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Abstract

Developing a rapid and accurate diagnostic method for bacterial infections and their
differentiation from viral infections remains a critical challenge and needs immediate attention.
Bacterial and viral infections have overlapping symptoms that often confuse viral infections
with bacterial infections, and patients are prescribed antibiotics without performing the
standard diagnostic protocol, leading to unnecessary consumption. Misuse and overuse of
antimicrobials are the significant drivers behind antimicrobial resistance development. The
traditional diagnostic method for infection is a microbiological culture, which can take more
than 48 hours to produce results, posing a significant challenge in managing critically ill
patients. Hence, there is an invoking need for a rapid, accurate, and sensitive point-of-care test

that can differentiate between bacterial and viral infections.

Blood cells have been explored as a non-invasive source of biomarkers for detecting infection.
White blood cells are one of the early responders to infection, and their surface protein
expression varies depending on the type of infection. For instance, type 1 interferons are rapidly
induced in viral infections, activating the innate and adaptive immune cells. Similarly, IFN-y
is crucial for inducing an immune response against bacterial infections. Myeloid cells,
particularly neutrophils and monocytes, express surface proteins crucial for their response

against bacterial and viral infections.

In this work, I have developed two assays, one for detecting bacterial infections and the other
for differentiation between bacterial and viral infections. For the first case, a rapid, sensitive,
and easily deployable microfluidic device called mCytoCounter has been developed to detect
bovine mastitis using milk samples. Mastitis is a bacterial infection characterized by an

increase in the somatic cells in milk. Somatic cells mainly comprise leukocytes, and their
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number is elevated in the case of mastitis. mCytoCounter consists of a microfluidic cartridge
to capture and enrich the somatic cells on a membrane and an optical reader to quantify these
cells and produce results on the screen that are easily readable by the users with a turnaround

time of 20 minutes.

In the work's second part, CD64 and CD169 biomarkers expressed on leukocytes have been
explored to develop an assay for distinguishing bacterial from viral infections. CD64
expression amplifies in bacterial infection and is an established biomarker for sepsis. CD64 is
used in combination with CD169, which is a specific biomarker for viral infection. An assay
for rapid and accurate quantification of these markers is developed and integrated into a
microfluidic device called ABxSure. Along with these biomarkers, total white blood cells are
also quantified in ABxSure to provide an all-in-one infection diagnosis system. ABxSure
consists of a microfluidic cartridge for sample processing and a device with an in-built optical
reader for liquid maneuvering. The blood cells are lysed and labeled with fluorophore-
conjugated antibodies to quantify CD64 and CD169 and a nucleic acid binding fluorescence

dye for total leukocyte count.

The central focus of this thesis work has been to develop biological assays and systems that are
rapid, easy to use, and more accessible in low-resource settings. Available somatic cell counters
are bulky and expensive, and their incorporation into local dairy farms is challenging.
mCytoCounter will provide an economical and easily deployable setup for monitoring mastitis
to prevent the overuse of antibiotics and provide the required treatment to dairy animals.
ABxSure is a device that has the capability to differentiate bacterial from viral infections. This
preliminary test can ensure that patients receive antibiotics only when required, thereby

controlling overprescription and, eventually, antimicrobial resistance.
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HIX

IR (SHaTY]) o HehHUN & ol T i 3R W1 el [ard s Rid HR1 3R 38
TR (FANTO) THHUN T ST 31 T Hedqu! gl a1 85 &, o R IahTd &9 oA
DI Il 5| ST 3R TR THHUN & Teq0T &mﬁﬁﬂﬁ-\aﬂ% (overlapping)

Bid 8, fo 9% HRUT 3R IR ThHUT B ST BT HpHUT JHST o1 SIdT g1 5P

NN v

OIcIhId (standard diagnostic protocol) BT UTeH fbU fo=T &
A B Tarifed gand ¢ < 9Tt 8, Fo 39T 3MTawad 9a- Sedl o | JIFMuRIe
137 (antimicrobials) T GSUANT 3R 3AfH ITART, JATMURIER TR (antimicrobial
resistance) & fAHRIA 811 & U T HRUT 5 | HHHU B UgaH &I URIRS i fafd
AP IERAING heaR' 8, forId gRUMH 3 48 e A 31fUh BT I97T T JhdT g

78 TR w0 J SR AR & garet 3R TeeH & Ue g€t gHId) 0% T 3| SR, T

IRUTRGR=Y, AFS gl

g, Tt 3R Yae=fid Uise-3iTh-BIR' (point-of-care) TSI Bt TIPS MIIHAT
2 Sl 9o IAT 3R IR ThHUN & oI WY TY 3R B g |

TG BIRABISA (blood cells) BT ITANT HHHUT P Tgd & ol SRMTDGR (biomarkers) B
T TR-3MBTHD (non-invasive) Tid P =0 H 5T AT 81 4d Iad BIRABIT (white blood
cells) THU &b TfY et ufafdhar 2 arclt HiRbrel # @ e €, 3R I7! Jadg R
T BT YSITHT (expression) THHU & THR & MYR TR FUF gt 31 IS8R0 & farg,

IR YHHUT H T8Y | BRI (type 1 interferons) ol T Tfehd 8l &, Sl ST
(innate) 3R S RCE] qrg (adaptive) gfaRem SRRl & IRkd a3 24 UK,
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S & Tep AUl & faveg ufaRe ufafdhar Saw &7 H '1IFN-y' &) Heayul YT gid)
21 AAES BIRABIT (myeloid cells), AT FTU T YSifther 3R AEey, Tt Tag!
WA (surface proteins) TFT B! & of ST 3R TR FHHUN & favg ITH!
yfcifshan & e s Hgayqul 3|

T MY BRI H, B &l T (assays) [AHRId fPU §, Th S RId YHHU BT Gl T &
foTE SR GIRT I Ivae Ud araRe WehHUI o o9 3R o3 & ol | Uga A d & g, gy
& TAT BT ITART TP S1agd AR (bovine mastitis) HI Il TH & fQ

mCytoCounter TH® U did, Fae=id R THAT ¥ a1 (deployable) fHT WH I
HIShIUS S® IUHRUl faHmRId b a1 81 TResfey U daciRad AHA § ot
UgdM g¥ H THfed BIRIBISH (somatic cells) ®1 gfa T Bkl 81 TS PifRrepra o
T 0 ¥ WP 18 (leukocytes) Bl 8, 3R Aergfey ! fufd #f 3! T 9 S
81 mCytoCounter H T T (membrane) TR WACH HIABISH B PR R TG
(enrich) B & foTT Uh AIZHIRIBISH BIfcs 3R 7 BIRIBISH BT TUMT (quantify) HIA
¥ o T 3iifPerd S gld1 8, S Wi W U8 uRums yefRia & g 5= SwanTedf
T ¥ UG Thd &; 3! T Uk (turnaround time) AT 20 e H1 B

39 1 & W U H, SgHIAZCH (leukocytes) TR Fad B dTd CD64 3R CD169
STTATHR & HIeHH O Sa IR 3R arRRe YA & dle 3icR B & oIt U T (assay)
ARy w3 BT 3T fobar T § | SIRTT YhHUT & CDo64 BT fHfERT (expression)
¢ AT 8 3R U8 IR (sepsis) P oI Teb R SRAHATSR &1 CD64 BT ITANT CD169
& 1Y a1 911 §, S arRd ThHUT & fod U fAfRIy S |1 39 A1 & g 3R
Tl AET YR (quantification) & foTT Te T faeRra favam a1 8 3R 38 AB,Sure
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TS AISHIRIZIS® SUBRU T THIP (integrate) [T TN § | 37 STATHIDGR o WTY-ITY,
'3 A-39-a FehHUT G UITel UM &R+ & 1T AB,Sure H Ho Ad a0 BRSBTS (total
white blood cells) @1 0T 4} &1 ST § | AB,Sure H AT RGBT (sample processing) &
foTT T HISHhITRIEie® ®Ifcsl 3R dRA TATEH (liquid maneuvering) & o T 34-faee
3P 3 aTe IuHUT M B | o BIRABISH DI (Thfed (lysed) foram S § 3R
CD64 Td CD169 Pl U & Il FIRIBGR-IGFAT TSHSTS! (fluorophore-conjugated
antibodies) 3 WY, TUT Ho YIS UM & 1T Ueb ~gfcies TRIS TSI Tl 518

(nucleic acid binding fluorescence dye) & Y I d (label) foar San %I

T NY BT BT T % 3 Sddh TSN (biological assays) 3R TONTR &1 fawmRad 1
8T g Sl <l1d, SUTNT H T 3R HH T aTel &3 (low-resource settings) H 1 ay
gl TaaH § SUds iAfeHh d BIdcd HRY 3R A8 8, 3R I ST BTHf § I96T
AT AN § | mCytoCounter HRETS(T & TR & fo Uap fhwrad! ofiR st
¥ TId (deployable) TR TG SITRIT Y& BT dlfe Camifes garst & Srafeiem
JUTRT 1 BT ST b 3R ST U3 DI A TR UeH 51 oI b | AB,Sure T
U1 IUIRU ¢ Forgd S IRad SR aRRd YA & sid 3R B $I &Fdl ¢l T8
RS Tiemr 98 AT o Iodl § & I & Had maadhdl U8 R &l
ttarfed qart i, forr ganaff & Sfafid TR (overprescription) 3R Sfdd: JTMIRIE
ORI (antimicrobial resistance) 1 AR far ST 9 |
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Figure 2.1 What is AMR? Ability of microorganisms to resist the effects of antimicrobials is
referred to as antimicrobial resistance. The figure illustrates how antibiotics are ineffective
against resistant bacteria allowing them to multiply in the absence of non-resistant bacteria.
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