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A new assay (illumigene C. difficile; Meridian Bioscience), based on the original loop-mediated isothermal
amplification (LAMP) assay, was evaluated with 472 unformed stools from patients suspected of Clostridium
difficile infection. Compared to the toxigenic culture, the sensitivity, specificity, and positive and negative
predictive values were 91.8, 99.1, 91.8, and 99.1% for the illumigene C. difficile assay and 69.4, 100, 100, and

96.6% for the cytotoxicity assay, respectively.

Clostridium difficile is the major causative agent of health-
care-associated diarrhea and pseudomembranous colitis. C.
difficile infections (CDIs) have increased in frequency and se-
verity in North America and Europe over the last 5 years,
largely due to the emergence and rapid spread of the 027/
NAP1/BI strain (9, 12). The diagnosis of CDI is usually based
on a clinical history of recent antimicrobial usage and diarrhea
in combination with laboratory tests. Currently, the “gold stan-
dards” for the diagnosis of CDI are the stool cytotoxicity assay
(CTA) and the toxigenic culture (TC) (4, 6, 7). The stool
cytotoxicity assay is not standardized, and it requires skill and
facilities for cell culture. The toxigenic culture is slow and
laborious, often requires 48 to 72 h to complete, and therefore
is unlikely to be adopted by a clinical laboratory as the stan-
dard method for C. difficile testing. As of today, most labora-
tories have adopted enzyme immunoassays (EIAs) for toxins A
and B as the routine method of testing (2). These techniques
are easier to perform, more rapid than the other assays, and do
not require specific technical skills. However, they are not
sensitive enough to be used as a stand-alone test for C. difficile
diagnosis (4, 6, 8, 15). More recently, real-time PCR assays
have been commercially developed in order to overcome the
lack of sensitivity of EIAs and to reduce the time of culture.
These assays are designed to detect conservative region of
the toxin B gene (tcdB) within the locus of pathogenicity
(PaLoc) (ProdGastro Cd [Prodesse], BD GeneOhm Cdiff
[Becton Dickinson], and Xpert C. difficile [Cepheid]). They
were cleared by the Food and Drug Administration (FDA) for
U.S. laboratory use. In Europe, the Xpert C. difficile assay
targets fcdB in combination with binary toxin and deletion of
tedC for the presumptive identification of the 027 clone. This
assay does not have FDA clearance for distribution in the
United State, whereas it is commercially available in Europe.
Numerous clinical studies have shown that these assays exhibit

* Corresponding author. Mailing address: Microbiology Unit, Assis-
tance Publique-Hopitaux de Paris, Hopital Saint-Antoine, 184 rue du
Faubourg Saint-Antoine, 75012 Paris, France. Phone: 33 1 49 28 29 (9.
Fax: 33 149 28 30 09. E-mail: valerie.lalande@sat.aphp.fr.

" Published ahead of print on 27 April 2011.

2714

the best concordance with the results of toxigenic culture com-
pared to enzyme immunoassays and therefore could represent
a promising alternative for the diagnosis of CDI (8, 10, 11, 14,
16-19).

We performed a prospective study to evaluate the perfor-
mance of a new amplification assay (illumigene C. difficile,
Meridian Bioscience, Cincinnati, OH), based on the original
loop-mediated isothermal amplification (LAMP) technology,
which targets within the PalLoc a conserved 204-bp sequence in
the 5’ portion of the toxin A gene (tcdA). This assay was
released by the FDA in July 2010 for U.S. laboratory use. The
illumigene assay was compared to the cytotoxicity assay and to
the toxigenic culture.

Consecutive diarrheal stools (n = 472) (stools taking the
shape of the container) from patients suspected of having
CDIs were included. Stools were stored at +4°C until process-
ing and analysis had been done (within 24 to 72 h of collec-
tion). The three methods (illumigene, CTA, and TC) were
performed on the same day. The results of the illumigene were
not known by the technicians performing the CTA or TC
(blind evaluation).

CTA was performed using MRC-5 cells. Fresh stool speci-
mens were diluted in phosphate-buffered saline (PBS) buffer
(1:10 [wt/vol]) and centrifuged at 2,500 X g for 30 min. The
supernatant was passed through a 0.45-pm-pore-size filter and
inoculated onto confluent monolayers of MRC-5 cells in 96-
well microtiter plates that were incubated at 37°C in a 6.5%
CO, atmosphere for 48 h. The final dilution of stools tested
was 1:100. Samples were considered positive if a characteristic
cytopathic effect (cell rounding) was observed for at least 50%
of the cells and could be neutralized with anti-Clostridium
sordellii antiserum (obtained from M. R. Popoff, National Ref-
erence Center for Anaerobes, Pasteur Institute, Paris, France).

Toxigenic culture was performed on selective medium
TCCA (brain heart infusion [BHI] broth supplemented with
5% defibrinated horse blood, 0.1% taurocholate, 250 pg/ml
cycloserine, and 10 pg/ml cefoxitin), and plates were incubated
for 48 h at 37°C in an anaerobic atmosphere. Colonies were
identified by use of an enzymatic profile from the RapID32A
gallery (bioMérieux, La Balme les Grottes, France). Then
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TABLE 1. Performance of the cytotoxicity assay and illumigene C. difficile assay for detection of toxigenic strains of C. difficile

No. of toxigenic

Assay result culture results:

Assay performance (95% confidence interval)

Negative Positive Sensitivity (%) Specificity (%) PPV (%) NPV (%) Correlation (%)

Cytotoxicity assay

Negative 423 15 69.4 (56.5-82.3) 100 (94.9-98.3) 100 96.6 (94.9-98.3) 96.8

Positive 0 34

Total 423 49
illumigene

Negative 419 4 91.8 (84.2-99.5) 99.1 (98.1-99.9) 91.8 (84.2-99.5) 99.1 (98.1-99.9) 98.3

Positive 4 45

Total 423 49

C. difficile isolates were incubated in BHI broth for 5 days, and
the supernatant was tested using the cytotoxicity assay.

The illumigene C. difficile assay was performed according to
the manufacturer’s procedure. A specific collection brush was
dipped into diarrheal stool samples and what was collected was
added to a sample preparation chamber containing dilution
buffer and formalin-inactivated-Staphylococcus aureus as an
internal control of sample preparation and amplification.
Genomic DNA was extracted by being heated at 95°C for 10
min. Under isothermal conditions at 65°C, amplification of the
tcdA gene and S. aureus gene within two separated chambers
was accomplished by the use of specially designed primers.
Magnesium pyrophosphate was produced as a result of the
amplification, which causes the reaction solution to become
turbid. This turbidity was measured after 40 min using the
illumipro-10 incubator/reader (Meridian Bioscience, Cincin-
nati, OH). External quality controls, including a positive con-
trol (reconstituted DNA from the manufacturer’s kit) and a
negative control have been performed for each new kit lot. An
invalid result caused by inhibition of amplification, incorrect
sample preparation, or instrument or internal control failure
led to repeat preparation of the sample and test according to
the manufacturer’s instructions.

The results from the illumigene and CTA were compared to
those from TC, considered the “gold standard” for CDI. In
case of discrepant results between illumigene and TC, addi-
tional testing was done. Stools that were illumigene positive
and TC negative were thawed and analyzed using an enrich-
ment culture. Briefly, stools were inoculated into brain heart
infusion broth containing prereduced taurocholate and cyclo-
serine-cefoxitin (TCC broth) and incubated for 48 h at 37°C in

an anaerobic atmosphere. Then, 100 wl of the broth was inoc-
ulated into a second TCC broth, which was incubated for 48 h
in anaerobic atmosphere. The latter broth was plated on
TCCA agar. Stools that were illumigene negative and TC pos-
itive were tested again by illumigene assay, using a new DNA
extract. Moreover, the illumigene assay was also performed
with DNA extracted from the corresponding isolates.

Four samples gave an “invalid” result with the illumigene
assay (0.8%), which turned out to be positive for one specimen
and negative for the others after repeat testing. These final
results were used for interpretation. Of the 472 stool speci-
mens, 49 (10.4%) were positive using the TC (gold standard).
Of these, 34 were also positive using the CTA, and 45 were
positive using the illumigene. Compared to the TC, the sensi-
tivity, specificity, and positive and negative predictive values
(PPV and NPV, respectively) were 69.4, 100, 100, and 96.8%
for CTA and 91.8, 99.1, 91.8, and 99.1% for the illumigene C.
difficile assay (Table 1).

Discordant results between the three methods and addi-
tional testing results are summarized in Table 2. No CTA-
positive and illumigene-negative results were obtained. Four
specimens illumigene negative and TC positive were tested
again with illumigene after a new extraction. One of these
became positive, whereas the three others remained negative.
Furthermore, the four isolates gave positive results using illu-
migene amplification. Among the four specimens that were
illumigene positive but TC negative, three appeared to be true
positive by enriched toxigenic culture.

After retesting of stools with discrepant results, the cor-
rected sensitivity and specificity of the illumigene therefore
would be 94.2% and 99.8%, respectively, compared to en-

TABLE 2. Analysis of discrepant results between illumigene C. difficile assay, cytotoxicity assay, and toxigenic culture

Result from”:

No. of Initial testing Additional testing
specimens — Enriched toxieont Finali -
N s . . illumigene on new . . i1 nriched toxigenic inal interpretation
Toxigenic culture Cytotoxicity assay  illumigene DNA oxtract illumigene on isolate culture of illumigene
1 Pos Neg Neg Pos Pos ND TP
3 Pos Neg Neg Neg Pos ND FN
3 Neg Neg Pos ND ND Pos TP
1 Neg Neg Pos ND ND Neg FP
11 Pos Neg Pos ND ND ND TP
0 Pos Pos Neg

“ Pos, positive; Neg, negative; ND, not done; TP, true positive; FN, false negative; FP, false positive.
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riched toxigenic culture. The reasons why direct toxigenic cul-
ture appeared negative could include a low concentration of
microorganisms in a very heterogeneous sample or growth
inhibition due to previous therapy for C. difficile.

Our results fully confirm the recent findings of Noren et al.,
who reported a sensitivity and specificity of the illumigene of
98% (13). This technology is innovative, and the target (fcdA)
is different from those of other real-time PCR-based meth-
ods, which mostly focus on the fcdB gene. Variability in
genes coding for toxins is not a rare phenomenon. Rupnik et
al. have shown that 21.5% of C. difficile strains are variant for
the toxin A and B genes (16) and that tcdA was more con-
served than tcdB. One potential concern regards the detection
of A~ B™ variant strains. Those strains belong to toxinotype
VIII or X. They represent 3.9% of C. difficile isolates in a
recent pan-European survey of C. difficile infection (3). Actu-
ally, the illumigene C. difficile assay detects the PaLoc by tar-
geting a DNA fragment in the 5 region of the tcdA4, which is
intact in all strains, including those with a large deletion in the
tcdA gene. Coyle et al. recently showed that illumigene C.
difficile was positive in stools spiked with A~ B™ strains from
toxinotypes VIII and X (5). Many clinical trials have recently
evaluated the performance of the real-time PCR-based meth-
ods currently available on the market. Their sensitivity and
specificity range from 77.3% to 97.1% and 93% to 100%),
respectively (1, 8, 10, 11, 14, 16-19). The performance charac-
teristics of these illumigene C. difficile assays are in agreement
with those data, with sensitivity and specificity of 91.8% and
99.1%, respectively. For a batch of 10 stool samples, the
“hands on” time is 20 min, and the overall turnaround time is
1 h. Moreover the technology is isothermal and therefore re-
quires no costly capital equipment.

In conclusion, the illumigene C. difficile assay is the first
FDA-approved isothermal nucleic acid amplification-based as-
say. It offers sensitivity and specificity for detection of toxigenic
strains that are comparable to those of the toxigenic culture
reference method and other PCR-based methods. Results are
available within 1 h.

The combination of a quick turnaround time with high per-
formance might result in better management of CDIs and
timely implementation of infection control measures.

REFERENCES

1. Barbut, F., M. Braun, B. Burghoffer, V. Lalande, and C. Eckert. 2009. Rapid
detection of toxigenic strains of Clostridium difficile in diarrheal stools by
real-time PCR. J. Clin. Microbiol. 47:1276-1277.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

J. CLIN. MICROBIOL.

. Barbut, F., et al. 2003. A European survey of diagnostic methods and testing

protocols for Clostridium difficile. Clin. Microbiol. Infect. 9:989-996.

. Bauer, M. P., et al. Final results of the first pan-European Clostridium difficile

infection survey, p. 49. 20th European Congress of Clinical Microbiology and
Infectious Diseases (ECCMID), Vienna, Austria.

. Cohen, S. H., et al. 2010. Clinical practice guidelines for Clostridium difficile

infection in adults: 2010 update by the Society for Healthcare Epidemiology
of America (SHEA) and the Infectious Diseases Society of America (IDSA).
Infect. Control Hosp. Epidemiol. 31:431-455.

. Coyle, K., S. Elagin, J. Kraft, and X. K. Deng. 2010. Reactivity of Clostridium

difficile toxinotypes with the Illumigene C. difficile molecular assay, abstr.
C-1107. Abstr. 110th Gen. Meet. Am. Soc. Microbiol. American Society for
Microbiology, Washington, DC.

. Crobach, M. J., O. M. Dekkers, M. H. Wilcox, and E. J. Kuijper. 2009. Euro-

pean Society of Clinical Microbiology and Infectious Diseases (ESCMID):
data review and recommendations for diagnosing Clostridium difficile-infection
(CDI). Clin. Microbiol. Infect. 15:1053-1066.

. Delmee, M., J. Van Broeck, A. Simon, M. Janssens, and V. Avesani. 2005.

Laboratory diagnosis of Clostridium difficile-associated diarrhoea: a plea for
culture. J. Med. Microbiol. 54:187-191.

. Eastwood, K., P. Else, A. Charlett, and M. Wilcox. 2009. Comparison of nine

commercially available Clostridium difficile toxin detection assays, a real-time
PCR assay for C. difficile tcdB, and a glutamate dehydrogenase detection
assay to cytotoxin testing and cytotoxigenic culture methods. J. Clin. Micro-
biol. 47:3211-3217.

. Freeman, J., et al. 2010. The changing epidemiology of Clostridium difficile

infections. Clin. Microbiol. Rev. 23:529-549.

Huang, H., A. Weintraub, H. Fang, and C. E. Nord. 2009. Comparison of a
commercial multiplex real-time PCR to the cell cytotoxicity neutralization
assay for diagnosis of Clostridium difficile infections. J. Clin. Microbiol. 47:
3729-3731.

Kvach, E. J., D. Ferguson, P. F. Riska, and M. L. Landry. 2010. Comparison
of BD GeneOhm Cdiff real-time PCR assay with a two-step algorithm and a
toxin A/B enzyme-linked immunosorbent assay for diagnosis of toxigenic
Clostridium difficile infection. J. Clin. Microbiol. 48:109-114.

McFarland, L. V. 2009. Renewed interest in a difficult disease: Clostridium
difficile infections—epidemiology and current treatment strategies. Curr.
Opin. Gastroenterol. 25:24-35.

Noren, T., I. Alriksson, J. Andersson, T. Akerlund, and M. Unemo. 2011.
Rapid and sensitive loop-mediated isothermal amplification (LAMP) test for
Clostridium difficile diagnosis challenges cytotoxin B cell test and culture as
gold standard. J. Clin. Microbiol. 49:710-711.

Novak-Weekley, S. M., et al. 2010. Clostridium difficile testing in the clinical
laboratory by use of multiple testing algorithms. J. Clin. Microbiol. 48:889—
893.

Planche, T., et al. 2008. Diagnosis of Clostridium difficile infection by toxin
detection Kkits: a systematic review. Lancet Infect. Dis. 8:777-784.

Stamper, P. D, et al. 2009. Comparison of a commercial real-time PCR assay
for tcdB detection to a cell culture cytotoxicity assay and toxigenic culture for
direct detection of toxin-producing Clostridium difficile in clinical samples.
J. Clin. Microbiol. 47:373-378.

Stamper, P. D., et al. 2009. Evaluation of a new commercial TagMan PCR
assay for direct detection of the Clostridium difficile toxin B gene in clinical
stool specimens. J. Clin. Microbiol. 47:3846-3850.

Tenover, F. C,, et al. 2010. Impact of strain type on detection of toxigenic
Clostridium difficile: comparison of molecular diagnostic and enzyme immu-
noassay approaches. J. Clin. Microbiol. 48:3719-3724.

Terhes, G., E. Urban, J. Soki, E. Nacsa, and E. Nagy. 2009. Comparison of
a rapid molecular method, the BD GeneOhm Cdiff assay, to the most
frequently used laboratory tests for detection of toxin-producing Clostridium
difficile in diarrheal feces. J. Clin. Microbiol. 47:3478-3481.



