341–347. [PubMed: 20175685] 

11. Lerner A, Adler A, Abu-Hanna J, Meitus I, Navon-Venezia S, Carmeli Y. Environmental spread 
of carbapenem-resistant Enterobacteriaceae (CRE) by patients known to be colonized with CRE. 
Paper presented at: 51st annual meeting of the Interscience Conference on Antimicrobial Agents 
and Chemotherapy, 917–20, 2011; Chicago.

12. Lin MY, Lyles RD, Lolans K, et al.Prevalence of Klebsiella pneumoniae carbapenemase-producing 
Enterobacteriaceae (KPC) among adult patients in intensive care units (ICUs) and long-term acute 
care hospitals (LTACHs) in the Chicago region. Paper presented at: 49th annual meeting of the 
Infectious Diseases Society of America, 1020–23, 2011; Boston.

13. Lolans K, Calvert K, Won S, Clark J, Hayden MK. Direct ertapenem disk screening method for 
identification of KPC-producing Klebsiella pneumoniae and Escherichia coli in surveillance swab 
specimens. J Clin Microbiol2010;48(3):836–841. [PubMed: 20071553] 

14. Cole JM, Schuetz AN, Hill CE, Nolte FS. Development and evaluation of a real-time PCR assay 
for detection of Klebsiella pneumoniae carbapenemase genes. J Clin Microbiol2009;47(2): 322–
326. [PubMed: 19036932] 

15. Clinical and Laboratory Standards Institute (CLSI). Methods for Dilution Antimicrobial 
Susceptibility Tests for Bacteria That Grow Aerobically-Approved Standard—Ninth Edition. 
Wayne, PA: CLSI; 2010. Vol M07-A9E.

Thurlow et al. Page 7

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2021 August 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



16. Weintrob AC, Roediger MP, Barber M, et al.Natural history of colonization with gram-negative 
multidrug-resistant organisms among hospitalized patients. Infect Control Hosp Epidemiol2010; 
31(4):330–337. [PubMed: 20175687] 

17. Buehlmann M, Fankhauser H, Laffer R, Bregenzer T, Widmer AF. The inguinal skin: an important 
site of colonization with extended-spectrum beta-lactamase-producing Enterobacteriaceae. Infect 
Control Hosp Epidemiol2010;31(4):427–428. [PubMed: 20184441] 

18. Climo MW, Sepkowitz KA, Zuccotti G, et al.The effect of daily bathing with chlorhexidine on the 
acquisition of methicillin-resistant Staphylococcus aureus, vancomycin-resistant enterococcus, and 
healthcare-associated bloodstream infections: results of a quasi-experimental multicenter trial. Crit 
Care Med2009; 37(6):1858–1865. [PubMed: 19384220] 

19. Vernon MO, Hayden MK, Trick WE, Hayes RA, Blom DW, Weinstein RA. Chlorhexidine 
gluconate to cleanse patients in a medical intensive care unit: the effectiveness of source control to 
reduce the bioburden of vancomycin-resistant enterococci. Arch Intern Med2006;166(3):306–312. 
[PubMed: 16476870] 

20. Evans HL, Dellit TH, Chan J, Nathens AB, Maier RV, Cuschieri J. Effect of chlorhexidine whole­
body bathing on hospital-acquired infections among trauma patients. Arch Surg2010; 145(3):240–
246. [PubMed: 20231624] 

21. Naparstek L, Carmeli Y, Chmelnitsky I, Banin E, Navon-Venezia S. Reduced susceptibility 
to chlorhexidine among extremely-drug-resistant strains of Klebsiella pneumoniae. J Hosp 
Infect2012;81(1):15–19. [PubMed: 22463977] 

Thurlow et al. Page 8

Infect Control Hosp Epidemiol. Author manuscript; available in PMC 2021 August 19.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



FIGURE 1. 
Skin colonization with Klebsiella pneumoniae carbapenemase (KPC)-producing 

Enterobacteriaceae among the 3 groups of patients surveyed, by skin site. Group 

I, patients with rectal surveillance and clinical cultures negative for KPC-producing 

Enterobacteriaceae; group 2, patients with a positive rectal surveillance culture for KPC­

producing Enterobacteriaceae but no history of KPC-producing Enterobacteriaceae in a 

clinical culture; group 3, patients with a positive rectal surveillance culture and a history of 

KPC-producing Enterobacteriaceae in a clinical culture.
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