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Influence of Bovine Serum Individual Difference in Viral Detection Using Loop-mediated

Isothermal Amplification and Metal-coated Hollow Fiber Membrane

Akira Onnisur,* Toshitsugu Sucawara,™ Kazuyuki Kimura, ™ Kenji Misawa,**
Junji Arisawa,™ Osamu IcarRAsHI™*

Abstract The Japanese Red Cross Society is using nucleic acid amplification testing (NAT) to secure the mi-
crobiological safety of blood products. The serum has individual difference because the blood is collected from
many humans located in various parts of the country. The association reported that the results of NAT were influ-
enced by slight differences in blood components. We designed a viral detection method consisting of a metal-
coated hollow fiber (MCHF)-membrane and loop-mediated isothermal amplification (LAMP). This detection
method was highly sensitive and much quicker than NAT. In this study, we used two kinds of simulated serum
samples that used the bovine serums of different lot numbers and reviewed stability for slight differences in blood
components in terms of the designed viral detection. We examined the influence of individual differences on only
LAMP for bovine serum of different lot numbers as the first step. LAMP couldn’t detect the virus in nay of the
simulated serum samples. As the next step, we tested the influence of serum individual differences on viral detec-
tion consisting of MCHF-membrane and LAMP. As a result, this viral detection method was able to detect herpes
simplex virus type 1 from simulated serum samples containing more than 10 PFU/mL of virus without influence
from individual differences. MCHF-membrane possesses an isolation function, in which it captures HSV-1 of more
than 100 nm in membrane pore size and passes the bovine serum origin protein, etcetera of less than 100 nm in
pore size. Therefore, even if simulated serum samples have individual differences, components in the serum are
removed. Gene amplification such as LAMP after viral capture and gene isolation using MCHF-membrane in this
viral detection method was uninfluenced by serum individual differences. This viral detection method is stable
and not influenced by serum individual differences, and is thus an epoch-making method.

Keywords : blood products, serum individual difference, viral detection, metal-coated hollow fiber membrane.
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(&, ML O 7 A )V ZAHUE R 7 A v 2 BEHUR O ik % 5
N5 MFHEIRED TN TE 72, /2, THITMZT,

1999 4E 10 A X ) = xMeds & L CAmkILIig 2 i Rk iR
WIE AT (nucleic acid amplification testing; NAT) % &
AU, i I3 <2 M 5 o 2 4t o ) %D Tw
%. NAT &3, BIMIEOPICE L7 A v X Dl
FERY M L7, 2o—HoBEFE2HNE LT, K
FELL RS &, Zh o2l aMEETchsr. oh
&Y, T ANV ZADTFHREEDML S HER O ML AR RAE Tl
MW TE Lo BAIFH Y 4 )V A (hepatitis B virus;
HBV), CH#IF4%~ £ WA (hepatitis C virus; HCV), & b
HIEAR 4 4 )V A (human immunodeficiency virus; HIV)
M D PR TE A5 X9 12% -7 [1-3]. L2 L, B, &
HIEEDS IR B BWNAT A2 ) — =y 72 FEBLTH, £
P BANC X 27 A4V 2 EGeBl sl S hTw b [2].
WH O NAT TlE, BIMMEOHR—E Ful) LA



KU BplE3D 0 o 4V A BT 5 MG E L 0 5 (739)

N 720, FIRIIHRIMIMTE 1 mL A28 100 2L Lo
ANAREEN TR, FERGRIICT A VA Z BT %
ZENTEDLD, TNXD DT AV ATEGLEE A kLI
WISH LT, s h s vy Rz (2], i,
NAT T SN AERIMIETICA R L b 12 oy
ANWADBEEFN TR TIUE, M TEZRwE v FHLIC
BELTWA. $7z, EBIZIZ50 NoikzE 1212 &
D THAEZFEML TW5 720, MIHEEIX S 5I2F05045
DI > TW5H[3,4]. L722-> T, MK 1mL H 12
10000 HAEED DT A VADBHFELEL TWTDH, HED
NAT Ti& 7 4 v ARG & KW SR WERH Y, Z
NZEERE LTOL SRZZMEEHEAZ AL T A b A g
MHE R ShTE .

COX)BEERNS, FEOIIMAICIER L 728m b
Ze B L, ST HEETH S LAMPE(5,6] Z A L T,
PERD NAT X0 b EKEE DD Mad e 7 A )V ARATE OB
BIZAET L. ThEITIE, ERONAT LY HE10
PR L3¢5 2 LIk L8], 7l& kX EKIH
R L7 24T - 7.

FEBROBRBYE, %  OmkImg % Mg & U<
BY, MFEEGOMAREIFAET D, A%, MK
MNZE o TREREVIZRVY, BFHOFE, AFHONE,
ATRBREE R H 4 OEREIRIES I X b, MRS 0%
BAEAELLIEPMONTNS9,10]. COEHHIZLY,
RO NAT OMAERERICEEZ LG22 LOREN LRSI
TWAI[11]. ZZTAIZETIE, Ty hOBRR 2 2HED
v Il (bovine serum) % MRICKHET %2479 2 & T, &
MBI 574V ABRHOREEIZOWTHNL Z &
EFEZHME L.

2. X B M #

2-1 BEMHERE

AREFFE TR L 7w 22 R B3 (7, 8], —Mmicsy
HERL S LCTHEH SN TWAERY 7ua L Y RBELERZe4
PEDEKMNC, MEM A v FHEI2ICX DV HBICESE (Aw
EHBLZDOTHS. ZOREH2cm O SIZHIHL,
BHLEWEIH AV ERY M, EYa—WLLTHAL
7o. ek, HEMEPREOMILLEX 100 nm TH 5.

2:2 BAINZIYSLILZ 1

KWFZEIZ BT, HAiAL <2 4 LA 1% (herpes
simplex virus typel; HSV-1) i/ L 7-. HSV-1 & B #!
97 4 v A (HBV) &BOE % 5> DNA 7 £ LA
ThY, MR2AMOI A VAT ) 228>, 72, kY
LHEY URTBEPOEAHIE (o RXu—TF) Ly o8y
Bowk (B 7Y F) TEbLATHY, IE 20 HARKEZ K L
Twb. HSV-1 K& S134M% 120 ~ 200 nm T % [13].
FEETIEZOHSV-1 %, 74 IVADREEICL T 107~ 10
PFU/mL (plaqu forming unit; PFU) & 75 X 9 \ZHHK

TI0OREEBEANT 52 & T, HSV-1OANEENIz7 1)L
AR L 7.

2-3 EEmMFEM

BIED NAT (&, MERAE AN S A7z iR (4
m) %O s Ei2kh, 135 7z ks =
LTEELTWD[14]. HEFELIZINE TS, FEBRHRD
REMEHRO D, H—ay 25 KEICAFTES bo-
vine serum % 1 FEFH7Z 1) Flv CRUR M 3R 2 FE3E L 72,
EBROEIRBY TIZL BoOMMME 2 Mg L LTns
720, MLEOMEREDTEAET 5. AR, MK EME A
Lo TRELREVI RV, MEESCERPEL L. £
2T, #Hzicay bOE% 5 bovine serum % 2 fifH (Lot
No0.463325, Lot No472959, GIBCO) H 7= L ik %
fED L7z, 25D bovine serum &, 2 2Hid X )1
B X7z 4V AW (107 ~ 10 PFU/mL @ HSV-1 #2/)
L9 1 0EAETERSEL, 10~ 1PFU/mL @ HSV-1 %3
EFEN T2 bovine serum % 2FHER L 72, F 72, MK
PRAFI & LT, 1RFE W% ACD-A i % bovine serum 100
mL IS LT 15 mL Nz T, Sh s 2 RE & L.

W OWFE T L 72 bovine serum & 4 [\ DR A5
Td % 2F¥ D bovine serum DY ¥ /87 B2 R 1LIIR
§. Fob MEEREOMBMEEZ IR T 720, 280
WHEMED ST L 72 Moy v 87 Ha bk L7z,

3. £ B H &

3-1 LAMP &%IC5 2 2 MiBEGFEDHE

FH ST/ EOWZET, bovine serum 25 LAMP % H K
RSB EMET L/2[8]. 72720, ThECIC 1D
bovine serum L2EH LTHB 53, LAMP #1252 51
EHEAEOEBIRF STl o, 22T, IMiEHE
REDELZ TR D 720, BEEMERE 252, mH
LAMP L CHEETHMIEZ T 72, 2. 2HioXHITHEL:
10~ 10 PFU/mL ® HSV-1 D A& N2 4 VA%
94°CC 10 7 MIZE W L 72, 80C T 30 ML, A4 v

g1 UVt e MLEORS
Table 1 Component of bovine serum
and human serum.

Component Total protein
P (g/dL)

Bovine serum 73

(Lot No.382245) ’

Bovine serum 79

(Lot N0.463325) ’

Bovine serum 30

(Lot No.472959) ’
Human blood (A) 7.3
Human blood (B) 74
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AR E BT 5 2 & T, HSV-1 DT %1572, RIZH
LN EE D HSV-1 15T & bovine serum & % 1:9 @
HAETRA L. 2o HSV-1 &= T % & bovine serum
1 mL 128 LT ACD-A i #Em (015 mL) 72z 7.
Z0%, BIETHIELZITV, USE#T L7z, #aT ol
TEiZ 1, Loopamp DNA MIEGIEF v b CRWHMLE: (BR))
2L, 63C T 60 2 OMAR T3ROS 2 1T - 72, 80
CT24MRL, BEE2ERIGET LI & THIRMKLEZ KT
L7.

B, TOERD KL OREHIR LTS5 EATV, BB
IZOWTHHERL 7.

3.2 KEMAFRF LS D71 IV XiGH

2:38iowa v b DS HEHRINEFE Z G, SEME

ZBREE LAMP 320 L7z 4 VAREDSLL T OF
NE-CHEME S 7z, RIEERD 5 MATV, HHREICOWTHE
L7

3:2:1 TAIADHR - B=ME 10 mL OBFME R
R AEELEPERABEZ AL TCL 70 R 7I2L D06
mL/s OEETHTI L7z, TOEMEICE D, £ To HSV-1
AR 22 R A S 7.

3:2:2 TVAIREHEEDBER 7 AV AORHNE, G
BEVErhZe kB2 7 v 7 1) SDS (sodium dodecyl sulfate) &
i (1%SDS, 0.2 M NaOH) 25 #MHRL, 74 VA
ZALFEIITER L 7.

3-2:3 EIRFHBE HHOL TV AV AWE R
L 72 t%, B2 2 B Sk E) AR S (TAE-
buffer) HIZR L, EEEPZERE L BB, HAE8ME Bk

ELT35V/ecm OB % 550 BEINL 7. EEEP 2R
i L AEBMOBIIZ PER AT 5720, ZOBMEC
£ 0 EEMERZRR A S B S Mzl s T, Bk
SR ORI 100 uL HIZOARFFET B8], TDXH I
B SN E T R SRR R AT L 7.

3:2:4 BEETHEIE LAMPBEICERIETE S h/-#E
EF 2 &R EHON, LAMPEOMERETH S 2 ul %
B L, BETOMEZT- 7.

3-2-5 HIEHEROBT B THIEEDOND 2 ul
%, 2% 7 AU — A7V CTESKKE (10 V/em, 50 5) L
7%, TF VA - Tu~A NIZXoT10 Mgl 7.
BRI I NERINRIES L, CCD 7 A 12 THdE L 7.

4. £ BR # B

4-1 LAMP &ICEZ 5 MiBEGEDZE

AREITIE, LAMP 3 HARDME BRSO Z 5 72
O, vy b o R % 525 8 @ bovine serum (Lot
No.463325, Lot N0.472959), HSV-1 &fx T, 8L ACD-
A D SR S N7 BRI R 2 W RS &2 17 - 72,
REMZRERZRLITRY. FHL— M, 5 -HEE
FEYI DY A X (base pair; bp) DIFEE & 72 55T % 4 A~ —
HTHY, 4 XOHNIL bp THILENAE., AL —
1ORY T4 73y ba—)uid, LAMP (2 X % fs 15
RSB IEF AT NIz E) ERT DT, T 2IT#E
BTNy FABNR TR IER ICHIRIG 2T b2 &

BERLTWA, HIZBWTL =V 1IC#EETNY R
NTW5ZERSMIBKISIZEFRICITbN I ENby

(a) Lot No.463325

(b)Lot N0.472959

1 ACD-A % 7L 721iEAS LAMP 8:125. 2 % 5%
L= M 5 FHAAX~x—=% (bp), 15 KIY T4 73y ua—),
2;%#F 473y a—), 3;10PFU/mL, 4; 10° PFU/mL,
5;10* PFU/mL, 6;10° PFU/mL, 7;102 PFU/mL, 8;10' PFU/mL,

9; 10° PFU/mL.

Fig. 1 Influence of serum containing ACD-A solution on the sensitivity
of loop-mediated isothermal amplification.
Lanes: M; Molecular size marker (bp), 1; Positive control, 2; Nega-
tive control, 3; 105 PFU/mL, 4; 10° PFU/mL, 5; 10* PFU/mL, 6;
10° PFU/mL, 7; 10> PFU/mL, 8; 10! PFU/mL, 9; 10° PFU/mL.
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5. L=r20x T4 7ay ba—)viE, EETHIEC
i N7z ERD T DS 7 4 VAR BIETITHY (2
VIR =Tay) ENTVBRURIEIDERTEDTH
L. WL —2 2 I2I3BEF Y FHBRTWRWE &
5, BEFHIRICELON-REDT LY I A —T a3 2%k
WZEERRLTWS, MOL—r3056L— 91, 108
PFU/mL #*% 10° PFU/mL ¥ T i sk iz & %
NTWBEHSV-1DRELZRL T3, 10°PFU/mL & W
I fiiiE, 1 mL ORI HSV-1 25 10° PFU & %
NTWLEVWIEBEKRTHL., ThHDL—r3nbl—
91Ny FAHNZSA 1, BRI HkO@ T NV F
THHIEZEKRLTWA, HSV-1EIETDOAROFREZ 5
G & L7286, LAMP ol IR 1,000 PFU/mL Td
S5728]DWIH LT, gy bO® %L 5 2FHED bovine se-
rum AL, HSV-1 B THREEN TV AIZH b
573, 4 T® bovine serum IZBWTL—r 3061 —>
912 HSV-1 ®@IETF Ny FidENad o7z, 25 HAT
STETOEBRTHBOMENRONZ, T LD,
LAMP 2 BRI ORI BIER % <, R I I A
GENTVDE LBEETOMENfTON LW EAIREN
7=.

4-2 FREZEICEZ 3 MEEFEEDOHE

v hD¥7% % bovine serum % 2 fi%H (Lot No.463325,
Lot No.472959) i ] L 7= #5545 i sl & R 4is, ARk
VX B IS R OB O W THRE L7z, Z0fRE
21 RT LI, BTORFHIBVTL—V3n6L—V
8 ¥ THSV-1 DEIE TNV FABHATWEZ s, Oy

uf IH!H” L

(a) Lot N0.463325

bR L BRI S T3 10 PFU/mL UL Lo
HSVAAREEFNRTOWILUEY A VAT RECTH -7, 2
® 10 PFU/mL &\ ) B, #MZEomse T, 1/ O
bovine serum % i [ U 7z #5451 % 3R 2 6 RIS L7236
EREETH Y, Tz ED73HHHD bovine serum TH
5L, MEFEGEEOEELZZTLIERTANVAD
MHBDSTRETH LI L ERLTWA, T2, RO NAT
LD LEI0FEECRBEETH Y, MHEMEAREDOLEMTIC
BOUTHWMD THBEIZYA NV AZRHTE 5 2 &2
TTHDOTREINT:.

5. & =

FUAMGEA %S 2 & T, MADMEES 2 TH-—TH
HEWH ZEF RV, b b ORI X ) KER
Wb oo, MAOEHOFRE, EHNE, AHOEIE,
H % QAR EFHESIECDSD D, ZHUtE- T
Wy 2y, TNVTIVRIELDET DA MBRT DL
B9 5109,10]. NAT X, Z® X5 ZBRITIMHE 2 0 5129
HiZNTWB7280, MAEORKRIEELZ RIFTT & O
HENTWA[1L]. AWgeTid, MiEmAEOLLETICE
WTHIHDTLAMP 2 X B9 A VA Z T o7z, &0
FER, MR B D S $ AR I bovine serum
HAFAET B & HSV-1 O {n TR A HE L, LAMP O &
TIEYANVAZMBTAIEIETE Lh oz, 22T, K
SrHERERE & A B BEVE TP AR & H W 7o AR KA T AR
D B L BE MR R A2 RIS T AV AR E sz, &
DFER, By FORLZERMEAEETH2 510

(b)Lot N0.472959

X2 ACD-A AN S N7 IEREHI 3% 7 4 L A
L= M 5 FHAAX~x—=% (bp), 15 KIY T4 73y ua—),
2;%#F 473y a—), 3;10PFU/mL, 4; 10° PFU/mL,
5;10* PFU/mL, 6;10° PFU/mL, 7;102 PFU/mL, 8;10' PFU/mL,

9; 10° PFU/mL.

Fig. 2 Viral detection using metal-coated hollow fiber membrane for
simulated serum samples including ACD-A solution.
Lanes: M; Molecular size marker (bp), 1; Positive control, 2; Nega-
tive control, 3; 105 PFU/mL, 4; 10° PFU/mL, 5; 10* PFU/mL, 6;
10° PFU/mL, 7; 10> PFU/mL, 8; 10! PFU/mL, 9; 10° PFU/mL.
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PFU/mL L EDO 7 A VARG EFN T IEHHT 52 &
U HETH - 72,

ARBAED MG BARZE O EEZ T o701k, DT
DM EZZ bN5L, BEMPZREIL, BEoOMILEE 100
nm PLEOPRE IR L, MALERM O E LW X5
T EERRE 2 A L T\ b, EEM 2R 2 A L ORI
HRAREZWET 52 LT, ML D DK E WV HSV-1 I3
WICHiR SN 5. SIERE P ZERBEOMALEL D /S
U bovine serum H#K & 78 7 B 5L, i I NTIEE
WY HTF 5. Ko THRAENSR & % 2 B SRH A E
PHEAEL T, BOEEREIC X DMK Brhs:
W, EEDEBR ST LR, FOBOBETHEE
BB L OV LAMP 12 X 2 #in T OMIEAIEF ICITbh
LD EHBRING, Dbl brs, EEEHELREE
P L 7oA Ak, MR sSoLEicifizshsZ L
B, BELEIANVAKREZWREIZL, IhETIZR
ELHLOEEREIANVAREETHLZLERLTY
5.

B, ABAER, &5 MR 100 Wl A5
2 Ul ZE G OB W T WA, W NAT IZ#EHT 5
P TNEIZ200uL THDHZ L #EET 5 L [15], #EisT
S HE AR A 100 L 2 TR T &, MHIEEIZS S
50 LT b0 EEZLND. I NIRRT,
NAT TlIB22 D TE %W 1 PFU/mL & W D THE
WIRHINEE A EHRTEZ WML RIET 25D TH 5.

6. % & &

AR TlE, LAMP i LB 2R BEefH L7z A v
ARRA PN BT 2 MLIE AR E OB OV THRE 217 -
72. FTOMERE, Ty DO S bovine serum %= il o 72
BRI B LT, bovine serum 3k % 787 H2:0
HEEZIITI, £TORICB VT 10 PFU/mL @ HSV-
1 3E ENBERNE R T TNV AEZRBT L2 L0
T&E7. ThUE, ARAEDNERD NAT TIdk LAz W
ERIGHE Y A OV ARAETH B L WIS, M5 BRI
L THRELTTA VAN EITH T LHTE B9,
PO E LD THE I LERL TV,

SBIEAMIE T L7z DNA 7 A )V ATH 5 HSV-1 D
b DIZ, RNA VA4 VAEZMH L CAREREICBIT 524
WEER LT PETH L. T2, AREHEOE L B
WISH Z HigL, v MHEROIMLTE %2 35S IHE 2 # T
CFETHA.

BE AWEO—EIL, SCERHAE R AR B &,
HARAZREL - JLi oS A i JE IR B 4 5 & VARS8
SR IC & o TiTb 7z,
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BE B x2HTT by UY)

K 8 AR AL T3S0 BT TR
. L 10 4E R &K S BE LA ge BHis
BT THEHELE LG T, P 13 ERK
SRR TS e R0 BT LS g+ 5%
RS T, [ 4R [ K S A Ak A R 2R
fili. PR 16 4E M2 Bz, BIEICE 5. M

i

W 7 AV AOERIZRAT A, BARE, R0
L SRS ARFIEICEH. T (7)) (LB L3R .
HAERET SR, HARRGHY S, BX%E, B0

WEFEORH.

At FZE (F25 HA2F)

BEFD 52 4R AL B2 R Bifs LA s 7.
AN 53 45 b 15 8 5 K A2 B IR A 78 B
SH YRR R, FAERKEFE. TP
2 ARl T2 R A3 00. FRK 3 4F Al Wh #d%.
WK 9 R EE, BAEICESL. B E G )
LERES OMTE - 7 4 )V A EBRYR 0 [ 4
BB, BEN R & OSBRI GLmI I B3 A F g, BERETEK
WC & B3 L WRRHEAM OB SE 2 L1 HEE. E (eiiEE ok
).

HARRERE L84, HARRBIRGS S, HARERHNSES,
BEMS »£: 5.

=& FER (3% rrvY)

B 51 A ki TR P ER LR .
[ 4F [ RS A LR B F. BT 62 45 [/ K
ISR T LR, Bh#EZ % TP 8
EREPE. K 13 4E R R SRk Atk T8
Wig, BEICE L. O, AR,
AT X Bt vy v 7, MRS
DR, SEEIETP 2RI X B ST % SR ICHE
H, T (bimE k).

HAERE L5, BRFa, BTNRERESRS, HAKMEN
Bss, HABEZSZORH.

BE ¥Z (7UHY TVarvy)

B 49 AR s TR A LR A,
A 55 AR AL E KPR bl E s 7.
[FIAEAb gl T3 RSB TRk, BRI 58
AR Bz, WAL 61 4F [ K 2206 H B T4
BBz, PR 4 ERE. PR3 FRY
AL AR TR 2, BEICRE S, N+t
A, RN, EARWEE, BREER LY R S ORI
. TR ik .

HAREMRET %, HARERSGWY:S, Bl Ees,
WAFE, HAEYWIES, HARBEEEORE.

At B UXFY FHL)

BRI 52 AF ALl TSR AR TR AR,
[ 47 H 32 T3 (B B JERR AL, [W4R (BK) H A%
BUEFT R A A LT, EEIEMZR ORI
BEFE. WA 56 4F X FFAE SO 3, PRGNS 3

Zrl & U728 EEHIE o IS 78 B F 12 hE ‘%’g.
PR 24X D, BBk 22RO S £

JEICHEF. BIE, NIX.Inc (=v 7 RA) RF—T I Nf TRV
FINV—THATEENA AT LY F b, i (D) deiffd
TERF).
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