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Pseudomembranous colitis, a severe diarrheal disease, has been linked to the
administration of antibiotics and to two toxins produced by Clostridium difficile.
Eighty-two strains of C. difficile isolated from humans and hamsters were assayed
for the presence of plasmid DNA. Agarose gel electrophoresis of Sarkosyl-lysed
cells indicated that 18% of the strains contained from one to four plasmids. The
plasmid DNA in these strains ranged in molecular weight from 2.7 x 10° to 60 x
10°. Strains with and without plasmids were examined for the cytopathogenic
effect of the toxins on MRC-5 cells. No correlation was observed between plasmid
content and cytopathogenic effect. The results of in vitro antibiotic susceptibility
testing with plasmid-containing strains revealed that 33% of the strains tested
exhibited growth with four or more of the antimicrobial agents used.

Clostridium difficile recently has been linked
to antibiotic-associated enterocolitis and pseu-
domembranous colitis (1, 2, 24), which are se-
vere and sometimes fatal diarrheal syndromes
(32). This toxin-producing, strictly anaerobic
bacterium was first described in 1935 (14), but
has been recognized as a clinically significant
pathogen only within the last 4 or 5 years.
Evidence exists that the pathogenic effect of this
organism is mediated by two toxins. These tox-
ins have been partially characterized biochemi-
cally (25, 28a, 29), and studies indicate that one
of them is the mediator of the cytopathogenic
effect (10, 21, 22a). Previous investigations on
the susceptibility of C. difficile to various antibi-
otics demonstrated that multiply drug-resistant
strains may exist (4, 12, 26) and that transfer of
tetracycline resistance can occur by a conjuga-
tion-like event (18). Smith et al. also published a
study on the transfer of tetracycline resistance
and proposed that the tetracycline resistance
determinants may be located in the chromosome
of C. difficile (27).

Studies on the genetic determinant(s) respon-
sible for the expression of C. difficile toxins have
not been reported. However, plasmid- and vi-
rus-mediated production of toxin and other
extracellular enzymes have been demonstrated
previously in other clostridial species such as
Clostridium perfringens (6, 15), Clostridium te-
tani (20), Clostridium botulinum (8), and Clos-
tridium novyi (8). Because of the previously
reported linkage of toxin genes to extrachromo-
somal DNA and the well-established occurrence
of antibiotic resistance genes on plasmids, we

chose to examine the plasmid DNA population
in C. difficile. This report presents the results
obtained from screening 82 strains of C. difficile
for extrachromosomal DNA. These results are
correlated to the toxigenic profiles and antimi-
crobial susceptibilities of the strains.

MATERIALS AND METHODS

Bacterial strains. All strains of C. difficile were
obtained from the Centers for Disease Control, Atlan-
ta, Ga. Four strains were isolated from hamsters with
antibiotic-associated diarrhea, and the remaining
strains were isolated from humans with several gastro-
intestinal syndromes, including two forms of food-
borne disease. All isolates were identified by standard
procedures (5, 16).

Plasmid screening. Cells from a 3-ml overnight cul-
ture were inoculated into 50 ml of prereduced
Schaedler broth (Difco Laboratories, Detroit, Mich.)
and grown at 37°C in an anaerobic chamber (Model
1024; Forma Scientific, Marietta, Ohio) to an optical
density at 620 nm of 0.3. The cells were then harvested
by centrifugation (600 X g for 10 min at 4°C) and
suspended in 0.5 ml of freshly prepared lysozyme
mixture (10 mg of lysozyme per ml, 25% sucrose, 0.01
M Tris, pH 8). After a 20-min incubation at 37°C, 0.2
ml of EDTA (0.25 M in 0.025 M Tris, pH 12.6) was
added, and the cells were incubated at room tempera-
ture for 5 min. Next, 3 ml of lysing solution (0.5 M
Tris, 3% sodium dodecyl sulfate, pH 12.6) was added,
and the suspension was agitated briefly and heated at
65°C for 30 min (19). Two volumes of unbuffered
phenol:chloroform solution (1:1, vol/vol) were added,
and the sediment was emulsified gently and centri-
fuged (5,000 x g, 30 min, 4°C). The aqueous phase was
removed and extracted with 2 volumes of isoamyl
alcohol:chloroform (1:24, vol/vol) and centrifuged as
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FIG. 1. Agarose gel electrophoresis of plasmid-containing strains of C. difficile. Molecular weights were
determined from known weights of reference E. coli V517 (lane E), kindly supplied by F. Macrina (23).

described above; again the aqueous layer was re-
moved, and the precipitate at the interface was avoid-
ed. The DNA in the aqueous phase was then concen-
trated with polyethylene glycol 6000 Carbowax (Fisher
Scientific Co., Fair Lawn, N.J.) as described by
Humphreys et al. (17) and suspended in 0.3 to 0.5 ml of
buffer (50 mM Tris, 20 mM EDTA, pH 8).

Polyethylene glycol-precipitated DNA was subject-
ed to electrophoresis in 0.8 or 0.45% agarose (BioRad
Laboratories, Richmond, Calif.) that had been melted
in TA buffer (40 mM Tris, 25 mM sodium acetate, 2
mM sodium EDTA, 0.45% glacial acetic acid). The
DNA samples (40 wl) were mixed with 10 pl of
bromophenol blue tracking dye (0.25% bromophenol
blue, 25% glycerol, 5% sodium dodecy! sulfate) before
being electrophoresed. Electrophoresis was conduct-
ed in TA buffer at 40 mV overnight. After the tracking
dye had migrated 15 cm, the gel was stained in
ethidium bromide (0.5 pwg/ml) for 1 h at room tempera-
ture. Gels were placed on a short-wavelength UV light
(model C-61; Ultraviolet Products, Inc., San Gabriel,
Calif.) and photographed with type S5 Polaroid film
through a Kodak 23A filter.

Cytotoxicity testing. C. difficile strains were grown
for 24 h in chopped meat glucose (Carr Scarborough,
Decatur, Ga.) and then filtered with a 0.45-um filter
(Millipore Corp., Bedford, Mass.). Filtrates (50 pl)
were added to 180 pl of complete Eagle minimal
essential medium containing MRC-5 embryonic hu-
man lung fibroblasts that had been grown as monolay-
ers in flat-bottom microtiter plates. Cultures in which
50% of the cells exhibited the characteristic actino-
morphic change within 24 to 48 h were considered
positive for C. difficile toxin (7, 10).

Antibiotic susceptibility testing. Micro-Media Sys-
tems Inc. (Potomac, Md.) anaerobe minimal inhibitory
concentration (MIC) test panels were used to test
strains of C. difficile for resistance to carbenicillin,
cefoxitin, chloramphenicol, clindamycin, penicillin,
and tetracycline.

Resistance to colistin (16 wg/ml), erythromycin (4

wg/ml), gentamicin (16 wg/ml), rifampin (2 pg/ml), and
vancomycin (8 pg/ml) was tested at single concentra-
tions. All steps, including prereduction and inocula-
tion of the anaerobe test panels, were performed as
recommended by the manufacturer. After being inocu-
lated, the panels were incubated for 48 h at 35°C in an
anaerobic glove box (model 1024; Forma). Growth
was recorded if turbidity was seen. Two strains of C.
difficile (A-279 and A-280) with known antibiotic
resistance were used as control organisms for the MIC
tests.

RESULTS

Plasmid screen. Of the 82 strains of C. difficile
tested, 15 strains had one to four plasmids,
ranging in molecular weight from 2.7 x 10° to 60
x 10%. An agarose gel with the DNA profiles of
the plasmid-positive C. difficile strains is shown
in Fig. 1. With the exception of strain 2, all C.
difficile strains shown were human isolates.

The plasmids had similar molecular weights;
strains 3 through 5 contained plasmids with
molecular weights of 4.1 x 10° to 4.3 X 10°,
strains 6 and 7 contained plasmids with molecu-
lar weights of 4.7 x 10° to 4.9 x 10%, and strains
10 through 15 contained plasmids with a com-
mon molecular weight of 2.7 x 10° to 2.9 x 10°
(Table 1).

Cytopathogenic effect. All 82 strains of C.
difficile were examined for their cytotoxigenic
effect on MRC-5 embryonic human lung fibro-
blasts. Altogether, 4 of the 15 plasmid-contain-
ing strains and 10 of the 67 strains without
plasmids were negative for cytopathogenic ef-
fect (Table 1).

In vitro susceptibility. Results of in vitro anti-
biotic susceptibility tests for the plasmid-con-
taining strains revealed that 33% of the strains
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TABLE 1. Cytopathogenic effects and molecular
weights of plasmids in 15 strains of C. difficile

Strain Cytopathogenic Plasmid mol wt
no. effect” (x107%) + SE*
1 - 443 +28;60 5.3
2 + 12.3 £ 0.6
3 + 41 *0.2;113 1.2
4 - 41 =*03
5 + 43 +03;104 1.0
6 - 49 *+0.3
7 + 4.7 0.2
8 - 39+04;13.2 £23
9 + 3.8 +0.2; 5.8*0.4;
12.5 +0.9;26.4 = 1.4
10 + 29+03
11 + 28+0.2; 7.8 0.4
12 + 2.7+0.1
13 + 2.8 0.1
14 + 28 +0.2
15 + 2.7+0.2; 3.7+x0.2

“ +, Characteristic actinomorphic effect on at least
50% of MRC-S5 tissue culture cells; —, no cytopatho-
genic effect.

b Mean + standard error of four different plasmid
isolation procedures.

exhibited growth in four or more of the antimi-
crobial agents used (Table 2). MIC tests indicat-
ed that 27% of the strains tested were resistant
to two or more antibiotics. Growth of C. difficile
in antibiotics that were tested at only one con-
centration varied except with vancomycin,
which did not allow growth of any of the strains.
MIC:s for non-plasmid-containing strains are not
presented.
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DISCUSSION

More than 18% of the strains of C: difficile
tested contained detectable plasmid DNA. Al-
though there was no observed correlation be-
tween the cytopathogenic effect (i.e., toxin pro-
duction) and the presence or absence of extra-
chromosomal DNA in these strains, this does
not exclude the possibility that extrachromo-
somal DNA may carry genes for the production
of toxin or manifestation of the pathological
syndrome. The ent gene in Escherichia coli is
one example of a system in which only 17% of 96
toxin-positive strains were shown to contain a
plasmid that coded for the production of toxin
(13). Cytopathogenicity was also demonstrated
in the six C. difficile strains that contained the
small-molecular-weight plasmids (2.7 X 10° to
2.9 x 10%), allowing the possibility of a relation-
ship between toxin production and the presence
of plasmids.

It has been reported that toxin-producing
strains of C. difficile have been isolated from
healthy adults (22) and children (11, 22) who did
not display disease symptoms. Therefore, it is
possible that the manifestation of C. difficile
infection may involve other factors in addition to
toxin production. The pathological symptoms
caused by toxigenic E. coli are an example of
development of diarrheal disease being depen-
dent not only on toxin production but also on a
plasmid-encoded colonization factor which pro-
motes attachment of the organism to the intesti-
nal wall (28). Similar or different mechanisms
may occur in C. difficile infections, which may
be disclosed by further genetic studies.

TABLE 2. In vitro antibiotic susceptibility results for plasmid-containing strains of C. difficile

MIC (pg/ml)* of following antibiotic Growth in noninhibitory antibiotic
Strai (range tested [pg/ml]) (pg/ml of medium)
rain
. |Carbeni- ... | Chloram- | Clinda- Peni- | Tetracy- | Colis- | Erythro- | Gentami- | . . | Vancomy-
ne cillin C:{‘_’a‘;" phenicol mycin cillin cline tin mycin cin lea(\;l;pm cin
(8-512) (0.5-32) | (0.25-16) | (0.06—4) | (0.25-16) | (16) “@ (16) 8
1 =8 =1 =0.5 =0.25 | =0.06 | =0.25 + - - - -
2 =8" >64* 2 =0.25 0.25 | =0.25 + - + - -
3 =8 >64* 2 =0.25 0.25 | =0.25 + - + - -
4 =8 >64* 2 1 1 4 + + + - -
5 =8 >64* 2 >16* 0.25 | =0.25 + + - - -
6 16 >64* 4 1 1 >16* + - + - -
7 32 >64* 32* =0.25 >4* >16* + - + + -
8 =8 >64* 2 =0.25 0.5 =0.25 + - - - -
9 =8 >64* 2 =0.25 0.5 =0.25 + - + - -
10 <8 >64* 2 =0.25 0.5 =025 | + - + - -
11 16 >64* 16 16* 1 >16* + + - - -
12 =8 >64* =0.5 =0.25 =0.06 | =0.25 - - - - -
13 =8 >64* 2 =0.25 0.5 =0.25 + - + - -
14 =8 >64* 2 =0.25 0.5 =0.25 + - + - -
15 =8 >1 1 =0.25 =0.06 | =0.25 + - + - -

@ * Resistant.
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Susceptibility profiles of C. difficile have been
reported in earlier studies (4, 7, 12, 26), and the
overall findings of this investigation concur with
those reported previously. Other investigators
have shown that pseudomembranous colitis can
occur after the administration of a broad spec-
trum of antibiotics (21) such as ampicillin (7),
lincomycin (3), clindamycin (30), tetracycline
(31), and the cephalosporins (9); however, the
relationship of pseudomembranous colitis to
antibiotic therapy remains an enigma (7).
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