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SUMMARY Over a five-month period 1239 unselected, routine faecal specimens from 856 patients
were examined for Clostridium dificile. One hundred specimens representing 69 patients were culture-
positive. Toxin was detected in the stool of ten. During the study period, there were 41 Salmonella,
12 Campylobacter and 9 Shigella infections. C dificile was isolated together with Salmonella from
12 patients. No patient required specific treatment for C difficile infection. The significance of these
findings is discussed.

The role played by Clostridium difficile in the
aetiology of pseudomembranous colitis (PMC)1-4
and somecases of antimicrobial-induced diarrhoea5-7
is now well documented. However, this organism
with its cytotoxin has also been found in healthy
neonates4 8 and in asymptomatic adults on anti-
biotics.9 Clearly, if the detection of C difficile cyto-
toxin in stool specimens is to be a useful diagnostic
tool a thorough knowledge of its distribution in
stool specimens from all sources is necessary. This
study was designed to investigate the occurrence of
C difficile and its cytotoxin in "routine" specimens
of faeces received at a microbiological laboratory
and to determine whether estimation of cytotoxin
titres in culture-positive stool specimens would help
to distinguish between benign as opposed to harmful
symptomatic carriage of C difficile.

Material and methods

SPECIMENS
Examination was carried out on 1239 (unselected)
consecutive stool specimens received at the routine
microbiological laboratory at Whipps Cross Hospital.
These included specimens from hospital inpatients
and outpatients as well as Public Health Laboratory
specimens.

CULTURE
All specimens were cultured for Salmonella, Shigella
and Campylobacter spp, using recommended labora-
tory methods. A selective agar medium, cycloserine,
cefoxitin, fructose, blood agar (CCFA Oxoid) was
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used for the isolation of C difficile.10 11 Faecal
specimens were diluted tenfold in Ringer's solution
and emulsified before inoculation. All cultures were
incubated for 48 h in Gaspak jars (Becton Dickinson,
UK).

Colonies resembling C difficile were inoculated on
blood agar medium (Oxoid) and incubated anaero-
bically for a further 48 h. Suspect C difficile strains,
recognised by their typical morphological appearance,
smell, and green fluorescence under longwave
ultraviolet light, were inoculated into Robertson
cooked meat medium and incubated for 48 h. The
strains were further identified by their typical pattern
of volatile short chain fatty acids,'2 and concentra-
tions calculated on a DP 101 computing integrator
(Pye Unicam).

CYTOTOXIN DETECTION
Faecal suspensions were stored at 4°C for 48 h
(72 h at weekends) to await the preliminary culture
result from the reading of the CCFA plates. Super-
natants were prepared from all culture-positive
suspensions by separation in a refrigerated centri-
fuge. Decanted supernatants were screened for cyto-
toxin in Hela cell tissue culture and stored at - 20°C
for further testing. C difficile cytotoxin was said to
be present when the development of a cytopathic
effect after 24 or 48 h could be neutralised by
Clostridium sordellii antiserum (Wellcome Research
Laboratory).' 2 All cytotoxin containing specimens
were titred to an end point in doubling dilutions.

CYTOTOXIN PRODUCTION BY C DIFFICILE
STRAINS
Supernatants from 48-hour cooked meat broth
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cultures of C difficile strains were tested at an
initial dilution of 1/8 for cytotoxin in a similar
manner to the faecal specimens.

Results

A flow chart (Fig. 1) summarises the findings, 1239
specimens from 856 patients were examined.
C difficile was isolated from 69 patients. More
than one culture-positive specimen was received
from 13 patients, the range was 2-6 specimens
over a period of two weeks to three months. The
total number of C difficile isolates was 100. Each
of these 13 patients consistently carried either
a cytotoxin-producing or a non-toxin producing
strain.
The age distribution of culture-positive patients is

1239 SpecimensI
_856 Ptients

Toxin in stool Toxin in stool
6 4

Fig. 1 A flow chart summarising the C difficile
isolation rates and results of cytotoxin detection tests.
Specimens referred to are routine faecal samples.
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shown in Figs 1 and 2. The overall isolation rate of C
difficile was 8% (69/856); 360% in those less than
two years old and 4% in those more than two years
of age. Cytotoxin-producing strains were carried
by 36 of the 69 positive patients (52 2%). The
percentage of cytotoxin-producing strains was
higher in those over two years of age (64%) than in
those under two years (47 6%).

Cytotoxin was detected in the stool of 10 patients
(Table 1), all were carriers of toxin-producing strains.
Six were infants, four were adults on antibiotics, one
of whom had sigmoidoscopic evidence of colitis. In
the infant group, one acquired the organism and
gradually developed a rising cytotoxin titre during
the study period (patient 5-Table 1). Another had a
diminishing cytotoxin titre after a Salmonella sp
infection. Among the adult patients, one changed
from cytotoxin-negative stool to a cytotoxin titre
of 1/160 over a period of five days. Another had a
falling cytotoxin titre (patient 10), after withdrawal
of antibiotics and resolution of symptoms.

Table 2 illustrates the findings in eight adult
patients complaining of diarrhoea. C difficile
was isolated from all patients, six of the eight
strains were cytotoxin producers in vitro, but
none of the patients had detectable cytotoxin in their
stools. Five were on antibiotics, one had ulcerative
colitis, and one had returned from abroad but no
pathogens were isolated.

Details of the 41 Salmonella infections appear in
Table 3. Clostridium difficile was isolated from 9/9
of those below two years of age and 3/20 from those
older than 2 yr. There were 12 Campylobacter and
nine Shigella infections. One of each (aged 58 and 7
yr respectively) were culture-positive for C difficile.
The overall incidence of infections with other
enteric pathogens in association with C difficile
was 20%.

42 (36)
:" L1=(%) Percentage of patients culture-positive in that age group

YT No. of patients from whom C difficile was isolated
20- E No. of patients from whom toxin producing strains were isolated

(6-9)
1 1

2

0

Fig. 2 Histogram showing
the detailed distribution of
C difficile isolates in the
different age groups.
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Table 1 Details ofpatients with C difficile toxin in their faeces

Patient No Sex Age C difficile* Cytotoxin Day (after Antimicrobial therapy Clinical information
isolated titre (in faeces) Ist specimen)

I M 7 wk + 1/160 Nil Febrile convulsion, no
diarrhoea

2 F 5 months + 1/160 Nil "Food Poisoning"
3 M 4 months + 1/6400 Nil Shigella contact. No

symptoms
4 M 5 months + 1/1280 Nil Vomiting, weight loss,

failure to thrive
+ 1/2560 60

5 F 3 months - Not tested Nil Premature baby. E coli 055
carrier, no symptoms

+ 1/40 10
+ 320 59

6 F 5 months + 1/640 Nil Salmonella typhimurium
infection

+ 1/320 30
+ 1/40 100

7 M 45 yr + 1/800 Metronidazole No symptoms, post treatment
of amoebic colitis

8 F 40 yr + Not detected Flucloxacillin + gentamicin Diarrhoea, staphylococcal
septicaemia

+ 1/160 5
9 F 82 yr + 1/2560 Cephazolin Cholecystitis, antibiotic-

Cephalexin associated colitis. Multiple
ulcers in rectum. Spontaneous
recovery off antibiotics

10 F 76 yr + 1/2560 Cephazolin + metronidazole Post gastroenterostomy,
+ 1/80 30 diarrhoea, spontaneous

recovery off antibiotics

*AIl strains were cytotoxin producers in vitro. + = present. - absent.

Table 2 Findings in eight patients presenting with diarrhoea but no C difficile cytotoxin in their faeces

Patient No Age (yr) C difficile Toxin Cytotoxin in Antibiotic therapy Clinical details
isolation production by faeces

strain

11 40 + + - Salazopyrine Ulcerative colitis
12 76 + - - Amoxycillin Chest infection
13 65 + + - Ampicillin Gastrectomy
14 86 + - - Nil Carcinoma of colon
15 75 + + - Penicillin G Amputation
16 80 + + - Ampicillin + tobramycin Oesophageal perforation,

carcinoma
17 24 + + - Amoxycillin Chest infection
18 40 + + - Nil Holiday abroad

+ = present. - absent.

Table 3 Clostridium difficile and cytotoxin in patients with Salmonella infections

Age (yr) No ofpatients C difficile isolated In vitro toxin production Cytotoxin in stool

<2 9 9 3 1
>2 20 3 2 0
Unknown 12 0 - _
All 41 12 6 1

Discussion

The C difficile isolation rate of 8o% found by this
study indicates that the organism is a relatively
common bowel inhabitant occurring with greater
frequency than Salmonella (4 7 %/) in the routine
faecal specimens received at this laboratory. How-
ever, its role as a pathogen is less easily defined.

In infants less than two years of age, the carriage
rate of 36% was striking and is consistent with
previous reports of isolation from healthy neonates.4 8
No patients in this group had symptoms thought to
be attributable to C difficile infection, nor was there
an association with antimicrobial therapy. In
direct contrast, C difficile carriage in the older age
group frequently followed antimicrobial therapy

4*
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and was accompanied by symptoms of bowel
disturbance in some patients. The agents involved
were the penicillins, cephalosporins, aminoglyco-
sides and metronidazole. One patient with ulcerative
colitis was also receiving salazopyrine, similar cases
have been reported previously'3 14 in whom C
difficile and its cytotoxin have been implicated with
relapses of chronic inflammatory bowel disease.
Two further patients who were culture-positive for
C difficile but had not received antimicrobials were
suffering from diarrhoea associated with carcinoma
of the colon and recent travel abroad. The patient
with carcinoma of the colon had not received any
chemotherapy. Cancer chemotherapy was associated
with relapsing pseudomembranous colitis and C
difficile isolation in one patient with embryonal
carcinoma of the testicle.15 Recent travel abroad has
been linked with increased carriage of C difficile,l6
our patient complained of diarrhoea after a holiday
abroad and examination of the stools for other
pathogens was negative.
An association with infection by other enteric

pathogens is suggested by the finding that 2000 of
C difficile carriers were infected with either Salmon-
ella, Shigella or Campylobacter species. This associ-
ation however, is not as marked as the 360 incidence
reported by Falsen.16

Cytotoxin production tests carried out on cell-free
supernatants of Robertson cooked meat broths were
positive for strains from 52% (36/69) of the C
difficile carrier, a lower incidence than previously
reported.17 This may be due to the shorter incubation
period (48 h) and a higher initial dilution (1/8) used
in this study compared with the five-day incubation
and 1/2 dilution tested by Viscidi et al.17 Indeed,
cytotoxin from some of their strains was only
detectable at the initial 1/2 dilution. In view of the
important role ascribed to C difficile toxin in the
aetiology of colitis associated with this organism,2-4
those patients with toxin in their stool are of particu-
lar interest. Ten of the 36 carriers of cytotoxin-
producing strains had detectable toxin in their stool
(Table 1), the titres ranging from 1/40 to 1/6400.
However, the presence of cytotoxin did not correlate
closely with symptoms of diarrhoea or colitis. Six
of the toxin-positive patients were infants (Table 1),
five of whom were asymptomatic. The sixth was
suffering from Salmonella gastroenteritis. Two of
the asymptomatic infants had titres of toxin which
were relatively high (1/2560 and 1/6400) and com-
parable to those reported in cases of pseudo-
membranous colitis. 3 11 18 19 Examination of serial
specimens from three of the infants (patients 4, 5,
and 6) revealed that cytotoxin was still detectable
60, 49, and 100 days respectively, after their first
toxin-positive stool specimen.

In the adult group, all four toxin-positive patients
(Table 1) were receiving antibiotic therapy. Three
had diarrhoea including one with sigmoidoscopically
confirmed colitis and a cytotoxin titre of 1/2560.
The fourth with a cytotoxin titre of 1/800 and no
symptoms had completed a course of metronidazole
therapy for amoebic colitis. One of the adults (patient
8, Table 1) developed a positive cytotoxin titre in her
stool over the five-day period after her initial
culture-positive and toxin-negative specimen thus
demonstrating the potential of screening by culture
for anticipating toxin-related problems. A similar
observation in one patient was noted recently.7
A further eight adult patients with diarrhoea (Table
2) from whom C difficile was isolated had no cyto-
toxin present in their stool.

It has been suggested that there is a correlation
between pseudomembrane formation in the colon
and cytotoxin titres greater than or equal to 1/6400.20
Only one patient in our study, an infant with no
symptoms, had a titre of this magnitude.
The absence of any bowel disturbance in five of the

patients with C difficile cytotoxin in their stool casts
doubt upon its importance as an aetiological agent
in thepathogenesis of diarrhoea and colitis. However,
the recent discovery of a second C difficile toxin, an
endotoxin with biological and immunological
characteristics distinct from that of the cytotoxin21
may provide an explanation for the apparent
discrepancy.

In conclusion, this study has demonstrated the
feasibility of screening routine faecal specimens for
C difficile and its cytotoxin. Despite the uncertain
role of this toxin, its detection in tissue culture
remains a convenient and rapid diagnostic procedure.
Clearly, other factors, such as changes in the normal
bowel flora and bacterial interactions,22 may also
have a part to play in the pathogenesis of the C
difficile syndrome.

References

Larson HE, Price AB. Pseudomembranous colitis:
presence of a clostridial toxin. Lancet 1977;ii:1312-4.

2 Bartlett JG, Chang TW, Gurwith M, Gorbach SL,
Onderdonk AB. Antibiotic associated pseudomem-
branous colitis, due to toxin producing clostridia. N
EngilJ Med 1978;298:531-4.

3George RH, Symonds JM, Dimock F. Identification of
C difficile as a cause of pseudomembranous colitis. Br
MedJ 1978 ;i :695.

4Larson HE, Price AB, Honour P, Borriello SP. Clostridium
difficile and the aetiology of pseudomembranous colitis.
Lancet 1978 ;i:1063.

5 George WL, Sutter VL, Goldstein EJC, Ludwick LS,
Finegold S. Aetiology of antimicrobial agent associated
colitis. Lancet 1978 ;i :802.

6 Bartlett JG. Antibiotic associated pseudomembranous
colitis. Rev Infect Dis 1979; 1:530.

7Borriello SP, Larson HE. Antibiotic and pseudo-

564

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.35.5.561 on 1 M
ay 1982. D

ow
nloaded from

 

http://jcp.bmj.com/


Clostridium difficile and cytotoxin in routine faecal specimens

membranous colitis. J Antimicrob Chemother 1981;7:
53-62.

8 Hall IC, O'Toole E. Intestinal flora in new born infants.
Am J Dis Child 1935;49:390-402.

9 George WL, Rolfe R, Mulligan M, Finegold S. Presence
of C difficile and its toxin in faeces of subjects receiving
cefoxitin. Clin Res 1979 ;27:344.

10 George WL, Sutter VL, Citron D, Finegold S. Selective
and differential medium for isolation of Clostridium
difficile. J Clin Microbiol 1979;1 :214-9.

Willey SH, Bartlett JG. Cultures of C difficile in stool
containing a cytotoxin neutralised by C sordellii anti-
toxin. J Clin Microbiol 1979;10:880-4.

12 Holdeman LV, Cato EP, Moore WEC. Anaerobic labora-
tory manual. 4th ed. Blacksburg, Virginia: Virginia
Polytechnic Institute, 1977.

13 LaMont JT, Trnka YM. Therapeutic implications of
Clostridium difficile toxin during relapse of chronic
inflammatory bowel diseases. Lancet 1980;i:381-3.

14 Bolton RP, Sherrif RJ, Read AE. Clostridium difficile
associated diarrhoea: a role in inflammatory bowel
diseases. Lancet 1980;i:383-4.

15 Fainstein V, Bodey GP, Fekety R. Relapsing pseudo-
membranous colitis associated with cancer chemo-
therapy. J Infect Dis 1981 ;143:865.

16 Falsen E, Kaijser B, Nehls L, Nygren B, Svedhem A.
C difficile in relation to enteric pathogens. J Clin
Microbiol 1980;12:297-300.

17 Viscidi R, Willey S, Bartlett JG. Isolation rates and toxi-
genic potential of Clostridium difficile isolates from vari-
ous patient populations. Gastroenterology 1981;81:5-9.

18 Larson HE, Parry JV, Price AB, Davies DR, Dolby J,
Tyrrell DA. Undescribed toxin in pseudomembranous
colitis. Br MedJ 1977;i: 1246-8.

19 Keighley MRB, Burdon DW, Arabi Y, et al. Randomised
trial of vancomycin for pseudomembranous colitis and
post-operative diarrhoea. Br Med J 1978 ;ii :1667-9.

20 Burdon DW, George RH, Mogg G, et al. Faecal toxin
and severity of antibiotic associated pseudomembranous
colitis. J Clin Pathol 1981 ;34:548-51.

21 Taylor NS, Thorne GH, Bartlett JG. Separation of an
enterotoxin from the cytotoxin of Clostridium difficile.
Clin Res 1980;28:285A.

22 Rolfe RD, Helebian S, Finegold SM. Bacterial inter-
ference between Clostridium difficile and normal flora.
J Infect Dis 1981 ;143:470-5.

Requests for reprints to: Dr Soad Tabaqchali, Depart-
ment of Medical Microbiology, St Bartholomew's
Hospital, West Smithfield, London ECIA 7BE, England.

565

 on M
ay 22, 2023 by guest. P

rotected by copyright.
http://jcp.bm

j.com
/

J C
lin P

athol: first published as 10.1136/jcp.35.5.561 on 1 M
ay 1982. D

ow
nloaded from

 

http://jcp.bmj.com/

