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Background. Previous studies have suggested that asymptomatic carriers of toxigenic Clostridium difficile are a
source of hospital-associated (HA) infections. Multilocus variable number of tandem repeats analysis (MLVA) is a
highly discriminatory molecular subtyping tool that helps to determine possible transmission sources.

Methods. Clostridium difficile isolates were recovered from perirectal swabs collected for vancomycin-resistant
Enterococcus (VRE) surveillance as well as from clinical C. difficile toxin–positive stool samples from July to Novem-
ber 2009 at the University of Pittsburgh Medical Center Presbyterian (UPMC). MLVA was performed to determine
the genetic relationships between isolates from asymptomatic carriers and patients with HA C. difficile infection
(HA-CDI). Asymptomatic carriage and HA-CDI isolates were considered to be associated if the carriage isolate was
collected before the HA-CDI isolate and if the MLVA genotypes had a summed tandem-repeat difference of ≤2.

Results. Of 3006 patients screened, 314 (10.4%) were positive for toxigenic C. difficile, of whom 226 (7.5%) were de-
tected only by VRE surveillance cultures. Of 56 incident cases of CDI classified as HA at UPMC during the study with
available isolates, 17 (30%) cases were associated with CDI patients, whereas 16 (29%) cases were associated with carri-
ers. Transmission events from prior bed occupants with CDI (n = 2) or carriers (n = 2) were identified in 4 of 56 cases.

Conclusions. In our hospital with an established infection control program designed to contain transmission
from symptomatic CDI patients, asymptomatic carriers appear to have played an important role in transmission.
Identification and isolation of carriers may be necessary to further reduce transmission of C. difficile in such settings.
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Previous studies have established that asymptomatic
carriers of Clostridium difficile outnumber symptomat-

ic patients in medical wards [1–4]. Shim et al found
that carriers, defined as a patient with at least 2 culture-
positive specimens 7 days apart, were at a decreased
risk of symptomatic C. difficile infection (CDI) [5]. In
one study, C. difficile from carriers appeared subse-
quently in hospital-associated (HA) CDIs attributable
to the same strain in 16 of 19 (84%) cases [1].

Active surveillance testing to identify methicillin-
resistant Staphylococcus aureus (MRSA) and vancomy-
cin-resistant Enterococcus (VRE) carriers coupled with
isolation precautions has been effective in reducing in-
fections with these organisms [6, 7]. A similar approach
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for prevention of CDI has not been practical until the recent
development of molecular tests that allow detection of the C.
difficile carrier state with a reasonable turnaround time [8].

Although previous studies of CDI transmission based on re-
striction endonuclease analysis (REA) as the primary molecular
epidemiologic approach have shown that asymptomatic carri-
ers have some role in CDI transmission, [1, 9] current infection
control guidelines focus on isolation measures for symptomatic
CDI patients. Multilocus variable number of tandem repeats
analysis (MLVA) for C. difficile typing has more discriminatory
power than REA and so better facilitates tracking of C. difficile
transmission within hospitals [10].We performed MLVA geno-
typing of C. difficile isolates from colonized and infected pa-
tients to assess potential of each to HA-CDI and to determine
the potential role of active surveillance for C. difficile carriage in
a hospital with an established infection control program that
has been associated with successful control of HA-CDI [11].

METHODS

Patient Population and Setting
This study was conducted at the University of Pittsburgh
Medical Center Presbyterian–Shadyside (UPMC), a 762-bed
(156 intensive care unit [ICU] beds) teaching hospital affiliated
with the University of Pittsburgh. Patients undergoing VRE
surveillance testing over a 117-day period in July 2009 through
November 2009 were also screened for C. difficile. VRE surveil-
lance cultures were performed at admission for patients admit-
ted from other healthcare facilities; VRE surveillance was also
performed at weekly intervals for all ICU patients and for all
other inpatients with length of stay >20 days (>5 days if receiv-
ing antibiotics) or who tested positive for MRSA, C. difficile, or
multidrug-resistant organisms [8]. Patients identified as VRE
positive were placed in contact isolation for current and subse-
quent healthcare and were not rescreened.

Clostridium difficile reduction interventions did not change
throughout the study, including contact isolation for the duration
of hospitalization for patients identified as colonized or infected
by C. difficile stool toxin testing [11]. Since 2006, the HA-CDI
rate at UPMC has never exceeded our target rate of 8 per 10 000
patient-days. The average HA-CDI rate per year (2006–2012) was
5.6 cases per 10 000 patient-days. In addition to previously re-
ported measures, 5000 ppm sodium hypochlorite was routinely
used to disinfect all patient care areas. This study was approved
by the University of Pittsburgh Institutional Review Board.

Clostridium difficile Diagnosis and Screening
Laboratory diagnosis of CDI was done using cell culture cyto-
toxicity assays (stool toxins) ordered by physicians (Diagnostic
Hybrids, Athens, Ohio) of formed and unformed stool speci-
mens. Both perirectal swabs collected for VRE surveillance

(screening tests) and positive stool toxins were cultured for C.
difficile using 48-hour broth enrichment and anaerobic culture
[8]. Positive stool toxin specimens were cultured for C. difficile
±30 days relative to the 117-day study period. Toxigenic C. dif-
ficile was confirmed by tcdC genotyping for both stool toxins
and screening tests [12]. The field sensitivity of screening tests
for detection of C. difficile was calculated as the number of
screening tests positive for toxigenic C. difficile divided by the
total number of screening tests collected patients with positive
stool toxins from −1 to 0 days prior to collection the stool toxin
specimen. The results of C. difficile screening were not released
to clinicians.

Molecular Typing of C. difficile
Clostridium difficile isolates were typed using MLVA and tcdC
genotyping [10, 12, 13]. The tcdC genotypes in this study were
assigned according to the PubMLST database (http://pubmlst.
org/cdifficile) and were used to infer ribotype as described by
Dingle et al [14]. Allele designations for tcdC conform to those
previously described with the exception of genotypes 0, A1,
and B, which have been renumbered as 19, 20, and 47 respec-
tively [13, 15]. Minimum-spanning-tree analysis of all isolates
recovered in the study was performed using BioNumerics soft-
ware version 6.6 (Applied Maths, Austin, Texas), using a Man-
hattan coefficient to calculate the summed tandem-repeat dif-
ference (STRD) between isolates [10]. Complexes containing
≥2 isolates whose MLVA genotypes generated an STRD of ≤2
were defined as highly related isolates.

Epidemiologic Definitions and Analysis
Patients with positive stool toxins collected at UPMC during
the study period plus a lag period of 10 days (to account for the
potential incubation period of CDI) were epidemiologically
classified by UPMC infection control according to modified
criteria for CDI surveillance [16]. Hospital-associated CDI was
defined by toxin positive stool and CDI symptom onset ≥3
days after admission to UPMC or present on readmission with
documented UPMC exposure (without exposures to other
healthcare facilities) in the preceding 12 weeks. CDIs occurring
within 6 months of any previous CDI were classified as recur-
rent CDI. Patients with positive stool toxins but without signs
of CDI on chart review were classified as carriers by infection
control personnel.

Patients with C. difficile–positive screening tests underwent
electronic record review of stool toxins sent during the study
period ±12 weeks, and patients without any stool toxins sent
were defined as carriers and were categorized into 3 groups:
(1) persistent carriers: patients with at least 2 screening tests
positive for toxigenic C. difficile collected ≥7 days apart and
no stool toxins ordered by clinicians; (2) transient carriers: pa-
tients with only 1 screening test positive for toxigenic C.
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difficile (or >1 test collected within a 7-day period), and nega-
tive screening tests collected before and afterward; and (3) in-
determinate carriers: patients with single screening cultures (or
>1 culture collected within a 7-day period) positive for toxi-
genic C. difficile. Patients who had ≥1 negative stool toxin sent
during the study ±12 weeks were defined as discrepant carriers.
Chart review to exclude a history of CDI diagnosed at non-
UPMC facilities was performed for carriers linked to incident
HA-CDI by MLVA.

TheraDoc 4.3.0 software (Hospira, Salt Lake City, Utah) was
used to determine patient locations for all patients with isolates
highly related by MLVA to HA-CDI. These data were used to
categorize each HA-CDI case to the most likely transmission
route: (1) ward transmission: patients shared a common ward
occupancy with a symptomatic CDI patient or carrier within
30 days; (2) non–ward transmission: patient hospitalized con-
currently with carrier or CDI patient within 30 days without
wards in common; (3) environmental: patient developed CDI
after placement in a room previously occupied by a carrier or
CDI patient; or (4) indeterminate: patients with no time–place
epidemiologic links to patients with highly related isolates. For
each patient, the collection date of the presumed source isolate
had to precede that of the patient’s C. difficile symptom onset
date by at least 1 calendar day.

Environmental Cultures
To determine whether carriers had room contamination with
C. difficile, environmental cultures were performed for all pa-
tients meeting the following criteria: (1) screening test positive
for toxigenic C. difficile; (2) not in contact isolation precau-
tions; and (3) inpatient at the time of culture confirmation. Five
sites in each room were cultured with selective broth amplifica-
tion using sterile 2 × 2-inch gauze pads premoistened with
phosphate-buffered saline [17]. For ICUs, the sites were the
patient call bell, bed rails, bedside table, toilet seat, and comput-
er keyboard. For non-ICU rooms, the sites were the same
except the patient bedside telephone receiver was substituted
for the computer keyboard.

RESULTS

Incident HA-CDI
During the screening period, 158 patients had positive stool
toxin assays for C. difficile ordered by clinicians, of whom 34
(22%) were classified as carriers. Of the remaining 124 sympto-
matic patients, 53 (43%), were classified as HA-CDI at UPMC,
13 (10%) as community-acquired, and 57 (46%) as acquired at
other facilities or relapses.

Of 61 cases of HA-CDI during the screening period plus the
10-day lag period, isolates were obtained from 56 (92%) cases.
Of these, 17 cases were unrelated by MLVA to any isolate

recovered during the study and 5 were chronologically first
within a complex of highly related isolates; these latter were re-
covered as late as study day 74. Detailed molecular combined
with time–place epidemiologic analysis was thus performed for
33 of 61 (54%) HA-CDI cases (Table 1).

Carriers identified by screening tests only were identified as
the sources for a total of 16 of 56 (29%) HA-CDI cases in the
study period; of these, 9 were classified as non–ward transmis-
sions, 2 as ward transmissions, 2 as environmental transmis-
sions, and 2 as indeterminate. The presumed source for 1 HA-
CDI case classified as a non–ward carrier transmission was a
patient who was later diagnosed with CDI; this source patient’s
screening tests were positive 35 days prior to the collection of
the first stool toxin assay, and the patient was not in contact iso-
lation at the time of the presumed transmission event. Four of
the carriers identified as source patients were already in contact
isolation for infections with other organisms (Table 1).

One carrier detected by positive stool toxin testing was impli-
cated as the source of a ward transmission (Table 1). No other
HA-CDI cases could be traced to a source that was determined to
be colonized by stool toxin testing.

Transmission events from CDI patients comprised 17 of 56
(30%) cases; of these, 9 were classified as non–ward transmis-
sions, 7 as ward CDI transmissions, and 2 as environmental trans-
missions (Table 1). The ward transmission events occurred in 7
different units.

Screening Cultures
During the study period, 422 of 4979 (8.5%) screening tests
performed on 3006 patients were positive for toxigenic C. diffi-
cile. Of 3006 patients screened, 314 (10.4%) and 506 (16.8%)
were positive for toxigenic C. difficile and VRE on at least 1
specimen, respectively. Of the 3006 patients, 1957 (65.1%), 598
(19.9%), 229 (7.6%), 104 (3.5%), 53 (1.8%), and 65 (2.2%) pa-
tients had a total of 1, 2, 3, 4, 5, and >5 screening tests per-
formed, respectively. Of 314 patients positive for toxigenic C.
difficile, 120 (38.2%) patients were also positive for VRE at least
once, whereas 194 patients had no positive VRE tests. Positive
screening for VRE during the study was associated with in-
creased risk of being positive for toxigenic C. difficile on at least
1 specimen (odds ratio [OR], 3.7; 95% confidence interval [CI],
2.9–4.8). Of the 120 patients positive for both C. difficile and
VRE, C. difficile was identified first in 17 of 120 (14%) patients,
on the same day in 95 of 120 patients (80%), and afterward in 6
of 120 (6%) patients.

During the 117-day screening period, 417 C. difficile isolates
were obtained from the positive stool toxins and/or screening
cultures of 384 patients. Of these patients, 226 of 384 (58.9%)
were detected using screening cultures only. Of these patients,
131 of 226 (58.0%), 58 of 226 (25.7%), 27 of 226 (11.9%), and
10 of 226 (4.4%) were classified as indeterminate-length,
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discrepant, persistent, and transient carriers, respectively.
During the screening period, 3006 of 12 054 (24.9%) admis-
sions were tested for VRE.

Environmental Cultures
Five of 6 patients who met the criteria for environmental
culturing had recovery of C. difficile from at least 1 site. The

Table 1. Epidemiologic Analysis of 33 Patients With Clostridium difficile Infections Classified as Hospital-Acquired at the University of
Pittsburgh Medical Center, July–November 2009

Study
Day

MLVA
Complex

tcdC
Genotype

Same
Unit

Same
Bed

Concurrent
Hospital Stay

Dates of
Exposure to
Sourcea

Classification of
Presumed
Sourceb

No. of Days
Between Source

and Patient
Culture

Classification of Most
Likely Transmission
Category

STRD
(Source to
Case)

9 F 1 No No Yes −6 to 0 2 −6 Non–ward CDI 3

10 K 1 Yes No Yes −2 to −1 6 −28 Ward CDI 0

12 F 1 Yes Yes Yes −7 to −3 2 −9 Environmental 1
16 A 3 Yes No Yes −5 to 0 3 −8 Ward CDI 0

19 M 1 No No Yes −7 to 0 6 −9 Non–ward CDI 5

27 C 1 Yes No Yes −6 to 0 1 −1 Ward carrier 0
33 F 1 No No Yes −11 to −5 4 −11 Non–ward carrier 0

37c M 1 Yes No Yes −6 to −6 6 −12 Ward CDI 5

44 S 1 Yes Yes Yes −24 to −22 2 −7 Environmental 0
45 M 1 Yes No Yes −7 to −4 2 −8 Ward CDI 0

47 W 5 No No Yes −12 to −11 5d −11 Non–ward carriera 0

48c M 1 Yes No Yes −13 to −1 1 −4 Ward carrier 3
62 C 1 No No Yes −17 to 0 6 −1 Non–ward CDI 2

68 Q 20 No No Yes −24 to −21 1 −25 Non–ward carriere 3

71 V 19 No No Yes −34 to −14 7 −14 Non–ward carrier 0
71c U 42 No No No Unknown 1 −34 Indeterminatee 1

75 N 1 Yes Yes No −6 to −6 1 −18 Environmental 0

90 C 1 No No Yes −16 to 0 7 −10 Non–ward carrier 1
93c B 3 No No Yes −25 to −8 1 −15 Non–ward carriere 2

94c J 1 No No Yes −50 to −39 4 −43 Non–ward carriere 1

94 J 1 No No Yes −55 to −40 4 −44 Non–ward carrier 1
94 M 1 No No Yes −12 to −12 4 −16 Non–ward carriere 4

101 M 1 Yes No Yes −6 to −1 2 −6 Ward CDI 0

101 H 1 No No No Unknown 1 −35 Indeterminate 3
114 J 1 No No Yes −4 to 0 4 −4 Non–ward carrier 0

117 J 1 No No Yes −2 to 0 2 −3 Non–ward CDI 0

119 G 1 Yes No Yes −3 to 0 6 −8 Ward CDI 0
120 H 1 Yes No Yes −6 to −6 2 −14 Ward CDI 2

120 J 1 No No Yes −21 to 0 2 −7 Non–ward CDI 0

120 J 1 No No Yes −21 to 0 2 −7 Non–ward CDI 0
125 J 1 No No Yes −10 to 0 2 −5 Non–ward CDI 0

126 D 1 Yes Yes Yes −12 to −12 4 −15 Environmental 3

127 H 1 No No Yes −12 to −4 2 −7 Non–ward CDI 1

Patients for whom an isolate was unavailable for genotyping (n = 6) and with Clostridium difficile having unique MLVA genotypes (n = 17) or isolates that were
chronologically first within a complex of highly related isolates (n = 5) are not depicted. MLVA cluster designations conform to those in Figure 2 and Supplementary
Table 1, whereas source classification and presumed transmission category conform to definitions outlined in the Methods section.

Abbreviations: CDI, Clostridium difficile infection; MLVA, multilocus variable number of tandem repeats analysis; STRD, summed tandem-repeat difference.
a Relative to patient’s toxin testing date.
b 1 = discrepant carrier; 2 =C. difficile infection acquired at University of Pittsburgh Medical Center (UPMC); 3 = hospital-acquired colonization with C. difficile
detected by toxin test ordered by clinician; 4 = indeterminate carrier; 5 = other CDI (infection not acquired at UPMC)a; 6 = recurrent; 7 = persistent carrier.
c Indicates CDI that was attributable to UPMC after discharge (community-onset, healthcare facility–associated).
d Source patient’s first positive toxin test occurred on study day 50 after having positive screening cultures on days 15, 22, 36, and 49.
e Source patient was positive for other organism requiring isolation prior to screening positive for C. difficile.
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patient with no recovery of C. difficile was classified as a transient
carrier and had been moved to a different room by the date
of room sampling. All 5 patients with room sites positive for
C. difficile had isolates highly related by MLVA to isolates from 1
or more screening cultures (Table 2). Additionally, 3 environ-
mental isolates from 2 patients were unrelated (STRD >10) to
any of their screening culture isolates. The most frequently con-
taminated site was the patient call bell.

Molecular Epidemiology
MLVA genotyping of all 739 toxigenic C. difficile isolates in
this study yielded 524 unique genotypes from 479 patients
and 13 environmental samples (Figure 1). Two hundred
thirty of 739 isolates formed 78 complexes of highly related
isolates (STRD ≤2). In 5 of 18 complexes, genotypes contribut-
ed by carriers were essential to formation of the complex
(Figure 2).

The 17 isolates from HA-CDI cases that were unrelated to
other isolates comprised tcdC genotypes 1 (n = 6), 19 (n = 5),
14 (n = 2), 10 (n = 2), 9 (n = 1), and 3 (n = 1). Epidemic strain
isolates (tcdC genotype 1, inferred ribotype 027) comprised 302
of 739 (40.9%) isolates in this study; these were discriminated
by MLVA into 170 genotypes, 26 of which formed complexes
(Table 1; Figure 2). Epidemic strain isolates were found in 62
of 225 (28%) carriers and in 105 of 194 (54%) of patients
with CDI (OR, 3.1; 95% CI, 2.1–4.7; P < .001). No other signifi-
cant differences were seen in strain prevalence by any other
tcdC genotype over different epidemiological classes. Detailed
typing data for all patient isolates in this study are found in
Supplementary Table 1.

Sensitivity of Screening for C. difficile and Patterns of Carriage
The field sensitivity of screening cultures for C. difficile was 21
of 24 (88%) and 12 of 13 (92%) collected at intervals of −1 and

Table 2. Clostridium difficile Recovered From Environmental Cultures of Asymptomatic Patients

Patient
Source/Site
Cultured Interval, d

tcdC
Genotype

MLVA Locus (CDR)
MLVA
Cluster

Epidemiologic
Classification4 5 9 48 49 60 STRD

1 Screening culture 0 9 27 6 12 5 18 2 NA u Persistent carrier
1 Call bell #1 9 9 41 6 12 5 12 3 21 w Environmental

1 Call bell #2 9 9 27 6 12 5 18 2 0 u Environmental

1 Computer keyboard #2 9 9 42 6 12 5 12 3 22 w Environmental
1 Screening culture 19 9 28 6 12 5 18 2 1 u Persistent carrier

2 Screening culture 0 9 49 6 17 5 15 3 NA x Discrepant

2 Screening culture 15 9 48 6 17 5 15 3 1 x Discrepant
2 Screening culture 22 9 48 6 17 5 15 3 1 x Discrepant

2 Bedside table 29 9 49 6 17 5 15 3 0 x Environmental

2 Toilet seat 29 9 40 6 8 4 13 11 29 None Environmental
3 Screening culture 0 1 22 3 8 9 12 9 NA C Persistent carrier

3 Screening culture 12 1 24 3 8 9 13 9 3 C Persistent carrier

3 Call bell 30 1 24 3 8 9 13 9 3 C Environmental
4 Screening culture 0 5 37 6 6 4 10 18 NA None Persistent carrier

4 Call bell 16 19 16 6 9 2 16 13 37 V Environmental

4 Screening culture 19 19 16 6 9 2 16 13 0 V Persistent carrier
5 Screening culture 0 1 21 3 16 9 12 4 NA N Discrepant

5 Screening culture 17 1 20 3 16 9 13 4 2 N Discrepant

5 Screening culture 17 1 20 3 16 9 12 4 1 N Discrepant
5 Bed rail 21 1 20 3 16 9 12 4 1 N Environmental

5 Bedside table 21 1 21 3 16 9 12 4 0 N Environmental

5 Telephone 21 1 20 3 16 9 12 4 1 N Environmental
5 Toilet seat 21 1 20 3 16 9 12 4 1 N Environmental

5 Screening culture 24 1 20 3 16 9 12 4 1 N Discrepant

Patients were either still in the room or sampled before terminal disinfection. All Clostridium difficile isolates from patients’ environment and screening cultures are
included. Five sites (toilet seat, call bell, telephone, bedrail, and bedside table [computer keyboard instead of telephone for intensive care unit beds]) were sampled
per patient. Patient 1 had 2 intensive care unit rooms sampled, as the patient had just been transferred <60 minutes before sampling. Interval is the number of days
between the patient’s first screening culture and any subsequent culture. The MLVA complexes conform to Figure 2 and Supplementary Table 1. The STRD listed
for each isolate is the STRD between the patient’s first screening culture and the listed isolate. Epidemiological classifications conform to those outlined for C.
difficile carriers in the Methods section.

Abbreviations: MLVA, multilocus variable number of tandem repeats analysis; NA, not applicable; STRD, summed tandem-repeat distance.
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Figure 1. Minimum spanning tree depicting the relationships between 739 isolates in 524 genotypes by multilocus variable number of tandem repeats analy-
sis (MLVA) recovered at the University of Pittsburgh Medical Center (UPMC) July–November 2009. Duplicate isolates from the same patient are included. Single
circles represent 1 MLVA genotype; double circles represent complexes of highly related isolates by MLVA (summed tandem-repeat distances of ≤2), each
labeled by capital letter designations conforming to those in Table 1. The numbers within each complex/genotype represent the tcdC genotype. Circle/complex
size is proportional to the number of isolates included. Complexes labeled by capital letters contain cases of Clostridium difficile infection (CDI) acquired at
UPMC according to epidemiologic criteria occurring within the screening period +10 days; complexes with hospital-associated (HA) UPMC case isolates only
from the 30 days before and after this period remain unlabeled. Complexes and genotypes are color-coded according to epidemiologic classifications: red = HA-
CDI at UPMC; yellow = colonization detected by toxin testing; blue = C. difficile colonization detected on screening tests; white = environmental isolates; green =
all other C. difficile infections detected on toxin testing (recurrent CDI, community-acquired CDI, and HA-CDI not acquired at UPMC).
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0 days from the date of the patient’s first toxin-positive stool,
respectively. One hundred fourteen screening cultures were
performed on patients ≥8 days before their first toxin-positive
stool; of these, 100 (87.7%) were negative for C. difficile, 4 (3.5%)
were positive for unrelated C. difficile isolates, and 10 (8.8%)
were positive for highly related isolates compared to isolates
from the patient’s first positive stool toxin. The highly related
isolates came from 7 patients at intervals of −35 to −14 days (3
patients) and −8 to −13 days (4 patients).

Of 35 patients who were screened >14 days after the collec-
tion date of their first positive stool toxin assays, 15 patients
(43%) remained positive for C. difficile, and 8 of 15 patients col-
lected at this interval remained positive for C. difficile that was
highly related to the isolate from the patient’s first toxin test
over intervals as long as 139 days (median, 33 days).

DISCUSSION

This study supports the hypothesis that carriers of C. difficile
contribute to transmission within hospitals. Approximately a
quarter of isolates from HA-CDI cases were highly related to
isolates from asymptomatic patients identified from screening
tests. This finding suggests that screening and isolating patients
with carriage could potentially lead to further reductions in
CDI incidence. Some CDI patients had isolates that could be
traced by MLVA to carriers or other CDI patients in isolation at
the time of screening. These patients may have contaminated
the environment prior to isolation initiation or may represent
noncompliance with contact precautions. However, it is con-
ceivable that earlier isolation initiation for some of these sources
of new cases through screening for C. difficile carriage might
have prevented spread. These cases would have then required
hand hygiene with soap and water in addition to existing contact
isolation precautions.

This study supports our practice of extending C. difficile iso-
lation precautions for the duration of hospitalization [11].
As >50% of CDI patients screened at >14 days after their first
positive toxin were negative by perirectal swab culture, an
active surveillance screening program for C. difficile may have
a role in determining the timing of contact precaution
discontinuation.

This study also supports the hypothesis that environmental
transmission events from prior room occupants with CDI or
carriage can occur. Room surfaces were positive with MLVA ge-
notypes closely matching that of the carrier in 5 of 6 patients
tested in this study. Despite the use of universal sodium hypo-
chlorite cleaning, environmental transmission may have ac-
counted for 4 of 61 incident HA-CDI cases. This finding is in
line with the study of Shaughnessy et al, who reported that oc-
cupancy of a hospital room previously containing a CDI
patient is an independent risk factor for CDI [18]. In a recent
study, housekeeping staff were ineffective in disinfecting rooms
contaminated with C. difficile in 7 of 9 instances [19]. Given
the indefinite viability of C. difficile spores, remote room con-
tamination from carriers may account for the large number of
HA-CDI cases that were unrelated to any isolate in this short
study. These data suggest that further comparative effectiveness
research in hospital disinfection is needed.

This study suggests that the incubation period for CDI may
be >1 week, as 7 symptomatic patients tested 8–28 days prior to
their first stool toxin were positive for highly related C. difficile.
In contrast to the meta-analysis of Shim et al [5], where only 2
patients with C. difficile carriage developed CDI in an analysis
of 810 patients, 12 patients meeting their definition of coloniza-
tion developed symptomatic disease in our study. These data
suggest that colonization may long precede other factors that
precipitate CDI such as antimicrobials.

Figure 2. Minimum spanning tree depicting the detailed relationships
between multilocus variable number of tandem repeats analysis (MLVA)
genotypes in complexes M and N (Figure 1). Each circle represents 1 MLVA
genotype scaled in size to the number of isolates comprising it. Numbers
between genotypes indicate the summed tandem-repeat difference
between them. The color coding of MLVA genotypes conforms to that in
Figure 1. Numbers within genotypes represent the study day(s) on which
each isolate within the genotype was collected. Isolates with capital
letters (A–F) indicate isolates from patients with HA C. difficile infection
(HA-CDI) listed in Table 1; the source isolates for these cases based on
epidemiological analysis are labeled by corresponding lower-case letters
(a–f ). One isolate labeled e/E is both a hospital-associated CDI case isolate
as well as a source for a subsequent case. The MLVA genotype indicated by
the arrow shows an example of a C. difficile genotype recovered by screen-
ing tests only that was essential to the formation of a complex.
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Because our screening cultures used an existing surveillance
program for a hospital-acquired organism, we did not screen
the entire population at risk for C. difficile carriage; prior ward-
based studies have shown that patients without recognized
C. difficile risk factors comprise 30%–50% of the population of
C. difficile carriers [1, 20]. In addition, many patients in this
study who were at high risk for C. difficile carriage were not
screened because they acquired VRE. We were unable to track
common epidemiologic exposures beyond common inpatient
wards such as exposure to diagnostic tests or personnel such as
physicians. Such exposures may account for patients identified
as non-ward or indeterminate transmissions in this study.
Future intervention studies of active surveillance testing for C.
difficile may need to include all inpatients to avoid these limita-
tions.

Our study confirms that of Walker et al, who showed that
ward-based contact with CDI patients can only account for ap-
proximately 25% of CDI transmission events using a less dis-
criminatory typing method than MLVA [21]. In this study, we
showed that a substantial balance of transmissions arises from
asymptomatic carriers; whether expanding screening to all in-
patients would identify more ward transmission events or, con-
versely, show more non–ward transmissions is a matter of
conjecture, but the large number of HA-CDI cases with non–
ward transmissions suggests that C. difficile spores may be
widely transmitted in time and space within hospitals because
of their near-indefinite viability and low infective dose [22, 23].

In summary, there could be added value in performing sur-
veillance testing for C. difficile carriage. A controlled trial is re-
quired to evaluate the utility of screening for C. difficile carriage
with incident HA-CDI as the main study endpoint.
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