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Abstract

In the past few decades, different illumination methods in microscopy have shown significant
enhancement in imaging resolution limit to capture even single-molecule. In this context, the total
internal reflection (TIR) method stands on top as it generates exponential decaying
electromagnetic disturbances also known as evanescent waves at the interface. This phenomenon
is now widely exploited in various technologies such as total internal reflection fluorescence
(TIRF) microscopy, surface plasmon resonance (SPR) spectroscopy, optical sensors, etc. In TIRF,
the evanescent waves generated at the interface selectively excite the fluorophores and yield high
z-resolution images. Despite resolution advantage, traditional TIRF microscopy has some
shortcomings such as (i) its dependence on high numerical aperture (NA) objectives (> 1.4), (ii)
the requirement of optical filters, (iii) low photon intensity illumination, and (iv) it’s high cost.

During my Ph.D. thesis, | have addressed the above-mentioned challenges in TIRF
microscopy by building a simple, portable, and large-area waveguide-based illumination device
called the ‘compact total internal reflection fluorescence illumination device’ (cTIRF). cTIRF
provides TIRF imaging capability in a simple brightfield microscope as well. cTIRF works on the
principle of the planar optical waveguide. The optical filters are generally omitted in this setup as
the direction of illumination and signal collection optics remain perpendicular to each other. This
device is flexible to use with low magnification objective TIRF imaging as well. The device is also
used to observe the scattering signals from the non-fluorescently labeled object.

We tested the cTIRF device for large-area illumination, high signal to noise ratio (SNR)
imaging of mammalian cells, labeled and non-labeled nanoparticles (NPs), and for estimation of
the diffusion coefficient of gold NPs in browning motion through signal auto-correlation

statistics. Moreover, we have also shown the implementation of TIRF imaging through cTIRF
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device into infectious disease diagnosis by observing sputum smears prepared in the glass slides
for Mycobacterium tuberculosis (MTB) diagnostics. A proprietary chemical composition called
“CLR” has also been developed to optimize the sputum processing process. The combination of
CTIRF in brightfield microscope and the CLR liquefaction is termed as SeeTB. The SeeTB has
been shown a drastic improvement in TB diagnosis when tested over 500 clinical sputum
samples. The sensitivity enhanced from 64% in the ZN test to 90 - 95% in SeeTB keeping

GeneXpert and liquid culture as the gold standard.
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Abbreviations

AFM Atomic force microscopy

AFB Acid-fast bacilli

Al Artificial intelligence

BSC Biosafety cabinet

BFM Brightfield microscopy

CBNAAT Cartridge-based nucleic acid amplification test
Ccou Central optical unit

CCD Charge-couple device

CLR Clearing reagent

CEF Collection efficiency function

CTIRF Compact total internal reflection fluorescence
CMOS Complementary metal-oxide semiconductor
CM Confocal microscopy

CNN Convolutional neural network

CVSVM Cross-validation support vector machine
DNA Deoxyribonucleic acid

DMC Designated microscopy center

DIC Differential interference contrast

DOT Direct observation therapy

DMEM Dulbecco’s modified eagle media

DLS Dynamic light scattering

EFL Effective focal length

EGF Epidermal growth factor

EGFR Epidermal growth factor receptor

XRD-TB Extreme drug resistance

FOV Field of view

FITC Fluorescein isothiocyanate

EACEIT-TB Fluorescence and artificial intelligence-based cell enumeration and imaging

technology for tuberculosis

XX



FCS

FM

fps
GFNN
GPIO
GNP
GFP
HIV
IKVSM
KNN
LED
LEDFM
LOD
LinSVM
MNP
MDR-TB
MTBC
MTB
NALC
NTM
NA
PDE

PC

PBS
PMT
PCR
QY

RF

RPi

Fluorescence correlation spectroscopy
Fluorescence microscopy

Frames per second

Gaussian-fuzzy-neural network
General-purpose input/output

Gold nanoparticles

Green fluorescent protein

Human immune virus

Intersection kernel support vector machine
k-nearest neighbor

Light-emitting diode

Light-emitting diode fluorescence microscope
Limit of detection

Linear support vector machine

Magnetic nanoparticles

Multi-drug resistance tuberculosis
Mycobacterium tuberculosis complex
Mycobacterium tuberculosis
n-acetyl-l-cysteine

Non-tuberculosis Mycobacterium tuberculosis
Numerical aperture

Particle detection efficiency
Phase-contrast

Phosphate-buffered saline

Photon multiplier tube

Polymerase chain reaction

Quantum vyield

Random-forest

Raspberry pi
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RelLU
RI
R-CNN
RNTCP
SCS
sCMOS
SNR
SMD
SCU
SSM
SPR
TRITC
TIR
TIRFM
B
TB-Al
uv
UTI
VIA
WEFS
WEXFM
WHO
ZN

Rectified linear unit

Refractive index

Region-based convolutional neural network
Revised national TB control programme
Scattering correlation spectroscopy

Scientific complementary metal-oxide semiconductor
Signal-to-noise ratio

Single-molecule detection

Slide coupling unit

Sputum smear microscopy

Surface plasmon resonance
Tetramethylrhodamine

Total internal reflection

Total internal reflection fluorescence microscopy
Tuberculosis

Tuberculosis artificial intelligence

Ultraviolet

Urinary tract infection

VGG image annotator

Waveguide evanescent field scattering
Waveguide excitation fluorescence microscopy
World health organization

Ziehl-Neelsen
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