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Abstract

Septicemia is the leading cause of hospital deaths worldwide that kills more people than breast and
prostate cancer combined, mainly due to lack of sensitive and affordable methods for its early
detection. Treatment for sepsis is available if it is detected within a couple of hours after its onset. Major
surgeries, trauma or acute bacterial infections alter the intestinal permeability resulting in the release of
intestinal bacteria and their cell wall components like lipopolysaccharides (LPS) into the bloodstream.
This triggers a systemic inflammatory response in the body complicated by organ dysfunction, an
important hallmark of severe sepsis. Thus, LPS is an important toxin that needs rapid detection for early
diagnosis of sepsis (typically within 2 h).

We explored three different strategies for efficient detection of LPS. In the first one, a homogeneous
assay was developed in which endotoxin was detected in water via an agglutination approach. Next, a
heterogeneous format was investigated in which modified glass-substrates were used to capture LPS
from either water or human serum and subsequently detected using a label. This resulted in a facile
benchtop bioassay of 3 h. To further eliminate the use of pipettes, centrifuges, water baths or any other
auxiliary equipment, a membrane-based flow-through assay was developed that allowed endotoxin
detection under 10 min, meeting our original objective of a rapid bedside assay. All the three assays
were based on the novel use of an antibiotic drug, polymyxin B (PMB) conjugated to gold nanoparticles
(GNPs) serving as ultrasensitive colorimetric detection probes and required only a few microliters of
blood serum analyte for their final readout. The use of a drug in place of antibodies was not only novel,
it significantly reduced the cost of the assay by as much as 2000 times. While the homogeneous format
was found to be ultrasensitive, the glass bioassay provided a wide dynamic range without requiring

bulky or expensive instruments. The membrane assay by far appeared to be the most advanced from a
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translation point of view and can potentially make a huge impact on the way sepsis is diagnosed
worldwide.

Overall, the three techniques developed are simple and cost-effective allowing endotoxin detection
within the first 2 h of bacterial exposure. Their simplicity lends themselves to use in resource-poor
settings and their design makes them adaptable for translation such that even a layman can use it with
minimal guidance. The proof-of-concept validation studies on patient samples suggest that the assays
have good utility in a clinical setting. We hope that the assays can provide the necessary therapeutic

guidance to doctors who still overly rely on clinical symptoms.
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Endotoxin unit

Food and drug
administration

Flow through assay
Fourier Transform Infrared
Glutaraldehyde

Gold nanoparticle
Intensive care unit
Intensive care unit
3-Deoxy-D-manno-
octulosonic Acid

Limulus amebocyte lysate

Limit of detection

LOD

LPS

LTA

MDR

NP

OPA

PAMP

PCT

PEG

PMB

POC

PVDF

rcf

SAM

SD

TEM

TNF

WBC

WEFI

Limit of detection
Lipopolysaccharide
Lipoteichoic acid
Multidrug resistant
Nanoparticle
O-phthalaldehyde
Pathogen associated
molecular pattern
Procalcitonin
Polyethylene glycol
Polymyxin B sulfate
Point-of-care
Polyvinylidene

Relative centrifugal force
Self-assembled monolayer
Standard deviation
Transmission electron
microscopy

Tumor necrosis factor

White blood cells

Water for injection
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