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The horizontal transmission of Clostridium difficile in the hospital environment is difficult to establish. Current methods to
detect C. difficile spores on surfaces are not quantitative, lack sensitivity, and are protracted. We propose a novel rapid method
to detect and quantify C. difficile contamination on surfaces. Sponge swabbing was compared to contact plate sampling to assess
the in vitro recovery of C. difficile ribotype 027 contamination (�100, 101, or 102 CFU of spores) from test surfaces (a bed rail, a
stainless steel sheet, or a polypropylene work surface). Sponge swab contents were concentrated by vacuum filtration, and the
filter membrane was plated onto selective agar. The efficacy of each technique for the recovery of C. difficile from sites in the
clinical environment that are touched at a high frequency was evaluated. Contact plates recovered 19 to 32% of the total contam-
ination on test surfaces, whereas sponge swabs recovered 76 to 94% of the total contamination, and contact plates failed to detect
C. difficile contamination below a detection limit of 10 CFU/25 cm2 (0.4 CFU/cm2). In use, contact plates failed to detect C. diffi-
cile contamination (0/96 contact plates; 4 case wards), while sponge swabs recovered C. difficile from 29% (87/301) of the sur-
faces tested in the clinical environment. Approximately 74% (36/49) of the area in the vicinity of the patient was contaminated
(�1.34 � 6.88 CFU/cm2 C. difficile spores). Reservoirs of C. difficile extended to beyond the areas near the patient: a dirty utility
room sink (2.26 � 5.90 CFU/cm2), toilet floor (1.87 � 2.40 CFU/cm2), and chair arm (1.33 � 4.69 CFU/cm2). C. difficile was pres-
ent on floors in �90% of case wards. This study highlights that sampling with a contact plate may fail to detect C. difficile con-
tamination and result in false-negative reporting. Our sponge sampling technique permitted the rapid and quantitative mea-
surement of C. difficile contamination on surfaces with a sensitivity (limit, 0 CFU) greater than that which is otherwise possible.
This technique could be implemented for routine surface hygiene monitoring for targeted cleaning interventions and as a tool to
investigate routes of patient-patient transmission in the clinical environment.

Clostridium difficile infection (CDI) remains one of the most
clinically important health care-associated infections and

continues to burden health care services and finances (1, 2). The
presentation of the disease can vary from mild diarrhea to severe
colitis (3) and toxic dilatation that requires colectomy or may
result in death. The use of proton pump inhibitors, residence in
long-term-care facilities, and use of antibiotics are recognized risk
factors (4, 5). However, the increasing incidence of community-
acquired CDI suggests that other contributory factors may be re-
sponsible for the spread of the disease (6, 7). The horizontal trans-
mission of CDI is implicated in patients with or without diarrhea,
who may shed spores of C. difficile to contaminate their surround-
ing surfaces (8). Spores of C. difficile can persist on hospital sur-
faces for months (9), posing a risk of spreading to surfaces beyond
the near patient environment, such as via the hands of patients,
visitors, and health care workers (10).

To reduce the risk of transmission, patients considered to be
sources of CDI should be isolated upon presentation of symptoms
of diarrhea, and an enhanced cleaning protocol should be imple-
mented (11). Decontamination of surfaces in the clinical environ-
ment using a sporicide is recommended for C. difficile-positive
cases only (11). However, patients may remain asymptomatic,
even though they are excreting C. difficile (3), and will not prompt
the implementation of infection control measures in the absence
of diarrhea. Consequently, patients with asymptomatic cases of C.
difficile disease may continue to contaminate the clinical environ-
ment unhindered unless a carrier status is diagnosed.

Assessment of surfaces in the patient environment to monitor

contamination levels and the persistence of C. difficile spores is not
routinely performed. Current methods to sample surfaces for C.
difficile contamination are not quantitative, have a low sensitivity,
and require lengthy incubation periods. Routes for transmission
between patients are not clear (12), and without effective surface
monitoring, the horizontal transmission of C. difficile in the clin-
ical setting is difficult to establish.

In this study, a novel method to detect C. difficile contamina-
tion on surfaces in the patient environment is proposed. The sam-
pling technique was assessed both in vitro and in the clinical set-
ting and demonstrated the quantitative measurement of C. difficile
contamination on surfaces with a sensitivity (limit, 0 CFU) greater
than that which is otherwise available. The rapid turnaround time
of this method should accelerate identification of contaminated
areas in the clinical environment and prompt the implementation
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of a targeted cleaning intervention(s). Our sampling technique
could be implemented for routine surface hygiene monitoring
and as a tool to investigate routes of patient-patient transmission
in the clinical environment.

MATERIALS AND METHODS
Sampling of clinical environment. (i) Selection of sampling points in
clinical environment. Sampling was performed at a teaching hospital in
London, United Kingdom. A total of 21 sampling points that represent
sites with a high frequency of contact in patient isolation rooms and the en
suite bathrooms as well as sites in the nurse/doctor station and dirty utility
(sluice) rooms of the test ward were selected (Table 1).

(ii) Sampling technique. For each case, all 21 sampling points were
sampled by using either a 25-cm2 contact plate (Brazier’s cycloserine-
cefoxitin-egg yolk [CCEY] agar; SGL Ltd., United Kingdom) or by wiping
the entire test area (in a left-to-right motion, followed by wiping at 45° and
90° angles; the process was repeated 3 times) using a 25-cm2 sponge swab
premoistened with neutralizing solution (Lab M Ltd., United Kingdom).
During the course of the study, each test (case) room was selected for
sampling (using either technique) only once and thereafter was excluded.

(iii) Processing of sponge swabs. Sponge swabs were placed asepti-
cally into sterile stomacher bags (VWR International, United Kingdom)

containing 50 ml neutralizing solution (0.1% [wt/vol] sodium thiosulfate,
3% [wt/vol] Tween 80, 0.3% [wt/vol] lecithin [Sigma-Aldrich, United
Kingdom]) prepared in phosphate-buffered saline (PBS) solution prest-
erilized (by autoclaving at 121°C for 15 min) before use. The contents of
each stomacher bag were homogenized manually by vigorously massaging
the bag between the fingertips for 1 min and incubated at ambient tem-
perature for 10 min. The total volume of homogenized solution in the
stomacher bag was passed through a filter membrane (47 mm; nitrocel-
lulose; pore size, 0.45 �m; Advantec, Toyo Roshi Kaisha, Japan) and
plated aseptically onto Brazier’s CCEY agar (Oxoid, Basingstoke, United
Kingdom).

All Brazier’s agar plates and Brazier’s contact plates were incubated at
37°C under anaerobic conditions for 48 h prior to reading of the results.
Presumptive C. difficile isolates were determined by colony morphology
(examination of plates for flat, circular colonies yellow/yellow-brown in
color with filamentous edges) and microscopy (Gram-positive rods) and
confirmed to be C. difficile using C. difficile selective latex agglutination
assays (Oxoid, Basingstoke, United Kingdom).

In vitro validation of sampling technique. (i) Preparation of test
surfaces. A polypropylene-laminated medium-density fiberboard work
surface, a stainless steel sheet (grade 304), and a hospital bed rail (poly-
propylene M2; Evolution 150; Hill Rom, Ashby de la Zouch, United King-

TABLE 1 Amount of C. difficile detected on various surfaces in the clinical environment using a contact plate or a sponge swaba

Zone and sample point description

Brazier’s contact plateb Sponge swab

Mean no.
of CFU/
cm2 �
SD

% positive sites
(no. of positive
sites/total no.
sampled)

Area sampled/cm2

(approximate dimensions or
description)c

Mean no. of
CFU/cm2 � SD

% positive sites
(no. positive
sites/total no.
sampled)

Patient room/area
Floor corner 0 0 (0/5) 225 (15 by 15 cm) 0.87 � 1.45 85.7 (12/14)
Bed rail/footboard 0 0 (0/5) 180 (3 by 60 cm) 0.17 � 0.35 77.8 (7/8)
Bed control panel 0 0 (0/5) 225 (15 by 15 cm) 0.33 � 0.74 70.0 (7/10)
Nurse call button 0 0 (0/5) 50 (25 cm2 [front and back]) 0.18 � 0.19 81.8 (9/11)
Bedside table 0 0 (0/5) 300 (15 by 20 cm) 0.01 � 0.03 66.7 (6/9)
Chair arm 0 0 (0/5) 150 (5 by 30 cm) 1.33 � 4.69 63.6 (7/11)
Bin lid 0 0 (0/5) 120 (10 by 12 cm) 0.38 � 1.29 40.0 (4/10)
Door handle (inner handle only) 0 0 (0/5) 50 (whole handle) 0.05 � 0.13 60.0 (3/5)
Door handle (outer handle only) 0 0 (0/5) 50 (whole handle) 0 0.0 (0/5)

Patient bathroom
Toilet floor (around bowl) 0 0 (0/5) 225 (15 by 15 cm) 1.87 � 2.40 90.0 (9/10)
Toilet assist bar (upward-facing point) 0 0 (0/5) 150 (3 by 50 cm) 0.17 � 0.32 42.9 (3/7)
Toilet flush 0 0 (0/5) 50 (entire flush handle) 0.01 � 0.02 16.7 (1/6)
Toilet seat/commode seat 0 0 (0/5) 800 (10 by 80 cm) 0.76 � 1.76 57.1 (4/7)
Tap handle/lever 0 0 (0/5) 50 (hot and cold levers) 0 0.0 (0/6)
Door handles (inner and outer combined) 0 0 (0/5) 100 (both handles) 0 0.0 (0/8)

Nurse/doctor station
Table/desk surface 0 0 (0/5) 625 (25 by 25 cm) 0.01 � 0.02 6.7 (1/15)
Computer keyboard 0 0 (0/5) 675 (45 by 15 cm) 0.01 � 0.01 20.0 (3/15)

Dirty utility (sluice) room
Sluice waste disposal/bin lid 0 0 (0/4) 120 (10 by 12 cm) 0.18 � 0.39 16.7 (2/12)
Sluice room sink 0 0 (0/4) 225 (15 by 15 cm) 2.26 � 5.90 25.0 (3/12)
Door handles (inner and outer combined) 0 0 (0/4) 100 (both handles) 0.18 � 0.53 16.7 (2/12)

Laundry area, laundry basket (handlebars) 0 0 (0/4) 50 (2.5 by 20 cm) 0.08 � 0.13 20.0 (2/10)

Total 0/96 87/301
a All contaminating numbers are displayed as the number of CFU per unit area (square centimeters).
b Contact plates were used for spot sampling of 25-cm2 areas only.
c Sponge swabs were used to sample various surface areas.
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dom) were marked with 25-cm2 test areas (i.e., 5-cm by 5-cm squares).
Before each experiment the test surface was scrubbed with a nonabrasive
sponge pretreated with a chlorine-free detergent, rinsed three times with
boiling (�100°C) distilled water (DW), and then disinfected with a 70%
ethanol solution and left to air dry. This in-house-validated cleaning pro-
tocol has been shown to consistently reduce microbial numbers to below
detectable levels (data not shown).

(ii) Preparation of stock C. difficile spores. Suspensions of C. difficile
spores were prepared and stored on the basis of methods previously de-
scribed (13). C. difficile (a ribotype 027 clinical isolate) cultures from
Brazier’s agar plates (in duplicate) were harvested using a 10-�l loop and
transferred to 1 ml of sterile distilled water. Aliquots (0.1 ml) from the
suspension were surface plated onto eight blood agar plates (Columbia
blood agar [CBA]; Oxoid, Basingstoke, United Kingdom) and incubated
anaerobically at 37°C for 5 days (�4 h). C. difficile cultures from the CBA
plates were harvested using a sterile cotton-tipped swab, transferred to a
10-ml solution of 70% ethanol prepared in sterile PBS (Oxoid, Basing-
stoke, United Kingdom), and incubated at ambient temperature for 48 h.
The resulting spore suspensions were washed three times by centrifuga-
tion at 3,000 rpm (�1,500 � g) for 10 min and resuspended in 10 ml
sterile DW. The presence of spores (phase-bright cells) was confirmed by
phase-contrast microscopy, and the suspension was determined to be free
(�95%) of organic debris. The titers of the stock C. difficile spore suspen-
sions were confirmed by plate culture and adjusted (by combining several
spore preparations) to produce an inoculum dose of approximately 106

CFU/ml. Final spore suspensions were stored in 10-ml solutions of 50%
ethanol prepared in sterile PBS.

(iii) Preparation of test suspensions of C. difficile spores. Before each
experiment, C. difficile spore suspensions were centrifuged at 3,000 rpm
for 10 min (�1,500 � g) and resuspended in 10 ml sterile distilled water
(control soil) or in synthetic feces (5% [wt/vol] tryptone, 5% [wt/vol]
bovine serum albumin, 0.4% [wt/vol] mucin [type II from porcine stom-
ach]; Sigma-Aldrich, United Kingdom) prepared in sterile PBS. All soil
suspensions were filter sterilized by passage through a nitrocellulose
membrane filter (pore size, 0.45 �m; VWR International, United King-
dom) and stored in a refrigerator (2 to 5°C) prior to use.

(iv) In vitro assessment of sampling technique. One milliliter of the
stock suspension was transferred to 9 ml sterile synthetic soil solution, and
the procedure was repeated to produce serial dilutions of 1/100, 1/1,000,
and 1/10,000 of the initial stock concentration. Ten-microliter aliquots of
each dilution were dispensed onto test areas on each surface type to dose
�102, 101, and 100 CFU and were spread using an L-shaped spreader.
Inoculated surfaces were incubated under ambient conditions for 1 h
prior to sampling of each test area using either a contact plate or a sponge
swab (folded in half twice; area, approximately 6.25 cm2) and processed as
described above.

Statistics. Means � standard deviations were compared using a stan-
dard t test, and nonparametric data were compared using a Mann-Whit-
ney U test. One-tailed tests were used for all analyses, and differences were
considered statistically significant when P was �0.05.

RESULTS
C. difficile in clinical environment. (i) Contact plate sampling.
Four rooms that had previously been occupied with CDI-positive
(symptomatic) patients were sampled using Brazier’s C. difficile-
selective contact plates. C. difficile contamination was not detected
on any of the sites sampled with a contact plate (0/96 sites).

(ii) Sponge swab sampling. A total of 301 sites in 18 rooms (15
occupied, 3 unoccupied) were sampled using the sponge swab
technique. Only nine of the patients (9/15; 60%) in these rooms
were positive for C. difficile infection at the time of sampling, and
six of these patients were symptomatic with diarrhea.

Up to 74% (36/49) of the surfaces in the area near the patient
(bed rail, bed control panel, nurse call button, bedside table, pa-
tient chair arm) were contaminated with C. difficile (mean, 1.34 �
6.88 CFU/cm2; Table 1). The dirty utility (sluice) room sink (2.26 �
5.90 CFU/cm2), patient toilet floor (1.87 � 2.40 CFU/cm2), and
patient chair arm (1.33 � 4.69 CFU/cm2) were the most highly
contaminated surfaces in the clinical ward. C. difficile contamina-
tion was present on approximately 90% of the floors in the patient
en suite bathrooms (1.87 � 2.40 CFU/cm2) and in the corner of
the floor of the patient isolation rooms (0.87 � 1.45 CFU/cm2).
Reservoirs of C. difficile contamination were also identified in
nonpatient areas: on the computer keyboard at the nurse/doctor
station (0.01 � 0.01 CFU/cm2), the door handles of the dirty util-
ity (sluice) room (0.18 � 0.53 CFU/cm2), and the handlebars of
the laundry basket for clean linen (0.08 � 0.13 CFU/cm2).

In-house validation of the sampling technique. The largest
bioburden dose (10 �l) seeded onto test surfaces was approxi-
mately 900 � 90 CFU C. difficile spores (�102), and tests were
repeated with 10-fold (�101) and 100-fold (100) dilutions on each
test material (a polypropylene work surface, a stainless steel sheet,
and a hospital bed rail surface). The numbers of C. difficile spores
recovered from these surfaces using either a contact plate or
sponge swab are shown in Table 2.

When surfaces were sampled with a contact plate (n � 6), C.
difficile spores could be recovered from surfaces only when the
contamination was greater than 10 CFU/25 cm2. The percentage

TABLE 2 C. difficile spores recovered from various contaminated surfaces when sampled with a contact plate or using a novel sponge swabbing
technique

Sampling technique
Inoculum
(no. of CFU)

C. difficile spores recovereda

Polypropylene work surface Stainless steel sheet Bed rail

No. of CFU of
spores % spores recovered

No. of CFU of
spores % spores recovered

No. of CFU of
spores % spores recovered

Contact plate (n � 6) �102 215 (208–237) 23.9 (20.2–26.3) 235 (107–250) 26.2 (16.3–27.8) 178 (107–232) 19.8 (12.5–25.7)
�101 23 (1–45) 25.6 (4.7–49.7) 28 (4–42) 31.6 (16.7–46.7) 21 (8–36) 23.9 (11.4–40.6)
�100 0 0 0 (0–1) 0.0 (0.0–16.7) 0 0

Sponge swab (n � 10) �102 779 (740–812) 86.5 (82.3–90.2) 768 (669–800) 85.5 (74.3–88.9) 720 (586–835) 80.0 (65.1–92.8)
�101 84 (76–89) 93.3 (84.7–98.9) 80 (72–91) 88.3 (80.0–99.5) 68 (64–86) 76.1 (70.6–95.3)
�100 9 (8–11) 94.4 (88.9–116.7) 9 (7–11) 94.4 (77.8–111.4) 8 (6–11) 83.3 (69.9–116.7)

a C. difficile spores recovered represent the number per 25-cm2 test area when the area was inoculated with approximately 100 CFU, 101 CFU, or 102 CFU of spores. Data represent
medians (IQRs).
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of C. difficile spores recovered from each surface ranged from 19.8
to 31.6% when using a contact plate. When the bioburden was
between 10 and 100 CFU/25 cm2, there was no difference between
the numbers or percentages of C. difficile spores recovered from
either surface type (bed rail, a stainless steel sheet, or a polypro-
pylene work surface) using a contact plate (P � 0.05).

In contrast, the sponge swab technique (n � 10) could recover
C. difficile from contaminated surfaces even when the bioburden
was less than 10 CFU spores. The recovery of C. difficile from
contaminated surfaces was higher when the sponge swab tech-
nique was used than when the contact plate was used (P � 0.05).
Regardless of the surface type, the sponge swab technique consis-
tently recovered between 76 and 94% of the contaminating spores.

DISCUSSION

The use of an effective sampling technique is essential for accurate
reporting of the microbial bioburden on surfaces in the clinical
environment. The use of contact plates is a popular choice for
sampling, as sampling can be performed rapidly (i.e., it requires
only that the contact plate be pressed onto the target area) prior to
incubation. However, this method can be used only for spot sam-
pling, as it is limited to the surface area of the contact plate used.
Sponge swabs have been used for the sampling of surfaces in the
patient environment (14, 15). The ability to apply pressure during
manual swabbing with a sponge allows the operator to recover C.
difficile contamination, both vegetative cells and spores, more ef-
fectively, and the sponge swab may be manipulated around the
contours of the test surface to contact a range of points greater
than the number that would be reached with the contact plate,
which would otherwise be missed when the contact plate (which
has an area of approximately 25-cm2) is used.

Investigations to determine the reservoirs of C. difficile in the
hospital environment have been attempted previously (12, 16–
18). However, these methods were limited to determining the
presence or absence of C. difficile spores on various surfaces. The
ability to determine numbers of C. difficile spores on a surface
allows the differentiation of areas posing a high or low risk of cross
contamination. However, the sampling protocol used may limit
the ability to accurately measure the level of contamination on a
surface. Sampling with a contact plate can be used to assign a
quantitative (numerical) value to indicate the level of C. difficile
bioburden on the surfaces assessed, though the numbers recov-
ered may not be representative of the contamination level present.
Recovery of C. difficile contamination may be improved by sam-
pling with a sponge swab. However, several studies have subjected
sponge swabs to enrichment in nutrient-rich medium before they
are plated on selective agar (14, 15). Consequently, enrichment
limits an assessment to a qualitative result to denote only the pres-
ence/absence of C. difficile on surfaces.

In this study, we developed a sponge swab technique to im-
prove the isolation of C. difficile from the clinical environment and
from sites with a high frequency of contact in rooms occupied by
patients with or without CDI. The elution of C. difficile cells or
spores captured in sponge swabs and passage of the resulting so-
lution through a filter membrane before plating on selective agar
conferred three main benefits. First, the primary advantage of our
sampling protocol is the ability to generate quantitative (numeri-
cal) readings of the C. difficile bioburden, as opposed to the qual-
itative (presence/absence) results obtained by enrichment meth-
ods (14, 15, 19). Second, this technique is highly sensitive with a

theoretical detection limit of 0 CFU. Third, the removal of the
enrichment stage used in other studies (14, 15) reduced the turn-
around time (which is typically 5 to 7 days) and enabled the quan-
titative measurement of C. difficile contamination present on sur-
faces within 2 days from the time of initial sampling. Further, the
use of a 0.45-�m-pore-size membrane filter ensured that the pore
size was adequate for the capture of most C. difficile bacteria and
spores (which are 0.5 to 0.7 �m in size). Attempts to capture C.
difficile on sponge swabs with a reduced enrichment stage (48 h)
have been described (19), though this still requires a further cul-
ture stage (48 h) and cannot quantify contaminating numbers like
the method proposed in this study can.

Supplementation of selective medium with lysozyme has been
demonstrated to produce significant increases in the recovery of
C. difficile from swabs taken from the patient environment (20).
While the effect of supplementation on the detection of C. difficile
was not evaluated in the current study, future assays could incor-
porate lysozyme to enhance recovery.

The clinical ward assessment highlights the limitation of the
contact plate technique. Although C. difficile contamination was
not isolated from any of the 96 sites (0/96 sites; 0%) sampled with
a contact plate (Table 1), C. difficile contamination was recovered
from 87/301 sites (28.9%) sampled using the sponge swab tech-
nique.

Our sponge swabbing technique identified that C. difficile con-
tamination was not restricted to the patient environment: the
nurse/doctor station desk and computer keyboards were contam-
inated with C. difficile in 6.7% and 20.0% of cases. All areas sam-
pled in the dirty utility room tested positive for C. difficile in up to
25% of cases, while 20% of the clean linen trolleys were contami-
nated with C. difficile when sampled using our sponge sampling
technique. An assessment of the same areas using a contact plate
failed to identify the risks posed by the presence of C. difficile
contamination on these surfaces.

The ability to recover C. difficile spores from the surfaces using
contact plates, flocked swabs, or rayon swabs may be less when the
surface contamination is low (21).

In the current study, sampling with the contact plate failed to
detect C. difficile on surfaces during the in-house validation assays
when the contamination level was below 10 CFU/25 cm2, suggest-
ing a lower limit of detection equivalent to 0.4 CFU/cm2. None-
theless, our sponge swab technique was able to recover C. difficile
from 76% (16/21) of the surfaces in the clinical environment,
despite a C. difficile bioburden of below 0.4 CFU/cm2 (Table 1).

The sampling of C. difficile from surfaces using a contact plate
is limited by manipulation of the plate over the test surfaces and
the pressure that can be applied to recover a representative level of
the contamination. Further, the presence of antibiotic supple-
ments in the selective media used in contact plates may apply
stresses upon C. difficile spores, resulting in further reductions in
recovery (16). This is reflected in the low level of recovery (be-
tween 19.8 and 31.6%) of C. difficile from seeded surfaces demon-
strated by our in-house validation (Table 2). In contrast, the
sponge swab technique recovered up to 94.4% of C. difficile spores
from seeded surfaces, regardless of the surface type.

Recent work demonstrated that C. difficile (ribotype 027)
spores may persist on surfaces for up to 60 min, despite disinfec-
tion with a commercially available sporicide (22). The presence of
residual disinfectant on surfaces over this period may negate the
efficacy of a real-time sampling protocol. In the current study, the
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neutralizing solution used was validated in-house (23) to demon-
strate efficacy at least 10 min postcleaning against a range of com-
mercially available disinfectants (sodium dichloroisocyanurate-,
chlorine dioxide-, peroxyacetic acid-, and hypochlorous acid-
based products). Our protocol therefore may be used for the rou-
tine monitoring/auditing of cleaning practices and used to direct
further decontamination in areas demonstrating poor compli-
ance.

A screening program has been implemented at our hospital to
monitor C. difficile contamination levels in the clinical environ-
ment. Our sampling protocol has been shown to detect C. difficile
from the area near a patient 3 days before a patient develops symp-
toms of CDI (24). Ribotyping of both the patient and environ-
mental isolates found that the strains were indistinguishable
(ribotype 002). Adoption of protocols similar to the sponge sam-
pling technique described here for the quantitative surveillance of
C. difficile on surfaces would be invaluable and offer faster report-
ing of contaminated high-risk areas to facilitate the control of C.
difficile transmission in the clinical environment.
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