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o r i g i n a l a r t i c l e

Clostridium difficile in the Intensive Care Unit:
Epidemiology, Costs, and Colonization Pressure

Steven J. Lawrence, MD, MSc; Laura A. Puzniak, PhD, MPH; Brooke N. Shadel, PhD, MPH;
Kathleen N. Gillespie, PhD; Marin H. Kollef, MD; Linda M. Mundy, MD

objective. To evaluate the epidemiology, outcomes, and importance of Clostridium difficile colonization pressure (CCP) as a risk factor
for C. difficile–associated disease (CDAD) acquisition in intensive care unit (ICU) patients.

design. Secondary analysis of data from a 30-month retrospective cohort study.

setting. A 19-bed medical ICU in a midwestern tertiary care referral center.

patients. Consecutive sample of adult patients with a length of stay of 24 hours or more between July 1, 1997, and December 31,
1999.

results. Seventy-six (4%) of 1,872 patients were identified with CDAD; 40 (53%) acquired CDAD in the ICU, for an incidence of 3.2
cases per 1,000 patient-days. Antimicrobial therapy, enteral feeding, mechanical ventilation, vancomycin-resistant enterococci (VRE) col-
onization or infection, and CCP (5.5 vs 2.0 CDAD case-days of exposure for patients with acquired CDAD vs no CDAD; ) wereP p .001
associated with CDAD acquisition in the univariate analysis. Only VRE colonization or infection (45% of patients with acquired CDAD
vs 16% of patients without CDAD; adjusted odds ratio, 2.76 [95% confidence interval, 1.36-5.59]) and a CCP of more than 30 case-days
of exposure (20% with acquired CDAD vs 2% with no CDAD; adjusted odds ratio, 3.77 [95% confidence interval, 1.14-12.49]) remained
statistically significant in the multivariable analysis. Lengths of stay (6.1 vs 3.0 days; by univariate analysis) and ICU costs ($11,353P ! .001
vs $6,028; by univariate analysis) were higher for patients with any CDAD than for patients with no CDAD.P ! .001

conclusions. In this nonoutbreak setting, the CCP was an independent risk factor for acquisition of CDAD in the ICU at the upper
range of exposure duration. Having CDAD in the ICU was a marker of excess healthcare use.
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Clostridium difficile–associated disease (CDAD) is a noso-
comial diarrheal illness associated with significant morbidity,
excess healthcare costs, and prolonged hospital stay.1 In de-
veloped countries, CDAD severity and incidence have in-
creased, with recent estimates of 0.9-8.4 cases per 1,000 ad-
missions or discharges, corresponding to the spread of a
recently characterized hypervirulent strain of C. difficile.2-6

Despite the high concentration of at-risk patients in intensive
care units (ICUs), relatively little is known about the impact
of CDAD in these settings. Two ICU outbreaks of CDAD
have been described,7,8 and 3 other studies have reported
incidences of CDAD in the ICU of 0.4-100 cases per 1,000
patient-days per 1,000 admissions.2,9,10 One analysis of the
National Nosocomial Infections Surveillance database iden-
tified associations between CDAD and length of ICU stay,
medical device use, and admission during the winter; how-

ever, other exposure data were limited, and costs were not
assessed.2

For nosocomial infection, determination of the relative
roles of endogenous risk factors, which affect host suscepti-
bility to infection, versus exogenous risk factors related to
increased pathogen exposure may aid in the design of targeted
prevention measures.11 Endogenous CDAD risk factors, such
as advanced age, underlying comorbidities, and receipt of
antimicrobial agents12-15 and gastric acid suppression ther-
apy,16 alter the natural resistance to CDAD provided by the
gut’s microbial flora; however, many of these factors are not
readily modifiable. Conversely, exogenous CDAD risk factors
are related to exposure to C. difficile spores in the hospital
environment. Epidemiologic and molecular typing studies
have confirmed prolonged hospitalization, physical proximity
to a patient with CDAD, and medical device use to be ex-
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figure 1. Frequency distribution of Clostridium difficile colo-
nization pressure among patients hospitalized in the medical inten-
sive care unit of a large midwestern tertiary care center, July 1997
through December 1999. CDAD, C. difficile–associated disease.

ogenous risk factors.2,17-21 Colonization pressure is a useful
epidemiologic marker of exogenous risks that quantifies sus-
ceptible patients’ pathogen exposure in terms of the number
of infectious contacts and the duration of exposure. Colo-
nization pressure is an independent risk factor for acquisition
of other nosocomial pathogens in ICUs22-25; however, its role
in CDAD has not been determined. The objectives of this
study were to describe the epidemiology of CDAD in severely
ill patients, to evaluate C. difficile colonization pressure (CCP)
as a risk factor for CDAD acquisition in a contained area,
and to estimate the effect of CDAD on ICU outcomes.

methods

Study Design, Population, and Site

This study was a secondary analysis of a 30-month retro-
spective cohort study. All patients consecutively admitted to
the Barnes-Jewish Hospital adult medical ICU with a length
of stay of 24 hours or more between July 1, 1997, and De-
cember 31, 1999, were eligible for participation. Barnes-Jew-
ish Hospital is a 1,287-bed midwestern tertiary care medical
center with a 19-bed medical ICU that consists of 2 suites
(with 10 and 9 private beds) separated by pass-through hall-
ways and shared equipment rooms. For patients with multiple
ICU admissions, only the first admission was counted if ad-
missions were separated by 30 days or more. Multiple ad-
missions within a 30-day period were aggregated. The study
was approved by the Washington University Human Studies
Committee and the Saint Louis University Institutional Re-
view Board.

Study Definitions

CDAD was defined as detection of C. difficile toxin A or B
in a clinical stool specimen, the collection of which was or-
dered by the treating ICU physician, by means of a cytotox-
icity assay (Bartels). The daily CDAD point prevalence was
calculated as the sum of patients with CDAD who were in
the ICU during the 14-day period the disease was considered
transmissible.

The CCP was calculated for each patient as the sum of the
daily CDAD point prevalences for every day spent in the ICU
while susceptible. For determination of the CCP, the following
assumptions were made: (1) all patients with a positive result
of a toxin test had CDAD, (2) patients with CDAD were
infectious and contributed to the CCP for 14 days after the
day the initial positive stool sample was collected, (3) patients
with no CDAD were susceptible during their entire ICU stay,
and (4) patients who had CDAD were susceptible again 14
days after the initial positive stool sample.

Patients with stool specimens collected during the period
between 24 hours after ICU admission and 24 hours after
ICU discharge that tested positive for toxins A or B were
considered to have acquired CDAD. Patients with stool
samples collected during the period between 14 days before
and less than 24 hours after ICU admission that tested positive

for toxins A or B were considered to have prevalent CDAD.
Patients with subsequent positive stool samples collected
more than 14 days after the initial positive result were defined
as having a recurrent case of CDAD and were considered to
be nonsusceptible until 14 days after collection of the sub-
sequent positive stool sample.

Antimicrobial and Infection Control Practices

During the first 18 months of this study, preferred empirical
gram-negative antimicrobial agents were cycled as described
elsewhere.25 For patients with CDAD, vancomycin-resistant
enterococci (VRE), methicillin-resistant Staphylococcus au-
reus, or multidrug-resistant gram-negative colonization or
infection, routine barrier precautions, which consisted of
donning gowns and gloves before entering the rooms and
removing gowns and gloves and performing hand hygiene
after leaving the rooms, were in place during the first 12
months and last 6 months of the study.23,25 During months
13-24, routine barrier precautions consisted of glove use only,
without gowns, as previously reported.23 All rooms were rou-
tinely cleaned by applying standard quaternary ammonium
salt solution to hard surfaces. Cleaning was performed by 2
dedicated housekeepers during the first 10 months of the
study and by 4 patient service representatives, who also per-
formed patient-related duties, during the final 20 months of
the study. Rooms occupied by patients with CDAD did not
undergo enhanced cleaning.
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table 1. Results of Univariate Analysis of Patient Characteristics to Determine Risk Factors for Clostridium
difficile–Associated Disease (CDAD) Acquisition in the Medical Intensive Care Unit (ICU) of a Large Mid-
western Tertiary Care Center

Characteristic

Patient group

P a

Prevalent
CDAD

(n p 36)

Acquired
CDAD

(n p 40)
No CDAD

(n p 1,796)

Age, mean y (range) 68.9 (34-93) 58.7 (16-91) 59.3 (16-95) .84
Female sex 18 (50) 17 (42) 943 (52) .21
Nonwhite race 14 (39) 12 (30) 797 (44) .07
APACHE II score, mean � SD 22.7 � 5.4 23.4 � 6.1 21.1 � 7.5 .06
Dedicated housekeeping 12 (33) 11 (28) 622 (35) .35
Gowns used for contact precautions 19 (53) 26 (65) 1,123 (62) .75
Duration of susceptibility, median ICU-days (range)b 0 9.0 (2-58) 4.0 (1-123) !.001
Nosocomial exposure

Antimicrobial therapy, typeb

Anti–gram positive 31 (86) 40 (100) 1,518 (84) .007
Anti–gram negative 29 (81) 39 (98) 1,522 (85) .02
Antianaerobic 25 (69) 32 (80) 935 (52) !.001
Antifungal 9 (25) 17 (42) 327 (18) !.001

Gastric acid suppression therapyb 25 (69) 38 (95) 1,525 (85) .08
Mechanical ventilation 20 (56) 34 (85) 991 (55) !.001
Enteral tube feeding 14 (39) 26 (65) 533 (30) !.001
P. aeruginosa bacteremiab 0 4 (10) 31 (2) .006
MRSA bacteremiab 8 (22) 5 (12) 169 (9) .42
VRE colonization or infectionb 12 (33) 18 (45) 281 (16) !.001

note. Data are no. (%) of patients, unless otherwise indicated. See Methods for definitions of prevalent CDAD and
acquired CDAD. APACHE, Acute Physiology and Chronic Health Evaluation; MRSA, methicillin-resistant Staphylococcus
aureus; P. aeruginosa, Pseudomonas aeruginosa; VRE, vancomycin-resistant enterococci.
a P values for comparison of acquired CDAD versus no CDAD were calculated by means of the x2 or Fisher exact test
(for variables expressed as proportions), the Student t test (for variables expressed as means), or the Mann-Whitney U
test (for variables expressed as medians).
b For patients with any CDAD, data were recorded before the first test positive for C. difficile toxin.

Data Collection

Clinical, laboratory, and cost data were obtained from hos-
pital informatics and clinical databases and included demo-
graphic characteristics, nosocomial exposures, comorbid nos-
ocomial pathogens, Acute Physiology and Chronic Health
Evaluation II (APACHE II) score, and antimicrobial expo-
sures, which were classified into previously described cate-
gories on the basis of their activity against gut flora.26,27 As
part of an ongoing VRE surveillance program, all stool spec-
imens collected for C. difficile toxin detection were screened
for VRE, and rectal swab specimens were obtained from all
patients to screen for VRE on ICU admission and weekly
until discharge.23,25

Outcomes

The CDAD incidence density was calculated as the number
of acquired cases of CDAD during the study period per 1,000
ICU patient-days of susceptibility. Lengths of stay were de-
fined as days elapsed from admission until discharge or until
death if the patient died. Total hospital costs were obtained
from the hospital’s financial accounting system and converted

to 2002 US dollars.28 The ICU costs were estimated by di-
viding total hospital costs by the length of hospital stay and
multiplying the dividend by the length of ICU stay.

Statistical Analysis

All patients in the cohort were used in the calculation of the
daily point prevalence of CDAD, but prevalent CDAD cases
were excluded for the risk factor analysis. For all univariate
analyses, categorical variables were compared using the x2

test or the Fisher exact test, and continuous variables were
compared by the Student t test or the Mann-Whitney U test
if nonnormally distributed. Logistic regression models were
used to evaluate risk factors for the dependent variables of
CDAD acquisition and ICU mortality (ie, death from any
cause while in the ICU). Age, sex, and exposure variables
with a univariate P value of less than .10 for the association
with CDAD acquisition or mortality were selected for the
regression models. Because of the unusual frequency distri-
bution of the CCP (Figure 1), multiple dichotomous variables
were created (categories of 0 [reference], 1-3, 4-7, 8-14, 15-
30, and more than 30 case-days of exposure) in the CDAD
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figure 2. Daily point prevalence of Clostridium difficile–associated disease (CDAD) and infection control practices in the medical
intensive care unit of a large midwestern tertiary care center, July 1997 through December 1999.

acquisition regression model. To further examine CCP as a
risk factor for CDAD acquisition, successive regression mod-
els were created by varying the hypothetical cutoff values for
CCP. Starting with the observed median used in the original
model, the binary CCP was increased successively. Multiple
linear regression was used to evaluate the association of
CDAD with ICU costs and ICU lengths of stay, using log-
transformed dependent variables and the same independent
variable selection method used for the mortality logistic re-
gression model. Regression diagnostic analyses were per-
formed to identify outliers. A 2-tailed P value of less than
.05 was considered to be statistically significant. All analyses
were performed using SPSS statistical software, version 12.0
for Windows (SPSS).

results

Cohort Description

During the 30-month study period, 2,631 patients were
treated in the ICU; 748 (28%) were excluded because their
ICU stay was less than 24 hours, and 11 (0.4%) were excluded
because data were missing, leaving 1,872 evaluable cohort
patients. The mean age was 59.5 years, 978 (52%) were
women, 1,813 (97%) were white or African American, and
the mean APACHE II score was 21.1.

Epidemiology of CDAD

Seventy-six patients (4%) had confirmed CDAD, based on
positive results of toxin tests during their ICU stay (Table 1).
Thirty-six (47%) of these patients had prevalent CDAD on
ICU entry, whereas 40 (53%) had acquired CDAD, for an
incidence density of 3.2 cases per 1,000 patient-days. The
median duration spent in the ICU before acquisition was 9.0

days (range, 2-58 days). The pattern of CDAD appearance
was sporadic, reflecting intermittent introductions by patients
with prevalent cases and onset of acquired cases. The highest
CDAD daily point prevalence was 4 cases, which occurred
on 5 consecutive days (Figure 2). On 517 days (57% of the
study period), the CDAD point prevalence was 0 cases.
Twenty (56%) of the 36 prevalent cases were introduced into
the ICU on one of those days. Nine (22%) of the 40 acquired
cases occurred within 14 days of one of these CDAD intro-
ductions. Twenty-three acquired cases (58%) occurred on a
day when the CDAD point prevalence was 0 cases. Two pa-
tients developed recurrent episodes.

Risk Factor Analysis

Patients who acquired CDAD were demographically similar
to those with no CDAD (Table 1). Antimicrobial use was
widespread, with 1,653 cohort patients (88%) receiving at
least 1 agent during their ICU stay. Receipt of antimicrobial
agents from any class, number of susceptible days spent in
the ICU, mechanical ventilation, enteral feeding, VRE colo-
nization or infection, and Pseudomonas aeruginosa bacteremia
were associated with CDAD acquisition in the univariate anal-
ysis. Gown use and housekeeping practices were similar for
patients with acquired CDAD and those without CDAD.
Other than the CCP, only VRE colonization or infection was
associated with CDAD acquisition, after adjusting for con-
founders (adjusted odds ratio [aOR], 2.76 [95% confidence
interval (CI), 1.36-5.59]).

CCP

The median CCP experienced by each patient in the cohort
was 2.0 CDAD case-days of exposure (range, 0-109 case-days;
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table 2. Results of Univariate and Multivariate Analyses of Clostridium difficile Colo-
nization Pressure (CCP) as a Risk Factor for C. difficile–Associated Disease (CDAD) Ac-
quisition in the Medical Intensive Care Unit of a Large Midwestern Tertiary Care Center

Risk factor

Patient group

P a

Acquired CDAD
(n p 40)

No CDAD
(n p 1,796)

Adjusted OR
(95% CI)

Univariate analysis only
CCP, median (range) 5.5 (0-103) 2.0 (0-109) … .001

Logistic regression model
CCP 10 28 (70) 1,031 (57) 0.88 (0.42-1.85) .11
CCP 12 27 (68) 808 (45) 1.27 (0.61-2.64) .005
CCP 14 21 (52) 505 (28) 1.39 (0.69-2.80) .001
CCP 19 15 (38) 207 (12) 1.81 (0.86-3.78) !.001
CCP 110 15 (38) 177 (10) 2.17 (1.04-4.56) ! .001

note. Data are no. (%) of patients, unless otherwise indicated. The CCP was calculated for each
patient as the sum of the daily CDAD point prevalences for every day spent in the ICU while susceptible.
Multiple dichotomous variables were created for the CCP because of its unusual frequency distribution.
See Methods for additional assumptions made in determining the CCP. CI, confidence interval; OR,
odds ratio.
a P values are for univariate analyses calculated by the Mann-Whitney U test (for median CCP) or
the x2 test (for categorized CCP variables).

figure 3. Risk of Clostridium difficile–associated disease (CDAD)
acquisition in the medical intensive care unit of a large midwestern
tertiary care center, according to C. difficile colonization pressure
(CCP) category, July 1997 through December 1999.

Figure 1). Notably, 808 patients (43%) experienced no CCP
and had a shorter median ICU length of stay than patients
who experienced any CCP (2.5 vs 4.0 days; ). FiveP ! .001
patients acquired CDAD less than 24 hours after ICU dis-
charge. The remaining 71 patients with CDAD contributed
555 case-days of risk to the CCP (median, 6.0 case-days;
range, 1-33 case-days). The median CCP for all 40 patients
who acquired CDAD was 5.5 case-days of exposure (range,
0-103 case-days); however, 12 (30%) experienced no CCP
while in the ICU. The remaining 28 patients experienced a
median CCP of 13.0 case-days. In univariate analysis, the
CCP was associated with acquiring CDAD (median CCP, 5.5
case-days for acquired CDAD vs 2.0 case-days for no CDAD;

) (Table 2). In the logistic regression model thatP p .001
evaluated risk factors for CDAD acquisition, other than VRE
colonization or infection, only the highest category of CCP
(ie, more than 30 case-days of exposure) was significant (20%
for acquired CDAD vs 2% for no CDAD; aOR, 3.77 [95%
CI, 1.14-12.49]) (Figure 3). With sequential logistic regression
modeling, a threshold CCP of 10 was necessary for CCP to
become an independent risk factor for CDAD acquisition
(aOR, 2.17 [95% CI, 1.04-4.56]) (Table 2). Acquisition of
CDAD occurred in 15 (8%) of the 192 susceptible patients
who experienced more than 10 case-days of CCP and in only
25 (2%) of 1,619 susceptible patients with a CCP of 10 case-
days or less.

Impact of CDAD on Outcomes and Costs

Outcomes for patients with any CDAD, acquired CDAD only,
and no CDAD are presented in Table 3. In total, 378 patients
(20%) died in the ICU, and 308 (16%) required transfer to
a long-term care facility. The median length of ICU stay was
3.0 days, and the median ICU costs were $6,137 for the 1,835

patients for whom cost data were available. Although mor-
tality was not significantly different, lengths of hospital and
ICU stay were approximately twice as long for patients with
any CDAD, compared with patients without CDAD. Hospital
and ICU costs were similarly higher for patients with any
CDAD, compared with patients without CDAD. Having any
CDAD was also associated with discharge to a long-term care
facility. The increased costs and lengths of stay were even
more pronounced for patients who acquired CDAD while in
the ICU. In the logistic regression model, APACHE II score,
nonwhite race, methicillin-resistant S. aureus bacteremia,
VRE colonization or infection, enteral feeding, mechanical
ventilation, and receipt of an antifungal agent were indepen-
dently associated with ICU mortality, although CDAD was
not. By multivariable linear regression modeling to adjust for
confounding, having any CDAD was significantly associated
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table 3. Outcomes and Costs for Patients in the Medical Intensive Care Unit (ICU) of a Large Midwestern Tertiary
Care Center, Stratified by Clostridium difficile– Associated Disease (CDAD) Status

Variable

Patient group

P a

Any CDAD
(n p 76)

Acquired CDAD only
(n p 40)

No CDAD
(n p 1,796)

Mortality
During ICU stay 15 (20) 7 (18) 363 (20) .92
During non-ICU hospital stay 27 (36) 13 (32) 495 (28) .13

Discharge to long-term care facility 21 (28) 9 (22) 287 (16) .007
Length of stay, median d (range)

ICU 6.1 (1-86) 14.9 (1-86) 3.0 (1-106) !.001
Hospital 24.5 (2-184) 38.3 (4-184) 10.1 (1-397) !.001

Costs, median $US (range)b

During ICU stay 11,353 (2,061-175,878) 25,092 (2,497-175,878) 6,028 (987-255,941) !.001
During entire hospital stay 45,910 (5,936-271,024) 68,036 (7,991-271,024) 18,620 (1,668-334,523) !.001

note. Data are no. (%) of patients, unless otherwise indicated. See Methods for the definition of acquired CDAD.
a P values for univariate comparison between patients with any CDAD and patients with no CDAD were calculated by the x2 test (for
variables expressed as proportions) or the Mann-Whitney U test (for variables expressed as median values).
b Cost data were available for 1,835 patients: 75 had any CDAD, 39 had acquired CDAD only, and 1,760 had no CDAD.

with a greater length of ICU stay (aOR, 1.24 [95% CI, 1.07-
1.44]) and trended toward higher ICU costs (aOR, 1.18 [95%
CI, 0.995-1.39]). In both of these models, the following var-
iables were also associated with increased ICU costs and
lengths of ICU stay: age; APACHE II score; receipt of anti-
microbials with activity against gram-negative, anaerobic, or
fungal organisms; concomitant nosocomial bacteremia; VRE
colonization; enteral feeding; and mechanical ventilation.

discussion

The results of this large cohort study confirmed CDAD to
be a sporadic ICU nosocomial infection in the absence of a
recognized outbreak, with an observed incidence similar to
that reported elsewhere for ICUs at large teaching hospitals.2

As others have reported in ICU and non-ICU populations,
we observed an association between CDAD and markedly
increased lengths of stay2 and a subsequent trend toward
higher costs,1 particularly for patients who acquired CDAD
in the ICU. Many nosocomial infections have been report-
ed to be markers of increased use of ICU resources,29-31 and
our findings suggest that CDAD is another important ICU
infection.

Efforts to prevent CDAD in vulnerable ICU patients are
now more imperative than ever, because a C. difficile strain
with enhanced virulence has recently emerged in North
America and Europe. This strain, characterized by the pres-
ence of a binary toxin, hyperproduction of toxins A and B,
and universal resistance to fluoroquinolones, has caused mul-
tiple severe CDAD outbreaks with higher attributable mor-
tality.3-5 A number of molecular epidemiology studies have
previously confirmed that exogenous transmission of C. dif-
ficile from other patients and contaminated hospital envi-
ronments occurs but is not necessarily sufficient for the de-
velopment of CDAD.12,18,19,32-34 After exposure, endogenous

risk factors that affect the normal colonic flora or the host
immune response probably determine whether CDAD will
develop or whether asymptomatic, and possibly protective,
colonization occurs.12,14,21,35 Prevention strategies usually con-
sist of reducing exogenous risk with barrier infection control
policies and bleach disinfection or of reducing endogenous
risk through restrictions on the use of high-risk antimicro-
bials.36-39

Although our findings provide further evidence that CDAD
transmission probably occurs indirectly between patients in
close proximity,19 they also suggest that endogenous risk fac-
tors may be the more important targets for prevention when
the incidence of CDAD is sporadic. First, most acquired
CDAD cases occurred when there was no detectable CDAD
in the ICU. Second, most imported cases were not temporally
associated with subsequent acquired cases. Third, unlike with
VRE, the infection control policy of donning gowns with
gloves in this same cohort was not associated with a reduced
risk of CDAD acquisition, compared with a gloves-only pol-
icy.23 Perhaps most importantly, overall exposure to C. difficile
experienced by susceptible patients, as quantified by the CCP,
was an independent risk factor for CDAD only when the
duration of exposure exceeded 10 case-days. Indeed, nearly
one third of patients with acquired CDAD experienced no
CCP before CDAD onset.

Thus, in a setting of sporadic CDAD incidence, it seems
prudent to focus on mitigation of modifiable endogenous
risk factors by emphasizing judicious use of antimicrobial
agents and gastric acid suppression agents. Although it is
often not feasible to restrict use of these drugs in critically
ill patients, when treatment with broad-spectrum antimicro-
bial agents is necessary, substituting cephalosporins and flu-
oroquinolones with potentially lower-risk drugs, such as pi-
peracillin-tazobactam, may be preferable.40,41 Our findings
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suggest that use of gloves alone may be equivalent to con-
comitant use of gloves and gowns for preventing transmis-
sion; however, this hypothesis would need to be formally
tested before changes in barrier infection control guidelines
can be recommended. Furthermore, intensive environmental
disinfection with sodium hypochlorite should be considered
early in a suspected CDAD outbreak.37,42 Prospective molec-
ular epidemiology studies are needed to confirm the efficacy
of such a prevention strategy.

To our knowledge, we describe the first large-scale study
that investigated the epidemiology of CDAD in an ICU setting
and the first study that evaluated colonization pressure as a
risk factor for CDAD acquisition. Strengths of this study in-
clude a well-characterized cohort, availability of thorough
outcomes data, and a multiyear duration to minimize the
effect of minor spikes or decreases in CDAD incidence.

As with most observational investigations, our study has
several limitations. First, our model for calculating the CCP
was based on the assumptions that (1) the onset of diarrhea
occurred rapidly after exposure to C. difficile in critically ill
patients, (2) patients with CDAD shed epidemiologically sig-
nificant amounts of C. difficile in their stools for 14 days after
diagnosis, and (3) patients without laboratory-confirmed C.
difficile toxin are not at risk to transmit C. difficile. Use of a
different cutoff time for distinguishing prevalent from ac-
quired CDAD (eg, 48 hours instead of 24 hours) would have
had little impact on our estimates, because the number of
acquired cases that occurred 24-48 hours after ICU admission
was similar to the number that occurred 24-48 hours after
discharge. Although it is known that asymptomatic inpatients
are frequently colonized with C. difficile,14,21 their importance
as reservoirs is not clear. Second, the model was unable to
account for the CCP experienced in the hospital before ICU
admission. Third, it is possible that some of the patients with
a positive result of a C. difficile toxin test did not have CDAD;
however, this misclassification bias was likely to be infrequent,
given the high specificity of the cytotoxicity assay and because
stool toxin tests were not routinely ordered unless clinically
compatible symptoms were present. Fourth, because this
study was a secondary analysis, the primary data on specific
drugs or drug classes were not available to more completely
characterize antimicrobial exposure. In addition, direct ICU-
specific cost data were unavailable and were likely underes-
timated by our method. Although we observed associations
between CDAD and increased lengths of ICU stay and costs,
we cannot conclude that these increases are attributable solely
to CDAD. Indeed, our multivariable analyses suggest that
many of the measured exposure variables were associated with
these complex outcomes. Our hypothesis is that having
CDAD in the ICU is one of many markers for increased use
of healthcare resources. Finally, the reported data predated
the emergence of the recently recognized hypervirulent strain,
which may exhibit transmission dynamics that differ from
those of the strains recovered from patients in our study.

CDAD is an important ICU infection and has considerable

implications for resource use. Colonization pressure becomes
an important exogenous risk factor for CDAD transmission
only at high levels of exposure. In addition to use of tradi-
tional barrier infection control methods, mitigation of en-
dogenous risk factors should be emphasized.

Address reprint requests to Steven J. Lawrence, MD, MSc, Washington
University School of Medicine, Box 8051, 660 South Euclid Avenue, St. Louis,
MO 63110 (slawrenc@im.wustl.edu).

Presented in part: 41st Annual Meeting of the Infectious Diseases Society
of America, San Diego, CA, October 11, 2003; and 14th Annual Society for
Healthcare Epidemiology of America Meeting, Philadelphia, PA, April 18,
2004.

acknowledgments

We thank the participants and the ICU and infection control staffs.
S.J.L. was supported by the National Institutes of Health (grant NRSA

T32 AI07172-23).
M.H.K. has received research grants from Pfizer, Elan Pharmaceuticals,

Merck, and Bard. L.M.M. is a healthcare consultant for Philadelphia FIGHT
and GlaxoSmithKline and is on the speakers’ bureau of Boehringer Ingelheim
Pharmaceuticals.

references

1. Kyne L, Hamel MB, Polavaram R, Kelly CP. Health care costs and mor-
tality associated with nosocomial diarrhea due to Clostridium difficile.
Clin Infect Dis 2002; 34:346-353.

2. Archibald LK, Banerjee SN, Jarvis WR. Secular trends in hospital-ac-
quired Clostridium difficile disease in the United States, 1987-2001. J
Infect Dis 2004; 189:1585-1589.

3. Pepin J, Valiquette L, Alary ME, et al. Clostridium difficile–associated
diarrhea in a region of Quebec from 1991 to 2003: a changing pattern
of disease severity. CMAJ 2004; 171:466-472.

4. Loo VG, Poirier L, Miller MA, et al. A predominantly clonal multi-
institutional outbreak of Clostridium difficile–associated diarrhea with
high morbidity and mortality. N Engl J Med 2005; 353:2442-2449.

5. McDonald LC, Killgore GE, Thompson A, et al. An epidemic, toxin gene-
variant strain of Clostridium difficile. N Engl J Med 2005; 353:2433-2441.

6. Muto CA, Pokrywka M, Shutt K, et al. A large outbreak of Clostridium
difficile–associated disease with an unexpected proportion of deaths and
colectomies at a teaching hospital following increased fluoroquinolone
use. Infect Control Hosp Epidemiol 2005; 26:273-280.

7. Foulke GE, Silva J Jr. Clostridium difficile in the intensive care unit:
management problems and prevention issues. Crit Care Med 1989; 17:
822-826.

8. Walters BA, Stafford R, Roberts RK, Seneviratne E. Contamination and
crossinfection with Clostridium difficile in an intensive care unit. Aust N
Z J Med 1982; 12:255-258.

9. Grube BJ, Heimbach DM, Marvin JA. Clostridium difficile diarrhea in
critically ill burned patients. Arch Surg 1987; 122:655-661.

10. Rotimi VO, Jamal WY, Mokaddas EM, Brazier JS, Johny M, Duerden
BI. Prevalent PCR ribotypes of clinical and environmental strains of
Clostridium difficile isolated from intensive-therapy unit patients in Ku-
wait. J Med Microbiol 2003; 52:705-709.

11. Pelupessy I, Bonten MJ, Diekmann O. How to assess the relative im-
portance of different colonization routes of pathogens within hospital
settings. Proc Natl Acad Sci U S A 2002; 99:5601-5605.

12. Johnson S, Gerding DN. Clostridium difficile–associated diarrhea. Clin
Infect Dis 1998; 26:1027-1034.

13. Hopkins MJ, Macfarlane GT. Changes in predominant bacterial popu-



130 infection control and hospital epidemiology february 2007, vol. 28, no. 2

lations in human faeces with age and with Clostridium difficile infection.
J Med Microbiol 2002; 51:448-454.

14. McFarland LV, Surawicz CM, Stamm WE. Risk factors for Clostridium
difficile carriage and C. difficile–associated diarrhea in a cohort of hos-
pitalized patients. J Infect Dis 1990; 162:678-684.

15. Kyne L, Sougioultzis S, McFarland LV, Kelly CP. Underlying disease
severity as a major risk factor for nosocomial Clostridium difficile diar-
rhea. Infect Control Hosp Epidemiol 2002; 23:653-659.

16. Dial S, Alrasadi K, Manoukian C, Huang A, Menzies D. Risk of Clostridium
difficile diarrhea among hospital inpatients prescribed proton pump in-
hibitors: cohort and case-control studies. CMAJ 2004; 171:33-38.

17. Viscidi R, Willey S, Bartlett JG. Isolation rates and toxigenic potential
of Clostridium difficile isolates from various patient populations. Gastro-
enterology 1981; 81:5-9.

18. McFarland LV, Mulligan ME, Kwok RY, Stamm WE. Nosocomial ac-
quisition of Clostridium difficile infection. N Engl J Med 1989; 320:204-210.

19. Chang VT, Nelson K. The role of physical proximity in nosocomial
diarrhea. Clin Infect Dis 2000; 31:717-722.

20. Clabots CR, Johnson S, Olson MM, Peterson LR, Gerding DN. Acqui-
sition of Clostridium difficile by hospitalized patients: evidence for col-
onized new admissions as a source of infection. J Infect Dis 1992; 166:
561-567.

21. Shim JK, Johnson S, Samore MH, Bliss DZ, Gerding DN. Primary symp-
tomless colonisation by Clostridium difficile and decreased risk of sub-
sequent diarrhoea. Lancet 1998; 351:633-636.

22. Bonten MJ, Slaughter S, Ambergen AW, et al. The role of “colonization
pressure” in the spread of vancomycin-resistant enterococci: an impor-
tant infection control variable. Arch Intern Med 1998; 158:1127-1132.

23. Puzniak LA, Leet T, Mayfield J, Kollef M, Mundy LM. To gown or not
to gown: the effect on acquisition of vancomycin-resistant enterococci.
Clin Infect Dis 2002; 35:18-25.

24. Merrer J, Santoli F, Appered V, Tran B, De JB, Outin H. “Colonization
pressure” and risk of acquisition of methicillin-resistant Staphylococcus
aureus in a medical intensive care unit. Infect Control Hosp Epidemiol
2000; 21:718-723.

25. Puzniak LA, Mayfield J, Leet T, Kollef M, Mundy LM. Acquisition of
vancomycin-resistant enterococci during scheduled antimicrobial rota-
tion in an intensive care unit. Clin Infect Dis 2001; 33:151-157.

26. Knaus WA, Draper EA, Wagner DP, Zimmerman JE. APACHE II: a
severity of disease classification system. Crit Care Med 1985; 13:818-829.

27. Garbutt JM, Littenberg B, Evanoff BA, Sahm D, Mundy LM. Enteric
carriage of vancomycin-resistant Enterococcus faecium in patients tested
for Clostridium difficile. Infect Control Hosp Epidemiol 1999; 20:664-670.

28. US Department of Labor, Bureau of Labor Statistics. Consumer Price
Index for Medical Care. Washington, DC: US Department of Labor, Bu-

reau of Labor Statistics; 2003. Available at: http://www.bls.gov/cpi/home
.htm. Accessed May 15, 2005.

29. Chen YY, Chou YC, Chou P. Impact of nosocomial infection on cost of
illness and length of stay in intensive care units. Infect Control Hosp
Epidemiol 2005; 26:281-287.

30. Puzniak LA, Gillespie KN, Leet T, Kollef M, Mundy LM. A cost-benefit
analysis of gown use in controlling vancomycin-resistant Enterococcus
transmission: is it worth the price? Infect Control Hosp Epidemiol 2004;
25:418-424.

31. Shadel BN, Puzniak LA, Gillespie KN, Lawrence SJ, Kollef M, Mundy
LM. Surveillance for vancomycin-resistant Enterococci: type, rates, costs,
and implications. Infect Control Hosp Epidemiol 2006; 27:1068-1075.

32. Cohen SH, Tang YJ, Rahmani D, Silva J Jr. Persistence of an endemic
(toxigenic) isolate of Clostridium difficile in the environment of a general
medicine ward. Clin Infect Dis 2000; 30:952-954.

33. Samore MH, Bettin KM, DeGirolami PC, Clabots CR, Gerding DN,
Karchmer AW. Wide diversity of Clostridium difficile types at a tertiary
referral hospital. J Infect Dis 1994; 170:615-621.

34. McFarland LV. What’s lurking under the bed? persistence and predom-
inance of particular Clostridium difficile strains in a hospital and the
potential role of environmental contamination. Infect Control Hosp Ep-
idemiol 2002; 23:639-640.

35. Kyne L, Warny M, Qamar A, Kelly CP. Association between antibody
response to toxin A and protection against recurrent Clostridium difficile
diarrhoea. Lancet 2001; 357:189-193.

36. Apisarnthanarak A, Zack JE, Mayfield JL, et al. Effectiveness of envi-
ronmental and infection control programs to reduce transmission of
Clostridium difficile. Clin Infect Dis 2004; 39:601-602.

37. Mayfield JL, Leet T, Miller J, Mundy LM. Environmental control to
reduce transmission of Clostridium difficile. Clin Infect Dis 2000; 31:
995-1000.

38. Gaynes R, Rimland D, Killum E, et al. Outbreak of Clostridium difficile
infection in a long-term care facility: association with gatifloxacin use.
Clin Infect Dis 2004; 38:640-645.

39. McNulty C, Logan M, Donald IP, et al. Successful control of Clostridium
difficile infection in an elderly care unit through use of a restrictive
antibiotic policy. J Antimicrob Chemother 1997; 40:707-711.

40. Baines SD, Freeman J, Wilcox MH. Effects of piperacillin/tazobactam on
Clostridium difficile growth and toxin production in a human gut model.
J Antimicrob Chemother 2005; 55:974-982.

41. Wilcox MH, Freeman J, Fawley W, et al. Long-term surveillance of ce-
fotaxime and piperacillin-tazobactam prescribing and incidence of Clos-
tridium difficile diarrhoea. J Antimicrob Chemother 2004; 54:168-172.

42. Perez J, Springthorpe VS, Sattar SA. Activity of selected oxidizing mi-
crobicides against the spores of Clostridium difficile: relevance to envi-
ronmental control. Am J Infect Control 2005; 33:320-325.


	Clostridium difficile in the intensive care unit: Epidemiology, costs, and colonization pressure
	Recommended Citation
	Authors

	<italic>Clostridium difficile</italic> in the Intensive Care Unit: Epidemiology, Costs, and Colonization Pressure

