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Abstract

Background A novel portable platform for nucleic acid am-
plification enables rapid detection of diarrhoea causing toxi-
genic Clostridium difficile directly from faeces, even in
resource-limited settings. We evaluated the accuracy and pre-
cision of the new commercial molecular test system.
Methods One thousand one hundred and sixty faecal samples
from patients suspected of having Clostridium difficile infec-
tion (CDI) were analysed using the Orion GenRead C. diffi-
cile test system (Orion Diagnostica Oy, Espoo, Finland) and
comparative methods in three teaching hospital laboratories in
Finland and France. The precision of the Orion GenRead C.
difficile test system was evaluated in a reproducibility study
with a set of blind-coded samples. The test system is based on
a new isothermal amplification technology (Strand Invasion
Based Amplification, SIBA®) and detection of the 7cdB gene
of C. difficile. We calculated the sensitivity, specificity, and the
overall agreement according to Clinical and Laboratory
Standards Institute recommendations.

Findings The overall agreement of the Orion GenRead C.
difficile test when compared to the comparative methods in
routine use in the participating laboratories was between
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96.7% and 98.8%. In the reproducibility study; the total per-
cent agreement between three laboratories was 99.8%.
Interpretation The identification of toxigenic C. difficile from
faeces with the light-weight portable Orion GenRead test sys-
tem was highly sensitive and specific, and the results were
reproducible in the participating laboratories. This platform
could enable fast and accurate molecular pathogen detection
even in resource-limited or point-of-care settings.

Introduction

During the last decade, nucleic acid testing has played an
increasing role in clinical diagnosis and infection control.
Through the development of novel molecular techniques, ma-
jor improvements in the diagnostics of infectious diseases and
emerging pathogens, as well as efficiency in laboratory anal-
ysis, have been attained [1, 2]. However, current nucleic acid
tests often require high-end instrumentation, which confines
them to a laboratory or other diagnostic settings. In most
cases, specimens have to be transported to the laboratory for
analysis, which increases the total turnaround time. Moreover,
the high-end instrumentation makes nucleic acid tests imprac-
tical in many resource-limited settings with endemic diseases
and insufficient laboratory capacity [3]. Therefore, new easy-
to-use, small-scale nucleic acid tests that could perform as true
point-of-care (POC) tests, bridging the gap between
centralised laboratory diagnostics and peripheral healthcare
units, are urgently needed.

A novel isothermal nucleic acid amplification based plat-
form [4] now allows a small-scale and portable assay for rapid
detection of toxigenic Clostridium difficile in faecal speci-
mens. The Orion GenRead C. difficile assay (Orion
Diagnostica Oy, Espoo, Finland) targets the tcdB gene of
C. difficile. We compared the diagnostic accuracy and time
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to identification of this new molecular platform with methods
used in routine C. difficile diagnostics at three teaching hospi-
tal laboratories.

Materials and methods
Clinical samples and setting

One thousand one hundred and sixty clinical samples in total
were tested in this study between November and December
2014. The faecal samples were prospectively collected from
patients suspected of having C. difficile infection (CDI) accord-
ing to hospital routine practice in antibiotic-associated diarrhoea.
The samples collected into conventional sample containers (n =
723) or into FecalSwabs™ (Copan, Italy) (n=437) were
analysed immediately after receipt into the laboratory.

The participating laboratories were Nordlab Oulu (Oulu,
Finland), Fimlab Laboratories (Tampere, Finland), and
Grenoble University Hospital Centre (CHU) (Grenoble,
France). Intended sample size was planned to contain a min-
imum of 150 samples per laboratory. The samples were tested
with the Orion GenRead C. difficile test, and the result was
compared to the result of a test routinely used in the laboratory
for C. difficile diagnostics. The routine (or reference) methods
were as follows; in Nordlab, illumigene® C. difficile
(Meridian Bioscience Inc, USA); in Fimlab, IMDx™
C. difficile for Abbott m2000 (Abbott Laboratories, USA)
and toxigenic culture on CCFA (cycloserine cefoxitin fructose
agar, Oxoid Limited, UK); in Grenoble CHU, a two-step al-
gorithm was used, where faecal samples were first screened
with the C. DIFF QUIK CHEK® test (TECHLAB, USA),
after which confirmatory toxigenic C. difficile testing was
conducted with the Xpert® C. difficile assay (Cepheid,
USA) for all GDH-positive samples (Fig. 1). In Grenoble, in
case of a discrepant result between C. DIFF QUIK CHEK and
Orion GenRead C. difficile, the sample was analysed with the
Xpert C. difficile assay. The sample was defined as true pos-
itive or negative based on the result with the Xpert assay. In
Nordlab, in case of discrepant result between illumigene and
Orion GenRead, the sample was analysed with the Xpert
C. difficile test. The sample was defined as true positive or
negative according to the Xpert assay. In Fimlab, the sample
was defined as true positive when toxigenic culture or both
nucleic-acid tests (GenRead and IMDx) were positive and true
negative when toxigenic culture and one of the nucleic-acid
tests were negative.

Reproducibility samples and setting
The reproducibility testing was conducted using a panel of

five samples that included three samples with various concen-
trations of C. difficile ATCC 43255 cells and two C. difficile
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negative samples. The amounts of C. difficile cells that were
spiked into the artificial faecal matrix were 5 x 10> CFU/ml,
8 x 10* CFU/ml, and 4 x 10* CFU/ml in the high, medium,
and low positive sample respectively. One C. difficile negative
sample contained C. sordellii cells of the amount of 2 x
10° CFU/ml. The other negative sample was composed of
artificial faecal matrix only containing DMEM (Dulbecco’s
modified Eagle’s medium, Sigma—Aldrich), 5% fetal bovine
serum (Sigma—Aldrich), 1.3% Ultra Dawn (Procter &
Gamble) and 1% (w/v) FECLONE™- BFPS4 (SiliClone
Studio, USA). The samples were prepared at Orion
Diagnostica (Espoo, Finland) and divided into three identical
panels that were distributed to the three laboratories (Nordlab,
Fimlab, and the R&D laboratory at Orion Diagnostica), where
they were tested blindly.

Orion GenRead C. difficile

The Orion GenRead C. difficile test is a qualitative test based
on a proprietary isothermal nucleic acid amplification technol-
ogy, Strand Invasion Based Amplification (SIBA®) [4]. The
test specifically amplifies and detects a conserved region in
the C. difficile toxin B gene (fcdB).

The test was performed as follows; a sample was taken with
a flocked swab and transferred into a filtration vial. Three to
five drops of the lysis buffer was squeezed from the vial to an
empty micro-tube and the tube was heated in a heating block at
95 °C for 5 minutes. The heat-treated sample was mixed with
reaction buffer, and 40 ul of the mixture was pipetted into a
reaction tube containing freeze-dried reagents for the C. difficile
assay and the internal control reaction, which controls for the
integrity of the reagents and successful amplification.

The reaction tubes were run in the Orion GenRead instru-
ment for 50 minutes at a constant temperature of 41 °C. The
results were reported as positive, negative, or invalid by the
Orion GenRead instrument that includes embedded automat-
ed result reporting software. The positive reactions were re-
ported by the instrument as soon as the reaction reached the
level of positivity as determined by software algorithm. In
cases where an invalid result was reported, a new sample
preparation was conducted as per the manufacturer’s protocol,
and the run was repeated in all participating centers.

illumigene C. difficile

The illumigene C. difficile test is a qualitative test based on
isothermal loop-mediated amplification technology (LAMP)
[5]. The target of the test is a toxin A gene (tcdA) [6].

The test was performed according to manufacturer’s in-
structions. Briefly, stool samples were collected on sample
brush and diluted in a collection apparatus with sample dilu-
ent. The sample was vortexed, and five to ten drops were
placed into an illumigene extraction tube. The tube was heated
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Fig. 1 The number of samples tested with the index test, Orion GenRead C.

for 10 minutes at 95 °C and vortexed. Fifty microliters of the
extracted sample was added to the reaction buffer tube. After
vortexing the buffer tube, 50 ul was transferred to the test
chamber and control chamber of the Illumipro-10 instrument
which reports a positive, negative or invalid test results. In
case of an invalid result, the sample was re-run with less sam-
ple material.

IMDx™ C. difficile for Abbott m2000

The IMDx C. difficile assay for the Abbott 72000 is an in-vitro
PCR assay for the qualitative detection of /cdA and tcdB genes
[7]. The test was performed according to the manufacturer’s
instructions. Shortly, samples were transferred to 2.5 ml Tris-
EDTA buffer tubes, after which automated sample lysing and
target amplification and detection were performed on the 72000
Specimen Processor and RealTime Systems. The results were
reported as positive, negative or invalid. In case of an invalid
result, the sample was re-run and cultured to C. difficile selective
CCFA medium to observe C. difficile growth.

C. DIFF QUIK CHEK

The C. DIFF QUIK CHEK® test is a rapid membrane enzyme
immunoassay used as a screening test to detect glutamate
dehydrogenase (GDH) [8]. GDH is an antigen that indicates
the presence of C. difficile in faecal samples. The test does not
distinguish toxigenic from non-toxigenic strains of C. difficile.
The C. DIFF QUIK CHEK® was used according to the man-
ufacturer’s instructions.

difficile, and with each comparative method and the results
Xpert C. difficile

The Xpert C. difficile assay is a qualitative in-vitro diagnostic
test for the identification and differentiation of tcdB, and cdt
(binary toxin) genes, as well as tcdCA117 from stool samples
[9]. The test utilizes automated real-time PCR performed on the
Cepheid GeneXpert® Systems. It was performed as instructed
by the manufacturer. Briefly, a stool sample was taken with a
swab from the sample container and the sample was transferred
into the sample reagent vial. The vial was vortexed for 10 sec-
onds and the solution was transferred into the test cartridge,
which was placed into the GeneXpert instrument. The test
was then performed using the C. difficile assay program.

Controls

An additional negative and a positive control were included in
each Orion GenRead C. difficile test series in all of the study
sites. A clean swab without a sample was used as a negative
control and a pure culture of a toxigenic C. difficile strain
ATCC 9689 (at Fimlab and Nordlab) or a clinical strain iso-
lated from a faecal sample of a patient, and confirmed as
toxigenic C. difficile with Xpert C. difficile test (at Grenoble
CHU), was used as a positive control.

Statistical analysis
The sensitivity, specificity, overall agreement, and confidence

intervals values for the Orion GenRead test system were calcu-
lated according to the FDA’s Statistical Guidance on Reporting
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Results from Studies Evaluating Diagnostic Tests (Document
issued on: March 13, 2007) and NCCLS document EP12-A —
User Protocol for Evaluation of Qualitative Test Performance;
Approved Guideline (ISBN 1-56238-468-6).

Results

A total of 1160 faecal samples were analysed with the Orion
GenRead C. difficile test and the comparative methods (Fig. 1).
One hundred and eighty-four samples (15.9%) were considered
as true positives and 949 samples (81.8%) as true negatives for
toxigenic C. difficile. A total of 11 false positives (0.9%) and 16
false negatives (1.4%) were reported with the Orion GenRead
C. difficile. The sensitivities, specificities, and overall agree-
ment values of the Orion GenRead test system relative to the
comparative methods are summarised in Table 1.

Method comparison against illumigene C. difficile Three
hundred and ninety-seven faecal samples in conventional
sample containers were analysed with both the Orion
GenRead C. difficile test and the illumigene C. difficile. Of
these samples, 79/397 (19.9%) were defined as true positives
and 305/397 (76.8%) as true negatives. Two samples were re-
classified according to the discrepancy resolution conducted
with the Xpert C. difficile test. One sample reported as nega-
tive with illumigene C. difficile, but as positive with the Orion
GenRead C. difficile test, was also positive with the Xpert®
C. difficile test. The other sample reported as positive with
illumigene® C. difficile but as negative with the Orion
GenRead C. difficile test, was also negative with the Xpert
C. difficile test. The false negativity and positivity rates were
1.7% (7/397) and 1.5% (6/397), with the Orion GenRead C.
difficile. The sensitivity of the Orion GenRead test system
when compared with the illumigene test was 91.9%, the spec-
ificity 98.1%, and the overall agreement 96.7%.

Method comparison against IMDx C. difficile The method
comparison between IMDx C. difficile and Orion GenRead C.
difficile was conducted using two different types of sample
material, namely faecal sample collected into a conventional
sample container and into a FecalSwab containing Cary—Blair
medium. Of the 170 samples in conventional sample con-
tainers, 23 (13.5%) were true positives and 145 (85.3%) true
negatives. The false negativity and positivity rates were 1.2%
(2/170) and 0% (0/170) with the Orion GenRead C. difficile
respectively. The sensitivity and specificity were 92.0% and
100%. Of the 437 samples in FecalSwabs, 68 (15.6%) were
true positives and 362 (82.8%) true negatives. Six (1.4%) false
negatives and one (0.2%) false positive were obtained with the
Orion GenRead C. difficile. When the samples collected into
FecalSwabs were analysed, the sensitivity and specificity
were 91.9% and 99.7% respectively. The overall agreement
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between the tested methods was 98.8% when conventional
sample containers were used for sample collection, and
98.4% with samples collected into FecalSwabs.

Method comparison against the two-step algorithm with
C. DIFF QUIK CHEK and Xpert C. difficile The overall
agreement between the assay combination of a GDH-based C.
DIFF QUIK CHEK and the Xpert C. difficile assay and the
Orion GenRead C. difficile test was 96.8%, when 156 faecal
patient specimens collected in dry containers were analysed:
14/156 (8.9%) samples were true positives and 137/156
(87.8%) true negatives. One (0.6%) false negative and four
(2.6%) false positives were obtained with the Orion GenRead
C. difficile. The sensitivity and specificity values were 93.3%
and 97.2% respectively.

The reproducibility study The precision of the Orion
GenRead C. difficile test system was evaluated by a reproduc-
ibility study, where the same sets of blind-coded samples were
tested at the three participating laboratories. During a 5-day
testing protocol, five samples containing various amounts of
C. difficile or C. sordellii cells (in three replicates) were
analysed twice per day by two laboratory technicians. A total
of 449/450 samples were correctly identified (Table 2). Only
one sample was reported as false positive due to a probable
contamination caused by a user. The total agreement between
the three laboratories was 99.8%.

Invalid results during the study A total of 45 invalid results
(3.9%) were obtained with the Orion GenRead test system
during the study (Fig. 1). False amount of or error in sample
processing gave rise to an invalid result and thus, practise was
deemed necessary for the sampling of the correct amount of
the variable faccal sample material. The reagent container that
was noticed to be leaking was replaced during the study. In
case of an invalid result, the result was excluded from the
performance characteristics calculations and the sample was
re-run. The percentage of invalid results for illumigene,
IMDx, and Xpert were 11.8%, 1.0%, and 0% respectively.

Discussion

In recent years, alongside centralisation of molecular diagnostic
with automated high-throughput instruments, movement to-
wards nucleic-acid-based POC testing is being pursued through
simplification and miniaturisation of the testing process and test
platforms [10-12]. As a part of this trend, we evaluated the
performance and usability of a new small-scale portable nucleic
acid amplification assay, the Orion GenRead C. difficile. The
Orion GenRead instrument is self-contained, comprising slots
for 12 samples, a touch screen, and an integrated barcode read-
er. It is capable of operating with batteries for up to 8 hours or
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Table 1  Sensitivities, specificities, and overall agreements of the Orion GenRead C. difficile test compared against the evaluated methods

Methods illumigene C. difficile IMDx C. difficile IMDx C. difficile* C. DIFF QUIK CHEK
+ Xpert® C. difficile

positive negative positive negative positive negative positive negative

Orion GenRead 79 6 23 0 68 1 14 4

C. difficile 7 305 2 145 6 362 1 137

Total no. of samples 397 170 437 156

Sensitivity %: 91.9 92.0 91.9 933

(95% CI**) (84.1-96.0) (75.0-97.8) (83.4-96.2) (70.2-98.8)

Specificity % 98.1 100 99.7 97.2

(95% CT*¥*) (95.9-99.1) (97.4-100) (98.7-100) (92.9-98.9)

Overall agreement % 96.7 98.8 98.4 96.8

* Samples collected into FecalSwabs
** Confidence Interval

six consecutive assay runs. With battery-powered technology,
the problem regarding inconsistent or non-existent local elec-
trical sources, particularly in resource-limited settings, is
minimised. The instrument is lightweight (3.55 kg) and small
[15 em (h) x 22.5 cm (L) x 23 cm (d)] and can easily be carried,
for example, from a centralised laboratory to near bedside and
back. The instrument is simple to use, and the results are given
rapidly in an easy to interpret form as positive or negative
answer, shown on the instrument screen; therefore, the inter-
pretation of the results does not require highly skilled laborato-
ry personnel. These features allow the diagnostic laboratory to
redesign part of their analytical processes, creating mobile
nucleic acid amplification test (NAAT) units. Mobile NAAT
units enable sample analysis to be initiated directly after spec-
imen collection without any delay in specimen transportation.
Furthermore, since the Orion GenRead reports assay results
automatically on the instrument touch screen within 15 minutes
as its best, in a clear and unambiguous form as positive, nega-
tive, or invalid, it provides rapid assistance for patient manage-
ment decision. It has recently been discussed by Peeling and

Mabey that POC tests for infectious agents could save many
lives, especially in developing countries, by increasing access
to proper diagnosis and treatment [13]. Similarly, Buchan and
Ledeboer stated in their review, that rapid and fully automated
on-demand or single-test formats have potential to affect
health-care decisions at its earliest stage [10]. They also state
that the total cost of a patient’s care can be reduced by rapid
diagnostic test results, even though the automated or single-test
format are often more expensive than batched testing, if the
price is calculated per one single test. The Orion GenRead test
system, being based on isothermal technology that enables
construction of cheaper instruments that do not require strin-
gent control of the temperature and its rapid changes like PCR,
is a step towards more cost-efficient POC technologies that
could be more affordable for the developing economies.

The sample preparation and result interpretation of the
Orion GenRead system proved to be simple, and thus, it
may enable diagnostic aid even in settings where little deci-
sion support is available. However, even the simplest test can
give the wrong answer, if no quality control is included in the

Table2  The reproducibility results of the Orion GenRead C. difficile test system obtained from the three laboratories. The study was conducted with

operator blind coded samples

Number of correct results/total number of samples analysed Total
Sample Orion Diagnostica Nordlab Oulu Fimlab laboratories Number of Percent
R&D laboratory clinical laboratory clinical laboratory correct results agreement
Negative, artificial faecal matrix* 30/30 30/30 30/30 90/90 100%
Low positive, 4 x 10* cfu/ml* 30/30 30/30 30/30 90/90 100%
Medium positive, 8x10* cfu/ml* 30/30 30/30 30/30 90/90 100%
High positive, 5x10° cfu/ml* 30/30 30/30 30/30 90/90 100%
C. sordellii, 2x10° cfu/ml* 29/30 30/30 30/30 89/90 98 .9%
Total agreement 149/150 150/150 150/150 449/450 99.8 %

*All the sampleswere prepared in an artificial faecal sample matrix containing DMEM; 5% FCS; 1%(w/v) FECLONE™ - BFPS4. The C. difficile strain

used was VPI 10463 (ATCC 43255, toxinotype 0, ribotype 087)
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test, due, for example, to inhibitory substances, which are
known to have a notable effect on the diagnostic performance
of the NAATSs [14]. In the Orion GenRead C. difficile assay,
every test includes an internal amplification control with an
artificial DNA target to control successful amplification and
the integrity of the assay reagents. In this study, inhibitory
samples were observed as presupposed, but the level of inhi-
bition with the Orion GenRead was less than 4%. By elimi-
nating the problems due to inhibitors, for example through
sample dilution, NAATs have proven to be superior to the
conventional test methods, such as culture or antigen testing
[15]. It should be borne in mind, though, that in addition to
internal controls, a systematic external quality assurance is
also needed to ensure the continuous performance of NAATS.

A limitation of this study is that a uniform reference method,
i.e., “gold standard”, was not used but three methods instead.
In comparison with the three routine methods, used here as the
reference, the Orion GenRead C. difficile assay provided a
slightly lower sensitivity and specificity (overall agreement
varying from 96.7 to 98.8%). However, there is a balance to
be found in the sensitiveness of the test for CDI; it should be
sensitive enough, but not overly so, as to detect the asymptom-
atic carriage [16], unless detection of the carriage is wanted for
reasons to control the spread of CDI [17-22]. It has been spec-
ulated that highly sensitive NAATs may have a role in infection
control, if asymptomatic patients contribute to the spread of
C. difficile in health care facilities [21, 22]. Furthermore,
well-performing NAATSs have a high negative predictive value
and thus, potential to decrease the need for repeat testing and
empirical treatment [23, 24]. With a good analytical sensitivity
and short total turnaround time (25 to 55 minutes), the Orion
GenRead system is suitable also for two-step testing of toxi-
genic C. difficile as a screening test, followed by a test for toxin
production to confirm possible active infection.

Interestingly, apart from POC single-test analysis, the
Orion GenRead system is adapted also for use in high-
throughput screening in a more centralized laboratory. The
instrument enabled four batches of 12 sample runs (48 sam-
ples) in less than 3.5 hours and five batches (72 samples) in
less than 4.5 hours, with minimal space and energy require-
ment. This proved to be as fast as with the IMDx C. difficile
assay, integrated on the fully automated high-throughput
Abbott m2000 system. The total turnaround time for Abbott
system is 3—4 hours for the analysis of 1-48 samples and 4—
4.5 hours for the analysis of 49-96 samples.

In conclusion, the Orion GenRead C. difficile assay proved
to be a well-performing test providing access to state of the art
diagnostic support even in settings where health care infra-
structure is minimal. The proprietary isothermal SIBA® tech-
nology used on Orion GenRead enables the system to be
small-scale, and most interestingly portable, making it suitable
for regions were distances are long between nursing units and
for resource-limited settings.
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