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3} nested RT-PCRO| A &= 159 = 3933} 19 qho)

HAEHAH

H B

A ZZ &EY (haemorrhagic fever with renal syn-
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vpo] 2] 2ol thated FLF FA A7FE dehlider, A E 5ol primers AHE
ghuto] 2] 29} A-gutoj e} 2 primere] ] RNAZ}

#elsla glov oAzt a3 Ql X & efelt
A5YL AdsEA =g Aeioltt?. 1989 ol &
Hed 98 239 N2FEYY B3 Yoo
2HE Eg3 gdgutolg] A ROK 84~105F5
suckling mouse < oA T}Fo 2z F24A171
& HtolHA 28 oA £ AAT F 005% £
=902 385 A7 APl (BLISA; 10240
units/ml)e] 7} %=] QL o},
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ARRY =2 E songod? BN = 43
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155%% % gxtel A TG WY A
oFato] whe} wely) 3~79), AW ), B
=71 B3~79), °o1w7] (FE-F) % 357 2~
Vi9) S¢ 5712 ded. 4ZF2ud §
AHetd At oz ALY AYAY (indi-
rect immunofluorescent antibody technique, IFAT)™ o]
7F3 de] o] &Hm glow, 1 9o HELS
A (enzyme-linked immunosorbent assay, ELISA)7),
Zetazta F3AE (plaque reduction neutraliza-
tion test, PRNT)?, & 727 2 2] ¥t (hemaggluti-
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Hol A4 9219 893} NF 2R BAZ
5218 1599 84 Agststh ALY Fo
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77 -80Col LRt
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2. A EAY (IFAT)

0)

[FATZ gghutol 2] 20 A& A7l 3l
ek} A gulo]# A 7Y Vero E6 (African green
monkey kidney, ATCC-CRL 1586) Al £Z 12~18A]
Zb i o3} spot slideE Y2} ol ECZE 108 IF
J.’Q 3 F F7] FoA A=A FE 1A ¥

2 Z} welld] 22 €345 20 WY 713 3 moist
chamberoﬂ o] 36.5CA 308 7t ¥re-A| 7).
W-3AI7] slided W2 AALF 2GS (PBS;
0.01 M, pH 7.2)Z 33] AMH3l1, THTE 13 A
2 o A2dA AzAFY 221 382 FITC
goat anti-human IgG (KPL, USA)Z 8~16 unit2 2
Zshed 20 Y 74k F 14} kg3 UG WY o
2 ¥Rl & A3 3 [dz3te] mounting media
E 7}5tn SelElE Yol REn A (Zeiss,
Germany)S. & 5So] &33928 3k (x400) 3}

Aot
3. EAMIEXW (ELISA)

L%--?—%gﬁ $ate} YoM £ ekt
o]2}2 (ROK 84/105F) Fd& JALFHIF
(PBS; 0.01 M, pH 7.2)2 1:10002.2 3] A} 3}ad 100
pl& 96-well polyvinyl U plate (Dynatech LAB,
USA)2] Z} wello] ¥ &} EE" Z 4CAA 12~
24X)7F E9F =ol £t 1 & 0.1% Tween 202
A7 e QST AETR 338 AHF £ A P
& 5% skim milkk 2 1:1005-€} A& 3243} A

7] wellell 100 pl¥) H—’,‘—%}__{L 36.5Col A 45~60%

S AR T FLE PR AHste] 11000
o2 34" peroxidase-conjugated anti-human IgG
(KPL, USA)Z 100 pi& E-723te] ¥he A7) & )
a1 71 A8 (KPL, USA) 100 ulg 7}t
365ColA] 3083t W33 3 ELISA 3484 (MCC/
340, Finland)Z 405 nm #3} Ao OD. &S &
skt

2) ELISA IgM

#ekulol 2] A~ ROK 84/105FF suckling ICR
mouse®] ¥ o]l HF3te] w7} LAY et 6~8Y
Bel Mg FRASE 2Ast] EN ol
ez Wale) AEEe) W} vhol) A% A
8313 & o A8 IgM-SaﬂdWiCh‘ﬂn
oz AAsAT A% (PBS; 0.01 M,
pH 7.2)= 1:5002. 2 3|2 ¥ goat anti-human IgM
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(Tago, USA) 100 ul& 96-well polyvinyl U plate
(Dynatech LAB, USA)®] 7} welle] o] =X 3
4CAA 12~24X17F < W3t 0.1% Tween
0 FHe QULFND52 3 AR F B
A BHE 5% skim mikZ 1:1005-8 At 345}
o A7) welle] 100 W EF3ka 365THA
45~60% 7t WSARY FYS PHoz A
3+ & 8~16 unit?] FYUE Z} welle] 100 pi¥ £
Faod 4719 5US Yoz HeAD F A
A3l 1:10002.2 3 A hamster anti-Hantaan
serum< Z} wellol] 100 W B33} wk-gA)|7l &
A A3} 1:10002.2 343 peroxidase-conju-
gated anti-hamster IgG (KPL, USA)2- 100 pl¥ ¥
Fao] whg A7 F AFetAn A1 A 89 (KPL,
USA) 100 pl-& 71she 36.5ColA 308 7+ w23t
3. ELISA %37 (MCC/340, Finland)2 405 nm %
Bl A O.D. #& A5

4. DB SUXSEUS (HDPA)

AEFERAL A volH 2 Behulo)e]
29 A& B8A S YA} (HDP) 7H2hA ]
E | EAete Sehulol 2 & 3|
st} Rl-gAgel olg AR VAP
24 FAne deviolszd e P #5E
@A WAl Geriol (Hantadia™, ()
417, Koreay® AF8sted Al 23l Abol N A et
ol hek A4 SRt

V& 96-well microplate (A&T Co, Tokyo)o| 73
At 83 & 12008 343t A3 F welld]
A ZpzE 25 WA EFeta 3R welBH HF
well7}x] A 542 STk Seitole) 2 34
o2 FRAAFNA &2 Ul HDPY 25 IS A
& wellel k7t BF3hn @aulole) 2 g
HDPH 2 29 wellX El HZ wellZ}hx] 25 s B
% & microplateZ microplate mixer& A}-£-3a]
oF 10& b kg & 604 It 2o FA T &
A3 HESok

5. Z2t3Z4A4S3A Y (PRNT)

FargA o EA9 2 9rHE 337 96k
PRNTS XS, B4 WA Az
£ L100]g oy g 24 A 3 Mele] HE &
gaztis FIANIE AAIEA Y. A" HA)
100 plell 200 plaque forming unit (PFU)2] &Heks}
A gutolH g 217t T 2 T 4C YA
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oA 16A|7F &AL AL o] &3t F3A7 o
£, nlg] &} 6-well plate (Linbro™, USA)) 4]
&2 wj ¥ Vero E6 Al Eol] A 2E 100 py &
B E8t 36.5T, 5% CO: wj%7] oA 608 3+ &
TR Z o}

£gd94L FF F 12 Fd FHMAE 2 ml
A7bste 23 g 36.5T, 5% CO; vl 7] ol A
79 7t v} Fs}a, 5% neutral redE 53 23} 3
A ZFHWAES 1 ml A7 T 2~396) 24 o}
Ehvte dheulol g 20 Feta o FF Al4teke
FEFAE 2Rt F3FA L vl #
2 23 E 50% °|F A T|= 8 s
o] ¢ EH BASATH

6. T8t EA 1482 (PCR)

E

Mlolel s A4E F237] Asiol volel 2 2
o} (HTNV: ROK 84-105, SEOV: HR 80-39) 150 pl
o] TRizol (GibcoBRL) 1 mlZ H7}&}1 vortex Z
Z A2 thg, 3l 5% 2 FRAIZ] F chloro-
form 200 pl2 HF7t3k = 2 TFA| 7] 5 AR
2] (10000 xg, 4°C, 30 min)3}o] ArZ -8 E-g]3}
12, & 7]l isopropanolg- 1 volume 3 7}3F & RNA
AL Ak -80TAMA @ At o) FA A
5 94152 (10000 xg, 4T, 20 min)3t 1, WA
RNA pellet8 75% ethanolZ A 2]& & vacuum
dryer2 7AZA1Z] o2 10 ple] DEPC (diethyl pyro-
carbornate)-treated H,Oof| A @ €t 8t A}&-3Fd o).

E A7 A nested RT-PCRol| A}-&3}F 249]
primerE-2] oligonucleotide sequencex Table 13} 2
t}. Ao} A-8-3 primers} 13 PCRo]| A}
23 MOF1033} MOR204 primers-& 3e}vlo]
2 B 38 FHAF Gl @A FHY R
£ 7 E MEAEAA fR=Eden), dA7R)
e grebutol g A Foll &3t nlolf &5
714D F w0l 712 2 Hol Yol 2E et
wolel 2ol M AR 1 £ 2 4
3t 1L, nested RT-PCRoY| AH-§-8 &t 2] i &
A @-5o| primerE2 Z+F TERutolE] 29 nu-
cleotide sequence % 12} PCR9)| o] &le] SZ | A}
2 DNAWSIA 2t BH %o nzo] & ol 3}
= 2904 sl g,

DEPC-treated H,00l] &3] 5] o] 3]+ 27}4] ufo|
2] 22] RNA 10 ple 1 pl (1 pmole)2] primer
MOF103 (Table 1)-2- 0.2 ml thin wall microtube©]]
FA7tsted, 108 2 70Tl A 7tEste EE3)A



Table 1. Nucleotide sequences of Hantavirus genus-reactive and serotype specific primers

Name Nucleotide Primer sequence Sense Products
position (bps)

) MOF103 1190-1212  5'>GGACCAGGTGCAGCTTGTGAAGC<3' + 490 bp
Genus-specific /o R204  1661-1680  5'>ACCTCACAAACCATTGAACC<3' -

HTNGI1F 1343-1362  5">TGCAACGGGCAGAGGAAAGT<3' -+ 285 bp
v HTNGI1R 1604-1625 5S'>GTACTGATTTTAGCCTATTCTC<3' -

SEOV SEOG1F 1343-1362  5>TGTAATGGTCAGAAAAAGAC<3' + 289 bp

SEOGIR 1607-1629 5'>CGTAGAATGGCTTTGAATCGGTT<3' -

L12345678C

A

- 300 bp

- 300 bp

Fig. 1. Agarose gel electrophoresis of nested RT-
PCR products. Nested RT-PCR products were ob-
tained from the sera of patients with HFRS by using
HTN (A) and SEO (B) serotype-specific primers.
Lane L: 100 bp DNA ladder size marker, Lane C:
Positive control, Lane 1 to 8: HFRS patients sera.

71 th& 40CE 2] F upo]2] 2] RNAY primers:
annealingA] %) ©}-2 RNase inhibitor, 5X reverse
transcriptase buffer, 2 mM dNTPs mixture, 0.1 M
DTT, 10 unit MMLV reverse transcriptase, cDNA
synthesis buffer® A 7}3 I Gene cycler™ (Bio-
Rad, Japan)Z ©]-§3lo] 40Tl A 90% 3t 18]
95TolM 5% 7 LB F 20 e Ferlol
2]~ cDNAZ A9 A&4H o2 PCRE 4
REELS

RT-PCRE 10 ple) cDNA9] % 40 ple] RT-PCR
mixtureE & 7}8te] A A3 o} RT-PCRS Gene
cycler™Z o] &3} 303] 2] thermal cycling step.o.
2 ZZ A7t} Melting step& 94Tl A4 30%, an-
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nealing step2 507Co|A 30%, 8] extention
step2 72700 A 180 2 30 cyclesS ¥ A1 7 F.

7. @MY S0| AYMA Bh BHESAY LS
(nested RT-PCR)

12} Z£Z5 DNAE ¥ A% Eo| primerg ©|-§
3} nested RT-PCR2 311t} Hantaan virus prim-
er (HTN GIF, HTN GIR) & Seoul virus primer
(SEO GIF, SEO GIR)Z #%% Eo| primerE ¥
3+3l = nested RT-PCR mixture 48 pl-& 1x} PCR
2 p1o} d71etd Gene cycler™E o] &38la] 303]
9] thermal cycling step 2 FZA]Z{T}. Melting
step 94Tl A 30%, annealing step2 50T ol A
30%, 18] 3L extention stepS 72To|A 18022
30 cyclesE ¥HS-A|F o)

8. MIlFE

Ethidium bromide® 3 &}5}= TAE bufferE o] &
gk 1.2% agarose geloll 4] 10X loading buffer 1 pl<}
ZZ3 DNA 9 ul-& 305 7+ 100 volto] A 79
Z£3}a], UV transiliu-minator (Model SL-20 DNA
Image Visualizer, USA)Z o] -&3}a] Polaroid A}31-&
A9l i1, DNA size marker=2+ 100 bp DNA size
ladder (GibcoBRL)E A}-2-314 v} (Fig. 1, 2).

24 -El'
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NESEHHC| WA HAL 4% bR

AEFEPIR o4Ho] A dFE 83
SANzE A4 19e] shdvio)e]zd] g
IFAT, ELISA (IgG, IgM), HDPA 131 PRNTZ
ghebutol ] 2o gt 84 H7be Table 29 2



t}. IFATS} HDPAS] & 3371t S A7
47} 1,024~32,324 18] 1,280~40,9600) %] 1,
IFATE t} ZhAd o] -2 ELISA IgG 2 A) 7 o)
g A9 E zte F3A = 22 800~51,200
2283 40~2,560 Alol 2 8% RF A uEhyt
o, P27 IgG A7t Vehtr]l A £ B
Aol FJE A7 243 ADEHE ELISA IgM
< IgM double sandwich®] 2.2 2}7} <100~51,200

L9101112131415CN

Fig. 2. Agarose gel electrophoresis of nested RT-
PCR products. Nested RT-PCR products were ob-
tained from the sera of patients with HFRS by using
HTN (A) and SEO (B) serotype-specific primers.
Lane L: 100 bp DNA ladder size marker, Lane C:
Positive control, Lane N: Negative control, Lane 9
to 15: HFRS patients sera.

Aol 2 1o e A veikta 278 A9
g 5N E EA3 £ FAE Bastn o

Aot

2. MEFEEY BXtollM HEH el S5
7ol Bl

AZF2Ed= 339 1599 A3 o
gk 3hetulo] 2] A (HTNV84-105)9} A -&ulo] 8] 2
(SEOV80-39)]] o gt & FaA o} Z3l3ha)e] 97}
€ Table 33} 2t} IFATO 23 A ZF28Y &
Ao ghehutol | 2ot A & utolg) o] G P
FAe dFE FLaHon 449 $x Ao
A A gulel gl xRt Jekutol el 2o Tt Y
FAZEZE 29 2% 189 B2 A A& v
S I M- S led Ll S R Ea i o g
4] A vrepsioh. PRNTO)| o} @ 3518k o] o
7he 159 FolA 1292 ghghuto) 2o dis)
F3gA7 A GeERg D, 298 M gulolg &
o s} F3gA st =A Jebdio] 318 xjo)
€ vehileo] 843 BH & £ol3lA stgen

ez

4718 YERIRT.

= 35tshA|2} nested RT-PCRol| 2[5t &% &

PRNTE %3}34) 9 7}¢} nested RT-PCRE A&
F2¥d g EAHEE vmIt A3 Table 3

Table 2. Comparison of serological diagnostic tests from doubtful HFRS patients against Hantaan virus by

IFAT, ELISA, HDPA and PRNT

Antibody titers against Hantaan virus by

Code no. Patient no.

IFAT ELISA IgG ELISA IgM HDPA PRNT
1 KHF99-05 2,048 12,800 <100 5,120 1,280
2 KHF99-16 16,384 25,600 12,800 10,240 40
3 KHF99-27 4,096 6,400 12,800 10,240 160
4 KHF99-32 1,024 800 200 1,280 2,560
5 KHF99-52 8,192 3,200 100 10,240 40
6 KHF99-66 4,096 12,800 51,200 10,240 160
7 KHF99-80 2,048 3,200 51,200 5,120 640
8 KHF99-82 32,324 51,200 51,200 40,960 80
9 KHF99-30* <32 <100 <100 <40 <10

*Negative control serum
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Table 3. Comparison of IFAT, PRNT and nested RT-PCR test in differentiating virus serotype from the sera of

patients with haemorrhagic fever with renal syndrome

IFAT PRNT nested RT-PCR
Code no.  Patient no.
HTNV SEOV HTNV SEOV HTNV SEOV

1 KHF94-30 4,096 4,096 1,280 20 - -
2 KHF94-71 8,192 8,192 5,120 10 - -
3 KHF94-108 4,096 2,048 5,120 20 - -
4 KHF95-56 2,048 2,048 1,280 20 - -
5 KHF95-219 256 256 80 1,280 - -
6 KHF95-225 8,192 8,192 320 20 +* -
7 KHF96-39 256 256 1,280 10 - -
8 KHF96-74 2,048 8,192 640 1,280 - -
9 KHF96-129 2,048 2,048 1,280 10 - -
10 KHF97-18 8,192 8,192 160 160 - +
11 KHF97-176 16,384 8,192 10,240 10 - -
12 KHF97-204 8,192 2,048 10,240 10 + -
13 KHF98-4 4,096 2,048 5,120 160 - -
14 KHF98-8 8,192 8,192 10,240 40 + -
15 KHF98-127 128 32 2,560 160 - -

* +: Hantaviral RNA detected from a patient's serum
* —: Hantaviral RNA not detected from a patient's serum

4 Fig. 1, 28} 2t} PRNTe o & 314 947}
Z 1599 @z F 12982 dguiol 2 agn
292 Agntel 2 BHFPom BEHE 5 UM
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K
1l

e

N
o
)
i)

43 ga B e Bt
_]

a8t $hale] 27T R AH} X8E 9
3tod A &eta A& A kel a7€Erh
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o FEAGE WE § Utk £ H o] vy
Alefol B g glon wgAzto] Zm BEo] &
ol3te} At A AAA AN T HA ALeE 5
1= HDPAZ} o] &5 1 glem®, €33 Eo
primerE A}-8-5= nested RT-PCRE 7] 9] [FAT
SRE HAEY & UAY Hlolg 2 FAL e}
Hlol2l 2~ 3 Y et A& 5 U

ASF2ELE 4= HA 924 89
X2 W oz Fekutolgl 2o )3t IFAT,
ELISA (IgG, IgM), HDPA 18] 11 PRNTE 433 2
3 gedutol g 2o diF A Arle 47 1,024~
32,324, 800~51,200, 1,280~40,960 723 40~
2,560 Alol 2 8% EF #X3] A veEldon,
$ 27) g6 FH7F YEhgr] A e EA )
AR HATG7t 2435 ~WHE ELISA [gM2 2}
Z} <100~51,200 Alo] 2 1 & 5o e o 3}
AE Bf3ta glo] % g BoAr).

IFAT$} HDPA= U X & (% agreement)©] 98.3%
olH® WA NEF2HY QAT 257
ol &5 Yo} I[FATE ZAujk A d7 g3
dn7 5 539 Ado] "estm, vEolaQl
g0l v ZAlAle] S¥o]l 8 FE T gle
o, o]oj] ¥ts] A HDPAE 53 A|do] W )
1, Z7to] 7hdsle] 1A Yol A2 & 4 9l
£ 2713 Al2slo 2 A5t} ELISAE A] <}
I Au7 "Beshy dstm wZEsl o}
IgG 2 IgME FA| o) vl @ A3t Bhale] A4
AR =& F F dov HAH XEEs
At thFe) g9 gy} Er)9 sttt PRNT:
UZE7F es] 21 d3ES e 5 glo
v HApA do] 22 o) Aeln nxe] zAw)
& 71eS 23] H i 44 ]88 4 g A
o] Z Bygo =z x&Pr}

8 vl A A= AFEEE YD )9
REES TEHY AA =& FHA} 39 3
ghto} 2 A9} A Lulo) 2] Ao ofF WL 3o
Utk METAELAN AT 2HY Az 8
29 1599 ¥4 22 [FATH PRNT 18 1 nest-
ed RT-PCRZ ¥4, v) w3t A3 j 22 dekn]o)
2 29 M gutojg] 2o &) £ BN IS
Yetilon £33 FL3AY 2] 8o st
HEE BYm, 537 el e Shebutol ) &
oF A gufole] 2ol ha)A Feid HPPL 2
& 5 3lo] 159 F 1292 debulojg] 2o O
8 MEgupolgj AR} o 33 /1E By,

o
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€ Bon, =3 192 Frgutol g A9 A gut
ol 2o & F33A 7t FLsATt

nested RT-PCRO| A = 159 = 33} 18 glo] 2z}
z} gheutolgjae} A-gulo]2 A primerdl] )3}
RNAZ} HEHA 2 Urjz] 114 & RNAVE H &
52 gton, ol NEEo FAL o] iy
F 159 o4 AF3 Al dFdheE HoA
9y x7]e] Y Fol YElYE Hlolgls ¥2
(viremia)o] 2| %k5-& AJALEY, 8] Ugte) AF
F2¥Y IAE RE oY 557} A3}
gehito] 2l 2o o) g Aoz Atz Hr).

metX AFFEEG V& A3
Aol met A L EAYPEGF E
A3t 7 ulg A R g Agste
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Comparative Diagnostic Studies on Serologic and Molecular Biological Tests
Against Haemorrhagic Fever with Renal Syndrome

Young-Dae Woo', Hi-Joo Moon* and Hyung-Joon Bae®
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Department of Medical Technology, Seoul Health College, Sungnam, 461-713, Korea®

The etiologic agents of haemorrhagic fever with renal syndrome (HFRS) in Korea are Hantaan
and Seoul virus in the genus Hantavirus, family Bunyaviridae. Antibody titers of sera from
HFRS patients against Hantaan virus were measured by immunofluorescent antibody technique
(IFAT), enzyme-linked immunosorbent assay (ELISA), high density composite particle agglutination
(HDPA) and plaque reduction neutralization test (PRNT). PRNT and nested reverse transcriptase
polymerase chain reaction (nested RT-PCR) was used for serotypic differentiation of Hantaviruses
against Hantaan and Seoul virus. Eight doubtful HFRS patients showed higher fluorescent, IgG
ELISA, agglutination and neutralizing antibody titer by IFAT, ELISA 1gG, HDPA and PRNT,
respectively. Five out of them showed high IgM antibody titer by IgM capture ELISA against
Hantaan virus, remarkably. Fifteen HFRS patients showed higher fluorescent antibody titer by
IFAT. In PRNT, 12 out of them showed high neutralizing antibody titer aginst HTNV, 2 against
SEOV and 1 against both viruses. In nested RT-PCR using serotype specific-primer, 3 out of
them showed positive against HTNV and 1 against SEOV.
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