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TABLE 1. Properties of the Clostridium difficile isolates investigated
Plasmid agar Crossed

Isolate Date of fecal gel electro- IEP Protein Antib resstace. .
no. specimen phoresis pattema profile A

profile'
374 June 6, 1979 A a a Clinr Cmlr Eryr Rif' Tetr 1.104
375 June 12 A a a Clinr Cmlr Eryr Rifr Tetr 1.104
376 June 12 A a a Clinr Cmlr Eryr Rifr Tetr i.105
406 June 20 A a a Clinr Cmlr - RifFr Tetr 5.104
408 June 26 A a a Clinr Cmlr Eryr Rifr Tetr 5.104
409 July 16 A a a Clinr Cmlr Eryr Rifr Tetr 1.105
410 July 31 A a a ClinrCmlr Eryr Rifr Tetr 1.104
411 July 30 B a a Clinr Cmlr Eryr Rifr Tetr 5.104
412 August 8 A a a Clinr Cmlr Eryr Rifr Tetr 5.104
413d August 14 A a a Clinr Cmlr Eryr Rifr Tetr 1.O05
415d August 21 A b d Clinr Cmlr Eryr RifrTetr 0
416 September 5 A a a Clinr Cmlr Eryr Rifr Tetr 5.103
425 December 18 A a a Clinr Cmlr Eryr Rifr Tetr 1.104
426 January 8, 1980 A a y .5.103
429 February 11 C a y .5.104
439 April 18 D a y- 1.104

a Letters were assigned denoting a pattern group. For the plasmid profiles, A means one large plasmid, B is the
same as A with two additional small plasmids, and C and D are entirely different plasmid patterns (see Fig. 1).
For the protein profiles, a is the most often encountered protein profile, f3 is the same profile with additional
bands at 11 and 15 cm, and y is the same as a, but with the band at 13 cm missing and an additional band at 18 cm
(see Fig. 3).

b Clin, Clindamycin (MIC for susceptible strains, s8 1Lg/ml; MIC for resistant strains, .256 ,wg/ml); Cml,
chloramphenicol (-16 and .128 1Lg/ml); Ery, erythromycin (-1 and .64 pLg/ml); Rif, rifamycin (<0.5 and .256
.g/ml); Tet, tetracycline ('0.1 and .32 ,ug/ml).

Tissue culture doses per milliliter in dialysis culture filtrates.
d Isolates 413 and 415 were isolated within 1 week from the same patient.

was suspended in 0.2 ml of 25% sucrose solution in
TES, and 50 ,ul of 1.5% lysozyme solution in TES was
added. After 30 min at 37°C in a water bath, the
mixture was cooled for 10 min in an ice bath. We
added 80 ,ul of 0.25 M EDTA solution (pH 8.0) in TES
and, after 15 min, 15 ,u of RNase solution (5 mg/ml in
TES). After another 15 min, 20 pul of 20% sodium
lauryl sulfate solution in TES and 100 p1 of chilled 5 M
NaCl were added, and the mixture was kept overnight
at 0°C. After 20 min of centrifugation at 4°C and 10,000
rpm, the resulting cleared lysate was transferred into a
1.5-ml plastic centrifuge tube (Eppendorf no. 3810,
Hamburg, Federal Republic of Germany) and sequen-
tially extracted with equal volumes (0.3 ml) of phenol
at room temperature and of chloroform-isoamyl alco-
hol (24:1). After centrifugation, the aqueous layer was
retained. If necessary, the procedure was repeated
until all phenol was removed. The DNA was precip-
itated by adding 0.1 volume of 3 M sodium acetate (pH
8.6) and 2 volumes of ethanol. This mixture was held
at -70°C for 2 h and then was centrifuged at 12,100 x
g at -20°C for 20 min. The ethanol was decanted, and
the precipitated DNA was redissolved in 60 p.1 of
water. These plasmid-enriched preparations (20 to 40
pul) were analyzed by electrophoresis of vertical slab
gels containing 0.8% agarose (Sigma Chemical Co., St.
Louis, Mo.) (8).

Crossed immunoelectrophoresis. Crossed immuno-
electrophoresis (IEP) was performed on an LKB 2117
Multiphor apparatus and IEP kit (LKB Instruments,
Inc., Rockville, Md.) according to the LKB instruc-
tion manuals and to the quantitative IEP manual by

Axelsen et al. (2). Gels were pressed, washed, stained,
and destained as described by Sullivan et al. (38). The
antiserum used for the second dimension was goat
antiserum produced against crude culture superna-
tants of C. difficile strain VPI 10463 (11).

Soluble protein profiles. The polyacrylamide slab gel
electrophoresis procedure described by Moore et al.
(30) and Cato et al. (5) was used to compare soluble
cellular proteins from overnight cultures in brain heart
infusion-Tween-carbonate broth (30). As controls,
Streptococcus faecalis strain VPI U4-20 and C. diffi-
cile strains VPI 8491 (ATCC %89) and VPI 10463 were
included.

Antimicrobial susceptibility testing. Minimal inhibi-
tory concentrations (MICs) were determined at least in
duplicate assays by the proposed NCCLS agar dilution
method as described by Sutter et al. (39).

Cytotoxicity assays. Strains were grown in dialysis
culture. Culture tubes contained 50 ml of brain heart
infusion broth and 10 ml of saline inside the dialysis
tubing (0.25 by 5 in. [0.635 by 12.7 cm]). Cultures were
incubated at 37°C for 3 days, centrifuged, and filtered
through 0.45-nm filters. The cytotoxicity of these
crude culture supernatants was determined on Chinese
hamster ovary cells (CHO-Kl) in a microtiter assay
(38).

RESULTS
All results are summarized for comparative

purposes in Table 1.
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FIG. 1. Agarose gel electrophoresis of C. difficile
lysates. A 40-,ul volume of the crude lysates was

electrophoresed on a vertical 0.8% agarose slab gel
(12.5 by 18 by 0.45 cm) for 5 h at 80 V. A, C. difficile
isolate 374 (plasmid pattern A in Table 1); B, 375; C,
376; D, 406; E, 408; F, 409; G, 410; H, 411 (containing
the same large plasmid as the other isolates plus two
additional smaller plasmids; designated pattern B in
Table 1); I, 412, K, 413; L, 415; M, 416; N, 425; 0,

426; P, 429; Q, 439 (the two latter isolates contained
entirely different plasmids; plasmid patterns C and D
in Table 1). ch, Chromosomal DNA.

Plasmid DNA analysis. The results of agarose
gel electrophoresis of crude lysates are shown in
Fig. 1. All isolates cultured between 6 June 1979
and 8 January 1980 had the same large plasmid
(exact size not determined), with the exception
of isolate 411, which contained two additional
smaller plasmids. Isolates 429 and 439, isolated
on 11 February and 18 April 1980, were entirely
different from all other isolates. All 35 C. difficile
strains from geographically different sources
showed either different plasmid patterns with
plasmids of other sizes (11 strains) or no detect-
able plasmid DNA (24 strains).

Crossed IEP. All isolates had the same IEP
pattern, with the exception of isolate 415 (Fig.
2). This isolate was cultured from the same
patient as isolate 413. Strain 415 differed also in
the protein profile and cytotoxicity from the
other isolates (Table 1).

Protein profiles. The profiles of soluble pro-
teins obtained by polyacrylamide slab gel elec-
trophoresis were the same for most isolates (Fig.
3; Table 1). Exceptions were isolates 415 (as
mentioned above) and 426, 429, and 439; isolates
426, 429, and 439 appeared to be similar to each
other by this procedure.

Cytotoxicity. All isolates showed similar cyto-
toxic activities, ranging from 5 x 103 to 1 x 105
tissue culture doses per ml. The only exception
was isolate 415, which lacked cytotoxic activity.

Antibiotic resistance. For all C. difficile strains
isolated from various sources in the Zurich area,

the MICs of most antimicrobial agents tested
were within a narrow range, e.g., penicillin G, 1
to 4 ,ug/ml; cephalothin, 16 to 128 p.g/ml; vanco-
mycin, 0.5 to 4 p.g/ml; metronidazole ',0.25 to 2
,ug/ml; gentamicin, 32 to 128 ,u.g/ml. Therefore,
these antimicrobial agents were of no interest for
comparing isolates from an outbreak. On the
other hand, wide variety among C. difficile
strains could be found in their susceptibility to
chloramphenicol, clindamycin, erythromycin,
rifamycin, and tetracycline, rendering these five
antibiotics useful for comparative purposes.
These results are in agreement with previous
studies on the susceptibility of C. difficile to
antimicrobial agents (10, 16, 44). Of the isolates
from the outbreak investigated, isolates 374 to

A

FIG. 2. Crossed IEP for detection of extracellular
antigens and toxins. (A) Pattern shown by all isolates
(374 to 413 and 416 to 439), except isolate 415. (B)
Isolate 415.
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FIG. 3. Polyacrylamide gel electrophoresis of soluble cellular proteins. Lane 1: S. faecalis VPI U4-20. Lanes
2 and 3: C. difficile VPI 8491 and 10463. Lanes 4 to 20: 4, C. difficile isolate 374; 5, 375; 6, 376; 7, 406; 8, 408; 9,
409; 10, 410; 11, 411; 12, 412; 13, 413; 14, 415; 15, 416; 16, 425; 17, 426; 18, 429; 19 and 20, 439. Differences are
largely seen at approximately 13 and 18 cm from the top (see arrows): in lanes 4 to 13, 15 and 16, there is an
additional band at 13 cm (designated protein profile a in Table 1). Lane 14 contains additional bands at 11, 13, and
15 cm (protein profile 0). In lanes 17 to 20, there is an additional band at 18 cm (protein profile fy).

425 were resistant to all five of the relevant
antibiotics, with the exception of isolate 406,
which was resistant to clindamycin but suscepti-
ble to erythromycin. Isolates 426, 429, and 439
were susceptible to all five antibiotics (Table 1).

DISCUSSION
Our results, reached by employing four test

parameters, indicate that most of the isolates
found in a small hospital outbreak were of the
same strain, with the following exceptions. Iso-
late 415, cultured from a patient who 1 week
earlier had carried the major strain, was the only
nontoxigenic isolate; the crossed IEP and pro-
tein patterns of this isolate were also distinct
from those of the other isolates, whereas the
plasmid profile was the same. Isolate 426 dif-
fered only in protein and antibiotic resistance
patterns. Two isolates (429 and 239) had differ-
ent plasmid, protein, and antibiotic resistance
patterns.
The value of the various tests used for typing

purposes has to be assessed. The most estab-
lished method is the plasmid profile, as deter-
mined by agarose gel electrophoresis (1, 23, 32,
35, 40, 42). However, some limitations to plas-
mid fingerprinting by agar gel electrophoresis
have been found in the present study. Isolate 415
had the typical plasmid pattern of the major
strain but differed in toxin production and pro-

tein pattern. This applied to a lesser extent to
isolate 426, with differences in antimicrobial
resistance and protein profiles.
The crossed IEP is a method usually not used

for typing purposes. It may confirm other find-
ings, however. The protein profiles are usually
specific for a given species. In fact, the protein
profiles have been used in several recent papers
on the taxonomy of anaerobic bacteria (5, 6, 21,
27, 30). In the present study, three different
protein profiles emerged in C. difficile isolates.
Cytotoxicity titers probably have little weight
for typing C. difficile isolates because virtually
all C. difficile strains produce the toxin. All
isolates of this study except isolate 415 produced
both C. difficile toxins A and B described recent-
ly (3, 38, 41).
The susceptibility patterns to antimicrobial

agents showed some variation. Of the isolates of
the major strain, isolate 406 was susceptible to
erythromycin and isolate 426 was susceptible to
all five relevant antibiotics. Some genetic vari-
ability and instability have been shown in genet-
ic experiments which may explain these find-
ings. lonesco (22) showed that clindamycin and
erythromycin resistance in one of her strains
could be eliminated. Tetracycline resistance
could be both eliminated and transferred from a
resistant to a susceptible strain by Smith et al.
(37). In a strain not related to the cluster of cases

AW:
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presented here, we could transfer resistance to
clindamycin, erythromycin, and tetracycline
from a resistant to a susceptible strain (J. Wust,
Abstr. Annu. Meet. Am. Soc. Microbiol. 1982,
B123, p. 38).

In summary, 12 or 13 patients of 15 with
diarrheal disease due to C. difficile probably had
the same strain. The outbreak lasted from June
1979 to January 1980, with 11 patients in the first
3-month period. Despite the awareness of the
medical staff in the surgical ward under surveil-
lance, only two additional infections due to C.
difficile were observed in February and April
1980, which could not be related to the previous
outbreak. The findings presented here are strong
evidence that C. difficile infections can be of
nosocomial character. This evidence agrees with
observations of other authors, such as isolation
of C. difficile from the hospital environment (13,
24, 31) and the demonstrated transfer in animals
caged together (25, 43).
As previously described in reports of out-

breaks due to gram-negative rods (35, 40, 42)
and staphylococci (1, 23, 32), agar gel electro-
phoresis of plasmid DNA has been shown to be
particularly useful for fingerprinting bacteria for
which no classical typing methods have been
developed.

It appears that protein profiles, when there are
variations in the patterns obtained, may be of
additional epidemiological value.
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