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Objective: To determine whether patients bathed daily
with chlorhexidine gluconate (CHG) have a lower inci-
dence of primary bloodstream infections (BSIs) com-
pared with patients bathed with soap and water.

Methods: The study design was a 52-week, 2-arm, cross-
over (ie, concurrent control group) clinical trial with in-
tention-to-treat analysis. The study setting was the 22-
bed medical intensive care unit (MICU), which comprises
2 geographically separate, similar 11-bed units, of the John
H. Stroger Jr (Cook County) Hospital, a 464-bed public
teaching hospital in Chicago, Illinois. The study popu-
lation comprised 836 MICU patients. During the first of
2 study periods (28 weeks), 1 hospital unit was ran-
domly selected to serve as the intervention unit in which
patients were bathed daily with 2% CHG-impregnated
washcloths (Sage 2% CHG cloths; Sage Products Inc, Cary,
Illinois); patients in the concurrent control unit were
bathed daily with soap and water. After a 2-week wash-
out period at the end of the first period, cleansing meth-
ods were crossed over for 24 more weeks. Main out-

come measures included incidences of primary BSIs and
clinical (culture-negative) sepsis (primary outcomes) and
incidences of other infections (secondary outcomes).

Results: Patients in the CHG intervention arm were sig-
nificantly less likely to acquire a primary BSI (4.1 vs 10.4
infections per 1000 patient days; incidence difference, 6.3
[95% confidence interval, 1.2-11.0). The incidences of
other infections, including clinical sepsis, were similar
between the units. Protection against primary BSI by CHG
cleansing was apparent after 5 or more days in the MICU.

Conclusions: Daily cleansing of MICU patients with
CHG-impregnated cloths is a simple, effective strategy
to decrease the rate of primary BSIs.

Trial Registration: clinicaltrials.gov Identifier:
NCT00130221
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E ACH YEAR, AN ESTIMATED

80 000 patients in US inten-
sive care units (ICUs) in-
cur catheter-associated
bloodstream infections

(BSIs). Because of the impact on patient
outcomes and since many of these infec-
tions are preventable, reduction in BSI risk
is the focus of several recent or ongoing
patient safety initiatives.1-5

Most catheter-associated BSIs result
from contamination of the catheter by
bacteria residing on patients’ skin at the
time of device insertion, later from mi-
croorganisms migrating from the skin to
catheter tip,6 or after catheter hub con-
tamination, often also by patients’ own
skin flora. The risk of BSI is reduced by
antiseptic skin preparation immediately
before catheter insertion and by keeping
microbial density at the insertion site
low while the catheter is in place.6,7

Chlorhexidine gluconate (CHG), which
has broad antimicrobial activity, pro-

longed residual effect, and superiority
over iodophor skin preparations, is the
recommended agent for disinfecting skin
before catheter insertion.7-10

Because catheter-associated BSI is usu-
ally caused by patients’ resident skin flora,
decolonization of a larger area of skin has
biological plausibility for reducing catheter-
associated infection rates. In a previous
study with historical controls,11 we found
that compared with soap and water bath-
ing, daily bathing with CHG reduced mi-
crobial density on patients’ skin, inci-
dence of vancomycin-resistant enterococcal
colonization, and BSI rates.1,12 In the pres-
ent study, we report a new clinical trial
using concurrent controls and a crossover
design to test whether CHG cleansing
would decrease the incidence of primary
BSIs compared with soap and water baths.

See also page 2066
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METHODS

DESIGN OVERVIEW

This was a prospective, 2-arm, crossover (ie, concurrent con-
trol group) clinical trial of daily bathing with no-rinse, 2% CHG-
impregnated washcloths (Sage 2% chlorhexidine gluconate
cloths; Sage Products Inc, Cary, Illinois) vs soap and water bath-
ing. The main study outcomes were primary BSI and clinical
(culture-negative) sepsis13; the secondary study outcome was
the occurrence of other nosocomial infections. The institu-
tional review board waived the need for informed consent.

SETTING AND PARTICIPANTS

We studied the medical ICU (MICU) at John H. Stroger Jr (Cook
County) Hospital, a 464-bed public teaching hospital in Chi-
cago, Illinois. The 22-bed MICU comprises 2 geographically
separate, similar 11-bed units. Each unit has a dedicated nurs-
ing staff; 1 team of attending and resident physicians cares for
patients in both units. The MICU catheter insertion policy man-
dated sterile technique, full barrier drapes, and insertion site
disinfection with 2% CHG; antiseptic- or antibiotic-coated cath-
eters were not used. No other catheter-associated BSI infec-
tion control interventions were implemented during the study.

We calculated a sample size to detect a 75% reduction of pri-
mary BSI risk, a reduction consistent with results of our earlier
study.12 Using previously collected data, we estimated MICU cen-
sus of 235 patient-days per unit per month and a primary BSI rate
of 12 per 1000 patient-days. Setting the � level at .05 and power
at 80%, we calculated a prespecified study duration of 12 months.

INTERVENTION

Crossover

We divided the study into 2 periods. During the first, June 8
through December 20, 2005 (28 weeks), we randomly se-
lected one unit (MICU A) to serve as the intervention unit where
patients were bathed daily with 2% CHG–impregnated wash-
cloths (Sage); this was designated the CHG arm. Patients in the
concurrent control unit were bathed daily with soap and wa-
ter (soap and water arm). The first period was followed by a
2-week “washout” period during which patients were bathed
with soap and water in both units. We then crossed over pa-

tient cleansing procedures during the second period, January
5 through June 21, 2006 (24 weeks) (Figure 1). We studied
parallel units rather than randomly assigning the intervention
at the patient level because a unit-level intervention likely would
be more generalizable to use patterns outside of a study set-
ting, and the effect at the group level may reduce risk of in-
traunit spread of pathogens between patients.

Bathing Procedure

Nurses were instructed on the standardized bathing proce-
dure relevant to their unit as described previously,11 with the
following modifications. For CHG baths, 8 cloths, rather than
6, were used to clean patients’ bodies up to the jawline, and 2
nonmedicated cloths were used to clean patients’ faces. For pa-
tient comfort, packaged cloths were placed in a dedicated warmer
(51.7°C) before use. For soap and water baths, nurses used warm
water in a disposable basin and bar soap (Pure & Natural; Dial
Corp, Scottsdale, Arizona) applied with 10 fresh terry cloth wash-
cloths per bath. We monitored nurses’ bathing technique in both
arms episodically.

All patients were bathed using the unit’s designated proce-
dure with the following exceptions. Patients in the CHG arm
with greater than 20% body surface area disruption of skin in-
tegrity, who declined participation or who developed a rash that
might be attributed to CHG, were bathed with soap and water.

Data Collection

For all patients, we recorded age, sex, invasive device use (ie, in-
travascular devices, urinary bladder catheters, mechanical venti-
lation,andfeedingtubes),daily temperature,decubitusulcers,he-
modialysis, vasopressorandantibiotic receipt,APACHEII (Acute
PhysiologyandChronicHealthEvaluationII) score, immunosup-
pressiveconditions(humanimmunodeficiencyvirus,diabetes,neu-
tropenia, leukemia, and lymphoma), and in-unit mortality.

For infection surveillance, daily electronic review14 of micro-
biological cultures and new orders for antibiotic therapy were ob-
tained for participants who were present in the MICU for more
than 48 hours. To determine whether a patient had an infection
related to MICU stay, we performed a medical record review when-
ever a positive clinical culture was detected or a new order for
antibiotic therapy was given. Clinical and laboratory data were
entered on standardized forms and evaluated independently by
3 physician investigators (S.B., I.G., and R.W.). The initial 2 re-
viewers (S.B. and I.G.) were unblinded to intervention assign-
ment; the third reviewer (R.W.) was blinded. Discrepant inter-
pretations were adjudicated by discussion and consensus among
the 3 reviewers; if uncertainties persisted, a fourth physician in-
vestigator (W.T.), also blinded to intervention assignment, was
consulted. To evaluate whether reviews were biased, we also cal-
culated BSI rates using a computer algorithm on a data ware-
house.15 Agreement between investigator reviews and computer
algorithm determinations was high (�=0.74), the same as ob-
served in a previous study.15 Also, there was no difference in level
of agreement between arms (P=.82), suggesting that misclassi-
fication bias during BSI determination was rare or nonexistent.

Events prompting medical record review were categorized
as noninfectious, infection related to MICU stay, or infection
present or incubating before MICU admission. Using Centers
for Disease Control and Prevention definitions,13 we classified
infections that were determined to be related to MICU stay as
primary BSI (intravascular catheter-associated, laboratory-
confirmed BSI), clinical (culture-negative) sepsis (fever with
no apparent infectious source that was treated with antibiot-
ics), secondary BSI (related to another clinical site), ventilator-
associated pneumonia, pneumonia, urinary tract infection, Clos-

2% Chlorhexidine cloths

2% Chlorhexidine cloths

Soap and water

Soap and water

MICU A

MICU B

“Washout” period

28 weeks 24 weeks2 weeks

(June 8–December 20, 2005) (January 5–June 21, 2006)

Figure 1. The crossover design. During the first 28-week period, medical
intensive care unit (MICU) A was randomly assigned as the intervention unit
in which patients were bathed daily with 2% chlorhexidine
gluconate–impregnated cloths (Sage Products Inc, Cary, Illinois). Patients in
the concurrent control unit were bathed daily with soap and water. This
period was followed by a 2-week “washout” period during which patients
were bathed with soap and water in both units. We then crossed over the
patient cleansing procedures during the second 24-week period.
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tridium difficile–associated diarrhea, or other infection.
Contaminated blood cultures were defined as episodes in which
a common skin commensal (eg, coagulase-negative staphylo-
coccus) was isolated and infection criteria were not met. Mul-
tiple isolates recovered from a single culture site were consid-
ered a single infection. Resistance to CHG was determined for
isolates recovered from blood cultures using a microtiter dilu-
tion method and Bioscreen C reader (MTX Laboratory Sys-
tems Inc, Vienna, Virginia).16

Surveillance for Adverse Skin Reactions

Each patient’s skin was examined daily by nursing staff and twice
weekly by study personnel. Rashes among patients in the CHG
arm were evaluated by study investigators for possible asso-
ciation with CHG bathing and for decisions about whether to
exclude the patient from the bathing procedure.

STATISTICAL ANALYSES

We performed an intention-to-treat analysis, that is, patients ex-
cluded from the CHG bathing procedure (n=3) were considered
as part of the intervention arm. To determine whether there was
a difference in primary outcomes or occurrence of primary BSI or
clinical sepsis, we calculated the incidence difference (per 1000
patient-days) between the 2 arms and report 95% confidence in-
tervals. We also calculated the incidence difference for central ve-
nous catheter-associated primary BSIs per 1000 central line–days
(daysapatienthadacentral venouscatheter).Toevaluateandad-
just forpotential confounders,weconstructedmultivariablePois-
sonandnegativebinomial regressionmodels. Sinceparameteres-
timateswerenearly identical frombothmodels andbecause there
was no graphical evidence of overdispersion in BSI counts, we re-
port results fromPoissonregressionmodels.Weevaluatedpoten-
tial confounders to the association between CHG cleansing and
BSIbyseparatelyenteringallpatient-level factors (eg, invasivede-
viceuse) intomultivariatemodels that retainedatermforsoapand
water bathing and geographic unit. We report the results of a fi-
nal multivariate model that included the strongest independent
predictorsofprimaryBSI.Totesttheassociationbetweengeographic
unitandpatientcleansingmethod,weincludedaninteractionterm.
In addition to comparing soap and water with CHG bathing, we
evaluatedotherpotentialpredictors(eg, invasivedeviceuse)ofpri-
mary BSI using Poisson regression.

We graphically compared occurrences of primary BSI or mor-
tality over time between study arms by constructing separate
Kaplan-Meier plots; we calculated log-rank test statistics for each
curve. For construction of the Kaplan-Meier curve for pri-
mary BSI occurrence and calculation of log-rank test statistic,
we included only a patient’s first BSI. We present the hazard
rate for mortality after adjusting for severity of illness (APACHE
II score) using Cox proportional hazards models. We calcu-
lated antibiotic use for each arm as proportion of days that a
patient received an antimicrobial agent and number of new an-
tibiotic prescriptions (ie, �3 days between antibiotic transac-
tions) per 100 patient-days.

We compared patient characteristics between CHG and soap
and water arms using the Wilcoxon rank-sum test or the t test
for continuous variables and �2 test for categorical variables.
All statistical analyses were done using Stata version 9.2, (Stata-
Corp, College Station, Texas).

RESULTS

There were 391 patient admissions (2210 patient-days)
in the CHG arm and 445 patient admissions (2119 patient-

days) in the soap and water arm; the differences reflect
longer length of stay in the CHG arm (5.7 days vs 4.8
days; P=.06). The mean patient age was 52 years, most
patients were men, and the 2 groups were similar
(Table 1). The number and percentage of days a pa-
tient had a central venous catheter was higher in the CHG
arm (1399 [63%] vs 1248 [59%]). Three subjects were
excluded from the CHG arm after developing rashes that
were ultimately determined not to be due to CHG.

We identified 31 primary BSIs in 27 patients. Pa-
tients in the CHG arm were significantly (61%) less likely
to acquire a primary BSI; the incidence of other infec-
tions was similar between study arms (Table 2). For the
combined outcome of primary BSI and culture-negative
sepsis, there were less occurrences in the CHG arm, but
the difference was not statistically significant (15 vs 11
per 1000 patient-days; P=.34). Protection against pri-
mary BSI by CHG cleansing was apparent 5 or more days
into the MICU stay (Figure 2).

Using central line–days as the denominator, we again
found that patients in the CHG arm were at lower risk
of primary catheter-associated BSI compared with pa-
tients bathed with soap and water (6.4 vs 16.8 BSIs per
1000 central line–days; P=.01). After adjusting for inva-
sive device use (ie, ventilator-days or urinary bladder cath-
eter–days), the 2 study arms had similar incidences of

Table 1. Patient Characteristics for the Soap and Water
and CHG Study Arms as Recorded on Patients’ First Day
After Admission to the MICUa

Characteristic

Bathing Method

P
Value

Soap and Water
(n=445)

2% CHG
(n=391)

MICU A 204 (46) 220 (56) .004
WBC count �1000 µL 9 (2) 16 (4) .08
Hemodialysis 12 (3) 18 (5) .14
Feeding tube 175 (39) 172 (44) .17
Contact isolation 34 (8) 22 (6) .25
Leukemia or lymphoma 30 (7) 19 (5) .25
Fecal bag 43 (10) 46 (12) .33
HIV 33 (7) 36 (9) .35
Decubitus ulcer 32 (7) 35 (9) .35
Pressor administered 68 (15) 69 (18) .36
Diabetes mellitus 71 (16) 70 (18) .45
Temperature �38.0ºC 145 (33) 136 (35) .50
Arterial line 169 (38) 156 (40) .57
Indwelling urinary catheter 341 (77) 294 (75) .63
Mechanical ventilation 156 (35) 140 (36) .82
Female sex 179 (40) 157 (40) .98
Central venous catheter 173 (39) 152 (39) �.99
APACHE II scoreb 21.5±7 22.4±7 .07
Age, y 52±15 53±16 .51
Pre-MICU length of stay 2.3±5 2.4±5 .79

Abbreviations: APACHE II, Acute Physiology and Chronic Health Evaluation
II; CHG, chlorhexidine gluconate; HIV, human immunodeficiency virus;
MICU, medical intensive care unit; WBC white blood cell.

SI conversion factor: To convert WBC count to �109/L, multiply by 0.001.
aData are given as number (percentage) of patients or mean ± SD value

unless otherwise specified.
bThe APACHE II score was available for 431 patients (97%) in the soap

and water arm and 375 patients (96%) in the CHG arm.
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ventilator-associated pneumonia and urinary tract infec-
tion (data not shown).

By bivariable analysis, predictors of primary BSI
included soap and water bathing; mechanical ventila-
tion; and presence of femoral or internal jugular, but
not subclavian, catheters. By multivariable analysis,
after adjusting for placement of a femoral central
venous catheter, mechanical ventilation, and geo-
graphic unit, soap and water bathing remained an inde-
pendent predictor for occurrence of primary BSI
(Table 3).

When we analyzed distribution of clinical isolates,
we found a significantly higher incidence of urine iso-
lates from patients in the soap and water arm (13 per
1000 patient-days vs 7 per 1000 patient-days; P=.05).
Although not statistically significant, there was also a
higher incidence of isolates from blood cultures in the
soap and water arm (24 per 1000 patient-days vs 17 per
1000 patient-days; P=.11). Regardless of clinical source,
CHG bathing reduced the incidence of gram-positive
bacterial isolates; recovery of isolates from other micro-
bial categories (ie, yeasts, molds, and gram-negative
bacteria) was similar between study arms. There was a
single methicillin-resistant Staphylococcus aureus pri-
mary BSI, which occurred in the soap and water arm.

We also evaluated in-unit mortality and antimicro-
bial use. Earlier mortality among patients in the soap and
water arm may have been due to chance (P=.23). After
adjusting for APACHE II score, the earlier mortality was
less likely due to chance (hazard ratio, 1.4; 95% confi-
dence interval, 0.9-2.1; P=.12) (Figure 3). There was
a nonsignificant trend toward more new antimicrobial
prescriptions per 100 patient-days in the soap and wa-
ter arm compared with the CHG arm (16 vs 14; P=.07);
however, the proportion of days patients received anti-
biotics was similar (0.76 vs 0.79; P=.37).

Of 64 blood isolates, 57 (89%) were available for CHG
susceptibility testing. The median CHG minimum in-
hibitory concentration was slightly higher for isolates iden-
tified in the CHG arm compared with those in the soap
and water arm (2 µg/mL [interquartile range, 1-4 µg/mL]
vs 1 µg/mL [interquartile range, 0.5-2 µg/mL]; P=.06).
This was owing to the less frequent recovery of highly
CHG-susceptible, gram-positive bacteria in the CHG arm
(eg, as shown for primary BSI isolates; Table 4) rather
than to an increase in the absolute number of isolates with
elevated CHG minimum inhibitory concentrations.

COMMENT

In a 12-month clinical trial with a concurrent control
group, bathing MICU patients daily with no-rinse, 2%
CHG–impregnated cloths resulted in a 61% relative de-
cline in incidence of primary BSIs. This reduction was
comparable to or better than reductions in primary BSIs
achieved in 3 recent multicenter cohort studies of ICU
patients who received bundled evidence-based interven-
tions.2,4,5 In contrast to those investigations, we reduced
the primary BSI rate by improving a required, routine pa-
tient care activity (ie, patient bathing) without introduc-
ing additional actions.

Our findings extend the work of others who have re-
ported that skin antisepsis with CHG before device in-
sertion reduces intravascular device–associated infec-
tions by reducing bacterial skin burden9,10 and that
maintaining a low density of bacterial skin colonization
at the catheter insertion site through the use of CHG-
impregnated dressings while a catheter is in place pro-
vides added benefit.17-19 Compared with soap and water

Table 2. Comparison of Incidence of Infection by Method of Bathing Patients and Infection Category

Infection Category

Bathing Method

Difference (95% CI) P Value

Soap and Water 2% CHG

Events Ratea Events Ratea

Primary BSI 22 10.4 9 4.1 6.3 (1.2 to 11) .01
Contaminant 9 4.3 4 1.8 2.4 (−0.9 to 5.7) .16
Clinical sepsis 9 4.2 16 7.2 −3.0 (−7.5 to 1.5) .20
Urinary tract infection 17 8.0 13 5.9 2.1 (−2.8 to 7.1) .41
Ventilator-associated pneumonia 15 6.8 18 7.8 −1.1 (−6.3 to 4.1) .69
Secondary BSI 5 2.4 5 2.3 0 (−2.8 to 3.0) .95
Clostridium difficile diarrhea 20 9.4 21 9.5 0 (−5.9 to 5.7) .98

Abbreviations: BSI, bloodstream infection; CHG, chlorhexidine gluconate; CI, confidence interval.
aRates are expressed per 1000 patient-days. There were 2119 patient-days in the soap and water arm and 2210 patient-days in the CHG arm.
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Figure 2. Kaplan-Meier survival curve for occurrence of bloodstream
infection (BSI) by study arm. CHG indicates chlorhexidine gluconate; MICU,
medical intensive care unit.
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bathing, CHG cleansing results in a persistent several log10

reduction in density of microbial skin colonization.20 Thus,
daily bathing with CHG ensures that most patients will
have relatively low baseline bacterial skin burden, which
would compensate partially for deficiencies in skin an-
tisepsis and minimize inadvertent contamination of the
central venous catheter or related equipment during cath-
eter insertion. Further, after the catheter is inserted, the
reduced microbial load may decrease risk of contamina-
tion of health care workers’ hands,11 catheter insertion
sites, and catheter hubs. Based on our findings (Figure 2),

these risks may manifest clinically 5 or more days after
MICU admission.

In contrast to the dramatic decline in primary bacte-
remias in the CHG arm, we detected a nonsignificant in-
crease in the rate of clinical sepsis among patients bathed
with CHG-impregnated cloths. This may have resulted
from a decreased likelihood of positive blood cultures in
syndromes that otherwise would have been categorized
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Figure 3. Kaplan-Meier plot of survival by duration of stay in the medical
intensive care unit (MICU) for the 2 study arms. APACHE II indicates Acute
Physiology and Chronic Health Evaluation II; CHG, chlorhexidine gluconate
bathing.

Table 4. Microorganisms Isolated in Primary
Bloodstream Infections

Microorganisma

Bathing Method

Soap and Water
(n=27)

2% CHG
(n=11)

Gram-positive bacteria
Coagulase-negative staphylococci 15 3
Bacillus species 1 0
Enterococcus species 7 4
Staphylococcus aureus 1 0

Gram-negative bacteria
Escherichia coli 1 1
Klebsiella pneumoniae 0 1

Yeasts
Candida albicans 1 0
Candida tropicalis 1 0
Candida krusei 0 2

Abbreviation: CHG, chlorhexidine gluconate.
aThere were 2 polymicrobial primary bloodstream infections in the

CHG arm and 4 in the soap and water arm.

Table 3. Characteristics Associated With Primary Bloodstream Infection, Determined Using Poisson Regression Models

Characteristic Patient-Days Events (Rate)a
Incidence Rate Ratio

(95% CI)b
P

Value

Final Multivariate Model

Incidence Rate Ratio
(95% CI)

P
Value

Bathing procedure
2% CHG 2210 9 (4.1) 1 [Reference] .02 1.0 [Reference]

.004Soap and water 2119 22 (10.4) 2.5 (1.2-5.4) 2.9 (1.4-6.0)
Mechanical ventilation

No 1185 2 (1.7) 1 [Reference] .02 1.0 [Reference]
.03Yes 3144 29 (9.2) 5.5 (1.3-22) 4.5 (1.2-17.8)

CVC, femoral
No 2435 9 (3.7) 1 [Reference] .003 1.0 [Reference]

.01Yes 1894 22 (11.6) 3.2 (1.5-6.9) 2.7 (1.3-5.7)
CVC, internal jugular

No 2827 14 (5.0) 1 [Reference] .03 NA NA
Yes 1502 17 (11.3) 2.2 (1.1-4.5)

CVC, subclavian
No 3224 20 (6.2) 1 [Reference] .22 NA NA
Yes 1105 11 (10.0) 1.7 (0.7-4.0)

Sex
Male 2505 22 (8.8) 1 [Reference] .14 NA NA
Female 1824 9 (4.9) 0.6 (0.3-1.2)

MICU
B 2105 19 (9.0) 1 [Reference] .16 1 [Reference]

.28A 2224 12 (5.4) 0.6 (0.3-1.3) 0.7 (0.3-1.4)

Abbreviations: CHG, chlorhexidine gluconate; CI, confidence interval; CVC, central venous catheter; MICU, medical intensive care unit; NA, not applicable
because this variable was not included in the final model.

aRate per 1000 patient-days.
bAdjusted for patient care unit (ie, which of the 2 geographically separate MICUs, A or B).
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as contaminated blood cultures or primary BSIs. Alter-
natively, it may have been a function of application of a
nonspecific designation (ie, clinical sepsis) to a constel-
lation of signs and symptoms often due to noninfec-
tious causes in critically ill patients.21,22

Compared with the decline in primary bacteremias,
the difference in incidence of contaminated blood cul-
tures between the CHG and soap and water arms was of
smaller magnitude and may have been due to chance. Al-
ternatively, our sample may not have been large enough
to identify a statistically significant reduction. A dimi-
nution in blood culture contamination rate is clinically
relevant because many patients are treated for infection
despite the low likelihood of true BSI; unnecessary treat-
ment exposes patients to antibiotics and may increase the
length of stay and costs.23

We had hypothesized that CHG, in addition to de-
creasing incidence of primary BSIs, would reduce uri-
nary tract infection rates by lessening periurethral mi-
crobial density. Although there was a significant decline
in number of urinary isolates in the CHG arm, inci-
dence of urinary infection was unchanged. These find-
ings are consistent with those of previous studies that
failed to demonstrate reductions in bacteruria after in-
tensified meatal care.24

We detected a trend toward delayed ICU mortality in
the CHG arm; this was not statistically significant, per-
haps because we focused on primary BSI for sample size
calculations. We did not collect data on 30-day mortality.
There was a nonsignificant trend toward fewer antibiotic
courses in the CHG arm, although the relative proportion
of antibiotic use to treat primary BSIs was not enough to
have an impact on total antibiotic consumption.

A frequent concern about increased use of antisep-
tics is the development of microbial resistance. Blood cul-
ture isolates recovered from patients in the CHG arm had
slightly higher CHG minimum inhibitory concentra-
tions than did isolates recovered from patients in the soap
and water arm. However, this was owing to a reduction
in BSI incidence by isolates that typically are inhibited
by very low CHG concentrations, such as coagulase-
negative staphylococci, rather than by an increase in the
number of microorganisms with decreased CHG sus-
ceptibility.

Strengths of our study include use of a concurrent con-
trol group, crossover design, intention-to-treat analysis,
large number of patient-days, and comprehensive cap-
ture of infection events by dual manual and electronic
surveillance. Our study also has several limitations. The
nursing staff could not be blinded to the intervention.
Only 1 of 3 physician investigators who categorized BSIs
and the category adjudicator were blinded to study arm
designation, which could have resulted in bias in classi-
fication of primary BSIs. The absence of an increase in
secondary BSIs or blood culture contaminants in the CHG
arm and the strong agreement between human review-
ers and a computer algorithm in the categorization of BSIs
argue against misclassification. The CHG arm had fewer
patients but equivalent patient-days, which reflected a
slightly longer length of stay. Since BSI risk increases dur-
ing a patient’s ICU stay, the longer stay in the CHG arm
actually may have biased against finding a protective effect

from CHG cleansing. We performed the study in a
single center with a baseline rate of primary BSI higher
than rates reported to a national surveillance system25

but lower than those reported during a study in MICUs
at other academic centers.5 Although our results may
not be applicable to all ICUs, the reduced incidence of
catheter-associated BSIs in the CHG arm was greater
than that observed in all 5 MICUs enrolled in a recent
multicenter study of bundled, evidence-based mea-
sures to reduce catheter-associated BSI.5 Finally, the
soap and water arm had a disproportionate number of
primary BSIs caused by coagulase-negative staphylo-
cocci. Although coagulase-negative staphylococci may
be less virulent than some other microbial species,
their recovery results in preventable vancomycin use
and can be associated with substantial morbidity and
mortality.26

Daily cleansing of MICU patients with CHG-
impregnated cloths is a simple and effective strategy to
decrease the rate of primary BSIs. We believe this ap-
proach is a useful adjunctive infection control measure.
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