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Background: Patients in intensive care units (ICUs) of-
ten acquire infections, which impose a heavy human and
financial burden. The use of private rooms may reduce
the acquisition of certain pathogens, but the limited evi-
dence on this topic is inconsistent.

Methods: We compared the rates of acquisition of in-
fectious organisms in an ICU before and after a change
from multibed to single rooms. As a control, we used ac-
quisition rates in the ICU of a nearby university teach-
ing hospital, which contained both multibed and single
rooms, during the study period. We used a statistical
model to adjust for background time trends common to
both hospitals.

Results: The adjusted rate of acquisition of Clostridium
difficile, vancomycin-resistant Enterococcus species, and
methicillin-resistant Staphylococcus aureus combined de-
creased by 54% (95% confidence interval [CI], 29%-
70%) following the intervention. The methicillin-

resistant S aureus acquisition rate fell by 47% (95% CI,1%-
71%), the C difficile acquisition rate fell by 43% (95% CI,
7%-65%), and the yeast acquisition rate fell by 51% (95%
CI, 34%-64%). Twelve common and likely exogenous or-
ganisms and exogenous/endogenous organisms had a re-
duction in acquisition rates after the intervention; for 6
of them, this reduction was statistically significant. No
effect was observed on the acquisition rate of coagulase-
negative Staphylococcus species, the most common en-
dogenous organism, for which no change would be ex-
pected. The adjusted rate ratio of the average length of
stay in the ICU was 10% (95% CI, 0%-19%) lower after
the intervention.

Conclusion: Conversion to single rooms can substan-

tially reduce the rate at which patients acquire infec-
tious organisms while in the ICU.
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EALTH CARE—ASSOCIATED
infections occur in about
30% of patients in inten-
sive care units (ICUs) and
are associated with sub-
stantial morbidity and mortality.! In ICU pa-
tients, these infections are associated with
an increased length of stay (LOS) of 8 to 9
days,? and the resulting additional cost from
excess stay alone is estimated to be $3.5 bil-
lion per year in the United States.?
Isolation of ICU patients in private
rooms is a common infection control rec-
ommendation intended to limit the trans-
mission of infectious organisms to pa-
tients by facilitating infection control
practices by health care workers.* Cur-
rent guidelines on the design and con-
struction or renovation of hospitals and
other health care facilities, issued by the
American Institute of Architects Acad-
emy of Architecture for Health with as-
sistance from the US Department of Health
and Human Services, recommend single-
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However, results from studies are in-
conclusive regarding the effect of private
rooms on infection rates.®® A systematic
review of 8 studies found that only 3
showed a statistically significant reduc-
tion in the rate of infections in ICU pa-
tients following an intervention to change
the facilities” architecture.'®

Most previous studies were limited in
their scope to specific types of bacteria or
infection. Many examined methicillin-
resistant Staphylococcus aureus (MRSA),"
and only a few studies considered the effect
of a physical intervention on vancomycin-
resistant Enterococcus species (VRE)!'! and
Clostridium difficile.*?

Private rooms are believed to facilitate
better infection control practices and al-
low for better isolation of patients from
hospital-borne infectious agents."® A sen-
sitive measure of transmission of bacteria
and yeast is the first, or incident, acquisi-
tion of those organisms by a patient. Ac-
quisition of an infectious organism is a nec-
essary precursor to infection. Once
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acquired, the organism may result in colonization in the
patient, with no symptoms being evident, or it may lead
to symptomatic infection. The association between colo-
nization and future infection is well demonstrated for
many bacteria,'*!” and the colonization rate is therefore
clinically important.

Bacteria may be acquired from exogenous sources, such
as the physical environment, other patients, or health care
workers. In addition, acquisition can be from an endog-
enous source, such as the patient’s flora. Infection con-
trol efforts such as patient isolation are directed toward
preventing the transmission of exogenous bacteria. A com-
parison of an intervention’s effect on likely exogenous
vs likely endogenous colonization rates gives direct evi-
dence of an intervention’s success in achieving reduced
exposure of patients to hospital-borne organisms.

On March 2, 2002, a new ICU with only private rooms
opened at the Montreal General Hospital in Quebec,
Canada, replacing the older ICU, which had rooms con-
taining 12 patients. The presence of a second university
teaching hospital under the same McGill University aca-
demic department of medicine, about 1.4 km (<1 mile)
away and serving the same community, presented a valu-
able opportunity to examine the effect of private rooms
on bacterial acquisition rates. A comparison of rates be-
fore and after the privatization, while taking other fac-
tors and trends into account, provided an opportunity
to assess the effect of the intervention on acquisition rates.

DI METHODS S

SETTING AND STUDY DESIGN

The Montreal General Hospital (intervention hospital) and the
Royal Victoria Hospital (comparison hospital) are 2 McGill Uni-
versity hospitals serving the same Montreal region. The hospi-
tals have a single, common infection control service with 1 di-
rector, and they share infection control policies and practices. The
hospitals experienced similar trends in the rates of bacterial in-
fection and outbreaks of C difficile during the study period.

The 25-bed adult ICU of the comparison hospital re-
mained unchanged from 2000 to 2005 and had rooms with 2,
5, or 6 beds and 8 single rooms. Before the intervention, the
24-bed adult ICU at the intervention hospital consisted of 2
large rooms of 12 beds, 2 private rooms within each larger room,
and a total of 4 sinks. In March 2002, the ICU at the interven-
tion hospital was moved to a new location within the hospital
with 24 beds, each in a private room containing a sink, and 2
additional sinks in an area outside the private rooms.

The patient-nurse ratio was the same in both hospitals and
remained constant during the study period. This ratio was 1:1 for
30% of beds and 2:1 for 70% of beds. This ratio was maintained
even through a temporary shortage in nursing staff by intermit-
tent closure of beds. Alcohol-based hand gels were available dur-
ing the study in a ratio of 1 per 2 beds in both hospitals. The prod-
ucts that were used were identical between the 2 hospitals.

We studied the cohorts of patients who were admitted to
these 2 ICUs from 2000 to 2005.

PATIENTS AND TEST RESULTS

We measured the incidence rates of positive results of micro-
biologic testing for all patients in the cohort. Test results for
specimens collected during the first 48 hours after ICU admis-

sion were excluded. After that time, the initial positive test re-
sult per patient per organism was counted, regardless of the
specimen type. An ICU patient was considered at risk of colo-
nization by every bacteria group that had not been identified
on previous testing of the patient in question.

Organisms identified in tests that were ordered up to 48 hours
after a patient was discharged from the ICU were considered
as ICU-acquired. Studies that rely on data recorded in the ICU
alone do not routinely include cases identified after a patient
is discharged from the ICU. We therefore also performed a sen-
sitivity analysis by including only cases that would have been
captured at the ICU alone for MRSA.

INFECTIOUS ORGANISMS

Bacteria, yeast, and molds were divided into likely exogenous
or endogenous sources of infection.'®?' An organism was con-
sidered exogenous if it was likely to be transmitted to a patient
through contact in the ICU with contaminated equipment, the
environment, another patient, or staff. An organism was con-
sidered endogenous if it was likely to be present in the pa-
tient’s flora on admission to the ICU, for example, coagulase-
negative Staphylococcus species.

DATA

Data for the study were obtained from 3 hospital information
systems. First, ICU patients were identified and admission times
to the ICU were obtained from the admission-discharge-
transfer database, which contained the location information dur-
ing hospitalization for all patients. Every admission to a spe-
cific bed within the hospital, move to another bed, and discharge
is recorded with its precise time.

Second, results of testing for microbes and yeast were ob-
tained from the laboratory information system. All patients were
screened for MRSA and VRE on ICU admission. Contacts of
index cases were rescreened. The same protocol applied to both
hospitals during the entire study period. Other microbiology
testing was initiated upon suspicion of an infection. Stool samples
were tested routinely for C difficile in patients with diarrhea.

Finally, information on patients’ infections was obtained from
the ICU information system and was used to validate our ap-
proach of using the first test result identifying an infectious or-
ganism. The ICU database is maintained by an archivist who
records all infections identified for patients during an ICU stay.
MRSA- and VRE-positive assays are recorded as well as C diffi-
cile colitis cases. For these 3 organisms, we validated cases de-
tected using the laboratory test results against cases recorded in
the ICU information system. We computed sensitivity and speci-
ficity of case detection via the laboratory test results using the ICU
system as the criterion standard. The system was in place during
almost the entire study period at the comparison hospital and from
February 2003 at the intervention hospital.

DATA ANALYSIS

To isolate the effect of the intervention from other changes and
trends that took place during the study period, we took advan-
tage of the fact that, apart from the intervention, both hospi-
tals experienced similar trends and changes. Rather than com-
pute 2 separate pre-post rate ratios for each hospital and then
compare those ratios, we compared the 26 monthly preinter-
vention rate ratios (monthly intervention vs comparison to ad-
just for time trends and other common hospital factors) with
the corresponding 46 postintervention rate ratios. Thus, we used
the 72 monthly rates for each organism in each hospital to cal-
culate 72 rate ratios (intervention vs comparison hospital). We
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Table 1. Patient Populations in the ICUs Before and After
Room Privatization?

Hospital Intervention Hospital Comparison

Period Relative

to March 2, 2002 Before After Before After

Hospital admissions 2732 5468 4167 6976
with ICU stay, No.

Mean age, y 59.6 59.4 60.1 60.9

Female sex, No. (%) 973 (35.6) 1874 (34.3) 1624 (39.0) 2690 (38.6)

2The approximate mix of patients remained largely constant within each
intensive care unit (ICU) throughout the study period. At the intervention
hospital, general medical patients accounted for 25% of admissions and
27% of patient days, nontrauma surgery patients for 30% of admissions,
trauma patients for 21% of patient days, and cardiac surgery patients for
21% of admissions and 15% of patient days. At the comparison hospital,
general medical patients accounted for 14% of admissions, nontrauma
surgery for 37% of admissions and 33% of patient days, cardiac surgery
accounted for 44% of admissions, solid organ transplantation accounted for
4% of admissions and 5% of patient days, and patients with
hematology-oncology-related diagnosis accounted for 1% of admissions.

Table 2. Numbers and Rates of Initial-Positive Culture Test
Results for Common Organisms

No. (Rate per 10000

Patient Days)

I Hospital Hospital I
Organism Intervention Comparison
Coagulase-negative 471 (119.0) 536 (116.2)

Staphylococcus species

Enterococcus species 257 (64.9) 317 (68.7)
Yeast 245 (61.9) 594 (128.7)
Escherichia species 205 (51.8) 209 (45.3)
Klebsiella species 190 (48.0) 280 (60.7)
Staphylococcus aureus 190 (48.0) 126 (27.3)
Enterobacter species 176 (44.5) 175 (37.9)
Pseudomonas species 156 (39.4) 221 (47.9)
Haemophilus species 150 (37.9) 74 (16.0)
MRSA 141 (35.6) 62 (13.4)
Clostridium difficile 130 (32.9) 135 (29.3)
Streptococcus viridans 94 (23.8) 56 (12.1)
Corynebacterium species 87 (22.0) 106 (23.0)
Acinetobacter species 71 (17.9) 30 (6.5)
Stenotrophomonas maltophilia 61 (15.4) 78 (16.9)
Serratia species 48 (12.1) 75 (16.3)
Citrobacter species 43 (10.9) 53 (11.5)
Proteus mirabilis 33 (8.3) 73 (15.8)
Streptococcus pneumoniae 37 (9.3) 12 (2.6)
Morganella species 21 (5.3) 22 (4.8)
Group B Streptococcus species 21 (5.3) 14 (3.0)
Bacteroides species 17 (4.3) 30 (6.5)
Fungi 12 (3.0) 22 (4.8)
VRE 10 (2.5) 16 (3.5)
Lactobacillus species 12 (3.0) 18 (3.9)
Neisseria species 15 (3.8) 7(1.5)
Moraxella species 9(2.3) 22 (4.8)
Anaerobic cocci 8 (2.0 23 (5.0)

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus,
VRE, vancomycin-resistant Enterococcus species.

fitted a logistic regression model to estimate the postinterven-
tion change in the level of these rate ratios to evaluate the effect
of the intervention. The numbers of cases in the 2 hospitals com-
bined served as the binomial denominators and the numbers
of cases in the intervention hospital served as numerators, with

the ratios scaled by the numbers of patient days in the con-
trasted hospitals. Thus, the model posited 1 rate ratio prein-
tervention and a second rate ratio postintervention; the comple-
ment of the ratio of the 2 was taken as an estimate of the
percentage reduction in the rate in the intervention hospital
that was associated with the intervention. Robust confidence
intervals (CIs) were constructed using the sandwich estima-
tor.”2 We used the R (version 2.7.1) statistical software?® for
fitting the parameters of the model and for the data analysis.

We also evaluated the average number of days that a pa-
tient spent in the ICU during a hospitalization before and after
the intervention. We applied a similar (linear) regression ap-
proach to the logs of the 72 (intervention vs comparison) ra-
tios of the average LOS in the ICU during a hospitalization, com-
paring the ratios before and after the intervention.

The transfer to the new ICU was done overnight on March 2,
2002. The change to private rooms was hypothesized to have an
immediate and a constant effect on the infection rate. To ac-
count for the possibility that the new environment was cleaner
and that the cleaner environment had an effect that would fade
with time, an alternative model was tested. This second model
allowed the effect of the new environment to fade with time, with
the incidence rate falling postintervention, and then reach a new
plateau, lower than the original one. The first model assumed that
any observed reduction in the incidence rate is attributable to de-
creased person-to-person transmission and to use of private rooms
(facilitating better hand hygiene by hospital staff). The second
model assumed that some of any observed reduction in the in-
cidence rate is attributable to a temporary decreased environ-
ment to person transmission as the result of the move to a new
and presumably uncontaminated environment. We tested sev-
eral versions of the second model, representing several rates of
environment contamination, ranging from 2 weeks to 3 months.
The second model did not describe the data any better than the
simple one, and so its results are not presented here.

There were no other major events during the study period,
such as changes in antibiotic prescribing or infection control
policies. A C difficile epidemic that occurred from 2003 to 2004
led to some enhancement in infection control practices, but
changes were the same in both hospitals.

Models for endogenous organisms were analyzed as a nega-
tive comparison; no change in the rate of acquisition was ex-
pected as a result of the intervention. An analysis for MRSA,
C difficile, and VRE combined was performed in addition to a
separate analysis for each organism. These 3 organisms are a
focus of infection control efforts and are very likely acquired
from an exogenous source.

BN RESULTS

A total of 19343 admissions to both ICUs contributed
85 995 patient-days at risk. The patient population within
each ICU remained essentially constant before and after
the intervention (Table 1).

In the intervention hospital, 3084 incident-positive cul-
tures for different bacteria, yeast, and fungi were de-
tected in the ICU during the study period, and the cor-
responding number in the comparison hospital was 3513.
Table 2 presents the counts and rates of incident-
positive cultures for the most common organisms.

In a comparison with ICU data on patients’ infec-
tions, our method of defining a case was advantageous.
We captured 91% of MRSA cases noted in the ICU sys-
tem, 98% of C difficile cases, and 100% of VRE cases. Our
method captured additional cases that emerged from the
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Table 3. Number of Incident-Positive Culture Results and Rates for Selected Organisms by Year 2000-2005 and Average Length
of Patient Stay at the ICU During a Hospitalization
No. First Positives (Rate per 10 000 Patient Days)
Avg ICU I
Hospital, y LOS, d C difficile MRSA VRE Other Total
Int
2000 4.9 18 (33.6) 24 (44.9) 0 441 (824.3) 483 (902.8)
2001 4.7 18 (27.5) 35 (53.5) 0 513 (784.5) 566 (865.6)
2002 5.0 20 (29.0) 35 (50.8) 0 445 (645.4) 500 (725.2)
2003 4.7 23 (32.6) 21 (29.8) 2(2.8) 509 (722.1) 555 (787.3)
2004 4.6 29 (43.2) 14 (20.9) 3 (4.5) 430 (640.6) 476 (709.2)
2005 49 22 (32.3) 12 (17.6) 5 (7.3) 465 (682.8) 504 (740.1)
Total 4.8 130 (33.0) 141 (35.8) 10 (2.5) 2803 (712.2) 3084 (783.6)
Comp
2000 3.8 19 (25.3) 3(4.0) 0 527 (701.5) 549 (730.7)
2001 3.9 8 (11.0) 15 (20.7) 0 491 (677.7) 514 (709.5)
2002 4.1 12 (15.6) 14 (18.3) 4(5.2) 638 (831.9) 668 (871.0)
2003 4.2 39 (49.5) 12 (15.2) 5 (6.3) 577 (731.7) 633 (802.7)
2004 45 30 (39.7) 11 (14.6) 1(1.3) 527 (697.6) 569 (753.1)
2005 4.7 27 (30.8) 7(8.0) 6 (6.8) 540 (615.7) 580 (661.3)
Total 4.2 135 (28.9) 62 (13.3) 16 (3.4) 3300 (707.6) 3513 (753.2)

Abbreviations: Avg, average; Comp, comparison hospital; ICU, intensive care unit; Int, intervention hospital; LOS, length of stay; MRSA, methicillin-resistant

Staphylococcus aureus; VRE, vancomycin-resistant Enterococcus species.

ICU, for which the test results became available only once
patients were already discharged from the ICU. When
not accounting for the post-ICU captured cases (which
the ICU system did not capture), the specificity of our
method compared with the ICU system was 96% for
C difficile, 72% for MRSA, and 88% for VRE. Cases that
emerged 48 hours after ICU discharge were, however, con-
sidered as true positives and included in the analysis.

Table 3 shows additional details about the fre-
quency and rates of positive-culture results for selected
bacteria by year. In the interval between 2002 and 2004,
both hospitals experienced an epidemic of C difficile and
an increase in the number of MRSA and VRE cases. Fifty-
nine percent of MRSA cases were identified through di-
agnostic tests (58% in the intervention hospital and 61%
at the comparison hospital) and 41% were identified
through screening tests. Screening tests identified all but
1 of the VRE cases.

The average LOS in the ICU during a hospital stay in-
creased steadily during the study period for patients at
the comparison hospital (Table 3). At the intervention
hospital the average LOS at the ICU fluctuated, but did
not increase during the study period. The adjusted av-
erage LOS in the ICU fell by an estimated 10% (relative
ratio, 0.90; 95% CI, 0%-19%) after the intervention. The
decrease was borderline statistically significant.

The adjusted rate of acquisition of C difficile, VRE, and
MRSA combined decreased after the intervention by 54%
(rate ratio, 0.46;95% CI, 29%-70%) (Table 4). The num-
ber of VRE cases alone was too small to obtain precise
estimates, but the model for the combined data showed
an additional decrease above the decrease in MRSA (47%)
and C difficile (43%) when VRE was included. Of the other
likely exogenous organisms, Stenotrophomonas malto-
philia had a reduction that was not statistically signifi-
cant, and the rate of acquisition of Acinetobacter species
fell by 53%. The number of fungal infections was rela-
tively small, resulting in wide Cls.

Table 4. Change in Acquisition Rates of Organisms
After Privatization in the ICU

Rate Ratio

Organism (95% CI1)@

Likely exogenous

C difficile+MRSA+VRE 0.46 (0.30-0.71)
C difficile 0.57 (0.35-0.93)
MRSA 0.53 (0.29-0.99)
VRE NA

Acinetobacter species
Stenotrophomonas maltophilia

0.47 (0.24-0.92)
0.48 (0.21-1.07)

Fungi-molds 1.23 (0.75-2.03)
Exogenous/endogenous
Yeast 0.49 (0.36-0.66)
Enterococcus species 0.77 (0.56-1.06)
Enterobacter species 0.62 (0.42-0.93)
Escherichia species 0.89 (0.55-1.44)
Staphylococcus aureus 1.02 (0.67-1.54)
Pseudomonas species 1.00 (0.63-1.57)
Klebsiella species 0.62 (0.38-0.99)
Serratia species 0.77 (0.41-1.43)
Citrobacter species 1.36 (0.74-2.50)
Proteus mirabilis 0.69 (0.38-1.24)
Morganella species 0.57 (0.30-1.06)

Likely endogenous
Coagulase-negative Staphylococcus species
Haemophilus species
Streptococcus viridans

0.96 (0.76-1.20)
0.53 (0.30-0.95)
1.03 (0.56-1.90)

Abbreviations: Cl, confidence interval; ICU, intensive care unit;
MRSA, methicillin-resistant Staphylococcus aureus; NA, not available;
VRE, vancomycin-resistant Enterococcus species.

2Rate ratios are estimated through logistic regression based on the split of
monthly cases (see the “Data Analysis” subsection in the “Methods” section)
between the 2 hospitals, before and after the intervention. Confidence
intervals are based on robust standard error.

The acquisition of most of the organisms in the ex-
ogenous/endogenous group fell following the interven-
tion (Table 4). Three organisms had statistically signifi-
cant reductions in rates of acquisition: yeast, Enterobacter
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species, and Klebsiella species fell by 51%, 38%, and 38%,
respectively. Acquisition of Enterococcus species, Esch-
erichia species, and Serratia species fell by 23%, 11%, and
23%, respectively; these reductions were not statisti-
cally significant. The numbers of new acquisitions of Cit-
robacter species, Proteus mirabilis, and Morganella spe-
cies were relatively small, resulting in wide Cls.
Staphylococcus aureus and Pseudomonas species did not
show any significant change in the rate of incident
acquisitions.

The effect of the intervention on coagulase-negative
Staphylococcus species, the most common organism, was
not statistically significant, as expected (Table 4). Co-
agulase-negative Staphylococcus species was considered
a likely endogenous organism and was tested as a nega-
tive comparison. Streptococcus viridans, another likely en-
dogenous organism, also did not show a reduction in ac-
quisition rates with the ICU intervention, but Haemophilus
species did have a statistically significant reduction.

Our sensitivity analysis excluding MRSA cases that
were captured in the 48 hours following discharge from
the ICU revealed the importance of including those cases.
With these cases excluded, the estimated adjusted de-
crease in MRSA acquisition was 31% (compared with 43%
when the cases were included), and the reduction was
no longer statistically significant.

BN COMMENT Ry

Following the change of an ICU to all private rooms, the
rate of acquisition of bacteria and yeast decreased by more
than half. An ICU environment with private rooms may
facilitate better infection control practices, therefore re-
ducing the transmission of infectious organisms.

In our study, after adjustment for common outside tem-
poral factors, C difficile, MRSA, yeast, Acinetobacter spe-
cies, Klebsiella species, and Enterobacter species had sig-
nificant reductions in acquisition rates. Other likely
exogenous organisms, such as S maltophilia, Enterococ-
cus species, Escherichia species, and Serratia species, had
acquisition rate reductions that were not statistically sig-
nificant. Yeast is the only one of these organisms (apart
from MRSA, VRE, and C difficile) that other studies have
reported to have a reduction in acquisition rate follow-
ing a physical intervention.

Pseudomonas species and S aureus did not show any
reduction in acquisition rates following the interven-
tion, despite the fact that they are considered to be pos-
sibly exogenous. A study that used routine screening and
typing for these 2 organisms found that almost all Pseu-
domonas species and S aureus identified in surgical ICU
patients were of endogenous sources.** Pseudomonas ae-
ruginosa is commonly isolated from patients who have
been hospitalized longer than 1 week.”” Most ICU pa-
tients spend time in hospital wards before their ICU stay.
Cultures are not routinely performed in patients on ad-
mission to the ICU, which is a limitation of our data.
Therefore, a possible explanation for the lack of reduc-
tion in the acquisition rates of P aeruginosa and S aureus
is that many of the patients acquired those organisms be-
fore their ICU stay.

The rates of coagulase-negative Staphylococcus spe-
cies and S viridans were not affected by the interven-
tion, as expected. However, Haemophilus species, which
were also considered as likely endogenous organisms, de-
creased significantly. A possible explanation lies in the
rate of detection and the lack of screening for all organ-
isms, which is a limitation of the data. Haemophilus spe-
cies are identified in cultures of the respiratory system.
A decrease in testing because of fewer cases of sus-
pected infections will result in a decrease in the detec-
tion of endogenous Haemophilus species.

The observed decrease in LOS in the ICU is consis-
tent with knowledge that infections in ICU patients in-
crease the average ICU and hospital LOS.? Acquisition
of an organism is on the causal pathway to increased LOS,
but there are many other important factors affecting LOS.
Acquisition, as a more direct outcome than LOS, had a
stronger correlation with the intervention. In addition,
the results of the sensitivity analysis of exclusion of post-
ICU cases suggest that part of the benefit from reduced
acquisition will take effect after the ICU stay. On the other
hand, we do not have overwhelming evidence to sug-
gest that a significant decrease in LOS occurred as a re-
sult of the intervention. The data are “noisy” and could
also be consistent with a small temporal trend. A larger
study is needed to measure with adequate precision the
effect of such an intervention on LOS.

Many previous studies were based on ICU-identified
cases of acquisition alone. In our sensitivity analysis, ex-
cluding likely ICU-acquired MRSA cases that were de-
tected within 48 hours of ICU discharge resulted in a
change in the MRSA acquisition rate that was not sig-
nificant. This observation may explain why some previ-
ous studies that were focused on the rates of MRSA alone
failed to show any significant decrease of rates as a re-
sult of a physical intervention.

The use of acquisition rather than infection as an
outcome measure is a potential limitation of the study.
However, using acquisition is a sensitive method for
detecting transmission of bacteria to patients, and
reducing this transmission is the target of most physi-
cal interventions. Studies that rely on infection rates
also are limited by imprecision in the timing of the
outcome. The interval between the acquisition and
colonization of a patient by a specific pathogen and
the development of an infection depends on factors
independent of transmission.

In view of the epidemic that affected both hospitals
in the postintervention period, the unpredictable na-
ture of such events, and the difficulty in adequately re-
flecting the volatility in the statistical standard errors, a
much longer series would have been desirable. How-
ever, data before 2000 were not available. Recently, the
2 hospitals instituted even greater cooperation and joint
management by transferring patients to the other ICU
when one is full, thereby precluding any chance to ex-
tend the data series. Despite these real-world limita-
tions and despite the noise, the patterns in the Figure
are clear.

The transfer to the new ICU was done overnight, with
all the old equipment and beds moved to the new loca-
tion. We assume that this is the reason that the effect of
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Figure. Monthly contrasts of event rates and length of stay (LOS) in the intervention (Int) vs comparison (Ref) hospitals preintervention (Pre) and
postintervention (Post). Black circles represent ratios within each month; brighter (red) circles represent the fitted residuals. On the left is the axis of the ratios;
on the right, the magnitude of the change in the average (Ave) ratios pre-post intervention. A, Monthly ratios of acquisition rates of likely exogenous organisms.
B, Monthly ratios of acquisition rates of likely endogenous organisms. C, Monthly ratios of average LOS.

the new facility remained constant after the move, with-
out any additional effect of the newness of the facility that
would be expected to wane with time.

The older ICU had a small number of sinks, and they
were not easily accessible. The new ICU environment
might have resulted in improved infection control prac-
tices, as it is hypothesized that single rooms facilitate more
frequent hand washing by health care workers and are
easier to clean.”?® Single rooms also reduce the number
of patient transfers among rooms. Further research is
needed to determine the mechanisms through which the
transmission is reduced. Better knowledge on the routes
of transmission could assist in developing improved in-
fection control policies.

The drastic improvement in the physical facility of the
ICU from common rooms to private rooms yielded a dra-
matic reduction in the transmission of bacteria and yeast.
Our approach of looking at all potentially exogenous bac-
teria and our modeling approach that adjusted for back-
ground time trends and other factors allowed for a com-

prehensive demonstration of this improvement. The effect
of a physical intervention in other settings may vary de-
pending on many local characteristics. This study dem-
onstrates the potential benefit of single rooms in reduc-
ing the transmission of infections in ICU settings.

Accepted for Publication: June 6, 2010.
Correspondence: Dana Y. Teltsch, MSc, Department of
Epidemiology, Biostatistics, and Occupational Health,
McGill University, 1140 Pine Ave W, Montreal QC H3A
1A3, Canada (dana.teltsch@mail. mcgill.ca).

Author Contributions: Study concept and design: Teltsch,
Loo, and Buckeridge. Acquisition of data: Teltsch, Loo,
Goldberg, Gursahaney, and Buckeridge. Analysis and in-
terpretation of data: Teltsch, Hanley, Loo, Goldberg, Gur-
sahaney, and Buckeridge. Drafting of the manuscript:
Teltsch. Critical revision of the manuscript for important
intellectual content: Hanley, Loo, Goldberg, Gursa-
haney, and Buckeridge. Statistical analysis: Teltsch, Han-
ley, and Buckeridge. Obtained funding: Buckeridge. Ad-

(REPRINTED) ARCH INTERN MED/VOL 171 (NO. 1), JAN 10, 2011

WWW.ARCHINTERNMED.COM
37

©2011 American Medical Association. All rights reserved.

Downloaded From: http://ar chinte.jamanetwork.com/ by a McGill University LibrariesUser on 10/01/2014



ministrative, technical, and material support: Loo,
Gursahaney, and Goldberg. Study supervision: Hanley, Loo,
Goldberg, Gursahaney, and Buckeridge.

Financial Disclosure: None reported.
Funding/Support: This research was funded in part by
grants from the Canadian Institutes of Health Research
(CPG104313) and the Natural Sciences and Engineer-
ing Research Council (CHRP385877-2010). Dr Buck-
eridge is supported by a Canada Research Chair in Pub-
lic Health Informatics.

0 EEEEEETES

1. Vincent JL. Nosocomial infections in adult intensive-care units. Lancet. 2003;361
(9374):2068-2077.

2. Appelgren P, Hellstrom |, Weitzberg E, Séderlund V, Bindslev L, Ransjo U.
Risk factors for nosocomial intensive care infection: a long-term prospective
analysis. Acta Anaesthesiol Scand. 2001;45(6):710-719.

3. Correa L, Pittet D. Problems and solutions in hospital-acquired bacteraemia.
J Hosp Infect. 2000;46(2):89-95.

4. Garner JS; The Hospital Infection Control Practices Advisory Committee. Guide-
line for isolation precautions in hospitals. /nfect Control Hosp Epidemiol. 1996;
17(1):53-80.

5. The Facility Guidelines Institute, American Institute of Architects Academy of Ar-
chitecture for Health, US Department of Health and Human Services. Guidelines
for Design and Construction of Health Care Facilities. 2006 ed. Washington, DC:
American Institute of Architects; 2006.

6. Cepeda JA, Whitehouse T, Cooper B, et al. Isolation of patients in single rooms
or cohorts to reduce spread of MRSA in intensive-care units: prospective two-
centre study. Lancet. 2005;365(9456):295-304.

7. Bracco D, Dubois MJ, Bouali R, Eggimann P. Single rooms may help to prevent
nosocomial bloodstream infection and cross-transmission of methicillin-
resistant Staphylococcus aureus in intensive care units. Intensive Care Med. 2007;
33(5):836-840.

8. van de Glind |, de Roode S, Goossensen A. Do patients in hospitals benefit from
single rooms? a literature review. Health Policy. 2007;84(2-3):153-161.

9. Loveday HP, Pellowe CM, Jones SR, Pratt RJ. A systematic review of the evi-
dence for interventions for the prevention and control of methicillin-resistant
Staphylococcus aureus (1996-2004): report to the Joint MRSA Working Party
(Subgroup A). J Hosp Infect. 2006;63(suppl 1):S45-S70.

10. Dettenkofer M, Seegers S, Antes G, Motschall E, Schumacher M, Daschner FD.
Does the architecture of hospital facilities influence nosocomial infection rates?
a systematic review. Infect Control Hosp Epidemiol. 2004;25(1):21-25.

11. Yoonchang SW, Peck KR, Kim OS, et al. Efficacy of infection control strategies

20.

21.

22.

23.

24.

25.

26.

to reduce transmission of vancomycin-resistant enterococci in a tertiary care hos-
pital in Korea: a 4-year follow-up study. /nfect Control Hosp Epidemiol. 2007;
28(4):493-495.

. Berild D, Smaabrekke L, Halvorsen DS, Lelek M, Stahlsberg EM, Ringertz SH.

Clostridium difficile infections related to antibiotic use and infection control fa-
cilities in two university hospitals. J Hosp Infect. 2003;54(3):202-206.

. Detsky ME, Etchells E. Single-patient rooms for safe patient-centered hospitals.

JAMA. 2008;300(8):954-956.

. Boyce JM, Jackson MM, Pugliese G, et al; The AHA Technical Panel on Infec-

tions Within Hospitals. Methicillin-resistant Staphylococcus aureus (MRSA): a
briefing for acute care hospitals and nursing facilities. /Infect Control Hosp Epidemiol.
1994;15(2):105-115.

. Johanson WG Jr, Pierce AK, Sanford JP, Thomas GD. Nosocomial respiratory

infections with gram-negative bacilli: the significance of colonization of the res-
piratory tract. Ann Intern Med. 1972;77(5):701-706.

. Reddy P, Malczynski M, QObias A, et al. Screening for extended-spectrum (-

lactamase—producing enterobacteriaceae among high-risk patients and rates of
subsequent bacteremia [published online ahead of print August 20, 2007]. Clin
Infect Dis. 2007;45(7):846-852. doi:10.1086/521260.

. Ben-Ami R, Schwaber MJ, Navon-Venezia S, et al. Influx of extended-spectrum

B-lactamase-producing enterobacteriaceae into the hospital [published online
ahead of print February 27, 2006]. Clin Infect Dis. 2006;42(7):925-934. doi:10
.1086/500936.

. Bergmans Dennis CJJ, Bonten Marc JM. Nosocomial pneumonia. In: Glen May-

hall C, ed. Hospital Epidemiology and Infection Control. Philadelphia, PA: Lip-
pincott Williams & Wilkins; 2004:321.

. Burke John P. Nosocomial urinary tract infections. In: Glen Mayhall C, ed. Hos-

pital Epidemiology and Infection Control. Philadelphia, PA: Lippincott Williams
& Wilkins; 2004:273.

Glen Mayhall C. Hospital Epidemiology and Infection Control. Philadelphia, PA:
Lippincott Williams & Wilkins; 2004.

Wong Edward S. Surgical site infections. In: Glen Mayhall C, ed. Hospital Epi-
demiology and Infection Control. Philadelphia, PA: Lippincott Williams & Wilkins;
2004:288.

Freedman DA. The American statistician. Am Stat. 2006;60(4):299-302. doi:10
.1198/000313006X152207.

R Development Core Team. R: A Language and Environment for Statistical
Computing. Vienna, Austria: R Foundation for Statistical Computing; 2008.
Kropec A, Huebner J, Riffel M, et al. Exogenous or endogenous reservoirs of noso-
comial Pseudomonas aeruginosaand Staphylococcus aureus infections in a sur-
gical intensive care unit. Intensive Care Med. 1993;19(3):161-165.

Bonten MJ, Bergmans DC, Speijer H, Stobberingh EE. Characteristics of poly-
clonal endemicity of Pseudomonas aeruginosa colonization in intensive care units:
implications for infection control. Am J Respir Crit Care Med. 1999;160(4):
1212-1219.

Ulrich RS. Essay: evidence-based health-care architecture. Lancet. 2006;368(suppl):
$38-s39.

(REPRINTED) ARCH INTERN MED/VOL 171 (NO. 1), JAN 10, 2011
38

WWW.ARCHINTERNMED.COM

©2011 American Medical Association. All rights reserved.

Downloaded From: http://ar chinte.jamanetwork.com/ by a McGill University LibrariesUser on 10/01/2014



