e Count and characterize individual viral particles, extra-cellular vesicles,
and bacteria.

¢ High-sensitivity detection with minimal sample preparation.
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A label-free optical biosensor-based point-of-care test for the rapid
detection of Monkeypox virus
Mete Aslan?, Elif Seymour ”, Howard Brickner ¢, Alex E. Clark ©, Iris Celebi ?,

Michael B. Townsend ¢, Panayampalli S. Satheshkumar “, Megan Riley ¢, Aaron F. Carlin “,
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replication-competent wild-type vesicular stomatitis virus (VSV),
defective VSV, and Ebola- and Marburg-pseudotyped VSV with high
sensitivity and speificity. Size discrimination of the imaged nano-
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particles (virions) allows differentiation between modified viruses

having different genome lengths and facilitates a reduction in the
counting of nonspecifically bound particles to achieve a limit-of-detection (LOD) of 5 x 10° pfu/mL for the Ebola and Marburg VSV pseudotypes. We
demonstrate the simultaneous detection of multiple viruses in a single sample (composed of serum or whole blood) for screening applications and

uncompromised detection capabilities in samples contaminated with high levels of bacteria. By employing affinity-based capture, size discrimination, and a
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“digital” detection scheme to count single virus particles, we show that a robust and sensitive virus/nanoparticle sensing assay can be established for § 40
targets in complex samples. The nanoparticle microscopy system is termed the Single Particle Interferometric Reflectance Imaging Sensor (SP-IRIS) and is § 30

capable of high-throughput and rapid sizing of large numbers of biological nanoparticles on an antibody microarray for research and diagnostic
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ABSTRACT: Here, we demonstrate real-time multiplexed virus

detection by applying a DNA-directed antibody immobilization 1
technique in a single-particle interferometric reflectance imaging d 1
sensor (SP-IRIS). In this technique, the biosensor chip surface | 1!
spotted with different DNA sequences is converted to a multiplexed - T
N i

antibody array by flowing antibody—DNA conjugates and allowing
for specific DNA—DNA hybridization. The resulting antibody array is
shown to detect three different recombinant vesicular stomatitis
viruses (rVSVs), which are genetically engineered to express surface
glycoproteins of Ebola, Marburg, and Lassa viruses in real time in a

disposable microfluidic cartridge. We also show that this method can A F — . p—

be modified to produce a single-step, homogeneous assay format by
mixing the antibody—DNA conjugates with the virus sample in the

solution phase prior to incubation in the microfluidic cartridge, eliminating the antibody immobilization step. This homogenous
approach achieved detection of the model Ebola virus, rVSV-EBOV, at a concentration of 100 PFU/mL in 1 h. Finally, we
demonstrate the feasibility of this homogeneous technique as a rapid test using a passive microfluidic cartridge. A concentration of
10* PFU/mL was detectable under 10 min for the rVSV-Ebola virus. Utilizing DNA microarrays for antibody-based diagnostics is an
alternative approach to antibody microarrays and offers advantages such as configurable sensor surface, long-term storage ability, and
decreased antibody use. We believe that these properties will make SP-IRIS a versatile and robust platform for point-of-care
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Highly sensitive and label-free digital detection of whole cell E. coli with
Interferometric Reflectance Imaging
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Digital Detection of Exosomes by
Interferometric Imaging
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:

Exasomes, which are membranous nanovesicles, are actively released by cells and have been attributed
toroles in cell-cell communication, cancer metastasis, and early disease diagnostics. The small size
(30-100nm) alang with low refractive index cantrast of exasomes makes direct characterization and
phenotypical classification very difficult. In this work we present a method based on Single Particle
Interferometric Reflectance Imaging Sensor (SP-IRIS) that allows multiplexed phenotyping and digital
counting of various populations of individual exosomes (>>50nm) captured on a microarray-based

solid phase chip. We demanstrate these characterization concepts using purified exosomes from a HEK
293 cell culture., As a demonstration of clinical utility, we characterize exosomes directly from human
cerebrospinal fluid (hCSF). Our interferometric imaging method could capture, from a very small hCSF
volume (20 uL), nanoparticles that have a size compatible with exosomes, using antibodies directed
against tetraspanins. With this unprecedented capability, we foresee revolutionary implications in

the clinical field with improvements in diagnosis and stratification of patients affected by different
disorders.

ABSTRACT

Bacterial infectious diseases are a major threat to human health. Timely and sensitive pathogenic bacteria
detection is crucial in bacterial contaminations identification and preventing the spread of infectious diseases,
Due to limitations of conventional bacteria detection techniques there have been concerted research efforts
towards developing new biosensors. Biosensors offering label-free, whole bacteria detection are highly desirable
over those relying on label-based or pathogenic molecular components detection. The major advantage is
eliminating the additional time and cost required for labeling or ex ing the desired bacterial components.
Here, we demonstrate rapid, sensitive and label-free Escherichia coli (E. coli) detection utilizing interferometric
reflectance imaging enhancement allowing visualizing individual pathogens captured on the surface. Enabled
by our ability to count individual bacteria on a large sensor surface, we demonstrate an extrapolated limit of
detection of 2.2 CFU/ml from experimental data in buffer solution with no sample preparation. To the best of
our knowledge, this level of sensitivity for whole E. coli detection is unprecedented in label-free biosensing.
The specificity of our biosensor is validated by comparing the response to target bacteria E coli and non-
target bacteria S. aureus, K. pneumonia and P. aeruginosa. The biosensor’s performance in tap water proves that
its detection capability is unaffected by the sample complexity. Furthermore, our sensor platform provides
high optical magnification imaging and thus validation of recorded detection events as the target bacteria
based on morphological characterization. Therefore, our sensitive and label-free detection method offers new
perspectives for direct bacterial detection in real matrices and clinical samples,
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