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ABSTRACT OF DISSERTATION
Development of Point-Of-Care Assays for Zika Virus Diagnostic

Zika virus (ZIKV) is an emerging flavivirus transmitted to humans by Aedes mosquitos. ZIKV can be transmitted from mother to fetus during pregnancy
and can cause microcephaly and other birth defects. Effective vaccines for Zika are yet to be approved. Detection of the ZIKV is based on serological
testing that often shows cross-reactivity with the Dengue virus (DENV) and other flaviviruses. Currently, identification of ZIKV infection is usually
done by i) testing the patient’s serum sample to detect ZIKV RNA using reverse transcriptase-polymerase chain reaction (RT-PCR), ii) testing patient’s
serum sample for the presence of the NS1 protein antigen or iii) serological assays to determine the presence of virus-specific immunoglobin
antibodies (IgG and IgM) by the use of ELISA assay. But ELISA-based assays show cross-reactivity and poor sensitivity. The gold standard for ZIKV RNA
detection is RT-PCR, involves expensive medical facilities and skillful technicians. However, the plaque reduction neutralization test are executed to
quantity neutralizing antibodies of the virus-but show high accuracy only after day 7 of the disease onset. Therefore, the development of POC assays
which has the ASSURED (affordability, sensitivity, specificity, user-friendly, rapid and robust, equipment-free and deliverable) criteria defined by the
World Health Organization are topmost priority. The core objective of this thesis is to find inexpensive, sensitive, precise, and fast assays for the
specific diagnosis of ZIKV suitable for resource-constrained settings.

We aimed to assemble a highly specific anti-Zika antibody panel to be utilized in the development of a highly specific and cost-effective ZIKV rapid
quantification assay for viral load monitoring at point-of-care settings. To this end, we tested the affinity and specificity of twenty-one commercially
available monoclonal and polyclonal antibodies against ZIKV and DENV envelope proteins utilizing nine ZIKV and twelve DENV strains. We finalized
and tested a panel of five antibodies for the specific detection and differentiation of ZIKV and DENV infected samples. Next, the panel of selected
antibodies were tested with deidentified ZIKV and DENV viral culture lysates and their lower limit of detection was defined by western blot.
Investigation of the viral samples correctly identified 5.0 x 106 FFU/mL of the DENV and 4.0 x 10% PFU/mL of the ZIKV. Then the selected antibody
was also used to functionalize microbeads to capture the virions and bound on the surface of the microchips. The lensless imaging setup has
numerous advantageous features including wide-field imaging of the micrometer sized magnetic beads immobilized inside the microfluidic chip.
When the emanated light from the LED passes through immobilized beads, diffraction shapes are documented using a CMOS image sensor positioned
under the microfluidic chip. The recorded raw image is then analyzed by an computational image processing algorithm that reverses the diffraction
shapes into particles image on the surface modified microchip. A counting algorithm is used to evaluate the reverse diffracted image to count the
number of beads captured. The performance of this method is compared with gold standard RT-PCR method which ensures the efficacy of our



developed method.

We also report an automated flow free POC assay for detecting the NS1 antigen of ZIKV. The developed assay replicates the conventional sandwich
ELISA-based colorimetric detection inside a microfludic chip with the help of antibody-magnetic bead conjugation. To automatize the detection
process we have utilized a in house built 3D printed platform and an arduino controlled unit operates a stepper motor to manipulate the movement
of the beads inside the microchip. The assay requires a total of 9 min to automatically control the post-capture washing, horseradish peroxidase
(HRP) conjugated secondary antibody probing, washing again, and, finally, color development. By measuring the saturation intensity of the developed
color from the smartphone captured video, the presented assay provides high sensitivity with a sensitivity of 62.5 ng/mL in whole plasma. These
results advocate a great promise that the platform would be useful for the POC diagnosis of ZIKV infection in patients and can be used in resource-
limited settings.
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