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Abstract

Background.—Acinetobacter baumannii is a gram-negative, opportunistic pathogen. Its ability 

to form biofilm and increasing resistance to antibiotics present challenges for infection control. A 

better understanding of the impact of biofilm formation and antibiotic resistance on environmental 

persistence of A. baumannii in hospital settings is needed for more effective infection control.

Methods.—A. baumannii strains isolated from patients and the hospital environment were 

identified via MALDI-TOF mass spectrometry, rep-PCR genotyped, and antibiotic resistance was 

determined using Vitek®2. Biofilm mass was quantified via microtiter plate method and 

desiccation tolerance determined up to 56 days.

Results.—High biofilm forming, clinical, MDR positive strains were 50% less likely to die of 

desiccation than low biofilm, non-MDR strains. In contrast, environmental, MDR positive, low 

biofilm forming strains had a 2.7 times increase in risk of cell death due to desiccation compared 

to their MDR negative counterparts. MDR negative, high biofilm forming environmental strains 

had a 60% decrease in risk compared to their low biofilm forming counterparts.

Conclusions.—The MDR positive phenotype was deleterious for environmental strains and the 

high biofilm phenotype was critical for survival. This study provides evidence of the trade-off 

between antibiotic resistance and desiccation tolerance, driven by condition-dependent adaptation, 

and establishes rationale for research into the genetic basis of the variation in fitness cost between 

clinical and environmental isolates.
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Introduction

Acinetobacter baumannii, a gram-negative bacterium, is an opportunistic pathogen capable 

of living in multiple environments that is an increasing problem in hospital settings. Once 

infection is established, risk of mortality is high: up to 26% for in-hospital patients (1) and 

up to 43% for intensive care unit (ICU) patients (2). Multidrug resistant (MDR) A. 
baumannii strains are increasingly reported worldwide (1), (3), and A. baumannii express 

several mechanisms which confer this resistance (4). It is also challenging to control, as A. 
baumannii can survive in the hospital environment for prolonged periods of time (5) and 

environmental contamination has been linked to hospital outbreaks (6).

The capacity of A. baumannii to persist in the environment may be due to its ability to form 

biofilms on both abiotic and biological surfaces (7), (8). Biofilm formation is also a 

mechanism of pathogenesis in device-related infections and provides a source of repeated 

transmission by prolonging survival on inanimate objects (9), (10). Under harsh 

environmental conditions, A. baumannii cells deep in the biofilm can undergo dormancy, 

becoming metabolically inactive and robust to environmental stress (11), (12). The multiple 

antibiotic resistance mechanisms found in A. baumannii also may play a role in its 

environmental survival. Boll, et al. demonstrated that resistance to cationic antimicrobial 

peptide drugs, such as colistin, also increases A. baumannii tolerance to desiccation (13). 

Gayoso et al. demonstrated that some antibiotic resistant associated proteins--which are also 

associated with increased tolerance to detergents--were overexpressed in A. baumannii 
under desiccation-stress (12). These findings suggest that some drug resistance mechanisms 

leverage the cells ability to survive in the open environment.

Antibiotic resistance in bacteria generally incurs a fitness cost, often manifested as reduced 

growth rates or a compromised competitive ability (14). Environmental pressures have been 

implicated for variations in phenotypic expressions (15). The trade-offs in fitness imposed 

by the ability to form biofilms, tolerate desiccation and multidrug resistance are potentially 

different for A. baumannii strains that live primarily in the environment compared to clinical 

strains adapted to living in the human host. To test whether these trade-offs occur, we 

compared the biofilm formation, antibiotic susceptibility profiles and desiccation tolerance 

in a collection of A. baumannii strains isolated from patients and the hospital environment. 

Our results suggest that a trade-off between antibiotic resistance and desiccation tolerance 

occurs, and biofilm formation contributes significantly to the survival of these isolates.

Materials and Methods

Collection of A. baumannii isolates:

The study protocol was approved by the University of Michigan Institutional Review Board 

(HUM00075484). We collected 132 clinical isolates from 115 patients and 54 environmental 
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isolates from the University of Michigan Hospital (City, State) between August 2012 and 

January 2014. Only the first isolate obtained from any patient was included. For 

environmental isolates that were collected on the same day, from the same fomite, sharing 

the same rep-type banding pattern, only one was randomly chosen for inclusion; out of the 

54 isolates collected, 30 environmental isolates met these criteria.

Clinical isolates were obtained from patients presenting with Acinetobacter baumannii 
infection, and were cultured and identified using MALDI-TOF mass spectrometer (Bruker 

Daltonics, Bellerica, MA) by the hospital microbiology laboratory. Environmental isolates 

were obtained by swabbing nonporous, high and low touch areas within and outside of the 

infected patient’s room using CultureSwab™ (Becton, Dickinson and Co., Sparks, MD) 

swabs previously moistened in brain-heart infusion broth (Becton, Dickinson & Co., Sparks, 

MD). Sampling was performed in accordance with Healthcare Infection Control Practices 

Advisory Committee (HICPAC) recommendations for environmental surface sampling (16). 

Bacteria were recovered by homogenizing the swab with corresponding liquid using Omni-

Tip™ disposable rotor stator generator probes (OMNI International, Kennesaw, GA) for 30 

sec to remove cells from the swab. The homogenate was incubated at 37°C for 18 h on a 

rotating shaker table (150–180 rpm) during which time a 1 mL aliquot was removed at 2 

hours and 18 hours, serial diluted to 10−3, plated onto CHROMagar™ plates and grown for 

24 hours at 37°C. Suspected Acinetobacter colonies were subcultured onto blood agar plates 

(Thermal Fisher Scientific, Waltham, MA) and sent to the University of Michigan Hospital 

Microbiology lab for VITEK®2 and MALDI-TOF identification.

Preparation of initial inoculums:

For each experiment, initial inoculums were prepared by transferring a frozen aliquot into 

2.5 mL of MHII broth and incubating at 37°C for 18±2 h on a rotating shaker table (150–

180 rpm). The culture was inoculated onto BBL™ MHII agar (Becton, Dickinson and Co., 

Sparks, MD) and grown at 37°C. An isolated colony was transferred to MHII broth and 

incubated at 37°C with shaking at 150–180 rpm for 15–18 hours. From this, a starting 

culture with an optical density at a wavelength of 600 nm (OD600) of 0.200 ± 0.01 

(Synergy™ HT Multi-Mode Microplate Reader, BioTek® Instruments, Inc.), which 

approximates 108 CFU/mL, was used.

Repetitive extragenic palindromic polymerase chain reaction (rep-PCR) genotyping:

Genomic DNA was extracted using a commercially available whole genome extraction kit 

(QIAamp® DNA Mini Kit by Qiagen, Valencia, CA). DNA quantification was performed by 

nanodrop (NS-1000, Thermo Scientific, Wilmington, DE) and DNA purity was evaluated by 

the absorbance ratio at 260 and 280 nm (A260/A280). Rep-PCR oligonucleotide primer sets 

published by Vila et al., (17) were prepared by Invitrogen (Carlsbad, CA). Rep-PCR 

conditions were followed as previously described (15), (18). Amplified products were 

stained using EZ-Vision® Three, DNA Dye and Buffer 6X (AMRESCO®, Solon, OH) and 

aliquots (10μL) of each sample were subjected to elecrophoresis in 1.2% agarose gel. A 1 

Kb GeneRuler DNA Ladder Mix (#SM0333, Thermo Scientific, City, ST) was used in the 

first and every 4th lane of the gel. Gels were imaged using a UV trans-illuminator and 

imager. BioNumerics® Version 7.5 Software (Applied Maths, Inc., Austin, TX) was used to 
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detect lanes and bands and to build phylogenetic trees using the Neighbor Joining clustering 

method with the Jaccard similarity coefficient (19).

Antibiotic susceptibility testing:

Antibiotic susceptibility profiles were determined using VITEK®2 (bioMérieux, Inc., 

Durham NC). Isolates were considered to be multidrug resistant (MDR) if they were 

resistant to the following three drug classes, or resistant to two and intermediate to one (20): 

cephalosporins, fluoroquinolones, and aminoglycosides. This definition is based on the CDC 

definition of MDR; bacteria resistant to at least one class of antimicrobial agents and usually 

resistant to all but one or two antimicrobial agents are MDROs (21). The antimicrobial 

agents chosen for this definition were taken from Manchada, et al (2010) who use these drug 

classes to define MDR Acinetobacter spp.’ in consideration of known resistance 

mechanisms and currently used treatments for Acinetobacter spp. infections (20).

Quantification of biofilm formation:

Each isolate was grown as described above and diluted 1:100 in MHII broth. Biofilm 

forming capacity was quantified in triplicate using the microtiter plate method as previously 

described (22), (23) using 0.1% crystal violet Gram stain solution (CAS no. 10114-58-6, 

Fisher Science Education, Nazareth, PA). The OD600 was measured using a microplate 

reader to obtain relative biofilm biomass measurements. The average of each triplicate was 

calculated and A. baumannii ATCC 17978 (American Type Culture Collection, Manassas, 

VA) was used to normalize data.

Environmental survivability:

Environmental survivability is defined as desiccation tolerance over time and was tested over 

a period of 56 days as described previously (24). Each isolate was grown as described above, 

subcultured onto MHII agar and grown at 37°C overnight. An isolated colony was 

transferred to 2 mL MHII broth and incubated at 37°C with shaking at 150–180 rpm for 15–

18 hours. From this, a 1 mL aliquot, with an OD600 of 0.200 ± 0.01, which approximates 108 

CFU/mL, was used. Cells from each culture were pelleted using a mini centrifuge (5415R, 

Eppendorf, Hauppauge, NY) at 8600 × g for 5 min and the pellet was re-suspended in 1 mL 

of 1× PBS buffer. This was repeated twice to thoroughly wash the cells. Samples were then 

serially diluted in 1× PBS buffer to obtain an OD600 of 0.001, which approximates 106 

CFU/mL. In duplicate, 10 μl of each culture was inoculated into the wells of a 96-well plate, 

preparing one for each time period of 1, 3, 7, 14, 28, and 56 days. The plates were covered 

with a semi-permeable membrane and incubated at approximately 72°F (22°C) with a 

relative humidity level of approximately 40% for the designated time period. At each time 

interval, the cells were revived by adding 100 uL of MHII broth to wells with gentle 

pipetting up and down. Samples were serial diluted 1000 fold, spread plated onto MHII agar 

and incubated overnight at 37°C for colony enumeration.

Statistical Analysis:

Cox proportional hazards regression analysis was performed using R: A language and 

environment for statistical computing (R Foundation for Statistical Computing, Vienna, 
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Austria). All other statistical analyses were performed using GraphPad Prism 6 for Windows 

(Version 6.01, Graph Pad Software, Inc., La Jolla, CA). Statistical significance was assessed 

using the paired and unpaired t tests (as appropriate), the Holm-Šídák test and one-way 

ANOVA, Log-rank and log-likelihood ratio with a significance level of α ≤ 0.05.

Results

Epidemiology/Isolate collection: We obtained 132 clinical isolates from 115 different 

patients over an 18-month period. Only the first isolate obtained from any one patient was 

included. Clinical isolates were equally likely to be obtained from ICU, non-ICU and 

outpatient locations (Table 1). A. baumannii was successfully recovered from 54 of the 314 

environmental samples for an overall recovery rate of 17%. Of these 54 isolates, 30 

independent isolates were included (see methods). Eighty percent (24/30) of the 

environmental isolates were collected from patient rooms and the remaining 20% (6/30) 

were obtained from non-patient areas such as nurses’ stations and medical supply areas. 

Clinical isolates were recovered primarily from urinary tract and respiratory tract specimens. 

Environmental isolates were mostly recovered from sink areas. Although some of the 

environmental isolates were collected from the room of an infected patient, only 10% (3/30) 

of the environmental isolates shared the exact same REP-type as the corresponding patient 

occupying that room.

Rep-PCR genotyping:

We identified a common banding pattern that had 8 distinct bands, with a prominent band at 

approximately 4000 base-pairs. Of the145 isolates, 64 displayed the common banding 

pattern exactly and 9 differed only by 1 band; we will refer to these 73 strains as the 

“dominant rep-type” for the remainder of this paper (Figure 1A). The remaining 72 isolates 

displayed banding patterns highly dissimilar from the dominant type (Figure 1B). We will 

refer to this set of strains as “sporadic rep-type”. We identified 59 unique banding patterns 

among the sporadic rep-types. The distribution of dominant and sporadic rep-types varied by 

isolate source. Urinary isolates were predominantly of the sporadic rep-type (29/48, 60%) 

but half of respiratory isolates were comprised of the dominant-type. One-third of the 

environmental isolates (10/30) were isolated from the sink area and these were 

predominantly of the dominant type (7/10, 70%). Full dendograms of the dominant and 

sporadic rep-types are available upon request from the authors.

Antibiotic Susceptibility:

Environmental isolates were almost 3 times more likely to be MDR than clinical isolates 

(57% (17/30) vs. 31% (36/115), odds ratio 2.87, p=0.02), (Figure 2A). Figure 2C shows the 

percentage of clinical and environmental isolates that were MDR, stratified by rep-type. The 

higher percentages of resistance seen among both the clinical and environmental isolates can 

be attributed to the dominant rep-type. Overall, isolates of the dominant rep-type were 

almost 20 times more likely to be MDR than sporadic rep-type strains (64% (47/73) vs. 8% 

(6/72), odds ratio=19.88, Fisher’s exact test p<0.0001).
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Clinical isolates collected from patients in the ICU were also more likely to be MDR than 

those collected from patients outside the ICU: (67.5% (19/28) vs. 16.2% (6/37), odds ratio= 

9.05, Fisher’s exact test p=0.0001). Although the numbers of environmental isolates were 

small they show a similar trend (ICU: 62% (13/21) were MDR vs. 44% (4/9) non-ICU). 

Clinical and environmental isolates collected from the ICU were more likely to be of the 

dominant rep-type (chi-square p-value <0.0001) compared to those collected outside the 

ICU but there was no difference in MDR prevalence by isolate source (t-test p=0.99).

Biofilm Formation:

Mean OD600 values for environmental and clinical isolates were 1.17 and 0.88 respectively 

(t-test p=0.03) (Figure 2). Environmental isolates produced more biofilm biomass than 

clinical isolates, regardless of rep-type. For the dominant rep-type, the mean OD600 values 

for clinical and environmental strains were 0.92 and 1.10 respectively (t-test p=0.30) and for 

the sporadic-type, clinical and environmental strains mean OD600 values were 0.84 and 1.55 

respectively (t-test p=0.006). The mean biofilm OD600 values of non-ICU environmental 

isolates (n=9) and ICU derived environmental isolates (n=21) were 1.35 and 1.18 

respectively, (t-test p=0.50).

Desiccation tolerance:

Overall, there was no statistical difference in survival between clinical and environmental 

isolates with respect to desiccation tolerance (Figure 2). When stratified by rep-type, 

dominant-type clinical strains survived better than dominant-type environmental strains. By 

contrast, sporadic-type environmental strains survived better than sporadic-type clinical 

strains. We used the Cox proportional hazards model to examine the effect of MDR and 

biofilm phenotypes of clinical and environmental isolates as explanatory variables, after 

accounting for rep-type, for risk of cell death due to desiccation after 56 days of follow-up 

(Cox proportional hazards model results are available upon request from the authors). 

Biofilm formation capacity and MDR phenotype were statistically significant and each had a 

statistically significant interaction terms with clinical/environmental status. However, the 

source of isolation (clinical versus environmental) was not statistically significant and 

therefore does not affect survival without the added effect of biofilm formation or MDR 

phenotype.

Discussion

Biofilms increase desiccation tolerance (24), (25), (7) and may confer antibiotic resistance 

(26). We described and compared the prevalence and interactions among biofilm formation, 

antibiotic resistance and desiccation tolerance in a collection of 115 clinical and 30 

environmental A. baumannii isolates. Our results suggest a fitness trade-off for the MDR 

positive phenotype in A. baumannii that is dependent upon environmental conditions; the 

MDR positive environmental isolates had significantly decreased survival whereas the MDR 

positive clinical isolates had significantly increased survival. In addition, while the high 

biofilm phenotype was important for both clinical and environmental isolates to tolerate 

desiccation, it was critically important for the environmental isolates. We also identified a 
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highly antibiotic resistant, dominant strain with a distinct rep-PCR banding pattern that was 

endemic in this hospital among clinical and environmental isolates.

Among clinical isolates, the MDR phenotype confers desiccation tolerance and the high 
biofilm phenotype works synergistically to improve tolerance.

Our finding that the MDR positive phenotype among clinical isolates increased desiccation 

tolerance is consistent with previous studies demonstrating concordance between antibiotic 

resistances with increased desiccation tolerance among clinical strains. Boll, et al. 

demonstrated that resistance to cationic antimicrobial peptide drugs also increases A. 
baumannii tolerance to desiccation by fortifying the fatty acid lipid content of the lipid A in 

the outer membrane via the production of hepta-acylated lipid A (13). Further, Gayoso et al., 
found that some proteins such as AmpC and Oxa51 that are associated with antibiotic 

resistance and increased tolerance to detergents like sodium dodecyl sulfate were 

overexpressed in A. baumannii clinical strain AbH12O-A2 when subjected to desiccation-

stress (12). We defined MDR as resistance to cephalosporins, fluoroquinolones, and 

aminoglycosides, or resistant to two and intermediate to one (20). Studies using other 

definitions might have slightly different outcomes, but our study provides evidence that 

clinical isolates with the MDR positive phenotype can have increased tolerance to 

desiccation.

Among environmental isolates, the MDR phenotype carries a fitness cost of decreased 
desiccation tolerance, and the high biofilm phenotype buffers this cost.

Previous studies have demonstrated a genetic fitness cost for the MDR phenotype in bacteria 

and the potential cost of antibiotic resistance for clinical strains in vivo is well documented 

(14), (27). However, to our knowledge, no other studies have evaluated the fitness cost of 

drug resistance in environmental strains. We provide evidence of variation in desiccation 

tolerance between clinical and environmental isolates of the same phenotypes suggesting a 

different set of fitness-costs under different environmental conditions. A possible 

explanation for this may be the effects of epistasis. Epistatic outcomes can be influenced by 

a number of factors including the genotype in which the mutation occurs, growth 

environment and the level of stress or other selective pressures imposed upon the cell (27). 

For example, rifampicin resistance can be beneficial or deleterious for the microorganism, 

depending upon the environmental conditions (28), (29), (30). However, we cannot rule out 

that environmental sampling selected for more desiccant tolerant strains.

The high biofilm forming phenotype provided increased tolerance to desiccation for both 
clinical and environmental isolates, but was critical for environmental isolate survival.

Biofilm formation is suspected of being one of the key pathogenic features of A. baumannii, 
particularly with device-related infections (31), (32). We show a trend of increased survival 

for high biofilm forming clinical isolates with additional tolerance when coupled with the 

MDR positive phenotype. By contrast, biofilm formation had a significant impact on 

desiccation tolerance for environmental isolates, which likely comes at a cost of reduced 

drug resistance and may be driven by condition-dependent survival responses. Biofilm genes 

may vary in expression in response to environmental conditions. Longo et al. report different 

pili-like structures mediating adhesion among clinical isolates of A. baumannii, resulting in 
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wide variability in the ability for different strains to adhere biotic or abiotic surfaces, 

suggesting that the genes involved in biofilm development on abiotic surfaces are not 

correlated with those for biofilm development on biological surfaces (26). This may offer 

some clues to help explain why we observed variation in the effect of high biofilm formation 

on desiccation tolerance between environmental and clinical isolates. For example, the 

clinical isolates in this study that were catheter associated could have a different expression 

of biofilm in vitro compared to non-catheter associated isolates. Unfortunately, we did not 

have access to this information and therefore were only able to consider biofilm in terms of 

an isolate’s ability to form biofilm. Further studies are needed to identify if the variation 

observed between clinical and environmental isolates resulted from different expressions of 

the same set of genes.

The sporadic rep-types were more likely to be susceptible to antibiotics and tolerated 
desiccation better than the multidrug resistant, endemic, dominant rep-types.

Half of our collection of 145 isolates shared a common rep-PCR banding pattern; isolates of 

the dominant rep-type were 19.9 times more likely to be MDR positive than sporadic-type 

isolates (Figures 1–2). Luo et al. also report a higher level of antibiotic resistance among 169 

endemic strains compared to 121 sporadic strains collected at a large hospital system (15). 

This is not to minimize the clinical significance of sporadic isolates which can cause 

significant disease among compromised patients, and with their increased desiccation 

tolerance have a higher probability of environmental spread.

In summary, we demonstrate that the MDR positive phenotype imposes a fitness cost on A. 
baumannii environmental isolates by significantly decreasing desiccation tolerance, even in 

the presence of the high biofilm phenotype. By contrast the MDR positive phenotype does 

not affect desiccation tolerance among clinical isolates, and the high biofilm phenotype 

increases desiccation tolerance. In the absence of the MDR phenotype, biofilm formation 

improved desiccation tolerance in both clinical and environmental isolates but the impact on 

survival was significantly greater for environmental isolates. This study provides data on the 

characteristics of both clinical and environmental isolates, such as biofilm formation and 

behavior in the hospital environment that is needed to improve our understanding of the 

environmental transmission of infectious agents and develop more effective infection 

control. The risk of environmental transmission of drug resistant pathogens can be reduced 

by inhibiting their ability to survive in the environment. Our research increases current 

understanding of the association of the MDR phenotype with persistence, and demonstrates 

that the association is mediated by environmental conditions.
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Highlights

• We identified a dominant rep-type of A. baumannii from clinical & 

environment sources.

• The majority of isolates of the dominant rep-type were multidrug resistant.

• High biofilm phenotype is critical for all A. baumannii isolates to tolerate 

desiccation

• We show a trade-off between MDR and desiccation tolerance for 

environmental isolates.
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Figure 1: 
Dendogram of 73 dominant rep-type strains consisting of 52 clinical and 21 environmental 

isolates (1A) and dendogram of 72 sporadic rep-type strains consisting of 63 clinical and 9 

environmental isolates (1B) with corresponding gel lanes and antibiotic susceptibility 

profiles for each isolate. Antibiotic susceptibility is indicated as green=susceptible, 

yellow=intermediate, red=resistant. *Environmental isolates.
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Figure 2: 
Percent Multidrug Resistant (MDR), Box plots of biofilm OD600 and Survival Curves with 

standard error bars, hazard ratio (HR) and p-values of A. baumannii isolates collected from a 

University Hospital between Aug 2012 and Jan 2014, comparing (A) 115 clinical and 30 

environmental isolates (B) 73 dominant and 72 sporadic rep-type isolates and (C) clinical 

and environmental isolates stratified by rep-type. Multidrug resistance was defined as being 

resistant to the following three drug classes (20): cephalosporins, fluoroquinolones, and 

aminoglycosides or resistant to two and intermediate to one.
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Figure 3: 
Likelihood of survival of 115 clinical and 30 environmental isolates of A. baumannii 
determined using a Cox proportional hazards model, accounting for rep-type, clinical/

environmental status, biofilm formation capability and MDR phenotype. Clinical 

comparison reference group: MDR−, Low BF, clinical isolates. Environmental comparison 

reference group: MDR−, Low BF, environmental isolates. MDR−, multidrug negative 

phenotype; MDR+, multidrug positive phenotype; BF, Biofilm.
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Table 1:

Study isolate characteristics stratified by rep-type of 115 clinical and 30 environmental Acinetobacter 
baumannii isolates obtained from a University hospital between Aug 2012 and Jan 2014.

Clinical Environmental Population

Dominant† Sporadic‡ Dominant† Sporadic‡ Total

n (%) n (%) n (%) n (%) n (%)

Total (n) 52 (100) 63 (100) 21 (100) 9 (100) 145 (100)

Patient characteristics

Mean Age (years) 52.7 41.5 n/a n/a 47.1

Males 24 (46) 38 (60) n/a n/a 62 (54)

Females 28 (53) 25 (40) n/a n/a 53 (46)

Hospital Location

ICU Unit 24 (46) 4 (7) 17 (81) 4 (44) 49 (34)

Non-ICU Unit 11 (21) 26 (41) 4 (19) 5 (56) 46 (32)

Outpatient 17 (33) 33 (52) n/a n/a 50 (34)

Site of Isolation

Urinary 19 (36) 29 (46) n/a n/a 48 (33)

Respiratory 17 (33) 17 (27) n/a n/a 34 (23)

Soft Tissue 10 (19) 9 (14) n/a n/a 19 (13)

Blood 4 (8) 3 (5) n/a n/a 7 (5)

*Other Body Site 2 (4) 5 (8) n/a n/a 7 (5)

Keypad n/a n/a 4 (19) 2 (22) 6 (4)

Sink Area n/a n/a 7 (33) 3 (33) 10 (7)

Floor n/a n/a 4 (19) 1 (11) 5 (3)

Computer Area n/a n/a 2 (9.5) 1 (11) 3 (2)

Bed Rail n/a n/a 2 (9.5) 0 (0) 2 (1)

**Other Fomite n/a n/a 2 (9.5) 2 (22) 4 (3)

†
Dominant rep-type strains are those with a common banding pattern (Figs 1A).

‡
Sporadic rep-type strains are those with banding patterns highly dissimilar from the dominant type (Figs 1B).

*
Other body sites include CSF, drainage, para fluid, and bone.

**
Other fomites include hallway ledge, phone, bed-side table, and counter top.
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