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SUMMARY Rectal swabs from 122 patients and 497 environmental swabs from several wards were
examined for the presence of Clostridium difficile in order to assess the role of the environment in
the spread of this organism. Clostridium difficile was isolated from 6/27 (22- 2%) oncology patients
and from 8/163 (4 9%) environmental specimens obtained from the oncology unit. Items found
positive for C difficile were those subjected to faecal contamination such as commode chairs, bed
pans, dust pans, discard bins, the sluice and a disposable bed pan machine.
Fourteen of 51 (27- 4%) asymptomatic neonates yielded mostly toxigenic C difficile in their stools
during their first week of life. Five of 156 (3- 2%) specimens taken from inanimate objects in the
environment of the neonatal units were positive for C difficile. The organism was also isolated from
the hands of a nurse.
Similar antibiogram patterns were demonstrated in the strains obtained from the patients and
their environment indicating the possible occurrence of cross infection.
These results indicate that environmental contamination is important in the spread of C difficile
in hospitalised patients and the implementation of isolation procedures may limit that spread.

The epidemiology of Clostridium difficile diarrhoeal
disease has not yet been clarified. Although C difficile
is the most important cause of antibiotic-associated
colitis (AAC),' 2 it is also isolated from up to 3% of
healthy adults3 and 40% of asymptomatic neonates.4
It is still uncertain therefore, whether AAC results
from intestinal overgrowth of C difficile in
asymptomatic carriers,' or whether the organism is
newly acquired from the environment."9
Investigations of hospital outbreaks of AAC,`9
studies in hamsters''" and the isolation of C difficile
from inanimate objects and from contacts of patients
with AAC,'2 13 suggest that the environment may act
as a source of infection for hospitalised patients.
Because of the above uncettainty, we conducted
this study to investigate the frequency of isolation of
C difficile from patients and the environment of
several wards in the hospital to determine whether
the environment acts as a reservoir of C difficile and
whether the implementation of isolation precautions
limits the spread of the organisms. Antibiograms
were used as a possible marker for C difficile strains.
Accepted for publication 21 July 1982

88

Material and methods

The patients and the environment of (i) Oncology,
(ii) Urology, (iii) Intensive Care Unit (ICU), (iv)
Maternity and (v) Special Care Baby Unit (SCBU)
were investigated for the presence of C difficile.
Three surveys were carried out in the oncology
ward over a two-month period. The first survey was
conducted after repeated isolation of C difficile from
a patient with acute myeloid leukaemia who
developed severe diarrhoea three days after starting
chemotherapy and antibiotic treatment for gut
decontamination (framycetin, nyastatin and colistin)
and gentamicin and erythromycin for septicaemia.
The ward is partitioned to accommodate 13 oncology
patients and 13 general medical patients, all using the
same bathroom and sluice room. Thirty-two samples
from 27 oncology patients, 13 samples from 13
general medical patients and 163 environmental
samples were obtained during the three surveys.
Two surveys were conducted in the urology ward
which had 16 patients. The initial survey was started
after the isolation of C difficile from a patient with
carcinoma of the bladder who was on chemotherapy
and developed severe diarrhoea. He had received a

ten-day course of cotrimoxazole three weeks earlier.
This patient was immediately removed to a single
room and isolation procedures implemented. Rectal
swabs from all the patients and environmental
samples, were tested during the two surveys.
Specimens from 31 patients, 130 environmental
samples and fingerprints from four nurses were
obtained. The intensive care unit had three patients,
none of whom had diarrhoea, 48 environmental
samples were taken.
The maternity unit, has two main wards with
individual nursing rooms, where mothers and their
babies are hospitalised for one week. Premature
babies are transferred to SCBU. The newborns and
the environment were examined on three occasions
during a four-month period. Samples were obtained
from 51 neonates, 156 from the environment and
fingerprints from 24 nursing staff.
Rectal swabs were obtained from a total of 122
patients and 497 swabs (Exogen Ltd, Glasgow) from
the environment of the main wards (floors, bedding,
utensils, cosmetics, cupboards, etc), the bathrooms
and the sluice rooms of the five units and were
inoculated immediately on sampling on the wards
onto prereduced selective media (CCFA), 14 placed in

GasPak jars (BBL) and then incubated anaerobically
at 37°C for 48-72 h. Specimens obtained from the
hands of 52 nursing staff by pressing their fingers onto

CCFA plates were also immediately placed in
GasPak jars and incubated as above. In addition, 13
air samples (320 I/sample) were obtained from the
different wards by using the Biotest RCS centrifugal
air sampler (Biotest-Folex Ltd) with CCFA strips,
and 49 milk samples taken from the feeding bottles at
the end of the feed were inoculated onto CCFA
plates.. All plates and strips were incubated in an
anaerobic chamber (85% N2, 10% H2, 5% CO2) at
37°C and examined daily for one week.
Clostridium difficile strains were identified by their
colonial and cellular morphology, the fluorescence
under untraviolet light 14 and the characteristic
pattern of volatile fatty acids using gas liquid
chromatography. '5
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ANTIBIOTIC SUSCEPTIBILITY

The minimum inhibitory concentration of C difficile
strains to a variety of antimicrobial agents were
determined by using the Sensititre plate assay
method.'6 One to two strains per faecal specimen
were tested.
Results

Table 1 shows the results of the three surveys in the
oncology ward. During the first survey carried out
three weeks after the initial isolation of C difficile
from the index patient, C difficile was isolated from
an asymptomatic general medical patient only and
not from the remainder of the patients or from the
index patient who was on vancomycin therapy. Of the
43 environmental specimens taken at that time only
three were positive for C difficile. These were
obtained from a commode wheelchair, a clean bed
pan, and a dustpan and brush in the sluice room.
On the second survey, three weeks later, 5/10
oncology patients had diarrhoea and their stools
yielded C difficile; three of the five had been culturenegative during the first survey. One was the index
patient who had a recurrence of his diarrhoea after
the termination of vancomycin therapy and the other
two had been transferred recently to beds on either
side of him. Of the 63 environmental samples taken
from the vicinity of the index patient and from the
main ward, the bathroom and the sluice room, four
were positive. These were from items in the sluice
room (a commode chair, a dustpan and brush, a
discard bin and the sluice). On the third survey six
weeks later, none of the medical but two of the
oncology patients yielded C difficile and the only one
positive environmental specimen was obtained from a
disposable bed pan machine in the sluice room (Table
1). Hence, eight of the 163 (4- 9%) of environmental
samples were positive for C difficile, and all isolates
were recovered from items in the sluice room. All
specimens obtained from the hands of the nursing
staff and from the air samples in the oncology ward
were negative. All C difficile strains isolated from the
Table 1 Isolation of C difficilefrom patients and the
environment of the oncology unit during three surveys

CYTOTOXICITY ASSAY

The supernatants of the C difficile strains, incubated
into Robertson's cooked meat broth for five days,
were examined for cytotoxin production, using Hep2
cells. '
The toxin titre was expressed as the highest
dilution, which produced cytopathic effect on the
monolayer neutralised by C sordellii antitoxin (Ex
5128-Welicome). '

Patients
tAntibiogram
Environment
tAntibiogram

Survey for C diffcdile (no positive/no examined)
2
3
1
2/24* (8 3%)
1/11(9 0%) 5/10(50%)
2A
A
2A, lB, 2C
3/47 (6-3%) 4/63 (6 3%) 1/53 (1-8%)
2A, lB
3A, lB
lB

*
Includes 13 general medical patients.
t See Table 5.
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above patients and Irom their environment were
toxigenic with titres ranging from 1/2 to 1/2000 (Table
2). In the first survey in the urology ward only the
index patient had C difficile in his stools and all other
specimens from the patients and the environment
were negative. Similarly all specimens obtained
during the second survey were also negative for C
difficile (Table 3).
In the ICU unit, only one specimen obtained from
a clean bed pan yielded C difficile (Table 3). At that
time, none of the three patients nursed in the unit had

diarrhoea.
The overall results of the survey in the neonatal
units are shown in Table 3. Fourteen of the 51
(27-4%) newborns had C difficile in their stools and
all were asymptomatic. One of them was delivered by
caesarean section and the others by normal vaginal
delivery. The carriage rate was higher in the
premature neonates in the SCBU (54%) than in the
normal neonates in the maternity ward (20%).
Of the 156 environmental samples taken during
the three surveys from the neonatal units 3-2%

of 6 environmental strains were toxigenic with titres
ranging from 1/2 to 1/200 (Table 2).
Antibiotic susceptibility testing of C difficile strains
showed three distinct sensitivity patterns A, B, and C
(Table 5). Patterns A, B and C were found in the
oncology ward whereas the remainder of the strains
belonged to pattern A.
Table 3 Isolation of C difficile from patients and the
environment in several units

Number positive/number examined (%)
Patients
Environment Stafffinger prints

Units

*6/27 (22 2)
t1/13 (7 6)
Urology
1/31(3 2)
ND
ICU
Maternity
(normal neonates) 8/40 (20)
Special baby care
(premature
neonates)
6/11(54 5)
Totals
22/122(18)

Oncology

were positive for C difficile. The four positive
environmental samples in the maternity unit were
obtained from a crib in the main ward, a discard bin, a
linen discard bag and a hand basin in the nursing
rooms (Table 4). All the milk samples were negative
for C difficile.
In the SCBU, C difficile was isolated from the
hands of a nurse and from a discard bin for used
nappies.
Ten of 14 strains isolated from the newborns and 3

No of strains in:

Toxin titre
<1/2
1/2
1/20
1/200

Neonatal units
Oncology unit
Environment
Neonates Environment Patients
7
2
1

1
3

3
2
2

1
2
5

1

1/2000

0/30
0/4

1/73 (1 3)

1/10(10)

ND

0/14

1/58(1 7)

14/497(2 8)

ND: not done.
* Leukaemia patients.
t Medical patients.

Table 4 Distribution of Cdifficile in the environment ofthe
newborn units
Sites examined

Newborn units
Maternity

SCBU

No pos/no sampled No pos/no sampled

Floors
Chairs

Table 2 Toxin production by the C difficile strains isolated
from patients and the environment

8/163 (4-9)

0/130(0)
1/48 (2)
4/83 (4 8)

Cupboards, shelves
Tables, benches, trolleys
Cribs*
Incubators
Scales
Medical intruments
Plants
Discard bins*
Linen discards*
Hand basins*
Toilet seats
Air
Total
*

0/12
0/2
0/2
0/14
1/2
-

0/4
-

-

1/6
1/6
1/8
0/23
0/4
4/83 (4 8%)

0/8
0/6
0/3
0/13
0/4
0/10
0/5
0/8
0/3
1/9
0/3

0/1
1/73 (1 3%)

Positive on culture.

Table 5 Antibiotic susceptibility patterns of C difficile isolatedfrom patients and their environment
Sensitivity
pattern

Antibiotics (mg/l)
Penicillin

Clindamycin

Metronidazole Chloran-

Cefoxitin

Erythromycin Carbenicillin

Cephalexin

64-128
>128
128

0 25-0 5
0-5-1
>64

64-128
>128
>128

phenicol
A

1-2

B
C

8
4

0 25-0-5
0 51-1
32-64

1-2
4-8

1-2

2-4
4

4-8

4-8
16-32
16-32

Discussion
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alter the normal intestinal flora and may eradicate the
enteric organisms with inhibitory activity against C
difficile ' 20-ie the colonisation resistance factors.
Antibiotics, however, do not appear to play a role in
the high rates of colonisation in neonates with C
difficile. Fourteen of 51 (27 4%) asymptomatic
neonates who had never received antibiotics
harboured C difficile, during their first week of life.
The isolation rate was particularly high in the
premature babies (54- 4%) compared to the full-term
neonates (20%). These findings differ from those
reported by Viscidi et a122 who found the incidence
was comparable in the two groups. The reason for this
high prevalence2 4 21 22 and the rare incidence of AAC
in neonates23 is still not clear, nor is it clear how
neonates acquire this organism. Our data suggest that
neonates were colonised from the environment
probably via the hands of nursing staff, particularly
since all the strains isolated from the environment and
neonates had the same antibiogram (type A). It is
unlikely that mother-baby acquisition occurs during
vaginal delivery as was suggested by Hafiz and his
colleagues,24 because one of our newborns with a
positive culture was delivered by caesarean section
and two of six caesarean section babies examined
daily for the presence of C difficile in their stools were
found to be positive on the third and fifth day after
their birth (unpublished data).
It appears therefore that C difficile, which is spread
in the environment of the hospital, can be acquired by
susceptible patients, especially those who lack
resistance to colonisation by C difficile. So far, a
typing scheme is not available to distinguish the
different strains of C difficile and to trace their spread
in the hospital environment but extensive antibiograms may be helpful in the meantime. Decontamination of items subject to faecal contamination
along with careful hand washing to prevent the spread
of the organism are recommended. Furthermore,
enteric isolation precautions should be introduced for
patients who are shedding C difficile, similar to those
instituted successfully in our urology unit.

The possible acquisition of C difficile from the
environment has been suggested by reports of
hospital outbreaks of AAC. 9 The results of this
study provide some evidence that environmental
contamination with C difficile may act as a source of
infection in susceptible patients.
The spread of C difficile in the oncology ward may
have originated from the index patient who excreted
C difficile continuously for four weeks with no special
isolation procedures being undertaken. His initial
therapy with metronidazole failed to eradicate the
organism and it was after vancomycin was started that
his stools became negative. However, the patient had
a symptomatic relapse when the drug was discontinued. This relapse may have been caused by
either reinfection with C difficile from an
environmental source or persistence of spores in the
gastrointestinal tract. 7
The further isolation of C difficile from 5/10
oncology patients in the second survey suggests a
possible transmission of C difficile from patient to
patient either directly or via the contaminated items
in the unit. Of the environmental samples from the
oncology ward, 4- 9% were positive for C difficile.
These were from items subjected to faecal
contamination in the sluice room, as shown in
previous observations. 13 18
Despite the limited number of antibiotics tested,
the results showed three different sensitivity patterns
in the C difficile strains isolated from the patients and
the environment of the oncology ward. Furthermore
one patient who during the second survey, had a type
C strain (clindamycin- and erythromycin-resistant),
had a type (A) strain six weeks later which suggests
either the loss of resistance or more likely, the new
acquisition of a type A strain from the environment.
The rates of positive cultures from the environment
of the oncology ward were higher (6- 3%) in the first
two surveys when the patients had diarrhoea than
from the third survey (1- 8%) or from the other units
(1 3-4 8%) where the patients were asymptomatic.
Similar findings have been reported by Kim et al. 1'3
In contrast, the immediate isolation of the patient
in the urology ward and the implementation of strict We wish to thank Dr A Lister and Mr Gordon Bourne
isolation procedures appear to have been effective in for allowing us to study their patients and the nursing
limiting the spread of the organisms. However, it is staff of these units for their co-operation. We should
also possible that the patient population of the also like to thank Miss Lorraine Hall for typing the
urology ward is not susceptible to colonisation unlike manuscript.
the oncology patients. The high incidence of C
difficile in the gastrointestinal tract of the oncology
patients found in this study (22 2%) and reported by
others (40%),13 suggests that these patients form a Dr Helen Malamou-Ladas was supported by a Post
highly susceptible group. This may be related to the Doctoral Research Fellowship from the "Alexander
intensive chemotherapy and antibiotic usage which S Onassis" Benefit Foundation.
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