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Abstract

OBJECTIVE—To quantify the association between having a prior bed occupant or roommate
with a positive blood, respiratory, urine, or wound culture and subsequent infection with the same
organism.

DESIGN—Case-control study.

SETTING—The study included 4 hospitals within an academically affiliated network in New
York City, including a community hospital (221 beds), a pediatric acute-care hospital (283 beds),
an adult tertiary-/quaternary-care hospital (647 beds), and a pediatric and adult tertiary-/
quaternary-care hospital (914 beds).

PATIENTS—AII 761,426 inpatients discharged from 2006 to 2012 were eligible. Cases included
all patients who developed a healthcare-associated infection (HAI) with Staphylococcus aureus,
Acinetobacter baumannii, Streptococcus pneumoniae, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Enterococcus faecalis, or Enterococcus faecium. Controls were uninfected patients
matched by fiscal quarter, hospital, and length of stay. For each bed occupied during the 3-5-day
period prior to infection, microbiology results for assigned roommates and the patient who
occupied the bed immediately prior to the case were collected. For controls, the day of infection of
the matched case served as the reference point.

RESULTS—In total, 10,289 HAIs were identified. In a multivariable analysis controlling for both
exposures and patient characteristics, the odds of cases having been exposed to a prior bed
occupant with the same organism were 5.83 times that of controls (95% confidence interval [CI],
3.62-9.39), and the odds of cases having been exposed to a roommate with the same organism
were 4.82 times that of controls (95% Cl, 3.67-6.34).
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CONCLUSION—Infected or colonized roommates and prior occupants do pose a risk, which
may warrant enhanced terminal and intermittent cleaning measures.

More than 700,000 healthcare-associated infections (HAIs) occur in US hospitals each year.!
These infections, considered to be largely preventable, accrue $28-45 billion annually in
excess healthcare costs and are fatal in nearly 6% of cases.2~ Efforts to improve quality of
care while reducing costs have made HAI prevention a national priority and have sparked a
surge of innovative measures aimed at curtailing their spread.>6 Many of these interventions
have specifically targeted high-risk patients with protocols for the care and maintenance of
indwelling devices, with measurable but varied success.’

Meanwhile, a growing body of evidence demonstrating widespread contamination of
hospital rooms and equipment has led to increasing concern about the risks posed to all
patients by current cleanliness standards and practices.8 Numerous products are being
developed and marketed to hospitals for the purpose of improving environmental
disinfection, with particular attention given to routine cleaning for patients with multidrug-
resistant organisms and terminal cleaning after discharge.? However, very few studies have
actually examined whether there is a link between contamination in patient rooms and risk
of infection. Given the constraints of financial and human resources for infection prevention
and control, it is important to quantify the potential impact of enhanced environmental
cleanliness. Our study addressed this question by evaluating whether there is an association
between HAIs and exposure to infected or colonized hospital roommates or prior room
occupants using 7 years of data from 4 inpatient acute-care hospitals.

METHODS

Sample and Setting

This study was conducted in 4 inpatient hospitals in New York City. The hospitals, all part of
the same healthcare network, included a community hospital (221 beds), a pediatric acute-
care hospital (283 beds), an adult tertiary-/quaternary-care hospital (647 beds), and a
pediatric and adult tertiary-/quaternary-care hospital (914 beds). All patients discharged
between January 1, 2006, and December 31, 2012, were eligible for inclusion. This study
was reviewed and approved by the institutional review boards of the study facilities, and
waivers of informed consent were granted.

Data Collection

All study data were collected retrospectively. Data were sourced from multiple electronic
systems used for clinical documentation and administrative purposes throughout the hospital
network and were linked using unique medical record numbers and dates of admission and
discharge.19 Demographic information and patient characteristics were sourced from
administrative data and included age, sex, risk of mortality as measured by the Charlson
comorbidity index, and specific comorbid conditions including malignancies, renal failure,
and diabetes. /nternational Classification of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) codes were used to create the Charlson comorbidity index and to identify
comorbid conditions. Patient room and bed assignments for each day of hospitalization were
collected from the admission—discharge—transfer system. Culture results and antibiogram
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data including date and site of culture collection were obtained from clinical microbiology
records.

Study Design

Exposures

A matched case-control design was used to evaluate the association between having a prior
bed occupant or roommate with a positive blood, respiratory, urine, or wound culture and
subsequent infection with the same organism and comparable antibiotic sensitivity profile.
These infections were chosen because they are some of the most common HAISs occurring in
inpatient settings, because they are reliably identifiable in electronic records, and because
patients can develop such infections through contact with contaminated hands or surfaces.
Cases included all patients who developed a hospital-acquired bloodstream infection,
urinary tract infection, surgical site infection, or pneumonia with 1 of the following
organisms: oxacillin-sensitive Staphylococcus aureus, oxacillin-resistant S. aureus,
ampicillin-sulbactam-sensitive Acinetobacter baumannii, ampicillin-sulbactam-resistant A.
baumannii, penicillin-sensitive Streptococcus pneumonia, penicillin-resistant S. pneumonia,
levofloxacin-sensitive Pseudomonas aeruginosa, levofloxacin-resistant 2 aeruginosa,
imipenem-sensitive Klebsiella pneumoniae, imipenem-resistant K/ebsiella pneumoniae,
vancomycin-sensitive Enterococcus faecalis and E. faecium and vancomycin-resistant £.
faecalis and E. faecium. These organisms were chosen to represent a broad range of
pathogens commonly seen in inpatient settings with various modes of transmission,
preferential body sites of infection, and differing viability on healthcare surfaces. HAIs were
detected via electronic algorithms analogous to the Centers for Disease Control and
Prevention National Healthcare Safety Network surveillance definitions (Figure 1).10.11

Controls were matched to cases in a 1:1 ratio and were randomly selected from all patients
who (1) never had a positive culture with the organism under investigation during their
hospitalization, (2) were admitted during the same fiscal quarter as the case, (3) were
admitted to the same hospital as the case, and (4) had a length of stay at least as long as the
case’s length of stay prior to infection.

Exposure to prior bed occupant—All beds that each case occupied during the 3-5-day
period prior to infection were identified using a computerized algorithm. For each of these
beds, a second algorithm was applied to identify the patient who occupied the bed
immediately prior to the case. A third algorithm searched the clinical microbiology data to
determine whether any of the previous occupants had a positive culture with the organism of
interest at any point prior to being discharged from the bed they occupied prior to the case.
The same process was applied for controls, with the matched case’s day of infection serving
as the reference point. For example, if the matched case had an infection on day 10, we
looked back 3-5 days from day 10 of the control’s hospital stay.

Exposure to hospital roommate—All rooms that each case occupied during the 3-5-
day period prior to infection were identified using a computerized algorithm. For each of
these rooms, a second algorithm was applied to identify any other patients assigned on the
same date(s) as the case. A third algorithm searched the clinical microbiology data to
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determine whether any of the roommates had a positive culture with the organism of interest
at any point prior to sharing a room with the case. The same process was applied for
controls, with the matched case’s day of infection serving as the reference point.

Data Analysis

RESULTS

Bivariate comparisons between cases and controls with respect to exposure to infected or
colonized prior room occupants, exposure to infected or colonized roommates, age, Charlson
comorbidity index, sex, presence of malignancies, renal failure, and diabetes mellitus were
conducted within each organism category using the XZ test for independence, the Fisher
exact test, or the 2-sample ttest, as appropriate. The overall numbers and proportions of
cases and controls exposed to infected or colonized prior room occupants and roommates
were tabulated to determine crude odds ratios (OR) and 95% confidence intervals (Cl).
Multivariable logistic regression analysis was performed to calculate adjusted odds ratios
mutually controlling for both exposures and all patient characteristics and comorbidities
assessed in the bivariate comparisons.

To determine with greater certainty whether a prior occupant or roommate was the source of
exposure, we compared isolates for a sample of exposed case-roommate and case-prior-
occupant pairs. Because molecular typing of isolates was not available, we compared
antimicrobial susceptibilities based on available antibiogram data. K/ebsiella pneumoniae
was selected for this subanalysis due to the range of antibiotics tested for this organism in
the study institutions. The tested antibiotics included cefepime, ceftriaxone, gentamicin,
imipenem, levofloxacin, meropenem, piperacillin-tazobactam, tobramycin, and
trimethoprim.

Patient admissions across the 4 facilities totaled 761,426 during the study period. Overall,
10,289 HAI cases were identified, and eligible controls were available for 10,033 cases
(97.5%). The median length of stay for cases was 25 days (interquartile range, 14-46). Table
1 displays bivariate comparisons between cases and controls with respect to demographic
characteristics, comorbid conditions, and exposure to infected or colonized roommates and
prior bed occupants by organism. In total, 136 cases were exposed to a prior bed occupant
with the same organism compared with 20 controls (crude odds ratio [OR], 6.88; 95%
confidence interval [Cl1], 4.30-11.01). Furthermore, 309 cases were exposed to a roommate
with the same organism compared with 64 controls (crude OR, 4.95; 95% CI, 3.78-6.49).
Less than 2% of cases were exposed to a previous bed occupant with the same organism and
<4% of cases were exposed to roommates with the same organism (Figure 2). In the
multivariable analysis controlling for patient characteristics and mutually controlling for
each exposure, the odds of cases having been exposed to a prior bed occupant with the same
organism were 5.83 times that of controls (95% ClI, 3.62-9.39), and the odds of cases having
been exposed to a roommate with the same organism were 4.82 times that of controls (95%
Cl, 3.67-6.34) (Table 2).

In the K. pneumoniae subanalysis comparing antibiotic sensitivity of case isolates with
roommate isolates, antibiogram data were available for 38 of 43 exposed case-roommate
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pairs. Among them, 22 pairs (58%) had identical susceptibility profiles. Notably, among the
remaining 16 pairs, most (n =11, 69%) displayed additional antibiotic resistance in the case
isolate, leaving open the possibility that resistance was acquired during the roommate’s
course of treatment and that the more resistant isolate was passed on to the case. For prior
room-occupant pairs, susceptibility data were available for 20 of 27 pairs and 11 of those
(55%) had identical susceptibility profiles. Among the remaining 9 pairs, 6 (67%) displayed
additional antibiotic resistance in the case isolate.

DISCUSSION

The long campaign toward improving patient safety and reducing preventable deaths in
hospitals has had many successes.12:13 Still, too many Americans continue to die
unnecessarily from infections they contract while in the hospital.# The need to focus on
prevention is ever more acute with the proliferation of multidrug resistant organisms and
increasingly limited options for successful treatment.14

We now have strong evidence that interventions designed to improve environmental
cleanliness do make a difference. Indeed, the first multicenter randomized controlled trial to
determine the efficacy of enhanced terminal cleaning procedures for patients with multidrug-
resistant organisms was recently published. This study of 9 hospitals showed a statistically
significant decrease in organism acquisition when targeted cleaning methods—particularly
ultraviolet light technology—were incorporated into the standard cleaning protocol, adding
only 4 extra minutes to the total cleaning time.1> Although some roommate-to-roommate
transmission may occur outside of the physical environment (eg, with healthcare workers
serving as vectors), it is likely that at least some roommate transmission and all prior
occupant transmission involves environmental reservoirs.

As the largest study to quantify the association between HAIs and exposure to infected or
colonized previous bed occupants and roommates, encompassing data from all inpatient
units in 4 acute-care hospitals and surveying exposure to 6 different organisms, our analysis
serves to illustrate how many infections might be prevented by implementing enhanced
cleaning measures. Previous studies showed mixed findings due to wide variations in sample
size, study quality, design, patient population, and definitions of exposures and outcomes,
though the majority did find statistically significant relationships between at least 1 of their
exposures and outcomes of interest.1® Our findings reveal robust and statistically significant
associations, with exposure to an infected or colonized prior bed occupant conferring a
nearly 6-fold increase in the odds of infection, and exposure to an infected or colonized
roommate conferring a nearly 5-fold increase. These results might actually underestimate
the true association because, by limiting the retrospective period to the most likely period of
exposure (3-5 days prior to infection), we captured only a portion of roommates and prior
room occupants who could have been sources of exposure.1! Still, the prevalence of
exposure as operationalized in this analysis was low, suggesting that the overall contribution
of prior bed occupants and roommates defined in this way to the overall incidence of HAIs
is relatively small.
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The primary limitation of this study was the unavailability of molecular typing, which made
it impossible to determine with certainty whether a case acquired a pathogen genetically
identical to that of the roommate or prior occupant presumed to be the source of exposure.
Nonetheless, our conclusion that there is a true chain of transmission from prior bed
occupants and roommates remains plausible for 2 reasons. First, we performed a subanalysis
to assess whether isolates were phenotypically similar regarding their susceptibility to a
variety of antibiotic agents and still found statistically significant associations between prior
bed occupant or roommate exposure and the development of HAIs. Furthermore, in most
cases where antibiotic sensitivity did differ, resistance was more prevalent among the cases
than among the prior occupants or roommates presumed sources of exposure. This finding
supports the possibility that resistance could have been acquired during the roommate or
prior occupant’s antibiotic therapy, with the resistant organism then passed to the case.l’
Second, the epidemiological association we identified remained sizeable and highly
significant even after controlling for several potential confounders. However, the association
could be due to an unknown confounder that we were unable to identify or measure in this
retrospective study. For example, certain rooms may be reserved for the highest-risk
patients, meaning that patients assigned to such rooms could have a both a higher risk of
exposure due to their room placement as well as a higher risk of infection due to their
condition upon admission to the unit. Indeed, some statistically significant differences
between cases and controls were observed at baseline regarding the comorbid conditions that
affect infection risk. However, the associations remained robust in the multivariable model
controlling for these variables, suggesting that confounding by factors related to patient
severity was minimal if at all present. Finally, with the exception of unit-specific protocols in
response to outbreaks, universal surveillance was not conducted at the study institutions,
meaning that some colonization may have gone undetected.

The human and financial costs associated with HAIs are unacceptably high and may
continue to grow along with antimicrobial resistance and the shortage of novel therapies on
the immediate horizon.2 In light of mounting evidence that patients harboring pathogens do
contaminate their hospital rooms,18 that current standards for cleaning and disinfection are
not sufficient for decontamination,® and that exposure to contaminated rooms confers a 5-
to 6-fold increase in odds of infection, hospitals must take action by adopting proven
methods for reducing environmental contamination.
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Electronic algorithms used to identify healthcare-associated infections based on the Centers

for Disease Control and Prevention National Healthcare Safety Network surveillance

guidelines.1011 Data from the institutions’ clinical microbiology laboratories were used in
conjunction with /nternational Classification of Diseases, Ninth Revision, Clinical

Modification (ICD-9-CM) diagnosis and procedure codes.
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versus cases having healthcare-associated infections with Staphylococcus aureus,
Acinetobacter baumannii, Streptococcus pneumoniae, Pseudomonas aeruginosa, Klebsiella
pneumoniae, Enterococcus faecalis, and Enterococcus faecium exposed to prior bed
occupants and roommates infected or colonized with the same organism.
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Cohen et al.

TABLE 2

Association Between Healthcare-Associated Infection and Exposure to Infected or Colonized Prior Bed
Occupants and Roommates

Exposure Odds Ratio (95% Cl)2

Exposure to infected or colonized prior occupant  5.83 (3.62-9.39)

Exposure to infected or colonized roommate 4.82 (3.67-6.34)
Age, y 1.00 (0.999-1.001)
Charlson comorbidity index 1.04 (1.03-1.05)
Female 1.00 (0.95-1.06)
Malignancies 1.61 (1.48-1.76)
Renal failure 1.50 (1.40-1.60)
Diabetes mellitus 1.03 (0.96-1.11)

NOTE. ClI, confidence interval.

a A - . .
Results of multivariable logistic regression analysis.
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