
Multiplex Detection.  After amplifying a single locus within the tuf gene, multiple bacterial species are 
discriminated using unique capture probes arrayed on the chip surface.  Multiple probes, coupled to multiple 
amplicons, produces panel assays that can detect large numbers of target organisms.
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Introduction
We describe a sample in/result out molecular diagnostic platform that com-
bines the sensitivity of nucleic acid ampli!cation with the multiplex capabil-
ity of chip-based detection. A desktop instrument runs sample in/result out 
tests in a disposable card format. With this platform now in production, a va-
riety of rapid, simple, and inexpensive tests are in development. 

Clostridium di!cile, now the leading cause of hospital acquired infections, 
can produce a pair of toxins via insertion of a mobile genetic element.  Here 
we describe Great Basin’s ampli!cation/detection system and assay for de-
tection of C. di!cile toxin B gene in clinical samples. Results for 96 clinical 
specimens from  two clinical sites are reported.

Great Basin Cartridge and Analyzer 

The CDToxB assay is integrated into an injection molded card. Reagents are lyophilized or placed in 
blister packs. In the instrument, optical sensors control motors that propel 10s to 100s of uL through 
channels and chambers. Meso"uidic-scale design, in combination with isothermal ampli!cation and 
human eye-visible signal, enables a low-cost test and instrument.

The operator swabs a stool sample, vortexes in extraction bu#er, push-!lters the sample into the card, 
and initiates the automated assay. The analyzer veri!es a valid assay by inspecting control features and 
reports presence/absence of the gene for C. di!cile toxin B.  

CDTox B Assay

PaLoc: Pathogenicity Locus for Large Clostridial Toxins (A and B) 

Assay Overview

Bacterial DNA is Extracted by cell lysis, then Ampli!ed via Helicase Dependent
Ampli!cation (HDA). HDA represents an isothermal alternative to PCR in which
strand separation is accomplished by a helicase rather than by heat denaturation.
After ampli!cation for 30 min at 65°C, Detection occurs: ampli!ed DNA binds to 
sequence-speci!c capture probes. After washing, an anti-biotin antibody conju-
gated to Horse Radish Peroxidase (HRP) produces a visual signal via precipitation 
of a tetramethylbenzidine cleavage product onto the silicon surface.

Inclusivity/Exclusivity.
Bacterial species were 
cultured and tested for 
reactivity to the CDToxB 
assay.  

Ampli!cation and Detection Technology

Conclusions:  CDTox B
The CDToxB test ampli!es and detects toxigenic C. di!cile DNA from stool samples. The assay contains 
an Extraction/Ampli!cation control organism along with Detection control features, enabling 
veri!cation of automated assay function.  A manual assay of frozen stool samples produced 94% 
sensitivity and 100% speci!city.  The assay, with improved sample preparation to increase sensitivity, is 
now being integrated into the cartridge/analyzer for prospective testing at clinical sites.  
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Detection Speci!city.  Two bacterial species, di#ering by a single nucleotide in the capture probe 
region as indicated, are distinguished by hybridization.  This allows resolution of closely related 
species and strains.

            Capture Probes
            SA = NNNNNNNNNNNNNANNN
            SW = NNNNNNNNNNNNNTNNN

S. aureus S. warneri
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Hot Start Ampli!cation: Blocked primer HDA (bpHDA) uses primers bearing a 3’ blocking group to create 
hot start conditions. Deblocking requires that primers be annealed to the target DNA sequence, resulting 
in cleavage by RNAse H2, followed by polymerase extension.  Because the RNase is inactive at low tem-
perature, primer artifact is suppressed without need for a modi!ed polymerase.

Multiplex Ampli!cation: proof of 
principle. Primer pairs for 4 di#erent 
bacterial genes are mixed.  Primers for 
the fourth amplicon, a Group B strep-
tococcus gene, are titrated into the 
bpHDA reaction at 150, 200, 250 nM 
each.  

Comparison of blocked primers 
with unblocked primers.  Here, 
bpHDA ampli!es 10 copies of input 
DNA in 17 minutes. Because lower 
primer concentrations (100 vs 300 
nM) are required to avoid ampli!ca-
tion artifacts in standard HDA, the am-
pli!cation is 23 minutes delayed. In 
contrast to PCR, which is rate-limited 
by device heating/cooling rates, 
bpHDA rate is device-independent 
and limited only by enyzme and 
primer concentrations. 
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A. Detection chip 
B. Ampli!cation chamber 
C. Sample input 
D. Blister packs with reagents

                             Xpert C. di!cile
                           Toxin B+     Negative

                 
CD Tox B

   Toxin B +     51       0
     Sensitivity 94%          Negative     3       42*
     Speci!city 100%

Legend: 96 frozen clinical samples (Med. Coll. Wisconsin and UNC Chapel Hill) were thawed, swabbed, and 
tested for the tcdB gene using Xpert C. di!cile as the reference method.

Retrospective Clinical Study
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bpHDA: Sensitivity of 1-10 copies of DNA input.
Publicly available tcdB gene sequences were aligned 
and primers identi!ed that use bpHDA to amplify a 
conserved region of tcdB, the toxin B gene.  bpHDA is 
shown using a Roche LightCycler480. Genomic DNA 
from  C. di!cile strain 630 is titrated and displays dose 
response to $ 10 copies input DNA.

Extraction/Ampli!cation Control.
On the chip readout, the EAC feature indicates whether 
sample extraction and ampli!cation steps functioned 
properly. Primers for an Extraction/Ampli!cation Con-
trol (EAC) bacterium were designed and ampli!ed in 
duplex with tcdB. The EAC gene ampli!es later than 
tcdB and has a distinct melting temperature.  Here, a 
negative stool sample spiked with either 0 or 10 cells C. 
di%cile was assayed in the presence of 4000 EAC cells. 
The CDToxB assay detects $10 C. di%cile cells in the 
EAC’s presence. 

150nM GB Strep primers
200nM GB Strep primers
250nM GB Strep primers
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* At the clinical site, 8 samples that were initially Xpert C. di!cile-positive 
tested negative after freezing/thawing. 


