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" Immunology

12 Incubation

13 .
Biosensors
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? Intensive Care Units (ICU)

* Tachycardia

> Bradycardia

¢ Biomarkers

7 C-Reactive Protein (CRP)

¥ Procalcitonin

® Tumor necrosis factor alpha (TNF-a)
' Interleukin 6 (IL-6)
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14 Polymerase Chain Reaction (PCR)

"> Enzyme-Linked Immunosorbent Assay (ELISA)
'® Microarray

7 Point of Care (POC)
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> Whole cell
** Epitopes
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'® International Union of Pure and Applied Chemistry
(IUPAC)

" Bioreceptor

2 Transducer

*! Real time

22 Affinity

» Lectin

 Bacteriophage

* Affinity based biosensors
%% Selectivity

*7 Sensitivity
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¥ Salmonella typhimurium (S. typhimurium)
%% Conjugated
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0 Label free

3! Surface plasmon resonance (SPR)

32 Surface-enhanced Raman scattering (SERS)
3 Real-time detection

* Escherichia coli (E. coli)

3 Staphylococcus aureus (S. aureus)

*® Endocarditis

*7 Meningitis
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*° Fluorophore
I Quantum dots (QDs)
Pseudomonas aeruginosa (P. aeruginosa)
* Desulfovibrio desulfuricans (D. desulfuricans)
* Listeria monocytogenes (L. monocytogenes)
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0 Mycobacterium tuberculosis (M. tuberculosis)
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% Bacillus anthracis (B. anthracis)

> Bioterrorism

%% Bacillus thuringiensis (B. thuringiensis)
37 Brucella melitensis (B. melitensis)

iy iged uplo jl o ySk (ilobiar 5 Gl gl e
oolaiwl o g S glgl jaswis 5 (gjlwlis sl SERS
Ao duw @y g 00l el Kl swcab pl s S
5 HH 3 g0, Wipallo S L) 555\
Ve CFUMI Laseis s by (oo (o 4 polie ywad)s/
) ladlie & Jgis 55 JFV] A5 e pali oS olej 5o
SSL Sl Joho pasels lp (o9 sla S

Sl 005 03)91

Raman Shift fem’)

b Saeldl OF 3 0355 (gla g 381 (lolids g5 0 ozl ialed (0) JS
1851 oo 005 g8 el oxtoish

Swle sl S o —Y-Y
Oleie & oalatwl (slp oo pain SOl sl s
u’)y\a )L.w.; ML» Lm)iuow) L)i‘ .JJ)].) POC ol&ws
b dges 03 4 5l el @y pasuds Sl g adly
DS il Jol w4 gl 1) Sl
oS s T Vb g8 Sl S 5)lsS lo S
[FRRERV-RpgW L SURSWE P L SR VA S ETES VI VNS VRV N | P o
T Juasl s & S s 53 pr G 51 b 5
odlaiwl b o)Ken 9 Guo [YA] miad 0 (sl
O157:H7 L5 luiy pil (558 0355 sl QCM [ Sus
Slpgl b S waw adlas opl o 08 Slolis 1)
019;943 &S 05,5 C)'Lol L;.)l;.u.:ﬂ L ool )bJ.oLc 23
)5 )15 ol 390 JiSw AT Cyol 5 (i) 0455
YV CFUml Suocaw; opl el o (5 JSS)
Sy copl S Gladllas > [FR] WS (650l

>3 Quartz Crystal Microbalance (QCM)

000 Jlo | £ ojlas [V oline; A



S8 S8 Jsho paseis glp )9 b S il 2 Jle ¥ Jgia

passull S (s ) 04 S S Jisa D90l B (55
vv CFU/ml o] S o g ot y59, 45 Wigall.o
V- CFU/ml @bl g ol PSS e Fgiegise byt
6. CFU/ml 2] Sy €5 lissispl poligesdpes
£+ CFU/ml w3190 5 ol P - st il poligosdpe
¥ CFU/ml Mo 3 5 g3l 5 S, - A Lyl
V- CFU/ml bl sl ysld e )7 S lplees”
v- CFU/ml S 5 ] gl | TRl
b S
V- CFU/ml Sigmistl g o] il ylé P ogoil o 59) pesSShla
\-" CFU/ml WP 5,5, il g - o] gl
dA CFU/ml b sl RIAE ss04] s 90,547 Misallu
V/axy-" CFU/ml m"lec‘;lslrgngsprmted SPR o IR A AR LW
Y 5B S . .
v+ CFU/ml NC’T é”fz 7 SPR b 9] S glsaS
[y4] fv CFU/ml bl SPR - LS 40 509
[5¥] | ¥)." CFU/ml o] SPR - M Sedganlyly 51y
(58] | Yx\.” CFU/ml &bl SPR - Fisisise byt
[##] ¥ CFU/ml Szl g ol SERS oldl o3 ossa b | gl oS pSplsli]
(V] v-" CFU/ml o] SERS CudgS A5 L il
[FA] v+ CFU/ml Mo )36l g (gob 5 SERS - A L 5l
521 [ 1" CFU/ml bl SERS - " Siine s3]
[v-] v- CFU/ml bl SERS 7 IS il Migalleo

3} Vibrio parahaemolyticus (V. parahaemolyticus)
% Streptococcus pyogenes (S. pyogenes)
80 Salmonella enterica (S. enterica)

ob3 Jlo | ¥ oyled [VF4Y oyltuno; 4



\ ; 3 Pre-amplified
Microcantilever

] |

Actuator Filter and Summer

|

Generator PCHSPT4000

9 pool oy b i (il 8 65 0jll ol o iales (V) JSU3
VY] (ol 9388 9SS

(stlrondg i (ola s Cny 5 Y=Y

ol bl bSuscun) g5 e I S
I die olesdy pSI glahyy by e R
@ Ol bosds Sl laRuocun) slacyje dax
Wyo & gyyhe )55 ggew Vb cpolaidl y coulus
ol 25 0yl (2855wl e g (lucSe S bl (g
L oS odldl 398 Lasuids odgiome syl inen b )Sue
ol s gilooslel i g Sl 2)9e diges JBlus
opcwlie 1) oleds Sl o )Ruscun b Shy
A o BAS dgmge el lagbyy ple ke 53 )5l
@ Ol ) elesdg Sl glo Suocun plpogdle
oiod Copwlus a5 0,8 pledl g Seo (gl iy b 1,
DV] LS o i |,

ety p (e (gl S Cans
O sw9sdl Gl Gpegeily Al p Sustun) S
bl Jobe S il pSojlul gl bl
olitol Jolo )3 3290 slagyy b ol yloiiSen )
JERONIH PRS- 35 PN PR W IE i FYRL PR g
S poguuiliy 43 ST A8 o (5 Sojlul ad oo £ IS 39 5]l
o3l ;S bl asuls diej )3 0358 jobo &
ly gy o Suscuy ) pbdisel wgde
L awglio > aiten o 2l Sk Jol5 ool pasels
s pagmily colipal ale K> slaiiy,

TS g sl S (Sl sl S ) S5 (sl
G S yf S5 g Lged (g Sope BN ol 5> S
Comlass b g 0392 oy (o9 S (pl 90 o
Cobl GiloSess w9 @ 29580k Vbl
VY N W 1) POC ol (e o odlatwl
a9 63SL el gy Swe oyl b 9 Sungkanak
JUglS g0 (ool 51 addllae ol j> 53,8 odliwl O1 /uf57
. 7 w . .

I i3y b o7 o gy Sy San S5 w59
bl & 6, Jhal a3 3L 3005 0l Mo
P S s & ol Guiligsy (il b oSy o g9
S el Sus o) pr ge® lple b el
Mo bclite puis cpl g dpdee M5 W858
1 0l 5 Iy (Y IS5) sl 005 ks (slms Sy
S ySus VW] cwl Vo CFUMIL s o) acseis
A lipd LSt e gly Sybmgn
Licad 5 [VO] pajse i Mol {VE] O157:HT
w85 )18 edlaul dy9e ju5 [VP] yud diged )0 iijptwsise

Lol

QCM Configuration

Sample Tube X

I
10ml | k37E0.05C

===
BHI I ‘Water Bath -

e it R S

Pump
Flow inl iFIowou'l I
I
! 1
1
' |
! Crvstal Holder ,"
Tl e P
DS R ] DI Rt i

Antibody @ EBovine Serum ## Bacteria
z‘ perrare ) Glutaraldehyde | Antibody Bove 3 L

b osds g Mool K iS50 QCM. S 0)laz sl inles () JSCs
[F] oS ololis ol (ool ol g Mb )39t

® Microcantilever
62 Atomic force microscopy (AFM)

R JL.:|\°a)l~.‘a|\\"Y “Jl:.m.o)' AR



HsgsSso i J515 )3 Mo 59580 rlaws (55, (3L 5]
Jobe Bl (op8L dged i8S )13 qunbline (590
092 b zgdie L ey S ol s 4 g A5 ey
Spdie Jate Zugile JS5 & & sty iy
SopSl dawly joas 5 1) w5uS] Ol HRP s 03438l
My @pSojlul JB gl g S WU 5890
Voo CFU/MI S ) K ping ol Gasseds do 33,5
Sregpel B9y 3 ohSer 5 Zhou [VA] 55 5ud aiged
AT 838 odlatul iigtewgise bptaed 5 pSk Wbl sl
g e o3gll |y ol eVpaze 5 O b o5SL o
ol il b Clste gl Jite Sl Cues 4 Wlgi o
bl Ghlonr olo)l (b)) 9 398 o0 030l Sy (S
w01 e ol obol 3y el ol cymma S g st Ly
el o9 Spe g Sy I 2V e L oy
Slse 5 e dlge (Sogll dBse 4y g oy LS culply
Il sl plid 5l adllae cpl y> [AV] sl (55908 592yt
St i)l ly pelel boesd Cin (posiaegl] 1ST)
ol 4 (Fe(CN)S') g0 S0 8k oo 5 b ol
ol b (ol Gl amD ) 5 25bie S (s
Ve oysd Sy Jsb 3 )T CFUML aseis s> adlas

ATl las aads

S e piligal y1 (gine (510 ySuus Cany
J¥se o ot b Guiliel e sla S
5 B 5locann 5 Bloy 38Ul o g9y 2 i) (lolid
T Jlast 51 s ok pligel )3 S sl s
Sl (¢ ramiligel @y (gl Sy L9 g0 wdle
loe,Sl JolS Joho pasets lp (slodiiS)lgnel sl
S g Cod ()l ez g B S j (pl 1
S5y S 5 b el ol jois Sbcos g odg polus
il ohSer g Huang [AY NVF] 6,5 o I8 el o
SHSh e pasids Glp peliel aly SReegisel
gaw [AV] 535" oolistul godie iged )3 (gif ySlshees”
Fe;04 cligl 5 glogns JeteonSes b Sus ()

% Horseradish peroxidase (HRP)

wle S)i sl 1y sl 5 0B slo U
Sladggls §) e glaalllan 15 V] amd 1yl la g 5
0o & (g2 g ytegmaily Jhee (s o)l ST g0 )S
3 oxd Mo yughsl usSeSallin] s pSL pasis lp
QLS Loy (A JS8) ©8)5 )13 o2lil 3)90 S'g3 Cungy
5 Sdgdal 4 (wiVlgsS Cogo 4 eyl &5 Sloj ol
5 wbise RIS clale Gl L lad B 058 Jate

IVW] dje AV CFU/MIL & s ) aseds 3>

S. aureus

1) SAMPLING ’ 2) RECOVERY ' 3) DETECTION

| @

Skin inoculated
with S. aureus

/ ‘/ |
N »> > J e

PBS "
Reference electrode

Warking electrode

s ySl Jlosisn 285 sl 5l 250 a3 2l Jolpe talel (A) JSS
sy iged (1) 8 roguasly (s yRue jl odliatl b sl cugy
(V) 5 PBS b oa cogboyo s ytool ol S J o3bisl b gy clo itk
w2 (F) PBS (gl dgf S 50 00 (69l o (slaounsilElgSe el
V] 2bsl oo 51 687 paliie )3 lacs Sk (6 proguusly

S5agyel 3 (iae (Sl S Canny
s (5550318 Lulol S jtag el (gl Kuas sy
B olSy el b bS] bog oad My by
S o Jos bl g ) sloospS GuiSeny 4 gl
wlwh@blu&;bw)¢momgyubp
G R [YA] 25 0 s ]y 4 cplplo
Sy & 35503 5ls e 5)00 Sl ) Cpined S teg el
&y U’l )‘ odlél uo)wf le/p uo)'t 5 u.w[w‘
oSl o) Sl (ol cwl b Ruscaw;
ol s gy npmly Srtegyel tess glac Ul
Spge 035w yobo 4 (hgy nl e Sl Gloxi 3)90
©xSL o hlSen g Laczka [VF] 5,5 00 )8 odlatl
Sostogyel by (Jlwg)Sao s Ko b 1y (A5 Ly
b osds iy ablize @l adllas oyl 55 05,8 lulis

w2d Jlo | ¥ oyles VY (yliuse; N



0l Dbl e lawes adsd g muie 395801 90 SUluy aad
ok Sldllas [AY AV] 39 o padaid (CuS) pow 3451 50
9Se s Sty dopolnl g ool 5l 1 ogMe amd 0
olye & Wy 35 Vb b fnjS g Cumles Wb 4
oMol o FET célo jl u ghidllas 55 [AY] 5,5 8
V3 e 5 pmlegSiy am (slmoiyS (31,5 b o
ok slaog)S L7 almorins Jlail | 43,5 1,8 daw (s,
b odlil (1S o ) () Glooxi S ol ConS (gl
gaw 4V 08l 5 Cute )5 Sag Sl 4 (amalegSSy
Oglite blos 4 dogi b Db o0 Juale (o p)S slags S
s 5 ) ol & Mpalle 5 IS bty il 555
9> ol JUail I g 0wy JUiShw ol 8L slas
S G § oyl sl de Gl Gglite pdaw 4 (6,381
o) ¢ Huang [AY] cusl b s,8L (6lp Ve CFU/mI
JAY] 5,8 eolatwl L Ly i) (awis lp FET 5l o
iy 2 ok 5 08 oy HS | S gl i
[ Ja) 258 2 GBS e & g Ko b A
Laiy il 938 codb bl Jlasl 51 s ol ol s iale;l
(ol ypas > amded e FET 30y ol A5
OIS 3 by ol eel (oob T b (A5 Ly i/ U]
5 Villamizar )5 (gladllas j> [AY] 34 V- CFU/ml
S5 S cbdggl olol 4 FET Suo S o, Ken
ol x4y polie i) Migalle Lais gy ojled
JS8 Glabe 638 S niidy) Migalles [AY] 2l
@ o3l i OV gase g CusS yae Goyb 5l a5
J3ele Sigalle 1 (asab 21 b 58 (slodlgyls oo
oareds b g MWOFET 5 b (ials cel o8t S3U
Y Jgi> [AF] 5e celo Nl w Vo CFU/ml

6% Magainin I

% Linker

™ Immobilize

" Salmonella infantis (S. infantis)

‘03)1.5 UL:.> 039450 (2 yu b)ﬂo& FURR W C)'Lo‘
old s (sl 1) Lo g)lul g Jad LB (iS5
V- CFU/MI (65Sh el sSans ol paseds do .S e
HCL 5 a5 J1 8L L S (sguititnnd g 0 (b))
Y] S aalg ol same edlizel ISl
gl pgimomgm b (ool Bl Cuts p (ine (slo S giga]
B eon 9o oledl Bl J St lelid Gln g
Cuol Sl G595k o tine epSsSa il JAY] sl S
P dede o2l g o2l clacigis 4 e &
Cond o Suwgigas] 51 ) Sen g Ahmed (gladllas
Gy 3l St lelid Gy ongligmosgn b ookl
b 1l M 59,580 pras aalllas gl 3 53,8 o0l ]
OBl B 258 Mol (om b e 9 el sl idey
Lol ade oobl a8 pald 1) uaglis Jla
039420 33)5 Lol g ()l 59y Moo (s e
w5 by VooV CRUMIL (8L ol paseds las
ol 3l3 sladiges Sl bl sl 4 izea s xS

e S slygtan 3l (ise (sl R Can
s S (slo gy &l 1 (sl S gl 31 S,
gl [AD] wiwa T Slie il el gt 3l
o9t 9 @ AU e ol sblze b Slue
v e ol clShy S )l e ceey
dyo & oo g Vb s Cowles o plyulde
JM=AS] 38 o)Ll b S plo b awslio 3 o0y
cuw FET 53 aypamce g S a3 0 olid Oldllao
[3+ A ] il POC oSiws (sl cuslio (oS 29 0
TeuS o adss Caie 295S) aw j) FET S S
) sl pais S5 CuS 295wl sl WSS
.)9)».{," L)"l ..))b )l).‘? 4;.170 9 Zeo .)9).&]‘ 99 O 9 Cwl
a1y bl S S cld g cbale (gl Ml oo

% Field-effect transistor (FET)
% Source

% Drain

%7 Gate

005 Jlo | £ ojled [VE obise; WY



3] bl eniiS sl (gly Wlg o 38 o5 Hluw Hlade
Soptus b b Suocanj plool Lad o Ui o)
ol ly GlesiS)lgael glasoly Wl o Jluwg See
Olzpe Vb gauie Jdo 4 Jb ol b ey Sl JSe

2 3gg Gl cpl e p cox

S aons ¥

G 5 @y ol glagby) s 093l Sl
P L).«Jl.wx}‘ (9> 059 A ol (cladiged ‘[md)‘;flg
Sy bSRuscas; jl ol Kl sl gl e o
2 okg & Sl pasdl sl SusCun @S 4 py)
ScSys sl wBl Cusal ol Gl poyme bl
oaseis gbeeS pal bl oel Wl il
adse b &y gl posSpSphitin] sile alogs Sl
do L & e ol (S el pled Cesd Lol Lles S
dnwgi yieS (olyguiS 5 Loyl 5l oolisl Sl § by g0 4 YD
Cod I ogad 4 wjes il 3 S0 bl
5 250 odlatwl CublB b5, b dlge Clsl .l (598
3 oslitel dnwgs > pa e (bend Sl 51l
L ocwl sl ol pasdd euS 5 b SusCuw
oo ilSen g dilise pole I opSope 9 GBS
Slo)bs clagtle » o gl Ky oed
D)5 ade b S

uﬁ‘b).\g 9 M’—A

Pl ol oty (g (198 g pole oaSulils ) yimg}y oyl
Lol 0445

2 Abbott Inc.

sl s s 51 enlaswl 0j9> 43 ):5| Slallas 31 laoMs
n3 0 81 55 Lo Jsba e sl oy )

£ Graphene . Linker Yﬁntihﬂdy

#* Ethanclamine ﬁ
Twean2(

| Ecoii \ '

)

Insulation Insulation
rain . ;SOII .
—gn b b

ade o3b AT Lo e o315 abp FET oy b ples (4) JS5
AV B iy g

o] (slajlulods o a2l —Y
Boelil b Ggjlen  GlapeslS)lgShe s
SLSESS 1 Gl g 039 bl (2990 SNl
3 ol )b 518 Galesl g o alsje 5 join el
Slul der l placadgioe b Jb oy gty
3loodll g (5 pdanios (s pi)S5 e paw sl
05 9 $P SSwsCun cale Ul AT )l Lge
ol G s)lon Sl )lg S padds lp auje
ol adgl by, Sl (o sl skl dise) ) oo
2 Jee Gl sl olRiws ja (gl Slge dise JialS Ay e
oSl 5l ool cordg S by (sl Sy
Slgice (o 9 55 slodlglpil (315) (u)S bS5 4l
Ol lgysll sl 4y 4 ggihe 5 cuslie il
oauts sl 5l (S [0] Wb (5318 5 (Selyw cnd
2 wle (G odipS (LS [ )len lapus)ly See
W Vb agje 4wy b V] cwl Suscan) i
5 oolitl g9y syl Sllllae (s2b ol Wilo olmolsyS
oyt 5 oS dnjall wile WaokiyS o b o (Sl
SR 9 SxS)B jshied (pizer AldST 5 he
5Ll sl 033 £l 35 olbibsy mokinS oyl cusbio
Do Slapusls)lg Sen pasets il oyl
Oxed &S aSb sl diged j0 byl ol Hlus e



8L JelS ok et (sl olowdg Sl (gl S o j 5| plaJlie Y Jgio

i Ggei | olalejl gloj | passuls us (s 045 S EXTIPI1F lowidg Sl b,
] sl ~ ) $9) ©xSLle coy L, Se sl
” CFU/ml 39,55 ks e
oy o el ] W KW
SO i IS S ot ST TR I
R
L .. ; . Sxe iyl
. o/ : S wihsel
Vo] s celw ) CFU/tl bl Fskgiso byl
Ay - R
. . Ve ; . Sy il
[AY] Ege aids ¥ CFU/MmI bl 957 S bsleas
Voo p . Sre el
[A¥] 33 - J— sl Bt 355 sl
. 0 ] ) ]
[V)] P 4255 \0 CFU/m bl potspa s Wl S oy o]
. - . Ve e o T
[\'Y] Ca.w?f 0 a0 ul - CFU/ml )159,:)..5[; ul([w.u).w/ d).'&,)-;&l
] B s - )
[\ 'Yl] 0940 ul 4a,8) £+ )l )»..of CFU/ml LSJLL;“" 252999, 4 )’(:}oj[w d))'.d,:wﬁb.;
VF] | eyl O aids Y CF\[.J;ml bl A Ly P TV VS
. - - )
[-a] | APBS - CFUlnl S5 shs] osSepldlil) (e Bl g 3l
[V-5] SLPBS 4i by v - Sgu 5 A L 3l Mo 31 g 3,5
Y
[V-v] | %LPBS i8> 0-Y C;xl};ml bl A i i) A FESPRPRR
D -
VAl | conlo cpud celw ¥ CFU/ml bl Al il slewilyins by (6 yeldg
Y o] v
[\ "\] u.mLa Celw V=Y K M}M/)L}J)«Jj ‘s'g..w])n.g.) uu.".; d)hkj,
CFU/ml &b
Y e .. v o
. Y. $9y &y le ey , ol gyl
[MW-1]  #LPBS - . syl posSeSaldliol| ST T
CFU/ml 39Sl s sl

7 Cyclic voltammetry (CV)
" Differential Pulse Voltammetry (DPV)

R JL» | ¥ b)laa:) |\\G’Y Ol:au.b).

\\i



Nanomeghyas

www.nanomeghyas.ir
e

system. Journal of medical economics (2017)
20:646-651,
doi:10.1080/13696998.2017.1307203.

9. A. Das, P. KumarS. Swain,Recent
advances in biosensor based endotoxin detection.
Biosensors and Bioelectronics (2014) 51:62-75,
doi:10.1016/j.bi0s.2013.07.020.

10. H. Shen, J. Wang, H. Liu, Z. Li, F. Jiang,
F.-B. Wang,Q. Yuan,Rapid and selective
detection of pathogenic bacteria in bloodstream
infections with aptamer-based recognition. ACS
applied materials & interfaces (2016) 8:19371-
19378, doi:10.1021/acsami.6b06671.

11. Y. Liu, J.-h. Hou, Q. Li, K.-j. Chen, S.-N.
Wang,J.-m. Wang,Biomarkers for diagnosis of
sepsis in patients with systemic inflammatory
response syndrome: a systematic review and
meta-analysis.  Springerplus  (2016)  5:1-10,
doi:10.1186/s40064-016-3591-5.

12. A. Jagannath, H. Cong, J. Hassan, G.
Gonzalez, M.D. Gilchrist,N. ZhangPathogen
detection on microfluidic platforms: Recent
advances, challenges, and prospects. Biosensors
and  Bioelectronics: X = (2022) 100134,
doi:10.1016/j.biosx.2022.100134.

13. S. Roy, F. Arshad, S. Eissa, M. Safavieh,
S.G. Alattas, M.U. Ahmed,M. Zourob,Recent
developments towards portable point-of-care
diagnostic devices for pathogen detection. Sensors
& Diagnostics (2022) 1:87-105,
doi:10.1039/D1SD00017A.

14. A. Ahmed, J.V. Rushworth, N.A.
Hirst,P.A. Millner,Biosensors for whole-cell
bacterial detection. Clinical microbiology reviews
(2014) 27:631-646, doi:10.1128/CMR.00120-13.
15. M.S. Verma, J.L. Rogowski, L. Jones,F.X.
Gu,Colorimetric biosensing of pathogens using
gold nanoparticles. Biotechnology advances
(2015) 33:666-680,
doi:10.1016/j.biotechadv.2015.03.003.

16. F. Mi, M. Guan, C. Hu, F. Peng, S. Sun,X.
Wang,Application of lectin-based biosensor
technology in the detection of foodborne
pathogenic bacteria: A review. Analyst (2021)
146:429-443, doi:10.1039/DOANO01459A.

17.  A. Parihar, P. Ranjan, S.K. Sanghi, A K.
Srivastava,R. Khan,Point-of-care biosensor-based
diagnosis of COVID-19 holds promise to combat
current and future pandemics. ACS Applied Bio

&y

1. S.P. Shashikumar, M.D. Stanley, I. Sadiq,
Q. Li, A. Holder, G.D. Clifford,S. Nemati,Early
sepsis detection in critical care patients using
multiscale blood pressure and heart rate dynamics.
Journal of electrocardiology (2017) 50:739-743,
doi:10.1016/j.jelectrocard.2017.08.013.

2. J.-J. Lee, K.J. Jeong, M. Hashimoto, A.H.
Kwon, A. Rwei, S.A. Shankarappa, J.H. Tsui,D.S.
Kohane,Synthetic ligand-coated magnetic
nanoparticles for microfluidic bacterial separation
from blood. Nano letters (2014) 14:1-5,
doi:10.1021/n13047305.

3. A.C. Graziani, M.I. Stets, A.L.K. Lopes,
P.H.C. Schluga, S. Marton, .M. Ferreira, A.S.R.
De Andrade, M.A. Krieger,J. Cardoso,High
efficiency binding aptamers for a wide range of
bacterial sepsis agents. Journal of microbiology
and biotechnology (2017) 27:838-843,
doi:10.4014/jmb.1611.11004.

4, A. Sutherland, M. Thomas, R.A. Brandon,
R.B. Brandon, J. Lipman, B. Tang, A. McLean, R.
Pascoe, G. Price,T. Nguyen,Development and
validation of a novel molecular biomarker
diagnostic test for the early detection of sepsis.
Critical care (2011) 15:1-11,
doi:10.1186/cc10274.

5. N. Alizadeh, M.Y. Memar, S.R.
Moaddab,H.S.  Kafil,Aptamer-assisted  novel
technologies for detecting bacterial pathogens.
Biomedicine & Pharmacotherapy (2017) 93:737-
745, doi:10.1016/j.biopha.2017.07.011.

6. F. Chinowaita, W. Chaka, T.K. Nyazika,
T.C. Maboreke, E. Tizauone, P. Mapondera, I.
Chitsike, A.Z. Cakana,R.T. Mavenyengwa,Sepsis
in cancer patients residing in Zimbabwe: spectrum
of bacterial and fungal aetiologies and their
antimicrobial  susceptibility  patterns. BMC
infectious diseases (2020) 20:1-9,
doi:10.21203/rs.2.10948/v2.

7. A.L. Shane, P.J. Sanchez,B.J.
Stoll,Neonatal sepsis. The lancet (2017)
390:1770-1780, doi:10.1016/S0140-
6736(17)31002-4.

8. J. Calvert, J. Hoffman, C. Barton, D.
Shimabukuro, M. Ries, U. Chettipally, Y. Kerem,
M. Jay, S. Mataraso,R. Das,Cost and mortality
impact of an algorithm-driven sepsis prediction

YF¥ e | ¥ ojlod | oo Jlo 10



26. M. Sovizi,M. Aliannezhadi,Highly
sensitive asymmetric and symmetric cancer
sensors  with ultra-high-quality factor and
resolution power. Scientific Reports (2023)
13:12251,

27. E. Naranji, M. Aliannezhadi,S.
Panahibakhsh,Surface structured silver-copper
bimetallic nanoparticles by irradiation of excimer
laser pulses to bilayer thin films. Physica Scripta
(2023) 98:105529,

28. M. Aliannezhadi, M.H. Mozaffari,F.
Amirjan,Optofluidic R6G microbubble DBR
laser: A miniaturized device for highly sensitive
lab-on-a-chip  biosensing.  Photonics  and
Nanostructures - Fundamentals and Applications
(2023) 53:101108,
doi:https://doi.org/10.1016/j.photonics.2023.1011
08.

29. A. Bagheri pebdeni,M. Hosseini,Fast and
selective whole cell detection of Staphylococcus
aureus bacteria in food samples by paper based
colorimetric nanobiosensor using peroxidase-like
catalytic activity of DNA-Au/Pt bimetallic
nanoclusters. Microchemical Journal (2020)
159:105475, doi:10.1016/j.microc.2020.105475.
30. X. Yang, Y. Zhong, D. Wang,Z. Lu,A
simple colorimetric method for viable bacteria
detection based on cell counting Kit-8. Analytical
Methods (2021) 13:5211-5215,
doi:10.1039/D1AY01624E.

31. F. Bahavarnia, M. Hasanzadeh, D.
Sadighbayan,F.  Seidi,Recent Progress and
Challenges on the Microfluidic Assay of
Pathogenic Bacteria Using Biosensor Technology.
Biomimetics (2022) 7:175,
doi:10.3390/biomimetics7040175.

32. M. Srisa-Art, K.E. Boehle, B.J. Geiss,C.S.
Henry,Highly sensitive detection of Salmonella
typhimurium using a colorimetric paper-based
analytical device coupled with immunomagnetic
separation. Analytical chemistry (2018) 90:1035-
1043, doi:10.1021/acs.analchem.7b04628.

33. L. Zheng, P. Qi,D. Zhang,Identification of
bacteria by a fluorescence sensor array based on
three kinds of receptors functionalized carbon
dots. Sensors and Actuators B: Chemical (2019)
286:206-213, doi:10.1016/j.snb.2019.01.147.

34, M. Yu, H. Wang, F. Fu, L. Li, J. Li, G. Li,
Y. Song, M.T. Swihart,E. Song,Dual-Recognition
Forster Resonance Energy Transfer Based

Materials (2020)
doi:10.1021/acsabm.0c01083.
18. S.M. Yo00,S.Y. Lee,Optical biosensors for
the detection of pathogenic microorganisms.
Trends in biotechnology (2016) 34:7-25,
doi:10.1016/j.tibtech.2015.09.012.

19. R. Singh, M.D. Mukherjee, G. Sumana,
R.K. Gupta, S. Sood,B. Malhotra,Biosensors for
pathogen detection: A smart approach towards
clinical diagnosis. Sensors and Actuators B:

3:7326-7343,

Chemical (2014) 197:385-404,
doi:10.1016/j.snb.2014.03.005.

20. C. Parolo,A. Merkogi,based
nanobiosensors for diagnostics. Chemical Society
Reviews (2013) 42:450-457,

doi:10.1039/C2CS35255A.

21. S. Hosseinniya, A.H. Rezayan, F.
Ghasemi, M. Malekmohamadi, R.A. Taheri, M.
Hosseini,H. Alvandi,Fabrication and evaluation of
optical nanobiosensor based on localized surface
plasmon resonance (LSPR) of gold nanorod for
detection of CRP. Analytica Chimica Acta (2023)
1237:340580, doi:10.1016/j.aca.2022.340580.

22. A. Firoozbakhtian, A.H. Rezayan, H.
Hajghassem, F. Rahimi, M.F. Ghazani, M.
Kalantar,A. Mohamadsharifi, Buried-Gate
MWCNT FET-Based Nanobiosensing Device for
Real-Time Detection of CRP. ACS omega (2022)
7:7341-7349, doi:10.1021/acsomega.1c07271.

23. M. Mahyari, S.E. Hooshmand, H.
Sepahvand, S. Gholami, A.H. Rezayan,M.A.
Zarei,Gold nanoparticles anchored onto covalent
poly deep eutectic solvent functionalized
graphene: An electrochemical aptasensor for the
detection of C-reactive protein. Materials
Chemistry and Physics (2021) 269:124730,
doi:10.1016/j.matchemphys.2021.124730.

24, S. Mohammadi, F. Rahimi, A. Rezayan, A.
Abouei Mehrizi,M. Sedighi,CRP and TNF-a
Detection using Porous Silicon Substrate Based
on Reflectometric Interference Fourier Transform
Spectroscopy. Journal of Advanced Materials in
Engineering  (Esteghlal)  (2023)  41:1-12,
doi:10.47176/jame.41.3.24551.

25. D. Li, L. Liu, Q. Huang, T. Tong, Y. Zhou,
Z. Li, Q. Bai, H. Liang,L.. Chen,Recent advances
on aptamer-based biosensors for detection of
pathogenic  bacteria.  World  Journal of
Microbiology and Biotechnology (2021) 37:1-20,
doi:s11274-021-03002-9.

o2 Jo | ¥ oyleds VoY yliunej \$


https://doi.org/10.1016/j.photonics.2023.101108
https://doi.org/10.1016/j.photonics.2023.101108

Analyst (2008)
doi:10.1039/B808225A.
42. J. Wang, Y. Luo, B. Zhang, M. Chen, J.
Huang, K. Zhang, W. Gao, W. Fu, T. Jiang,P.
Liao,Rapid label-free identification of mixed
bacterial infections by surface plasmon resonance.
Journal of Translational Medicine (2011) 9:1-9,
doi:10.1186/1479-5876-9-85.

43, A. Singh, D. Arutyunov, M.T. McDermott,
C.M. Szymanski,S. Evoy,Specific detection of
Campylobacter jejuni using the bacteriophage
NCTC 12673 receptor binding protein as a probe.
Analyst (2011) 136:4780-4786,
doi:10.1039/C1AN15547D.

44, X. Zhou, Z. Hu, D. Yang, S. Xie, Z. Jiang,
R. Niessner, C. Haisch, H. Zhou,P. Sun,Bacteria
detection: from powerful SERS to its advanced
compatible techniques. Advanced Science (2020)
7:2001739, doi:10.1002/advs.202001739.

45. C. Wang, M.M. Meloni, X. Wu, M. Zhuo,
T. He, J. Wang, C. WangP. Dong,Magnetic
plasmonic particles for SERS-based bacteria
sensing: A review. AIP advances (2019)
9:010701, doi:10.1063/1.5050858.

46. H. Zhou, D. Yang, N.P. Ivleva, N.E.
Mircescu, R. Niessner,C. Haisch,SERS detection
of bacteria in water by in situ coating with Ag
nanoparticles.  Analytical chemistry (2014)
86:1525-1533, doi:10.1021/ac402935p.

47. H. Kearns, R. Goodacre, L.E. Jamieson, D.
Graham,K. Faulds,SERS detection of multiple
antimicrobial-resistant pathogens using
nanosensors.  Analytical  chemistry  (2017)
89:12666-12673,
doi:10.1021/acs.analchem.7b02653.

48. I Arlett, E. Myers,M.
Roukes,Comparative advantages of mechanical
biosensors. Nature nanotechnology (2011) 6:203-
215, doi:10.1038/nnano.2011.44.

49, X. Guo, C.-S. Lin, S.-H. Chen, R. Ye,V.C.
Wu,A piezoelectric immunosensor for specific
capture and enrichment of viable pathogens by
quartz crystal microbalance sensor, followed by
detection with antibody-functionalized gold
nanoparticles. Biosensors and Bioelectronics
(2012) 38:177-183,
doi:10.1016/j.bi0s.2012.05.024.

50. R. Hao, D. Wang, G. Zuo, H. Wei, R.
Yang, Z. Zhang, Z. Cheng, Y. Guo, Z. Cui,Y.
Zhou,Rapid detection of Bacillus anthracis using

133:1587-1592,

Platform for One-Step Sensitive Detection of
Pathogenic Bacteria ~ Using  Fluorescent
Vancomycin—Gold Nanoclusters and Aptamer—
Gold Nanoparticles. Analytical chemistry (2017)
89:4085-4090,
doi:10.1021/acs.analchem.6b04958.

35. J. Qiao, X. Meng, Y. Sun, Q. Li, R. Zhao,
Y. Zhang, J. WangZ. YiAptamer-based
fluorometric assay for direct identification of
methicillin-resistant Staphylococcus aureus from
clinical samples. Journal of microbiological
methods (2018) 153:92-98,
doi:10.1016/j.mimet.2018.09.011.

36. S.M. Tripathi, W.J. Bock, P. Mikulic, R.
Chinnappan, A. Ng, M. Tolba,M. Zourob,Long
period grating based biosensor for the detection of
Escherichia coli bacteria. Biosensors and
Bioelectronics (2012) 35:308-312,
doi:10.1016/j.bi0s.2012.03.006.

37.  O. Tokel, U.H. Yildiz, F. Inci, N.G.
Durmus, O.0. Ekiz, B. Turker, C. Cetin, S. Rao,
K. Sridhar,N. Natarajan,Portable microfluidic
integrated plasmonic platform for pathogen
detection.  Scientific reports (2015) 5:1-9,
doi:10.1038/srep09152.

38. R.A. Taheri, A.H. Rezayan, F. Rahimi, J.
Mohammadnejad,M.  Kamali,Evaluating  the
potential of an antibody against recombinant
OmpW antigen in detection of Vibrio cholerae by
surface plasmon resonance (SPR) biosensor.
Plasmonics (2017) 12:1493-1504,
doi:10.1007/s11468-016-0411-2.

39, R.A. Taheri, A.H. Rezayan, F. Rahimi, J.
Mohammadnejad,M. Kamali,Development of an
immunosensor using oriented immobilized anti-
OmpW for sensitive detection of Vibrio cholerae
by surface plasmon resonance. Biosensors and
Bioelectronics (2016) 86:484-488,
doi:10.1016/j.bi0s.2016.07.006.

40. Y. Wang, W. Knoll,J. Dostalek,Bacterial
pathogen surface plasmon resonance biosensor
advanced by long range surface plasmons and
magnetic  nanoparticle  assays.  Analytical
chemistry (2012) 84:8345-8350,
doi:10.1021/ac301904x.

41. N. Prabhakar, K. Arora, S.K. Arya, P.R.
Solanki, M. Iwamoto, H. Singh,B.
Malhotra,Nucleic acid sensor for M. tuberculosis
detection based on surface plasmon resonance.

oo Jlo | ¥ oyles V¥4 liassj W



59. Z. Dehghani, J. Mohammadnejad, M.
Hosseini, B. bakhshi,A.H. Rezayan,Whole cell
FRET immunosensor based on graphene oxide
and graphene dot for Campylobacter jejuni
detection. Food Chemistry (2020) 309:125690,
doi:10.1016/j.foodchem.2019.125690.

60.  D. Cheng, M. Yu, F. Fu, W. Han, G. Li, J.
Xie, Y. Song, M.T. Swihart,E. Song,Dual
recognition strategy for specific and sensitive
detection of bacteria using aptamer-coated
magnetic beads and antibiotic-capped gold
nanoclusters. Analytical chemistry (2016) 88:820-
825, doi:10.1021/acs.analchem.5b03320.

61. N.J. Sharp, I.J. Molineux, M.A. Page,D.A.
Schofield,Rapid detection of viable Bacillus
anthracis spores in environmental samples by
using engineered reporter phages. Applied and
Environmental Microbiology (2016) 82:2380-
2387, doi:10.1128/AEM.03772-15.

62. S. Wang, L. Zheng, G. Cai, N. Liu, M.
Liao, Y. Li, X. ZhangJ. Lin,A microfluidic
biosensor for online and sensitive detection of
Salmonella typhimurium using fluorescence
labeling and smartphone video processing.
Biosensors and Bioelectronics (2019) 140:111333,
doi:10.1016/j.bi0s.2019.111333.

63. N. Idil, M. Bakhshpour, 1. Per¢in,B.
Mattiasson,Whole cell recognition of
staphylococcus aureus using biomimetic SPR
Sensors. Biosensors (2021) 11:140,
doi:10.3390/bios11050140.

64. J.-Y. Ahn, K.-A. Lee, M.-J. Lee, S.S.
Sekhon, S.-K. Rhee, S.-J. Cho, J.H. Ko, L. Lee, J.
Han,S.Y. Kim,Surface plasmon resonance
aptamer biosensor for discriminating pathogenic
bacteria Vibrio parahaemolyticus. Journal of
nanoscience and nanotechnology (2018) 18:1599-
1605, doi:10.1166/jnn.2018.14212.

65. V. Nanduri, A.K. Bhunia, S.-I. Tu, G.C.
Paoli,J.D. Brewster,SPR biosensor for the
detection of L. monocytogenes using phage-
displayed antibody. Biosensors and Bioelectronics
(2007) 23:248-252,
doi:10.1016/j.bi0s.2007.04.007.

66. Y. Pang, N. Wan, L. Shi, C. Wang, Z. Sun,
R. Xiao,S. Wang,Dual-recognition surface-
enhanced Raman scattering(SERS)biosensor for
pathogenic  bacteria  detection by  using
vancomycin-SERS tags and aptamer-Fe304@Au.

monoclonal antibody functionalized QCM sensor.
Biosensors and Bioelectronics (2009) 24:1330-
1335, doi:10.1016/j.bios.2008.07.071.

51. F. Salam, Y. Uludag,l.E. Tothill,Real-time
and  sensitive  detection of  Salmonella
Typhimurium using an automated quartz crystal
microbalance (QCM) instrument with
nanoparticles amplification. Talanta (2013)
115:761-767, doi:10.1016/j.talanta.2013.06.034.
52. M.E. Yakovleva, A.P. Moran, G.R. Safina,
T. Wadstrom,B. Danielsson,Lectin typing of
Campylobacter jejuni using a novel quartz crystal
microbalance technique. Analytica Chimica Acta
(2011) 694:1-5, doi:10.1016/j.aca.2011.03.014.

53. G. Bayramoglu, V.C. Ozalp, M.
Oztekin,M.Y.  Arica,Rapid and label-free
detection of Brucella melitensis in milk and milk
products using an aptasensor. Talanta (2019)
200:263-271, doi:10.1016/j.talanta.2019.03.048.
54. E. Mirsadoughi, A.B. Pebdeni,M.
Hosseini,Sensitive colorimetric aptasensor based
on peroxidase-like activity of ZrPr-MOF to detect
Salmonella Typhimurium in water and milk. Food
Control (2023) 146:109500,
doi:10.1016/j.foodcont.2022.109500.

55. Y. Liu, J. Wang, X. Song, K. Xu, H. Chen,
C. Zhao,J. Li,Colorimetric immunoassay for
Listeria monocytogenes by using core gold
nanoparticles, silver nanoclusters as oxidase
mimetics, and aptamer-conjugated magnetic
nanoparticles. Microchimica Acta (2018) 185:1-7,
doi:10.1007/s00604-018-2896-1.

56. Z. Wu, D. He, B. Cui,Z. Jin,A bimodal
(SERS and colorimetric) aptasensor for the
detection of Pseudomonas aeruginosa.
Microchimica Acta (2018) 185:1-7,
doi:10.1007/s00604-018-3073-2.

57. R. Das, A. Dhiman, A. Kapil, V.
Bansal,T.K. Sharma, Aptamer-mediated
colorimetric and electrochemical detection of
Pseudomonas aeruginosa utilizing peroxidase-
mimic activity of gold NanoZyme. Analytical and
bioanalytical chemistry (2019) 411:1229-1238,
doi:10.1007/s00216-018-1555-z.

58. N. Amin, A.S. Torralba, R. Alvarez-
Diduk, A. Afkhami,A. Merko¢i,Lab in a tube:
point-of-care detection of Escherichia coli.
Analytical chemistry (2020) 92:4209-4216,
doi:10.1021/acs.analchem.9b04369.

oo Jlo | ¥ oyles V¥4 liassj A



coated glass cantilevers at any dipping depth.
Biosensors and Bioelectronics (2007) 22:3132-
3138, doi:10.1016/j.bios.2007.02.005.

76.  H. Sharma,R. Mutharasan,Rapid and
sensitive immunodetection of Listeria
monocytogenes in  milk using a novel
piezoelectric cantilever sensor. Biosensors and
Bioelectronics (2013) 45:158-162,
doi:10.1016/j.bi0s.2013.01.068.

77. G.A. Zelada-Guillén, J.L. Sebastian-Avila,
P. Blondeau, J. Riu,F.X. Rius,Label-free detection
of Staphylococcus aureus in skin using real-time
potentiometric biosensors based on carbon
nanotubes and aptamers. Biosensors and
bioelectronics (2012) 31:226-232,
doi:10.1016/j.bios.2011.10.021.

78.  J. Wang,Glucose biosensors: 40 years of
advances and challenges. Electroanalysis: An
International Journal Devoted to Fundamental and
Practical Aspects of Electroanalysis (2001)
13:983-988, doi:10.1002/1521-
4109(200108)13:12<983::AID-
ELAN983>3.0.C0O;2-%23.

79. O. Laczka, J.-M. Maesa, N. Godino, J. del
Campo, M. Fougt-Hansen, J.P. Kutter, D.
Snakenborg, F.-X. Muiioz-Pascual,E.
Baldrich,Improved bacteria detection by coupling
magneto-immunocapture and amperometry at
flow-channel microband electrodes. Biosensors
and  Bioelectronics  (2011)  26:3633-3640,
doi:10.1016/j.bi0s.2011.02.019.

80. C.-X. Zhou, R.-J. Mo, Z.-M. Chen, J.
Wang, G.-Z. Shen, Y.-P. Li, Q.-G. Quan, Y.
Liu,C.-Y. Li,Quantitative label-free Listeria
analysis based on aptamer modified nanoporous
sensor. ACS Sensors (2016) 1:965-969,
doi:10.1021/acssensors.6b00333.

81. L. Mehrannia, B. Khalilzadeh, R.
Rahbarghazi, M. Milani, G. Saydan Kanberoglu,
H. Yousefi,N. Erk,Electrochemical Biosensors as
a Novel Platform in the Identification of
Listeriosis Infection. Biosensors (2023) 13:216,
doi:10.3390/bios13020216.

82. J.S.  Daniels,N. Pourmand,Label- free
impedance  biosensors:  Opportunities  and
challenges. FElectroanalysis: An International
Journal Devoted to Fundamental and Practical
Aspects of Electroanalysis (2007) 19:1239-1257,
doi:10.1002/elan.200603855.

Analytica Chimica Acta (2019) 1077:288-296,
doi:10.1016/j.aca.2019.05.059.

67. S. Diaz-Amaya, L.-K. Lin, A.l.
Deering,L.A.  Stanciu,Aptamer-based =~ SERS
biosensor for whole cell analytical detection of E.
coli O157: H7. Analytica chimica acta (2019)
1081:146-156, doi:10.1016/j.aca.2019.07.028.

68. S.-M. You, K. Luo, J.-Y. Jung, K.-B.
Jeong, E.-S. Lee, M.-H. Oh,Y.-R. Kim,Gold
nanoparticle-coated starch magnetic beads for the
separation, concentration, and SERS-based
detection of E. coli O157: H7. ACS applied
materials & interfaces (2020) 12:18292-18300,
doi:10.1021/acsami.0c00418.

69. M. Eryillmaz, E.A. Soykut, D. Cetin, 1.H.
Boyaci, Z. Suludere,U. Tamer,SERS-based rapid
assay for sensitive detection of Group A
Streptococcus by evaluation of the swab sampling
technique. Analyst (2019) 144:3573-3580,
doi:10.1039/C9ANO0173E.

70. H.Y. Lin, C.H. Huang, W.H. Hsieh, L.H.
Liu, Y.C. Lin, C.C. Chu, S.T. Wang, L.T. Kuo,
L.K. Chau,C.Y. Yang,On- line SERS detection of
single bacterium using novel SERS nanoprobes
and a microfluidic dielectrophoresis device. Small
(2014) 10:4700-4710,
do0i:10.1002/smll.201401526.

71.  K.R. Buchapudi, X. Huang, X. Yang, H.-
F. Ji,T. Thundat,Microcantilever biosensors for
chemicals and bioorganisms. Analyst (2011)
136:1539-1556, doi:10.1039/COANO1007C.

72. T. Thundat, P. Oden,R.
Warmack,Microcantilever sensors. Microscale
Thermophysical Engineering (1997) 1:185-199,
doi:10.1080/108939597200214.

73.  U. Sungkanak, A. Sappat, A. Wisitsoraat,
C. Promptmas,A. Tuantranont,Ultrasensitive
detection of Vibrio cholerac Ol using
microcantilever-based biosensor with dynamic
force microscopy. Biosensors and Bioelectronics
(2010) 26:784-789,
doi:10.1016/j.bi0s.2010.06.024.

74. G.A. Campbell,R. Mutharasan,Detection
of pathogen Escherichia coli O157: H7 using self-
excited PZT-glass microcantilevers. Biosensors
and Bioelectronics (2005) 21:462-473,
doi:10.1016/j.bi0s.2004.11.009.

75. Q. Zhu, W.Y. Shih,W.-H. Shih,In situ, in-
liquid, all-electrical detection of Salmonella
typhimurium using lead titanate zirconate/gold-

o2 Jo | ¥ oyleds VoY yliunej \a



92. K.H. Kim, S.J. Park, C.S. Park, S.E. Seo,
J. Lee, J. Kim, S.H. Lee, S. Lee, J.-S. Kim,C.-M.
Ryu,High-performance portable graphene field-
effect transistor device for detecting Gram-
positive and-negative bacteria. Biosensors and
Bioelectronics (2020) 167:112514,
doi:10.1016/j.bi0s.2020.112514.

93. Y. Huang, X. Dong, Y. Liu, L.-J. Li,P.
Chen,Graphene-based biosensors for detection of
bacteria and their metabolic activities. Journal of
Materials Chemistry (2011) 21:12358-12362,
doi:10.1039/C1JM11436K.

94, R.A. Villamizar, A. Maroto, F.X. Rius, L
Inza,M.J. Figueras,Fast detection of Salmonella
Infantis with carbon nanotube field effect
transistors. Biosensors and Bioelectronics (2008)
24:279-283, doi:10.1016/j.bi0s.2008.03.046.

95. E. Cesewski,B.N.
Johnson,Electrochemical biosensors for pathogen
detection. Biosensors and Bioelectronics (2020)
159:112214, doi:10.1016/j.bi0s.2020.112214.

96. LY. Yeo, H.C. Chang, P.P. Chan,J.R.
Friend,Microfluidic devices for bioapplications.
small (2011) 7:12-48,
doi:10.1002/smll.201000946.

97. H. Jafari, M. Amiri, E. Abdi, S.L. Navid,
J. Bouckaert, R. Jijie, R. Boukherroub,S.
Szunerits,Entrapment of uropathogenic E. coli
cells into ultra-thin sol-gel matrices on gold thin
films: A low cost alternative for impedimetric
bacteria sensing. Biosensors and Bioelectronics
(2019) 124:161-166,
doi:10.1016/j.bi0s.2018.10.029.

98. S.S. Zarei, S. Soleimanian-Zad,A.A.
Ensafi,An impedimetric aptasensor for Shigella
dysenteriae using a gold nanoparticle-modified
glassy carbon electrode. Microchimica Acta
(2018) 185:1-9, doi:10.1007/s00604-018-3075-0.
99. J. Liu, 1. Jasim, Z. Shen, L. Zhao, M.
Dweik, S. Zhang M. Almasri,A microfluidic
based biosensor for rapid detection of Salmonella
in food products. PLoS One (2019) 14:¢0216873,
doi:10.1371/journal.pone.0216873.

100. M.S. Chiriaco, I. Parlangeli, F. Sirsi, P.
Poltronieri,E. Primiceri,Impedance sensing
platform for detection of the food pathogen listeria
monocytogenes.  Electronics  (2018)  7:347,
doi:10.3390/electronics7120347.

101. D. Lu, G. PangJ. Xie, A new
phosphothreonine lyase electrochemical

83. J. Huang, G. Yang, W. Meng, L. Wu,A.
Zhu,An electrochemical impedimetric
immunosensor for label-free detection of
Campylobacter jejuni in diarrhea patients’ stool
based on O-carboxymethylchitosan surface
modified Fe304 nanoparticles. Biosensors and
Bioelectronics (2010) 25:1204-1211,
doi:10.1016/j.b10s.2009.10.036.

84. A. Ahmed, J.V. Rushworth, J.D.
Wright,P.A. Millner,Novel impedimetric
immunosensor for detection of pathogenic
bacteria Streptococcus pyogenes in human saliva.
Analytical chemistry (2013) 85:12118-12125,
doi:10.1021/ac403253;.

85. M.  Kaisti,Detection  principles  of
biological and chemical FET sensors. Biosensors
and Bioelectronics (2017) 08:437-448,
doi:10.1016/j.bi0s.2017.07.010.

86. A. Poghossian,M.J.  Schoning,Recent
progress in silicon-based biologically sensitive
field-effect devices. Current Opinion in
Electrochemistry (2021) 29:100811,
doi:10.1016/j.coelec.2021.100811.

87. T. Wadhera, D. Kakkar, G. Wadhwa,B.
Raj,Recent advances and progress in development
of the field effect transistor biosensor: A review.
Journal of Electronic Materials (2019) 48:7635-
7646, doi:10.1007/s11664-019-07705-6.

88. M.L. Coluccio, S.A. Pullano, M.F.M.
Vismara, N. Coppede, G. Perozziello, P.
Candeloro, F. Gentile,N. Malara,Emerging
designs of electronic devices in biomedicine.

Micromachines (2020) 11:123,
doi:10.3390/mi11020123.
89. R.B. Jamal, S. Shipovskov,E.E.

Ferapontova,Electrochemical immuno-and
aptamer-based assays for bacteria: Pros and cons
over traditional detection schemes. Sensors (2020)
20:5561, doi:10.3390/s20195561.

90. C. Wang, M. Liu, Z. Wang, S. Li, Y.
Deng,N.  He,Point-of-care = diagnostics  for
infectious diseases: From methods to devices.
Nano Today (2021) 37:101092,
doi:10.1016/j.nantod.2021.101092.

91. D. Reddy, L.F. Register, G.D.
Carpenter,S.K. Banerjee,Graphene field-effect
transistors. Journal of Physics D: Applied Physics
(2011) 44:313001, doi:10.1088/0022-
3727/44/31/313001.

o2 Jo | ¥ oyleds VoY yliunej Y.



amplified electrochemical immunoassay of E. coli
in dairy product based on enzymatically induced
deposition of polyaniline. Biosensors and
Bioelectronics (2016) 80:666-673,
doi:10.1016/j.bi0s.2016.02.043.

109. J.Teng, Y. Ye, L. Yao, C. Yan, K. Cheng,
F. Xue, D. Pan, B. Li,W. Chen,Rolling circle

amplification based amperometric
aptamer/immuno hybrid biosensor for
ultrasensitive detection of Vibrio

parahaemolyticus. Microchimica Acta (2017)
184:3477-3485, doi:10.1007/s00604-017-2383-0.
110. M. Divagar, R. Sriramprabha, S.
Sornambikai, N. Ponpandian,C.
Viswanathan,Surface imprinted Ag decorated
MnO2 thin film electrodes for the synergic
electrochemical detection of bacterial pathogens.
Journal of the Electrochemical Society (2019)
166:G1, doi:10.1149/2.0711902jes.

immunosensor for detecting Salmonella based on
horseradish  peroxidase/GNPs-thionine/chitosan.
Biomedical microdevices (2017)  19:1-10,
doi:10.1007/s10544-017-0149-4.

102. ILA. Quintela,V.C. Wu,A sandwich-type
bacteriophage-based amperometric biosensor for
the detection of Shiga toxin-producing
Escherichia coli serogroups in complex matrices.
RSC  advances  (2020) 10:35765-35775,
doi:10.1039/DORA06223E.

103. N.F. Silva, CM. Almeida, J.M.
Magalhaes, M.P. Gongalves, C. Freire,C. Delerue-
Matos,Development of a disposable paper-based
potentiometric  immunosensor for real-time
detection of a foodborne pathogen. Biosensors and
Bioelectronics (2019) 141:111317,
doi:10.1016/j.bi0s.2019.111317.

104. B. Thakur, G. Zhou, J. Chang, H. Pu, B.
Jin, X. Sui, X. Yuan, C.-H. Yang, M. Magruder,].
Chen,Rapid detection of single E. coli bacteria
using a graphene-based field-effect transistor
device. Biosensors and Bioelectronics (2018)
110:16-22, doi:10.1016/j.bi0s.2018.03.014.

105. A. Moudgil, S. Singh, N. Mishra, P.
Mishra,S. Das,Mo0S2/Ti02 Hybrid
Nanostructure- Based Field- Effect Transistor for
Highly Sensitive, Selective, and Rapid Detection
of Gram- Positive Bacteria. Advanced Materials
Technologies (2020) 5:1900615,
doi:10.1002/admt.201900615.

106. C.-Y. Hsieh,N.-T. Huang,A proton-
selective membrane (PSM)-deposited dual-gate
ion-sensitive field-effect transistor (DG-ISFET)
integrating a microchamber-embedded filter
membrane  for  bacterial enrichment and
antimicrobial susceptibility test. Sensors and
Actuators B: Chemical (2022) 359:131580,
doi:10.1016/5.snb.2022.131580.

107. M. Mathelié-Guinlet, T. Cohen-
Bouhacina, I. Gammoudi, A. Martin, L. Beven,
M.-H. Delville,C. Grauby-Heywang,Silica
nanoparticles-assisted electrochemical biosensor
for the rapid, sensitive and specific detection of
Escherichia coli. Sensors and Actuators B:
Chemical (2019) 292:314-320,
doi:10.1016/j.snb.2019.03.144.

108. X. Zhang, J. Shen, H. Ma, Y. Jiang, C.
Huang, E. Han, B. Yao,Y. He,Optimized
dendrimer-encapsulated gold nanoparticles and
enhanced carbon nanotube nanoprobes for

o2 Jo | ¥ oyleds VoY yliunej Yy



=t T

QNanome ghyas

WWW. ﬂanomeghyas ir

Recent progress in the application of biosensors for rapid
detection of pathogenic bacteria

H.Alvandi', A.H.Rezayanl,* and H.Haghasem2
1. Division of Nanobiotechnology, Department of Life Sciences Engineering, Faculty of New Sciences and
Technologies, University of Tehran, Tehran, Iran
2. MEMS & NEMS Laboratory, Faculty of New Sciences & Technologies, University of Tehran, Tehran, Iran

Abstract: Bacterial infections and sepsis are among the most important and common causes of death worldwide.
Statistics show that more than 18 million people worldwide get sepsis annually, and 28-50% of them die. Recent
studies show that timely diagnosis and appropriate antibiotic prescription are among the most important initial
measures for sepsis treatment; Despite the availability of antibiotic treatments for bacterial infections, the diagnosis
of these infections is often misdiagnosed or delayed. Among the common methods of identifying bacterial infections
are sample culturing, PCR-based, and immunological methods; But these methods require specialized equipment
and are often time-consuming and expensive, and in many cases, they do not have proper accuracy. Therefore, using
new diagnostic methods such as biosensors is especially important in cases of epidemics and deprived areas. This
review article examines the necessity of using biosensors to detect pathogenic bacteria. The main focus of this paper
is the review of biosensors for the detection of whole bacterial cells without the need for sample processing, and the
recent developments in this field are discussed.
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