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Background: In October 2004, our Clostridium difficile infection (CDI) rate increased (relative risk, 3.51; 95% confidence interval:
2.96-4.16) from a baseline rate of 1.35 per 1000 patient-days. We describe the outbreak, the relationship between antibiotic use
and CDI, and the effect of enhanced infection control measures (EICM) on CDI.
Methods: Rates were calculated as positive C difficile toxin A or B tests among patients with nosocomial diarrhea per 1000 patientdays (duplicates removed). Antibiotic use was calculated as defined daily dose per 1000 patient-days. EICM consisted of (1) placing
patients with diarrhea into empiric Contact Precautions, (2) cleaning with a bleach product in areas with CDI patients, and (3)
requiring soap and water hand hygiene when caring for CDI patients. CDI rates were analyzed by x2 for trend. Time series methodology was used to examine the association between CDI and antibiotic use.
Results: During the outbreak (October 2004-May 2005), we observed 144 excess cases of CDI. The CDI rate decreased after EICM
were implemented (P , .0001) and has been maintained for 36 months beyond the outbreak. Multivariate analysis revealed positive associations between CDI rates and cefazolin use (P 5 .008) and levofloxacin/gatifloxacin use (P 5 .015).
Conclusion: Despite an association between some antibiotic use and CDI rates, we achieved sustained control of an outbreak using
EICM without formulary changes or new antibiotic control policies. This suggests that patient-to-patient spread may be a more
important cause of increased CDI rates.
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Historically, an estimated 3 million new cases of
Clostridium difficile infection (CDI) have been reported
to occur annually in US hospitals, and CDI has affected
as many as 10% of patients hospitalized for more than
2 days.1 CDI has also been associated with significant
morbidity, increased costs of care, and sometimes mortality.2-6 For example, in a prospective, case control
study, patients who developed CDI during hospitalization stayed an average of 3.6 days longer and had
excess hospital costs of $3669 compared with patients
who did not develop CDI.2 More recently, the incidence
of CDI has been increasing and a new strain of C difficile
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with increased virulence has caused outbreaks of
severe disease in North America.7-9
Many risk factors for the development of CDI have
been identified such as age greater than 65 years, severe underlying illness, nasogastric intubation, antiulcer medications, and lengthy hospital stay; however,
exposure to antibiotics has been considered the preeminent risk factor10,11 with more than 90% of nosocomial CDI occurring during or shortly after antibiotic
therapy.12,13 In addition to the commonly associated
cephalosporins and clindamycin, recent studies have
suggested an association between fluoroquinolone
use and increased rates of C difficile.7,14-16
Nosocomial transmission of C difficile in hospitals
can occur via the contaminated hands, clothing, and
equipment of health care providers, and guidance
regarding control for CDI in hospitals has been
offered.10,17 In 1995, Gerding et al described 2 distinct
approaches when considering control of CDI in a
health care facility: (1) efforts directed at interrupting
horizontal spread of C difficile such as the use of Barrier
Precautions and environmental cleaning and (2) efforts
to minimize the possibility that organism exposure will
result in clinical infection such as antimicrobial use
restriction.10 The authors concluded that the most successful control measure directed at reduction of symptomatic disease was antimicrobial restriction. More
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recently, Muto et al described control of a CDI outbreak
due to the hypervirulent BI strain by use of a comprehensive ‘‘bundle’’ approach.17 This consisted of
education, increased and early case finding, expanded
infection control measures (environmental cleaning,
electronic flags and alerts, hand hygiene with soap
and water, prolonged duration of isolation, and infection control audits), development of a C difficile management team, and targeted antimicrobial restriction.
In October of 2004, the Department of Infection Prevention and Control at our hospital began receiving
inquiries from health care providers regarding a perceived increase in the occurrence of nosocomial diarrhea due to C difficile among patients in adult
inpatient units. Monthly comparison of nosocomial
CDI rates from January 2002 through October 2004
revealed a significant increase from a steady 33-month
baseline rate of 1.35 cases per 1000 patient-days to
4.74 cases per 1000 patient-days (relative risk,
RR 3.51; 95% confidence interval [CI]: 2.96-4.16;
P , .0001). This prompted us to investigate the outbreak including the potential association between antimicrobial use patterns and CDI rates. Here, we describe
the outbreak, the relationship between antibiotic use
and CDI rates, and the effect of enhanced infection
control measures (EICM) on the rate of nosocomial
CDI in adults in our academic, tertiary care hospital.

METHODS
Study setting and data collection
The Medical University of South Carolina Hospital
is a 610-bed, tertiary care, academic institution that
cares for patients from South Carolina as well as referral areas from neighboring states. The hospital offers
all medical and surgical subspecialty services including solid organ and bone marrow transplantation.
The study was approved by the university’s Institutional Review Board. For this study, only CDI cases
considered to be nosocomial in nature among adults
being cared for in our hospital were included. These
cases were defined as any patient with a positive C difficile toxin A or B test in the setting of diarrhea that developed after 72 hours of admission or was present on
admission if the patient had been hospitalized within
the previous 30 days. This information was supplied
to us by the Department of Infection Prevention and
Control and the Department of Clinical Microbiology.
Duplicate patient results were removed, and results
were entered into an electronic database. Antibiotic
usage data for each adult inpatient unit was supplied
by the Department of Pharmacy Services. For this
analysis, antibiotic usage included that of cefazolin,
cefepime, ceftriaxone (as well total cephalosporin
use), ciprofloxacin, levofloxacin, gatifloxacin (as well
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as total fluoroquinolone use), clindamycin, and piperacillin/tazobactam.

Enhanced infection control measures
Historically at our institution, patients with diarrhea
were routinely placed into Contact Precautions once
they were diagnosed with CDI, and the type of hand
hygiene preferred when caring for these patients was
not routinely discussed with health care workers. Similarly, the type of disinfectant used for environmental
cleaning was not closely monitored. EICM implemented during the outbreak consisted of (1) placing
patients with diarrhea into empiric Contact Precautions until CDI was ruled out as the cause of diarrhea,
(2) cleaning equipment and the environment with a
bleach product in areas occupied by CDI patients, and
(3) requiring soap and water for hand hygiene among
health care providers when caring for patients with
CDI (rather than alcohol hand gel). All elements of
the EICM were fully implemented at once. When CDI
was diagnosed as the cause of a patient’s diarrheal illness, the patient was kept in Contact Precautions for
the duration of hospitalization and their status flagged
in the electronic medical record to place them into
Contact Precautions upon readmission if they were
symptomatic. Contact Precautions at our facility
include placing the patient into a private room and
requiring health care workers to don a gown and pair
of gloves prior to entering the room to care for the
patient. Memos describing EICM were sent to all patient
care areas of the hospital and detailed in-services were
conducted in areas with high CDI rates just prior to full
implementation.

Data treatment and statistical analysis
Quarterly CDI rates from the first quarter of 2000
through the second quarter of 2005 were calculated
for the entire adult hospital as the number of nosocomial CDI cases per 1000 patient-days. Similarly, antibiotic use data for the same time period were converted
to defined daily doses (DDD) and normalized by census
data (ie, DDD/1000 patient-days). Levofloxacin and gatifloxacin were analyzed as a single variable rather than
as individual agents because our antibiotic formulary
changed from levofloxacin to gatifloxacin during the
period of interest (third quarter of 2001). CDI rates after
implementing EICM (December 2004) were analyzed
by x2 test for trend (EpiInfo 3.4.3, 2007; CDC, Atlanta,
GA). A P value #.05 was considered statistically
significant.
Multivariate time series methodology was used to
examine the association between CDI rates and antibiotic use within the entire adult hospital.18 Pearson correlation coefficients (Prob . jrj under H0: Rho 5 0)
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were used for univariate analysis and to test for multicollinearity among the independent variables in the multivariate analysis. P values #.05 were considered
significant. For the multivariate time series analysis,
proper estimations of standard errors and significance
were made through the detection of and correction for
autocorrelation. The Durbin-Watson statistic was used
to test for autocorrelation in the residuals.19 If significant
autocorrelation was detected, maximum likelihood estimation with first-or second-order differencing was used
to correct the problem. A backward selection process
was used to determine the final model for multivariate
analysis (SAS 9.0; SAS Institute, Inc, Cary, NC). Statistical
significance for the multivariate analysis was determined
at the .05 level.

RESULTS
Description of the outbreak and effect of
enhanced infection control measures
During the outbreak period (October 2004 through
May 2005), we observed 307 cases of nosocomial
CDI, 144 excess cases above the expected baseline,
and 9 deaths (mortality rate of 2.9%) among patients
with CDI. The overall mean outbreak CDI rate was
3.90 per 1000 patient-days, and the peak outbreak
CDI rate (November 2004) was 5.52 per 1000 patientdays. The highest CDI rates occurred among patients
on the hematology/oncology ward (5.94 per 1000
patient-days), the general medicine ward (5.83 per
1000 patient-days), and the gastrointestinal surgery
ward (4.04 per 1000 patient-days). Based on estimates
from Kyne et al,2 the excess CDI cases that occurred
during the outbreak accounted for 518.4 excess hospital days and $528,336 excess hospital costs.
EICM were implemented during the third week of
November 2004. The CDI rate decreased significantly
over the subsequent 6 months after EICM were implemented (P , .0001). We observed the greatest absolute
as well as relative decrease in CDI rates over the first 3
months after implementing EICM (a 2.50 per 1000
patient-days rate decrease and 45.3% decrease, respectively). Our immediate postoutbreak CDI rate was 1.84
per 1000 patient-days, and our mean postoutbreak rate,
maintained for 36 months beyond the outbreak, has
been 1.24 per 1000 patient-days (Fig 1).

Antibiotic usage data and association with CDI
Over the study period (January 2000 through June
2005), total fluoroquinolone use (quarterly mean
127.8 DDD per 1000 patient-days prior to outbreak vs
159.4 quarterly mean during outbreak), total cephalosporin use (quarterly mean 157.9 DDD per 1000
patient-days prior to outbreak vs 222.4 quarterly
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mean during outbreak), and piperacillin/tazobactam
use (quarterly mean 77.4 DDD per 1000 patient-days
prior to outbreak vs 105.9 quarterly mean during outbreak) significantly increased (all P values , .0001).
Clindamycin use did not change significantly (quarterly mean 30.3 DDD per 1000 patient-days prior to
outbreak vs. 34.2 quarterly mean during outbreak).
Univariate analysis revealed positive associations
between the hospital-wide CDI rate (Table 1) and cefazolin use, as well as with levofloxacin/gatifloxacin use,
which was primarily driven by gatifloxacin use over
the last 3.5 years of the period of analysis. Ciprofloxacin use was negatively correlated with the CDI rate as
was clindamycin use. Cefepime, ceftriaxone, total
cephalasporin, and piperacillin/tazobactam did not
have significant correlations with the CDI rate. The correlation coefficients revealed a strong positive association between the 2 independent variables cefazolin use
and levofloxacin/gatifloxacin use (84%; P ,.0001), suggesting multicollinearity. Because there is no obvious
reason for this high correlation (eg, combination therapy), dropping one of the drugs from the multivariate
equation was not justified. Therefore, 2 equations
were regressed: the first excluding levofloxacin/gatifloxacin and the second excluding cefazolin. After controlling for each of the variables from the univariate
analysis, multivariate analyses (Tables 2 and 3) revealed
significant positive associations between hospital-wide
CDI rates and cefazolin use (equation 1; P 5 .008) as
well as with the use of levofloxacin/gatifloxacin (equation 2; P 5 .015). The multivariate effects from ciprofloxacin use were negative in both equations
(equation 1, P , .0001; equation 2, P 5 .0006). Interestingly, after controlling for the effect of covariates, the
negative association between clindamycin use and
the CDI rate became nonsignificant in both equations.
Second-order autocorrelation was present and corrected for in the analysis. The R2 for the multivariate
equations were calculated as 0.67 (equation 1) and
0.64 (equation 2).

DISCUSSION
C difficile is shed in feces. Any surface, device, or material that becomes contaminated with feces may serve
as a reservoir for the C difficile spores. Spores are transferred to patients via the hands of health care personnel who have touched a contaminated surface or
item. To control nosocomial CDI, the Centers for Disease Control and Prevention (CDC) recommends
judicious use of antibiotics, use of Contact Precautions
for patients known or suspected of having CDI, hand
hygiene with soap and water when caring for CDI
patients, and implementation of an environmental
cleaning and disinfection strategy, including use of an
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Fig 1. Monthly CDI rates before, during, and after the outbreak period. CDI rates decreased significantly after EICM
were implemented, x2 for trend P , .0001.

Environmental Protection Agency-registered hypochlorite-based disinfectant for environmental surface
disinfection after cleaning. Generic sources of hypochlorite (eg, household chlorine bleach) also may be
appropriately diluted and used (http://www.cdc.gov/
ncidod/dhqp/id_CdifficileFAQ_HCP.html#7).
Without instituting a targeted antibiotic control program or any formulary changes, we were able to
achieve sustained control of nosocomial CDI in our
hospital with use of EICM as recommended by the
CDC. This would suggest that patient-to-patient spread
of the organism plays an important role in outbreaks of
CDI and that interruption of this spread can be an effective control measure. There has been debate regarding
whether or not infection control measures alone are
adequate for control of CDI outbreaks and whether
antibiotic stewardship is needed. Because multiple
antibiotic agents have reportedly increased the risk
for CDI, it seems prudent that good antibiotic stewardship in general should help in the control of CDI, and
this approach may be more beneficial in a facility in
which specific agents are identified as having an association with increased rates of CDI. Two recent studies
have used sophisticated statistical analysis to assess the
effect of antibiotic stewardship on CDI rates.20,21
Fowler et al described the effect of a narrow-spectrum
antibiotic policy on antibiotic prescription practices
and CDI rates in their large United Kingdom teaching
hospital caring for elderly individuals.20 The policy
was reinforced by an auditing program of feedback
from pharmacists to physicians regarding antibiotic
usage and CDI rates. The goal of the program was to

reduce the use of broad-spectrum antibiotics (amoxicillin/clavulanate and cephalosporins) and increase
the use of narrow-spectrum antibiotics (benzyl penicillin, trimethoprim, and amoxicillin). Over the study
period, there were significant reductions in the acute
and long-term use of all targeted broad-spectrum antibiotics, and this phenomenon was associated with a
significant decrease in CDI rates (incidence rate ratio,
0.35 [95% CI: 0.17-0.73], P 5 .009). Accompanying infection control measures that were implemented included isolating patients with CDI into side rooms
where aprons and gloves were worn for contact. These
measures notably did not change throughout the study
period. A study by Valiquette et al from a Canadian hospital reported similar results.21 The effects of multiple
measures used to control a CDI outbreak because of
the hypervirulent strain of C difficile were assessed, including development of a nonrestrictive antimicrobial
stewardship program. The program consisted of developing guidelines for antimicrobial use aimed to decreased consumption of agents known to be
Table 1. Correlations between antibiotic use and
hospital-wide CDI rate
Variables*
Cefazolin
Gatifloxacin/levofloxacin
Ciprofloxacin
Clindamycin

Association with CDI

P value

143%
165%
262%
245%

.043
.001
.002
.037

*Cefepime, Ceftriaxone, total cephalosporins, and piperacillin/tazobactam were all
nonsignificant.

462

Salgado et al.

American Journal of Infection Control
August 2009

Table 2. Significant associations from multivariate
analysis comparing hospital-wide CDI rate with antibiotic
use—gatifloxacin/levofloxacin excluded from equation
Variable
Intercept
Cefazolin
Ciprofloxacin

Association with CDI

P value

1
1
2

.0004
.0084
,.0001

NOTE. R2 5 .67; Akaike Information Criterion (AIC) 5 46.76.

associated with CDI at the investigatorsÕ institution
(second- and third-generation cephalosporins, ciprofloxacin, clindamycin, and macrolides). Recommendations were reinforced by telephone conversations
between pharmacists and physicians. Interrupted
time series analysis revealed that decreased consumption of targeted antibiotics was associated with a 60%
reduction in the incidence of CDI. Interestingly, there
was no change in CDI incidence after strengthening infection control measures; however, these infection
control measures were implemented well into the outbreak period, after there was heavy environmental
contamination, and thus their efficacy may have been
affected. The success our interventions demonstrated
with the use of EICM may have in part been due to
the fact that we instituted these measures relatively
early in the outbreak. Taken together, it seems that successful control of a nosocomial CDI outbreak may be
institution dependent and may require EICM as well
as antibiotic stewardship.
Our study is limited by the fact that we did not do
strain typing of the organism responsible for our outbreak; thus, we do not know for certain that the epidemic hypervirulent strain of C difficile was a factor.
However, clinicians caring for these CDI patients
clearly communicated that there was increased morbidity and mortality associated with this outbreak,
and, thus, we think that it is a reasonable assumption
that this strain contributed. In addition, we did not formally require that compliance with the EICM be monitored. However, environmental services employees
use a daily checklist to ensure proper cleaning techniques and use of proper products for patients with
epidemiologic important organisms (such as C difficile),
and this was reviewed in detail with the Department of
Infection Prevention and Control. Additionally, the
Department of Infection Prevention and Control
received daily reports from the Clinical Microbiology
Laboratory indicating the patients for which C difficile
toxin tests were being performed, and this information
was used to instruct the individual units regarding who
to place into empiric Contact Precautions. Finally, to
encourage the use of soap and water, signs were posted
over the alcohol gel dispensers in the room of patients
on Contact Precautions for C difficile stating that soap

and water was the preferred method of hand hygiene.
Overall hand hygiene compliance over the outbreak
period ranged from 62% to 80%.
Our analysis of possible associations of antibiotic
use with this outbreak of C difficile yielded some
intriguing results. It has long been reported that antibiotics are the preeminent risk factor for development of
CDI. Furthermore, penicillins, cephalosporins, and
clindamycin are frequently listed among those presenting the greatest risk. A metaanalysis by Bignardi reported that essentially all antibiotics can be
independent risk factors for CDI, but those that have
broad-spectrum coverage and perhaps a greater effect
on eliminating normal gut flora may be more likely
to have an association with the disease.12 It is notable,
therefore, that we did not detect a relationship between
third-generation cephalosporins or clindamycin use
and rising CDI rates, as found by others, perhaps
because of the time frame of the study but nonetheless
suggesting other operative factors or more simply that
the level of use of these agents was not changing just
prior to or during the outbreak.
The results of this study would suggest a positive
association between hospital-wide CDI rates and
use of some antibiotics, including fluoroquinolones
(specifically, gatifloxacin) and cephalosporins (specifically, cefazolin). Although it is possible that cefazolin could alter the bacterial flora of the
gastrointestinal tract and thus predispose to CDI,
others have not found this association. We believe
the more likely explanation for the association we
found between cefazolin use and CDI rates is a
mathematical relationship driven by the consistently high use of this antibiotic in our hospital.
On a gram/patient-day basis, it is the most frequently used injectable antibiotic at our institution.
Other studies have reported increased CDI rates
with fluoroquinolone use7,8,14-16,22,23 and specifically gatifloxacin.16 It is not clear, based on previously
published
literature,
whether
one
fluoroquinolone is better or worse than the next
in regard to its association with CDI with the exception of ciprofloxacin, which has been negatively associated with the condition. Our findings suggest

Table 3. Significant associations from multivariate
analysis comparing hospital-wide CDI rate with antibiotic
use—cefazolin excluded from equation
Variable
Intercept
Gatifloxacin/levofloxacin
Ciprofloxacin

Association with CDI

P value

1
1
2

.0023
.0150
.0006

NOTE. R2 5 0.64; Akaike Information Criterion (AIC) 5 48.51.
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that there may be differences among class members because we often found a positive relationship
between gatifloxacin and CDI case rates; however,
these relationships were consistently weak, suggesting that other causes or risk factors were apparently operative. This conclusion would also be
consistent with other relevant literature.12 However,
it is somewhat uncertain whether fluoroquinolones
are now a leading cause of CDI or whether their
popularity is simply a parallel but unrelated coincidence to rising CDI rates. One must be cognizant of
the possibility of ecologic fallacy in interpreting
such findings, although whether this risk applies
to this type of analysis is questionable.24,25 This is
because both antibiotic exposure at the patient
level and exposure/transmission at the environmental level are operative and important here. From our
analysis, it is therefore unlikely that a change in
fluoroquinolone or cefazolin use alone would have
adequately addressed rising CDI case rates at our
hospital, and, indeed, rates fell over the subsequent
months in the absence of a formulary change,
likely because of increased infection control
measures.
The fact that our findings, in regard to associations with antibiotic use, were not entirely consistent with previous literature on this topic also
merits discussion. Unlike earlier analyses of the
association between antibiotic use and CDI occurrence/rates, multivariate time series methodology
was used in the current study to examine the association between CDI rates and antibiotic use from a
hospital-wide perspective. It can be argued that this
is a more robust method to examine the presence
and nature of such relationships. Unlike conventional statistical models that assume that observed
data are culminations of independent random
effects, time series analysis takes into account the
possible relationship existing between consecutive
observations. The major advantages of this
approach are (1) proper estimation is performed
controlling for correlated error terms between
time periods and (2) the influence of other antibiotics can be controlled, which has generally not
been fully assessed with previous analyses/reports.
This is not to say that we have disproved previous
findings and conclusions but certainly argues for
further study of these relationships. Our findings
of negative relationships between CDI and both
ciprofloxacin and clindamycin should not be interpreted as indicating that either of these agents is
somehow protective against this disorder and neither do our findings constitute an argument against
the usual recommendation that antibiotics be discontinued, where possible, in affected patients.
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In conclusion, even though there was an association between some antibiotic use and CDI rates
in our hospital, we were able to achieve sustained
control of a CDI outbreak using EICM without antibiotic control policies. This suggests that patient-topatient spread may be an important cause of increased CDI rates and that, in some circumstances,
an outbreak might be adequately addressed without
changes in antibiotic use at the institutional level.
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