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A Comparative Study on the Third Generation Tests for the Detection of HBsAg

Dong Hee Cho, M.D., Young Sook Choei, M.D., Ae Jah Park, M.D.
Kyung Soon Song, M.DD, and Samuel Y. Lee, M.D.

Department of Clinical Pathology, Yonsei University, College of Medicine
Seou!, Korea

The first and second generation tests for hepatitis B antigen(HBsAg), namely, gel
diffusion, counterimmunoelectrophoresies are considered relatively insensitive tests. But it is
not clear which of the more sensitive third generation tests would be most suitable for routine
use. Becausze radioimmunoassay (RIA) is generally accepted as being the most sensitive method
currently available, sensitivity and specificity of other third generation tests including ELISA
and RPHA with different commercial kits were compared with the results of RIA.

Comparisons were also made in terms of procedural simplicity, amount of time required to
complete the test and cost of the aszay kit. Study subjects consisted of 235 in-patient blood
samples requested for HBsAg test and 206 blood samples from voluntary blood deners in
Yonzei University Medical Center during the period of 5 months from July to December in
1980,

The results are summarized as follows;

1) The seropositive cases for HBsAg in 235 patients were 26(36.6%) by RIA(Abbott) and
85(36.2%) by ELISA(Abbott) (p>»0.05).

2) The detection rates of HBsAg in 59 positive samples by RIA were 57(96.6%) by
Cellognost(Behring), 58(08,3%) by Serodia(Fujizoki), and 54(91.5%) by Raphadex B{Ortho)
(p>0.05).

3) Of the 130 HBsAg negative samples by RIA, 11(8.4%) by Cellognost(Behring), 6(4.6%)
by Serodia(Fujizoki) and 4(3.1%) by Raphadex B(Ortho) were positive (p>>0.05).

4) Seropositive rates for HBsAg in 206 voluntary blood donors wete 5,29% by CIEP and
16.4% to 20.4% by different kits for RPHA (p<0.05).

The RPHA appears to be & very sensitive, rapid, and simple method for detecting HBsAg.
However, false positive results occurring with some sera needs confirmation by specific
inhibition or by testing with another methods.

In terms of sensitivity and specificity, ELISA appears to be a satisfactory method which
can be used in clinical laboratory. Alse it ean circumvents the high cost and problems
inherent iniRIA systems.
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Australia antigen 2 = = 2 5] <] 5] Hepatitis B surface
antigen (HBsAg)e] B& zbeg uje]s 23] E4z24
el A 4k agar gel immunodiffusiony e]F F
o dulelm AWEs E& HBs 34l Agug & A
wrile = el b A SEo H

WA rha) AurE W B 2 dnles] Alele] ==
=4 4 747 B 353 e} (Bureau of Biclogics, FDA),
& ) 1 4% 74} (First generation test)e]i= <F 10
pg/ml 2] HBs 34l 71 2% < ¢+ agar gel immu-
nodiffusion o] ¢leo=, A 249 A4 {Second
generation test)s] & <F 1.0 pg/ml ¢ HBs g8l & =
gk = gl counterimmunoelectrophoresis (CIEF),
complement fixation test, latex agglutination test
7 =lel] #lam, A 3409 = apy (Third generation
test)s| = 2.5ng/ml¢ HBs#lE ASH T Sl
reverse passive hemagglutination(RFHA)  test,
enzyme linked immunosorbent assay (ELISA), radio-
immunoassay (RIA) 7} &l v},

Gorke 2582 immunodiffusion §f 2.5 HBs 3}4l 3¢
Aa) gof-2 guke gale] s2%e] A zidl 8] B E
sargtst $4¢] HBs bl S48 & o Folx
e o] 16%, b agle] 2P EAH Py
4 # A e gle}, o] FellE =HE virus 5 AY
7rel wpelal &2 EF& Av B ools] g o R apelelZ
(#] & o], non-A, non-B virus, cytomegalovirus,
Epstein-Barr virus %) #+5 glal=lqk HE:z #}4] =
atwe] dg s Agsinzy HBEsE Y 4154
o] Hee| Syse] Ndg Yo HoeB AP
3] & Fd A FLAe screening 4224 Fhale]
Aletd 2dle] RIA & M=) e|n] 2deo]d
A Ful=ls] HBs a4l <48 «15 A4
selvdelis ) zAld P o EEe FHAE A
Apebm gl o] HBs#h4l obd-del #isks] =& el
e ALY e] g,

elel] A 49 H 34 Dol Sehe RIA,
ELISA, RPHA 9] «l=l%, B4, P64 5
A4, V458 delsbd el A ol Aol A4
ez Fha Al iaE T AEsgh

HEME 3 Y

A) WEMHY

1080 THAE 1244pe)s] HBs gzl 4ot S5
M2 By Qdgal zasa} dlpd FEAL 2069
el 4 38k el g Ao gt rl

sa) o g4 ue]dte PAL WEad Fousr &
el SajAg ge] Fapbsle.

B) WEM=

1) Radioimmunoassay (RIA)Y : Ausria [ -125
kit(Abbott) & A1-&2leic}, o] kite]= guinea pig o
A o2 HBs &l = 23t il polystyrene
bead, #].Anti-HBs(human), negative control,
2] 3 positive controle] Eejgleh 2 reaction
tray, cover sealer, counting tube, well-type gamma
scintillation detector »} § & 5hef,

(2) Enzyme linked immunosorbent assay (ELISA)
W Auszyme [ kit(Abbott)¥ Apig)ed e},

o] kite]: guinea pig+|# - HBs#sl«] =g
i3 7 4]# A bead, Anti-HBs (goat) : peroxidase
(horseradish), positive and negative control, OPD
(O-phenylenediamine - 2 HCI) tablet 3} OFD &
diluent 7} Sojglek. ZLs]ef] reaction tray, reaction
tube, sealer, 1 N HCle] ®.a3l+}.

(5) Reverse passive hemagglutination (RPHA)
# : Cellognost (Behing), Serodia (Fujizeki) 5 Eap-
hadex B(Ortho)f] kit ¥ 4p&shgich

Cellognost «f| = HBz 14 & rabbit o = A} A
& g2 AR human O cellst o|2E %
suzpension medium ¢] S glch

6 Serodia & &= ¥A 24 g, guinea pigels o
& Anti-HBs 8 B4 Y7ol =PA3 A
F, dzYF, W24 Fgae] Fojdleh

@ Raphadex B¢l HEs #+y2 Chimranzee o
a8 4 o a7 98 = human RBC 2} Rapha-
dex B cell diluent, specimen diluent, positive and
negative control o] Fof gl =k

C) wEYd

(1) RIAY : &4 224 7, SA4d=33 i
wl A% 8 200pl4 reaction tray 2 7 welle] W3
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cjoi4] HBs[8rdlel] of 4k Skl § 304l bead § 1174
W osealer & o3 4] 4 sHEdF incubation Ek4
e}, sealer ¥ AlA sl3 2 well 2 E 4] F F<l st A
AgtF 5mle] SF2 28] gl 200p8 2.
Anti-HBs(human) & = well«] ¥t v}4] 4 sealer
B H3 45°C ghE2e 14759 incubation 3+%
ot 5mlé SRR 28 4 7 beadF el o
#) 5 3= counting tube & &7l g}, counting tube §
well-type 8] gamma scintillation counter o ge]
count rate & &3 4}, A # 4 net count rate &
negative control meanof] 2,14 F§ fre = shd ],
& (Negative control mean count rate—Background
count rate) % 2, 14+ Background count rate=Cut-off
value

74 % net count rate 7} cut-off value Bcl F
HBs 3t4l oF4d o & sdickslgdel, T4 ok x a9
count rate & Tt FHAZE B2 5] 54 o] 4be]
eiof o] FAle Alyde]l fl+ AR gt

(2) ELISAY : 4 =84 34, <Hddlzgd 2
Aok A E 200414 tray 8] 7 wello] Y2 o] o 4
HBs -4l =3 837 Y53l bead & Sk ¥4l
t}, sealer 2 g 1 40°C #hEFof 24 7}%<¢k incu-
bation £lgl . sealer & A A2tz 2} well 2] @35
Foate] AAdn 4~5mle) SF2 33 42 sk
th. 200 gl 2] Anti-HBs: peroxidase conjugate 4] af-£&
# wellel] 7hzlsich, 4] sealer 2 Wi 40°C dha
F4] 14] 7F%9k incubation 3¢ v}, sealer & A A sl
well 32 B4 E Faldld AAFn 4~5mle 5F
2 38 ¥ & o}, well =2 bead & reaction tube
& #7ldd . incubatione] Bvb7] 5~108xle] v
3 7] 44y (OPD) & 300 p14 = Alg3le] Yo 271
2 Blank Al g3 = 71242 gl 4] sealer
o o 24 2 zlelbabal 4l 2o 3027k incubation )
olvt. sealer & AlAala Hbdb3E 9132 H4 1IN

HCl 1 ml 4 & 7 A|4i35 Blanke] »}slgch. gk
3 EEHEA R 24 7ho] el HIF BFslgic),

FobEe AgE SAUIE AY Faoln ob4g
HEE 534 (yvellow-orange color)S =Hejep 2o
S9A e AR L AEE FER shgeh. 3l
Azt F4e|dl HBsahsl H4 22, 4 Z 8} 5]
it 4eo]w] HBs aF8l o wjof4 0.2 g5eg o).

F4524 &3 2 Quantum analyzer (Abbott) & 4}
43l mhak 492nmdl4 FFgel. Y S EZE
FHEF 010 de AL Al et BT FEE (Aneg)
T Aaksiddel &4d 3 24 o]y EHErE 0.19]
Aol A sk 2ol HA T FHxE #HFa)g
Aol 7k 0. 422y o= 2 AR FEE gL

Cut-off g2 SHHE8] AFFHEA 0.058 vig
ez stge, cutoff gEcl e FHREL A
HBs gl g42=2, cutoff 3t o] 44 =+ HBs &4
o 9] ak4] o B gHal4l .

(3) RPHA & : 5| 5] ofa} g4« rj£o] Ale|i=
dovt o ALE 9 3d Sga kel

4o o2 LAl Anti-HBs 2 zhals) A g5
2 A Alsl oF & plate 2] 2 wellsl] ¥ 2 olef 4 =4
o okf] AEaa L Yelel, plate mixer 2 F ¢
& & sealer 2 of 3 8le] Abclyl 4 2o 4 24] 21 incu-
bation F & 753 db3-& g ol

A7 T S3¥e s A LE S} o
A 2m Fest T8 A ebSed 236 F
T xS ddom a5t

4 # 4

A} RIA 2} ELISA g2 4%

HBs &}4l 2 <71 2]E]§ ql4d 3=} 23592 RIA g
ELISA Y 445 & I3 3geh,

Table 1. Comparison of EIA and ELISA for detection of HBzAg

[ e e =

RIA* ELISA™* Total (%)
B positive(%) negative(%)

positive 83(35.3) 3( 1.3) 86( 36.6)

negative 2( 0.9) 147(62.5) 149( 63.4)

Toral (%) 85(36.2) 150(63. &) 235(100. 0)

* RlA: Radioimmunoassay.

** ELISA: Enzvme linked immunosorbent assay.

po=0.05 by MeNemar test.
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Table 2. Clinical conditions of the 5 patients with diserepant RIA and ELISA results

— Rezulis Clinical eondition -
RIA®(cpm) ELISA® Diagnosis LFT=

1 +(15,474) - UGI bleeding Abnormal, sl®
— (84) - Multiple myeloma Normal
+ (12, 483) - Renal failure Abnormal, sl

Liver cirrhozis

+ {1, 054) - Pul. the.d, Pneumonia Normal

5 - (147) + Graves' disease Abnormal, =l

sRIA: Radioimmunoassay.

*ELISA: Enzyme linked immunosorbent assay.
cLFT: Liver function test,

dPyl. the.: Pulmonary tuberculosis.

#z]: slightly.

Table 3. HBsAg positivities of RIA positive and negative szpecimens by three different RPHA kits

RIAs n RPHAP positive(%) :
Cellognost Serodia Raphadex B

positive 59 57(96.6) 58(98.3) 54(91.5) =0, 05¢

negative 130 11( 2.4) 4( 3.1) “=0. 054

6( 4.6)

iRIA: Radicimmunoassay.

SRPHA: Reverse passive hemagglutination.

Comparison of positive rates between Cellognost, Serodia, and Raphadex B.
dComparizon of false positive rates between Cellognost, Serodia, and Raphadex B,

Table 4. HBsAg positivities by different methods

in 206 voluntary blood donors B) RIA 2} RPHA H2| HX

Method positive RIAg..2 okl As 5903} g44 Hal 130el
- Ho % o RPHAWoZ A4% Ase I 33 2ok
CIER 1 oz 2 Cellognost & = 576 (96.6%), Sercdia 23 =8
R?::_:Iia a4 164 o (98.3%), Raphadex B2 54o (61.65%)7} HBs
B ok E Mol 7} orest 7hE] silulEe] ExEaleR
o loRmost 4 20.4 494 Aol thehdbA SskEH(p>0.05 by Xi-test).
ELISA® 41 20.9

RIAg .22 $-4¢]} RPHAW 22 kil 314 4|
ek olgla gef Cellognost = 11« (8.4%), Sercdia
= Gell (4.6%), Raphadex B 2% 4q] (2.1%) 7} §]eF
Ao ® o] 52 §lekdggldl FAlgaal st Ak
= vhebb=] ghebeb(p>0.05 by x*-test).

aCIEP: Counterimmunoelectrophoresis.

PRPHA: Reverse passive hemagglutination.

¢ELISA: Enzyme linked immunosorbent assay.

o0, 05: Comparison CIEP with Serodia,
Cellognost, and ELISA.

C) S@ixie| ZhE whgol 28 HBs &8 <443

wlof tal Bzl 2069 &) HBs gh8l ok 7 48}
k=t

RIAy o2 = 867 (36.65)~, ELISAYJ 22 85
= (36.2%) 7 4 ATE B ¢mil FlEE EY
th{p=>0.05 by McNemar test).

52 gzl 2 ArF dajela) daten o F 3
Ape] gasde 5 oash Pakek

= CIEP 2 & 5.2%nbe] skde|g2+t RFHAW 9
Serodia B 16.4%, Cellognost 2= 20.4%, ELISA
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Table 5. Comparisons of the third generation HBzsAg tests

- —_—

B

metheod material zample rea TAT*(hr) simplicity** equipment cost
volume (pl)  stability /100 tests of procedure
RIA 1] 200 fwk Ad 10 Gamma higher
B4 scintillation
c2 counter
ELISA Enzyme 200 fmon. Ad 172 15 — moderate
C21/2
RPHA
Cellognost  Human REC 2 Gmon. 21/2 3 — lower
Serodia Chicken RBC A Gmon. 2 5 - lower
Raphadex B Human RBC 7 Brmaon. 21/2 3 — lower

* TAT =turn-around time(hr).

#* Simplicity of procedure is given as the number of steps for completion of the test.

Bl 20.2%7F ek o2 H2§r Aol slelek(pl
0,05 by x*-test),

Z CIEP < » e Serodia = ¢F 3¢§, Cellognost
g} ELISA & ok g s k4§48 wach

D} zt wEel S5 ln

RIA, ELISA 9 RPHA Y& T3y oz vagt 6}
= E 591 b

RIA = Hel4dat ol sl =7t 2 uh =1 F 280, 4%
o REA ] FR, Al pAzie] Fee mohd
gpamma scintillation counter F B2l Ha) =}
the] =& el whalolel,

ELISA & Feol4dst clul=xs RIAfief f4pzi=A
Aeke] ek 4, AAAz, A AA=E e RIA
Hep feldt A oe giciabgch

RPHA & &4¢] z=lztn A4 b4 gle] Azl
A= shg 4k el FAeld Hokd Aalsl sle A

o] wgolait,

A &

HBs 3¢ A& #4 ub& #) 14444 agar
gel immunodiffusion ¥y, #| 244l el CIEP § 52
Mz ) 34ddje]l RPHA, ELISA, RIA S A3} of
WE L Aol AAEse S

Selvbet Abele) HBs 4 b4 &8 Muate] =k
o} 22 g™~ gial 2 CIEP 24 3.5~5.5%3 ez,
RPHAYq =22 = 11.6%8] k4G Exgl wuf gt
ok 4l Abgte] dinhe] gd Al =tel s 8
Aelsk % & 5 sl

HBs t}4d 2] A gat A4 Ay ze cke) Lag

Eubebuep, €% BY s w5 b= i)
AT FY=A4AE AdA D FL3

o] 52 @ idfio] M= RIAes® HBs#l4 24
gl Wefuld pade] L8 o] byl el HaE
welbdm, apdel 43 AgfsiE AL of 0%l
non-A, non-Balggl Hoeg Ba5Ew §lefid

RIA 4] & dlul s} Beoldel gleid =2 FalgE
o} fclAnt 7hA el w@el =& At ek tn
A £ E mrbelelH Seldeled M= FH=e HBs
il bl o] BEe 7t oW AAF ik 2 A
A YR gYgeRewjo] o] gl gl CIEPYHE 2
s nl 7} 5 @] o B screening test 24 e}
2 F®zbch, whebsd o «luwlgh eby] g olE b A Skt
i #tzvh. 5 Barbara §'%e 2%} 2,605, 0009 & ¥
& 2l e 4 el @slE 2d CIEP= RPFHA X
e dlgl =7} 1/10¢]w, HBs S8l AFE= 3677} A
gtk .

#|2}¢] CIEP 4= = RPHA srjl of 1/3~1/42] ¢}
g8 29 Lol gl=h(Table 4),

ELTSA W2 RIA W= zre] “zandwich™ge|§F of
Athes Wbl FS A ale] EEE o] Bty F
o] tf=cf,

ELISA 4j«] 24+ HBs 29 214+ 19714 Engvall
3 Perlmann ¢ & 3l mels] ol 7 Voller{1976) ¢ £]
# S-Grta) b el 4 abE g 2w Wolters B (1976) <
faf shal s 7l Alshd o

o] byl 2 «llml E7F RIAgo] o F7h= dls RIA
Wl A dke] o b3t a4 Zhe) #F JAA] f0 0w
HED FHEEE 24 G 79 3o o4 #F
& obA Fele} |

Vandervelde 5] 2] 2bed 35471 2] “high-risk" 3
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# & 54 BY 799 5% 3zt ¢4y, HBs g
o ok4del 2= wleid obrld] 84 ¥ 52 By
o % ofujgh @Azl Y& ELISA S RIAE 3
AFEE ol 14540 &) okl g mlal 104+ 8] G4 A e St
2 wpgje] 4la]sbglen) 174 (4. 8%)qk¢] RIA = o4
o] ELISA 2 &4e|si=.

Wolterz %2 RIAgj 3 w¢t &2 FIEE 5
%+ ELISA o] & vl sb digl T Fo] To} of £
A& E S5l e

HB: ¢} &) subtype ] & common group-reactive
antigen ¢l *a¥z} type-specific antigen gl *d™ ¥¥%,
“wT) “rfe] ¢ o] o] A2 epidemiologic marker 2
o] 455, §laAdstele st Se, felvebd
Fokel & adr He] wd 2o oA el

Wolters 519 21 sbd ELISA ~} RIA § 2. ¢} subt-
ype ad o] = 43t $m, subtype ayee 43 ¥
el F Kaltim #c}. Hansson 522 RIA 9]¢
ELISA ¢ ¥} subtype ad o = 8af 7}5F = <514t
subtype ay ol & <zt o] diulsietz w=3 =, Hyl
and 5372 RIA o] ELISA | 2} subtype add] =
§~208, subtype ay o 2~58] of eilwldicli 2o
gl<d o}, 3 Vandervelde 532 5 subtype ad 3} ay
= 5ol A ELISA g o ol alehu} o] ape]le F3}
= gheba whg ek

ZEe RIAW 22 HBsghy okdql 10044 o
A& 2571 ELISA = o444 & Sndgich A=
Axd 4 RIA s} ELISAge] da]st=l %+ 57t
elgl e} (Table 2) ol & B Ao 28 Ae]s}
vebda] g Ae= s (p-0.05) T W e 4l
=2 zbe]ebr] BebE random error E 4 75 ¢l e

RPHA ¥ & =»|u guinea pig ¥ HBsglg 22 =
diA gL g E 5 T AT 0% AHYTH &
A AL T EAREE AdeR £

RPHA 4= RIA 25} 1/40%] &9 EF He|xr HBs
iy AEEL 1%, RPHA £ #|Z4l«] =z}
46 eho] ape]sh glow] RIA AL 344
A Ao wailgden) 3.1~8.4%¢] $icok4 Ax
+ Y3} (Table 3).

Newzealand 2] Blood Transfusion Services{1975)
o ¢/ dlel RPHA 8 $lek42& o 5%olet. & 4¥
ol 4 FuAFE A4 v A =4 =2l 16.4~20.4
%2 HBs @l <F4§& Yo CIEPS] <o 3~4d,
ELISA o A9 w43 k44 ¥gc)(Table 4).

s 3449 RPHA, ELISA s} RIA & v 2§ =

ELISA 7} RIA M} wsbe] w7} R as gow] 4
efa] o shAEl=EA FHMUL AT Hde] gled
dlgl £ u]£5lo s Faalclfgews ELISA 7} A
gt 2oz sghebs gl

RPHA = a7} 743 A A 3 F4¢ 7H3 zbsk
gled whaA|Zhell AHE fE 5 Yong FAF T
ool | A F3, WE 7 A dole|2E T
WAl Aol 2 g flokd AAE Yol de] Y2
oe eidzsge el 4HE g Ras globn ey
ol o,

- | =

19800 7Y He] 128 4fe]el] HBe gk 3 A7) &5 8
pasm o] 4|4 Y dafe] g2y Fy A} 206
4 gjae = RIA, ELISA, RPHA A A4piygs
"ale] HBs b4l 25« ol iz, Beld, 34
B4z, H3h4 g 6 &5 g7k o= e
SAAAAR sha 433 Aqga) eaesld HE3
e AFE dddet

1) sl s] HBsgh4l al«bsh #= sl 2359 4 3=l
Z RIAW e = 867 (36.6%), ELISAY 2= 85
o (36.2%)e] oFdAnE RHcHp>0.05).

2) RIA W =2 HBs#h4l ok4l ¢l 594« =5t RPHA
W okd 2 Cellognost(Behring) 2+ 57 (96.6%),
Serodia(Fujizoki) 2= 58+ (98,3%), Raphadex B
(Ortho) 2% 54+ (91.5%) 2] 4ich(p=0.05).

3) RIA ¢ o= HBs &4 594 130e] ¢ gt RFHA
W o4 £ Cellognost 2= 114 (8.4%), Serodia B+
64 (4.6%), Raphadex BEE 4« (3.1% )¢l gl v} (p>
0.05).

4) el og Fuzl 20698 HBs ¢4 F442
CIEP 2% 5.92%, RPHA 4 & 2 = 24« =2k 16.4
~20.4%¢2] 4l cH{p<0. 05).

o] A4#] 7oA HBsardl & HEdbed sl+A
ELISA W2 RIAw3 Af 4t dE2F Xe|w
A84de] Fol fapalckd gk AR AP
lalselcl, =4 RPHA 4 & A 28] wfe} chd o
n =8 o]} glot whye] ziw3hed Fu 2] scre-
ening o] gkl why o2 4 7E ¢}

& 1

£ H
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