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ABSTRACT 

Title of Dissertation: The Role of Persistent Environmental Contamination and  
                                     Universal Glove and Gown Use in the Acquisition of Extended  
                                     Spectrum Beta-Lactamase-Producing Enterobacteriaceae in  
                                     Intensive Care Unit Patients. 
 
Adebola O. Ajao, Doctor of Philosophy, 2011 

Dissertation Directed by:                 Jon P. Furuno, Ph.D. 
                                                            Assistant Professor,  
                                                            Department of Epidemiology and Public Health 
 
Background: Extended-spectrum β-lactamase (ESBL)-producing Gram-negative rods 

(GNR) are emerging pathogens that are associated with considerable morbidity, mortality 

and costs among hospitalized patients. The association between persistent environmental 

contamination and acquisition of ESBL-GNR and the effectiveness of universal glove 

and gown in reducing the transmission of ESBL-GNR among Intensive care unit (ICU) 

patients has not been well established.   

Objectives: The objectives of this dissertation are to evaluate the role of persistent 

environmental contamination using prior room occupant as a proxy in the acquisition of 

ESBL-GNR and to evaluate the effectiveness of universal glove and gown use in 

reducing the incidence of ESBL-GNR in ICU patients.  

Methods: A retrospective cohort study and a quasi-experimental study were conducted 

using patient data obtained from the central data repository and by laboratory analysis.  

Peri-anal surveillance cultures were collected from all patients on ICU admission, weekly 

and at ICU discharge and clinical cultures were collected as medically indicated.  

Inclusion criteria were ICU length of stay >48 hours and a peri-anal surveillance culture 

negative for ESBL-GNR on ICU admission. Multivariable logistic regression and 

segmented linear regression were used to analyze the data. 



 
 

 
 

Results: The first study of 18,175 admissions to the University of Maryland Medical 

Center (UMMC) medical ICU (MICU) and surgical ICU (SICU) between September 1, 

2001 and June 30, 2009 showed that prior room occupants’ ESBL-Klebsiella and E. coli 

positive status is not associated with acquiring ESBL- Klebsiella and E. coli after 

adjusting for potential confounders (Adjusted Odds Ratio (AOR) = 1.39, 95% 

Confidence Interval (CI) = 0.94 - 2.08). The second study of 6,089 admissions to the 

MICU between July 1, 2005 and June 30, 2009 showed that universal glove and gown 

did not reduce acquisition of ESBL-GNR immediately (p =0.48) or long term (p =0.34).  

Conclusions: Our study results suggest that environmental contamination may not play a 

significant role in the acquisition of ESBL-GNR at UMMC. Universal glove and gown 

was not effective at reducing the acquisition of ESBL-GNR immediately and long term at 

UMMC.  
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1. Introduction and Objectives 

Extended-spectrum β-lactamase (ESBL)-producing Gram-negative rods (GNR) 

are emerging pathogens that are associated with considerable morbidity, mortality and 

costs among hospitalized patients in the United States and globally.

A. Introduction 

1,2 ESBLs are 

plasmid-mediated enzymes that hydrolyze most β-lactam antibiotics making them 

ineffective.1 The gastrointestinal tract is the main reservoir for ESBL-GNR in humans.7- 

10 Colonization with ESBL-GNR often precedes clinical infection of the same bacterial 

strain.8,10 Infections caused by ESBL-GNR are difficult to identify and treat due to the 

limited options for empiric therapy. Thus, there is an increased likelihood that empirically 

selected therapy may not provide coverage for the ESBL-GNR which subsequently 

increases the risk of treatment failure and poor outcomes such as death among infected 

patients.2,11

Intensive care units (ICUs) have higher rates of antimicrobial resistance than 

other areas of the hospital

 Patients with unidentified ESBL-GNR may serve as a reservoir and facilitate 

the persistent transmission of these antibiotic-resistant bacteria to other hospitalized 

patients.  

14 likely due to a high concentration of critically ill patients who 

are less resistant to exogenous colonization, are in frequent close contacts with physicians 

and nurses and a heavy use of empiric broad spectrum antibiotics that creates selective 

pressure and promotes the emergence of resistant endogenous strains.14,54 The prevalence 

of ESBL-producing isolates in ICU patients with nosocomial infection in the United 

States ranged from 5% in E. coli to 20% in K. pneumoniae in 2003 and continues to 
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rise.15,16

Patients colonized or infected with ESBL-GNR often contaminate their 

immediate hospital environment. Environmental contamination with ESBL-GNR may 

persist despite disinfection of the hospital rooms creating a potential for cross-

transmission of ESBL-GNR from environmental sources to patients

 Given this increase and the limited effective antimicrobial drugs currently 

available or in development there is a need for more effective infection control methods 

to prevent the spread of ESBL-GNR among ICU patients. 

12, 13

Under contact precaution, gowns and gloves have been recommended for contacts 

with all patients colonized or infected with Methicillin-resistant Staphylococcus aureus 

(MRSA), Vancomycin-resistant enterococci (VRE), Vancomycin-intermediate 

Staphylococcus aureus (VISA) or Vancomycin-resistant Staphylococcus aureus 

(VRSA).

 however, these 

studies were conducted in outbreak situations and the association between the 

contaminated environment and acquisition of ESBL-GNR was not established. Only one 

study has assessed the association between persistent environmental contamination and 

acquisition of ESBL-GNR among hospitalized patients in a non-outbreak situation. This 

study was limited by the small sample size and lack of molecular typing for bacterial 

strain comparability. Therefore, there is need for more studies to establish the role of 

contaminated environment in acquisition of ESBL-GNR in non-outbreak situations. 

17 Studies that have evaluated the effectiveness of glove and gown use in 

reducing colonization rate with antibiotic-resistant bacteria have been limited to VRE 

studies. Some of these studies found that gown use in addition to glove use significantly 

reduced VRE colonization rate18,19 while others found no effect on VRE colonization rate 

in ICU patients.123 Universal glove and gown use is a form of contact precaution used for 
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contact with all patients and their environment regardless of the patient’s colonization or 

infection status. However, universal glove and gown has not been evaluated for its’ 

effectiveness in reducing the transmission of ESBL-GNR among ICU patients. 

ESBLs are produced by many Gram-negative rods but Klebsiella species 

(Klebsiella pneumoniae and Klebsiella oxytoca) and Escherichia coli (E. coli) are the 

most common and clinically important Gram-negative bacteria that produce ESBLs and 

will henceforth be referred to as ESBL-KE.3-6 

 

The objective of the proposed study is to 

evaluate the role of persistent environmental contamination in acquisition of ESBL-KE 

and to evaluate the effectiveness of universal glove and gown use in reducing the 

incidence of ESBL-GNR in ICU patients.  

Research Question 1 

B. Research Questions, Hypotheses, and Specific Aims 

Is the incidence of ESBL-KE higher in ICU patients admitted to rooms whose immediate 

prior occupant was positive for ESBL-KE compared to ICU patients admitted to rooms 

whose immediate prior occupant was not positive for ESBL-KE? 

Specific Aim 1: To determine if occupying a room whose immediate prior occupant was 

positive for ESBL-KE is associated with a higher incidence of ESBL-KE in the ICU. 

Occupying a room whose immediate prior occupant was positive for ESBL-KE is 

associated with a 

Hypothesis 1 

higher incidence of ESBL-KE in the ICU after controlling for patient 

characteristics such as age, ICU time at risk, ICU antibiotic use, co-morbid conditions 

and colonization pressure. 



 
 

4 
 

Rationale: Contamination of the hospital environment by patients with ESBL-KE has 

been recognized, however the association between contaminated hospital environment 

and acquisition of ESBL-KE in a non-outbreak situations has not been well established. 

Understanding the role of the environment in the transmission of ESBL-KE among 

hospitalized patients is necessary to optimize existing hospital infection control efforts. 

 

 

Research Question 2 

Does universal glove and gown use decrease the incidence rate of ESBL-producing 

Enterobacteriaceae compared to contact precaution for colonized or infected ICU 

patients in non-outbreak situations. 

Specific Aim 2: To determine if universal glove and gown use is associated with a lower 

incidence rate of ESBL-producing Enterobacteriaceae in ICU patients. 

Hypothesis 2:

Rationale: Studies of glove and gown use has been limited to VRE and have produced 

conflicting results. The effectiveness of universal glove and gown use in reducing the 

transmission of ESBL-producing Enterobacteriaceae in non-outbreak situations has not 

been evaluated. 

 Universal glove and gown use decreases the incidence rate of ESBL-

producing Enterobacteriaceae in ICU patients compared to contact precaution for 

colonized or infected patients after adjusting for patient characteristics such as age, ICU 

antibiotic use, co-morbid conditions, and colonization pressure. 
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II. Background 

 The objectives of this dissertation are to evaluate the role of persistent 

environmental contamination (using prior room occupant ESBL-KE status as a proxy) in 

the acquisition of ESBL-KE and to evaluate the effectiveness of universal glove and 

gown use in reducing the incidence rate of ESBL-producing Enterobacteriaceae in ICU 

patients. This study takes patients’ demographic and clinical characteristics into account 

in understanding these associations. 

A. Overview 

B. 

β-lactams are one of the major classes of antibiotics. Other classes of antibiotics 

include aminoglycosides, glycopeptides, ketolides, lincosamides, macrolides, 

oxazolidinones, quinolones, streptogramins, sulphonamides and tetracyclines. β-lactams 

include penicillins, cephalosporins, carbapenems and monobactams (Table II.1). 

Cephalosporins are further divided into first, second, third, fourth and fifth generation 

cephalosporins.

β-Lactams 

  

20  
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Antibiotic 
Class 

Table II.1: List of Antibiotics in the β-Lactam Class of Antibiotics 

Antibiotics in this class 

β-Lactams Penicillins Narrow 
Spectrum 

β-lactamase sensitive: 
Benzylpenicillin, Clometocillin, 
Benzathine benzylpenicillin, Procaine 
benzylpenicillin, Azidocillin, 
Penamecillin, Phenoxymethylpenicillin, 
Propicillin, Benzathine 
phenoxymethylpenicillin, Pheneticillin 
Β-lactamase resistant: Cloxacillin 

Oxacillin, Meticillin, Nafcillin 
Extended 
Spectrum 

Aminopenicillins:[Amoxicillin, 
Ampicillin, Epicillin]  
Carboxypenicillins:[Carbenicillin, 
Ticarcillin, Temocillin] 
Ureidopenicillins, [Azlocillin, 
Piperacillin, Mezlocillin]  

Cephalosporins 1st Generation Cefazolin, Cefacetrile, Cefadroxil, 
Cefalexin, Cefaloglycin, Cefalonium, 
Cefaloridine, Cefalotin, Cefapirin, 
Cefatrizine,Cefazedone, Cefazaflur, 
Cefradine, Cefroxadine, Ceftezole 

2nd Cefaclor Generation , Cefamandole, Cefminox, 
Cefonicid, Ceforanide, Cefotiam, 
Cefprozil, Cefbuperazone, Cefuroxime, 
Cefuzonam, Cephamycin Carbacephem 

3rd Generation Cefixime, Ceftazidime, Ceftriaxone, 
Cefcapene

 
, Cefdaloxime, Cefdinir, 

Cefditoren, Cefetamet, Cefmenoxime, 
Cefodizime, Cefoperazone, Cefotaxime, 
Cefpimizole, Cefpiramide, 
Cefpodoxime, Cefsulodin, Cefteram, 
Ceftibuten , Ceftiolene, Ceftizoxime, 
Oxacephem 

4th Generation Cefepime, Cefluprenam, 
Cefozopran,Cefpirome, Cefquinome 

5th Generation Ceftobiprole 
Carbapenems Biapenem, Doripenem, Ertapenem, Imipenem, 

Meropenem, Panipenem 
Monobactams Aztreonam, Tigemonam 

β-
lactamase 
Inhibitors 

Sulbactam, Tazobactam, Clavulanic acid  
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β-lactams have a common element: a four-atom β-lactam ring in their molecular 

structure. The β-lactam ring contains the antibacterial properties that inhibit bacterial cell 

wall synthesis, weakening the cell wall and leading to bacterial cell lyses and death.21 β-

lactamases are enzymes produced by some bacteria that hydrolyze β-lactams making the 

bacteria resistant to this class of antibiotics. β-lactamases break open the β-lactam ring, 

deactivating the molecule's antibacterial properties. β-lactamases are produced by certain 

Gram-positive bacteria such as Staphylococcus aureus but are widely distributed in 

Gram-negative organisms.22

β-lactamases are classified according to two schemes: the Ambler molecular 

classification scheme and the Bush-Jacoby functional classification scheme.

 Commercially available β-lactamase inhibitors such as 

clavulanic acid, sulbactam, and tazobactam can inhibit the action of some β-lactamases 

by binding irreversibly to these enzymes, thus enabling the bacteria to be susceptible to 

β-lactams.  

22,23 Ambler’s 

molecular scheme divides β-lactamases into four major classes, namely A to D based on 

their protein morphology (nucleotide and amino acid sequence similarity). Classes A, C 

and D enzymes contain serine in their active site. This serine is the active component in 

the breaking of the β-lactam ring while class B enzymes need zinc for this action.22

The Bush-Jacoby functional classification scheme divides β-lactamases into four main 

groups (Groups 1-4) and several subgroups based on their phenotypic characteristics 

(substrate and inhibitor functional similarities). Group 1 enzymes are cephalosporinases 

that are not inhibited by clavulanic acid. Group 2 enzymes are penicillinases, 

cephalosporinases, or both, that are inhibited by clavulanic acid. Group 3 are 
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penicillinases, cephalosporinases or carbapenemases that are not inhibited by clavulanic 

acid. Group 4 enzymes are penicillinases that are not inhibited by clavulanic acid (Figure 

II.1). Group 2 is further divided into groups 2a to 2f. Group 2b enzymes are broad-

spectrum β-lactamases that inactivate both penicillins and cephalosporins. Group 2b is 

further divided into groups 2be and 2br. Group 2be enzymes are extended-spectrum-β-

lactamases capable of inactivating extended spectrum cephalosporins and monobactams. 

Group 2br enzymes are penicillinases, which have diminished inhibition by clavulanic 

acid.23  

Figure II.1: Bush-Jacoby Functional Classification Scheme of β-Lactams

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Group 2a
PENICILLASES
Penicillins

Group 1
CEPHALOSPORINASE
Not Inhibited by clavulanic acid

Group 2
PENICILLASE, CEPHALOSPORINASE
Inhibited by clavulanic acid
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Cloxacillin
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 Extended-spectrum β-lactamases placed in the Bush-Jacoby group 2be hydrolyze 

extended-spectrum cephalosporin with an oxyimino side chain including cefotaxime, 

ceftriaxone, ceftazidime and oxyimino monobactam but not cephamycin or carbapenems 

and are inhibited by clavulanic acid. ESBLs were first discovered in Germany in 1983.

C. Extended Spectrum β-lactamases (ESBLs) 

24 

Genes that encode for ESBLs are frequently carried on plasmids that are transmissible 

from one organism to another. These plasmids that carry genes that encode for ESBLs 

also carry genes that encode resistance to other classes of antibiotics. This makes ESBL-

producing GNR resistant to multiple classes of antibiotics.2,11 Most genes that encode for 

ESBLs are derived from mutated β-lactamase genes; TEM-1, TEM-2 and SHV-1.1,6 The 

mutation alters the amino acid configuration around the active site of β-lactamases 

extending the spectrum of β-lactams that can be hydrolysed by these enzymes. However, 

several ESBLs that are not of TEM or SHV lineage have been recently described.1,25

 

 The 

different families of ESBLs that have been described in the literature are outlined below 

(Table II.2).   
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ESBL Families 

Table II.2: Description of Extended Spectrum β-lactamase Gene Families 

Bacteria Geographic 
Locations 

TEM family 
SHV family 

Escherichia coli 
Klebsiella species 
Proteus species 
Enterobacteriacae 

USA 
Europe 

CTX-M family  Escherichia coli 
Salmonella enterica 

South America 
Eastern Europe 
UK 
USA 

OXA family Pseudomonas aeruginosa 
Escherichia coli 

Turkey 
France 

PER Family (PER-1, PER-2)  Pseudomonas aeruginosa 
Salmonella enterica 
Acinetobacter species 
Escherichia coli 
Klebsiella species 
Proteus mirabilis 
Vibrio Cholera 
Alcaligenes faecalis 

Turkey 
South America 
Italy 
France 
Belgium 
Korea 

Others: VEB, GES, IBC, 
SFO, BES-1, TLA-1 

Escherichia coli 
Klebsiella species 
Pseudomonas aeruginosa 
Enterobacter species 

France 
Kuwait 
China 
South Africa 
Greece 

 

ESBL-producing bacteria was first reported in Europe five years prior to it’s’ 

emergence in the United States.

D. History of Extended Spectrum β-lactamases in the United States 

24 The first report of ESBL producing bacteria in the 

United States was of a TEM-derived ESBL obtained from an abdominal wound culture of 

a patient in Massachusetts, in February of 1988.26 This was followed by reports of several 

outbreaks of TEM-derived ESBLs namely TEM10, TEM 12 and TEM 2627-33 all 

coinciding with increased use of ceftazidime.  Other TEM-derived ESBLs such as TEM-

6, TEM-28 and TEM-43 were described in later outbreaks.34,35 TEM-derived ESBLs have 

point mutations at one or more amino acid positions 104, 164, 182, and 24036 (Table 
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II.3). SHV-derived ESBLs appeared in the United States in 1990.37 SHV-derived ESBLs 

that have been identified in the United States include SHV-5, SHV-7, SHV-8, SHV-12, 

SHV-29, and SHV-47.38-40  SHV-derived ESBLs present in the United States have amino 

acid substitution at a total of seven positions compared to four positions for TEM-derived 

ESBLs36 (Table II.4). The CTX-M-derived ESBLs are non-TEM and non-SHV-derived 

ESBLs that emerged in the late 1980s, a few years after the introduction of cefotaxime.25 

CTX-M-derived ESBLs are mostly found in the community and there have only been a 

few reports in the United States. CTX-M-derived ESBLs were first identified in 9 E. coli 

isolates from a 5 state ESBL surveillance study in 2001-2002.41 This was followed by 

reports of CTX-M ESBL from Salmonella enterica in 2003 and Shigella sonnei in 2004. 

Both the Salmonella and Shigella isolates were obtained from stool samples.42,43 Another 

report of Shigella flexneri and Shigella sonnei isolates obtained from 1999 to 2007 

identified 6 isolates that carried the CTX-M-14 and CTX-M-15 ESBL genes.44 A recent 

report of a CTX-M-15 producing E. coli isolated from a middle aged woman who 

developed fatal urosepsis may be an indication that CTX-M-derived ESBL is spreading 

in the United States.124

 

  

Table II.3: TEM Derived ESBLs in US Klebsiella and E. coli isolates 

TEM-Derived ESBLs Year Identified 
in the US 

Amino acid positions and substitutions 

  104 164 182 240 
TEM-1  Glu Arg Met Glu 
TEM-10 1988 Glu Ser Met Lys 
TEM-12 1988 Glu Ser Met Glu 
TEM-26 1988 Lys Ser Met Glu 
TEM-28 1992 Glu His Met Lys 
TEM-6 1993 Lys His Met Glu 
TEM-43 1992-1996 Lys His Thr Glu 
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Table II.4: SHV Derived ESBLs in US Klebsiella and E. coli isolates 

SHV Derived ESBLs Year Identified 
in the US 

Amino acid positions and substitutions 

SHV-1  8  35 43 179 195 238 240 
SHV-5 1993 Ile Leu Arg Asp Thr Gly Glu 
SHV-7 1993 Ile Leu Arg Asp Thr Ser Lys 
SHV-8 1990 Phe Leu Ser Asp Thr Ser Lys 
SHV-12 1996 Ile Leu Arg Asn Thr Gly Glu 
SHV-29 ND Ile a Gln Arg Asp Thr Ser Lys 
SHV-46 1998 Ile Gln Ser Asp Thr Ala Glu 
a: No data on the year identified. Reported in 2001 

 

ESBL-KE have caused serious outbreaks of infections in hospitalized patients 

both in the United States and worldwide.

E. Epidemiology of ESBL-Producing Klebsiella and E. coli 

8,10,27,28,30,31,45,46 ICUs have been the epicenter of 

most of these outbreaks; however, outbreaks due to ESBL-KE have been reported in non-

ICU inpatients and nursing home patients.30,31,47 Colonization and infection with ESBL-

KE have also been reported in outpatient communities outside of the United States.48-52

The prevalence of ESBL-KE continues to rise among hospitalized patients in the 

United States. In the United States, resistance to third-generation cephalosporins 

specifically ceftazidime is used to screen for ESBL production in bacterial isolates, 

however, resistance to ceftazidime could be due to other resistance mechanisms besides 

ESBLs. National Healthcare Safety Network (NHSN) data from inpatient isolates from 

300 hospitals in the United States indicated that resistance to ceftazidime increased from 

6.9% in 1999 to 12.3% in 2006 (p<0.0001) for K. pneumoniae isolates and from 2.0% in 

1999 to 2.7% in 2006 for E.coli isolates (p<0.001).

  

53 A cross-sectional study of ICU 

patients at the University of Maryland Medical Center (UMMC) also indicated that 
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patients colonized with ceftazidime-resistant gram-negative bacilli increased from 18.8% 

in 2003 to 31.4% in 2006 (p<0.01%). This increase was also largely driven by 

ceftazidime-resistant Klebsiella isolates which accounted for 6.4% of isolates in 2003 and 

22.8% of isolates in 2006.55 The prevalence of ESBL-KE is highest in ICU patients due 

to the presence of factors that promote the emergence of resistance. The ICU consists of a 

high concentration of critically ill patients who are less resistant to colonization by 

exogenous organisms, have frequent close contacts with physicians and nurses under 

urgent conditions, and have a heavy use of empiric broad spectrum antibiotics that creates 

selective pressure and promotes the emergence of resistant endogenous strains.14,54

 

  

The gastrointestinal tract is the main reservoir for ESBL-KE in humans. 

Gastrointestinal colonization has been shown to precede most infections caused by 

ESBL-KE in hospitalized patients.

F. Clinical Significance of ESBL-Producing Klebsiella and E. coli in Hospitalized 

Patients 

8,10 Pena et al. identified prior carriage of ESBL-K. 

pneumoniae in the digestive tract as an independent risk factor for ESBL-K. pneumoniae 

infection or colonization (OR =3.4, 95% CI = 1.1-10.4) after adjusting for age, surgery, 

severity of disease, days of invasive devices, and days of prior antibiotic therapy.10 

Infections caused by ESBL-KE include respiratory tract infections, urinary tract 

infections, bloodstream infections, meningitis and surgical wound infections.10,16,56 

Infections due to ESBL-producing GNR are difficult to treat due to their resistance to 

multiple classes of antibiotics which limits the empiric therapy options for these 

infections.2,11 In addition, clinically relevant ESBL-mediated resistance is not always 
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detected in routine susceptibility testing. Depending on which antibiotics are used to 

screen for ESBLs, ESBL-KE strains may appear susceptible to some extended-spectrum 

cephalosporin in vitro but these antibiotics may be ineffective against these bacteria in 

vivo.57 This is likely to lead to use of inappropriate empiric therapy which increases the 

risk of treatment failure and death among infected patients.58-60 Kim et al. reported that 

54.5% of patients with bacteremia due to ESBL producing K. pneumoniae received 

inappropriate therapy before the report of culture results compared to 3.4% of patients 

with bacteremia due to non-ESBL producing K. pneumoniae (p = 0.001).59 In another 

study, Du et al. showed that inappropriate antibiotic therapy was associated with 

treatment failure (OR = 8.3, 95% CI = 1.1-11.2) and treatment failure was the only 

independent predictor of hospital mortality among bacteremic patients due to ESBL-KE 

(OR = 16.4 95% CI = 3.5-74.7).58 Crude mortality has been reported to be higher in 

patients with bloodstream infections due to ESBL-KE than in patients with the non-ESBL 

producing strains of Klebsiella spp. or E. coli.56,59-61 Ho et al. reported that mortality was 

18% in patients with bacteremia due to ESBL-producing E. coli compared to 7% in 

patients with bacteremia due to non-ESBL-producing E. coli (p=0.04).62 Ariffin et al. also 

reported that sepsis related mortality was significantly higher in pediatric patients 

infected with ceftazidime-resistant K. pneumoniae (50%) than in patients infected with 

ceftazidime-susceptible K. pneumoniae (13%) (p=0.02).60  Carbapenems are the 

treatment of choice for serious ESBL-KE infections; however, carbapenem-resistant 

isolates have also been reported.

 

1 
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Factors associated with nosocomial infection due to ESBL-KE have been well 

studied in both outbreak and non-outbreak situations. Adult patients are at a greater risk 

of acquiring a nosocomial ESBL-KE infection if they are severely ill, have previously 

used a third-generation cephalosporin, had a prolonged hospital stay, and had a prolonged 

presence of invasive devices such as a urinary catheter, central venous catheter, arterial 

catheter, or endotracheal tube.

G. Factors Associated with the Acquisition of ESBL-Producing Klebsiella and E. coli 

in ICU patients 

56,60,61,63,64 However, factors associated with ESBL-KE 

colonization in hospitalized patients have not been well studied despite their importance 

in infection control. As noted by Lucet et. al., factors associated with colonization may 

differ from factors associated with infections and their control may require different 

interventions.8 Gastrointestinal colonization with ESBL-KE often precedes clinical 

infections of the same bacterial strain.8,10

Few studies have analyzed factors associated with gastrointestinal colonization 

with ESBL-KE among hospitalized patients (Table II.5). These studies identified age >60 

years (OR=1.79, 95% CI 1.24-2.60), piperacillin-tazobactam (OR=2.05, 95% CI: 1.36-

3.10), vancomycin (OR= 2.11, 95% CI 1.34-3.31), chronic disease score (OR=1.15; 95% 

CI: 1.04-1.27)

 In addition, patients colonized with unidentified 

ESBL-KE may serve as a reservoir and facilitate the persistent transmission of these 

bacteria to other hospitalized patients.  

65, duration of hospitalization (OR= 1.11, 95% CI 1.02-1.21)66, 

hemodialysis (OR =10.7, 95% CI: 1.4-81)67, duration of urinary catheterization (OR: 3.5; 

95% CI 1.2-10.3) and duration of mechanical ventilation (OR: 4.6; 95% CI 1.1-19.3)9 to 

be independently associated with ESBL-KE colonization. However, none of these studies 
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identified patients who were negative for ESBL-KE on hospital or ICU admission and 

followed them up for acquisition of ESBL-KE during their hospital or ICU stay. The only 

study that followed up patients who were negative for ESBL-KE upon SICU admission 

for ESBL-KE acquisition was underpowered to perform a multivariable analysis. 

Nevertheless, number of gastrointestinal operations during the hospital stay, length of 

stay, and nursing workload were statistically associated with acquisition of ESBL-KE at 

the bivariate analysis level in this study.7 In nursing home patients, factors associated 

with gastrointestinal colonization with ESBL-KE on ICU admission included poor 

functional status, presence of gastrostomy tube, and prior receipt of ciprofloxacin or 

trimethoprim-sulfamethoxazole.47
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Table II.5: Studies of Gastrointestinal Colonization with ESBL-Producing Klebsiella 
and E. coli in Hospitalized Patients 
Author, 
Year 

Study Design 
Setting 
Country 
 

Study 
Population 
Sample size 

Surveillance 
Culture 
Method 

Independent 
risk factors 
associated with 
ESBL-KE 
colonization 

Other factors 
adjusted for 
in the 
multivariable 
analysis 

Harris 
AD. 2007 

Prospective 
cohort study 
(Non-outbreak) 
USA 

5,209 
patients 
admitted to 
the MICU  
and SICU 

Peri-anal 
swabs 

Age >60 years 
(OR= 1.79, 95% 
CI 1.24-2.60), 
piperacillin-
tazobactam 
(OR= 2.05, 95% 
CI: 1.36-3.10), 
vancomycin 
(OR= 2.11, 95% 
CI 1.34-3.31), 
chronic disease 
score (OR= 1.15; 
95% CI: 1.04-
1.27) 

Cefepime, 
Imipenem 

Bisson G. 
2002 

Case control 
study 
(Non-outbreak) 
USA 

59 patients 
admitted to 
ICU and 
non-ICU 
ward 

Rectal swab 
or  
stool 
specimen 

Duration of 
hospitalization 
(OR= 1.11, 95% 
CI 1.02-1.21). 

Age, 
Malignancy, 
Antibiotic days 

D’Agata 
E. 1998 

Prospective 
cohort study 
(Non-outbreak) 
USA 

84 patients 
admitted to 
the SICU 

Rectal, 
inguinal fold 
throat swab. 
Nasogastric 
fluid 

Hemodialysis 
(OR =10.7, 95% 
CI: 1.4-81) 

Duration of 
prior 
hospitalization 
>=2 weeks in 
the last year 

Pena C. 
1997 

Prospective 
cohort study 
(Outbreak) 
Spain 

188 patients 
admitted to 
the ICU 

Rectal swab Number of days 
of urinary 
catheterization 
(OR= 3.5, 95% 
CI 1.2-10.3) and 
mechanical 
ventilation (OR= 
4.6, 95% CI 1.1-
19.3) 

Clinical 
severity at 
admission, 
venous and 
arterial 
catheterization,  
parenteral 
nutrition, 
previous 
antibiotic 
therapy 

Soulier 
A. 1995 

Prospective 
cohort study 
(Non-outbreak) 
France 

59 patients 
admitted to 
the SICU 
 

Stool sample None Multivariable 
analysis was 
not performed 
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Most of the data that exists on contamination of hospital environment by ESBL-

KE have been from studies performed in outbreak situations. Despite this limitation, 

these studies have demonstrated that patients colonized or infected with ESBL-KE often 

contaminate their immediate environmental surfaces. Epidemic strains of ESBL-

producing Klebsiella spp. have been isolated from colonized or infected patients’ bath,

H. Role of the Environment in the Acquisition of ESBL-Producing Klebsiella and   

E. coli in ICU Patients 

45 

bedsheets, bowls, sinks countertops,12,13 and soap68 during outbreaks. A few studies have 

even suggested that the removal of the contaminated environmental source ended the 

outbreaks. For example, the end of the ceftazidime-resistant K. pneumoniae outbreak in 

an obstetrics ward in Paris, France was attributed to the removal of the contaminated 

ultrasound coupling gel.69 Klebsiella spp. have been known to survive from weeks to 

months especially in moist areas.12,70 In some outbreak studies, contamination of the 

hospital environmental surfaces by ESBL-producing K. pneumoniae and K. oxytoca 

persisted despite disinfection and cleaning of hospital rooms’ surfaces after patients’ 

discharge.12,13 Following an outbreak, Kac et al. performed comparative PFGE analysis 

and identified closely related PFGE patterns between environmental strains and clinical 

strains for ESBL-producing K. oxytoca 3 months after the patients with the identical 

strains have been discharged.12 The persistent recovery of ESBL-producing Klebsiella 

spp. from environmental surfaces after colonized patients have been discharged suggests 

that there is potential for cross-transmission of ESBL-producing Klebsiella spp. from 

environmental sources.12,71 Although the contamination of hospital environment by 
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patients colonized or infected with ESBL-GNR has been recognized, the association 

between contaminated hospital environment and acquisition of ESBL-GNR in non-

outbreak situations has not been established. Only a few studies have described isolation 

of ESBL-GNR from environmental surfaces of colonized or infected patients outside of 

outbreak situations (Table II.6).71-73

Colonization and infection status of prior room occupants has been used as a low 

cost proxy for persistent environmental contamination and has been shown to be 

associated with acquisition of MRSA, VRE, Clostridium difficille, MDR-P. aeruginosa 

and Acinetobacter baumannii among ICU patients.

 However, none of these studies established an 

epidemiological link between patients’ and environmental ESBL-positive bacterial 

samples.  

74,109,122 

 

However, these studies did not 

perform molecular typing for bacteria strain comparison. Specifically these studies did 

not quantify the proportion of acquired bacterial isolates that were genetically similar to 

bacterial isolates obtained from immediate prior room occupants. Our study uses Pulsed 

Field Gel Electrophoresis (PFGE) to assess the extent of genetic similarity between 

ESBL-KE isolates obtained from prior room occupants and ESBL-KE isolates acquired 

during the ICU stay to make a stronger case for causality if an association exists.  
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Table II.6: Studies of Environmental Contamination with ESBL-Producing 
Klebsiella and E. coli among hospitalized patients 
Author,  
Year 

Study Design Population Organisms tested Study Result 

Tande 
D. 2009 

Cross-
sectional 
Study 
 

Environmental and 
stool samples 
collected from 39 
children, 44 staff 
in an orphanage in 
Mali 

ESBL producing 
E.coli, Klebsiella 
Pneumoniae, 
Klebsiella  
Oxytoca, 
Citrobacter 
freundii 
 

1) 63% of adults and 
100% of all childrens’ 
stool samples tested 
positive for ESBL-
entrobacteriaceae. 
2) 100% of  
environmental samples 
tested positive for 
ESBL-entrobacteriaceae 
3) Did not assess genetic 
similarity between 
colonizing and 
environmental strains 
for ESBL-KE 

Touati 
A. 2008 

Prospective 
Cohort 
Study  
 

150 Environmental 
surface samples 
collected from 2 
hospitals 
 

ESBL producing 
Klebsiella 
pneumoniae and 
Enterobacter 
Cloacae 

1) 9% environmental 
contamination  
2) Did not assess genetic 
similarity between 
colonizing and 
environmental strains 
for ESBL-KE 

D’Agata  
1999 

Prospective 
Cohort study 

233 environmental 
samples, 284 
samples from 
hands and gowns 
of SICU nurses, 
333 SICU patients 

ESBL producing 
Enterobacter 
Cloacae, 
Acintobacter 
baumanii,  
Pseudomonas 
aeruginosa, 
Serratia spp., 
Klebsiella 
Oxytoca, 
Stenotrophomonas 
spp. 

1) 9% environmental 
contamination 
2) 2% of gown and 
hands contaminated 
3) 25% of patients 
colonized  
4) Epidemiological link 
was not established 
between patient and 
environmental samples 
for ESBL-KE but was 
established for other 
entrobacteriaceae (E. 
Cloacae, P. aeruginosa, 
and Stenotrophomonas 
spp.) 
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Most previous studies assessing interventions to control the acquisition of ESBL-

GNR have been conducted in outbreak situations. Data from these studies are of limited 

value because often during outbreaks, several interventions are applied simultaneously; 

thus the effectiveness of each intervention on infection control is difficult to elucidate.

I. Infection control interventions to prevent the spread of ESBL-Producing 

Klebsiella spp. and E. coli in ICU Patients  

75 

Strategies used to control previous outbreaks have included antibiotic control polices 

(restriction on the use of extended-spectrum cephalosporin), surveillance culturing of 

patients, the environment and healthcare workers (HCWs), cohorting of colonized and 

infected patients, use of contact isolation precautions for colonized and infected patients, 

and increased emphasis on proper hand hygiene.

 Contact isolation with glove and gown use is a preventive methodology 

recommended by infection control experts for patients colonized or infected with MRSA, 

VRE, VISA, or VRSA.

28,30,31,68,76-78 

17 Studies that have evaluated the effectiveness of glove and gown 

use in reducing colonization rate with antibiotic-resistant bacteria have been limited to 

VRE studies. Some of these studies found that gown use in addition to glove use 

significantly reduced VRE colonization rate18,19 while one study found no effect on VRE 

colonization rate in ICU patients.

At UMMC, under contact precaution, gowns and gloves are worn for contact with 

all patients colonized or infected with MRSA, VRE, and other MDROs and their 

environments. Universal glove and gown use is a form of contact precaution used for 

contacts with all patients and their environment regardless of the patient’s colonization or 

infection status. Universal glove and gown has the advantage that it may prevent 

123  



 
 

22 
 

transmission of multiple antibiotic-resistant and susceptible bacteria at the same time 

without requiring active surveillance for each bacterial species. Universal glove and 

gown use was instituted at the UMMC MICU in July 2007 and at the Surgical ICU 

(SICU) in February 2008 and it is currently being evaluated for its effectiveness in 

reducing transmission of MRSA and VRE in ICU patients. However, universal glove and 

gown has not been evaluated for its’ effectiveness in reducing the transmission of ESBL-

GNR among ICU patients. 

  Infection control monitoring and control charting of clinical cultures for ESBL-

KE at UMMC MICU and SICU from 2001 to 2005 showed no evidence of an outbreak.  

However 2% of patients were colonized on ICU admission and 3% of patients acquired 

ESBL-KE during their ICU stay indicating endemicity of these bacteria at UMMC.

 

80,81 

The first study evaluates the impact of persistent environmental contamination in 

acquisition of ESBL-KE while taking patients’ demographics and clinical characteristics 

into consideration in a large cohort of patients admitted to the MICU and SICU of a 

tertiary healthcare facility. In addition, this study quantifies the proportion of acquired 

ESBL-KE isolates that are genetically similar to the ESBL-KE isolates obtained from the 

immediate prior room occupants. Contamination of hospital environment by patients 

colonized or infected with ESBL-KE has been recognized; however, the association 

between contaminated hospital environment and acquisition of ESBL-KE has not been 

well established. Understanding the role of the environment in the transmission of ESBL-

J. Summary of Research Significance 
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KE among hospitalized patients is necessary to optimize existing hospital infection 

control efforts. 

  It is unclear if the current standard of environmental cleaning of rooms is 

adequate for preventing the transmission of ESBL-KE in ICU patients. If this study 

shows that patients admitted to rooms whose prior occupant was colonized with ESBL-

KE acquire the same bacteria strain despite environmental cleaning, then current 

environmental cleaning practices may need to be re-assessed. The result of this study may 

help to emphasize the importance of adequate environmental cleaning and may draw 

attention to the use of environmental sampling for monitoring the level of ESBL-KE in 

the hospital environment as an infection control practice.  

  The second study of this proposal evaluates the effectiveness of universal glove 

and gown use in decreasing the incidence rate of ESBL-GNR in a large cohort of patients 

admitted to the MICU of a tertiary care facility. The prevalence of ESBL-GNR continues 

to rise in ICU patients in the United States despite current infection control and antibiotic 

stewardship interventions. Yet, there is limited data on optimal infection control methods 

to prevent the transmission of ESBL-GNR in non-outbreak situations. The effect of 

universal glove and gown use on transmission of ESBL-GNR among ICU patients has 

not been evaluated. 

If universal glove and gown use is effective in preventing the transmission of 

ESBL-GNR, it may be a novel method to reduce the incidence of ESBL-GNR and its 

associated poor healthcare outcomes in ICU patients. Universal glove and gown has the 

added advantage that it may protect against multiple species of antibiotic-resistant and 
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susceptible bacteria without the need to actively identify patients who are colonized with 

each type of bacteria. 
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III. Research Design and Methods 

A. Role of Persistent Environmental Contamination in the Acquisition of ESBL-

Producing Klebsiella and E. coli in ICU Patients 

Specific Aim: To determine if occupying a room whose immediate prior occupant was 

positive for ESBL-KE is associated with a higher incidence of ESBL-KE in the ICU. 

Overview: This study evaluated the impact of persistent environmental contamination in 

the acquisition of ESBL-KE in ICU patients. The primary exposure of interest was 

ESBL-KE positive status of the immediate prior room occupant as illustrated in Table 

III.1. ESBL-KE positive status was determined using peri-anal and clinical cultures. The 

exposed group consisted of patients for whom the immediate prior occupant of their 

hospital room was positive for ESBL-KE. The unexposed group consisted of patients for 

whom the immediate prior occupant of their hospital room was negative for ESBL-KE. 

The primary outcome of interest was ESBL-KE acquisition during the ICU stay as 

determined by peri-anal and clinical cultures. We defined patients who acquired ESBL-

KE as those who have ESBL-KE negative peri-anal culture at ICU admission but have a 

subsequent ESBL-KE positive peri-anal or clinical culture on the same ICU admission. 

ESBL-KE positive status of prior room occupant was used as a proxy for persistent 

environmental contamination. The use of this proxy is reasonable because patients 

colonized or infected with ESBL-KE often contaminate their immediate environment and 

ESBL-producing Klebsiella spp. have been shown to persist on hospital environmental 

surfaces despite disinfection and cleaning of the hospital room after patients’ 

discharge12,13,71. We determined the proportion of acquired ESBL-KE isolates that are 

genetically the same or similar to the isolates obtained from the immediate prior room 
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occupants. Genetic similarity was defined as isolates with greater than 80% similarity in 

PFGE band pattern.

 

80,81,82 

Table III.1: Contingency Table: Exposure and Outcome for Study 1 

                                                                                            OUTCOME OF INTEREST  

EXPOSURE 
OF INTEREST  

 Acquired ESBL-KE Did not acquire 
ESBL-KE 

Prior room occupant 
positive for ESBL-KE  

  

Prior room occupant 
negative for ESBL-KE  

  

 
 

I. 
 

Study Site 

The study site was the UMMC MICU and SICU. UMMC is a 729-bed, urban 

tertiary-care hospital in Baltimore, Maryland. The MICU was a 10-bed private room unit 

that became a 29-bed private room unit in April, 2006. The MICU provides care to adult 

patients with acute or potential life-threatening medical conditions. The SICU is a 19-bed 

private room unit that provides care to adults with solid organ transplantation, abdominal, 

genitourinary, orthopedic and otolaryngologic surgery.  

 

II. 
 

Study Design 

A retrospective cohort study was performed using data from patients admitted to 

the UMMC MICU and SICU from September 1, 2001 to June 30, 2009. Patients admitted 

to the UMMC MICU and SICU have obtained peri-anal cultures routinely as part of an 

ongoing VRE active surveillance program since 1995. Peri-anal cultures were obtained 

using Staplex II swabs (Staplex, Etobiocoke, Ontario, Canada) within 48 hours of ICU 
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admission, weekly, and at ICU discharge. Compliance with obtaining peri-anal cultures 

was approximately 90%. All peri-anal cultures were frozen in trypic soy broth containing 

15% glycerol in -80°C freezer to allow for future recovery of organisms. Recovery of 

organisms from these frozen swabs has been shown to be between 91% and 98% in prior 

studies.83,84

Admission peri-anal cultures were used to identify patients colonized with ESBL-

KE at ICU admission, while weekly and discharge peri-anal cultures were used to 

identify patients who acquired ESBL-KE during their ICU stay. Patients who did not 

receive admission peri-anal cultures were excluded from the study population as their 

ESBL-KE positive status could not be established upon ICU admission. Similarly 

patients that did not receive follow-up surveillance cultures were excluded from the study 

population because their ESBL-KE acquisition status could not be established. Patients 

who were colonized with the ESBL-KE upon ICU admission and patients who stayed in 

the ICU for less than 48 hours were also excluded from the study population as they were 

at a reduced risk for acquiring ESBL-KE. The study population consisted of all patients 

admitted to the MICU and the SICU during the study period that had a negative ESBL-

KE peri-anal culture on ICU admission, stayed in the ICU for at least 48 hours and thus 

were at risk for acquiring ESBL-KE (Figure III.1). The exact timing of ESBL-KE 

acquisition was unknown; therefore the time interval from ICU admission to the first 

positive peri-anal or clinical culture was used as a proxy for time of ESBL-KE 

acquisition for the study population. Among the patients who acquired ESBL-KE during 

 All frozen peri-anal cultures were thawed and tested by the laboratory team in 

the research laboratory of my co-mentor, Dr. J. Kristie Johnson at University of Maryland 

Baltimore (UMB) for ESBL production.  
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their ICU stay, only the first positive peri-anal culture was included in the analysis. 

Patients with multiple admissions to the ICUs during the study period were allowed to 

enter the cohort of at risk patients multiple times as long as they were not colonized with 

ESBL-KE on the index ICU admission. At-risk patients who changed rooms during their 

ICU stay accounted for more than one ICU admission as long as they were still at risk 

upon moving to the new room.  The UMB Institutional Review Board (IRB) approved 

this study for the duration of the study period. 

 

Figure III.1: Flow Chart of the Impact of Persistent Environmental Contamination 

on Acquisition of ESBL-Producing Klebsiella spp. and E. coli in ICU Patients. 

 

 

III. 

 Terminal cleaning (disinfection and cleaning of hospital room surfaces after 

patient discharge) was performed by staff of the Environmental Service Department 

Description of Environmental Cleaning Procedures at UMMC 
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(ESD) at UMMC. ESD staff used a 12-step cleaning process in accordance with CDC 

guideline to ensure adequate cleaning and disinfection of hospital room surfaces. The 

process included proper hand hygiene, replenishing soap and alcohol-based hand gel 

dispensers, emptying waste receptacles, cleaning and dusting surfaces, spot cleaning 

walls, cleaning and disinfecting all furniture and bathroom surfaces, and dust mopping 

floors. Quaternary germicidal cleaner, SaniMaster IV was used for all environmental 

disinfection.85

 

 

IV. 

Patient characteristics were collected to identify potential confounding variables. 

These variables included both demographic and clinical characteristics. Patient’s 

demographic information included age, and sex collected at ICU admission. Patients’ 

clinical characteristics included length of ICU stay, length of ICU stay at risk, length of 

ICU stay of prior room occupant, ICU antibiotic use, individual comorbidities, aggregate 

co morbid indices and colonization pressure. Total length of ICU stay, length of ICU stay 

at risk and length of ICU stay of prior room occupant were evaluated separately. Studies 

have shown that the length of ICU or hospital stay was independently associated with 

ESBL-KE colonization.

Study Covariates 

7,66 Information on specific antibiotics used in the ICU was 

collected and evaluated separately.56 Individual antibiotic use was classified into the 

major classes of antibiotics (Table III.2). Studies have shown that the previous antibiotic 

treatment with certain classes of antibiotics and specific antibiotics such as 

aminoglycosides, penicillin (piperacillin), cephalosporins (ceftazidime), glycopeptides 

(vancomycin), sulphonamides (trimethoprim-sulphamethoxazole) and quinolones 
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(ciproflaxin) were associated with ESBL-KE colonization.47,65,88 Individual comorbidities 

were determined using the International Classification of Diseases, Ninth Revision (ICD-

9) at ICU discharge. Aggregate comorbidity score, the Charlson Comorbidity Index 

(CCI) was calculated using ICU discharge ICD-9 codes for comorbid conditions.89 

Colonization pressure was defined as the average of the daily proportion of patients 

positive for ESBL-KE during each patient’s ICU time at risk and was calculated 

separately for the MICU and the SICU.90

 

 Colonization pressure was calculated by 

dividing the number of ESBL-KE positive patients by the number of patients in the unit 

daily. The average of the daily colonization pressure was calculated for the period of time 

that each patient was at risk for ESBL-KE. Patients contributed to colonization pressure if 

they were positive for ESBL-KE on ICU admission or they acquired ESBL-KE during 

their ICU stay. Patients positive for ESBL-KE were assumed to be positive from the day 

of positive culture collection until discharge. The definitions of all study variables are 

listed below. (Table III.3)  
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Table III.3: Definitions of Patient Characteristics Collected 
Variables Definitions 

Demographic Information Age, Sex 

Total length of ICU stay Number of days from ICU admission to ICU discharge 

Length of ICU stay of 

prior room occupant 

Number of days from ICU admission to discharge for prior 

room occupant 

Length of time at risk 

 

1. Number of days from ICU admission to ESBL-KE 

positive peri-anal or clinical culture for patients who 

acquired ESBL-KE. 

2. Number of days from ICU admission to discharge 

for patients who did not acquire ESBL-KE. 

ICU antibiotic use 1. Individual antibiotics used during the time at risk in 

the ICU for the index admission was collected.  

2. Individual antibiotics was classified into their 

respective classes namely as Aminoglycosides, β-

lactams-Penicillin, 1st, 2nd, 3rd, 4th

Individual  

 generation 

cephalosporin, Monobactams, Carbapenem, 

Glycopeptides, Ketolides, Lincosamides, 

Macrolides, Oxazolidinones, Quinolone, 

Streptogramins, Sulphonamides, Tetracyclines and 

Metronidazole. 

comorbid conditions 

Individual comorbid conditions present at ICU discharge as 

determined by ICU discharge ICD-9.  Examples of co 

morbid conditions include renal disease, AIDS, malignancy, 

liver disease, coronary artery disease, and diabetes. 

Aggregate Comorbidity  

Charlson Comorbidity  

  

Aggregate comorbidity score was calculated using ICU 

discharge ICD-9 codes for comorbid conditions (Table 

III.4). 

Colonization Pressure Colonization pressure was defined as the average of the 

daily proportion of patients positive for ESBL-KE during 

each patient’s ICU time at risk. 
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Table III.4: Calculation of the Charlson Comorbidity Index (Deyo et al., 1992)  

Condition Assigned 
Weight 

Myocardial infarct 1 
Congestive heart failure 1 
Peripheral vascular disease 1 
Cerebrovascular disease 1 
Dementia 1 
Chronic pulmonary disease 1 
Connective tissue disease 1 
Ulcer disease 1 
Mild liver disease 1 
Diabetes 1 
Hemi paraplegia 2 
Moderate or severe renal disease 2 
Diabetes with end organ damage 2 
Any tumor 2 
Leukemia 2 
Lymphoma 2 
Moderate or severe liver disease 3 
Metastatic sold tumor 6 
AIDS 6 

 
V. 

 All patient data were collected through the UMMC Central Data Repository 

(CDR) and through laboratory testing. The UMMC CDR is a relational database 

containing patients’ administrative, pharmacy, admission-discharge-transfer, and clinical 

data maintained by the Information Technology Group of the University of Maryland. A 

sample of the demographic, microbiology, and pharmacy data from the UMMC CDR 

were validated against patients’ paper medical records for this study and previous 

research studies and the data have a positive and negative predictive value greater than 

98%.

Sources of Data 

91-93 Data from the UMMC CDR has been used extensively in epidemiologic studies 

of antibiotic resistance, which have been published in the peer-reviewed literature.65,94-98 
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Information on demographics, antibiotic use, pre-existing comorbid conditions, and 

aggregate comorbidity scores were obtained from the UMMC CDR. Microbiology testing 

of the peri-anal cultures were used to determine ESBL-KE positive status of prior room 

occupants and patients who acquired ESBL-KE during their ICU stay. Length of time at 

risk was calculated using data from the CDR and microbiology result of peri-anal and 

clinical cultures. Molecular testing of all ESBL-KE isolates was used to determine the 

extent of genetic similarity of all ESBL-KE isolates obtained from prior room occupants 

and from patients who acquired ESBL-KE during their ICU stay.  

 

VI. 

Detection of ESBL-KE from Peri-anal Cultures: Frozen peri-anal cultures were 

removed from the freezer and innoculated onto a MacConkey agar plates (Remel, 

Lenexa, KS, USA) containing 1 μg/ml ceftazidime. The MacConkey with ceftazidime 

agar plates were incubated at 37 degrees C for 24 hours. MacConkey agar contains bile 

salt and crystal violet that inhibits the growth of most Gram-positive bacteria but allows 

growth of Gram-negative bacteria. Lactose fermenting bacteria such as Klebsiella spp. 

and E.coli utilizes the lactose in the medium to produce acid, which lowers the pH of the 

agar to below 6.8 and the bacteria appears as pink colonies. Lactose fermenting colonies 

that grew on MacConkey with ceftazidime agar plates were swabbed onto a TSA with 

5% sheep blood agar plate (BD, Sparks, MD, USA) and incubated for 24 hours for 

oxidase test (BD, Sparks, MD, USA). At the same time, these colonies were placed into 

5ml saline solution and dropped into the API 20E identification strips (bioMerieux; 

Laboratory Methods 
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Durham, NC), and incubated for 24 hours following API 20E instructions. Klebsiella 

species and E.coli were identified by a color change in the API 20E identification strips.  

Antimicrobial Susceptibility Testing: Antibiotic susceptibilities of Klebsiella species 

and E.coli were performed on the Muller-Hinton agar plates using the Kirby-Bauer disk 

diffusion test method as recommended by the Clinical Laboratory Standards Institute.99 

Pure colonies of Klebsiella species and E.coli were plated onto Muller-Hinton agar plates 

(BBL Microbiology Systems; Cockeysville, Maryland) using the quarter-turn method. 

Antibiotic disks containing containing 30 μg of ceftazidime and 30 μg cefotaxime with 

and without 10 μg of clavulanic acid were dropped on to the Muller-Hinton agar plates 

and incubated for 24 hours. An area of clearing around the antibiotic disk (zone of 

inhibition) indicated that the Klebsiella or E. coli was susceptible to ceftazidime or 

cefotaxime. A greater than 5mm difference in the zone of inhibition for either ceftazidime 

or cefotaxime tested in combination with clavulanic acid versus when they are tested 

alone were indicative of ESBL production, according to the CLSI guidelines.99

Pulsed Field Gel Electrophoresis for Molecular Typing: PFGE has been shown to 

have a good discriminatory power for ESBL-KE.

 

80,81,100  PFGE were performed by lysing 

cells of ESBL-KE colonizing isolates with lysozyme (EC lysis solution) overnight at 37 

degrees C. The lysed cells were deprotonated with ESP for 48 hours at 50 degrees C. 

Genomic DNA were digested with restriction enzyme XbaI according to the 

manufacturer’s recommendations (New England Biolabs, Beverly, MA) for 4 hours at 37 

degrees C. Genomic DNA were separated in 2% agarose with 20% turbidity using a 

CHEF-DR II (Bio-Rad, Richmond, CA). Electrophoresis was performed at 200 V for 22 

hours, with an initial switch time of 5 seconds and the final switch time of 40 seconds.  
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After electrophoresis, the gel was stained with ethidium bromide and photographed under 

ultraviolent light using the Gel Doc (Bio-Rad, Hercules, CA).101  Interpretation was 

performed using Gel Compare software (Applied Math). A dendrogram comparing all 

isolates was constructed using Dice coefficient and unweighted pair group method with 

arithmetic mean with a position tolerance of 1. Isolates with 100% similarity in PFGE 

band pattern was considered the same and isolates with 80% similarity in PFGE band 

pattern were considered similar according to Tenover criteria.102

Polymerase Chain Reaction (PCR): PCR was used to determine which β-lactamase 

derived gene (TEM, SHV or CTX-M) was present in the ESBL-KE isolates obtained 

from both the ESBL-KE positive prior room occupants and the patients who acquired 

ESBL-KE during their ICU stay. Genomic DNA was extracted from pure colonies of 

ESBL-KE isolates and used as the PCR template. Oligonucleotide primers were used to 

amplify the ESBL genes (Table III.5). TEM PCR reaction contained 23 µl platinum 

supermix, 0.5 µl of forward primer, 0.5 µl of reverse primer, and 1 µl of DNA. PCR 

amplifications for the TEM-derived gene begun with a 5-minute denaturation step at 96 

degrees C, and was followed by 35 cycles of: 

 

•  denaturation at 96 degrees C for 1 minute 

•  annealing at 58 degrees C for 1 minute 

•  extension at 72 degrees C for 1 minute 

• final extension at 72 degrees C for 10 minutes 

SHV PCR reaction contained 14.7 µl of water, 5 µl of 5x buffer, 2 µl of Magnesium 

chloride (MgCl2), 0.2 µl of dNTP, 1 µl of SHV forward primer, 1 µl of SHV reverse 

primer, 0.1 µl of Go Tag polymerase and 1 µl of DNA. PCR amplifications for the SHV 
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gene begun with a 2-minute denaturation step at 94 degrees C, and was followed by 35 

cycles of:  

•  denaturation at 94 degrees C for 30 seconds 

•  annealing at 58 degrees C for 48 seconds 

•  extension at 72 degrees C for 1 minute 

• final extension at 72 degrees C for 5 minutes 

CTX-M PCR reaction contained 13.68 µl of water, 5 µl of 5x buffer, 2 µl of MgCl2

•  denaturation at 94 degrees C for 50 seconds 

, 0.2 

µl of dNTP, 1.5 µl of CTX-M forward primer, 1.5 µl of CTX-M reverse primer, 0.12 µl 

of Go Tag polymerase and 1 µl of DNA. PCR amplifications for the CTM-X gene begun 

with a 2-minute denaturation step at 94 degrees C, and was followed by 35 cycles of: 

•  annealing at 50 degrees C for 40 seconds 

•  extension at 72 degrees C for 1 minute 

• final extension at 72 degrees C for 5 minutes 

 

Table III.5: Nucleotide Sequence of Oligonucleotides used for PCR amplification 

Primer Nucleotide Sequence (5’ to 3’) Product size (bp) 

TEM Forward: 5’-ATG AGT ATT CAA CAT TTC CG-3’ 

Reverse:  5’-CTG ACA GTT ACC AAT GCT TA-3’ 

867 

SHV Forward:  5’-GGT TAT GCG TTA TAT TCG CC-3’ 

Reverse:   5’-TTA GCG TTG CCA GTG CTC-3’ 

867 

CTX-M Forward:  5’-CGC TTT GCG ATG TCG AG-3’ 

Reverse:   5’-ACC GCG ATA TCG TTG GT-3’ 

550 
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Univariate analysis was performed to evaluate the distributions of all study 

variables listed in table III.3 above. The primary exposure was ESBL-KE positive status 

of the immediate prior room occupant. The outcome was ESBL-KE acquired during the 

ICU stay. Bivariate analysis was performed to measure the association between 

covariates and ESBL-KE status of prior room occupant as well as the association 

between covariates and ESBL-KE acquisition. Bivariate analysis used the chi-square test 

or Fisher’s exact test to compare categorical variables and Student’s t-test or the 

Wilcoxon Rank Sum test to compare continuous variables. Stratified analysis was 

performed to assess effect modification using the Breslow-Day test. When effect 

modification was found, a sub-analysis was performed to assess the association between 

prior room occupant ESBL-KE status and acquisition of ESBL-KE stratified by levels of 

the effect modifier. All statistical tests were performed using 2-tailed test. All variables 

associated with ESBL-KE acquisition at P <0.1 based on bivariate analysis and any effect 

modifiers were entered into a multivariable analysis.  

VII. Statistical Analysis 

Logistic regression was used to quantify the Odds Ratio (OR) and 95% 

Confidence Interval (CI) for the association between prior room occupants’ ESBL-KE 

status and acquisition of ESBL-KE by the subsequent room occupant adjusting for 

potential confounders. All variables associated with ESBL-KE acquisition were included 

in the initial (full) multivariable logistic regression model. Variables that were not 

statistically associated with the outcome (P > 0.05) were removed from the model starting 

with the variable with the largest p-value. After removing each variable, we assessed 
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whether removing the variable altered the regression coefficient of the primary exposure 

by >10%.  If so, the variable was included in the model as a confounder.  Statistically 

significant effect modifiers were included in the final model if they were biologically 

plausible. Preliminary data from UMMC suggested that 12% -15% of patients had repeat 

admissions.65 Therefore patients were allowed to enter the study multiple times; we used 

the robust sandwich variance estimator to account for the correlated error structure that 

resulted from repeat admissions.103

 

 Among the patients admitted to rooms whose prior 

occupants were positive for ESBL-KE, the proportion of acquired ESBL-KE isolates that 

were genetically identical or similar to ESBL-KE isolates obtained from the immediate 

prior room occupants were quantified.  
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B. The Effect of Universal Glove and Gown Use on the Incidence Rate of ESBL-

Producing Enterobacteriaceae in the Medical Intensive Care Unit 

Specific Aim: To determine if universal glove and gown use is associated with a lower 

incidence rate of ESBL-producing Enterobacteriaceae in ICU patients. 

Overview

The exposed group consisted of patients admitted to the MICU during the period 

of universal glove and gown use (July 1, 2007 to June 30, 2009). The unexposed group 

consisted of patients admitted to the MICU in the period before universal glove and gown 

: This study evaluated the effectiveness of universal glove and gown use 

compared to contact precaution for colonized or infected patients in decreasing the 

incidence rate of ESBL-producing Enterobacteriaceae in patients admitted to the UMMC 

MICU. Universal glove and gown use is a form of contact precaution defined as the use 

of gloves and gowns by all healthcare workers when entering all patients’ rooms, for all 

patients’ contacts and contact with patients’ environment regardless of patients’ 

colonization or infection status. Universal glove and gown use was instituted at the 

UMMC MICU in July, 1 2007 as part of a CDC-funded research and quality 

improvement program. Infection control policies during the period before universal glove 

and gown use included MRSA nasal and VRE peri-anal screening on ICU admission, 

weekly and discharge, use of contact isolation for patients colonized or infected with 

MRSA and VRE, and patients infected with MDR-Gram-negative bacteria. MDR-Gram-

negative bacteria were defined as all Gram-negative bacteria susceptible to two or fewer 

antibiotics. Peri-anal surveillance cultures were not worked up for ESBL-producing 

Enterobacteriaceae and thus patients were not isolated based on colonization with ESBL-

producing Enterobacteriaceae.  
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use (July 1, 2005 to June 30, 2007) (Figure III.2). Patients were considered to belong to 

the period during which their ICU admission occured. The study was ESBL-producing 

Enterobacteriaceae acquired during the ICU stay as determined by peri-anal surveillance 

cultures and clinical cultures. We defined patients who acquired ESBL-producing 

Enterobacteriaceae as those who had a negative peri-anal culture for all ESBL-producing 

Enterobacteriaceae on ICU admission but had a subsequent positive peri-anal or clinical 

culture for any ESBL-producing Enterobacteriaceae on the same ICU admission. ESBL-

producing Enterobacteriaceae included in this study were Klebsiella pneumonia, 

Klebsiella.oxytoca, Eschericia coli, Enterobacter cloacae, Enterobacter aerogenes, 

Citrobacter freundii, Proteus mirabilis, Providential stuartii, Morganella morganii and 

Serratia marcescens. These ESBL-producing Enterobacteriaceae will henceforth be 

referred to as ESBL-Gram-negative rods (GNR). This study was approved by the UMB 

IRB for the duration of the study period.  

 

I. 

A quasi-experimental study was performed to assess acquisition rates of ESBL-

GNR during the two years before universal glove and gown use and the two years of 

universal glove and gown use in patients admitted to the UMMC MICU. In this study, 

like all quasi-experimental studies, individual study participants were not randomized to 

universal glove and gown use.

Study Design 

107 A quasi-experimental design was an appropriate design 

for this study because it was logistically difficult to randomize patients within the MICU 

to universal glove and gown use without the intervention contaminating the patients 

randomized to the non-intervention arm. 
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The study population consisted of all patients admitted to the MICU during the 

study period that had an ESBL negative peri-anal culture on admission to the MICU, 

stayed in the MICU for at least 48 hours and thus were at risk for acquiring ESBL-GNR. 

Among patients who acquired ESBL-GNR during their ICU stay, only the first positive 

peri-anal surveillance or clinical culture was included in the analysis. Patients with 

multiple admissions to the MICU during the study period were allowed to enter the 

cohort of at risk patients multiple times as long as they were not positive for ESBL-GNR 

on the index ICU admission.  

 
 
Figure III.2: Study Design for Study 2 
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II. 

Patients’ demographic and clinical characteristics were collected as described in study 1 

to identify potential confounding variables. 

Study Covariates 

 

III. 

Covariates were collected through UMMC CDR and through laboratory testing as 

described in study 1.  

Sources of data 

 

IV. 

Microbiology methods were performed as described in study 1.  

Laboratory Methods 

 

V. 

Univariate analysis was performed to evaluate the distribution of all study 

variables. The primary exposure was universal glove and gown use. The outcome was 

ESBL-GNR acquired during the ICU stay. Bivariate analysis was performed to measure 

the association between study covariates and universal glove and gown use as well as the 

association between study covariates and acquisition of ESBL-GNR. Continuous 

variables were compared using Student’s t-test or the Wilcoxon Rank Sum test while 

categorical variables were compared using chi-square test or Fisher’s exact test as 

appropriate. Stratified analysis was performed to assess effect modification using the 

Breslow-Day test. The prevalence of ESBL-GNR on MICU admission was calculated by 

dividing the number of patients positive for ESBL-GNR on admission to the MICU by 

the total number of patients admitted to the MICU. 

Statistical Analysis 
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Unadjusted incidence rates of ESBL-GNR were calculated by dividing the 

number of acquired ESBL-GNR by the total number of admission days at risk during the 

two study periods. Admission days at risk was calculated as number of days from MICU 

admission to the day of first ESBL-GNR positive peri-anal or clinical culture for 

admissions where acquisition of ESBL-GNR occurred and number of days from MICU 

admission to discharge for admissions where acquisition of ESBL-GNR did not occur 

during the ICU stay. Prevalence of ESBL-GNR on MICU admission and ESBL-GNR 

acquisition rates were compared for the period of before universal glove and gown use 

and the period of universal glove and gown use using the chi-square test. Statistical tests 

were performed using 2-tailed tests. All variables found to be associated with acquisition 

of ESBL-GNR at P-value of <0.1 based on bivariate analysis were entered into a 

multivariable analysis.  

Poisson regression was used to quantify the rate ratio (RR) and 95% confidence 

interval (CI) for the association between universal glove and gown use and acquisition of 

ESBL-GNR controlling for confounding variables. All variables associated with 

acquisition of ESBL-GNR were included in the initial (full) multivariable logistic 

regression model. Variables that were not statistically associated with the outcome (P > 

0.05) were removed from the model starting with the variable with the largest p-value. 

After removing each variable, we assessed whether removing the variable altered the 

regression coefficient of the primary exposure by >10%. If so, the variable was included 

in the model as a confounder. Statistically significant effect modifiers were included in 

the final model if they were biologically plausible. Patients were allowed to enter the 

study multiple times; therefore, we used the robust sandwich variance estimator to 
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account for the correlated error structure that resulted from repeat admissions.103

Aggregate level analysis was performed using segmented linear regression to 

estimate changes in the mean (immediate effect of glove and gown use on the acquisition 

rate of ESBL-GNR) and changes in the trend (long term effect of glove and gown use on 

acquisition rate of ESBL-GNR).

 

Multivariable analysis was performed and reported separately for all ESBL-GNR, ESBL-

Klebsiella and ESBL-E. coli. 

108  Since time is a predictor in segmented regression 

analysis, error terms of consecutive observations may be correlated. We assessed 

autocorrelation by plotting the residuals against time and visually inspecting for 

autocorrelation. Randomly scattered residuals with no pattern indicated no 

autocorrelation. When autocorrelation was detected, we estimated the Durbin-Watson 

statistics for the autocorrelation parameters and included them in the segmented 

regression model to adjust for autocorrelation.107
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A. Results: Risk of acquiring extended-spectrum β-lactamase (ESBL) producing 
Klebsiella and Escherichia coli from prior room occupants in the intensive 

care unit1

 
 

Abstract 

Background: Environmental contamination by patients carrying extended spectrum β-

lactamase (ESBL)-producing Klebsiella spp. and Escherichia coli has been reported; 

however, few studies have assessed the association between environmental contamination 

and acquisition of ESBL-Klebsiella and E. coli in non-outbreak settings. Prospective 

environmental culturing is both time intensive and costly, therefore, prior room 

occupants’ ESBL-Klebsiella or E. coli status was used as a proxy for hospital room 

contamination. This proxy has been used by prior studies to assess this association for 

other antibiotic-resistant bacteria.  

Objective: To determine if admission to a room previously occupied by a patient 

colonized with ESBL-Klebsiella or E. coli increases the risk of acquiring ESBL-

Klebsiella or E. coli among intensive care unit (ICU) patients. 

Methods: A retrospective cohort study was conducted among patients admitted to the 

University of Maryland Medical Center (UMMC) medical ICU (MICU) and surgical ICU 

(SICU) between September 1, 2001 and June 30, 2009. Peri-anal surveillance cultures 

were collected from all patients on ICU admission, weekly and at ICU discharge and 

clinical cultures were collected as medically indicated. Inclusion criteria were ICU length 

of stay >48 hours and having a peri-anal culture negative for ESBL-Klebsiella or E. coli 

on ICU admission. Patients were classified as “exposed” if the immediate prior occupant 
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of the room to which they were admitted had a peri-anal or clinical culture positive for 

ESBL-Klebsiella or E. coli. The outcome of interest was a peri-anal or clinical culture 

positive for ESBL-Klebsiella or E. coli during the ICU stay after a negative peri-anal 

culture for ESBL-Klebsiella or E. coli on ICU admission. Multivariable logistic 

regression was used to model the association between prior room occupants’ ESBL-

Klebsiella or E. coli status and acquisition of ESBL-Klebsiella or E. coli by the 

subsequent room occupant adjusting for colonization pressure and other potential 

confounders. Colonization pressure was defined as average of the daily proportion of 

patients positive for ESBL-Klebsiella or E. coli during each patient’s ICU time at risk. 

PFGE was performed on isolates obtained from patients colonized with the same 

bacterial species as their prior room occupants. Patients were determined to acquire the 

same (100% similarity in PFGE pattern) or closely related (>80% similarity in PFGE 

pattern) bacterial strain as their prior room occupants.  

Results: There were 18,175 admissions to the MICU and SICU during the study period. 

10% (1,786) of admissions did not receive admission surveillance culture and were 

excluded from the study population. Of the remaining admissions, 9,371 admissions 

(7,651 unique patients) stayed in the ICU for > 48 hours and were ESBL negative on ICU 

admission and therefore were considered at risk for acquiring ESBL-Klebsiella or E. coli. 

Two hundred and sixty-seven admissions (3%) acquired ESBL-Klebsiella or E. coli 

during their ICU stay. Prior room occupant’s positive ESBL-Klebsiella or E. coli status 

was significantly associated with acquisition of ESBL-Klebsiella or E. coli before 

adjusting for potential confounding variables (crude odds ratio (COR) = 1.88, 95% CI = 

1.29 - 2.74). After adjusting for potential confounders, the association was no longer 
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statistically significant (Adjusted Odds Ratio (AOR) = 1.39 95% CI = 0.94 - 2.08). Other 

factors significantly associated with acquisition of ESBL-Klebsiella or E. coli after 

controlling for the other variables in the model were ICU time at risk > 4 days (AOR = 

1.67, 95% CI 1.26 - 2.23), colonization pressure (AOR = 2.18, 95% CI =1.60 - 2.97), 

hemi paraplegia (AOR = 2.40, 95% CI 1.31 - 4.41), renal disease (AOR = 1.68, 95% CI 

1.19 - 2.35), aminoglycosides (AOR = 1.79, 95% CI 1.29 - 2.51), anti-pseudomonal β-

lactam (AOR = 2.17, 95% CI 1.43 - 3.30), imipenem (AOR = 1.59, 95% CI 1.14 - 2.21) 

and anti-MRSA therapy received in the ICU (AOR = 1.72, 95% CI 1.25 - 2.37). 

Malignancy (AOR = 0.63, 95% CI = 0.43 - 0.92) was associated with a decreased risk of 

ESBL-Klebsiella or E. coli acquisition after controlling for the other variables in the 

model. Of the 267 ESBL-Klebsiella or E. coli acquisitions, 32 (12%) had prior room 

occupants who were positive for ESBL-Klebsiella or E. coli. Of these 32, 17 (53%) were 

colonized with the same bacterial species as their prior room occupants. PFGE performed 

on isolates from the 17 patients suggests that 3 patients (18%) acquired the same bacteria 

strain as their prior room occupants while 3 patients (18%) acquired a bacteria strain that 

were closely related to that of their prior room occupants. 

Conclusions:  Our study results suggest that environmental contamination may not play a 

major role in the transmission of ESBL-Klebsiella or E. coli at UMMC.   
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Introduction 
 
Extended-spectrum β-lactamase (ESBL)-producing Gram-negative rods (GNR) are 

emerging pathogens that are associated with considerable morbidity, mortality and costs 

among hospitalized patients both in the United States and globally.1,2 ESBLs are 

produced by many Gram-negative rods but Klebsiella species (predominantly Klebsiella 

pneumoniae) and Escherichia coli are the most common and clinically relevant ESBL-

GNR.3-6 Infections caused by ESBL-producing Klebsiella and E. coli are difficult to treat 

due to the limited options for empiric therapy. Thus, there is an increased likelihood that 

empirically selected therapy may not provide coverage for the ESBL-Klebsiella and E. 

coli which subsequently increases the risk of treatment failure and poor outcomes among 

infected patients.

Patients admitted to the intensive care units (ICUs) have higher rates of ESBL-

producing Klebsiella and E. coli

2,11 

120 likely due to a high concentration of critically ill 

patients who are less resistant to exogeneous colonization and are in frequent close 

contacts with physicians and nurses. In addition, ICU patients have a heavy use of 

empiric broad spectrum antibiotics that creates selective pressure and promotes the 

emergence of resistant endogenous strains.14,54 The prevalence of ESBL-producing 

isolates in ICU patients with nosocomial infections in the United States ranged from 5% 

in E.coli to 20% in K. pneumoniae in 2003 and continues to rise.15,16

Patients carrying ESBL-producing Klebsiella and E. coli often contaminate their 

immediate hospital environment. Previous studies conducted in outbreak situations have 

suggested that contamination of environmental surfaces by ESBL-Klebsiella persisted 

despite disinfection and cleaning of hospital rooms after patients’ discharge.

 

12,13 Prior 
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room occupants’ status has been used by previous studies as a proxy for hospital room 

contamination because prospective culturing of the environment is both time intensive 

and costly. Previous studies have shown that admission to an ICU room previously 

occupied by patients with methicillin-resistant Staphylococcus aureus (MRSA), 

vancomycin resistant enterococci (VRE), Clostridium difficile, multi-drug-resistant 

(MDR)-Pseudomonas aeruginosa and Acinetobacter baumannii is associated with 

acquisition of these bacteria by subsequent room occupants.74,109,110,122

 

 While the use of 

prior occupant’s status can serve as a low-cost proxy variable for environmental 

contamination, a previous study by Nseir et al. did not demonstrate an association 

between prior occupant’s status and acquisition of ESBL-producing Enterobacteriaceae. 

The objective of this study was to evaluate if admission to an ICU room previously 

occupied by a patient with ESBL-producing Klebsiella and E.coli increases the risk of 

acquiring these bacteria by subsequent room occupants. 

Methods 
 
Study Design  
 

A retrospective cohort study was performed using data from patients admitted to 

the University of Maryland Medical Center (UMMC) medical ICU (MICU) and surgical 

ICU (SICU) from September 1, 2001 to June 30, 2009. During the study period, UMMC 

was a 729-bed, urban tertiary-care hospital in Baltimore, Maryland. The MICU was a 10-

bed private room unit that became a 29-bed private room unit in April 2006 while the 

SICU is a 19-bed private room unit. Patients admitted to the UMMC MICU and SICU 

had obtained peri-anal cultures routinely as part of an ongoing VRE active surveillance 
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program since 1995. Peri-anal cultures were obtained using Staplex II swabs (Staplex, 

Etobiocoke, Ontario, Canada) within 48 hours of ICU admission, weekly and at ICU 

discharge. Compliance with obtaining peri-anal cultures has been shown to be 

approximately 90%.80,81

 

 Clinical cultures were collected as medically indicated.  

Study Population 
 

The study population i.e. patients-at risk for acquiring ESBL-Klebsiella or E. coli 

consisted of all patients admitted to the UMMC MICU and SICU during the study period 

that had a negative peri-anal surveillance culture for ESBL-Klebsiella or E. coli on ICU 

admission and stayed in the ICU for 48 hours or longer. Patients who did not receive an 

admission peri-anal surveillance culture were excluded from the study population as their 

ESBL status on ICU admission could not be established. Patients who were colonized 

with the ESBL-Klebsiella or E. coli upon ICU admission and patients who stayed in the 

ICU for less than 48 hours were also excluded from the study population as they had a 

deceased risk for acquiring ESBL-Klebsiella or E. coli. Patients were classified as 

“exposed” if the immediate prior occupant of the room to which they were admitted had a 

peri-anal or clinical culture positive for ESBL-Klebsiella or E. coli. The outcome of 

interest was a peri-anal or clinical culture positive for ESBL-Klebsiella or E. coli during 

the ICU stay. Among patients who became positive for ESBL-Klebsiella or E. coli during 

their ICU stay, only the first positive surveillance culture was included in the analysis. 

Patients with multiple admissions to the ICUs during the study period were allowed to 

enter the cohort of at-risk patients multiple times as long as they were not positive for 

ESBL-Klebsiella or E. coli at the time of the index ICU admission. At-risk patients who 



 
 

51 
 

changed rooms during their ICU stay accounted for more than one ICU admission as long 

as they were still at-risk upon moving to the new room. All prior room occupants’ stay 

was included regardless of their length of stay. Terminal cleaning (disinfection and 

cleaning of hospital room surfaces after patient discharge) of ICU rooms was performed 

by the hospitals’ hospitality services using a quaternary germicidal cleaner, SaniMaster 

IV (Ecolab, MN, USA) in accordance with CDC guidelines.85

 

 Infection control policies 

during the study period included MRSA nasal and VRE peri-anal screening on ICU 

admission, weekly and discharge, use of contact isolation for patients colonized or 

infected with MRSA and VRE, and patients infected with MDR-Gram-negative bacteria 

including ESBL-GNR. MDR-Gram-negative bacteria were defined as all Gram-negative 

bacteria susceptible to two or fewer antibiotics. Peri-anal surveillance cultures were not 

worked up for ESBL real time and thus patients were not isolated based on colonization 

with ESBL-GNR. This study was approved by the University of Maryland, Baltimore 

Institutional Review Board. 

Data sources and Variable Definitions 
 

All patient data were collected retrospectively from the UMMC Central Data 

Repository (CDR) and through laboratory testing. The UMMC CDR is a relational 

database containing patients’ administrative, pharmacy, admission-discharge-transfer, 

and clinical data. A random sample of the data from the UMMC CDR was validated 

against patients’ paper medical records for this study and previous research studies and 

the CDR data had a positive and negative predictive value greater than 98%.91-93 Patient 

characteristics collected included data on age, sex, ICU total length of stay, ICU time at 
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risk, ICU length of stay of the prior room occupant, ICU antibiotic use, individual 

comorbid illnesses, aggregate comorbidity score; Charlson Comorbidity Index (CCI), and 

colonization pressure. ICU time at risk was defined as the number of days from ICU 

admission to ESBL-Klebsiella or E. coli positive peri-anal or clinical culture collection 

date for patients who acquired ESBL-Klebsiella or E. coli and number of days from ICU 

admission to ICU discharge for patients who did not acquire ESBL-Klebsiella or E. coli.  

ICU antibiotic exposure was defined as antibiotics ordered during the ICU time at risk. 

Antibiotics ordered included β-lactams and other classes of antibiotics such as 

macrolides, aminoglycosides, antifungal agents, quinolone, and anti-MRSA. β-lactams 

ordered were penicillin, 1st generation, 2nd generation, and 3rd generation cephalosporin, 

4th generation cephalosporin, and carbapenems. Anti-MRSA ordered included 

vancomycin, linezolid, telavancin, tigecycline, daptomycin, quinupristin/dalfopristin, and 

dalbavancin. Individual comorbidities were defined as individual comorbid illnesses 

present at hospital discharge as determined by the International Classification of 

Diseases, Ninth Revision (ICD-9) at ICU discharge. Aggregate comorbidity score; CCI 

was calculated using the ICU discharge ICD-9 codes for comorbid conditions.89 

Colonization pressure was calculated by dividing the number of patients positive for 

ESBL-Klebsiella or E. coli by the number of patients in the unit daily. The average of the 

daily colonization pressure was calculated for the period of time that each patient was at 

risk for acquiring ESBL-Klebsiella or E. coli. 90 Since peri-anal cultures were obtained 

upon ICU admission, weekly and at discharge, patients contributed to colonization 

pressure if they were positive for ESBL-Klebsiella or E. coli on ICU admission or they 

acquired ESBL-Klebsiella or E. coli during their ICU stay. Patients who were colonized 
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with ESBL-Klebsiella or E. coli upon ICU admission were assumed to be colonized 

throughout their ICU stay, while patients who acquired ESBL-Klebsiella or E. coli during 

ICU stay were assumed to be ESBL positive from the day of positive culture collection 

until ICU discharge. Colonization pressure was calculated separately for the MICU and 

the SICU. 

 

Microbiology and Molecular Testing 
 

ESBL positive status of patients admitted to the ICU during the study period was 

determined by microbiology testing. Briefly, peri-anal surveillance cultures were 

inoculated onto a MacConkey agar plates (Remel, Lenexa, KS, USA) containing 1 μg/ml 

ceftazidime and incubated at 37 degrees C for 24 to 48 hours. Lactose fermenting 

colonies were identified using the API 20E identification strips or the VITEK II 

(BioMeriuex Durham, NC). ESBL testing of Klebsiella species and E. coli was 

performed using the Kirby-Bauer disk diffusion test method using 30 μg of ceftazidime 

and 30 μg cefotaxime with and without 10 μg of clavulanic acid as recommended by the 

Clinical and Laboratory Standards Institute.99 ESBL positive clinical cultures were 

determined by the UMMC microbiology laboratory and susceptibilities were performed 

following CLSI guidelines.99 Briefly, clinical cultures were tested against ceftriazone, a 

third generation cephalosporin. All isolates in the intermediate resistance range (14-

25mm) underwent ESBL confirmatory testing with Kirby-Bauer disk diffusion method as 

described above. Polymerase chain reaction (PCR) was used to determine which family 

of β-lactamase derived gene (TEM, SHV or CTX-M) was present in the ESBL-Klebsiella 

or E. coli isolates. Pulsed Field Gel Electrophoresis (PFGE) was performed to determine 
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the extent of genetic similarity of ESBL-Klebsiella and E. coli isolates obtained from 

patients who acquired ESBL-Klebsiella or E. coli during their ICU stay and their prior 

room occupants who have the same β-lactamase derived genes. Briefly, bacterial isolates 

were lysed with lysozyme overnight at 37 degrees C. The lysed cells were deprotonated 

with ESP for 48 hours at 50 degrees C. Bacterial genomic DNA was digested with 

restriction enzyme XbaI according to the manufacturer’s recommendations (New 

England Biolabs, Beverly, MA) for 4 hours at 37 degrees C and separated in 2% agarose 

with 20% turbidity using a CHEF-DR II (Bio-Rad, Richmond, CA). Electrophoresis was 

performed at 200 V for 22 hours, with an initial switch time of 5 seconds and the final 

switch time of 40 seconds. Gel was stained with ethidium bromide and photographed 

under ultraviolent light using the Gel Doc (Bio-Rad, Hercules, CA). Interpretation was 

performed using Gel Compare software (Applied Math).101 Isolates with 100% similarity 

in PFGE band pattern were considered the same and isolates with at least 80% similarity 

in PFGE band pattern was considered similar according to Tenover criteria.102

 

  

Statistical analysis 
 

Univariate analysis was performed to evaluate the distributions of all study 

variables. Bivariate analysis was performed to determine the variables associated with 

acquisition of ESBL-Klebsiella or E. coli and prior room occupant’s ESBL-Klebsiella or 

E. coli positive status. Normally distributed continuous variables were compared using 

Student’s t-test while non-normally distributed continuous variables were compared 

using the Wilcoxon Rank Sum test. Categorical variables were compared using the 

Pearson chi-square test or Fisher’s exact test. Fisher’s exact test was used to compare 

variables with cell sizes less than five. Stratified analysis was performed to assess 
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potential effect modification of the association between prior room occupant’s ESBL 

status and acquisition of ESBL-Klebsiella or E. coli by other covariates. All variables 

associated with acquisition of ESBL-Klebsiella or E. coli at p <0.1 were entered into a 

multivariable analysis. Statistical test were performed using 2-tailed tests. 

Logistic regression used to quantify the association between prior room 

occupants’ ESBL status and acquisition of ESBL-producing Klebsiella or E. coli 

adjusting for potential confounding variables. All variables associated with acquisition of 

ESBL-Klebsiella or E. coli were included in the initial (full) multivariable logistic 

regression model. Starting with the full model, variables that were not statistically 

associated with the outcome (P-value > 0.05) were sequentially removed from the model 

starting with the variable with the largest p-value. To assess confounding, we assessed if 

the removal of a variable resulted in a change in the regression coefficient for prior room 

occupants’ ESBL status by more than 10%. Any confounding variables were included in 

the model. Since patients were allowed to enter the study multiple times; we used the 

robust sandwich variance estimator to account for the correlated error structure that 

resulted from repeat admissions.103

 

    

Results 
 

There were 18,175 admissions to the MICU and SICU between September 2001 

and June 2009. Among them, 1,786 (10.0%) admissions did not receive admission peri-

anal surveillance culture and were excluded from the study population. Among patients 

that received admission peri-anal surveillance culture, 5,597 (30.8%) admissions had ICU 

stay of less than 48 hours, 786 (4.3%) admissions were colonized with ESBL-Klebsiella 
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or E. coli on ICU admission, and 635 (3.5%) admissions were missing the exposure 

variable and were excluded from the study population. Nine thousand three hundred and 

seventy-one admissions (7,651 unique patients) were at-risk for acquiring ESBL-

Klebsiella or E. coli in the MICU and SICU during the study period and were included in 

the study (Figure IV.1).  

 

Figure IV.1: Study population and exclusion criteria 

 

 

Among the study population, 6,419 patients (83.9%) had one admission while 

1,232 patients (16.1%) had repeat admissions. Patient characteristics are presented in 

Table IV.1. The mean age of the patients was 55.7 years (standard deviation (SD) = 15.6 

years), 55% were male, and 51% of the admissions were to the MICU. The median ICU 

length of stay was 4 days (interquartile range (IQR): 2 - 8 days), the median ICU time at 
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risk was 4 days (IQR: 2 - 8 days) and the median length of stay of prior room occupants 

was 2 days (IQR: 1 - 5 days). The median Charlson Comorbidity Index was 2 (IQR: 1 - 

4), the mean ICU chronic disease score was 8.6 (SD: 4.2). The median colonization 

pressure was 0.07 (IQR: 0.01 - 0.15). Based upon International Classification of 

Diseases, 9th

 

 revision (ICD-9) codes, 1,864 (20%) had cancer, 1,552 (17%) had diabetes, 

1,213 (13%) had renal disease, and 449 (5%) were HIV positive.  

Table IV.1: Characteristics of Patients at Risk for Acquiring ESBL-Klebsiella or  
E. coli 
Patient Characteristics Mean, Median, N (%) 
Age (mean in years, SD) 55.7 (15.6) 
Male Sex (n, %) 5194 (55.4) 
Admission to the MICU (n, %) 4794 (51.2) 
Prior room occupant with ESBL-Klebsiella or E.coli (n, %) 648 (6.9) 
Acquired ESBL-Klebsiella or E.coli during ICU stay (n, %) 267 (2.9) 
ICU total length of stay (median in days, IQR) 4 (2 - 8) 
ICU time at risk (median, IQR) 4 (2 - 8) 
Length of stay of prior room occupants (median in days, IQR) 2 (1 - 5) 
Colonization pressure (median, IQR) 0.07 (0.01 - 0.15) 
Co morbidities (n, %)   
AIDS 449 (4.8) 
Malignancy 1864 (19.9) 
Cerebrovascular 1188 (12.7) 
Chronic Pulmonary 1969 (21.0) 
Heart Failure 1467 (15.7) 
Dementia 21 (0.2) 
Diabetes 1552 (16.6) 
Diabetes complicated 511 (5.5) 
Hemi paraplegia 257 (2.7) 
Metastatic tumor 693 (7.4) 
Mild Liver  681 (7.3) 
Severe Liver 679 (7.3) 
Myocardial Infarction 729 (7.8) 
Peptic Ulcer 329  (3.5) 
Peripheral vascular 618 (6.6) 
Renal disease  1213 (12.9) 
Rheumatology 216 (2.3) 
Charlson comorbidity score (median, IQR) 2 (1 - 4) 
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ICU antibiotic use (n, %)*  
Any antibiotic 7972 (85.1) 
β-lactam 6353 (67.8) 
Penicillin 4552 (48.6) 
Anti-pseudomonal β-lactam 5339 (56.9) 
Anti-anaerobic β-lactam 6003 (64.1) 
Piperacillin/Tazobactam 3694 (39.4) 
Cephalosporin 3124 (33.3) 
1st 1344 (14.3)  Generation 
2nd   319 (  3.4)  Generation 
3rd 1054 (11.3)  Generation 
Cefepime   776 (  8.3) 
Antifungal 2273 (24.3) 
Imipenem  954 (10.2) 
Aminoglycosides  730 (  7.8) 
Macrolides  933 (  9.9) 
Quinolone 1976 (21.1) 
Anti-MRSA 3636 (38.8) 
Vancomycin 3351 (35.8) 
ESBL, extended-spectrum β-lactamase; ICU, intensive care unit; MICU, medical ICU; 
IQR, Interquartile range; SD, Standard deviation; ICU antibiotics used was defined as 
antibiotics were ordered during the period at risk. 
 

The result of ESBL-Klebsiella and E. coli transmission are shown in Figure IV.2. 

There were a total of 267 admissions (3%) that acquired ESBL-Klebsiella or E. coli 

during their ICU stay. Of the 267 acquisitions, 236 (88%) were from surveillance cultures 

(i.e. colonization) only, 20 (8%) were from surveillance and clinical cultures and 11 (4%) 

were from clinical cultures only. Ninety-four (35%) of the ESBL acquisitions were E. 

coli, 167 (63%) were Klebsiella pneumoniae and 6 (2%) were Klebsiella oxytoca.  

Six hundred and forty-eight (6.9%) of the admissions were to ICU rooms whose prior 

occupant was positive for ESBL-Klebsiella and E. coli. Of these 648 admissions, 32 

(4.9%) acquired ESBL-Klebsiella or E. coli compared to 2.7% who acquired ESBL-

Klebsiella or E. coli among admissions to rooms not previously occupied by a patient 

positive for ESBL-Klebsiella or E. coli. The 2.2% excess incidence of ESBL-Klebsiella 
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or E. coli acquisition is what can be attributable to the exposure in the exposed population 

and this translated into 44% attributable risk exposed. In essence, among the patients 

admitted to rooms whose prior occupants were positive for ESBL-Klebsiella or E. coli, 

44% of the risk of acquiring ESBL-Klebsiella or E. coli was due to being admitted to a 

room whose prior occupant was positive for ESBL-Klebsiella or E.coli. The crude odds 

ratio for ESBL-Klebsiella or E. coli acquisition was 1.88 (95% CI = 1.29 - 2.74). Among 

the 32 acquisitions whose prior room occupants were positive for ESBL-Klebsiella or E. 

coli, 17 (53%) were colonized with the same bacterial species as their prior room 

occupants. For these 17 patients, the attributable risk was 0% and the crude odds ratio for 

ESBL-Klebsiella or E. coli acquisition was 0.97, (95% CI = 0.59 - 1.60).  

 

Figure IV.2: Transmission of ESBL-Klebsiella and E. coli 

 

 
The associations between study variables and acquisition of ESBL-Klebsiella or 

E. coli are displayed in Table IV.2. We examined if the ICU patients were admitted to 
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(i.e. MICU versus SICU) modified the effect of the association between prior room 

occupant’s ESBL-Klebsiella or E. coli status and acquisition of ESBL-Klebsiella or E. 

coli but no effect modification by ICU type was detected (Breslow-Day P-value = 0.30), 

therefore data for patients admitted to both the MICU and the SICU were combined and 

analyzed together. Admission to the MICU, ICU time at risk, colonization pressure, 

universal glove and gown use, presence of malignancy, cerebrovascular disease, hemi 

paraplegia, metastatic tumor, peripheral vascular disease, renal disease, use of penicillin, 

anti-pseudomonal β-lactam, anti-anaerobic β-lactam, piperacillin/tazobactam, first- 

generation cephalosporin, cefepime, antifungals, imipenem, aminoglycosides and anti-

MRSA therapy were associated with acquisition of ESBL-Klebsiella or E. coli at alpha of 

<0.1 and were included in the full model. None of these variables were found to be 

confounders by the criteria that we used to assess confounding. 

 

Table IV.2: Association between Acquisition of ESBL-Klebsiella or E.coli and Study 
Variables 
Patient Characteristics Acquired 

ESBL-KE 
(N=267) 

Did not acquire 
ESBL-KE  
(N=9104) 

P-value 

Prior room occupant positive for  
ESBL-Klebsiella or E.coli (n, %) 

 
32 (4.9) 

 
235 (2.7) 

 
< 0.01 

Age (mean, s.d) 57.1 (15.2) 55.6 (15.6)    0.11 
Male Sex (n, %) 161 (60.3) 5033 (55.3)    0.10 
Admission to the MICU (n, %) 175 (65.5) 4619 (50.7) < 0.01 
ICU total length of stay (median, IQR) 11 (5 - 24) 4 (2 - 8) < 0.01 
ICU time at risk (median, IQR) 8 (4 - 15) 4 (2 - 8) < 0.01 
Prior room occupant length of stay 
(median, IQR) 

3 (1 - 5) 2 (1 - 5)    0.85 

Colonization pressure (median, IQR) 0.13 (0.06-0.13) 0.07 (0.01-0.14) < 0.01 
Universal glove and gown use (n, %) 124 (46.4) 2677 (29.4) < 0.01 
Co morbidities (n, %)     
AIDS 10 (3.8)  339 (4.8)    0.42 
Malignancy 32 (11.9) 1832 (20.1) < 0.01 
Cerebrovascular 18 (6.7) 11170 (12.8) < 0.01 
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Chronic Pulmonary 49 (18.1) 1920 (21.1)    0.28 
Heart Failure 47 (17.6) 1420 (15.6)    0.37 
Dementia 1 (0.4) 20 (0.22)    0.59 
Diabetes 38 (14.2) 1514 (16.6)    0.29 
Diabetes complicated 10 (3.8) 501 (5.5)    0.21 
Hemi paraplegia 15 (5.6) 242 (2.7) < 0.01 
Metastatic tumor 10 (3.8) 683 (7.5)    0.02 
Mild Liver  14 (5.2) 667 (7.3)    1.19 
Severe Liver 23 (8.6) 656 (7.2)    0.38 
Myocardial Infarction 20 (7.5) 709 (7.8)    0.86 
Peptic Ulcer 10 (3.8) 319 (3.5)    0.83 
Peripheral vascular 10 (3.8) 608 (6.7)    0.05 
Renal disease  65 (24.3) 1148 (12.6) < 0.01 
Rheumatology   5 (1.8) 2111 (2.3)    0.63 
Charlson co morbidity score 2 (1 - 3)  2 (1- 4)    0.11 
ICU chronic disease score (mean, s.d) 8.9 (3.9)  8.6 (4.2)    0.23 
ICU antibiotic use (n, %)*    
Any antibiotic 259 (97.0) 7713 (84.2)  < 0.01 
β-lactam 214 (80.2) 6139 (67.4)  < 0.01 
Penicillin 173 (64.8) 4379 (48.1)  < 0.01 
Anti-pseudomonal β-lactam 232 (86.9) 5107 (56.1)  < 0.01 
Anti-anaerobic β-lactam 224 (83.9) 5779 (63.5)  < 0.01 
Piperacillin/Tazobactam 158 (59.2) 3536 (38.8)  < 0.01 
Cephalosporin   91 (34.1) 3033 (33.3)     0.79 
1st   28 (10.5)  Generation 1316 (14.9)     0.07 
2nd     6 (2.3)  Generation   313 (  3.4)     0.29 
3rd   23 (8.6)  Generation  1031 (11.2)     0.17 
Cefepime   52 (19.5)    724 ( 7.9) <  0.01 
Antifungal   85 (31.8) 2188 (20.0) <  0.01 
Imipenem   69 (25.8)   888 ( 9.8) <  0.01 
Aminoglycosides   53 (19.9)   677 ( 7.4) <  0.01 
Macrolides   33 (12.4)   900 (9.9)     0.18 
Quinolone   66 (24.7) 1910 (20.9)     0.14 
Anti-MRSA 189 (70.8) 3447 (37.9) < 0.01 
Vancomycin 172 (64.4) 3179 (34.9) < 0.01 
ESBL, extended-spectrum β-lactamase; ICU, intensive care unit; MICU, medical ICU; 
IQR, Interquartile range; MRSA, Methicillin-resistant Staphylococcus aureus 
 

Since patients were allowed to enter the study multiple times; we adjusted for the 

correlated error structure of the data in the multivariable analysis. The result of the 

multivariable logistic regression adjusting for the correlated error structure is shown in 

Table IV.3. After adjusting for potential confounding variables, the association between 
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prior room occupant’s positive ESBL-Klebsiella or E. coli status and acquisition of 

ESBL-Klebsiella or E. coli was no longer statistically significant (Adjusted Odds Ratio 

(AOR) = 1.39, 95% CI = 0.94 - 2.08). ICU time at risk > 4 days (AOR = 1.67, 95% CI 

1.26 - 2.23), colonization pressure (AOR = 2.18, 95% CI =1.60 - 2.97), hemi paraplegia 

(AOR = 2.40, 95% CI 1.31 - 4.41), renal disease (AOR = 1.68, 95% CI 1.19 - 2.35), anti-

MRSA therapy (AOR = 1.86, 95% CI 1.36 - 2.52), aminoglycoside (AOR = 1.79, 95% 

CI 1.29 -2.51), anti-pseudomonal β-lactam (AOR = 2.17, 95% CI 1.43 - 3.30), and 

imipenem received in the ICU (AOR = 1.59, 95% CI 1.14 - 2.21) were found to be 

significantly associated with acquisition of ESBL-Klebsiella or E.coli after controlling 

for the other variables in the model. Having malignancy (AOR = 0.63, 95% CI = 0.43 - 

0.92) was found to be associated with a decreased risk of acquiring ESBL-Klebsiella or 

E.coli after controlling for the other variables in the model. The adjusted odds ratio for a 

separate multivariable logistic regression performed for the17 patients that acquired the 

same bacterial species as their prior room occupants was 0.70, 95% CI = 0.42 - 1.17. To 

our knowledge, this is the first study to identify colonization pressure and hemi 

paraplegia as predictors of ESBL-Klebsiella or E. coli acquisition in ICU patients. 
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Table IV.3: Predictors of EBSL-Klebsiella or E. coli Acquisition during ICU Stay in 
Multivariable Logistic Regression Model.  
Study Variables AOR  95% CI 
ESBL-KE positive prior room occupant 1.39 0.94 - 2.08 
ICU length of stay at risk (> 4 days) * 1.67 1.26 - 2.23 
Colonization pressure (> 7%) * 2.18 1.60 - 2.97 
Hemi paraplegia 2.40 1.31 - 4.41 
Renal disease 1.68 1.19 - 2.35 
Malignancy 0.63 0.43 - 0.92 
Anti-MRSA received in the ICU** 1.72 1.25 - 2.37 
Aminoglycoside received in the ICU** 1.79 1.29 - 2.51 
Anti-pseudomonal β-lactam received in the ICU** 2.17 1.43 - 3.30 
Imipenem received in the ICU** 1.59 1.14 - 2.21 
ESBL, extended-spectrum β-lactamase; ICU, intensive care unit; MRSA, methicillin-
resistant Staphylococcus aureus; OR, odds ratio; CI, confidence interval. *These 
variables were dichotomized at the median because variables were not normally 
distributed. **Antimicrobial drug exposure was assessed antibiotic ordered during the 
period between ICU admission and ICU discharge for patients that did not acquire ESBL-
Klebsiella or E.coli and between ICU admission and date positive surveillance culture 
was collected for patients that acquired ESBL-Klebsiella or E.coli. 
 
 

Of the 17 patients who were colonized with the same bacterial species as their 

prior room occupants, 4 were colonized with E. coli while 13 were colonized with K. 

pneumoniae. PFGE performed on isolates obtained from these 17 patients showed that 3 

patients (18%) acquired the same bacteria as their prior room occupants while 3 patients 

(18%) acquired a bacteria strain that was closely related to that of their prior room 

occupants. (Table IV.4). We were not able to detect any ESBL genes in two of the patient 

pairs possibly because only TEM, SHV and CTX-M family of ESBL genes were tested 

for in this study. 
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Table IV.4: PFGE profile for the 17 patients colonized with the same bacterial species as 
their prior room occupants. 
Patient 
Pair 

Organism Percent 
Similarity 

Pulsed Field Gel Electrophoresis (PFGE) 

1. K. pneumoniae 45%  
 

2. K. pneumoniae 30%  
 

3. K. pneumoniae 50%  
 

4. E. coli 20%  
 

5. K. pneumoniae 58% 
 

 

6. K. pneumoniae 93%  
 

7. K. pneumoniae 
 

48%  

8. E. coli 40%  
 

9. 
 

E. coli  100%  

10. 
 

K. pneumoniae 79%  

11. 
 

E. coli 88%  

12. 
 

K. pneumoniae 100%  

13. 
 

K. pneumoniae 56%  

14. 
 

K. pneumoniae 100%  

15. 
 

K. pneumoniae 58%  

16. 
 

K. pneumoniae 100%  

17. 
 

K. pneumoniae 54%  

PFGE, pulsed field gel electrophoresis 

 

 

. K. pneumoniae 
K. pneumoniae 5799 

5812 

5799 
5812 
2743 
2554 

4088 
3978 

4836 
4791 

1061 
1041 

 1023 
1013 

 356 
 292 
1865 
1817 
2518 
2336 
2934 

2793 

3524 

 3496 

4417 4417 

 4417 

 4857 

 6854 

 6047 

 2047 

 2245 

 356 
 301 

 3774 

 3893 

 301  4408 

 4431 
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Discussion 

The aim of this study was to evaluate if admission to an ICU room previously 

occupied by a patient positive for ESBL-Klebsiella or E. coli increases the risk of 

acquiring ESBL-Klebsiella or E. coli by subsequent room occupants. Our study results 

suggest that prior room occupant’s ESBL-Klebsiella or E. coli positive status was not 

significantly associated with acquisition of ESBL-Klebsiella or E. coli at UMMC. There 

were multiple levels of evidence that demonstrated this lack of association. The first 

adjusted analysis involving the 32 patients that acquired ESBL-Klebsiella or E. coli 

among the exposed did not reach statistical significance. In addition only 44% of the risk 

of acquiring ESBL-Klebsiella or E. coli was attributable to the exposure among the 

exposed group. The second adjusted analysis involving the 17 patients that acquired the 

same bacterial species as their prior room occupants also showed a lack of statistical 

association. In addition, 0% of the risk of acquiring ESBL-Klebsiella or E. coli was 

attributable to the exposure among this exposed group. Molecular analysis further 

showed that only 3 out of 17 (18%) acquired a bacteria that was 100% identical to the 

bacteria colonizing their prior room occupant. Our study results are consistent with the 

report of a previous study by Nseir et. al.109 

Possible explanation why we were not able to demonstrate an association between 

prior room occupant’s ESBL-Klebsiella or E. coli positive status and acquisition of 

ESBL-Klebsiella or E. coli may be that prior room occupants’ ESBL status may not be a 

valid proxy for environmental contamination with ESBL-Klebsiella and E. coli due to the 

following reasons. First, patients colonized or infected with ESBL-Klebsiella and E. coli 

A smaller study of colonization or infection 

with ESBL-GNR conducted in ICU patients in France.  
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may not shed a high enough innoculum into their environment to be transmitted to 

subsequent room occupants. Second, cleaning of ICU rooms using quaternary ammonium 

may be efficient in eradicating ESBL-Klebsiella and E. coli from the environment. 

Current literature suggests that Klebsiella or E. coli can persist in the environment for 

months but does not suggest that Klebsiella or E. coli persist for a shorter duration of 

time than other Gram-negative bacteria such as Acinetobacter spp. and Pseudomonas 

aeruginosa. However, there is evidence that factors such as high innoculum, humid 

condition and low temperature improve persistence of most Gram-negative bacteria in the 

environment.125

Other factors associated with acquisition of ESBL-Klebsiella and E. coli in our 

study were higher colonization pressure, longer ICU time at risk, renal disease, hemi 

paraplegia, aminoglycosides, anti-pseudomonal β-lactam, imipenem and anti-MRSA 

therapy received during the ICU time at risk. Malignancy was found to be protective of 

acquiring ESBL-Klebsiella and E. coli in our study. Our study results suggest that 

patients present in the ICU when ESBL-Klebsiella and E. coli colonization pressure was 

above the median colonization pressure of 7% had twice the risk of acquiring ESBL-

 This implies that infection control interventions for ESBL-GNR may 

need to focus on other modes of transmission besides transmission through the 

environment. To further explore this hypothesis, future research may need to correlate 

environmental culturing data with prior room occupants’ ESBL status. Parhaps, a 

prospective study where hospital environmental surfaces are swabbed after patient’s 

discharge and terminal cleaning to establish environmental contamination may be needed 

to properly assess the impact of environmental contamination on acquisition of ESBL-

GNR. However, this type of study may be costly to perform.  
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Klebsiella or E. coli. Colonization pressure, an important infection control metric has 

been previously shown to be associated with acquisition of many nosocomial pathogens 

such as MRSA, VRE, and C. difficile in ICU patients.90,112-115

In addition to our study, several other studies have demonstrated that a longer 

length of ICU stay is a risk factor for ESBL-GNR.

 However, to our 

knowledge; this is the first study to identify colonization pressure as a risk factor for 

acquiring ESBL-Klebsiella and E. coli.  

7,60,66  Having renal disease, receipt of 

aminoglycosides and anti-MRSA is also consistent with what has been previously 

reported in the literature.47,65,88,119 In this study, 85% of the anti-MRSA antibiotics 

received was vancomycin and previous use of a glycopeptides specifically vancomycin 

has been previously reported as a risk factor for ESBL-Klebsiella or E. coli 

colonization.47,65,88

One limitation of this study is that prior room occupant’s ESBL status was used as 

a proxy for environmental contamination. Hospital room environmental surfaces were not 

cultured in this study and thus we were not able to describe the level of environmental 

contamination under which acquisition of ESBL-Klebsiella and E. coli occurred.   

 The receipt of anti-MRSA probably eliminates MRSA and other 

Gram-positive bacteria in the human flora allowing MDR-Gram-negative bacteria to 

flourish. The presence of hemi paraplegia, receipt of imipenem and anti-pseudomonal β-

lactam during the ICU time at risk as a risk factor for acquiring ESBL-Klebsiella and E. 

coli has not been previously reported in the literature. The presence of malignancy was 

found to be protective for acquiring ESBL- Klebsiella and E. coli in this study. 
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A second limitation is that sensitivity of peri-anal cultures for detecting ESBL-

GNR compared to stool culture (gold standard) is unknown. It is possible that some 

ESBL-Klebsiella and E. coli cases may have been undetected by our surveillance method 

and may have led to misclassification of ESBL-Klebsiella and E. coli positivity status. 

However sensitivity of peri-anal culture compared to stool culture for fluoroquinolone-

resistant E. coli was 90%.105

A third limitation of this study is that not all bacterial isolates from clinical 

cultures obtained from patients during our study period were tested for ESBLs by the 

UMMC clinical laboratory. Only patients with bacterial isolates with intermediate 

resistance to third generation cephalosporin were tested for ESBLs. Therefore, it is 

possible that we might have misclassified some patients with bacteria isolates from 

clinical cultures whose resistance to third-generation cephalosporin was due to the ESBL 

resistance mechanism as ESBL negative. Among patients with bacterial isolates from 

clinical cultures that are resistant to third-generation cephalosporin, a fraction of the 

resistance are due to ESBLs while a fraction are due to some other types of resistance 

mechanism such as AmpCs and carbapenemases. Our data suggests that 65% of patients 

with clinical cultures positive for ESBL-Klebsiella or E. coli were already colonized with 

ESBL-Klebsiella or E. coli, and were captured using our surveillance method. Any 

misclassification of ESBL status has the potential to bias the estimate of effect towards a 

  Therefore, we anticipate that the sensitivity of peri-anal 

cultures for ESBL-Klebsiella and E. coli would be similar and the proportion of false 

negatives would be low (~10%). Thus, misclassification of ESBL-Klebsiella and E. coli 

positivity status by our surveillance methods would be non-differential and would have 

little potential to bias the measure of effect towards a null effect.  
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null effect. However, we anticipate that any misclassification of ESBL status that might 

occur would be non-differential and the level of misclassification would be low.  

In conclusion, our study results suggest that there was no significant association 

between prior room occupants’ ESBL-Klebsiella or E. coli positive status and acquisition 

of ESBL-Klebsiella or E. coli by subsequent room occupants. This implies that 

environmental contamination may not play a significant role in the transmission of 

ESBL-GNR. Future research should aim to evaluate the mimimum innoculum of ESBL-

Klebsiella and E. coli that is needed in the environment to colonize or infect subsequent 

room occupants. Future research could better evaluate the impact of persistent 

environmental contamination on acquisition of ESBL-GNR by directly swabbing hospital 

environmental surfaces after patients’ discharge and terminal cleaning to establish the 

presence or absence of environmental contamination by ESBL-GNR. In addition, future 

research should employ molecular method for bacterial strain comparison to validate that 

it is the same bacterial strain shed into the environment by the previous room occupant 

that is being transmitted to the subsequent room occupant. This information is important 

to properly assess if the level of ICU room cleaning is sufficient to prevent transmission 

of ESBL-GNR from the environment to the patients. This study also identified other 

conditions under which patients are most likely to acquire ESBL-Klebsiella or E .coli in 

the ICU. This study highlights the importance of keeping the burden of patients colonized 

or infected with ESBL-GNR (colonization pressure) low in the ICU to reduce the risk of 

patient-to-patient transmission of ESBL-GNR. This study also highlights the importance 

of keeping the length of ICU stay short and limited use of antibiotics such as anti-MRSA 
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therapy, aminoglycosides, anti-pseudomonal β-lactam, and imipenem in ICU patients to 

reduce the risk of acquiring ESBL-GNRs. 
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B. Results: The Effect of Universal Glove and Gown Use on the Incidence Rate 
of ESBL-Producing Enterobacteriaceae2

 
 

Abstract 

Background: The prevalence of extended-spectrum β-lactamase (ESBL)-producing 

Enterobacteriaceae continues to rise in intensive care unit (ICU) patients in the United 

States despite current infection control and antibiotic stewardship interventions. 

However, the effect of universal glove and gown use on transmission of ESBL-producing 

Enterobacteriaceae among ICU patients has not been evaluated. 

Objective: The aim of this study was to assess the effectiveness of universal glove and 

gown use in reducing the transmission of ESBL-producing Enterobacteriaceae among 

ICU patients in a non-outbreak setting. 

Methods: A pretest-posttest quasi-experimental study was conducted among patients 

admitted to the University of Maryland Medical Center (UMMC) medical ICU (MICU) 

between July 1, 2005 and June 30, 2009. Peri-anal surveillance cultures were collected 

from all patients on ICU admission, weekly and at ICU discharge and clinical cultures 

were collected as medically indicated. Inclusion criteria were ICU length of stay >48 

hours and having an ESBL-negative peri-anal culture on ICU admission. The unexposed 

group were patients admitted to the MICU before the period of universal glove and gown 

use (June 1, 2005 to June 30, 2007) while the exposed group were patients admitted to 

the MICU during the period of universal glove and gown use (July 1, 2007 to June 30, 

2009). The outcome of interest was any ESBL-producing Enterobacteriaceae acquired  

                                                 
* Adebola O. Ajao, MPH;1 J. Kristie Johnson, PhD; 1,2 Anthony D. Harris, MD, MPH; 1 Min Zhan, PhD;1 Jessina C. McGregor, PhD; 

3,4 Kerri A. Thom, MD, MS;1 Jon P. Furuno, PhD.1 
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during the ICU stay. Multivariable poisson regression and segmented linear regression 

 were used to model the association between universal glove and gown use and 

acquisition of ESBL-producing Enterobacteriaceae. 

Results: There were 6,089 admissions to the MICU during the study period. Among 

them, 353 (6%) admissions did not receive admission peri-anal surveillance cultures and 

were excluded from the study population. 3,989 admissions (3,134 patients) stayed in the 

ICU for > 48 hours, among which 3,384, 3,638, and 3,825 admissions were at risk for 

acquiring any ESBL-Enterobacteriaceae, ESBL-Klebsiella and ESBL-E. coli 

respectively. Unadjusted acquisition rates of any ESBL-Enterobacteriaceae, ESBL-

Klebsiella and ESBL-E. coli were 7.8 cases, 5.1 cases and 2.7 cases per 1000 patient days 

at risk in the period before universal glove and gown use and 9.1 cases, 5.3 cases and 2.4 

cases per 1000 patient days at risk during the period of universal glove and gown use. 

Adjusted rate ratios and 95% confidence interval for acquiring any ESBL-GNR, ESBL-

Klebsiella and ESBL-E. coli in the universal glove and gown period compared to the 

period before universal glove and gown were 1.13 (0.85 - 1.50), 1.01 (0.70 - 1.45), and 

0.97 (0.58 - 1.63) respectively. Other variables significantly associated with acquisition 

of any ESBL-Enterobacteriaceae after were older age, male sex, colonization pressure, 

renal disease, hemi paraplegia, and anti-MRSA therapy received during the time at risk in 

the MICU.   

Conclusions:  Given the unclear role of universal glove and gown as a barrier precaution 

to decrease the acquisition rate of ESBL-Enterobacteriaceae in the MICU, further studies 

using better methodology, such as cluster randomized trials may be needed to evaluate 
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the effectiveness of universal glove and gown use in reducing the acquisition of ESBL-

Enterobacteriaceae in ICU patients.  
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Introduction 

Extended-spectrum β-lactamase (ESBL)-producing Enterobacteriaceae are 

emerging pathogens that are associated with considerable morbidity, mortality and costs 

among hospitalized patients globally.1,2 ESBLs are plasmid mediated enzymes that 

hydrolyze most β-lactam antibiotics making these antibiotics ineffective.1 Infections 

caused by ESBL-producing Enterobacteriaceae are difficult to treat due to the limited 

options for both empiric and definitive therapy. Thus, there is an increased likelihood that 

empirically selected therapy may not provide coverage for the ESBL-producing 

Enterobacteriaceae which subsequently increases the risk of treatment failure and poor 

outcomes among infected patients.2,11

Contact isolation with glove and gown use is a preventive methodology 

recommended by infection control experts for patients colonized or infected with 

Methicillin-resistant Staphylococcus aureus (MRSA), Vancomycin-resistant enterococcus 

(VRE), Vancomycin-intermediate Staphylococcus aureus (VISA) or Vancomycin-

resistant Staphylococcus aureus (VRSA).

 Given the limited effective antimicrobial drugs 

currently available or in development there is a need for more effective infection control 

methods to prevent the spread of ESBL-producing Enterobacteriaceae among intensive 

care unit (ICU) patients.  

17 Studies that have evaluated the effectiveness 

of glove and gown use in reducing colonization rate with antibiotic-resistant bacteria 

have been limited to VRE studies. Some of these studies found that gown use in addition 

to glove use significantly reduced VRE colonization rate18,19 while others found no effect 

of glove and gown use on VRE colonization rate in ICU patients.123 Universal glove and 

gown use is a form of contact precaution used for contacts with all patients and their 
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environment regardless of patients’ colonization or infection status. Universal glove and 

gown has the advantage that it may simultaneously prevent transmission of multiple 

antibiotic-resistant and susceptible bacteria without requiring active surveillance of each 

bacteria species. 

Universal glove and gown use was instituted at the UMMC MICU in July 1, 2007 

as part of the Centers for Disease Control (CDC) funded research and quality 

improvement program for antibiotic-resistant bacteria and it is currently being evaluated 

for its effectiveness in reducing transmission of MRSA and VRE in ICU patients. 

However, universal glove and gown has not been evaluated for its’ effectiveness in 

reducing the transmission of ESBL-producing Enterobacteriaceae among ICU patients. 

Infection control monitoring and control charting of clinical cultures for ESBL-

Klebsiella and ESBL-E.coli at the University of Maryland Medical Center (UMMC) 

medical ICU (MICU) has shown no evidence of an outbreak, however 2% of patients 

were colonized on ICU admission and 3% of patients acquired ESBL-Klebsiella or 

ESBL-E. coli during their ICU stay indicating endemicity of these bacteria at 

UMMC.80,81

 

 The aim of this study was to evaluate the effectiveness of universal glove 

and gown use in reducing the transmission of ESBL-producing Enterobacteriaceae in 

patients admitted to the MICU at UMMC. Henceforth ESBL-producing 

Enterobacteriaceae will be referred to as ESBL-Gram-negative rods (GNR). 
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Methods 

Study site 
 
This study was performed using data from patients admitted to the UMMC MICU from 

July 1, 2005 to June 30, 2009. UMMC is a 729-bed, urban tertiary-care hospital in 

Baltimore, Maryland. The MICU was a 10-bed private room unit that became a 29-bed 

private room unit in April, 2006.  

 

Selection of study population 
 

Patients admitted to the UMMC MICU have obtained peri-anal cultures routinely 

as part of an ongoing VRE active surveillance program since 1995. Peri-anal cultures 

were obtained using Staplex II swabs (Staplex, Etobiocoke, Ontario, Canada) within 48 

hours of ICU admission, weekly and at ICU discharge. Compliance with obtaining peri-

anal cultures has been shown to be approximately 90%.80,81 The study population 

consisted of all patients admitted to the UMMC MICU during the study period who had 

an ESBL-negative surveillance peri-anal culture on ICU admission and stayed in the ICU 

for at least 48 hours and thus were at risk for acquiring an ESBL-GNR. Patients who did 

not receive admission surveillance culture were excluded from the study population as 

their ESBL status on admission to the MICU could not be established. Patients who were 

colonized with an ESBL-GNR upon admission to the MICU and patients who stayed in 

the MICU for less than 48 hours were excluded from the study population as they had a 

reduced risk of acquiring an ESBL-GNR. Among patients who acquired an ESBL-GNR 

during their ICU stay, only the first positive surveillance or clinical culture was included 

in the analysis. Patients with multiple admissions to the MICU during the study period 
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were allowed to enter the cohort of at risk patients multiple times as long as they were not 

positive for an ESBL-GNR on the index MICU admission.  

 
Study design 
 

A pretest-posttest quasi-experimental study was performed to assess acquisition 

rates of ESBL-GNR during two years of universal glove and gown use and two years 

before universal glove and gown use. The unexposed group included patients admitted to 

the MICU before the period of universal glove and gown use (July 1, 2005 to June 30, 

2007) while the exposed group included patients admitted to the MICU during the period 

of universal glove and gown use (July 1, 2007 to June 30, 2009).  

 
Study outcomes 
 
The study outcomes were any ESBL-GNR, ESBL-Klebsiella, and ESBL-E. coli acquired 

during the ICU stay as determined by peri-anal surveillance and clinical cultures. Patients 

were considered to have acquired an ESBL-GNR in the MICU if a surveillance or clinical 

culture was positive for any ESBL-GNR after a documented ESBL negative surveillance 

culture during the index MICU admission. Prevalence of an ESBL-GNR on MICU 

admission was calculated by dividing the number of patients positive for an ESBL-GNR 

by the total number of patients admitted to the MICU during the study period. Unadjusted 

incidence rates for ESBL-GNR were calculated by dividing the number of ESBL-GNR 

acquired by the total number of admission days at risk during the study period. 

Admission days at risk was calculated as the number of days from MICU admission to 

the first ESBL positive peri-anal surveillance or clinical culture for admissions where an 

ESBL-GNR was acquired and the number of days from MICU admission to discharge for 
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admissions where an ESBL-GNR was not acquired during the ICU stay. Interrupted time 

series defined as a sequence of values of a particular measure taken at regularly spaced 

intervals over a time period was used to present the aggregated ESBL-GNR acquisition 

rates every 2 month.107

 

 ESBL-GNRs included in this study were Klebsiella pneumonia, 

Klebsiella oxytoca, Eschericia coli, Enterobacter cloacae, Enterobacter aerogenes, 

Citrobacter freundii, Proteus mirabilis, Providential stuartii, Morganella morganii and 

Serratia marcescens. This study was approved by the University of Maryland (UMB) 

Institutional Review Board (IRB). 

Potential confounding variables and variable definitions 
 
All patient data were collected retrospectively from the UMMC Central Data Repository 

(CDR) and through laboratory testing. The UMMC CDR is a relational database 

containing patients’ administrative, pharmacy, admission-discharge-transfer, and clinical 

data. A random sample of the data from the UMMC CDR was validated against patients’ 

paper medical records for this study and previous research studies. Data from the CDR 

was shown to have a positive and negative predictive value greater than 98%.91-93 Data 

collected to assess potential confounding included age, sex, total length of ICU stay, 

length of ICU time at risk, ICU individual antibiotic use, aggregate comorbid indices and 

colonization pressure. Length of ICU stay was defined as the number of days from ICU 

admission to ICU discharge. Length of ICU time at risk was defined as the number of 

days from ICU admission to ESBL positive peri-anal surveillance or clinical culture for 

patients who acquired an ESBL-GNR and number of days from ICU admission to ICU 

discharge for patients who did not acquire an ESBL-GNR.  ICU antibiotic exposure was 
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defined as the class of antibiotics ordered during the ICU time at risk.  Antibiotics 

exposure was categorized as being present or absent during the ICU time at risk.  Classes 

of antibiotics ordered included β-lactams, macrolides, aminoglycosides, antifungal 

agents, quinolone, and anti-MRSA. β-lactams collected were penicillin, 1st generation, 2nd 

generation, 3rd generation and 4th generation cephalosporin, and carbapenems. Anti-

MRSA collected included vancomycin, linezolid, telavancin, tigecycline, daptomycin, 

quinupristin/dalfopristin, and dalbavancin. Aggregate comorbidity score, the Charlson 

Comorbidity Index (CCI) was calculated using ICU discharge ICD-9 codes for comorbid 

conditions.89 Colonization pressure was defined as the average of the daily proportion of 

patients positive for ESBL-GNR on ICU admission during each patient’s ICU time at 

risk.90

 

 Patients who were positive for ESBL-GNR on admission to the MICU were 

retained to calculate colonization pressure but were excluded from the study population 

for further analysis because they were no longer at risk for acquiring ESBL-GNR in the 

MICU on the index admission. Patients who were colonized with ESBL-GNR upon 

admission to the MICU were assumed to be colonized throughout their ICU stay.  

Microbiology testing 
 
ESBL colonization status of patients admitted to the MICU during the study period was 

determined by culturing peri-anal swabs for ESBL-GNRs. Briefly, peri-anal cultures 

were innoculated onto a MacConkey agar plates (Remel, Lenexa, KS, USA) containing 1 

μg/ml ceftazidime and incubated at 37 degrees C for 24 to 48 hours. Both lactose and 

non-lactose fermenting colonies were identified using the API 20E identification strips or 

the VITEK II (BioMerieux, Durham, NC). Susceptibility testing for the detection of 
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ESBL in all GNRs was performed using the Kirby-Bauer disk diffusion test method using 

30 μg of ceftazidime and 30 μg cefotaxime with and without 10 μg of clavulanic acid as 

recommended by the Clinical Laboratory Standards Institute guideline.99 ESBL-positive 

clinical cultures were determined by the University of Maryland Medical Center 

microbiology laboratory and susceptibilities were performed following CLSI 

guidelines.99

 

 Briefly, clinical cultures were tested against ceftiazone, a third generation 

cephalosporin. All isolates in the intermediate resistance range (14-25mm) underwent 

ESBL confirmatory testing with Kirby-Bauer disk diffusion method as described above. 

Statistical analysis 
 

Univariate analysis was performed to evaluate the distribution of all study 

variables. Bivariate analysis was performed to measure the association between study 

covariates and universal glove and gown use as well as the association between study 

covariates and acquisition of ESBL-GNRs. Normally distributed continuous variables 

were compared using Student’s t-test while non-normally distributed continuous 

variables were compared using the Wilcoxon Rank Sum test. Categorical variables were 

compared using chi-square test or Fisher’s exact test. Poisson regression was used to 

compare acquisition rates of ESBL-GNRs in the period before universal glove and gown 

use and the period of universal glove and gown use. Stratified analysis was performed to 

assess effect modification using the Breslow-Day test. All statistical tests were performed 

using the 2-tailed test. All variables found to be associated with acquisition of ESBL-

GNR at P <0.1 by bivariate analysis were entered into a multivariable analysis. Variables 

with P-value >0.05 were removed from the multivariable model sequentially starting with 
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the variable with the largest P-value. To assess confounding, we assessed if the removal 

of the variable changed the regression coefficient of universal glove and gown use by 

more than 10%. Since patients were allowed to enter the study multiple times; we 

adjusted for the correlated error structure of the data by using the robust variance 

estimator in the multivariable analysis. 

Poisson regression was used to calculate the rate ratio (RR) and 95% CI for the 

association between universal glove and gown use and acquisition of ESBL-GNRs 

controlling for confounding variables. Multivariable analysis was performed and reported 

separately for all ESBL-GNRs, ESBL-Klebsiella and ESBL-E. coli due to some evidence 

that ESBL-Klebsiella may be more likely to be transmitted from patient-to-patient than 

other GNR.80,81 Aggregate level analysis was performed using segmented linear 

regression to estimate changes in the mean (immediate effect of glove and gown use on 

the acquisition rate of ESBL-GNR) and changes in the trend (long term effect of glove 

and gown use on the acquisition rate of ESBL-GNR).108 Aggregate level analysis was 

performed using segmented linear regression rather than segmented Poisson regression in 

order to assess and control for any autocorrelation. Autocorrelation was assessed by 

plotting the residuals against time and visually inspecting the plot for autocorrelation. 

Durbin-Watson statistics was estimated to account for any autocorrelation.107

 

 Aggregate 

level analysis was performed for all ESBL-GNRs, ESBL-Klebsiella and ESBL-E. coli. 

Result 
 
There were 6,089 admissions to the MICU during the 48-month study period. Among 

them, 353 (6%) admissions did not receive admission peri-anal surveillance culture and 
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were excluded from the study population. Among patients that received admission peri-

anal surveillance culture, 1,747 (29%) admissions had ICU stay of less than 48 hours and 

were excluded from the study population. Three thousand, nine hundred and eighty-nine 

admissions (3,134 patients) were in the ICU for at least 48 hours. Among them, 605 

admissions were colonized with an Enterobacteriaceae harboring an ESBL on admission 

to the MICU leaving 3,384 admissions (2,837 patients) at risk for acquiring an ESBL-

GNR, 351 admissions (255 patients) were colonized with ESBL-Klebsiella on admission 

to the MICU leaving 3,638 admissions (2,982 patients) at risk for acquiring ESBL-

Klebsiella, 164 admissions (134 patients) were colonized with ESBL-E. coli on 

admission to the MICU leaving 3,825 admissions (3,050 patients) at risk for acquiring 

ESBL-E. coli (Figure V.1).   
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Figure V.1: Selection of Study Population 

 

 

The prevalence of ESBL-GNR, ESBL-Klebsiella and ESBL-E. coli at MICU 

admission during the period before glove and gown use were 237 (13%), 131 (7.1%), 86 

(4.6%) of 1859 patients.  The prevalence of ESBL-GNR, ESBL-Klebsiella and ESBL-E. 

coli during the period of glove and gown use were 244 (11%), 157 (6.8%), 71 (3.1%) of 
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2276 patients. Acquisition rates of ESBL-GNR, ESBL-Klebsiella and ESBL-E. coli were 

7.8 cases, 5.1 cases and 2.7 cases per 1000 patient days at risk during the period before 

universal glove and gown use and 9.1 cases, 5.3 cases and 2.4 cases per 1000 patient days 

at risk during the period of glove and gown use. Demographic and clinical characteristics 

of patients who received surveillance peri-anal culture on admission to the MICU and 

stayed in the MICU for at least 48 hours by study period are displayed in Table V.1.  

 

Table V.1: Characteristics of the Study Population by Study Period 
Patients characteristics Pre-universal 

glove and gown 

use 

N=1737 

Universal glove 

and gown use 

N=2252 

P value 

Age (mean in years, SD) 54.5 (15.5) 54.5 (16.2)   0.91 

Male sex (n, %) 949 (54.6%) 1227 (54.5%)   0.93 

Prevalence of ESBL-GNR colonization 

on MICU admission (n, %) 

 

281 (16.2) 

 

324 (14.4) 

  

 0.12 

ESBL-GNR acquired in MICU (n, %) 210 (12.1%) 320 (14.2%) 0.05 

MICU length of stay (median, IQR) 4 (2 - 7) 4 (3 - 9) < 0.01 

MICU time at risk (median, IQR) 4 (2 - 7) 4 (3 - 8) < 0.01 

Colonization pressure (mean, SD) 0.19 (0.06) 0.20 (0.06) < 0.01 

Comorbidities (n, %)    

AIDS 147 (8.4) 157 (7.4) 0.22 

Malignancy 276 (15.8) 400 (17.6) 0.11 



 
 

85 
 

Cerebrovascular Disease 221 (12.7) 274 (12.1) 0.59  

Chronic Pulmonary Disease 413 (23.7) 496 (22.0)    0.19 

Heart Failure 334 (19.2) 326 (14.4) < 0.01 

Diabetes 273 (15.7) 419 (18.6)    0.01 

Complicated Diabetes 70 (4.0) 77 (3.4 ) 0.31 

Hemi paraplegia 83 (4.7) 88 (3.9) 0.17 

Metastatic tumor 114 (6.5) 147 (6.5) 0.96 

Mild Liver 138 (7.9 ) 126 (3.6 ) < 0.01 

Severe Liver 131 (7.5) 176 (7.8) 0.74 

Myocardial Infarction 119 (6.8) 167 (7.4) 0.49 

Peptic Ulcer 54 (3.1) 57 (2.5) 0.27 

Peripheral vascular 50 (2.8) 81 (3.6) 0.20 

Renal Disease 359  (20.6) 496 (22.0)    0.30 

Rheumatology 38 (2.1) 48 (2.1 )    0.90 

Charlson Co-morbidity (median, IQR) 2.0  (1 - 4) 2.0 (1 - 4)    0.54 

Chronic disease score 8.3 (4.0) 7.4 (4.9) <  0.01 

MICU antibiotic use (n, %)    

Any antibiotic 1451 (83.5) 1909 (84.8)    0.29 

β-lactam 1109 (63.9) 1490 (66.2)   0.13 

Penicillin 817 (47.0) 1148 (50.9)   0.01 

Anti-pseudomonal β-lactam 1141 (65.7) 1655 (73.5) < 0.01 

Anti-anaerobic β-lactam 1097 (63.2) 1566 (69.5)  < 0.01 

Piperacillin/Tazobactam           740 (42.6)        1083 (48.1) < 0.01 
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Cephalosporin 495 (28.5) 667 (29.6)    0.44 

1st 133 (7.7)  Generation cephalosporin 143 (6.4)    0.11 

2nd 12 (0.7)  Generation cephalosporin 9 (0.4)   0.21 

3rd 242 (13.9)  Generation cephalosporin 301 (13.4) <0.61  

Cefepime          171 (9.8)         294 (13.1) < 0.01 

Imipenem 270 (15.5) 263 (11.7) <0.01 

Anti-fungal 367 (21.1) 462 (20.5)    0.64 

Aminoglycosides 113 (6.5) 170 (7.6)    0.20 

Macrolides 259 (14.9) 278 (12.3)    0.02 

Quinolones 418 (24.1) 516 (22.9)    0.39 

Anti-MRSA therapy  949 (54.6) 1396 (61.9) < 0.01 

Vancomycin 874 (50.3) 1282 (56.9) < 0.01 

ESBL, extended-spectrum β-lactamase; GNR, Gram-negative rods; IQR, Interquartile 
range; MICU, medical ICU; MRSA, Methicillin-resistant staphylococcus aureus; SD, 
Standard deviation; 
 
 The rate of acquiring ESBL-GNR for each study period was assessed by Poisson 

regression. The unadjusted rate ratio (RR) and 95% confidence interval (CI) of acquiring 

ESBL-GNR, ESBL-Klebsiella and ESBL-E. coli in the universal glove and gown period 

compared to the period before universal glove and gown were 1.16 (95% CI, 0.86 - 1.54), 

1.04 (95% CI, 0.73 - 1.49) and 0.89 (95% CI, 0.54 - 1.51) respectively. We examined if 

the effect of universal glove and gown use on the acquisition of ESBL-GNR was 

different for different levels of colonization pressure but no effect modification by 

colonization pressure was identified for all three ESBL outcomes. Variables associated 

with each of the ESBL outcomes by bivariate analysis were entered into the multivariable 
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model. Results of the Poisson regression are displayed in Table V.2. Adjusted rate ratios 

(ARR) and their corresponding 95% CIs were 1.13 (0.85 - 1.50), 1.01 (0.70 - 1.45), and 

0.97(0.58 - 1.63) for ESBL-GNR, ESBL-Klebsiella and ESBL-E. coli respectively in the 

universal glove and gown period compared to the period before universal glove and gown 

use. Variables found to be significantly associated with acquisition of ESBL-GNR after 

controlling for confounding variables in this study were male sex (ARR = 1.53, 95% CI 

=1.14 - 2.04), length of stay at risk < 4 days (ARR = 1.45, 95% CI = 1.02 - 2.08), hemi 

paraplegia (ARR = 1.82, 95% CI= 1.09 - 3.06), renal disease (ARR = 1.53, 95% CI = 

1.11 - 2.09), malignancy (ARR = 0.57, 95% CI = 0.36- 0.89), third generation 

cephalosporin (ARR= 0.51, 95% CI = 0.32 - 0.81), antifungal agent (ARR =0.66, 95% CI 

(0.49 - 0.97) and anti-MRSA therapy received in the ICU (ARR = 1.82, 95% CI = 1.12 - 

2.43). Variables found to be significantly associated with acquisition of ESBL-Klebsiella 

were older age (ARR = 1.01, 95% CI= 1.00 -1.03), length of time at risk (ARR= 2.33, 

95% CI=1.58 - 3.45), malignancy (ARR= 0.42, 95% CI =0.23 - 0.78), chronic pulmonary 

(ARR=0.58, 95% CI=0.35 - 0.95), first-generation cephalosporin (ARR = 0.16, 95% CI = 

0.05 - 0.50), third-generation cephalosporin (ARR=0.42, 95% CI = 0.19 - 0.92), 

antianaerobe β-lactam (ARR= 0.54, 95% CI = 0.29 - 0.98), macrolides (ARR= 0.47, 95% 

CI = 0.25 - 0.90), aminoglycosides (ARR= 1.91, 95% CI = 1.22 - 2.98), ICU anti-MRSA 

therapy (ARR = 2.72, 95% CI 1.82 - 4.06), and anti-psudomonal β-lactam (ARR= 3.18, 

95% CI = 1.40-7.23). Variables found to be significantly associated with ESBL-E. coli 

acquisition were male sex (ARR = 2.06, 95% CI =1.18 - 3.60), length of stay at risk 

(ARR = 2.22, 95% CI = 1.29 - 3.85), colonization pressure (ARR = 1.85, 95% CI = 1.10 - 

3.09, and hemi paraplegia (ARR = 4.67, 95% CI 2.21 - 9.81).  
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Table V.2: Poisson Regression Model of the Association between Universal glove 
and gown use and acquisition of ESBL-producing Enterobacteriacea among patients 
admitted to the MICU. 

 
ESBL, extended-spectrum-beta-lactamase; ICU, intensive care unit; MRSA,  
methicillin-resistant staphylococcus aureus; RR, Rate ratio; CI, confidence interval. 
**Antimicrobial drug exposure was assessed during the ICU time at risk. 
 

The time series plot for the acquisition rate of all ESBL-GNR, ESBL-Klebsiella 

and ESBL-E. coli every 2 months during the study period are displayed in Figures V.1. A 

positive autocorrelation with time was detected for ESBL-GNB (p=0.0120), ESBL-

Klebsiella (p=0.005) and ESBL-E. coli (p=0.0013) and adjusted for in the final 

Study Variables RR (95% CI) P-value 
ESBL-GNR   
Universal glove and gown use 1.13 (0.85 - 1.50)       0.40 
Male sex 1.53 (1.14 - 2.04) <0.01 
Length of stay at risk (<4 days) 1.45 (1.02 - 2.08)   0.03 
Hemi paraplegia 1.82 (1.09 - 3.06)   0.01 
Renal Disease 1.53 (1.11 - 2.09) <0.01 
Malignancy 0.57 (0.36 - 0.89)   0.01 
Third generation cephalosporin 0.51 (0.32 - 0.81) <0.01 
Antifungal Agent 0.66 (0.49 - 0.97)   0.03 
Anti-MRSA therapy 1.65 (1.12 - 2.43)   0.01 
ESBL-Klebsiella   
Universal glove and gown use 1.01 (0.70 - 1.45)   0.95 
Age 1.01 (1.00 -1.03)   0.03 
Length of stay at risk (<4 days) 2.33 (1.58 - 3.45) <0.01 
Malignancy 0.42 (0.23 - 0.78) <0.01 
Chronic pulmonary 0.58 (0.35 - 0.95)   0.03 
First-generation cephalosporin 0.16 (0.05 - 0.50) <0.01 
Third-generation cephalosporin 0.42 (0.19 - 0.92)   0.03 
Anti-anaerobe β-lactam 0.54(0.29 - 0.98)   0.04 
Macrolides 0.47(0.25 - 0.90)   0.02 
Aminoglycosides 1.91 (1.22 - 2.98) <0.01 
Anti-MRSA therapy 2.72 (1.82 - 4.06) <0.01 
Anti-pseudomonal β-lactam 3.18 (1.40-7.23) <0.01 
ESBL-E. coli   
Universal glove and gown use 0.97 (0.58 - 1.63)   0.91 
Male sex 2.06 (1.18 - 3.60)    0.01 
Length of stay at risk (>4 days) 2.22 ( 1.29 - 3.85) <0.01 
Colonization pressure 1.85(1.10 - 3.09)   0.02 
Hemi paraplegia 4.67 (2.21- 9.81) <0.01 
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segmented linear regression. The result of the segmented regression is displayed in 

Tables V.3. For ESBL-GNR, in the two years before universal glove and gown use, there 

was a non-statistically significant decrease in all ESBL-GNR acquisitions (p =0.35). 

Universal glove and gown use did not have a significant effect on the level (p =0.48) or 

the trend (p =0.34) of ESBL-GNR acquisition rate. For ESBL-Klebsiella, in the two years 

before universal glove and gown use, there was a non-statistically significant decrease in 

all ESBL-Klebsiella acquisition rate (p =0.31). Universal glove and gown use did not 

have a significant effect on the level (p =0.56) or the trend (p =0.07) of ESBL- Klebsiella 

acquisition rate. For ESBL-E. coli, in the two years before universal glove and gown use, 

there was a non-statistically significant decrease in all ESBL- E. coli acquisition rate (p 

=0.42). Universal glove and gown use did not have a significant effect on the level (p 

=0.34) or the trend (p =0.19) of ESBL- E. coli acquisition rate. No seasonality effect was 

detected using the Dickey-Fuller unit root test for ESBL-GNR, ESBL-Klebsiella or 

ESBL-E. coli (p <=0.05). 

 
Figure V.2 Time series plot for ESBL-GNR, ESBL-Klebsiella and ESBL-E. coli 
acquisition rate July 2005 - June 2009 

 
Jul-Aug 05 

Micu Expansion 

Universal glove and gown Intervention 



 
 

90 
 

Table V.3 Segmented Linear Regression Model of the effect of universal glove 
and gown use on the acquisition rate of EBSL-GNR, ESBL-Klebsiella and ESBL-E. 
coli in patients admitted to the UMMC MICU. 

 
Discussion   
 

The aim of this study was to evaluate the effectiveness of universal glove and 

gown use in reducing the transmission of ESBL-producing Enterobacteriaceae in 

patients admitted to the MICU at UMMC. Our study results suggest that universal glove 

and gown use was not associated with a decrease in the acquisition rate of ESBL- 

producing Enterobacteriaceae immediately after the intervention or long term among 

patients admitted to MICU during the study period. To our knowledge, this is the first 

study to evaluate the impact of universal glove and gown use on the acquisition of ESBL-

GNR in ICU patients. However, other studies have evaluated the effectiveness of 

universal glove and gown in reducing the transmission of MRSA and VRE and have not 

found this intervention to be effective.

 

127 

Coefficient Standard 
Error 

t-statistic P-value 

ESBL-GNR     
Intercept (βo)    0.009767   0.003439  2.84 0.01 
Baseline Trend (β1)   -0.000736      0.000772 -0.95 0.35 
Level change after intervention (β2)    0.003050      0.004215  0.72 0.48 
Trend change after intervention  (β3)    0.000927       0.000940  0.99 0.34 
Colonization pressure    0.000108   0.000211  0.51 0.62 
ESBL-Klebsiella     
Intercept (βo)  0.005343      0.000686  7.79 < 0.01 
Baseline Trend (β1) -0.000231      0.000219 -1.06  0.31 
Level change after intervention (β2) -0.000619 0.001043 -0.59  0.58 
Trend change after intervention  (β3)  0.000473 0.000242  1.95  0.07 
Colonization pressure  0.000035 0.000054  0.65  0.52 
ESBL-E. coli     
Intercept (βo)  0.003191       0.001887          1.69        0.11 
Baseline Trend (β1) -0.000340       0.000243         -0.83  0.42 
Level change after intervention (β2) -0.002212       0.002259      -0.98  0.34 
Trend change after intervention  (β3)  0.000702       0.000514         1.37  0.19 
Colonization pressure  0.000122   0.000095   1.28  0.22 
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The strengths of this study include the use of interrupted time series; the strongest 

quasi-experimental design and segmented regression for analyzing the time series data. 

Segmented regression used in this study allowed us to assess both the immediate and long 

term effect of universal glove and gown use on the acquisition of ESBL-GNR. Second, 

this study spanned a period of four years, which enabled us to statistically check that any 

changes in the incidence rate of ESBL-GNR were not due to periodic changes. Third, we 

were able to control for any effect of increasing prevalence of ESBL-GNR over time by 

adjusting for colonization pressure defined as the percentage of patients colonized with 

ESBL-GNR on ICU admission. 

There are possible explanations why we may not have detected a benefit from 

universal glove and gown use if a benefit truly exists. First, we were not able to 

consistently evaluate compliance with glove and gown use throughout the study period. 

Most previous reports of compliance with glove or gown use have been low, ranging 

from 25% - 59%.116-118 In this study, compliance was measured between 2008 and 2009 

and was estimated to be 90%. Thus we were not able to accurately assess if compliance 

was sufficient throughout the study period to provide a true measure of the efficacy of 

glove and gown use. Second, it is possible that there might have been changes in other 

practices such as a decrease in hand hygiene when universal glove and gown use was 

implemented. However, we were not able to control for the effect of changes in these 

other practices in our analysis because these data were not collected during the study 

period. Third, there was already a downward trend in the acquisition rate for all ESBL-

GNR before the intervention. Previous studies have shown that interventions are less 
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likely to be successful if there is evidence that the outcome is already changing in the 

desired direction prior to implementing the intervention.

To further explain our study results, we visually examined the time-series plot to 

assess if the MICU expansion from a 10-bed unit to a 29-bed unit in April 2006 had an 

impact on the acquisition rate of all ESBL-producing Enterobacteriaceae, however, we 

did not observe any long term increase in acquisition rate of ESBL-producing 

Enterobacteriaceae after the MICU expansion.  

126  

Factors found to be associated with acquisition of ESBL-producing 

Enterobacteriaceae identified in this study were older age, male sex, higher colonization 

pressure, renal disease, hemi paraplegia, aminoglycosides, anti-pseudomonal β-lactam, 

anti-MRSA therapy received during the time-at risk in the ICU. Renal disease, receipt of 

aminoglycosides and anti-MRSA therapy is consistent with what has been previously 

reported in the literature. 47,65,88,119,127

In conclusion, given the unclear role of universal glove and gown use as a barrier 

precaution in reducing the acquisition of ESBL-GNR in our study, further studies using 

better methodology, such as cluster randomized trials may be needed to evaluate the 

effectiveness of universal glove and gown use in reducing acquisition of ESBL-GNR in 

ICU patients. Future studies should ensure that compliance with the universal glove and 

gown use is measured throughout the study period. In addition, other infection control 

interventions occurring concurrently during the study period should be measured 

throughout the study period and adjusted for in the analysis to accurately assess the 

effectiveness of universal glove and gown use. 
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C. Discussion 

A. Extended spectrum β-lactamase producing Gram-negative rods 
 

The prevalence of ESBL-GNR among ICU patients continues to rise causing 

considerable morbidity, mortality and costs among hospitalized patients in the United 

States and globally.1,2,15,16 Infections caused by ESBL-GNR are difficult to treat due to 

the limited options for empiric therapy which increases the risk of treatment failure and 

death among infected patients.2,11 Environmental contamination by patients colonized or 

infected with ESBL-GNR has been documented12,13

Universal glove and gown use is a form of contact precaution where gloves and 

gowns are used for contacts with all patients and their environment regardless of the 

patient’s colonization or infection status. Universal glove and gown has the advantage 

that it may prevent transmission of multiple antibiotic-resistant and susceptible bacteria at 

the same time without requiring active surveillance for each bacteria species. At UMMC, 

universal glove and gown use was instituted in the MICU in July, 1 2007 and is currently 

being evaluated for its effectiveness in reducing transmission of MRSA and VRE in ICU 

patients, however, universal glove and gown has not been evaluated for it’s effectiveness 

in reducing the transmission of ESBL-GNR among ICU patients. The overall objectives 

of this dissertation are to evaluate the role of persistent environmental contamination in 

 however, the association between 

environmental contamination and acquisition of ESBL-GNR among hospitalized patients 

in non-outbreak situations has not been well established. Given the limited effective 

antimicrobial drugs currently available or in development there is a need for more 

effective infection control methods to prevent the spread of ESBL-GNR among ICU 

patients.  
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the acquisition of ESBL-GNR and to evaluate the effectiveness of universal glove and 

gown use in reducing the transmission of ESBL-GNR in ICU patients while controlling 

for other patient characteristics.  
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B. Prior room occupant’s ESBL-Klebsiella or E. coli positive status was not 

significantly associated with acquisition of ESBL-Klebsiella or E. coli  

Using a cohort of 18,175 admissions, our data suggested that prior room 

occupant’s ESBL-Klebsiella or E. coli positive status was not significantly associated 

with an increased risk of acquiring ESBL-Klebsiella or E. coli among ICU patients. 

However, other factors such as longer time at risk, higher colonization pressure, having 

renal disease and hemi paraplegia, receipt of aminoglycosides, anti-psedomonal beta-

lactam, and anti-MRSA agents in the ICU were identified as predictors of ESBL-

Klebsiella or E. coli acquisition in ICU patients.  

Due to the retrospective nature of our study, prior room occupants’ ESBL positive 

status was used as proxy for environmental contamination. Prior studies have shown an 

association between prior room occupants’ positive status and acquisition of MRSA, 

VRE, MDR-P. aeruginosa and A. baumannii among ICU patients.74,109,110,122 We may not 

have been able to demonstrate an association between prior room occupant’s ESBL-

Klebsiella or E. coli positive status and acquisition of ESBL-Klebsiella or E. coli because 

prior room occupants’ ESBL status may not be a valid proxy for environmental 

contamination with ESBL-Klebsiella and E. coli. First, patients colonized or infected 

with ESBL-Klebsiella and E. coli may not shed a high enough innoculum into their 

environment to be transmitted to subsequent room occupants. Second, cleaning of ICU 

rooms using quaternary ammonium may be efficient in eradicating ESBL-Klebsiella and 

E. coli from the environment. Current literature suggests that Klebsiella and E. coli can 

persist in the environment for months but does not suggest that Klebsiella and E. coli 
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persist for a shorter duration of time than other Gram-negative bacteria such as 

Acinetobacter spp. and Pseudomonas aeruginosa.125

 

 This implies that infection control 

interventions for ESBL-GNR may need to focus on other modes of transmission besides 

transmission through the environment. To further explore this hypothesis, future research 

may need to evaluate what innoculum of ESBL-Klebsiella and E. coli is needed in the 

environment to colonize or infect subsequent room occupants, correlate environmental 

culturing data with prior room occupants’ ESBL status and employ molecular methods to 

validate that it is the same bacterial strain that is being transmitted from the environment 

to subsequent room occupants. This information is important to properly assess if the 

current standard of ICU room cleaning is sufficient to prevent transmission of ESBL-

GNR from the environment to patients. This study highlights the importance of keeping 

the burden of patients colonized or infected with ESBL-GNR (colonization pressure) low 

in the ICU to reduce the risk of patient-to-patient transmission of ESBL-GNR. This study 

also highlights the importance of keeping the length of ICU stay short and limited use of 

antibiotics such as anti-MRSA therapy, aminoglycosides, anti-pseudomonal beta-lactam, 

and imipenem in ICU patients to reduce the risk of acquiring ESBL-GNRs. 
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C.  Universal glove and gown use was not associated with decreased acquisition of 

ESBL-Enterobacteriaceae in ICU patients. 

Using a cohort of 6,089 ICU admissions, our data suggested that universal glove 

and gown use is not associated with a decrease in the acquisition of all ESBL-producing 

Enterobacteriaceae short term or long term. However, other factors such as older age, 

male sex, higher colonization pressure, having renal disease and hemi paraplegia and 

receipt of aminoglycosides, anti-pseudomonal β-lactam, anti-MRSA therapy specifically 

vancomycin prior to ESBL acquisition in the ICU were identified as risk factors for 

acquiring ESBL-producing Enterobacteriaceae in the MICU.  

There are possible explanations why we may not have detected a benefit from 

universal glove and gown use if a benefit truly exists. First, we were not able to 

consistently evaluate compliance with glove and gown use throughout the study period. 

In this study, compliance was measured between 2008 and 2009 and was estimated to be 

90%. Thus we were not able to accurately assess if compliance was sufficient throughout 

the study period to provide a true measure of the efficacy of glove and gown use. Second, 

it is possible that there might have been changes in other practices such as a decrease in 

hand hygiene when universal glove and gown use was implemented. However, we were 

not able to control for the effect of these other practices in our analysis because these data 

were not collected during the study period. Third, there was already a downward trend in 

the acquisition rate for all ESBL-GNRs before the intervention. Previous studies have 

shown that interventions are less likely to be successful if there is evidence that the 

outcome is already changing in the desired direction prior to implementing the 

intervention.126  
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In conclusion, given the unclear role of universal glove and gown use as a barrier 

precaution in reducing the acquisition of ESBL-GNR in our study, further studies using 

better methodology, such as cluster randomized trials may be needed to evaluate the 

effectiveness of universal glove and gown use in reducing acquisition of ESBL-GNR in 

ICU patients. Future studies should ensure that compliance with the universal glove and 

gown use is measured throughout the study period. Other infection control interventions 

occurring concurrently during the study period should also be measured throughout the 

study period and adjusted for in the analysis to accurately assess the effectiveness of 

universal glove and gown use. 
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Both studies address important public health questions using a large cohort of 

ICU patients. These studies are methodologically strong in that they controlled for known 

potential confounders to increase the internal validity of the study results. The study that 

evaluated the impact of persistent environmental contamination on acquisition of ESBL-

GNR was strengthened by its’ use of molecular method to quantify the extent of genetic 

similarity between ESBL positive bacterial isolates obtained from prior room occupants 

and ESBL positive bacterial isolates acquired during ICU stay. To our knowledge, this 

was the first study to identify colonization pressure, an important infection control 

variable as a risk factor for acquisition of ESBL-GNR in ICU patients. The study that 

evaluated the effectiveness of universal glove and gown use in decreasing the incidence 

rate of ESBL-GNR in ICU patients was the first study to evaluate this intervention for 

ESBL-GNR. This study included the use of interrupted time series; the strongest quasi-

experimental design and segmented regression for analyzing the time series data. The 

segmented regression analysis allowed us to assess both the immediate and long term 

effect of universal glove and gown use on the acquisition of ESBL-GNR. This study also 

spanned a period of four years, which enabled us to statistically check that any changes in 

the incidence rate of ESBL-GNR were not due to periodic changes. In addition, we were 

able to control for any effect of increasing prevalence of ESBL-GNR over time by 

adjusting for colonization pressure. 

D. Strengths and Limitations 

Both studies identified other risk factors that are associated with acquisition of 

ESBL-GNR in ICU patients. Both study results may be generalizable to other ICUs with 

similar patient population and infection control practices. 
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Our studies are limited by the following reasons. First, sensitivity of peri-anal 

cultures for ESBL detection compared to stool culture is unknown. It is possible that 

some ESBL positive cases may have been undetected by our surveillance method and 

may have led to misclassification of ESBL positivity status. However sensitivity of peri-

anal culture compared to stool culture (gold standard) for fluoroquinolone-resistant E. 

coli was 90%.105  Therefore, we anticipated that the sensitivity of peri-anal cultures for 

ESBLs would be similar and the proportion of false negatives would be low (~10%). 

Therefore, we anticipate that the level of misclassification of ESBL positivity status by 

our surveillance methods would be low and non-differential and would have little 

potential to bias our measure of effect towards the null. Second, not all clinical cultures 

obtained from patients during the study period were tested for ESBLs. Only patients with 

bacterial isolates from clinical cultures susceptible to or with intermediate resistance to 

third generation cephalosporin were tested for ESBLs. Therefore, some patients who are 

ESBL positive might have been misclassified as ESBL negative. However, since not all 

resistance to third generation cephalosporins are due to ESBLs and 68-82% of patients 

with ESBL positive clinical cultures are also colonized with ESBLs,8,104 we anticipated 

that the level of non-differential misclassification and its’ potential to bias our measure of 

effect towards the null would be low. Third, some bacteria isolates possess multiple 

resistant mechanisms. The presence of both ESBL and AMP C resistant mechanisms in 

bacterial isolates may mask ESBL expression and result in a negative ESBL confirmation 

test.  This may have led to misclassification of ESBL positivity status, however, this 

phenomenom is rare and we expect that the extent of non-differential misclassification of 

ESBL positivity status due to the presence of AMP C gene would be low.106 
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The first study is limited by using prior room occupant’s ESBL status as a proxy 

for environmental contamination. Hospital room environmental surfaces were not 

cultured in this study and thus we were not able to describe the level of environmental 

contamination under which acquisition of ESBL-Klebsiella and E. coli occurred.  The 

second study was limited by the lack of data on compliance with glove and gown use and 

hand hygiene throughout the study period. Thus we were not able to accurately assess the 

true efficacy of glove and gown use by controlling for the effect of intervention 

compliance and hand hygiene in our data analysis.  
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In summary, in this dissertation, we observed that 1) prior room occupant’s 

ESBL-Klebsiella or E. coli positive status is not significantly associated with an 

increased risk of acquiring ESBL-Klebsiella or E. coli. 2) Universal glove and gown use 

is not associated with a decrease in the acquisition of ESBL-producing 

Enterobacteriaceae short term or long term. In these studies, we identified other risk 

factors such as older age, male sex, longer time at risk, higher colonization pressure, 

having renal disease and hemi paraplegia and the receipt of aminoglycosides, anti-

pseudomonal beta-lactam, anti-MRSA in the ICU that are associated with acquisition of 

ESBL-GNR in ICU patients.  

E. Summary and Implications of the Research Questions 

Identifying these risk factors are important to identify patients that are most likely 

to acquire ESBL-GNR and to understand the conditions under which patients are most 

likely to acquire ESBL-GNR and in the ICU. This study highlights the importance of 

keeping the burden of patients colonized or infected with ESBL-GNR (colonization 

pressure) low in the ICU to reduce the risk of transmitting ESBL-GNR. This study also 

highlights the importance of keeping the length of stay in the ICU short, and limited use 

of antibiotics such as aminoglycosides, anti-pseudomonal beta-lactam, and anti-MRSA 

therapy in ICU patients to reduce the risk of acquiring ESBL-GNR. 

It is still unclear if the environment plays a significant role in the transmission of 

ESBL-GNR in ICU patients or if the current standard of cleaning of ICU rooms is 

adequate. Therefore, it is important for future research to determine what innoculum of 

ESBL-GNR is needed on the ICU room surfaces to colonize or infect subsequent room 
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occupants, correlate environmental culturing data with prior room occupants’ ESBL 

status and employ molecular methods to validate that it is the same bacterial strain that is 

being transmitted from the environment to subsequent room occupants. 

The prevalence of ESBL-GNR continues to rise in ICU patients in the United 

States despite the current infection control efforts. Yet, there is limited data on optimal 

infection control methods to prevent the transmission of ESBL-GNR in non-outbreak 

situations. Understanding the infection control methods that are effective against the 

transmission of ESBL-GNR is imperative to a successful infection control program 

aimed at reducing the incidence of colonization, infection, and poor healthcare outcomes 

associated with ESBL-GNR in ICU patients. Given the unclear role of universal glove 

and gown use as a barrier precaution in reducing the acquisition of ESBL-GNR in our 

study, further studies using better methodology, such as cluster randomized trials are  

needed to evaluate the effectiveness of universal glove and gown use in reducing the 

acquisition of ESBL-GNR in ICU patients. Future studies should ensure that other 

infection control interventions occurring concurrently during the study period and 

compliance with these interventions are measured throughout the study period and 

adjusted for in the analysis to accurately assess the effectiveness of universal glove and 

gown use. 
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D. Appendix 

ESBL gene family present in isolates obtained from patients who acquired ESBL-
Klebsiella and E. coli and their prior room occupants colonized with the same bacterial 
species. 
Patient 
Pair 

Bacterial 
species  

ESBL gene family in 
isolates from prior room 
occupants 

ESBL gene family in 
acquired isolates 

Percent 
Similarity 
by PFGE 

1. K. pnemoniae SHV SHV, TEM, CTX 45% 
2. K. pnemoniae  SHV, CTX SHV 30% 
3. K. pnemoniae  SHV SHV 50% 
4. E. coli  No ESBL genes detected No ESBL genes detected 20% 
5. K. pnemoniae SHV, CTX SHV 58% 
6. K. pnemoniae  SHV, TEM SHV, TEM 93% 
7. K. pnemoniae  SHV SHV, CTX 48% 
8. E. coli  CTX CTX 40% 
9. E. coli  No ESBL genes detected No ESBL genes detected 100% 
10. K. pnemoniae  SHV, CTX SHV, CTX  79% 
11. E. coli CTX CTX  88% 
12. K. pnemoniae SHV, CTX SHV, CTX 100% 
13. K. pnemoniae SHV, TEM, CTX SHV,  56% 
14. K. pnemoniae SHV, TEM SHV  80% 
15. K. pnemoniae SHV, CTX SHV, CTX, TEM 58% 
16. K. pnemoniae SHV, TEM SHV, TEM 100% 
17. K. pnemoniae SHV, CTX, TEM SHV, CTX, TEM 54% 
ESBL, extended-spectrum-beta-lactamase; PFGR, pulsed field gel electrophoresis 
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