




band common to all the profiles (Fig. 3). All the subcultures of
the serogroup A2 reference strain produced the same pattern
(reproducibility, 100%).

Concordance among methods. Good concordance was ob-
served among PFGE, PCR-ribotyping, and serogroups. Except
for six strains, all the strains of a given pulsotype belonged to
the same PCR-ribotype and, except for two strains, all the
strains of a given PCR-ribotype belonged to the same sero-
group. In contrast, correlations between the results of those
methods and of AP-PCR were not as strong.

Classification of epidemiologically related strains. All 11
epidemic strains from the orthopedic department belonged to
serogroup C and exhibited the same PCR-ribotype. All but one
of those strains belonged to the same pulsotype. With AP-
PCR, the 11 strains displayed four different patterns with
primer AP3 and two different patterns with primer AP4, form-
ing five combinations of patterns with both primers. The four
pairs of related strains were correctly grouped by all the meth-
ods (one couple of serogroup G being nontypeable by PFGE).

DISCUSSION

The identification of C. difficile as a major nosocomial en-
teropathogen has led to the application of numerous methods
for typing of this bacterium. The development of molecular
biology in most microbiology laboratories has focused interest
on genotyping methods, such as PFGE and the PCR-based
methods AP-PCR and PCR-ribotyping. The aim of the current
investigation was to compare different characteristics of these

methods for a large sample of C. difficile strains. In view of our
results, PCR-ribotyping seems to offer the best combination of
advantages as an initial typing tool for C. difficile.

PCR-based methods were quite easy to perform. For PCR-
ribotyping, we used a simplified Chelex-based DNA extraction
method which gave results identical to those given by phenol-
chloroform extraction, as shown in a previous study (4). How-
ever, in order to improve standardization, phenol-chloroform
extraction was used for AP-PCR. PFGE was more time-con-
suming, and culture times had to be strictly respected because
of the sensitivity of C. difficile strains to DNA degradation.
Results with PCR-based methods can be obtained in 2 days,
while at least 4 days are needed with PFGE. Interpretation of
the patterns was very easy for PFGE with SmaI. Analysis of
PCR-ribotyping patterns was hampered by the closeness of the
molecular weights of the fragments, and that of AP-PCR was
hampered by the lack of reproducibility of faint bands.

Indeed, the major problem of AP-PCR was the lack of
reproducibility, as previously reported by several authors (6, 7,
10). This was particularly true with primer AP5, so that any
classification of patterns obtained with this primer seemed
totally illusory, and the results were discarded. For PFGE, the
problem encountered was that several strains, all from sero-
group G, remained nontypeable due to early degradation of
their genomic DNA, as previously reported (7, 15, 23).

The three methods demonstrated good discriminatory pow-

FIG. 2. Patterns obtained by PCR-ribotyping. Lanes 1, 4, 7, 8, and 9, epi-
demic strains of serogroup C displaying the same PCR-ribotype; lanes 2, 3, 5, 6,
and 10, sporadic strains; lane MW, molecular weight (100-bp ladder).

FIG. 3. Patterns obtained by PFGE. Lanes 1 to 13, sporadic strains; lanes 4,
5, 8, and 12, nontypeable strains of serogroup G; lanes A2, serogroup A2
reference strain.

TABLE 2. Results of AP-PCR, PCR-ribotyping, and PFGE assays for the typing of 99 C. difficile strains

Method Enzyme or
primer

% of strains
typed

No. of:
Band size range

(kbp)
%

Reproducibility
Discriminatory

powerTypes Bands Common
bandsa

AP-PCR AP3 100 40 1–.10 0 0.4–.2.5 88 0.96
AP4 98 44 1–.10 2 0.25–.2.5 67 0.95
AP5 96 1–.10 1 0.25–.2.5 33
AP3 and AP4b 98 70 0.99

PCR-ribotyping 16S and 23S primers 100 41 7–15 0 0.22–0.7 100 0.98
PFGE SmaI 90 58 5–10 0 48–.500 100 0.99

a Number of bands common to all the patterns.
b Combined results of AP-PCR with primer AP3 and AP-PCR with primer AP4.

2486 BIDET ET AL. J. CLIN. MICROBIOL.

 on O
ctober 19, 2020 by guest

http://jcm
.asm

.org/
D

ow
nloaded from

 



ers, PFGE being the most discriminatory as far as strains that
were typeable. The discriminatory power of PCR-ribotyping
was slightly higher than that of AP-PCR with various primers
and lower than that of AP-PCR with the combination of prim-
ers AP3 and AP4. However, the lack of reproducibility of
AP-PCR may have led to an overestimation of the discrimina-
tory power of this method. Collier et al., studying 49 strains of
various origins, concluded that PCR-ribotyping was slightly
more discriminatory than AP-PCR and that a higher concor-
dance was observed between PFGE and PCR-ribotyping than
between PFGE and AP-PCR (7). However, discriminatory
powers were not calculated, serogroups were not determined,
except for the reference strains, and the reproducibilities of the
different methods were not studied.

For some serogroups, PCR-ribotyping appeared to be poor-
ly discriminatory, especially for serogroup D (only one pattern)
and serogroup C (two patterns). For serogroup C strains,
which are often responsible for epidemic bursts, the lack of
discrimination of PCR-ribotyping could raise difficulties in dif-
ferentiating epidemic from sporadic strains. Van Dijck et al.
(23), studying outbreaks of strains belonging to serogroup C,
found, as we did, only two patterns with PCR-ribotyping, while
PFGE and AP-PCR were able to differentiate some groups of
strains. Serogroup D strains are likely genetically closely re-
lated because patterns obtained by PFGE and PCR-ribotyping
were similar and all the strains have been shown to be non-
toxinogenic.

Classification of epidemic strains is a key criterion for eval-
uating a typing method: the 11 epidemic strains from the
orthopedic department belonged to serogroup C and were all
placed in one group by PCR-ribotyping and PFGE (one strain
whose pattern differed by only one band may be related to the
others [22]). In contrast, AP-PCR produced at least two pat-
terns per primer without clear correspondence between them.
This surprising result in a well-documented nosocomial out-
break leads us to question whether AP-PCR methods are not
too discriminatory (or not reproducible enough) to disclose
outbreaks among small samples of strains.

In conclusion, it appears that PFGE, although displaying the
highest discriminatory power, is hampered by the inability to
type most strains belonging to serogroup G and is far more
time-consuming than PCR-based methods, while AP-PCR
raises many problems of interpretation due to its lack of re-
producibility. For the purpose of investigating outbreaks of
C. difficile, PCR-ribotyping appears to be the best method to
use initially, being reproducible, relatively quick and easy to
perform, and sufficiently discriminatory. However, for contin-
uous epidemiological surveys, where a more precise character-
ization of isolates is expected and the delay in results is less
important, PFGE has the advantage of very high discrimina-
tory power together with perfect reproducibility. Being a well-
standardized method, it allows interlaboratory comparison of
pulsotypes. PCR-based methods offer an alternative for non-
typeable strains of serogroup G.
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