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IMPORTANCE Antibiotic-resistant bacteria are associated with increased patient morbidity
and mortality. It is unknown whether wearing gloves and gowns for all patient contact in the
intensive care unit (ICU) decreases acquisition of antibiotic-resistant bacteria.

OBJECTIVE To assess whether wearing gloves and gowns for all patient contact in the ICU
decreases acquisition of methicillin-resistant Staphylococcus aureus (MRSA) or
vancomycin-resistant Enterococcus (VRE) compared with usual care.

DESIGN, SETTING, AND PARTICIPANTS Cluster-randomized trial in 20 medical and surgical ICUs
in 20 US hospitals from January 4, 2012, to October 4, 2012.

INTERVENTIONS In the intervention ICUs, all health care workers were required to wear
gloves and gowns for all patient contact and when entering any patient room.

MAIN OUTCOMES AND MEASURES The primary outcome was acquisition of MRSA or VRE based
on surveillance cultures collected on admission and discharge from the ICU. Secondary
outcomes included individual VRE acquisition, MRSA acquisition, frequency of health care
worker visits, hand hygiene compliance, health care–associated infections, and adverse events.

RESULTS From the 26 180 patients included, 92 241 swabs were collected for the primary out-
come. Intervention ICUs had a decrease in the primary outcome of MRSA or VRE from 21.35 ac-
quisitions per 1000 patient-days (95% CI, 17.57 to 25.94) in the baseline period to 16.91 acquisi-
tions per 1000 patient-days (95% CI, 14.09 to 20.28) in the study period, whereas control ICUs
had a decrease in MRSA or VRE from 19.02 acquisitions per 1000 patient-days (95% CI, 14.20 to
25.49) in the baseline period to 16.29 acquisitions per 1000 patient-days (95% CI, 13.48 to
19.68) in the study period, a difference in changes that was not statistically significant (differ-
ence, −1.71 acquisitions per 1000 person-days, 95% CI, −6.15 to 2.73; P = .57). For key secondary
outcomes, there was no difference in VRE acquisition with the intervention (difference, 0.89
acquisitions per 1000 person-days; 95% CI, −4.27 to 6.04, P = .70), whereas for MRSA, there
were fewer acquisitions with the intervention (difference, −2.98 acquisitions per 1000 person-
days; 95% CI, −5.58 to −0.38; P = .046). Universal glove and gown use also decreased health
care worker room entry (4.28 vs 5.24 entries per hour, difference, −0.96; 95% CI, −1.71 to −0.21,
P = .02), increased room-exit hand hygiene compliance (78.3% vs 62.9%, difference, 15.4%;
95% CI, 8.99% to 21.8%; P = .02) and had no statistically significant effect on rates of adverse
events (58.7 events per 1000 patient days vs 74.4 events per 1000 patient days; differ-
ence, −15.7; 95% CI, −40.7 to 9.2, P = .24).

CONCLUSIONS AND RELEVANCE The use of gloves and gowns for all patient contact compared
with usual care among patients in medical and surgical ICUs did not result in a difference in
the primary outcome of acquisition of MRSA or VRE. Although there was a lower risk of MRSA
acquisition alone and no difference in adverse events, these secondary outcomes require
replication before reaching definitive conclusions.
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A ntibiotic resistance is associated with considerable mor-
bidity, mortality, and costs.1,2 Methicillin-resistant
Staphylococcus aureus (MRSA) and vancomycin-

resistant Enterococcus (VRE) are primary causes of health care–
associated infections (HAIs) that are associated with worse out-
comes than those caused by antibiotic-susceptible S aureus and
Enterococcus.3,4 The estimated cost of antibiotic-resistance in
the United States is more than $4 billion per year.1 Health care–
associated infections are the most common complication of
hospital care, affecting an estimated 1 in every 20 inpatients.2

Numerous studies have shown that health care workers ac-
quire bacteria on their hands and clothing by touching
patients.5,6 Current interventions focus on hand hygiene; how-
ever, despite decades of efforts to improve hand hygiene com-
pliance, hand hygiene compliance rates remain low.7 The use
of gloves and gowns may reduce acquisition of antibiotic-
susceptible and antibiotic-resistant bacteria by health care
workers and decrease subsequent transmission to other pa-
tients.

The Centers for Disease Control and Prevention (CDC) rec-
ommend use of contact precautions (wearing gloves and
gowns) when caring for patients colonized or infected with
antibiotic-resistant bacteria.8 However, colonization with

MRSA, VRE, or other anti-
biotic-resistant bacteria
often is not detected, and
contac t prec autions,
therefore, are not ap-
plied. Small, nonrandom-
ized trials suggest that
wearing gloves and gowns
for all patient contact may
decrease acquisition of

antibiotic-resistant bacteria and HAIs.9-12 However, the use of
contact precautions has also been associated with fewer health
care worker-patient contacts and an increase in adverse
events.13-15

We conducted a cluster randomized trial to assess whether
wearing gloves and gowns for all patient contact in the inten-
sive care unit (ICU) compared with the use of contact precau-
tions only for patients with known antibiotic-resistant bacte-
ria reduces colonization acquisition rates of MRSA and VRE.
We hypothesized that the intervention would decrease MRSA
or VRE acquisition.

Methods
Study Design
The study was a matched pair cluster randomized trial with
the ICU as the level of randomization and inference. In the in-
tervention group, health care workers wore gloves and gowns
for all patient contact and when entering any patient room. In
the control group, health care workers wore gloves and gowns
according to CDC guidelines, ie, for patients with known an-
tibiotic-resistant bacteria. From September 2011 to December
2011, ICUs collected baseline data on the primary outcome of
MRSA or VRE acquisition. The ICUs were pair-matched based

on baseline MRSA or VRE acquisition rates as a composite out-
come. Within each pair, 1 ICU was randomized to the inter-
vention and the other to the control group by the statistician
(M.S.) using a computer-generated sequence.16 The study pe-
riod was January 4, 2012, to October 4, 2012. The trial was con-
ducted in accordance with CONSORT guidelines.17 A cluster
randomized trial was necessary to answer these questions be-
cause a behavioral infection control intervention could not be
studied using traditional patient-level randomization.18,19

Recruitment and Eligibility Criteria
We recruited medical, surgical, or combined medical-
surgical ICUs for adult patients from academic and commu-
nity hospitals in the United States through the Society for
Healthcare Epidemiology of America (SHEA) Research Net-
work (Figure).20 The only exclusion criterion was that ICUs
could not screen patients for MRSA or VRE (active surveil-
lance culturing). Patients were eligible for inclusion in the
analysis of the primary outcome if they had a negative admis-
sion culture for MRSA or VRE and a discharge culture col-
lected (as described below).

Ethical Considerations and Institutional Review Board
The University of Maryland School of Medicine served as the
central institutional review board (IRB). All participating ICUs
received approval from their local IRBs, and each determined
this to be a minimal-risk study and granted approval of the
study along with a waiver of consent and Health Insurance Por-
tability and Accountability Act (HIPAA) waiver.

Intervention and Control Groups
The intervention occurred at the cluster level of ICU. During
the study period, all health care workers (nurses, physicians,
respiratory therapists, etc) in the 10 ICUs assigned to the in-
tervention groups were required to wear gloves and gowns for
all patient contact and when entering any patient room.8,21 The
10 control ICUs followed their usual standard of care, which
consisted of health care workers’ following CDC contact pre-
cautions guidelines (gloves and gowns) for patients known to
have infection or colonization with antibiotic-resistant bacte-
ria such as VRE and MRSA.8

Ensuring Protocol Fidelity
Each site designated a study coordinator and physician cham-
pion to lead implementation. All sites were trained via webi-
nar on proper technique for collecting and shipping cultures,
and study coordinators from each site attended a study initia-
tion meeting, where they received in-person training on all data
collection requirements. Training for the Institute for Health-
care Improvement (IHI) Global Trigger Tool22 included comple-
tion of 5 standardized cases from IHI and another 5 standard-
ized cases from the coordinating center with feedback. To
ensure that infection control and prevention staff at each ICU
determined HAIs according to CDC definitions, staff were re-
quired to view standardized Microsoft Powerpoint presenta-
tions developed by the CDC on National Health Safety Net-
work definitions and complete a test on these definitions.23-26

Biweekly conference calls were held with site coordinators to

HAI health care–associated infection

ICU intensive care unit

IHI Institute for Healthcare
Improvement

MRSA methicillin-resistant
Staphylococcus aureus

VRE vancomycin-resistant
Enterococcus
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discuss questions, challenges, and solutions with meeting min-
utes and frequently asked questions with the answers distrib-
uted to sites. Additionally, all sites received at least 1 visit from
study investigators. To improve admission and discharge cul-
ture compliance, sites received weekly feedback of their com-
pliance rates compared with other sites.

Outcomes
All patients had ICU admission and ICU discharge surveil-
lance cultures for MRSA (nasal swab) and VRE (perianal swab).
The primary outcome was acquisition of either MRSA or VRE
as a composite. Key secondary outcomes were MRSA and VRE
acquisition as 2 separate outcomes. For each eligible patient,
acquisition was defined as having an initial ICU surveillance
culture that was negative for an antibiotic-resistant pathogen
with a subsequent discharge surveillance culture within the
same ICU admission that was positive for the same antibiotic-
resistant pathogen. The ICUs did not receive results of the sur-
veillance cultures. Specimens were shipped to and processed
at the University of Maryland using a method that did not affect
bacterial yield.27 The specimens were enriched in both En-
terococcosel broth and trypticase soy broth with 6.5% so-
dium chloride (Remel) broth and plated to bile esculin azide
agar with 6 μg/mL Vancomycin agar for VRE and Spectra MRSA
agar (Remel) for MRSA. Antibiotic resistance was confirmed
by the detection of the resistance genes, mecA for MRSA and
vanA or vanB for VRE by polymerase chain reaction (PCR), dur-

ing the study and baseline periods.28,29 However, due to a short
amount of time between the baseline period and the random-
ization and notification of sites to the intervention or control
group, confirmation of MRSA by PCR was not performed for
the baseline period prior to site randomization assignment.
Baseline MRSA rate by culture method was equal in both
groups, although PCR identified more false-positive MRSA tests
in the control group leading to the intervention group having
a higher baseline MRSA acquisition rate.

In addition to MRSA or VRE acquisition, secondary out-
comes included the following:

1. Health care–associated infections: These were re-
corded at the cluster level. Central line–associated blood-
stream infection, catheter–associated urinary tract infection,
and ventilator–associated pneumonia rates were measured in
a standardized fashion at the ICU level using CDC National
Healthcare Safety Network definitions.30

2. Adverse events: A random selection of charts was re-
viewed, and ICU adverse events were recorded to calculate ICU
adverse event rates using the IHI Global trigger tool.22 The trig-
ger tool defines adverse events as “unintended physical in-
jury resulting from or contributed to by medical care that re-
quires additional monitoring, treatment, or hospitalization or
that results in death.” Ninety charts per ICU in both interven-
tion and control groups were reviewed using a standardized
data extraction sheet. We selected patients who had been in
the study ICU for at least 24 hours and had been discharged

Figure. Study Flow Diagram

22 Intensive care units approved
for participation 

20 Completed 3-month baseline data
collection period (6324 admissions
yielded 20 646 swabs)

20 Enrolled in study 

2 Withdrew because of management
and administration changes 

20 Intensive care
units randomized

10 Intensive care units included in the
primary analysis (9936 admissions;
36 007 swabs)

10 Intensive care units included in the
primary analysis (9920 admissions;
35 588 swabs) 

0 Lost to follow-up 0 Lost to follow-up

10 Randomized to intervention of wearing
gloves and gowns for all patient
contact and when entering any
patient room (mean, 19.0 beds per
unit; mean [SD] length of stay 4.52
[0.71] days)
6 MICU
1 SICU
3 MICU/SICU

10 Randomized to usual care (mean,
18.3 beds per unit; mean [SD]
length of stay 4.39 [0.98] days)
5 MICU
4 SICU
1 MICU/SICU

MICU indicates medical intensive care
unit; SICU, surgical intensive care
unit. Usual care involved following
the Centers for Disease Control and
Prevention recommendations of
wearing gloves and gowns when
working with patients with a known
infection or colonization.
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for 30 days. Nurse, physician, and coordinator primary clini-
cal reviewers at each site completed chart review worksheets
and patient summaries. Reviewers sent chart reviews to the
coordinating center as PDFs. Two physicians (A.D.H. and
D.J.M.) independently reviewed all summaries and adverse
events in a blinded fashion for adequate evidence of adverse
event independently and then met together for concurrence,
as done previously.31

3. Frequency of health care worker room entry and hand
hygiene compliance: Compliance with hand hygiene, glove and
gown compliance, and the frequency of health care worker vis-
its were measured by 30-minute direct observation periods on
a random sample of rooms. Site study staff covertly observed
health care workers. Two hours per week of observations oc-
curred at varied times of day over the entire study period. Hand
hygiene was monitored on room entry and room exit. The re-
cording form used was based on one from the IHI.32

Sample Size
Initial power calculations determined that 18 ICUs were nec-
essary to detect a 25% relative reduction in acquisition of MRSA
or VRE in the intervention group vs no reduction in the con-
trol group (or relative rate ratio of 0.75) based on a presumed
rate of 50 acquisitions per 1000 patient days. We calculated this
rate using preliminary data from ICUs at the University of Mary-
land Medical Center. We enrolled 20 ICUs to account for ex-
pected attrition of 10%. These power calculations were then
revised based on actual baseline-period data from this study
as follows: The observed mean rate of MRSA or VRE acquisi-
tion during the baseline period was 30 new acquisitions per
1000 person-days. The monthly standard deviation in the base-
line period was 15 new acquisitions per 1000 person-days and
the longitudinal intraclass correlation coefficient (correlation
between adjacent monthly acquisitions rates in the same ICU)
was 0.38. We assumed no decrease in acquisition in ICUs as-
signed to standard control and a 25% relative rate reduction
(which corresponds with an absolute reduction of
30 × 0.25 = 7.5 new acquisitions per 1000 person-days) in ICUs
assigned to the intervention. We also assumed an autoregres-
sive correlation, 9 months of follow-up during the study pe-
riod, and a 25% gain in efficiency due to matching. The 20 ICUs
(10 per group) were sufficient to reach 80% power to reject the
null hypothesis of no difference in changes in MRSA or VRE
acquisition rates between ICUs assigned to the standard con-
trol group and ICUs assigned to the intervention group using
a 2-sided t test with 5% type I error.

Statistical Analysis
Analyses of all outcomes were conducted at the ICU level, fol-
lowed the intention-to-treat approach, and accounted for the
matched-pair design. All tests were 2-sided with 5% type I er-
ror. For acquisition of either MRSA or VRE and other out-
comes with baseline period data, weighted paired t tests com-
pared changes in rates from baseline (prerandomization) to the
end of the study between the intervention and control ICUs.16

For outcomes without baseline period data, weighted paired
t tests compared study period rates or means between inter-
vention and control ICUs.16 Weighting accounted for differ-

ences in cluster sizes (eg, patient-time at risk) between ICUs
with each pair weighted according to the inverse variance of
the estimated effect size.33 Testing and estimation were per-
formed on the log scale to account for different ICU sizes34; es-
timated rates and 95% confidence intervals were obtained by
exponentiating. A prespecified secondary analysis of the pri-
mary outcome and key secondary outcomes was performed,
adjusting for ICU admission prevalence of MRSA or VRE. For
each pair, the weight was the inverse variance of the esti-
mated effect after adjusting for admission prevalence of MRSA
or VRE. All weighted paired t tests had 9 degrees of
freedom.16,33,34 The statistical plan is in the Supplement.

Results
Twenty ICUs participated in the study and none withdrew.
There were 26 180 patient admissions including 6324 pa-
tients during the baseline period and 19 856 patients during
the study period. A total of 92 241 swabs were collected for de-
tection of MRSA and VRE, including 20 646 swabs during the
baseline period and 71 595 swabs during the study period.
Table 1 shows the characteristics of the ICUs and proportion
of patients colonized at admission. During the study period,
compliance with obtaining nasal cultures at admission was
95.73%; perianal cultures, 94.92%. Compliance with obtain-
ing nasal cultures at discharge was 84.44%; perianal cul-
tures, 85.07%. Overall, during the study period 1700 of 9920
admissions were ineligible for analysis in the control ICUs, and
1540 of 9936 admissions were ineligible for analysis in the in-
tervention ICUs because admission or discharge cultures were
not obtained. The difference in proportions of admissions that
were ineligible due to missing cultures, comparing interven-
tion with control ICUs, was not statistically significant (P = .18).
Compliance with wearing gloves in the intervention ICUs was
86.18% (2787 of 3234) and compliance with gowns was 85.14%
(2750 of 3230). In the control group, 10.52% of patients were
on contact precautions. In the control ICUs, for patients on con-
tact precautions, compliance with wearing gloves was 84.11%
(556 of 661) and compliance with gowns was 81.21% (536 of
660).

The effects of the intervention on the primary outcome and
the key secondary outcomes are shown in Table 2. Interven-
tion ICUs had a decrease in the primary outcome of MRSA or
VRE from 21.35 acquisitions per 1000 patient-days (95% CI, 17.57
to 25.94) in the baseline period to 16.91 acquisitions per 1000
patient-days (95% CI, 14.09 to 20.28) in the study period,
whereas control ICUs had a decrease in MRSA or VRE from 19.02
acquisitions per 1000 patient-days (95% CI, 14.20 to 25.49) in
the baseline period to 16.29 acquisitions per 1000 patient-
days (95% CI, 13.48 to 19.68) in the study period, a difference
in changes that was not statistically significant (differ-
ence, −1.71 acquisitions per 1000 person-days; 95% CI, −6.15
to 2.73; P = .57). Regarding the key secondary outcome of VRE,
intervention ICUs had a decrease from 15.18 acquisitions per
1000 patient-days (95% CI, 10.50 to 21.95) in the baseline pe-
riod to 13.59 acquisitions per 1000 patient-days (95% CI, 10.26
to 17.99) in the study period, whereas control ICUs had a de-
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crease in VRE from 14.37 acquisitions per 1000 patient-days
(95% CI, 10.31 to 20.02) in the baseline period to 11.88 acqui-
sitions per 1000 patient-days (95% CI, 8.65 to 16.33) in the study
period, a difference in changes that was not statistically sig-
nificant (difference, 0.89 VRE acquisitions per 1000 person-
days; 95% CI, −4.27 to 6.04, P = .70). For the other key second-
ary outcome of MRSA, intervention ICUs had a decrease from
10.03 acquisitions per 1000 patient-days (95% CI, 8.05 to 12.50)
in the baseline period to 6.00 acquisitions per 1000 patient-
days (95% CI, 4.63 to 7.78) in the study period, whereas con-
trol ICUs had a decrease in MRSA from 6.98 acquisitions per
1000 patient-days (95% CI, 4.50 to 10.83) in the baseline pe-

riod to 5.94 acquisitions per 1000 patient-days (95% CI, 4.59
to 7.67) in the study period, a statistically significant differ-
ence in rates of change (difference, −2.98 MRSA acquisitions
per 1000 person-days; 95% CI, −5.58 to −0.38; P = .046). This
was a 40.2% relative reduction in MRSA acquisition com-
pared with a 15.0% reduction in control ICUs. The results did
not qualitatively differ after adjusting for admission preva-
lence of MRSA or VRE. After adjustment, results were still not
statistically significant for acquisition of MRSA or VRE (P = .60)
and VRE (P = .57), and the decrease in MRSA acquisition re-
mained significantly larger in the intervention group than in
the control group (P = .007).

Table 1. Description of Intensive Care Units During Study Period (January 4, 2012-October 4, 2012)

Pair No.
No. of
Beds ICU Type

Mean Daily
Admissions

Mean ICU
Length of

Stay, d
Mean Patient

Age, y
Female

Patients, %

% (No. of Positive/Total Swabs)
With Colonization at Admission

(Colonization Pressure)b

MRSA VRE VRE or MRSA
Intervention ICUs

1 20 MICU 3.27 5.86 59.8 51.5 14.4
(124/860)

24.4
(209/856)

32.9
(283/861)

2 24a MICU 2.75 5.33 56.4 46.5 10.5
(75/717)

24.8
(175/706)

31.8
(228/717)

3 10 MICU 1.91 4.68 65.8 47.0 16.3
(94/578)

18.1
(104/576)

29.7
(172/579)

4 20 MICU 3.68 4.70 58.2 69.5 13.5
(165/1226)

15.0
(178/1191)

24.8
(306/1232)

5 18 MICU 3.67 3.79 55.3 38.2 7.96
(95/1193)

10.3
(123/1190)

16.2
(193/1194)

6 22 SICU 4.41 4.13 58.9 44.2 5.81
(73/1257)

5.10
(64/1255)

10.3
(130/1264)

7 22 MICU/SICU 3.78 4.66 64.2 49.0 10.9
(104/955)

8.88
(84/946)

17.4
(167/958)

8 24 MICU/SICU 5.73 3.48 58.7 43.6 4.84
(72/1487)

9.52
(140/1471)

13.4
(199/1488)

9 10 MICU 2.04 3.98 57.2 47.2 12.1
(67/552)

25.5
(141/552)

33.3
(184/553)

10 20 MICU/SICU 3.04 4.57 61.3 39.0 9.21
(62/673)

7.61
(50/657)

15.5
(104/673)

Mean (SD) 19.0 (5.1) 3.43 (1.12) 4.52 (0.71) 59.6 (3.32) 47.6 (8.74) 10.5
(3.68)

14.9
(7.79)

22.5
(8.92)

Control ICUs

1 24 MICU 2.50 5.28 55.3 38.9 12.1
(111/914)

10.7
(97/911)

21.2
(194/915)

2 15 MICU/SICU 3.98 4.68 62.2 51.6 6.54
(64/979)

4.47
(43/962)

10.1
(99/983)

3 9 MICU 1.89 4.16 59.8 46.4 11.9
(61/514)

10.2
(52/512)

19.1
(98/514)

4 20 MICU 3.91 3.78 58.7 51.1 11.5
(132/1145)

17.2
(196/1137)

25.3
(290/1146)

5 20 MICU 3.09 5.06 63.9 45.9 9.95
(84/844)

24.0
(202/841)

30.4
(257/845)

6 19 SICU 2.67 6.42 58.6 41.5 7.53
(55/730)

14.9
(108/727)

19.7
(144/732)

7 10 MICU 2.08 3.21 63.7 53.0 6.04
(34/563)

5.04
(28/556)

9.93
(56/564)

8 36 SICU 8.73 3.42 62.2 43.0 4.98
(113/2267)

4.49
(101/2251)

8.94
(203/2270)

9 20 SICU 3.35 3.93 48.9 31.6 3.02
(29/959)

3.05
(29/950)

5.72
(55/961)

10 10 SICU 2.27 3.92 45.4 29.5 4.20
(23/536)

3.55
(19/535)

6.53
(35/536)

Mean (SD) 18.3 (8.1) 3.45 (1.99) 4.39 (0.98) 57.9 (6.28) 43.3 (8.09) 7.79
(3.36)

9.75
(7.05)

8.57
(15.7)

Abbreviations: ICU, intensive care unit; MICU, medical intensive care unit; SICU,
surgical intenstive care unit.

a ICU increased from 16 to 24 beds after 3 months of the intervention.
b Calculated as positive admission swabs/total admission swabs.
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Health care worker behaviors were affected by the inter-
vention (Table 3). The mean number of health care worker
visits per hour in the in the intervention group was 4.28
(95% CI, 3.95 to 4.64) vs 5.24 (95% CI, 4.46 to 6.16) in the
control group, for a mean difference of −0.96 visits per hour
(95% CI, −1.71 to −0.21; P = .02). Hand-hygiene compliance
upon room entry did not significantly differ between the
intervention and control groups (56.1% in the intervention
group vs 50.2% in the control group; difference, 5.91%; 95%
CI, −6.91% to 18.7%, P = .42), but compliance upon exit was
15.4% higher in the intervention group (78.3% vs 62.9%;
95% CI, 8.99% to 21.8%, P = .02).

Changes in central line–associated urinary tract infection,
catheter–associated urinary tract infection, and ventilator-
associated pneumonia rates did not differ significantly

between the 2 groups (all P > .10), and ICU mortality did not
significantly differ between the groups (P = .81; Table 4). The
ICU adverse events were lower in the intervention group, but
this was not significant (58.7 events per 1000 patient days vs
74.4 events per 1000 patient days; difference, −15.7; 95% CI,
−40.7 to 9.2; P = .24). Preventable, nonpreventable, severe,
and not severe ICU adverse events were all nonsignificantly
lower in the intervention group than in the control group (all
P >.20; Table 4).

Discussion
Our results show that health care workers wearing gloves and
gowns for all ICU patient contact did not reduce the compos-

Table 3. Average Hand-Hygiene Compliance and Health Care Worker Visits per Hour

Intensive Care Units

Mean Difference
(95% CI), %c

P
Valued

Intervention Control
No. of
Events

No. of
Observationsa Mean (95% CI), %b

No. of
Events

No. of
Observationsa Mean (95% CI), %b

Hand-hygiene
compliance, %

Room entry 1563 2828 56.1 (47.2 to 66.7) 1644 3231 50.2 (41.4 to 60.9) 5.91 (−6.91 to 18.7) .42

Room exit 2027 2649 78.3 (72.1 to 85.0) 2080 3266 62.9 (54.4 to 72.8) 15.4 (8.99 to 21.8) .02

Health care–worker
visits 3213 756.5 4.28 (3.95 to 4.64) 3775 716.5 5.24 (4.46 to 6.16)e −0.96 (−1.71 to −0.21) .02

a Observed entries and observed exits for hand-hygiene compliance, number of
hours of observation for health care worker visits.

b Percent for hand-hygiene compliance, per hour of observation for health care
worker visits.

c Absolute difference (intervention intensive care units [ICUs] −control ICUs).

d From weighted paired t test on the log scale with 9 degrees of freedom.
e In control ICUs, those patients on contact precautions had 4.78 mean visits

per hour from health care workers.

Table 2. Rates at Risk of Acquisition of Antibiotic-Resistant Bacteria per 1000 Patient-Days

Intensive Care Units

Difference (95% CI)b
P

Valuec

Intervention Control
No. of

Acquisitions
Patient-Days

at Risk Mean Rate (95% CI)a
No. of

Acquisitions
Patient-Days

at Risk Mean Rate (95% CI)a

Drug-Resistant Bacteria

VRE or MRSA

Study period 577 32 693.0 16.91 (14.09 to 20.28) 517 31 765.0 16.29 (13.48 to 19.68)

Baseline 178 8684.0 21.35 (17.57 to 25.94) 176 9804.5 19.02 (14.20 to 25.49)

Changed −4.47 (−9.34 to 0.45) −2.74 (−6.98 to 1.51) −1.71 (−6.15 to 2.73) .57

VRE

Study period 411 27 765.5 13.59 (10.26 to 17.99) 337 28 340.5 11.88 (8.65 to 16.33)

Baseline 108 7691.5 15.18 (10.50 to 21.95) 122 8818.0 14.37 (10.31 to 20.02)

Changed −1.60 (−7.18 to 3.98) −2.48 (−5.53 to 0.56) 0.89 (−4.27 to 6.04) .70

MRSA

Study period 199 30 454.5 6.00 (4.63 to 7.78) 191 30 024.0 5.94 (4.59 to 7.67)

Baseline 77 7841.0 10.03 (8.05 to 12.50) 59 9182.0 6.98 (4.50 to 10.83)

Changed −4.03 (−6.50 to −1.56) −1.04 (−3.37 to 1.28) −2.98 (−5.58 to −0.38) .046

Abbreviations: MRSA, methicillin-resistant Staphylococcus aureus; VRE, vancomycin-resistant Enterococcus.
a Per 1000 patient-days at risk.
b Absolute difference in absolute changes (study period −baseline)intervention ICUs −(study period −baseline)control ICUs.

c From weighted paired t test on the log scale with 9 degrees of freedom.
d Absolute change, study period −baseline.
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ite primary outcome of VRE or MRSA acquisition. Regarding
key secondary outcomes, the intervention did not reduce VRE
acquisition, but it did reduce MRSA acquisition. Better hand
hygiene compliance on room exit occurred in the interven-
tion ICUs. The intervention led to fewer health care worker–
patient visits and did not increase the frequency of adverse
events.

To the best of our knowledge, this study is the first clus-
ter randomized trial to assess the potential benefit of univer-
sal glove and gown use. Other smaller studies suggest that this
intervention may have benefits. A quasiexperimental study
conducted in response to an Acinetobacter baumannii out-
break found that universal glove and gown use in a medical
ICU was associated with a decrease in MRSA and VRE
acquisition.9 In a single-center trial of 70 pediatric patients,
fewer infections occurred when health care workers were ran-
domized to use gloves and gowns on individual patients.10

The decrease in our key secondary outcomes of MRSA ac-
quisition rates but not in VRE acquisition rates was surprising
and should be considered hypothesis generating given the
negative primary outcome. Interventions may have differing
effects on specific antibiotic-resistant bacteria. For example,
chlorhexidine bathing was shown to decrease VRE acquisi-
tion but not MRSA acquisition.19 Also, different bacteria have

shown differential methods of transmission.35,36 The lack of
effect on VRE may represent the effect of antibiotic selective
pressure on the intestinal microbiome and the potential un-
derdetection of VRE on admission surveillance culture.35 In
other words, patients thought to acquire VRE may have had
low, undetectable levels at admission that increased to the level
of detection with antibiotic use before discharge. The effect
of universal glove and gown use on other pathogens such as
carbapenem-resistant Enterobacteriaceae is not known. One
plausible explanation for the observed reduction in MRSA is
that intervention ICUs had a greater decrease in MRSA owing
to regression to the mean. However, intervention ICUs also had
higher admission prevalence of MRSA (colonization pres-
sure), a known risk factor for MRSA transmission in ICUs, sug-
gesting that the higher acquisition rates may not be aberrant
but rather accurately reflect endemic rates in those ICUs. Com-
paring changes in rates and secondarily adjusting for admis-
sion prevalence helped to partially overcome this baseline im-
balance. Nevertheless, replication is warranted.

Twenty to fifty percent of patients hospitalized in ICUs who
are colonized with antibiotic-resistant bacteria develop infec-
tion with the same organism.36,37 We previously demon-
strated that 19% of patients who carried MRSA when admit-
ted subsequently developed CDC-defined infection with MRSA

Table 4. Rates per 1000 Patient-Days at Risk of Hospital-Acquired Infections, Mortality, and Adverse Events

Intensive Care Units

Difference (95% CI)c
P

Valued

Intervention Control
No. of

Acquisitions
Patient-Days

at Riska
Mean Rate
(95% CI)b

No. of
Acquisitions

Patient-Days
at Riska Mean Rate (95% CI)b

Hospital−Acquired Infections

CLABSI

Study period 39 26 347 1.20 (0.46 to 1.93) 37 22 039 1.46 (0.94 to 1.98)

Baseline 16 9423 1.22 (0.51 to 1.93) 15 7358 1.16 (0.18 to 2.14)

Changee −0.02 (−0.76 to 0.71) 0.30 (−0.85 to 1.46) −0.32 (−1.61 to 0.96) .63

VAP

Study period 34 19 216 1.00 (0.24 to 1.75) 55 19 960 1.36 (0.44 to 2.28)

Baseline 14 7047 0.74 (0.27 to 2.03) 20 6470 0.84 (0.23 to 3.10)

Changee 0.26 (−0.58 to 1.10) 0.51 (−0.44 to 1.46) −0.25 (−1.44 to 0.93) .68

CAUTI

Study period 97 28 641 2.59 (1.33 to 3.86) 155 32 181 4.03 (2.99 to 5.07)

Baseline 34 9096 1.88 (0.36 to 3.42) 38 10 674 2.36 (0.99 to 3.73)

Changee 0.71 (−0.38 to 1.80) 1.67 (0.57 to 2.76) −0.96 (−2.13 to 0.22) .14

Adverse events

All 266 4585 58.7 (45.8 to 75.2) 369 4846 74.4 (57.9 to 95.6) −15.7 (−40.7 to 9.2) .24

Preventable 134 4585 29.0 (20.0 to 42.1) 156 4846 30.4 (21.7 to 42.7) −1.4 (−19.4 to 16.6) .88

Nonpreventable 132 4585 33.0 (24.3 to 45.0) 213 4846 43.3 (31.0 to 60.4) −10.3 (−27.3 to 6.8) .40

Severe 163 4585 36.5 (25.2 to 52.8) 245 4846 48.1 (35.7 to 64.6) −11.6 (−32.4 to 9.2) .31

Not severe 103 4585 23.6 (15.7 to 35.5) 124 4846 25.0 (18.9 to 33.2) −1.4 (−13.1 to 10.3) .82

ICU mortality 881 41 190 21.2 (16.4 to 27.5) 811 40 532 19.9 (13.7 to 28.8) 1.3 (−9.3 to 12.0) .81

Abbreviations: CAUTI, catheter-associated urinary tract infection; CLABSI,
central line–associated bloodstream infection; ICU, intensive care unit; VAP,
ventilator-associated pneumonia.
a ICU patient days for adverse events, and mortality; central line days for

CLABSI; ventilator days for VAP; catheter days for CAUTI.
b Per 1000 patient-days at risk.

c For hospital-acquired infections: absolute difference in absolute changes
(study period −baseline)intervention ICUs −(study period −baseline)control ICUs; for
adverse events and mortality: absolute difference (intervention ICUs
−Intervention ICUs).

d From paired t test with 9 degrees of freedom.
e Absolute change, study period −baseline.

Universal Glove and Gown Use and MRSA or VRE Original Investigation Research

jama.com JAMA October 16, 2013 Volume 310, Number 15 1577

Downloaded From: http://jama.jamanetwork.com/ by a Pontificia Universidad Católica de Chile User  on 10/22/2013



on the same admission.37 In the current study, we did not find
an effect on overall HAI rates, but the study was not powered
for this rare outcome.

We found that the use of gloves and gowns led to fewer
health care worker visits and greater hand hygiene on exit. This
was found both in the intervention group and in those pa-
tients on contact precautions in the control group. We did not
find a corresponding difference in adverse events between con-
trol and intervention patients. In fact, we observed fewer ad-
verse events in the intervention group, although this was not
statistically significant. Our findings are consistent with re-
ports that contact precautions are associated with less health
care worker–patient contact and better hand hygiene.13 How-
ever, the finding of no difference in adverse events contrasts
with at least 1 retrospective study reporting more falls, pres-
sure ulcers, and electrolyte disturbances in patients on con-
tact precautions.15 Our results suggest that the changes in
health care worker behavior may not increase adverse events
when contact precautions or universal glove and gown use are
implemented.

It is important to place our study in context with other simi-
lar intervention studies aiming to decrease transmission of
MRSA and VRE. Climo et al19 showed that chlorhexidine bath-
ing decreased VRE acquisition in ICU patients. Huang et al38

found that universal chlorhexidine bathing and intranasal mu-
pirocin reduced MRSA clinical cultures in ICU patients. How-
ever, the use of chlorhexidine or mupirocin may increase bac-
terial resistance and thus could have long-term adverse
effects.39,40 Many experts advocate active surveillance and
some states have mandated active MRSA surveillance but the
efficacy of this practice has not been established.18,36 Univer-
sal glove and gown use will not increase antimicrobial resis-
tance and could eliminate costs of active surveillance,
chlorhexidine, and mupirocin.

This study had several limitations. First, we were
unable to blind ICUs to intervention status. Although

adverse events were coded in a blinded fashion, other out-
comes could have been influenced by a lack of blinding.
Second, the mechanism of the intervention’s effect is not
completely clear. Universal glove and gown use increased
hand hygiene on room exit and decreased health care
worker–patient visits. Fewer visits with better hand hygiene
may explain some of the effect on MRSA acquisition. Third,
we did not have adequate power to detect relatively large
differences in adverse events as measured by the IHI trigger
tool. However, we observed fewer adverse events in the
intervention group.

Our study also had many strengths. The cluster random-
ized design provides stronger evidence than most studies cur-
rently used to support infection control interventions, and the
primary outcome measurement of MRSA or VRE acquisition
was more objective than clinical culture positivity as used in
other studies.41 In addition, all ICUs enrolled completed the
study, which is rare in a study of this size, and compliance with
the intervention was high, which demonstrates the feasibil-
ity of implementing and sustaining the intervention. More-
over, our results represent a broad set of hospitals because the
study was conducted in medical, surgical, and medical-
surgical ICUs varying in size from 9 to 36 beds and located
across the United States in rural, urban, academic, and non-
academic settings.

Conclusion
The use of gloves and gowns for all patient contact compared
with usual care among patients in medical and surgical ICUs
did not result in a difference in the primary outcome of acqui-
sition of MRSA or VRE. Although there was a lower risk of MRSA
acquisition alone and no difference in adverse events, these
secondary outcomes require replication before reaching de-
finitive conclusions.
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