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Introduction

Summary To determine how best to decontaminate the hospital environment of
Clostridium difficile, we carried out a cross-over study on two elderly medicine wards
to determine whether cleaning with a hypochlorite disinfectant was better than using
neutral detergent in reducing the incidence of C. difficile infection (CDI). We
examined 1128 environmental samples in two years, 35% of which grew C. difficile.
There was a significant decrease of CDI incidence on ward X, from 8.9 to 5.3 cases per
100 admissions (P < 0.05) using hypochlorite, but there was no significant effect on
ward Y. On ward X the incidence of CDI was significantly associated with the proportion
of culture-positive environmental sites (P < 0.05). On ward Y the only significant
correlation between CDI and C. difficile culture-positive environmental sites was in
patient side-rooms (r = 0.41, P < 0.05). The total daily defined doses of cefotaxime,
cephradine and aminopenicillins were similar throughout the trial. These results
provide some evidence that use of hypochlorite for environmental cleaning may
significantly reduce incidence of CDI, but emphasize the potential for confounding
factors.

© 2003 The Hospital Infection Society. Published by Elsevier Science Ltd. All rights
reserved.

hospital-acquired infections.?”> However, there is
little evidence of how best to decontaminate the

Clostridium difficile is the major infective cause of
hospital-acquired diarrhoea. Despite increasing
awareness of the need to avoid high-risk antibiotics
in susceptible elderly patients, reports of C. difficile
infection (CDI) continue to increase in England and
Wales.! In addition to hands, environmental con-
tamination is considered an important factor in

*Tel.: +44-113-392-6818; fax: +44-113-343-5649.
E-mail address: markwi@pathology.leeds.ac.uk

hospital environment.*

Spores may persist in the hospital environment
for months, and are resistant to many commonly
used cleaning agents.” We reported widespread
environmental contamination of elderly medicine
wards, which tends to increase when detergent-
based cleaners are used.® Daily detergent-based
cleaning of side-rooms used for isolation of patients
with CDI still led to 25% of all environmental samples
taken over four-week periods being contaminated
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with C. difficile, down from 35% at the start of the
study.” Cleaning agents also show marked differ-
ences in their ability to promote sporulation of
C. difficile, which can be enhanced when cultured
in faeces exposed to chlorine-free cleaners.?

It is unclear, however, whether these laboratory
findings have relevance in vivo. We, therefore,
carried out this study to determine whether environ-
mental cleaning with a hypochlorite disinfectant as
compared with a neutral detergent could reduce the
incidence of CDI.

Methods

We carried out a two-year (March 1999-February
2001) ward-based cross-over study to compare the
effect of environmental cleaning with either hypo-
chlorite (Saniclor, Henkel Ecolab Professional
Hygiene Ltd, Wiltshire, UK; 1000 ppm available
chlorine) or neutral liquid detergent (Hospec,
Youngs Detergents Lancare Ltd, Cheshire, UK;
1/1000 dilution) on CDI incidence in an endemic
setting, on hand carriage by healthcare workers and
environmental prevalence of C. difficile. Two
elderly medicine wards (X and Y) with similar
patient mix, design, and layout (ward X has five
four-bedded bays with two single-bedded and one
two-bedded side-rooms; ward Y is the same but
without the two-bedded side-room) were cleaned
with one or other regimen for six to 12 month
periods, chosen to take account of possible seaso-
nal variation of CDI incidence. Hence, hypochorite-
based cleaning was used on ward X between
September 1999 and August 2000, while detergent
was used for the remainder of the study period.
Appropriate training was given to domestic staff on
how to undertake each type of cleaning. This
included the need to use detergent before hypo-
chlorite if surfaces were visibly dirty. Hypochorite
residue was not removed. Ward side-rooms, usually
single occupancy, were cleaned with the same
agent as the rest of the ward. Antibiotic policy and
infection control awareness by nursing and medical
staff was not altered during the study.
Surveillance for environmental and hand con-
tamination by C. difficile was performed monthly.
Sites were sampled in a systematic manner
(10 X 10 cm? areas) with sterile cotton wool swabs
moistened with 0.25% Ringer’s solution (Oxoid,
Basingstoke, UK), and cultured immediately for
C. difficile. C. difficile isolates were recovered
from environmental samples by culture on cyclo-
serine cefoxitin supplemented agar without egg
yolk (CCA; Lab M Bury, UK), but containing 5 mg/L

lysozyme (Mast Laboratories, Merseyside, UK), for
48 h in an anaerobic cabinet at 37°C.° After direct
inoculation on to lysozyme CCA, enrichment for
C. difficile was performed by placing environmental
swabs in Robertsons cooked meat broth and
incubating anaerobically for 48 h at 37°C. Resultant
broth cultures were then inoculated on to lysozyme
CCA as before. All C. difficile isolates were
recognized by their characteristic colonial morpho-
logy and odour, and in cases of doubt, RapID ANA II
System (Innovative Diagnostic Systems, GA, USA)
was used. Hands of ten healthcare workers (nurses,
doctors and paramedical staff) were sampled at one
time each month using a standard hand impression
plate technique on to lysozyme CCA medium.

CDI was diagnosed on request by laboratory
detection of cytotoxin, neutralized by (Clostridium
sordellii antitoxin) in diarrhoeal faecal samples.
The hospital pharmacy database was used to
quantify utilization of antibiotics (defined daily
doses) on the study wards. Correlation coefficients
and associated standard errors were used to
determine significant differences. Where appli-
cable, standard errors of the differences between
percentages were also used.

Results

We examined 1128 environmental samples, of
which 35% were C. difficile positive. A comparison
of the two cleaning regimens indicated a significant
decrease in CDI on ward X, from 8.9 to 5.3 cases per
100 admissions (P < 0.05), associated with the use
of hypochlorite. This represented 17 fewer cases of
C. difficile cytotoxin-positive diarrhoea during
hypochlorite cleaning (N = 38) compared with
detergent cleaning (N = 21) (Figure 1). On ward Y,
however, there was no similar significant effect;
CDI incidence increased from 3.5 to 4.7 per 100
admissions (P < 0.05). On ward X there was a
significant correlation between incidence of CDI
and the proportion of C. difficile culture positive
environmental sites (r = 0.36, P < 0.05) (Figure 2).
On ward Y, there was a significant correlation
between CDI and C. difficile culture positive sites in
patient side-rooms only (r=0.41, P <0.05). On
ward X there was a significant correlation between
the percentage of C. difficile culture positive
environmental sites and the prevalence of
C. difficile culture positive healthcare workers’
hands (r=0.36 P < 0.05). This relationship was
strengthened when rarely cleaned environmental
sites (radiators, bed frames, the floor of the
domestics’ room, and high dust sites in side-rooms,
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Figure 2 Quarterly incidence of C. difficile infections,
ward contamination, and positive hand-impression plates
(HIPs) on wards (a) X and (b) Y during detergent- (t) and
chlorine-based ( * ) cleaning. (®) Toxin-positive patients;
(M) percentage of culture-positive environmental sites;
(A) percentage of positive HIPs.

i.e. curtain rails and window frames) were removed
from the analyses (r =0.47, P < 0.01). On ward Y
there was no significant correlation between the
prevalence of C. difficile culture positive environ-
mental sites and the percentage of C. difficile
culture positive healthcare workers’ hands.

There was a marked similarity between the two
study wards in the overall prevalence of environ-
mental C. difficile in terms of which sites were
contaminated (Figure 3). Contamination in some
environmental sites was significantly more persist-
ent. Commodes, toilet floors and bed frames were
found to be C. difficile positive on approximately
=50% of occasions. Conversely, radiators, non-
toilet floors and curtain rails were relatively
infrequently (= 30%) contaminated with C. difficile.

Pharmacy antibiotic utilization data in terms of
total defined daily doses were similar on the two
wards during the study. Also, these did not differ
significantly in respect of cefotaxime, cephradine
and aminopenicillins during periods of detergent-
based as compared with chlorine-based cleaning
(Figure 4). Data concerning individual durations of
prescribed antibiotics and antimicrobial polyphar-
macy were not collected.

Discussion

In general evidence for an important role for
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Figure 3 Frequency of C. difficile culture positive sites on study wards. (B) Ward X; (OJ) ward Y.

environmental contamination in the aetiology of
hospital-acquired infection is poor, and several
attempts to reduce infection rates by enhancing
environmental cleaning have proved unsuccess-
ful.’® "2 Not surprisingly, floor cleaning with either
detergent or disinfectant did not affect nosocomial
infection rates.'® Recently Pittet et al.'? also found
that the incidence of nosocomial infections did not
change during a four month trial of different
cleaning agents. They observed that a quaternary
ammonium compound was inadequate for disin-
fecting bathrooms and toilets but an active oxygen-
based compound was satisfactory. Interestingly,
unknown to the investigators, the detergent being
examined was contaminated so that environmental
surface count actually increases post-cleaning.
However, given the long environmental persistence

of spores,” support for enhanced endemicity and
virulence of particular strains,® ®'%'*and evidence
that the prevalence of C. difficile can still increase
in elderly medicine wards with the use of conven-
tional detergent-based environmental cleaning,®”'°
we believe that it is at least plausible that reducing
the environmental burden may lessen the risk of
cross-infection.

We therefore, completed a two-year in situ study
to determine whether cleaning with a chlorine-
based disinfectant was more effective than using a
neutral detergent at reducing environmental
C. difficile contamination, hand carriage by health-
care workers and symptomatic disease. The
environmental prevalence of C. difficile was similar
during the two different cleaning regimens. How-
ever, there was a significant decrease in CDI
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Figure 4 Antibiotic usage (defined daily dose) for study wards X and Y during periods of detergent and hypochlorite
cleaning (12 months each). (B) Amoxycillin; () ampicillin; (m) cefotaxime; (@) cephradine.



Detergent vs hypochlorite in C. difficile infections

113

incidence during hypochlorite cleaning on one of
the two study wards, with 17 fewer cases of
cytotoxin-positive diarrhoea than during deter-
gent-based cleaning. A significant correlation also
existed between the percentage prevalence
C. difficile positive environmental sites and CDI
incidence on this (but not the other) study ward.
Although several studies have documented a high
prevalence of C. difficile spores in areas occupied
by infected patients,>®”"> bacterial acquisition
from the environment has been difficult to prove.
Additionally, we found a significant correlation
between CDI and culture positive sites in patient
side-rooms on the same ward. This was not
unexpected and emphasizes that environmental
contamination may indirectly affect the risk of
cross-infection (presumably via healthcare
workers’ hands).*® Samore and colleagues® found
that the frequency of positive personnel hand
culture was strongly correlated with intensity of
environmental contamination. Our results for ward
X support this. Clearly, good hand hygiene practice
could mask a correlation between hand carriage
and environmental burden of a pathogen, although
we have no evidence that this explains the lack of
such an association on ward Y.

Why did the results differ so markedly between
wards X and Y which ostensibly are very similar? We
are unaware of major confounding factors (such as
changes in antibiotic policy), but variations in
prescribing, patient type or cleaning efficiency,
may have influenced either incidence of CDI or
environmental contamination. Antibiotic use data
indicated approximately equivalent use of the
antibacterial agents implicated in CDI for each
cleaning period on the study wards (Figure 4). In an
earlier study where we intensively studied the
environment of two wards from when they opened,
we found that environmental contamination with
C. difficile, not present immediately before open-
ing, rose markedly during the first six months.® In
this study the CDI incidence data correlated
significantly with the prevalence of environmental
C. difficile on one ward but not on the other.® These
observations emphasize the need to examine more
than one clinical area to determine the epidemiol-
ogy of C. difficile, and indeed to assess the
potential effectiveness of interventions such as
environmental cleaning. C. difficile environmental
contamination of some items/ward areas, such as
sites frequently touched by patients or healthcare
workers, may be far more likely to result in cross-
infection than, for example toilet floors. Aggregated,
point-prevalence environmental surveillance data
may thus hide true correlations between the
C. difficile burden and infection risk. We did not

feed back to clinicians data on antibiotic use or CDI
incidence as there is evidence that this process
alone may affect such rates.®

In an outbreak setting, Kaatz et al.'” isolated
C. difficile from 31% of ward environmental
samples. The outbreak ended after the introduction
of disinfection with unbuffered hypochlorite
(500 ppm available chlorine), and surface contami-
nation decreased to 21% of initial levels. Phosphate-
buffered hypochlorite (1600 ppm available chlorine,
pH 7.6) was found to be more effective at reducing
environmental C. difficile levels (98% reduction in
surface contamination). As Kaatz and colleagues
reported’” we found that contamination with
C. difficile may persist after environmental clean-
ing with hypochorite. Indeed, it is clear that once a
hospital environment becomes contaminated, it is
very difficult to render it C. difficile free.® 168
While hypochlorite-based cleaning may be more
effective at reducing levels of environmental
spores, it is uncertain, whether such long-term
use, particularly at high concentrations, is sustain-
able given its corrosive nature. Another potential
drawback of hypochlorite-based disinfection is a
reduced effectiveness to clean surfaces. Instruc-
tions given to cleaning staff included use of
detergent first if surfaces were visibly dirty. In
reality, it is doubtful that such extra steps were
often taken. However, products are commercially
available that combine detergent and hypochlorite
components, and we have adopted use of one of
these (in side-rooms housing CDI cases and during
outbreaks) following the results of our studies.® 8

There is a divergence of opinion on whether
detergents or disinfectants should be used for
routine hospital cleaning.’ 2" A consensus confer-
ence highlighted the difference in approach to
routine environmental decontamination in the US
(disinfectant-based) and UK (detergent-based)
hospitals.’ UK guidelines produced in 1994 rec-
ommended, in the absence of evidence to the
contrary, that detergent-based hospital cleaning
should be used to remove environmental
C. difficile.* However, the choice of cleaning
agent could affect persistence of C. difficile spore
in the hospital environment.2 In vitro sporulation of
the UK epidemic C. difficile strain (ribotype 1),
which already produces significantly more spores
than non-prevalent strains, was further increased
when cultured in faeces exposed to non-chlorine
based hospital cleaning agents.® Conversely, the
two chlorine-releasing agents tested did not
increase C. difficile sporulation. In a recent
before-and-after intervention study, Mayfield
et al.*?> found that incidence of C. difficile
diarrhoea in patients on a bone marrow transplant
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unit, where there was a high endemicity of cases,
decreased significantly after substitution of a
quaternary ammonium solution by hypochlorite
for environmental disinfection. When cleaning
with the quaternary ammonium solution was rein-
troduced, the incidence of C. difficile diarrhoea
increased almost to baseline level. Unfortunately,
however, environmental C. difficile prevalence was
not measured, and antibiotic use altered during the
study period. Also, the results were not reproduci-
ble for patients on other units.

Our results provide some evidence that hypo-
chlorite environmental cleaning may significantly
reduce CDI incidence, but also emphasize the
potential for confounding factors. It has been
estimated that each CDI case costs more than
£4000, primarily because of hotel costs associated
with prolonged length of stay.?® This high figure can
be used to justify expenditure on improved stan-
dards of hospital cleanliness. Indeed, the increased
cost of using hypochlorite-based products rather
than detergents for environmental cleaning is very
modest compared with the healthcare-associated
costs of avoidable cases of CDI.
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