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Background. Patients with Clostridioides difficile infections (CDIs) contaminate the healthcare environment; however, the rela-
tive contribution of contamination by colonized individuals is unknown. Current guidelines do not recommend the use of contact
precautions for asymptomatic C difficile carriers. We evaluated C difficile environmental contamination in rooms housing adult in-
patients with diarrhea based on C difficile status.

Methods. We performed a prospective cohort study of inpatient adults with diarrhea who underwent testing for CDI via pol-
ymerase chain reaction (PCR) and enzyme immunoassay (EIA). Patients were stratified into cohorts based on test result: infected
(PCR'/EIA"), colonized (PCR'/EIA"), or negative/control (PCR"). Environmental microbiological samples were taken within 24
hours of C difficile testing and again for 2 successive days. Samples were obtained from the patient, bathroom, and care areas.

Results. We enrolled 94 patients between November 2019 and June 2021. Clostridioides difficile was recovered in 93 (38%) pa-
tient rooms: 44 (62%) infected patient rooms, 35 (43%) colonized patient rooms (P = .08 vs infected 38 patient rooms), and 14 (15%)
negative patient rooms (P < .01 vs infected; P < .01 vs colonized). Clostridioides difficile was recovered in 40 (56%), 6 (9%), and 20
(28%) of bathrooms, care areas and patient areas in 40 infected patient rooms; 34 (41%), 1 (1%), and 4 (5%) samples in colonized

patient rooms; and 12 (13%), 1 (1%), and 3 (3%) of samples in negative patient rooms, respectively.

Conclusions.

Patients colonized with C difficile frequently contaminated the hospital environment. Our data support the use of

contact precautions when entering rooms of patients colonized with C difficile, especially when entering the bathroom.
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Clostridioides difficile infections (CDIs) are a frequent cause
of healthcare-associated infections in the United States.
Approximately 500 000 CDI occur each year, leading to ap-
proximately 29 000 deaths [1, 2]. Infection prevention teams
deploy many techniques to prevent CDI in healthcare settings
including hand hygiene, environmental disinfection, and con-
tact precautions. However, United States incidence rates have
only minimally decreased [3].

Infected individuals shed C difficile spores, which leads to
contamination of the hospital environment and increased
risk of transmission [4]. However, the contribution of colon-
ized individuals to environmental contamination and risk of
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transmission is largely unknown [2, 5]. Published guidelines
do not recommend the use of contact precautions for asymp-
tomatic C difficile carriers or offer no recommendation due to
the lack of data [6-8]. Our study aimed to address this lack
of data.

We conducted a prospective cohort study to measure the rel-
ative contributions of infected, colonized, or control (C difficile
negative) patients to C difficile environmental contamination.
We hypothesized that rooms housing patients with CDI would
have higher C difficile recovery rates than rooms with either pa-
tients with C difficile colonization or control patients.

METHODS

Study Setting and Design

We performed a prospective cohort study of inpatient adults
with diarrhea who were tested for C difficile infection via poly-
merase chain reaction (PCR) and enzyme immunoassay (EIA)
at Duke University Health System (DUHS) in Durham, North
Carolina. Our primary objective was to evaluate C difficile en-
vironmental contamination among adult inpatients with diar-
rhea based on C difficile status. Patients were stratified into 1 of

C difficile Environmental Contamination « OFID « 1


mailto:bobby.warren@duke.edu
mailto:bobby.warren@duke.edu
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0002-7238-0300

3 groups based on test results and based on previous data sug-
gesting validity of test results indicating true disease: infected
(PCR*/EIA"), colonized (PCR*/EIA”), or control (PCR") [9].
Patients were excluded if they had a positive C difficile PCR
or EIA in the prior 6 weeks. All PCR and EIA assays were
performed by the DUHS clinical microbiology laboratory.
Polymerase chain reaction assays were completed on all sus-
pected C difficile infections, and EIA assays (sensitivity, 87.8%;
specificity, 99.4%) were only completed if the clinical spec-
imen was PCR". Both PCR and EIA results were reported to
clinicians.

Patient Consent Statement

This study was designated as exempt from institutional re-
view board review by the Duke University Health System
Institutional Review Board.

Study Procedures

Routine disinfection was performed in all study rooms per
standard hospital protocols, and all rooms were single patient
rooms with no shared bathrooms. For a room housing a patient
with CDI colonization or infection, Environmental Services
(EVS) performed daily disinfection with bleach, excluding
floors, and terminal disinfection using bleach and UV-C. For
other rooms, EVS used bleach for both terminal and daily disin-
fection. The EVS team was blinded to study assignment or study
activities during the study.

Environmental microbiological samples were taken for a
total of 3 days: within 24 hours of C difficile testing and again
for 2 successive days. Samples were obtained from 3 locations
within each study room: patient area, bathroom area, and care
area. The patient area included the patient bedrails and the sur-
face of the overbed table, totaling approximately 3000 cm®. The
bathroom area included the top of the bathroom sink’s bowl, the
toilet seat, and the floor around the base of the toilet (1750 cm?).
The care area included the clinician’s in-room computer key-
board, computer mouse, and intravenous poles adjacent to the
patient bed (1450 cm®). Sampling protocols were used to ensure
the same locations and surface area were cultured each time.

Microbiological Methods

All cultures were obtained directly from the clinical environ-
ment with premoistened cellulose sponges using the sponge
and stomacher technique per the Centers for Disease Control
and Prevention protocol [10]. Sponges were placed in stom-
acher bags with 45 mL phosphate-buffered saline with 1%
Tween 20 and homogenized for 60 seconds at 260 revolutions
per minute (RPM). Homogenates were then centrifuged at
3200 RPM for 15 minutes, and all but approximately 5 mL of
the resulting supernatant was discarded. Then, each sample was
rehomogenized via vortex. A total of 200 pL of the final homog-
enate was plated onto C difficile selective agar and incubated

anaerobically at 37°C for 48 hours. Species was confirmed using
standard laboratory procedures.

Ribotyping

Polymerase chain reaction ribotyping was completed to measure
concordance of isolates using previously published primers
[11]. Deoxyribonucleic acid extractions were completed by sus-
pending 10 colonies of isolated C difficile per sample, to assess
for presence of more than 1 strain, in a 100-pL, 5% Chelex solu-
tion and incubated at 100°C for 10 minutes. Samples were then
centrifuged at 13 000 RPM for 10 minutes, and supernatants
were isolated and used as PCR templates. The PCR conditions
were as follows: initial denaturation of 5 minutes at 95°C, fol-
lowed by 35 cycles of 1 minute at 95°C (denaturization), 1
minute at 57°C (annealing), and 1 minute at 72°C (elongation),
followed by 10 minutes at 72°C (final elongation) and 45 min-
utes at 75°C to concentrate amplification products. Amplified
PCR products underwent gel electrophoresis in a 3% agarose
gel for 16 hours at 50 volts with chilled 1x TBE. Patient and
environmental isolates were assessed for concordance using the
number of banding pattern differences previously described
[12].

Outcomes and Data Analysis

Study data were summarized using descriptive statistics, in-
cluding means (+standard deviation) and medians (interquar-
tile range [IQR]), as appropriate. The primary study outcomes
were colony-forming units (CFUs) and recovery rates between
arms, compared with a global analysis of variance followed by
pairwise comparisons using a Bonferroni adjustment. P < .05
was considered significant; all statistical tests were 2-tailed and
were performed using R software (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

We enrolled 94 patients between November 2019 and June
2021; 28 were infected, 32 were colonized, and 34 were controls.
Overall, 47 (50%) were female and the median age of the entire
cohort was 65 years (IQR, 55-72). In general, the patients in
each group were similar, although patients in the control arm
were less often on contact precautions, which was expected
(Table 1). A total of 740 individual samples were obtained
during 247 room microbiological sampling sessions.

In general, the highest burden of C difficile contamination
was seen in infected patient rooms (Table 2). The mean room
CFU was 337 (£913) in infected patient rooms, 221 (£811)
in colonized patient rooms, and 94 (£637) in control patient
rooms (P = .14) (Table 2). Overall, C difficile was recovered in
93 (38%) sampling sessions. Compared to controls, C difficile
was recovered more frequently in infected (P < .01) and col-
onized rooms (P < .01) (Table 3, Figure 1). However, the fre-
quency of recovery was not statistically different between

2 o OFID « Warren et al



Table 1. Patient Characteristics

Infected Colonized Control
Characteristics Total (%) N =94 N =28n (%) N=32n (%) N =34n (%)
Median age, years (IQR) 65 (65-72) 68 (60-74) 65 (563-74) 62 (52-71)
Female sex 47 (50) 12 (43) 19 (59) 16 (47)
On contact precautions 69 (73) 28 (100) 31(97) 10 (35)
Bedridden 31(33) 10 (36) 9(28) 12 (35)
Average bowel movements with 24 hours of enrollment (SD) 4 (3) 5(2) 4(3) 4(4)
Prior room occupant Clostridioides difficile positive 3(3) 2(7) 0 (0) 1(1)
Hospitalized in last 12 months 67 (71) 21 (75) 19 (59) 27 (79)
Antibiotic therapy in prior 6 months 49 (52) 16 (57) 16 (50) 17 (50)
Antibiotic therapy in prior 24 hours 67 (71) 22 (79) 21 (66) 24 (71)
Median number of days patient was in the room before sampling (IQR) 2 (1-8) 2 (0-8) 2 (1-9) 3(1-8)

Abbreviations: IQR, interquartile range; SD, standard deviation.

infected and colonized rooms (P = .08). These analyses were
repeated excluding day 3 because some patients were lost
to discharge or moving rooms and the results remained the
same.

In general, room contamination peaked on the second day
of collection in rooms with PCR" patients (Figure 2). The mean
room CFU was 96 (£296), 167 (+832), and 63 (£197) on sample
days 1, 2, and 3, in infected patient rooms and 36 (+128) 147
(£722), and 24 (+133) in colonized patient rooms, respectively
(Table 2). In contrast, the mean CFU was 66 (+604), 1 (9), and
23 (130) in control patient rooms on sample days 1, 2, and 3.
Clostridioides difficile was recovered in the following: 26 (31%),
23 (31%), and 17 (31%) of infected patient rooms on sample
days 1, 2, and 3; 16 (17%), 17 (19%), and 6 (10%) in colonized
patient rooms on sample days 1, 2, and 3; and 6 (6%), 3 (3%),
and 7 (8%) in control patient rooms on sample days 1, 2, and 3
(Table 3).

With regard to sample location, the mean bathroom, care
area, and patient area CFU were 303 (+£890), 4 (£13), and 30
(+102) in infected patient rooms, 218 (£811), 1 (+3), and 2
(+13) in colonized patient rooms, and 93 (£640), 1 (£3), and
1 (6) in control patient rooms (Table 2). Overall, C difficile
was recovered in 86 (35%) of bathroom samples, 8 (3%) of
care area samples, and 27 (11%) of patient area samples. At the
study arm level, C difficile was recovered in the following: 40
(56%), 6 (9%), and 20 (28%) of infected patients’ bathroom,
care area, and patient area samples; 34 (41%), 1 (1%), and 4
(5%) of colonized patients’ bathroom, care area, and patient
area samples; and 12 (13%), 1 (1%), and 3 (3%) of control pa-
tients’ bathroom, care area, and patient area samples (Table 3).

Ribotyping data were available on 86 isolates (25 patient
and 61 environment). Eighty-one percent of patient rooms
with available patient and environmental isolates had a

concordant isolate recovered in the environment; 15% of

Table 2. Mean (+SD) Clostridioides difficile CFUs by Study Arm, Study Day, and Sample Location

P

Sample Day Sample Area  Infected CFU (SD)  Colonized CFU (SD)  Control CFU (SD)  Infected vs Control, Colonized vs Control, Infected vs Colonized
Total Room 337 (913) 221 (811) 94 (637) 14

Bathroom 303 (890) 218 (810) 93 (640)

Care area 4(13) 1(3) 1(3)

Patient area 30 (102) 2 (13) 1(6)
Sample Day 1 Room 96 (296) 36 (128) 66 (604)

Bathroom 232 (463) 102 (207) 197 (1045)

Care area 4(16) 1(5) 01(0)

Patient area 50 (157) 5 (20) 0 (0)
Sample Day 2 Room 167 (832) 147 (772) 1(9)

Bathroom 481 (1407) 493 (1303) 3(15)

Care area 1(6) 0(0) 0(0)

Patient area 18 (40) 1(5) 1(5)
Sample Day 3 Room 63 (197) 24.(133) 23 (130)

Bathroom 169 (319) 71 (227) 66 (225)

Care area 6 (15) 0(0) 1(5)

Patient area 15 (31) 0 (0) 3 (10)

Abbreviations: CFU, colony-forming units; SD, standard deviation.
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Table 3. Clostridioides difficile Recovery Rate by Study Arm, Study Day, and Sample Location

Infected Colonized Control P
Sample Day and Area n (%) n (%) n (%) Infected vs Control, Colonized vs Control, Infected vs Colonized
N =71 N =82 N =94
Total
Room 44 (62) 35 (43) 14 (15) <.01, <.01, .08
Bathroom 40 (56) 34 (41) 12 (13)
Care area 6(8) 1(1) 1(1)
Patient area 20 (28) 4 (5) 3(3)
Sample Day 1
N =28 N =32 N =34
Room 20 (71) 12 (38) 6 (18)
Bathroom 16 (57) 12 (38) 6 (18)
Care area 2(7) 1(3) 0(0)
Patient area 8(29) 3(9) 01(0)
Sample Day 2
N =25 N =30 N =31
Room 15 (60) 17 (57) 3(10)
Bathroom 16 (60) 16 (53) 2(7)
Care area 1(4) 0 (0) 0(0)
Patient area 7 (28) 1(3) 1)
Sample Day 3
N =18 N =20 N =29
Room 9 (50) 6 (30) 5(17)
Bathroom 9 (50) 6 (3) 4(14)
Care area 3(17) 0(0) 1(3)
Patient area 5 (28) 0(0) 2(7)
0.8 <0.01
0.08
<0.01
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Figure 1. Comparison of proportion of positive patient rooms by Clostridium difficile status. Error bars represent 95% confidence intervals. EIA, enzyme immunoassay;
PCR, polymerase chain reaction.
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Figure 2.
polymerase chain reaction.

Proportion of positive patient rooms over time, by Clostridium difficile status. Error bars represent 95% confidence intervals. EIA, enzyme immunoassay; PCR,

patient rooms had more than 1 ribotype recovered from the
environment.

DISCUSSION

Shedding of C difficile spores from infected individuals con-
taminates the hospital environment and contributes to infec-
tion transmission [4]. However, the relative contribution of
colonized individuals on healthcare environmental contami-
nation is poorly understood. Contact precautions are used to
prevent the transient inoculation of healthcare provider hands
and clothing from the patient and the healthcare environment.
Current guidelines do not recommend the use of contact pre-
cautions for asymptomatic C difficile carriers nor offer recom-
mendation due to the lack of data [6-8]. Our study is the first
to prospectively compare C difficile environmental contamina-
tion between infected and colonized patients. We determined
that environmental contamination by colonized individuals was
common and significantly greater than control rooms. In con-
trast, we did not identify a significant difference between in-
fected and colonized patient rooms. Our findings are bolstered
by a high level of genotypic concordance between patient and
environmental C difficile isolates via ribotyping in infected and
colonized study arms.

Although colonized and infected patient room contamina-
tion was not different overall, they differed in contamination
of the bathroom (40 of 66 positive samples for infected patient
rooms, 34 of 39 for colonized, and 12 of 16 for control). Because

the proportion of contaminated samples for colonized patient
bathrooms was high and contamination in the patient and care
areas was low, contact precautions or other infection prevention
measures (eg, environmental disinfection) might be focused
specifically for the bathroom area in colonized patient rooms.
Our data also support using dedicated bathrooms for patients
with known C difficile colonization. Of note, the majority of
contaminated samples for all 3 groups were from the bathroom.
Another important finding was the high baseline of con-
tamination in control patient rooms. Fifteen percent of control
patient rooms and 12% of control patient bathrooms were con-
taminated. These findings were observed in the setting of close
collaboration between infection prevention and EVS, routine
monitoring, and feedback of surface disinfection adherence,
use of bleach for all surface disinfection, and use of UV-C for
terminal disinfection of high-risk rooms. Nevertheless, data
from several published studies demonstrate that cleaning ad-
herence is low (47%-76% surfaces were deemed clean) [13-15].
Overall, our findings further validate the ongoing concern that
the healthcare environment harbors epidemiologically impor-
tant pathogens and confirm that targeting specific, high-risk
settings for enhanced disinfection will not eliminate this risk.
Our overall (43%-62% of PCR" rooms) and location-specific
recovery rates (eg, 41%-56% in the bathroom) were higher than
previous studies. Several previously published studies identified
C difficile in approximately 15% of samples overall and 17%-27%
of samples from the patient bathroom [12, 16, 17]. In contrast,
Davies et al [18] and Gilboa et al [19] identified C difficile in
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30%-70% of samples from C difficile patient rooms, and Curry
et al [20] identified C difficile in 5 of 6 colonized patient rooms
but not primarily in the bathroom [18, 19]. Although differences
in recovery rate could be related to patient mix and timing of
sampling, we suspect that the sampling technique contributed
to these differences. Davies et al [18], Gilboa et al [19], and our
study used the sponge and stomacher technique, which allows
for sampling of a much larger surface area than contact plates or
cotton swabs. In addition, Curry et al did not include the bath-
room floor as a sample location as our study did, which likely
contributed to our difference in findings in the bathroom.

Our study has several limitations. First, the PCR and EIA test
results served as surrogates for C difficile infection, colonization,
and controls; thus, some patients may have been improperly
categorized. However, to address the potential for misclassifi-
cation of infected patients as EIA-/asymptomatic C difficile car-
riers, chart reviews were completed on of PCR"/EIA™ patients
and determined the likelihood in our cohort was low. Of note,
a minority of these patients met the criteria of 23 stools in 24
hours, a minority were treated for CDI, and more than 85% had
an alternative cause of diarrhea. Second, diarrhea as an inclu-
sion criterion limited our colonized cohort to patients with C
difficile symptoms with an alternative cause. This diarrhea may
have increased the shedding of colonized patients and therefore
inflated our results. Third, routine disinfection was not moni-
tored, although our institution has a singular disinfection pro-
tocol for patient rooms when housing patients under suspicion
for C difficile infection. Fourth, sporicidal disinfectants were
used in study rooms and surfaces, with the exception of the
floors. Because our bathroom sample included flooring around
the toilet, our numbers may be inflated for this sample area.
Finally, patient acquisition and outcomes were not measured.

CONCLUSIONS

In conclusion, our findings demonstrated that patients col-
onized with C difficile contaminate the hospital environment
at a frequency and amount that is almost equal to the level of
contamination observed in rooms housing patients with CDI.
Contrary to current guidelines, our findings suggest that con-
tact precautions may be needed to prevent transmission of
C difficile from the environment of colonized patient rooms. In
addition, these findings suggest the use of sporicidal agents in
all patient rooms, notably floors, should be studied because it
may be a critical piece of environmental disinfection.
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