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ABSTRACT

Cholera is an epidemic diarrheal disease characterized by severe watery
diarrhea and can lead to rapid dehydration and acidosis. The severe dehydration can
cause death within 3-4 h in cases of untreated patients. The causative agent of this
disease is cholera toxin (CT) produced from the bacteria Vibrio cholerae. Nowadays,
the conventional laboratory diagnosis of cholera is performed by culturing the bacteria
from a patient’s specimen, which requires 1-2 days. This method might be too long for
immediate treatment. Moreover, some strains may not produce the toxin which can be
resulted in false positive.

Recently, microfluidic biosensor technology using antibody and cell
receptor affinity has been developed to detect CT. The biosensor may either be based
on principles of fluorescence or electrochemical detection. The microfluidic device
consists of a network of microchannels fabricated in a polydimethylsiloxane (PDMS)
membrane seal, with a glass substrate for optical detection or an interdigitated
ultramicroarray electrode (IDUA) bearing glass substrate for electrochemical
detection. Plexiglas plates were used for housing the devices to connect the macro-
world and ensure against leakage during the operation. The liposomes that have the
GM;-gangliosides incorporated in the phospholipid bilayer encapsulate the
fluorescence dye sulforhodamine B, and the electro-active compounds
ferro/ferricyanide for signal generation of the optical and electrochemical formats,
respectively.

Magnetic beads conjugated with antibodies specific to cholera toxin sub-
unit B (CTB) and GMs-liposomes that were used in the assay proved to be a good
combination for cholera toxin detection in the microfluidic devices. The limits of
detection (LOD) of the fluorescence and electrochemical formats for CTB in purified
samples were 6 and 1 ng/mL and in spiked stool samples were 15 and 35 ng/mL for
the fluorescence and electrochemical formats, respectively.

Both formats of the microfluidic immunosensor can detect the toxin with
high sensitivity in both purified and spiked stool samples. The electrochemical format
assay showed advantages over the fluorescence format in terms of flexibility and
reliability of signal recording, which is promising for a truly portable device for field
screening.
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