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Study on Rapid Separation and Measurement of Influenza Virus by
Latex Turbidimetric Immunoassay
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Fig.1 Principle of latex agglutination reaction (A), and latex wrbidimetric immunoassay (LTIA : B)
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AFARFLLZT— FEE L TEML-RF
(CMS), * & 7 VY LEETIEMR L 7=8LF (PMAA) ®
3FFE A, TSR FOEMIE L FFRH
HEMBIHL 2 Fh Fh Table 1 B X U Fig2 (IR
T. &7 7 v 7 AR IR EERET, Fig
3SR T &I ARBEARE VS A ¥ —(NS310E, =
1785 vy« =FF)VERACSRERLS
BIZE > T, Table2 ICTRL7-GH&MHE TICE
U7z, ok, RERGHEDLBIZAWZRE
168 nm, 250 nm, 400 nm, 459 nm N % PS (TR

Table 1  Physical propertics of latex particles

D(nm) A (cm*mg) Pl ¢ (-mV) o(uClem)

PS 358 159.6 0.094 56.57 1.78

CMS 469 121.8 0.085 64.32 19.38

PMAA 239 239.1 0.168 30.63 12.73
D : Diameter. 4 : Total surface area.

P.L : polydispersity, ¢ : Zeta-Potential,
O : Active Surface group.
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Fig.2 The image of synthesized latex particles by AC- AFM.
Photo number 1:PS 1.5%1.5um, 2:CMS 2.5%2.5um, 3:PMAA
1.5%1.5um
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Table 2 Polymerization condition used to obtain  the latex particles

Type PS CMS PMAA
(Functional group) (-CH,CI) (-COOH)
Styrene(g) 16.3 8.2 16.3
Co-monomer Chloromethy!l NiCll1uFr}']ic
. styrenc acid
(g/ molar ratin) (43735.6%)  (0.8/5.7%)
DDI Water (ml) 180 180 180
Na,5,0; (2) 0.13 0.065 0.13
K.$,04(2) 0.22 0.11 0.22
Reaction time (min) 360 360 480
Reaction temp (C) 80 60 70

Influenza A nucleoprotein % 7 A€ / 71— L4
{& (Fitzgerald, USA) ZfEH L, 7 » 7 AR
HlmglZdt LT, BEFO0Spg/aill/ed L HI2E
NENOREEETHR U THG =, b, &7
T v 7 AR FICEYE S PR R, R
D L&l T02um AT LT AL
#—TAiL7=#, BCA (Bicinchoninic Acid) £
LERLE.
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20mM pH 8.2 7k 7 FE#E i 1.0 m¢ | PS % 471K
L, 38°CTHiH: L7ens 6 IRk v Bk il = C it
L /=4t Influenza A Hifk4 8opg Mz C 1 BEMIFLIE

Thermostat

Reactor
200ml

+—DDI Water
Nitrogen

<«—— Styrene monomer

Condenser Reagent injector ‘ Homogenize 40°C, 5 min |
Na,S,0;4
Nitrogen inlet K.S,0,
Physcotron o
NS-310E | :
homagenizer With Formation of seed polymer
Type NS-7

Thermostat bat

Reactor

generator shaft

+— (Co-monomer

| Seed-copolymerization J

<«+———— Hydoroquinonc

! Quenching / Cooling |

i Separation / Dialysis ‘

Fig.3 Reactor and Scheme for synthesis of latex particles
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R Ui, by, o A a8k 0.5 me T
AR L 38°C THIFE L7 S, 1 %EAT L h U 45
£ BSA (Bovine Serum Albumin)ifZ% 1.0 mé¢ Mz 1
M7 a v ¥ V2T -7-. 4CT—1EER L
%, 0.05% BSA, 5% 7 Vtnr—/1, 005%
NaN; FEfEF 7 20 mM pH 7.5 MOPS #%{if% (3- (N-
Morpholino) propanesulfonic acid) {2 T 2 [B] ¥ L
7=. [6 MOPS #E{fifif T 0.06% (Z FA% L T8 ik
PLUFE, 3pum AT LT AT —(ITAIBY L
THii g T40°C, 3 A > F =2~<— | L T4C
TIRIFL Tz,

2. 1. 4 CMS(Z = r & F i iLisfiiks ) 5

F v 7 AR ER

20mM pH 7.5 U > FE i £ 4T ok (PBS) (2 ¢
CMS % 3 mIPLifr L7z, 15 PBS 1.0 mé |2 TUEE
L, 3BCOLMm P TR LA S, FPBS 2T
JHE L7260 Influenza A PUik4 60 pg iz, 4 IR
A rFa~—hLTHEZEELE. DBEoBE
F R L7722, L3 CHEL T 7=,

2. 1.5 PMAA(HIAEHR RS T) S

T 7 A R

20mM pH 6.0 U > EEFE i (PB) 12 T PMAA
i L, FEREWTE 0.5 mé IS TS L. &
WA NVIR A I FTH D WSC(l-ethyl-3- (3-
dimethylaminopropyl) carbodiimide , hydrochloride |,
[A L") 20me 45 LU NHS (N-Hydroxysuccinimide,
Acros) 12 mg % PB 0.5 mé {Z TR L 7=i&ik 2 2
25°CHSTC 25 Sy BMHREFE L7z, =LAy, 1.0 mM
HifE A HIVTHErr L 20mM pH 7.5 PB 1.0wé 12 C
R LB B A TT 5 7. PB IS TIHEE L /-
i Influenza A HUIK 120 pg M2, 25°CC 1 BERH
FEFE U728, DABEOBEIT Bk L7- 201 3o
L irolc.
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=AU LI FEEEA v oA
A LE U Tdh S Influenza A/Texas/1/77 H3N2 %
T 2 RiE A 7 A v A (Fitzgerald, USA) % il i
ELRTIZ 0.5% BSA, 0.9% NaCl, 0.1% EDTA2Na,
0.09% NaN; 35 L O R i iEtERl 1| %% & 50
mM pH 8.4 Tris-HCl 2> SR & D 0 A L A fliE
PO THWRL, A LRFFEE LCHERLE. &
wf U 7= BLaEifGPEA L, Tween 20 (Polyoxyethylene
(20) Sorbitan Monolaurate), Triton X-100 (Polyoxy-
cthylene (10) Octylpheny! Ether), 5 X T MEGAS
(n-Octanoyl-N-Methylglucamide ([Al{_{L5%) ) @A
A FUIEVER] 3 fiEE SR ERER L, RS
LM A B L=,

2. 20 2 JsEdkE & ik

FT w7 ABIEO LTIA flEL, 8 ERERIE
M5 46 [ (Spotochem-IM  SI-3510, 7—7 L A) %
fEM LTt o7 (Figd). MIEMF =2~y MIRI
AFEL LT 1% BSA, 0.9% NaCl, 0.1% EDTA2
Na, 0.09% NaN; % fi## % 200 mM pH 8.4 Tris-
HCI{Z PEG 20.000 Z 7#fif L 7= ROSHFE@TE A 56 po,
R2MEIZII® T 7 v 7 ZEEA 56 po, JEY
LA 2800 v b LT 660 nm O] E P E T
IS Bb# 1 7 v 5 55 oW 4 % I %E L end-point
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Fig.4  Schematic of measurement for Influenza virus antigens and
clinical specimens by LTIA
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v A N RyREERIER & U RT-
PCR (Reverse Transcriptase-Polymerase
Chain Reaction) i&

A LR SYBERE R I RS LT XA
(Madin-Darby Canine Kidney cell : MDCK #ifa :
JCRB9029, HSRRB kL Y 3 5) AN TITo 7.
A NRHEE, EREREA LT FeATy,
=Y, TEFNLFY T (Sigma, USA)
FELoA — 7 VB (GIBCO, USA)IZTHr
L, 045um A>T L7 4N F—IZTH@L
THRM L=, 74 L RiEEIICEGE%, 34C,
5 %CO0, &M FIZ TIHBIEH LT, HZEHER
(CPE) #88 L1-. UA NVADBESRRER, =
D¥EHE LiE % —#EUR L T RT-PCR IE & 1T\ %
Lo N FOL N RESBEL.. U
A /LA RNA |Z, QlAamp Viral RNA Mini ¥ > |
(Qiagen, USA) % fsHBOEBBALHZ LIoASWER L
THIH L7-. % T RT-PCR ki3, HEEREHE L
L T ReverTra Ace(TOYOBO) ¥ L TFDNA 7K #
5 —+ & LT KOD-Plus-(TOYOBO) #{£f L, [E
SR RERFFERT 1T OFRERIE~ =2 7 LY
LT, FEGEERIERT) TRR7 o ¥LT7 74—
AV, KU X T —LH#EHERE (PCR) TIEA 7
Lz HF T AN R HA BIETRHREORT 74 <=—
(Table3) & A TITo7-.

2. 2.3

3. &8 =&
3.1 &35T v 7 RAMFORKREMR L AKRE
EOLE

&5 T v AR FITHA v 7T oYK
fExd, BONETT v 7 AREOFIRRIER %
Z o EifIc B ENBHERD ORY, HilikmiER
% Tabled (2R L7-. B LREIERNEHV CMS (3,
70 it 60.0 pg 1o 5t LR {F it 52.8 pg, i AE %
88% T d» - 1=. PS (Z#EM KL 80 pg, KIF it 60.1
pg, EAER 752%, ¥ REHAH b IEL PMAA
(TN 120 ug, RIERE 614 pg, BEIER51.1%
THhoT-.

3. 2 A NLAHBHEICBWV-REITERNES
S5v i AREORIGHE

4 v 7z WHURFREZ D R G A &

L T Tween 20, Triton X-100, ¥ XU MEGAS8 &)

54 (254)

Table3 Sequence of primers for Influenza viruses by RT-PCR

Primers Sequence (5'-3")

A/HI (+) AGC AAA AGC AGG GGA AAATAA
A/HI (=) GCT ATT TCT GGG GTG AATCT
A/H3 (+) AGC AAA AGC AGGGGATAA TTC
A/H3 (-) TGC CTG AAACCG TAC CAA CC

Table 4 Amount of sensitizing anti-Influenza antibody on latex

particles

) Added ( ¢ g) Sensitized (1 g)v Rate (%)

PS 80.0 60.1 75.2
CMS 60.0 52.8 88.0
PMAA 120.0 61.4 511

*“Added™ is thc amount of an antibody that is used for
preparation of the latex reagent. “Sensitizing™ is
consumed antibody for preparation of latex rcagents.
“Rate” is the ratios of sensitizing antibody to added
antibody.

REEMAR 3 B ZhZFR | %iEHLTY AL
AR ERL L=, 2o v A v 2 btk %
LCoANAFIEZ 10ug/mé OEEIZHML, &
A 7N o FHRIERIES 7 v 7 AREE A
THEL:. TOHE, &£77 v 7 AREELR
mmiEtEAl & LT MEGAS 2 L7= 7 1 L 2 filitH
WO GOSN B~ Tz, £ 2T, MEGAS %
A L7 & ook 1 £ (b ht (dAbs) & 100 &
L7zt &0 & REmEMEAO dAbs OFEIA % Fig.s
IZ7/RL7=. PS, CMS T{Z Tween 20, Triton X-100

100

= =g
=] =]

'S
<

Reactivity ratio (%)

|
]
I
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Fig.5 Comparison of reactivity of latex reagents between MEGAS
and Tween20, Triton-X100. “Reactivity ratio™ in each
detergent is result by criteria of MEGA&. The symbols

indicate the detergent.
] : MEGAS., @ : Tween20, M : Triton-X100
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&t MEGAS g & efe U TRISHENEL,
MEGAS O 2~4 RIFIEDORIEETH 1=, — 7,
PMAA T{X Tween 20, Triton X-100 {Z MEGAS8 @
8 MIELIE DIIEEE R LTz,

3. 3 A VLI UHRIERES T VI AR
EDRIGHE

R L=KHiA I YHERIES T v 7
2@, AN T RBUREORIEIC
BT, FUBERARKISICE D5 F v 7 REERIE
MWIREICHER TE, PURIREIZILE] L TR ERE
felit(dAbs) 28 5L, RUSHBBELN. &
MIEZ T THURRE 0.1 ~25pg/mé OFEHIC T
Eht U775 5% Fig.6 (2R L7=. CMS iZ 10 ug/mé
LR ORI TRIGHEMSET L7223, PSITZ DR
JEMRUE TR b ORIEEZ R L, 25 ug/nl TIE
CMS, PMAA O#) S FOW LR EZ R L.
PMAA D IIEMEIT 10 pg/mé E TIIKR LIRS 7
A, PURBIE 25 pg/mé OWBEEEEA{L R TIX CMS
EbIPnic ko7, #oh=KISHEIT PS,
PMAA [ZEHREOTH Y, PS DIEEEE(LH & B
JFRHEEDHBIZ R?=0994 TH-o7-. $BEL LT
PS MW= 5 F v 7 ARENE G BAF e RS
L, TORHBAEEHEISD(N=5) TRD
72 2505 ug/ml(CV=82) Tdho7-.

W2, Figllil& 77 v 7 AREDORA 7L
T PRROEER, BLOIASOREDAS >
TN WHIEHE 1.0ug/mé OW Rt %
A L7=. PS & CMS i34 80% D HUIKREIER % 7%
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dAbs at 660am for Smin
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0.0 5.0 10.0 15.0 20.0 25.0
Antigen conc. { 1 g'ml)

Fig.6 lmunoreactivity of anti Influenza antibody sensitized latex
reagents at 660 nm for S min. The ranges of antigen
concentration are 0.1pg'ml ~25pg/ml. The symbols indicate
the reagent - PS. B - CMS. . PMAA.
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Fig.7 Comparison of latex reagents between antibody sensitized
ratio and latex reagent reactivity.
03 : Antibody sensitizing ratio for 1mg particles (%)
B : Imunoreactivity of latex reagent by 1.0pg/mi antigen
(dAbs)
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Fig.8 Imunoreactivity of various anti Influenza sensitized latex
reagents at 660nm  for Smin. The ranges of antigen

concentration are 0.1pg/ml~25pg/ml. The symbols indicate
the latex reagent

M : PS 459nm. (I : PS 400nm. & : PS 358wm, A : PS
250nm, 4 : PS 168 nm

UBUSHE L % Tdh » 7243, PMAA ITHERIE
BOHIS0%E N D LH~RB LIRS, KISt
ot 7, REMICRT 2REOREL H
WD, WA RS PSRITF & AV IER
LA v 7 FHERIES 7 v 7 RRED
POGPEZ Fig8 (277 L=, I 168 nm 225 459
nm OFEFHIZEBT, HFUREEE 5opg/ne LN T
DIEMEIT R RIS F L TaE< 22 0, 459 nm A3
e 6 @2 7223, TS KRR T- O KIS HE X
5.0 pg/mé LU TIIPUFARM A R L. Zhic
XL, # 13pg/mé B ETIRE RIS E R LR
358 nm A LoD 4 SORLF L 0 L VRIS E R
L.
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3. 4 LTIARIZKPERBEARN DS TN
IoFIANRADSEE

Bh % BV i (Swabs)96 B 16, S FEOk 51K
(Aspirates) 94 ik % ¥ RIZ RT-PCRIEICE B A
TN FOANADFEEERT>T2. EDHER,
BRI T 9 BRIk, [EtEiT 87 Bk,
BRER Bl TIIREMEI 5 Bk, Fethix 89 Mtk T
hot-. TNODORREEBEIZEENREZA 7
NELFTANZAOEROFHERRE L. &RIZ,
ThoORIEE LTIAEICTHREL, ZTOHIBIE
B4 Table 5 (2R L7, ZOFRE, SERVIRIE
22 Bk ASEBPE, 74 BRiEASENE, MIERIIETIT
17 BRIEDSEYE, 77 RESEMELHEL. RT-
PCRIEDFER & EUE L L T L= LTIA iEDH
ERRIL, BRI 8 Bk, B3R
&, SRERSIHE TIXBE 5 Bk, FaHE 77 Bk
—F LT, #ORERE, FEEIEAEN, B
FEBEVNiEIT 89%, 84%, SARERS(IETIX 100%,
87% %L

4. & B

LTIA I TREP LY B L T2HRD L%
BRI - ERT IO, 7T v 7 AR
EAFUBFEEROLBHRIZHAUR L EE LR
BERISEERL, TRUSTIISK - BETH
Y IERAEHERIGE R SRV I ENERS N
5. FOEHIC, HRETDHAR, BLURRD
fepilk, BIETHD T T v 7 AR LREOREE
i, EFECIS UK REOBRIUT N - £/
Vsl K& HBE 525",

Lo INZFTLNRIE, VANVADORES

IRIBTHI~NTINTF=o b ) A4F I 28—
ED 2 SOMAE LI L Y BEOWR N FEET
5. MAT, ThoDE 37 FITFOHFER
ERLRT V-5, BMFF Y 2L LT
BIRU5E, RUHKTHRIELENT D 2 L1
LW =k, ZThonERLRT W37 L
TR, AV INZHFTALNVNADESY 237
FIZO AN ABERET B IA L 7 2 HsiPE &4
FFLTWS., CoEZ 7T aRLIC<
SBRETHY, A0 2R RADHRIEIZ TS
WHURGEN A H B, 2oz, HENLET
T AREIZA TN TAL NREY N
JEICHTDE /7 a—FABikEHH L. L
MLRG, B RoB3A 710z H U
NWARFONEBTHDIT N —FDOPIEIAFE
T2, SBEETH7-0i10i3 - d i L Tt
THLENLD. @, ¥o7 Bl Tiibh
DEBE B HAERAL L L OME T ot AT,
LU FMA B Z &bz iEm T
WV, —J5, RETEMEALR ECegaic gty
HIlpcEE, kofifEicy oy BoMmt
BITZ B8, AW T3 fMEOIHES 4 AR
HEERIZ AT YA A RMBOBRIT T2 T

INL DA A AAERBEEEANL KT o L GiRET
MY DAL D &, ZODYUTEERN LTS
HICHIARME DML & o 7 Rk O O
NLTWS. £72, Tween 20 % Triton X-100 %,

ELISA it ¥ Dfhd A L ) 7 w412 TR
WHORTWAZ bbb, 757 v 7 RAEERMIGICE
WTHLIA N ZAMBUTEL TV B L& LN

L2rL, FigsiTmLfRo L 5z PS, CMS,

Table 5 Sensitivity and specificity of LTIA in comparison with RT-PCR.

Swabs
+ — Total
+ 8 14 22
LTIA 1 73 74 Sensitivity  89% (8/9)
Total 9 87 Y3 Specificity  84% (73/87)
Aspirates
PCR
+ - Total
5 12 17
LTIA — 0 77 77 Sensitivi.ty 100% (5/5)
Total 5 89 94 Specificity  87% (77/89)

56 (256)
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PMAA OWTHROREIZBNTY, 7797 A
BRI r RIFE AV RAEERIT
MEGA 8 T ~7=. £7-, PMAA & LLik¥4 5 &
PS, CMS T{I Tween 20, Triton X-100 (T & %5
BMPKEL, BUMHEDOEH LWE TGRS Nz,
AT, Pk~ IEORRSE57 v 7
ARAE LT, PARATHOPS, {L¥EMEMO
7 AFANEREGICIEM L CMS, #AR
F LN ILEIEM L /- PMAA O 3 RBIOR 7% H
WT, TRERSS LI FETHRIEREZREL 2.
PSS THy » 7o R MBI ILR 22 o i THUK 2 R
RONENETE B35, REiEHERIZR Lok v bk
DFEET D Z L d AW, ZhiCH LT CMS,
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BLFRERIS L VIRIETE D= DEEELTL,
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R DI ot tah e 2 507, UL
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dmﬁﬁﬁﬁh%Témﬁhfﬁﬁﬁﬁﬁ?bt
m,mdﬁFT%:&&<ﬁﬁ%u&$L,ﬁ
wmﬁm&vyvaﬁurﬁwm%%ﬁ%Bh
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FREEIS & DRSO R SRR & 2o 1
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(0 BT 07 ZRIKOBURIR MR & O K
BEIT>72. Fig.7(2 .4 L7855, PMAA i
Wﬂm%up&cMstm&6&ﬁ<,%®&m
PEGLIED 72, CMS 13 ps ko b OPEA R
RGN G OO, BRI PS 05 45 4% 5 50 -

A, MR R 5 5 > 7 Z*.‘Zf{gg)ttw,&;ﬁ L7
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Study on Rapid Separation and Measurement of Influenza Virus by
Latex Turbidimetric Immunoassay

Hiroshi Nemoto™ + Tomoe Komoriya™ * Hideki Kohno’

* Advanced Research Center for Life Science and Human Environment Graduate School of Industrial
Technology, Nihon University
2-1. Izumi-cho I chome Narashino-shi, Chiba 275-8575. Japan

For the purpose of rapid and sensitive detection and measurement of the influenza virus in clinical samples
with the latex turbidimetric immunoassay (LTIA), the performance of latex reagents was studied by evaluating
the sensitization of anti-influenza A monoclonal antibody to 3 types of latex particles. We measured the
immunoreactivity of these latex reagents to influenza A viral antigens. The latex agglutination reaction
confirmed the sensitivity of each latex rcagent from the change in the specific absorbance. The LTIA was
treated under conditions of excellent immunoreactivity: the detergent used was MEGA8 and the latex reagent
used was polystyrene carrier particles. The LTIA could detect the influenza A virus in clinical samples in 5 min,
and the sensitivity of this assay was greater than 90% as compared to the results of standard reverse
transcription polymerase chain reaction (RT-PCR). The LTIA is a rapid and sensitive method for the detection
and measurement of the influenza virus in clinical samples containing many contaminants. It is a simple
homogeneous immunoassay whose results correspond with the diagnosis of influenza in the clinical setting.

This assay can has potential use for detecting the influenza virus in many patients over the short term during
influenza pandemics,
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