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KEYWORDS Summary C. difficile-associated diarrhoea occurs commonly in hospi-
Clostridium difficile; tals and is a significant cause of morbidity and mortality. Hospital sur-
Hospital environment; faces are often contaminated with nosocomial pathogens and may be
Rea.l-t1me p.OIymerase responsible for cross-transmission, especially if hardy Gram-positive
chain reaction . . - - -
and spore-forming organisms are involved. The aim of this study was
to quantify C. difficile in the hospital environment near C. difficile-pos-
itive and -negative patients using a quantitative real-time polymerase
chain reaction. A total of 531 samples was collected from the clinical en-
vironment and classified into three groups according to patient and ward
status for C. difficile. As expected, there were significantly higher
counts of C. difficile on the floor and in the near environment of C. dif-
ficile patients. However, a significant correlation was found between
C. difficile counts on the floor and on the hands of patients and health-
care workers (HCWs) in wards without evidence of C. difficile. This sug-
gests that asymptomatic carriage among patients and HCWs can also
contribute towards C. difficile transmission in hospitals. In conclusion,
C. difficile can be transmitted via personal contact or via contaminated
areas of the hospital environment.
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reserved.
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Introduction

Clostridium difficile is considered an important
aetiological agent of antibiotic-associated diar-
rhoea (CDAD) and plays an important role in hospi-
tal-acquired diarrhoea.”™ The main routes of
transmission causing spread of the bacteria among
hospitalised patients are the faecal—oral route or
aerosols.”>® Infected persons with acute diar-
rhoea can excrete 10’ to 10° micro-organisms per
gram of faeces leading to heavy contamination of
the environment with spores. Asymptomatic pa-
tients can be carriers and contribute to environ-
mental contamination and may be responsible for
some endemic disease in hospitals.”'®

C. difficile spores are a major concern for noso-
comial infections. Spores can persist in dust or on
surfaces for months and be transmitted to other
patients or to healthcare workers (HCWs). Studies
have shown that the occurrence of C. difficile
spores may range between 10% and 15% in areas
with infected patients.” The spores cannot be de-
stroyed by usual detergents and survive hand disin-
fection with alcoholic preparations.® Therefore, it
is important to establish effective infection con-
trol strategies and provide HCW training to avoid
the spread of the pathogen.

Several studies have investigated environmental
contamination around patients with diarrhoea and
C. difficile using polymerase chain reaction
(PCR).""3 However, to the best of our knowledge
this is the first study to report the development of
a real-time PCR method to verify C. difficile con-
tamination in a large hospital setting. The objec-
tive of the present study was to compare
C. difficile counts on environmental surfaces po-
tentially contaminated by C. difficile spores with
areas which supposedly should be free of
contamination.

Methods

The study was designed as an observational study.
The main outcome measure was the overall occur-
rence of C. difficile in the environment around C.
difficile-positive patients and C. difficile-negative
patients.

Sample collection and preparation

The study was conducted at the University Hospital
of Philipps-University, Marburg, Germany. This is
a large regional hospital with 1300 beds and all
major specialities. In total 531 environmental
samples were collected and classified into three

groups according to patient and ward status for
C. difficile:

1 C. difficile positive, ward positive: samples
were obtained from the environment of hospi-
talised patients with C. difficile diarrhoea.
The faecal samples were confirmed toxin posi-
tive by the Institute of Medical Microbiology us-
ing an enzyme immunoassay test (Ridascreen®
Clostridium difficile Toxin A/B, R-Biopharm
Rhone Ltd, St Didier au Mont d’or, France).

2 C. difficile negative, ward positive: samples
were obtained from the environment of hospi-
talised patients negative for C. difficile and
with formed stools, but present on the same
ward with C. difficile-positive patients.

3 C. difficile negative, ward negative: samples
were obtained from the environment of hospi-
talised patients not carrying C. difficile and
from a ward with no C. difficile-positive pa-
tients for at least six months.

The environmental samples were collected us-
ing flocked swabs (eSwab®, Copan, Brescia, Italy)
from different surfaces, including the hands of pa-
tients and HCWs, toilets, beds and other surfaces
in the periphery of C. difficile-positive and -nega-
tive patients. Before sampling, the flocked swabs
were wiped with sterile physiological saline. For
most of the surfaces an area of about 10 x 10 cm
was estimated and samples were collected by the
swab method. For door handles the entire surface
was swabbed. Samples from the palm of the hand
were collected from patients and (the dominant
hand of) the HCWs. The samples were divided
into five different categories: the living environ-
ment, which included the two categories of
patient and the hands of the HCWs; the near
environment (<40 inches) around the patient
(including the bed, bed linen, bedside table); the
distant environment (>40 inches) around the pa-
tient (including furniture, door handles, sink taps
and toilet and the floor).

Samples were analysed blindly as to the sample
origin.

Quantification of C. difficile using
real-time PCR

Genomic DNA extracted from pure cultures from
different bacterial species was used to confirm the
specificity of primers and probes in the real-time
PCR assay. The bacterial species were: Bacillus ce-
reus (HIM 365-7); Bacillus subtilis (HIM 367-7);
C. difficile (clinical isolate); Clostridium histolyti-
cum [Medical Culture Collection Marburg (MCCM)
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02471]; Clostridium paraputrificum (HIM 542-8);
Clostridium perfringens (HIM 473-4); Clostridium
tetani (HIM 216-1); Enterococcus faecalis (ATCC
29212); Enterococcus faecium (ATCC 6657); Es-
cherichia coli (ATCC 25922); Proteus mirabilis
(ATCC 14153); Proteus vulgaris (clinical isolate);
Staphylococcus aureus (ATCC 29213); Streptococ-
cus pyogenes (clinical isolate). Clostridium diffi-
cile agar with 7% sheep blood and Schaedler agar
plates with vitamin K; and 5% sheep blood (Becton
Dickinson, Heidelberg, Germany) were used to cul-
ture C. difficile. The other Clostridium species
were cultivated on CDC Anaerobe agar with 5%
sheep blood and Schaedler agar plates with vita-
min K; and 5% sheep blood (Becton Dickinson, Hei-
delberg, Germany). For the recovery of all the
other reference strains, Schaedler agar plates
with vitamin K; and 5% sheep blood and MacConkey
selective agar plates (Becton Dickinson) were
used. Anaerobic and aerobic bacteria were cul-
tured at 37 °C under anaerobic or aerobic condi-
tions for 24—72 h respectively.

Genomic DNA from pure bacterial cultures was
extracted with the DNeasy tissue kit (Qiagen,
Hilden, Germany).

The hospital environmental samples were first
treated in an ultrasonic bath to disrupt the coating
of the bacterial spores. The DNA from these
samples was extracted using the phenol-chloro-
form method.

The sequences of the C. difficile-specific
primers were described elsewhere.' The probe
was based on species-specific highly conserved re-
gions from the 16S rRNA gene sequences, which
were retrieved using the program Entrez (http://
www.ncbi.nlm.nih.gov) from the National Center
for Biotechnology Information databases. Clostrid-
ium difficile primers and probe were based on spe-
cies-specific highly conserved regions from the 165
rRNA gene sequences.' For real-time PCR, primers
forward  (5-TTGAGCGATTTACTTCGGTAAAGA-3)
and reverse (5-CCATCCTGTACTGGCTCACCT-3)
were used to amplify 157 bp of the C. difficile
16S rRNA gene. A specific 6-carboxyfluorescein-la-
belled Tagman probe (TagMan Probe CGGCGGA
CGGGTGAGTAACG, this study) was used as an in-
ternal probe.

Samples were assayed in duplicate in a 25 plL re-
action mixture containing 2.5 uL of template DNA,
12.5 uL of Ready Mix (Sigma, Munich, Germany),
2.5 pL of MgCly, 0.5 uM of forward primer and re-
verse primer (MWG, Munich, Germany), and
0.15 pM of the probe (Eurogentec, Liége, Belgium).
Amplification and detection were performed with
an ABI Prism 7700 sequence detection system (Ap-
plied Biosystems, Foster City, CA, USA) by using

the manufacturer’s standard protocols. The cy-
cling conditions used were as follows: 50°C for
2 min, 95°C for 10 min, followed by 40 cycles at
95 °C for 15 s and 60 °C for 1 min each. To deter-
mine the sensitivity of the real-time PCR assay,
a standard curve was achieved by using serial 10-
fold dilutions from 102 to 102 cfu/mL of previously
quantified bacteria lysate of a C. difficile pure cul-
ture and subjected to real-time PCR. Standard and
clinical samples were run in duplicate and aver-
aged for calculation of the bacterial load.

Statistical methods

Bacterial samples were averaged at the patient
level and the averages were used in the analysis.
Means and standard errors were calculated and
reported. Comparisons of the estimates were
carried out using the Wald test and the chosen
level of statistical significance was 5%.

Pairwise Spearman correlations for all surfaces
studied were estimated and reported. Addition-
ally, a linear regression model was used to esti-
mate the effect of HCWs’ and patients’ hand
counts of C. difficile on different surfaces. Unad-
justed estimates of the association were calcu-
lated by including each factor on the regression
model, and adjusted estimates were obtained af-
ter including both factors. Bacterial counts were
rank-transformed to improve model fitting. Beta
coefficient and standard errors are reported.

Results

Compared with C. difficile-negative patients and
wards, the environment of C. difficile-positive pa-
tients had significantly higher counts of bacteria
from the floor and the near environment (Table I).
No significant differences were observed between
study groups on other surfaces, although the
environment of C. difficile-positive patients had
consistently higher counts of bacteria. Interest-
ingly, no differences in C. difficile counts were ob-
served on the hands of HCWs working in either
a C. difficile-positive ward or C. difficile-negative
ward nor on the hands of C. difficile-positive and
-negative patients.

C. difficile counts on different surfaces were
highly correlated (Table II). Highly significant cor-
relations (r > 0.7) were observed between C. diffi-
cile counts on the floor and on patients’ hands,
HCWs’ hands and distant environment. Counts of
C. difficile on HCWs’ hands were also highly asso-
ciated with the bacterial counts on near environ-
ments. C. difficile counts on patients’ hands
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Table |
real-time polymerase chain reaction

Comparison of mean C. difficile counts in different surfaces in the hospital environment quantified by

Ward status Patient status Floor Patients’ hands HCWs’ hands Near environment Distant environment
(<40 inches) (>40 inches)
Mean SE Mean SE Mean SE Mean SE Mean SE
Cd+ Cd+ 9117.32 3701.6 5535.0% 2537.7 1549.7° 693.0 2768.4*> 1153.7 2825.7° 1293.1
Cd+ Cd— 843.1% 319.4 2158.4° 777.4 663.12250.7 661.2% 204.5 4133.4°> 2213.6
Cd— Cd— 1028.1% 362.0 1811.0* 740.8 215.6 98.8 321.6° 96.2 639.6° 247 1

HCWs, healthcare workers; Cd, C. difficile.

2 Means followed by the same superscript letter are not significantly different (P> 0.05).

were also strongly correlated (r > 0.6 and r <0.7)
with HCWs’ hands and distant environment counts.
HCWs’ and patients’ hand counts of C. difficile
were significantly associated with bacterial counts
on the floor, near and distant environments
(Table Ill). After adjusting for patients’ hand counts
of C. difficile, HCWs’ hands remained significantly
associated with all surfaces studied. By contrast, pa-
tients’ hand counts of C. difficile were significantly
associated with bacterial counts on the floor and dis-
tant environment, but not with near environment.

Discussion

C. difficile was quantified using a real-time PCR
technique developed to monitor the micro-organ-
ism in a hospital setting. Samples were analysed
according to patient and ward C. difficile-positive
status on five different environmental surfaces.
Our results show that despite routine surface disin-
fection, C. difficile-positive patients’ surroundings
were more likely to be contaminated than those of
C. difficile-negative patients. Moreover, it seems
that HCWs may play an important role in spreading
the bacteria in the hospital environment.

Hand hygiene has been proposed as a very
important factor for preventing nosocomial spread

of pathogens in the hospital setting and commu-
nity."> ¢ In this study, samples collected from the
hands of patients and HCWs showed C. difficile
loads ranging from 6.8 x 10" to 5.3 x 10*. Clostrid-
ium difficile-symptomatic patients can excrete
large numbers of organisms and/or spores and
can be found in the environment of these pa-
tients.'” The spores of C. difficile can spread
among patients and hospital staff by direct con-
tact, and HCWs caring for patients with CDAD
have also been found with C. difficile on their
hands."? Hand hygiene is the mainstay of prevent-
ing the transmission of nosocomial pathogens and
should be reinforced in hospitals as a simple pre-
ventive strategy to reduce disease transmission
rates.'® In the case of C. difficile, usual hand hy-
giene procedures should be changed, as intensive
hand washing with soap and water is an important
step in hand disinfection, i.e. quantitative reduc-
tion of spores can be achieved, in contrast to an al-
cohol-based disinfection, which is not effective
against spores.

In addition to contamination of hands, environ-
mental contamination is considered an important
factor in hospital-acquired infections with several
bacteria being able to survive for months on
inanimate  surfaces.>'*?®  Hospital standard
environmental control programmes include daily

Table Il Pairwise correlations of C. difficile counts between different surfaces
Floor Patients’ hands HCWSs’ hands Near environment Distant environment
(<40 inches) (>40 inches)
Floor 1.00
Patients’ hands 0.75**2 1.00
HCWs’ hands 0.72**2 0.60*° 1.00
Near environment 0.68*° 0.47* 0.73*2 1.00
(<40 inches)
Distant environment 0.71**2 0.65*° 0.58** 0.57* 1.00

(>40 inches)

HCWs, healthcare workers.
*P <0.01.

2 r>0.70.

® r>0.60 and r < 0.70.



C. difficile in hospital environmental samples

47

Table Il
bacteria counts on other surfaces

Crude and adjusted effect of healthcare workers’ (HCWs’) and patients’ hands C. difficile counts on

Floor Near environment Distant environment
B+ SE B+ SE B+ SE
Unadjusted estimates
HCWSs’ hands 0.80 4+ 0.15** 1.06 +0.17** 0.844+0.21*
Patients’ hands 0.62 +0.10* 0.53 +£0.15* 0.74+0.13*
Adjusted estimates
HCWSs’ hands 0.444+0.19* 1.02 +£0.21* 0.40 +0.22*
Patients’ hands 0.39 +0.15* 0.02 +£0.17 0.60+0.18*

*P <0.05; *P<0.01.

cleaning and disinfection of patient and staff
rooms and lounge areas with non-aldehydic formu-
lations (Terralin protect, Schuelke, Norderstedt,
Germany). However, in isolated cases or outbreaks
of C. difficile infection an aldehydic preparation
(Buraton 10F, Schuelke, Norderstedt, Germany) is
used for disinfection of the C. difficile-positive en-
vironment. It is well known that spores are difficult
to remove from the environment and that disin-
fecting surfaces with commonly used detergent-
based cleaners is not effective in removing C. dif-
ficile spores.?' In this study, samples were col-
lected before any intervention to change
disinfection against C. difficile, showing that stan-
dard disinfection procedures are not sufficient to
prevent cross-contamination. The longer the
C. difficile persists on a surface, the longer it
can be a source for transmission.

In addition, the dissemination of C. difficile
through different geographical locations in the
hospital highlights the complexity of the multiple
routes of transmission. In this study samples were
also obtained from the environment of C. diffi-
cile-negative patients on wards with known C. dif-
ficile patients and from wards where C. difficile
patients had not been for at least six months. Al-
though the numbers of C. difficile in these samples
were lower in comparison to areas with C. diffi-
cile-positive patients, it is clear that the inanimate
surroundings as well as patients and HCWs play
a role in the transmission of C. difficile. Estab-
lished proven infection control strategies for
C. difficile include isolation or cohorting infectious
patients, the wearing of aprons, gloves and even
facemasks, with a strict emphasis on intensive
hand washing with soap and water to remove
spores. The bacterium has been detected on the
hands of the clinical staff caring for C. difficile-
negative persons, which illustrates the importance
of correct hand washing, in addition to hand disin-
fection with an alcoholic preparation.’ Medical
equipment should also be patient specific;

especially thermometers which can become
heavily contaminated after rectal use.

The present study used real-time PCR method-
ology based on the 16S rRNA gene to assess C. dif-
ficile counts on different environmental surfaces.
The advantage of this culture-independent method
is the absolute quantification of the level of bacte-
rial contamination present on the environment sur-
faces. Culturable bacterial counts in the hospital
environment can underestimate the problem be-
cause of the culture conditions required for this or-
ganism. However, the molecular approach used in
this study also has its own limitations. First, the
toxinogenic profile of the environmental samples
was not characterised; second, the clonal relation-
ship could not be determined using a 16S rRNA-
based real-time PCR. In this case we can assume
that cross-contamination between the patients,
hands of HCWs and the hospital environment took
place, although this assumption cannot be proven.
Another limitation of using molecular-based
methods is the inability to differentiate between
viable versus non-viable DNA in the tested samples.
This may be an important confounding factor in ex-
plaining possible routes of cross-contamination.

In conclusion, C. difficile can be detected in
higher numbers in the hospital environment of
C. difficile patients, while asymptomatic carriers
may have the potential to contribute to C. difficile
transmission. In addition, patients and HCWs may
have an important role in spreading the bacteria
in the hospital environment. The use of real-time
PCR for detection of toxinogenic and non-toxino-
genic C. difficile strains would offer benefits for
examining the hospital environment as it can rap-
idly and specifically detect this micro-organism.
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