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Rapid Lateral Flow Immunochromatographic Strip
Tests (LFICS): Principle and Modifications

Parin Chaivisuthangkura, Siwaporn Longyant, Pradit Wangman and

Paisarn Sithigorngul®

ABSTRACT

Lateral flow immunochromatographic strip tests (LFICS) is a chromatographic
system based on separation of analyte in the mixture through the reaction between antibody and
antigen or between nucleic acids on the membrane. LFICS has been developed for detection of
various molecules such as hormones, peptides, cancer markers, microorganism, toxins, drugs,
pesticides, etc. LFICS has many advantages in terms of low cost, rapid and visual results.
The operation is simple and can be performed on site by unskilled personnel with low cost
and minimal labor. Principles of three formats including sandwich, competitive and antibody
detection LFICSs using nanogold particles as reporter are described. The detection sensitivity of
LFICS is mainly limited by antibody affinity. Different types of polymerase chain reactions have
been combined successfully with LFICS for highly sensitive and rapid detection of PCR
products from various organisms. Other modifications of LFICS using dual gold labeling, silver
enhancing, enzyme labeling or replacement of nanogold particle with carbon nanotube, carbon
nanoparticle, quantum dot and magnetic nanoparticle are promising tools to increase the sensitivity
of LFICS. Even though, some modifications may need additional strip reader and analytical
equipment, the improvement of mobile phone technology would assist the widely use of LFICS

for detection of various molecules.

Keywords: antibody, gold nanoparticle, lateral flow immunochromatographic strip test

Department of Biology, Faculty of Science, Srinakharinwirot University
Center of Excellence in Animal, Plant and Parasite Biotechnology, Faculty of Science, Srinakharinwirot University

*Corresponding author, e-mail: paisarn@g.swu.ac.th, paisarn_sithi@hotmail.com



15 1Ineen a5 wen UN 33 atun 2 Funan (2560) 3

uniin

M3ns wlu e uiilzduegdy ey iemsama euaumw waden ms
Aangionns nudimsitadelia fufudoserdeismadeg lumsuenildis niuazms
JAzHaTe 15ETamIthey Bidesndemaiiamyiansiteitiazieiediefiienuduson
¢3¢ 15U gas chromatography mass spectrophometry (GC/MS), ultra high performance liquid
chromatography tandem mass spectrophometry (LC/MS/MS), high pressure liquid chromatography
(HPLC), enzyme-linked immunosorbent assay (ELISA) uag biosensor “1av1 L‘ﬁaslﬁfﬂumi nynIay
amiuTuanaiiian uidmme mafiaauaifianuememnzanasianuazideasou i
dodlFinTesiiofeiinaum Fmsiidudou yamnsiisomey wazinlFnmdeutinnn

sqﬂmammmmudw%a Lateral flow immunochromatographic strip tests (LFICS) i
sqﬂmnﬁﬂizmmﬁ’mﬁzuu chromatography DU nitrocellulose membrane “W3ULYN ﬁﬁﬁmmi
7370 (analyte) Tiogly 15w 3 monAUFASeszIeUAVeARIIBUAIY Wiosen nucleic
acid ¥ unsaame 1iidesmsld LEICS dhuyaasmamnlihen wnselfldlneyaaaithl LEICS
yausniiiann “u5a 1ud gamma. oumskiasafifiensdnm human chorionic gonadotropin (hCG)
voamdluil  ngldSumaianntulil we. 2519 [1] uazndnooninmheaiausnlag Uniliver
Tuszma wnvoaninshill wa. 2527 [2] Sduihgiuginglfgaamafuumimmeiiyaly
1 2559 Uszana 4675 M $ US fhagiuiimaiann LFICS juuusie wiumsasnivluana
wiiashae ogantevie 151 seslay peptide 1A3oavNeNz3 (cancer markers) [UNIg 19N
o1 ndda  miadagiy qa1 msld LEICS fifeldinSoummetsgmslundit wnsonswna
odunad aldhem masuiumaildhe tag wnsaihmme euldlasyamnsithifiineg
ueANALE wsaasiy 1maesialdlunmdunaiidieduniin: uaglFusamniond o
ogwlsfmu LEICS Tl nnsanoy ussdemslinuuneesild idlesnn unsalidoyaifisalu
Wenaunm @/l vidoRauina wiudsanaenuduiuainig ves 1siianahii Tas LFICS
ulngiilfogluilagiuaglfoumailunosd (gold nanoparticle = AuNP) wnaL “ur
Audnanatszanal 20-30 nm iHudineanna Feldanuduveshhdunn fuwalianal
(sensitivity) Tuanu unsalumsasaves LFICS slére “wiudeduazdor sves LFICS 31
Tavagzidoads i 1
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M15WN 1 Jeiduuazdedesves LFICS (USulwan [1, 3])

o1y 1000y
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- issnhediesdlszneulitudeu, nagn - ulngideyadaumwiienaBasinm

= o/ . (') U 1
- HanuaIdny (long shelf life) - ANN WL NevedHa ovulsRulundazaves
- 1o lidosondoanusing nanA
- l¥dhedwna sulSnanios - ynnsaligmineANIEuMAY 15Ndeans
- ulnglEdudmednlanud lidedinszuiums @99 viseiAaUfisedm

IIINFIDEN - UNAIARBINNIINGENAIBENABY (LFICS-PCR)
- Ifszpznansatios -l nnsamuqudanmsivavesditedia
- anwhuazanuimzasuii anh - naMFANIIUBYAUTITNNAVDIIBEN 151

miaslagdfisenaiinilil ANNNLA UIFIED

- ffngmumInsén

unanuilusrasniflumsesinendnmsiaun LEICS jUuunanasgu 91w 3 uuy

nlFagmli) Ap sandwich LFICS, competitive LFICS “M3UA379 13619 wag LFICS W51
a a A Ay o A <
AINTIMUBUAVDALNBATIVNIADY UBIVBITTVUNNANAY 11e991n LFICS 1TJun13n339
UfAsensenheuendvedtuueudnulasi AuNP Wudiu asua (reporter) laifimsvens “ayane
ANNHYeIEAATINUDY LFICS W 3 jluny falidedidn Jufuusedy (affinity) vesueudived
aanulupeuievesunanuezilumsetinedeumemsian  WiemsiUiulgedaeitmseieg
o A ay - 4 2 Y ay Low . , ,

WL Suwelvigansaianulin Wy yumansls LEICS samfumaiia polymerase chain reaction
(PCR) 1@ 13130147379 PCR product Mifiaduldedesiniid

74 %4

HanMIsnaul LFICS gﬂtm‘ummgm
1. Sandwich LFICS

Sandwich LFICS ifugiuuusnasgpiuuupusanfimsiannls “miuasn 1sehes inni o
Vsznoudsueudvedrdn (primary antibody) egwties 2 sian wsaduivluanahrineg
pININIMNZINZNBI Ny 2 dumian biiuFoudy 15UNIAYVeIEAATIINIIINATIA Foald
anti-hCG antibody 2 ¥iia lasusufvedsiiavikfanaindis AuNP (anti-hCG antibody-gold

. =3 |q'/ . d! I 1 Y = ¥

conjugate = Ab-gold) LLa&’Qﬂmidagmﬂﬁﬂu conjugate pad sufunruloum 39 wnsadan
ponlidelaemIszyes sazaetnives 1ae conjugate pad HINBEUY nitrocellulose membrane
d! = . . a d' =2 ld' a . IS a aA
#90 anti-hCG antibody UAN BIYNANNDYNUILI test line (T) UazNUdUALDABNYLA (secondary
antibody: goat anti-mouse antibody = GAM) #i 131303011 Ab-gold ¢3908# control line (C)
UBANNUEINUHY MFUSUAIBEN (application pad) 190¢IWiIe conjugate pad UAZUHUABUFIDEN
(absorbing pad) “M3UYATURIBENTIMADBINNBEHAINN control line
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lumsls LEICS shlaenhinedniideamsnie wunsdimsamamannssd 1hil e
1 ludossusechedwsivaluds conjugate pad Wil Ab-gold oy dludhedn (i e & 13
#09MIn79 (hCG) ﬁﬁazgﬂ%’ﬂm Ab-gold Tuilu 1518sFouves Ab-gold/hCG complex
mﬂf?u'lwavim nitrocellulose membrane m%ﬂéfuim‘jﬂ capillary attraction sz “uleves
nitrocellulose membrane Lﬁaﬁqu'%nm test line m%q%'auﬁ 999 hCG %Zgﬂ%ﬂiﬂﬂllauauaﬁ
ndnwfiaf 89 (anti-hCG antibody) o suffu™iAauiu3na test line uaz Ab-gold mAudlaii
hCG fueg wwlwarulluazgnivlnsueuduedyafl 89 (GAM) fiv3na control line Fa08
uag 1mazansiimdoszgriAuliluudugady asditziu iiAannms ¢ uees AuNP Waf

1
A v

U3Na test line naz control line ualunsdiisheshalalil 1siidesmsameziiu Unngd control
line whiy Tumsianngansim 159U vieigeneliameg 15U %0079 white spot syndrome
virus (WSSV) Tudsiiuldvdnmaidentuil (qui 1)

fationmuduves“Minal control line mlsiuTagassfufmanes 15iidoamsnia
luded nag unsadsznaniganmdas 1em vionuduwiinakieieiessuanuiduves
uou™ “wiSuuan“fina control line s hgaasndahanld  miuyannauy
sandwich LFICS ifhugaasanfifimaiann “miunsmn 15eeq oduumivans “wiuldasn 1
Twanannalnajuazionslsamae Tasfiluanatiudes unsagniulasuoufived 2 dumis

2. Competitive LFICS
Tunsdives wilszneuiiiiluanavinaanahiiueufived ewtinz unsadulaniony
A 15U aflatoxin AU 1saldueufivednan (anti-aflatoxin antibody) @anannaie AuNP
(Ab/gold) Wisasiiaifien gnassaglu conjugate pad Tne test line 9zi 133tiafefiuiy 13060
M3A9 (aflatoxin) ¢399¢ uazh control line NuouAveAyaN 83 WMIVIVNBUAVBAGIUIA (goat
. . =< 1 1 d' . = I 1 YY) .
anti-mouse IgG antibody) 7399¢ UL aflatoxin Nvwmeanld 1wNsa3uAY nitrocellulose
membrane 1939991¥N6 aflatoxin AU15AY 19U bovine serum albumin (BSA) Asunaziihn
ASNUULNNILTY
Tumsasan nsdinl ‘deginil 13909mIna (aflatoxin) ludSnam afu USnaem
qﬂﬁilmi’ﬁ]vléf (limit of detection = LOD) 1u >0.5 ng/ml aaluupusufIe8ha aflatoxin 923UAY
Ab/gold Naviua Astiuile 15azaglviariu test line "1Wv09 Ab/gold 3ald 1wn5aduAY aflatoxin
n9390gh test line lednuazlrallda control line $3 Ab/gold asgnivlasuenfvedyai 83 (goat
. . =S o 3 A . 1 6’5 1 dd' = . A A
anti-mouse antibody) 39 WAAKU- VU control line MUY ugnsainlaill aflatoxin vi3efANN
1Wngumn LOD (< 0.5 ng/ml) U Ab/gold 92 1WN303UAY aflatoxin UY test line wag UM
- y a4 d a4 oa z g . . 4
imdovzgnivlasueufvednan 83 Juru UNNYIUN test line uag control line [4] (U 2)
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51U 1 83ddsznouuasanMMUYeY sandwich LFICS "wisuainwah WSSV luda (A)

152N BUYBILANTIY (1) application pad (2) conjugate pad il anti-wSSV antibody
¥iiafi 1 (MAb1) @nnaindis AuNP (3) nitrocellulose membrane il anti-WSSV
antibody wiiaf 2 (MAb2) Gﬁdaijﬁ test line (T) uazil goat-anti mouse antibody (GAM)
#3904l control line (C) waz (4) absorbing pad (B) ndwnnl ' wazasiileitedsiida
iohy  (+) aslu application pad ilededhaie WSSV lnarn conjugate pad 12gn
Fudie MAb1-AUNP waglvarhummiusy mniuide WSSV azgniudnasadns MAb2
Fams 2 wifunau™i est line °’m%’u MAb1-AuNP "Jmﬁuﬁvl:j%’uvb%' azlarunay
ﬂil‘lﬂﬂﬂ GAM 1Aaifluuay” suwn control line aumammmaaa nn absorbing pad
(€) u ﬂimmammvlumsavbs (-) MAb1 ~AuNP fnwvlwamuuazvlu % Wil test line us

ad

W Qﬂi]Uﬂ’JEJ GAM “Vl control line Mi¥iAauay ‘VI C mmu
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Y ' v BSA
MDY WWNNADINIINAFADY /
\_ - Anti-aflatoxin e
_{ ‘( —():— antibody GAM—s-.
Pe L \;{\muNP e A
'( -( Aflatoxin >
! T

2 3

(+) —> % g“j 2 8
opaNg ==
0

31U 2 ed)szneuuasanMIMNUYBI competitive LFICS NUAIUaduiuia test line w3y

7379 aflatoxin Tuun (A) ")sznouvesyansdv (1) application pad (2) conjugate pad
fifl anti-aflatoxin antibody Faianandie AuNP (3) nitrocellulose membrane i
aflatoxin-BSA ﬂ?ﬂﬂgj‘ﬁ test line (T) uaz GAM Gﬁdﬂ&ﬁi control line (C) uag (4) absorbing
pad (B) n3dil '§reeauaiifl aflatoxin _sndher LOD (+) ¥l aflatoxin Tudedredufiy
anti-aflatoxin antibody Iéiiaviaa e lvashu test line 1l 3nsa3ufy aflatoxin-BSA
16 SelhiAauan i test line " aflatoxin-Ab complex 3£gniuiey GAM i control line
iliRauau i ¢ whitu (O) nsdil ‘Srechauniliil aflatoxin viefiiesniie LOD ()
anti-aflatoxin antibody ‘ﬁaﬂﬂmﬂﬁ’w AuNP 22 1303UAY aflatoxin-BSA ﬁ test line
uaz '"MiAuIZgn GAM Fuil control line vhl¥iAauay™il T uag C

Competitive LFICS 8ngiuuunilely 1safiaidendv 1iidesmsnsn wunsdives 17-
o-hydroxy progesterone (oHP) 1hinfiaaaindigoymamlumeaan uiflosn 1smdriinemne
Endell unsnigensieny AuNp Idlaense Safeaien 15iifuTUsAuon Tdun BSA ewmiliden
iU AuNP (cHP/BSA/gold) naa3eihliaselu conjugate pad "Juii3na test line 182 control line
eiiuoufiuefndn (anti-oHP antibody) uag woufivedynil 4 (anti-BSA antibody) a3tega
Mo

lunsdiii 15éeendl oHP anadudu sndh LOD  iilededilwar test line Tng
oHP 9250fU anti-oHP antibody Hanmatil¥ oHP/BSA/gold Tigniuuaslvaruluds control
line wazgniuTAe anti-BSA antibody 54 “ainaifiu™ 1y control line whity uailunsdifighodialii
oHP vi3eiilussduanudutusind LOD 1 oHP/BSA/gold 9wgniu Tnsueufiedifiegluia test
line ua control line 3ifiu U5 ngTuiia test line uag control line [5] (gﬂﬁ 3)
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gﬂﬁ 3 pudlszneunasmdnmhaIves competitive LEICS fiimsudadiufi conjugate pad 151
7379 17-a-hydroxy progesterone U3 (A) "sznouveansdv (1) application pad
(2) conjugate pad if progesterone-BSA @anainaiy AuNP (3) nitrocellulose membrane
‘ﬁﬁ anti-progesterone antibody ﬂ?ﬂﬂﬁj‘ﬁ test line (T) wag anti-BSA antibody Gﬁd‘ﬁ control
line (C) uag (4) absorbing pad (B) wasanl ‘Fuiiisziu progesterone _4n71@1 LOD (+)
progesterone MNFINILUENIUAL anti-progesterone antibody ‘ﬁ test line ﬁy'd‘ﬁuﬂ min proges-
terone-BSA-AuNP lai unsaduld SeliiRauan i T waziiiolwamnis control line 92gniu
Te anti-BSA antibody 3afiauau™@ C whifu (C) nsdii@3uiiszdu progesterone saten
LOD (-) progesterone-BSA-AuNP 11303UAY anti-progesterone antibody ‘ﬁ test line
nazgnivlae anti-BSA antibody i control line ¥hl¥iAauay™f T uag C

3. LFICS “mwsuasianeuaven
LFICS “wisumsaynmueudved iugluuunldasn sumsney uewesszuugiquinn
o 1 &’ 1 1 o/ a o A =) o/ :é’ o/ o) Y1 ‘é’
MzdoIFoneliadeg nasmnmdaiaguriienasmaiudmnnlia nazluunnsal wnsaldiied
M3AnNTaYealsATe3e 15U THV gonorrhea uazinilsa Wudn LFICS juuuvil azisznoude
a d' ) I3 é’ J 1 . . % o d‘ o
wouflauniuesdlsznouveadonelsa 10 capsid protein (CP) ¥09lad  nnsathausoudy
AuNP (CP/gold) uaze3dlu conjugate pad "UUUUHU nitrocellulose membeane 3ZHN15AI
staphylocoocus protein A ( WLAUADOUADDA) U1 test line uaziimIniauouivofnououda
(anti-CP antibody) 131304 control line FIMAWMIAANMBENTTNNA “Aidee NdBINMINTI OV
1 A vy o A Y = 1 . . a 2
1wy vy lasuiagulsalivniany mnvylinsaey vedlasms 579 anti-CP antibody uoudved
mentlag nsamuUfAseduAu CP/gold (CP/gold/anti-CP antibody complex) waziiia varuu3 e

test line 9z@nandulaelisfiu A "w3D CP/gold "miAuazgnIVlae anti-CP antibody N9i390¢

U
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a . = o [~ dgj d' = . . o v dd' Ao
15100 control line 33 13130 “UAAITIU " NINUS DA test line uag control line WSuAsAN UGN

an“ad lifims 5 anti-CP antibody azliifn CP/gold/ anti-CP antibody complex M laidl

m3

o
o

o P A 4w
AIDYNDINNABINNINAFDY

HYe9 CP/gold M3l test line 34 “unaiiu~wwzhu3na control line whi [6] (U7 4)

i §

anti-swine fever
virus antibody—_|

c;: .p——-Swic; nger :
% o v
oy & 0’\‘AuNP
Y— Anti-swine fever o® oo 4
819}, 7 virus antibody g Protein A—4
\- D | T. & o & rotein
4
T T
2 3 T

—

=) —>

0
(9]
b\(.
o,-.b;(
“1.X"
Q \(p‘(
vy)

'PRES W

3N 4 esddszneuuazndnmamnauued LFICS “wiuaniueudved lumyilasuiagunnly

(A) "lszneuvearana (1) application pad (2) conjugate pad NH Wsznovved
1§ @anainaie AuNP (virus-AuNP) (3) nitrocellulose membrane 73l protein A @139
9y test line (T) uag anti-virus antibody @347 control line (C) wag (4) absorbing pad
(B) n3dil 'dedndsungngidududel  wendivedndumsdaehy Tudiuesiudiy
virus- AuNP 1figlvaru test line noufivofvzgniudmie protein A wag ¢ miilunau™n T
" virus-AuNP  uiAnaglvariunazgniuaie anti-virus antibody 9 control line (C)
= T T Ao tﬂ' 1 4 a S o a =S a T o/ o .
nsall ‘fMeg1Eiunliing Haweudveddehs weudvedundazli nsadudy virus-

=

AuNP 3lsiiAauay

d‘ . 1 1 [V . . . d'
1 test line nsiazlvarinazgniudie anti-virus antibody 9 control
C whtlu

a2

line MIAauAL "N

M51%¥ LFICS “%51U73579 nucleic acid

Tunanensdlveshy  wuaiiife waz WliFiasdiades Tuanamiuesdisznevly

MDY NHANNTNTUVDY 15MANTEAD LOD w04 LFICS usiiieaan”alzdamaitiil nucleic acid

1Wueedtszaeuda 1ansaldUfasen polymerase chain reaction (PCR) LiilfintSinaived nucleic

acid ITumneidludue wh daiulunsaiiifeiiudediduneumaih PCR Aowhinasiafiu LECIS

MmnunasnaIMendnnmmuUjiasen PCR
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lumsisiensnedn nucleic acid fdeamsves iiFinseg waril wnsahnvens
Snudemaiia PCR auidssnasg Taold primer finnna1ndae biotin uas primer Snduil
fanannaiy fluorescein isothiocyanate (FITC) 3o digoxygenin (dig) sthdlaedanile Fame
ndannUfAter PCR 1 $2”u PCR product Ml&azgnfianaindas biotin nag FITC uagidiovun
7379078 LFICS 1904 conjugate pad ¥04%A9132995H avidin (W39 streptavidin) gold conjugate
(AV/gold) uag e nitrocellulose membrane 324 anti-FITC antibody ﬁu’%nm test line uazi
biotin ﬁ]ﬁ 1au control line Tu conjugate pad "IUV04 biotin Tu PCR product %Qﬂ%}ﬂﬂﬂ AV/gold
uagiilo 1sazaslar A test line "uvea FITC 1ggniulag anti-FITC antibody vhl¥

Do

AR~ IUNDI A test line W5U AV/gold "MIAUIZIUAY biotin (avidin & 4 binding site) 1%
X d' )

== . v o ] . . A 1A . A
A~ Yunu3a control line AeuUlUAIDE nucleic acid N1NA nucleotide sequence NABINITIY

=)

TiAanandathrn e liimsseNaaIzIg biotin uag FITC davuiiesningsialay LEICS ag

P
a A A

\An“Yuiti3nal control line whifu 31l 5

"15UMNYeIMslE LFICS-PCR lumsasiam Cryptosporidium parvum mlag
M3fanaIn forward wag reverse primer @28 biotin uag FITC ﬁslsiﬂuﬂﬁﬁ%m PCR mﬂf?uﬁq
»3793a PCR product Iagld immobilized anti-FITC antibody Uag streptavidin ﬁaﬂﬂgjﬁu coloured
latex microparticle [7] sioanlutlifennulaimslsmatia LFICS lumsaswn Staphylococcus aureus
Taofimsls immobilized streptavidin la¢ anti-fluorescein antibody ﬁaﬂﬂmﬂﬁ’m AuNP [8] M3
Lﬁuﬁm’m nucleic acid mi]!.ﬁﬂﬂﬂ?ﬁ PCR, nested PCR #30 looped mediated isothermal ampli-
fication (LAMP) fageehalumsnii 2
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31]17‘; 5 esdilsznauuasndnmaianees PCR-LFICS “wiunsdlivhmstiiuSinas nucleic acid
$1635 PCR Tawld primers isumzdeduthmne e primers Yansdnmildanmndae
FITC wasdndmifianandae biotin malugegniduihmne 9218 PCR product Ml
FITC uag biotin inog (A) "m15znauv0%AATI9 (1) application pad (2) conjugate pad
ﬁﬁ avidin faaa1nale AuNP (3) nitrocellulose membrane ‘ﬁﬁ anti-FITC antibody A34
E]&J"ﬁ test line (T) 1ay Biotin-BSA Gﬁd‘ﬁ control line (C) uag (4) absorbing pad (B) A0l
1 'éed19 PCR product (+ aﬂu apphcat10n pad uazlvanu conjugate pad IUVDI
biotin 9zgnIulag avidin naziilow . test line M¥®9 FITC 929 anti-FITC antibody
FuiRaihiuou™q test line "2 avidin-AuNP ‘aifuaglnarininazgnivlag Biotin-BSA
#i control line yl¥iAauaL ™A T uag C (C) nsdiiodalaiiia PCR product (-) avidin-
AuNP 923ufU Biotin-BSA i control line vhl¥fifauau™n C whifu
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Sandwich LFICS

- Carcinoembryonic antigen (CEA)
- Prostate specific antigen (PSA)

- Botulinum neurotoxin B and D

- Ricin

- Staphylococcal enterotoxin

- Influenza

- Rabies virus

- White spot syndrome virus (WSSV)
- Yellow head virus (YHV)

- Infectious myonecrosis virus (IMNV)
- Monodon baculovirus (MBV)

- Vibrio cholera O1

- Vibrio cholera 0139

- Escherichia coli 0157

- Staphylococcus aureus

- Salmonella Typhimurium
Competitive LFICS

- Aflatoxin B1

- 17-o-hydroxy progesterone

- Chloramphenical

LFICS for Antibody Detection

- Swine fever virus

- Rabies

- Leishmania donovani

- HIV

- Mycobacterium tuberculosis
Nucleic acid LFICS

- Cryptosporidium parvum

- Vibrio parahaemolyticus

- Vibrio vulnificus

SWU Sci. J. Vol. 33 No. 2 (2017)

LOD

5 ng/ml
1 ng/ml
50 ng/ml, 50 pg/ml
25 ng/ml
0.2 ng/ml
2.9 x 10600pies/ml
0.2 IU/ml
5x 10 copies
5x 10° copies
10° CFU/ml
10* CFU/ml
1.14 x 10° CFU/ml
10 CFU/ml
10* CFU/ml

0.03 ng/ml
2.5 ug/l
1 ug/l

1 oocyst/l
1.8 x 10> CFU/g
1.2 x 10* CFU/g

v a
NN

[33]
[34]
[35, 36]
[37]
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s “yanalasmsilsuly NPAu-LFICS
faudl NPA azifhuifiosumdwaelumsiann LEICS juuuuse duduian wdlae
Tlmsld LEICS Tumsasn 1seheq 11818 nucleic acid siiideshdaluudanuhdeudias iiewn
Humsn;a“ves NPAu Tneasedadi “suwsouidiof 19mantes mslfiatesem (strip reader)
iowdewilum optical density (OD) $relimsmlana wazmsiadaSmanhldusiugdunt
mstsznadiom udedalsimud OD veq test line (ODT) nag control line (ODC) Tafldau
fuanuiduduves 1siidesmaasnnhiiy wddudy naiUFRe gamgli mwmamenn
w0afI08 uazANuIsIUIEINgAATII IR agEude BamslEasan Tuszwin OD wea test
line uaz control line (ODT/ODC) nnsagaelimsiadaSnantldusiugdu 9] usoehals
Ao LFICS Afidadida ilesnnussiuvesoufivefifiugy s3afl deyiilmaiann LFICS bi
wnsafianuh anuiideamsld anumeswiazliu LFICS TWianah stu ansavildlag
M3t “ganalagliueuduedfanaindiseymamnlunesd 2 sia sHausndumnzdeuoudinu
(E. coli O157:H7) wazsiiafl essumsdeneufivedsiiausn 3¢ wnsaisanullumsasann
A5G 10 wh [10] “miumiiia “yanalaglfindeveaidu (silver salt) 33D reducing agent
il¥iAans ¢ wweaduivuinamioymanlunesd ¢ wog  nsaifiuanuhld 9fe 100
wh 11, 12 umssiin “yanalaelfioulsd 15u horseradish peroxidase iFenstofuueufved
f’qmliﬂslu conjugate pad Lﬁ'fﬂ " substrate 18 chromogen AN mﬁmﬁummvl'ﬂumimm
Iqwhda [13]

Q' (74 Y v ) \J

sy “yanalagldiisieaiuna (reportor) Biiaaee) unu AuNP

Carbon nanotube (CNT) wag carbon nanoparticle (CNP)

minaaodld CNT uag CNP unumsls NPAu iilesnn 19 sglunuil  1w1sa
d' 1 (78] o 1 d' v = o/ v o 4! [~ [ dy .
Fonsaldheiy 136 MlFasn Hanuaw sweli™ mBusidanuuuiueves nitrocellulose
membrane M8UMHAN LFICS lagld CNT wag CNP dinagluuy sandwich [14, 15] uaz
competitive [16-19] #alasmllanuhvesgannanlafianuhlussavlndidseiv AuNp

Quantum dot (QD)

Quantum dot 111 semiconductor nanoparticle & 1nsaaan 9 (AdUANNA) e
d' Yo/ ) o/ A 1 4‘ d' P v
weldsun wisenszu Tih TasmsUSuvnaiieglin Wewnnn anlviigrnauuazanudu
Famanuhluming eu 3 wag wsalfiadasmaldlasls strip reader vonanil QD &4
Usgnouee amino group Uag carboxylic group MMIUIIA W MNsaFeNAD lG18AY 15699 0
60579 TnaRnsaumaiamn LFICS %agyuuy sandwich LFICS [20, 21] uag competitive LFICS
[22-24]
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= v A a 2 = o & A
9nnmMsh QD wnsalin 176 waziivinadn 39 dsaiamdugeasin wnsa
l6a579 1smanesiialdlugansiaiferin i5u 4a competitive LFICS “wiuasnenlfiue 3 xiia
[25] w5090 sandwich LFICS “M3Un191a30anienzi5a 2 #ila @e alpha fetoprotein (AFP)
wag carcinoembryonic antigen (CEA) [26] Wudu
Magnetic nanoparticle (MNP)
. . I & o v og A4 o
Magnetic nanomaterial (eymausiianinin) Wil quimanizmihanldlumsszneu
LFICS unumsl$ optical LFICS ilesnn 1mnsaln “ganaudivanlanivun s@eannsaive
. a A < . . v a A =
optical LFICS 7381l 3 1A 137 test line Uag control line MR ldamzs naianag
Tiszanar 10 Tulasiigs MnanumnYemuIsUEIVIUIINAAT 100 Tulasiugs [27] AUl
wsadalndaSnaldlasld magnetic signal reader 1AM 3 ieanninann “yano
suMuUNAMedN dnsanumsiannlagld MNP lumsnsia 159199 Nuuy sandwich LFICS
e competitive LFICS
aymam lusiindue
Neammslgeymanlusingue Tumsiiann LFICS 134 colloidal selenium nanoparticle
[28, 29] enzyme [30] 13i509n 96 [31, 32] Flaemly 1smarillifidelansounnmsls
AuNP mniin

51

L1

LFICS 73 3 jluuudd AuNP Wudhu aera daduguuumdnindinmaian winls
a9 133t 819 INee Nelumamsunwnd wagiue iesnniidefvaisdszms
Tdua nengn nuranaF gaasndvnaidn wazlivniudedddinsesiondudounsefmungy
usiogalsimu LEICS fafidedosndelsululagimmeizosnnul wiod LOD uazmsninia
e wlnglddeyaBaqanw @/1id) viniu malSulpld LRICS fianuh swulagld

. A a v am 1 A o 1 & T 1
strip reader Y30l UAIIMIIDMIAN WI0lH 159199 unu AuNP 1u wulngideli gannuaz
Tifunuwinans “wivyaaamll vsewnvl/l$uenviea fifins (point of care) PagiuEu
wnldiuieg nnsadsulansdwiindoun iy stip reader Tasmsgeam 1 aawa nudoya
- 4 4 y 44 ay )
naziszuuannani wnsaweNdeiuguirundeyanazulana [59] Bwsiinalvyaaanill
1W1301% LFICS "W3uasa 136199 ARUse nsmw uazunsvaesnngayy
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