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Abstract

We assessed MDRO patient hand colonization in relation to the environment in post-acute care 

and described risk factors for MDRO hand colonization. We showed that patient hand colonization 

was significantly associated with environmental contamination. Risk factors for hand colonization 

included disability, urinary catheter, recent antibiotic use, and prolonged hospital stay.
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Introduction

Evidence that healthcare personnel serve as vectors for MDRO transmission is extensive.1 

Patients in modern healthcare systems are especially mobile, encouraged to be independent, 

and frequently visit common areas. We performed this study to further understand the role of 

patient hand colonization in transmission and spread of MDROs within post-acute care 

(PAC) facilities.

Methods

As described in previous work,2 a prospective microbial surveillance study was conducted at 

six PAC facilities in Southeast Michigan. Facilities were for-profit and ranged in size from 

74 to 143 beds. 41–51% of eligible patients were enrolled at each facility (Supplemental 

Table 1). On each visit, swabs were collected from patients’ hands, other anatomic sites, and 

from high-touch surfaces in the environment.2 MRSA, VRE and RGNB were identified 

using standard microbiological methods. Study personnel also collected information on 

patient characteristics and medical history.3
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We used multinomial logistic regression to compare the relative risk of MDRO hand 

colonization, as well as colonization at any site (other than hands), versus no colonization at 

any body site, clustering by facility. First, we conducted univariate analyses. We conducted a 

multivariate analysis including factors found to be significant at P-value ≤ .05 in the 

univariate analyses.

To evaluate whether hand colonization with MDROs was associated with environmental 

contamination with the same MDRO, we evaluated all visit samples and used Pearson’s chi-

squared test to assess the independence of patient hand and room colonization for each 

MDRO.

Results

Bacterial swabs were obtained from 650 patients and rooms over 1,607 study visits (18,689 

patient-days), including 14,869 environmental samples. Most patients (94.9%) were 

admitted to a PAC following an acute care hospital stay. The average time to enrollment was 

5.6 days. Mean age was 74.7 years (SD 12.2). Average Physical Self-Maintenance Scale 

(PSMS)4 score at baseline was 14.5 (SD 4.6), and average Charlson Comorbidity Score5 was 

2.6 (SD 2.1). The mean study follow-up time was 29 days (SD 44.1 days), 2.5 visits (SD 

1.7) per patient. At enrollment, 54 (8.4%) patients had an indwelling urinary catheter, 17 

(2.6%) had a feeding tube, and 80 (12.4%) had a peripherally-inserted central catheter.

A total of 164 (25.4%) patients were colonized with an MDRO on their hands at baseline. To 

assess risk factors, we compared the relative risk of hand colonization with any MDRO as 

well as colonization of other body sites (but not hands) versus no colonization at baseline. 

Significant multivariate predictors of hand colonization included male sex (RR 1.62 [95%CI, 

1.30–2.01]), PSMS score (RR 1.10 [1.08–1.12]), urinary catheter (RR 1.79 [1.13–2.86]), 

antibiotic use in prior 30 days (RR 2.24 [1.78–2.80]), and recent prolonged (>2 weeks) 

hospital stay (RR 5.01 [2.71–9.27]) (Table 1). Disabilities in bathing (RR 2.22 [1.66–2.97]), 

ambulation (RR 2.66 [2.05–3.44]), toileting (RR 2.44 [2.09–2.85]), dressing (RR 2.19 

[1.40–3.43]), and grooming (RR 1.79 [1.30–2.46]) were independent predictors of MDRO 

hand colonization.

In a sensitivity analysis of 175 patients enrolled within 3 days of PAC admission, male sex, 

PSMS score, and antibiotic use in prior 30 days remained significant predictors 

(Supplemental Table 2). Very few patients in this subpopulation had urinary catheters or 

prolonged hospitalizations, limiting the strength of significance testing.

Association between Patient Hand Colonization and Environmental 

Contamination

Patients’ hands were colonized with MRSA at 174 visits (10.8% of 1,605 visits); VRE on 

218 visits (13.6% of 1,607 visits); and RGNB on 91 visits (5.7% of 1,607 visits). Patient 

rooms were contaminated with MRSA on 429 visits (26.7% of 1,605 visits); VRE on 725 

visits (45.1% of 1,607 visits); and RGNB on 502 visits (31.2% of 1,607 visits). Patients’ 

hands and their environment were positive for the same organism in 21.9% of visits (352 of 
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1,607 visits). Hand colonization with MRSA, VRE, and RGNB were associated with 

analogous environmental contamination (Table 2). Examining hand colonization among 

patients followed for at least 60 days (4 visits), we found MRSA and VRE hand colonization 

to be more persistent than RGNB (Supplemental Table 3).

Discussion

In our study, patient hand colonization with an MDRO was pervasive. Functional disability, 

indwelling medical devices, and recent antibiotic use were predictive of an MDRO on 

patients’ hands at baseline. When patients’ hands were found to be colonized with an 

MDRO, their environment was often contaminated with the same MDRO. Our findings 

suggest that environmental contamination is significantly associated with patient hand 

colonization.

Our results support other work that has shown MDRO colonization in PAC is widespread 

and that patient disability increases the risk of acquiring an MDRO.3, 6 In acute care, 

contaminated environment has been shown to contribute to MDRO transmission and 

interventions targeting improved environmental cleaning can decrease the risk of patients 

becoming infected.7 We further this work by assessing the role patient hands may play in 

MDRO colonization and transmission. The connection between disability and risk of MDRO 

colonization is important because when patients are unable to independently move around or 

use the bathroom, they are less likely to have direct access to a sink or alcohol-based hand 

rub, increasing the risk of transmission. Some patients had hand colonization but negative 

environmental contamination, suggesting they may have acquired the MDRO from another 

source (healthcare worker or common area).

Evidence correlating environmental contamination to patient colonization with MDROs in 

the PAC setting is scarce; most studies are based in acute care.8 Building on patient hand 

hygiene as a concept for infection control, future studies should focus on well-designed 

trials with patient hand hygiene interventions, measures of pathogen colonization and 

infection, and what role patient hands may have in self-inoculation.

The strengths of this study are its prospective design, unique population and ample 

environmental and anatomic site sampling. This study has several limitations. First, we 

focused on newly admitted PAC patients; a similar study should be done that focuses on 

institutionalized patients who are in long-term care. Second, conducting molecular typing is 

critical to understand transmission dynamics and should be addressed in future studies, but 

was beyond the scope of this study. Third, patient microbiological data previous to arrival 

and history of prior room occupants was not known. Fourth, swabs for environmental culture 

may not be the most sensitive method for detecting contamination and may underestimate 

our findings. Finally, we sampled for-profit PAC facilities in Southeast Michigan; thus, 

results may not be generalizable nationwide. However, epidemiological investigations in 

nursing homes across the nation have also shown high prevalence and new acquisition of 

MDROs.9
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Targeting patient hand hygiene in the PAC setting is practical. Simplicity in innovation is 

important to uptake of practice, especially in healthcare settings. One of the most successful 

interventions for hand hygiene has been the implementation of alcohol-based hand rub 

practices.10 The act of having patients wash their hands also incorporates emerging concepts 

of active patient engagement and shared responsibility in patient safety.

Further investigation of patient hands as a target of enhanced infection prevention in those 

with known pathogen colonization may be of high yield. If hand colonization with 

pathogens can be decreased, there may be an associated decrease in environmental 

colonization and possibly infection.
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Refer to Web version on PubMed Central for supplementary material.
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Article Summary Line

Patient hand colonization with MDROs is common, particularly in patients with 

functional disability, devices and recent antibiotic use. Environmental contamination with 

MDROs strongly correlates with patient hand MDRO colonization.
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Table 2

Association between Patient Hand Colonization and Environmental Contamination with MDROs (all visits)

Patient Environment

Positive (%) Negative (%) Total

MRSA Colonization

Positive 145 (83.3) 29 (16.7) 174

<.001Negative 284 (19.9) 1147 (80.2) 1431

Total 429 1176 1605a

VRE Colonization

Positive 202 (92.7) 16 (7.3) 218

<.001Negative 523 (37.7) 866 (62.4) 1389

Total 725 882 1607

RGNB Colonization

Positive 57 (62.6) 34 (37.4) 91

.01Negative 445 (29.4) 1071 (70.7) 1516

Total 502 1105 1607

a
Results were inconclusive for MRSA colonization in two hand samples.
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