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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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संक्षिप्त सारांश


सैप्टिसीमियादुनियाभरिेंअस्पतालिेंहोिेवालीिृत्युकेप्रिुखकारणोिेसेएकिािाजाताहैजोसंयुक्तस्ति


औरप्रोस्िेिकैंसरिेिरिेवालो कीतुलिािेंअधिकहैऔरइसकाकारणिुख्यरूपसेइसकीप्रारंमभकपहचािके


मलएसंवेदिशीलऔरसस्तीववधियोंकी किीहोिाहै| प्रिुखशल्यधचककत्सा, आघातया तीव्रबैक्िीररयासंक्रिण
 आंतों की पारगम्यता को बदलते हैं प्जसके पररणािस्वरूप आंतों के बैक्िीररया िे रेहिे बाले मलपोपॉलीसेकेराइड
 (lipopolysaccharide) रक्तप्रवाहिेप्रवेशकरजाताहै |यहशरीरिेंएकप्रणालीगतउत्तेजिप्रनतकक्रयापैदाकरताहै


प्जससेशरीरिेंगंभीरप्स्िनत  उत्त्पिहोतीहै औरशरीरकेआंतरिक अंगसािान्यरूपसेकाययकरिाबंद करदेते


हैं| यहसेप्टसस (Sepsis) कीएकिहत्वपूणयपहचािहै| एलपीएसएकववषाक्तअणुहै प्जसेसेप्टससकेशुरुआती


निदािकेमलएशीघ्रपहचािकीआवश्यकताहै (आितौरपर 2 घंिेकेभीतर)| 


इि लक्ष्योंको प्राटतकरिेकेमलएहििे कईरणिीनतयों कीकोमशशकी| सवयप्रििएग्लुटििेशि  (agglutination) 
 ववधि के िाध्यि से पािी िें एंडोिोप्क्सि  (endotoxin) का पता लगाया गया है  | इसके बाद, मसलेि  (silane) 
 संशोधित कांच से िािव सीरि  (serum)  िें से एलपीएस को निकाल मलया गया और बाद िें िैिोकणों


(nanoparticle) काउपयोगकरके इसकीउपप्स्िनत 3 घंिेकेभीतरपुप्टिकक गई| परखकेसियकोकिकरिेके


मलए, एकझिल्ली (membrane) आिाररतप्रवाह-िाध्यिपरखववकमसतकी गई जो 10 मििििेएंडोिोप्क्सिका


पतालगािेिे सििय है | इस तकिीक सेहिारािूलउद्देश्यपूराहुआ| 


सभीतीितकिीकें  एंिीबायोटिकदवापॉलीिीप्क्सिबी (पीएिबी) संयुप्ग्ितस्वणयिैिोकणोंकाउपयोगकरती


हैं| इि तिों तकिीकों से िािव सीरि िें एंडोिॉप्क्सिसरलतरीके से, सस्तेऔर किसिय िें पता लगाईजा


सकतीहैं| इिकारणों  की वजह से, ये तीिोंतकिीकें कम सुविधा वाली जगह िेंभीइस्तेिालकी जा सकती 


हैं| डडजाइििेंये तकिीकें सरल एंव अिुकूलिीयबिाटदगई हैं प्जससे कीएकआिआदिीभीइसेन्यूिति


िागयदशयिकेसािउपयोगकरसके| इितीिों तकिीकोंकीसीिायहहै ककये केवलग्राि-ऋणात्िकजीवाणुओं


का एंडोिोप्क्सि पता लगािे िे सििय हैं| यह अभी भी ववकासशीलदेशों िें लगभग ६0% िािलों का सिािाि 


करती हैंऔरववकमसतदेशोंिेंलगभग४0% िािलोंकासिािािकरताहै|  
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िेरीिीमससउल्लेखककयातीिोंिेंसेप्रत्येककीअपिीववमशटिववशेषताएंहैंऔरव्यावहाररकक्षेत्र  केअिुसार
 प्रयोगकरिेयोग्यहै।एकतरफएग्लुनतिेशि पररक्षणअनतसंवेदिशीलतोदूसरी तरफग्लासबायोसायभारीया


िहंगेइंस्ूिेंिेशिकीआवश्यकताकेबबिाहीपािीतिासीरििेंइस्तेिालकीजासकतीहै| झिल्लीपरखअभी


तकव्यावसायीकरणकेपररप्रेक्ष्यसेसबसेउन्ितप्रतीतहोतीहै| इस तरहपूरेववश्विेंसेप्टससकापरीक्षणहोिेके


तरीकेपरएकबडाप्रभावपडसकताहै।
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