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Clinical dia4rlo8tic t€chnology
developed in the tJreory ard tecfi-
niques frm teats for the diagnoeis
of bact€rial infectim ard eventu-
aIIy developed into a science
alnost e)clusively drring Ure rrct
20 to 30 years. the first nierobi-
oloSical diarho8tic laboratory
becane jugt a part of central
diadrpatic test facilities, while
clinical chenistry laboratory wtrich

developed later ia equiped with
fully aubmted inetnnents ard
recumently occupied the core of
centrBl laboratory facilitie8.

EVen in tests for infectious
diaorderB, there have been ecrDe

i.nprovmrts ard discoveries of nelrt

techrdqLFs. Iicrrever, with the
errception of rccerrtly developed nerr

[ethods alrctr as gtrE 'rE i nl'|o,.crAy,
radioi-mr.moassay or in gitu hybri-
dization t€chnique, a}noet no puro-

ttr€sa has been mdc in the general
pninciples of ;er.odia3noaie of
infectiow diaea€es.

f am crrlently in the develop.
oerrt of n€sr anti3en ad antibody
detection syBtet! usind a }abelled
corylmrt ccnponent Clq. Fortts|a-
tely' j.t has boccae poaaible to
prodrce peroxidase labelled Clq of
eufficientLy good $ality for rise

in resealch ard clinical laborato-
ries. UeinE thi3 cdlplffint, it is
poeaible to msure cc4lenent
fixi-ng antibo(v or vin:g neutrali-
zirA antibo{y rapidly'precisely and

qusntitativ€ly. F\rllv - autsatcd
focedur€s for the dia$psis of
viral infections becoe alao poaei-
ble in neer future. Before going

into tie rFin tErt of the lodqyte
preaentatidr, f would like to talk
a little bit of the brief olltline
of the hietory of semlo{y.

lhofesgor aDd Chainrn, Depertrent
of Microbiology' School of gy8ienic

Sciencesr Kitasato (hi\rersity,
Sagatoilnra, fanatFgra' Japan.
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lbe ri-ni histotr? of seroloet
Ae yq.t lray lmcrwr t.|e forder of

Kit€,sato Inatitute ard our Kita€ato

lJtiiversity is L,at€ Dr. Shibeset ro
Nit ,aato. He alFeeded in the P:re
cuttrre of Clostridiu tetani tuder

the anerobic cordition in 1889r ard

in t}le next year of 1890r he

diecovered tlrat Cloatridim tetani
prodrrced lettBl exotoxlnr ard the

antitoxin was present in the aenr|

frcrtr the ani.Pls t{tdch l€Be

a.rtti aiatnBted with ttte steprdsely

increased arlorf|tB of the toxin ' ard

firallyr that rften aen-n cqttaining
the a,ntito:<ic antibo{Y ard the

toxin are mixed toletler in vitro r

the toxic activity of the e:<otoxin

rgas neutralized with itE im.D€
eenn. Theee gFeat ffudin88 reguLts

i,n the establisbcnt of tJte aerr.!

tlrerapy. In 1891' El"il von BehrfuA

successfully tr€ated diphtieriat
patients with i"mwre gerr.m after
the Kitrsato's adviee r ard tben

Behrir8 received the firet Nobel'

prize for his Lerk in 8€n!
therapyr ard i-rnure eenn Haa

recoifriz€d as the first allent or

medicine to be able to cure

intractable diseaaee.

In 189?' Widal rePorted the

serrrn of typhus pdtients 'dglutina-
ted typhr.rs bacteria. In 1901'Bordet

ard Gengou develoPed c@Plenent

fi)(atidt t€st u8irul fresh Buinse

pful aenn as cc|ryl@rt ' In 1906r

waasermnn afplied the CF tet for
ttre diagrosis of gyphilia, lbege

steps led to the eat blidrrent of
serodiadtraie for inf€ctioua dia-

easea caue€d b'y bact€rial ard

\rin:sea. llrerefore r aerolody

start€d with lAe dipvery of tbe

neutralizatiqr of bacterial oco-

to(in with its antibodY bY Dr. S.

tritasato in 1889, ard aerologr is a

lsl8 stadfua rrith a hietorY of one

century a|mg
aci€ica.

the bioloaical

I-El|ilt pdlc fc golCicat
reaoti@

l{odern sci€rw have develoPed

reoarkably in the last 30 Years.

Altho{th eerolody has a historY of
100 yearg ' drrirul tlre last 30

yeara, ho,cver ' the pnirciples con-

cerning the msurenent of antibo4v

titer€ by tlre serological tests

have reroined ahet wrchanged.

Insoluble probt@ reoin in ttrie

field.
For the qrrnti tativa arnlYgis

of arrtibody present in patientt a

ae!'tr! or inntr|e serrlrr the generel

prirciple of t,trc aerological reac-

ticr ie based qt a continrioua u{o-

fold etep{ise dilution of tlrc

saqle. Wbat is the reasdr for or
prrpose of this cqrtinr.pus tno-fold
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ateperise dilutiqr of genrn ? Is it
really poeeible to Ea3ure the
anounta of antibodies by neang of
dilution ? Is the tno-fold increage
of antibo{y tit€r frm 16 to 32-
fold really equivalent to the two-
fold irrcrease fror 128 to 256-fo1d?

the probleo involved in dilu_
tion can be explained rDre concre-
tely using the assay of virus
neutralizing antibo{v in the aen r
from two petienta #l arrl #2, as ah
exanple. We ean aasrrr€ that ure
aerrm sarq)lee ar€ identically
diluted to 3z-fold, one rmit voh.ue
of ttre diluted sen_m sanplee is
rnixed with an equal volrrne of a
vrru.s su.apeneion, for eJor4rle IXSV

as a nodel, ard allorr tp neutralize
virtrs. 90ff of the virus is neutra_
fized (10i of the virus Denein
Lnneutralized) with the Bentrl #l at
the dilution of 3?-fold, ard lOt of
the vir s i-s neutralized (90fr is
LDneutralized) with tJre senm fronr
the patient #2 at tJre gane dilution
of L:32. In these two caaeg, the
artolnt of virus r@ining wrneutra-
Iized ie abeolutely different, i.e,
10X ard 90f. Iturrever, when ttre
reFainind vinrs ig alloned to r€-
plicate in cultured cells, the
infected celle with the infecting
virua Fhich has activety repli-
cated, arul than irdrrce the cyto-

tplicatto of glq

pthic effect (ceu deg€neration).
Ar a result, the rrcutralizil3
antibo& tite! in both scra ie
evaluated aa presrDble I : 16 sirDe
neutralizing antibodiee in both
sera could not neutr:elized tie
virug at t,Le dilution of I : 32.

Therefore I in the ca^se of ure
anowrte of neutrelized vinrs ig
0.1X or 99.9*, the aane cqrclusion
r*ould be obtained just like an
er<aryJ.e of l00i of the virug. Ttre

reaaon of thie is that this
corwentiqgl netlrod only evaluates
nhether or $ot unneutralized virue
ia pr^esent qualitatively srd does
not qualitate the anomt of anti-
bo{y. In apite of ttris defect,
every textbook incfuifurs the t€rt-
booke ueing in CtrianC Mai thriver-
sity ard aleo in ny class tlnt
antibo{y titer can be deternined by
using tr€-fold steFffiae dilutions
of aenm eanples.

bidcratio of otit@ assay
EtH

I an fully arare of Ute
inportanoe of qrnntitative determi-
rbtion of antibo{v tit€ra, hrt f
h.ave Etrorul doubt about tlre
prirrciple of antibody tit!,.atidr by
neans of serr,lt dilution. Ig it
inposeible to asaay t,Le p!:€cis€
anount of antibody directly,
cdltinuoualy, ard id6u.y ag tjre
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nder of antibodY mleculeg

without diluLion of the aaqles ?

Ihere ane tmrrY gubstances r{hich

bird to IgG or Idl im.noSlob ine

srrch aar for exarqrle, corcanavalin

A of l€ctina ' Potein A of etaphyl-

ococcus, rhettrBtoid factore r dlti-
bodiea to ICg or ISt ard ec4le-
nent. Mng theg8 r onIY corryl*nt
bfuds to antibody im.upetlob'rlins

nhich have gpecificallv reacted

with its antiSen ard cmPl*nt
does not birxt to int€ct antibodY

im.e|e globiling. ltrig irdicates
tlnt cwlmrt can bild onlY to

antigen-antibody corylo<.

Ihen' I firstlY cmgider the

possibility of the uge of an

enzyre-Iabe l led couplenent for ttris

IrrrpoEe nqre tlran 10 Yedrt ago.

Oryfat d cqrlct fistice
AB Blr€ady You lsro ' coPlcnt

ie the corylex aen'm Prrotein rith
20 differe.nt tYPea of cdPonents

fro Cl to C9. theee 20 Proteins

each react in the corr€ct fastridl '
tJhen Cl conponent fir8t birda to
antibody noleculee fixed on ite
antigens ' a ctrain reaction ag far
aF C9 oocure cr fJre im,rre coPlex'

Ttrerefore r if btudinS of the Cl

coponent can be proven' ccq)l€tEnt

firGtion can be relnesented b,y the

Cl birdinS reaction alone.

!{eam'rhilcr the crylmtt cor

ponent Cl conBists of thr€e

subcdrponents of Clqr C1r ard Cls.

the Clq cdponent of cryIcnt
cdeslent Cl first birds to tb€

im.src corrylex. lberefore' I
congidered firet labelled of the

clq with biological active sub-

st:rce such as Peroxidaae.
the Clq prot€in ia a lEcrmle-

cule with a rcIecular rei8ht of
about 400,000.lthic}r conaiste of e

head porticr in tlre ehaPe of a

Elove Fith six fingerB 8lri a lortg

tiarxtle shap€d of a tail Portion'
Tl|o of t,he six fingers of one

rrcleoule of Clq bird' with t''p
rcleculee of IgG at ttrc site of Fc

portiqt in tlre Ctr dmin.
Ttre tail Porbicn of Clq ie a

very apecial collaSen like proteil
irr Hhich three different PePtide

chai-ns ar€ united by g€veral S-S

bonds. ltreee s-S bdds arle Pr€-

eented onlY in the erd of the tail
portiqr. The€e S-S bords of Clq are

rcdrced b'y the tr€atrnt rdtlr nild
redrEiru| readent ard certain enzyre

is inaerbed in t-Le oPen bond'

Herpe, it becrcs Possible to Pre-

ferential label onIY tlre erd

portion of Clq mlecule witb the

enz:m. Ag a resul't ' Peroxidase

labelled clq (deEiglated as to

Pr-Clq) rns eynth€aized bry birdiru|

oire tDolecule of pero<idase to one
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nolecule of Clq prot€in.
the uae of ttria active tyTe of

Pr-Clq as a bioloAical s€rr8or for
the detection of iumzre ccnplex nras

inveatigatf,d. I will ahor you the
ercaryles of eplication of Pr-Qtq

in the nessr.[:eoent of CF antibody
ard virus ne,utraliuirg antibo{v,
ard also identification and typing
of herpes eimpler< virus.
A. E.rR4FfS

Gjetiw
Sirrce the introdrction of CF

teat in l90l by Bordet ard Cengor.r,

the det€miration of CF antibody
titers has b6en bas€d conv€ntion-
aIIy upon the ird.irect prirrciple
that coropleoent ig coneloed.by ita
birding to antiS€n-antibody cmplex

fnifiqtio otr Clq

ard becmg thereeftcr unanailable
for the holysis of sh6ep crT-
throcytes bv h€rFlysin. DwBloY-nt
of d diract, sin3le-st€gE CI'test
aoceptable to aU investigatora haa

be€ln an ideal yet to b achi€ved.

In vie of tbe frct of se<pantial
birdiru| of cqlerent ccqon€nts,
r,re prelnr€d active €nzJDe-Iabelled
Clqr nhich ie tb€ first cqle-
nent copoirent birdfu|. to ilntfic
oooplex, ard tlrerebv have developed

a ne', CT' teat sy!te[, tenta-
tively desiEFEtd as 8I,I8A{F1
for the repid ard qldrtitative
detel fu|atidr of CF antibodies to
vinBea.
lbtcriala d l3tldr
r. Clq (Figure 1)

p.rdrd.rc-tab.hd clq
(P-clq)

ffi_#
c|q

ffi* 'lli-fl'j* ffi"--* fi t##N
_ _,/,CF.nUb.xth.-.--_--+EUSA-CF

.vtrtons __----e_Tg-ajsl

Fi|$.E€ I Sclranatic representstidl of tErsoxi.daae-Irbell€d Clq ard its
aplication to diaahogis of viral infectiong.
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Cfq subcqorrnt of oryonent
rus isolated fro Soet senD ard

prified hv cation excha8e chrtou-

tosraFhy' ard then b'y 8el filtra-
tidr. lhe fractions contsinirut Clq

p'rotcin nere r€duced with dithio-
threitol ard slls{€d to resct witlt
horeeradish peroxidase !{bich had

be€n nodif i€d wittr mlei-nide r a

cro6s-linkir8 r€ag€nt.
Biolo6ical ectivities of Pero-

xidas€--labelt€d Clq' desigiat€d aa

Pr4lq, $ere cdfirned ty deoss-
tratir{t its ftlntions as follo,n :

1) holytic activitY aB a
nixtr.ae of Pt-Clq and Clqdepleted
glldnea p.rtt aeran to stleeP

erythrocybee r

2) birdira affinity for BSA

and anti-BSA cople:<'
3) enaylatical ly as pero:cidase.

2. hcpratio of mti{aocted
Plrt€s fd: E'rsA-{.!It

I{ells of 96-r*ll nicrotitrr
plate nere coated ritJt llStrl CF

antirten or cell control antigen.

lbe pl-ates r.fere tien r.rash€d thre6

tires with Pffl containitg 0.06f
tie€n-zo. llren r.nreactrd prvt€in
birdinS aiteg r€r€ block€d with 5f
Ekin dlk for I hour at lroom

t€[perature. ltre pletes r€re ctor€d

at -\A'C rntil r.reed.

3. PtGllte of E.IFII-(]

Fifty nicroliters of heat-

inactivated rerrn ganplee ard an

equal volrre of Pr-Clq were diluted
with O\ts ard then added ei"ur"lta-

neor.ely to each well. Foaitive or
nelbtive cdrtfol aera 9ler€ aIxBYa

Uphd€d qr all plates. ltr Plates
r^rere then inq$ated for 90 ninutes

at roqr tdpersture. Aft€r washing

all the relle 3 tiEs with T!,E€n-

PBS. 10O nicrolit€rs of a sub€trate

solution (0.041 ABIi| cdltaintu|{
0.1751 HrOz in citrat€d br,rffer at

dt 4.0) wer€ d€livor€d to each well r

foltor,rcd hry ircubatiqr for 30 nirur-

t€B at roo t€ryerature in the dart.
The enzyre reactisr ms etoped bY

additiqr of 0.011 sodirn azide. The

color developcd xaa masured $nto-
retrically at a 'll4 rn.

Ihe E ISA-CT value for specific
reactian nas obtained br subtrac-

tinc tjre 0D readfua rith tbe cell
ccntrol antiaen fro OD r€ading

of tlle vinls CF antiten.
hrlto
l. Ibtsri.Etid| of mrting dilu-

tian of P.{lq (Fif 2)

In order to deternine tlre

optinl diluticn of tlre Pt-clq

IreF,ration' variqrg dilution of
Pt-Clq witlt GvB r{€Fe incubted Hith

CF po8itive senD in nells etith

tfv. nre reaults are sho|m in
Figure 2 ard indicat€ tlat a linear
relatiqrship betfle€n CF tit€rs bY
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Amfiotio otr Cfq

a |5 32 64 PB

e -ti*."l"ilil.I"a
fiOne 2 Deteniratifi of worling dilutiqr of peroxidase-labelled

Clq (Pr-Clq)

o
E!5

conventicnal CT'test atd OD readir|8
by EIJSA-CF test Has obeen/cd
prinarily at a dilution of l:200 of
tlte Pl-Clq eolution. Ttrus a working
diLutiqr of I:200 wa,e choeen for
Pr-Clq in aubeequent experienta,

With constamt concentrat ion of
Pr-Clq ard IFV antigen, the enzyne
activity of pt-{lq bowd rdaa

deperdent r.ryon the dilution factors
of anti-fflV itnf,.ne senrl. fhie
confirned the suitabili.ty of the
Pr-Clq for the deteroirntion of CF

titera of antibodies.
2, Deterrirntidr of r$'rtfuig dihF

tio of IIIV aatirFa (tr'igure 3)
fn order to deterdne the

rorkirul dilution of t[lV antig€n
prepared, IIw CF antigsr at CF

ti.ter of 1:40 rras serially diluted

frm l:5 to l:40. Bloff titration
analyais of IllV antigen aaainst CT'

antibo(y poaitive hr.un e€rr! r€€
perfomed.

I{LEn Eenn with a FV CT' titer
of l:32 was diLubed eerially frm
l:5O to 1:3200 for each dilution of
the antigen. Ag geen in Fifnrre 3,
as the lmxi.an.n :lope of linear
r€Sreaaion beb€€n 0D r€ading and

a€nu dilutidl na,e obeerv€d at a
dilution of l:10. of the tffv
antig€nr for further ercperfuHrtg

the dilutiqr of thc IIIV antig€n r.rBa

fi:<ed at l:10 for ooatirua platea.
3. Qtiu dilutian of een.r alr-

pf€8 ( Figure 4l
Aa shqrn in Figure 3, m8t

linear color devetopent waa

obt^airrcd ntren tlre platce bad been

o
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coated with 4 CF lnlits of the IISV

ar&igen and reacted with the pr-Clq
at 200-fo1d dilution.

!?ren, the optinua dilution of
aerun sanples xas determined by
campa.riaon of titration curves of
hunan aera with various CF titerg
to IXSV, As ehot.'rr in Figure 4,
virtu&Ily linear FeCresaion rela-
tionship Here obaerved in the ca^se

of antibody poeitive aera from 1:B
to 1:128. On the other hand, no
specific reaction was obaerved rrith
antibody negative aenm thrpuih the
serrn dilutions frm l:25 to l:800
and the color developlent ca€e at
hiSher sen-m concentration,

thue, a dilution factor of l:bO
wa^s conaideFed to be noBt
appropriate for genm dilutidt,
4, Ct titerB ad q) r€adfuid in the

det€ctio of a||tibo6r to EV
(FiguFe 5l
b<perinents r€re perforrned to

know the corelation between CF

titer arxi OD reading in the
det€ction of antibody to tIff. t?re

relationship of OD reading in
ELISA-CF test to conventidEl
antibo{v titers xa^B e:<plored in 3g

hrrnan ser.a varying in 6T' titer.
Witi elevati on of CF antibo{y titer
plotted as abecisea, aa ehown in
FiSIre 5, tf,te OD readin8 8ho*ed
an incr€a.s€. lheee b{o paret€r8

Ag icatio of Clq

nere fotud to have a high degr€e of
direct correlation with a
coefficient of 0.94.
5. blati.'.rhip of CF titcr ad CD

r€adi-ug in the detetim of
ar|tibo& to IZII (FidrEe 6)
ELISA-CT' teata wer€ perfomed

on 24 hunn aenm speci.mra in
wells of nicropLate coeted rrith rEll
in the aam catrler aar l[lv, ard a
sinilar dats analysis waa ude
tfmugh the gera. Here again, a
high degr€e of dir€ct corr€lation
nas noted betneen CF antibo{y titor
and OD readinE with a coefficient
of 0.94 af tfnrgh the OD readir8
ahoned am variatiqr.
6, Felaticnhip of EI titer ad C)

rdftr8 in tle detetian of
antibody to rr$ella yirug
(FidtE€ 7)

l{e also o<plored the relatian-
ship of OD t€adin8 in nI.ISA-CFtest

for antibody to rl.rbelle virua ard
c€rwentiqu.l gI antibody titers in
24 hlmn aera witJr various III
titers. The FI.rSA-CT' r|as carried
out on l:50 dilution of test aera
as in tlre detection of antibody to
I[V. As can bs a€en, their
correletionehip had a coefficient
of hiSh as 0.94. Ilo,cver, no

detectable oolor dercloped in the
F.IgA{t' rith sera having HI
antibody titere- of l:32 or loler.
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the good coFelation b,etHeen OD

readind in ELISi{-CF teat ard
conventional CF or Hf antibodv
titer obs€rved in theee sttdiea
indicate ttlat the OD reading night
be cqrverted to er$rr€saiql in
conventionaL CF antibo{y titer. In
view of thie, a Btardard
calibratiqt curve Has cqrgtnrted
t'y plotting ELISA-CF OD readingt of
reference sera sgeinst their lsrown

conventional C? antibodv titera so
that CF antibody tit€ra of test
Bera, hereil after referred to a.s

ELISA-CT' Liter, cqlld be obtained
fron OD reading by refererrce to the
standard curve.
7. Relaticrdip of ccrvtaticnl CF

antibody titer ard ErJsA{x'
titers (FiIiEe 8)

Fbctrr oD re€din88 in EI_,ISA-CT'

teats performed dl 40 htrn aera
trith differerrt CF titerg of
antibody to tlSV, tleir ELISA-CF

titers r€re obtained by refererre
to the etarda,rd curve., In Figur€ 8
ghowed the reaulte. data obtained
with 5O-fold dilutions of the sera
are relFes€nted in Cha.rt A, ard
tbose wittr ZoO-fold dilutions il
Chart B. Ttrere wag a sharp distinc-
tion betneen sera witJr CF tit€rg
Icmer tban 1:8 ard Uroae with I:8
or higher wlren the aera wEre uaed a
50-fold dilution in the Qnrt, A.

r|?Iic.tio o( CIS

lihen the EIJISA-CF was caFi€d
out on sera difut€d Zfl)-foldr
nevertlreless, usual subtle differ-
ences in antibody 'titer bf the
cst\rcrrtional CF t€st HBre not€d to
be ecqrreas€d I Dt€ obians
difference in ELISA-CF tit€r.

Tbe oorrelatian coefficient
thercfor.e at aeran diluticr of 50

or 200-fold r+ene 0.95 ard 0.9?,
respectively. the w,rSA-61 ti.ter
obt8't|ed fro the st:Illanl cund
ehored a cormrdarrce -rate of 83t
with the conv€ntiqgl CF titer at a
serr.D dilutidt of l:50 in the Orart
A' ard ?5* at a serr.u dilutian of
I :200. Arrtherrcre, tllere were no

Z-fold or dreater discr€Frries in
antibody tit€r bett{e€n conventicral
CT' ard EL,ISA-CF at senm dilutidl
of l:50.

Tlre data heretofone pres€nt€d
dmngtrate tlrat, by referenoe to a
stardard calibratiqr curwe, an OD

readirA in.l?J.rS4-CF can be convert-
ed to an err;reasidt in cdr/€ntidr-
aI Cl antibody tit€r ard that, fof
a serrm sho.illg a converrtioal €F

titer of l:16 for e)caqrle, a tit€r
in finer detail betF€n l:l2 ard
l:24 is obtained by ELISA-6T.

8. VinE s1r@ifi,citt of tie r*-
tio i"D E.r3,l-{!F

An att€ryt waa Ede to
ascertain whether ure antibody
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8 16 32 64 128 255

CF titer

d€tection by ELISA-CF ni3ht be

epccific of viral antii€lr. ldella

coeted with lflv' l/A/ or C[lV were

eet.upr and.BLISA-CT t€3ts of s€ra

with knom CF titers of 1:8' l:16
or 1:64 to tlw ard free of antibody

tn the other tJo vinraes erere n[r
on thes€ r,relle t explorE virua
rpecificity of the r€actidr. Ilre
teet ircIrded e aerul ritb a CF

titer of 1161 rb UAI ard a senu
witJr a titcr of 1:64 to C['lV. As

a |6 32 64 lZA 256

CF Lite!

aeen in FiSure 8, the tera
positive for G'antihody to ffry

Bholled reactions with l{SV alone r

herrce no croea-reaction with the

other vinrses.
The pr€s€nt innestiSation ha8

thue dffnstrated the EITISA-CF to
be a new t€st Byste for quanti-

tative det€ction of antibo4y to
virus, particularly of CF antibody'

in the aerr.n of Patients t{ith
viral infectiong.

?96

EA

3sn
!32
E!r
d(,)a

66
.EB
3ae
.lJ

32

?r
iDc

FiSEG 8 correlatiori betrcen GT antibo{v tit€r to herpee si4l€t(
virts arrl EL,ISA-0F titer.
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B. Rf.rsA rc_EIsA
Objectir€
I{e have devi.sed a sinple netJiod.

for rapid ideritificetion and
aerotyping of lfiV using comnercial_
ly availabte anti-IXw iurrrre eera,
hereilafter referrred to a IE_ELISA.
Thia pr€aentetion briefly describea
the new a,asay syst€m.
I'bteria,ls *-r ltthods
l. lbterials

(1) I?re 2 laboratory refererpe
strains, HF ard lblntyre, r.rerc used
aa type I standard strains. & type
2 etaDda,rd strains, strain 196 Erd
uW-268 rrene erployed. gesides g l[IV
type I clinical isolateg and 14

tyln 2 isolatea !,ere also t€st€d.
ALl theee straina had be€n t}?ed
according to cleavage pttern of
viral D|.|A w-ith restriction enzynea
as rrell as b'y inrn-urofluores@irce
r{ith lpnoclonal antibodies tp IflV,

( 2 ) Cwnercially available in_
nune aera to IISV were enployed in
this stu{y. the anti-ESV type 1

aenm nas a. prodlEt of Denka
Seiken, for GT. teet, prepared in
duinea piga. It had a CF antibo4y
titer of 1:64. The anti-IEV type Z

imur.ure senrn Ha.s obtained frm Dako
mnoglobulins, Copenlradlen; it wa^8

a rabbi.t antiserm for neutra,Iiza_
tion test. I?re eenrn had a neutra_
lizinC antitro{y titer of 1:1024

f5pliotio otr glq

irtrin8t hmologous tlTe Z vil'rl8 ard
titer of l:256 aggin.st heterololous
antig€fi.
2. hirrciple of IE-E fSA

fflV is prolEgbtert, for aryIi_
ficetion of viral antillena, over a
short duration in Vem cells lEthryt
in 96-r+ell nicrotiter plates. ftre
infectcd cells are fixed w.itfr
nethanol as a(xrn as a DiId degr€e
of CPts has ameared. ltre teat
syateo is bas€d on the principle
that I{tV antiEens are detected ad
quantitated by sre-step ELISA_CI,
test by irn$ation rittr gi.mrlta_
neouslt add€d @rcial anti_l5V
poly€lonal i.m.ne aer:ul ani
pero:<idase-labeUed Clq.
3. hocedrne of IT,-E IftA

(f) BSV is iroculat€d onto verlo
cells.

( 2 ) The plate is irsubted at
3? 

oC for 24 hourg or longer, if
neceasaryl

(3) Ae the cells have becme to
edtibit a lOt or greatcr CpB, they
are fixed with rcthanol.

(4) 50 microlitere of anti_{X$V
inn:ne serrm ard an eqrDl voh.c of
Pt-€lq solutiqr ar''e then pipett€d
dirEctly into ea€h well without
prior bloc&jrul ttreatmlt, ard ttre
plate is i.ncubated for 60 nfunrteg.

(5) 100 nicroliters of a color:-
Senic aubdtrEt solution (ABtfl) are
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delivercd to each nellr follcm:d by

a firther 60 nirnrtos irnubotion.
(6) nrc entlDtic activitY of

Pr-Clq bor.rd ig msurcd lhotc-
trically with an Im-rro neader at a
navelcn8th of 414 rn.

(?) Ih€ abeorbarrcc of the rix-
blre in tlre r*11 of rrdnfet€d
celle is stibtract€d fro tbat of
the nixture in the r,cll of virug

infectcd oells to obtain tlre viral
antigen sp*ific r€actiqr.
E!|rfts
f. fforti.na dilutiqr of aati-IB\r

irre serrr (Ei$Ee 9)

qrltues of Vero cclle etr€

incubatcd with l0O PFU/rell of the

HF strain of ffw tYPe I ad
incrrbatrd for 24 horrs. A8 40 to

6Ot CPts dcvefoPed in tlre culturea I

alryr'opriate dilutiqrs of antisenn
to tfiry-l ard IEIV-Z nere added

respectively to r'elle and tlre 0l)

readira of each rcll contstt ros

deterni-ned.

Iaie pic$.use abore ttpical
reeults of etFeri-srt. Fro tleae

data it r*as oqrlr.ded to adopt a
dilutiqr frctor I : l5 for Denka

anti-lf;lV-l ard a diltrtisr factor of
l: IOO for lbko arrti-lEV-Z i-nne
s€nn in arfteeqrmt eJrperiftnts.

LO

o.8

n6

trl

a6

o
tr
<t
FIs

anui-HSV-1 Anti-Bsv-2

1015zo '30

ReciProcal of serus dilution

Ei|tnc S Workir8 dilution of arrti-lflV irnne aera'

50 loo 200 300
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2. Ibtetian of tE V artifea tr
IC-EI,ISA (Table t)
Cultures of Vero cellg ard

MRC-5 cellg rlere inoculated wi$r
100 PFll/rlell of IFV-I HF atrain of
tlSv-z gtrain 196, follcred blf
irpubetiqr for ?4 ard ?Z hotrs,
r€spectively. Ilpical findinCs are
preaented in this slide.

AE s€€n in cohwr B of tlrig
slide, r"ninfected cell controlg
sho$ed OD readill8 of 0.23 or lower.
Viral cqrtrole of both Vero celle
ard lffC-5 ceus l{ith prorromoed
CPBg prldrrc€d b!. VZV, Clw, salea
vin-ls, and nqo vinrs eholFd OD

reading of Legg tbaa 0.3. hence
eaaenti"a,Ily tlp aaG aa tlre

Ag iotio of Clq

Lsrinfect€d celL controls.
Aa s€€n in colrsr A, o

intense color of l0 or
gteater 0D reading dev€lofd rrith
antieerar r$etlrer flrti{Sv-l or
anti-lBV-Z, in cdtures inf€ct€d
rfift IAV-I HF strain. In cultur€e
of cella infect€d wiur INIV-Z, on
tf,re otJrr hard, OD readings great€r
than 1.0 n€Fc obtained with
anti-EIV-Z i-mr.up s€na. Rrt OD

readinds $ere a^e low as loes tjran
0.37 lrift anti-t8v-l inrr€ renn.

lhe differqrce in abeorrbonc€r

tbat ia, intengity of coloratian
HEa ao obviors that t,lrey oqild be
readily agn:eciable rritl t,lre naked
eye.

lble 1 OD reodind of reactiqr of. lItV antfut€n br IE_B,ISA.

Virua goat cell with anti-t$V-l senu w-iti antiiflV-Z sena
(A) (B) (A-B) (A) (B) (A-B)

tXw-l Vero
( HF ) !cc-s
HSV-Z Verp
(196) tf,c-5
VAI Vero

cuv [sc-5
Mea^sles Vero

l,h.npe Vero

1.19

r.03
0.35

0.37

o.27

0,06

0.30

0.29

o,23

0.13

o,t2
0,13

0,27

0

o,z3
o.23

0.96

0.8!f

o,7z

o.24

0

0,06
0.07

o. 06

1 .34

I .09

1.00

r.22
0. ?l

o

o.23

o,2l

o,2l
0.10

0.15

0. t0
0.18

0

0. l5
0. r5

l. 13

0.99

0.85

t.tz
0.03

0

0.08

0.06

A : Vin:s infect€d cell; B = Contrpl oell, A - B = Specific r,eactiqt;
Anti-Ifilv-z s€nn : Daho, l:l00
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Tlre data Pres€nt€d in Table 1

$88eat€d aPPlicabilitY of the

IE-ELISA syat€o for slncific
detection of IISV tty Ging. Dako

anti-ttrw-z im.sre genrnr ard for
siryIe differentiatic'n of type I
frd type 2 t[w wit}r ttre uge of

Denka anti-Iflv-I i.mune gerrn.

2. CqEriEm of EV ttFa I ad 2

in IT,-E ISI\ (Tahle Z)

FeactivitY of 'tSV wiUr im'rte
aera to ttrlv-l ard IfIV-2 t4E^9

aas€saaa bY I0-ELISA. ltre OD

r€odira of urinfected cell controls

shon€d tre inter-aggay variationg'

In vi€rt of this, the ItrlV Ltrf€ 2/l
rcactivity index naa calculatld bv

dividing the OD rcading of nells

Fith anti-$ry-Z imsc aentl bY

tlnt of nel1s r{ith anti-Elv-l
i.mn.rle 3€nm.

IJairE thie irds< as a lEraneter '
ne cc@r€d rcactivitY lrith anti-
sera in TC-ELISA betrcen tYPe I ard

type U. the tYFp- 2ll indox of OD

reading of ttre rninfected cell
eontrola ras consigtsltly bett{o€n

0.6 and 1.0' Orlturee infect'ed

with the HF strain ard Maclntyre of

Ifiw-l shct*ed innariable irdicies of

2. 1 or lorer in all fur3tfltces t

r.rlrereas {hg itYlax nas ueually 3'5

or hifher and in no instare beLc*r

3.0 in cultunes infect€d witJr IIIV-Z

refereiEe gtraine.

Thrs tlre oserisrts d€ron-

l$lc 2 Cryrison of IflV irdscr with c*rcial artisera in TC-E'ISA

bett€€lr IE V tYPe I ud tlrye 2

Vil^trs Vero celle l8C-5 cells
b(P.r e(p.z eq.l EA.Z

Irder(

nangerr

IEIV-I : HF

ltcIntYTe
Hw-z : 196

IJtt-268

CeU cdrtrol

1.4

2.1

4.1
3.5
0.8

1.5

2,r
3.5
3,0
0.6

0.8

l.?
3.6

3.0
l.o

1.1

1.8

4,7

4.8
0.8

0.8-1.5
1.1-2,1
3.5-8.6
3.0-4.8
o.6-1.O

t Irdcx - OD with anti-I[ V-2 eenn/OD rith arrti-ElV-l BGn'D

tt BanSe of vrahres obtained fc the itdex in 10 rcplicate d€telrirtatio'
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etrat-ed that typins of the labora- AB can be eeen in tlre nent
tory strains bf lfilv nidht be feasi- elide, ttre index r.ras l.l or hidrer
bIe bv the IC-ELfSA system enptoyed for,all clinical ieolates of IGIV-Z
the Denka aad lhko irunr.rre senB. h-rt rnaried considerably aroortg tlrese
4. $Dins of l[lv clinical isolates isolatesl cmparea to the l$v-l

by IU-EI,ISA (Table 314,5) isolates.
I5pical reaults of tests rr.ur in Ttre difference in intsrsity of

dt:plieate are presented in this color developed betrreen the gpee
slide. Atl lxsV-l ieolates extribited of tlre vinrs lra,a ao diatinct tlat
remrkably proxirnate indicesr being it could be r€adily noted nith $re
invaria,ble 2,1 or lower aa r.las the nalrcd ey€, prior to photrctric
caae of ttre ttrlv-l reference determinations,
laboratory stl"aina.

ffiIe 3 qrping of IXSIV by IC-HJISA with cmrereial imr.ure E€rgrr

Virls Irrle:< I lrderc.Z Range

Non-infected cellg O.g 0.6 0.6-0.9
Laboratory straing

ffrv-t HF 1 .4  1 ,2
lhcfntlne 2,1 l.g 0.6-e.1

rfirv-z 196 4 .1  9 .3
ul{-269 3.5 4.9 3.5_9.4

Clinical isolates

#104

#153

#212

#264

#265

#287

#289

#377

1 .4  1 .9
1.5 ,  '  1 . .6

1 , 4  n l . 6

1 .5  -  1 .6
1 .?  2 ,O
1 ,7  1 .6
1 .6  1 .5

1 .9  1 .9  1 ,4 -2 .1

* Art tflv tlpe I was identified by restrictiqr erdonrrcreases.
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Table 4 typing of.tlsv by T0-ELISA w'ith comercial tumnme sera.

Vinrs frdex 1 Index 2 Range

Non-infected cell

Laboratory gtrains

tf;lv-l HF

l{acIntYre

TtrIVOz 196

rjl{-268

Clinical isolates*

Yt{3

YMS

MA

IBI

ID

NEA

NEB

l{29

UD5

r.,D112

l'ts-1325

Irft-1420

lts-1437

Its-14?6

0 .8  0 .6

1 .4  0 .6

2 ,1  1 .8

4 ,1  8 .3

3 .5  4 .8

5 .6  3 ,7

7 .1  3 ,1

3 .8  3 .5

4 ,1  4 .0

6,2 lr l

5.9 htT

6 .0  Nr

7,1 I .n

5,2 lW

4.6 Nr

8 .3  31 .5 r r

6 .5  31 .2 i f

9 , 7

& ; : 3 '

7 , 3
' 1 , 2

0 . 6 - 0 . 9

a.6-?, ,L

3 .5 -8 ,4

cPE 30%

cFE 30S

3 .  1 -31

; ;; ;;;;;;;-;; ;; ;";;* ;;;; ;;-";;"

pattern with restriction etwyv\e and also bv imnr-urofltffescent microscopy

with IfffV type specific noncclonal antibody'
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Table 5 Relationship between type l/type I index a'd HSV serotype.

kdex range

Non-infected cell control

fSV-l : 2 l,aboratory strains

8 Clinical ieolates

ISV-Z I 2 La,boratory strains

14 Clinical isolates

0 .6 -0 .9

0 .6 -2 .  1

7 ,4 -Z . l

3 .5 -8 .  4

3 .  l - 31

Table 6 Detection lirnit of HSV by TC-ELISA.

Virrs dose

PFU/mt PFU/well

fncubation period (hours)

24 48 96

1000

500

100

20

10

2

50

25

1

0 .5

0 .1

+

+

+

+

t
t

+

+
+

+

+

+

5. Lower linit of senaitivity of
IU-ELISA in the detectiqr of

Itrlv (Table 6)

E:<perinents were corxfircted to
explore the lower limit of sensiti-

vity of TC-ELISA for detection of
HSV. Results of rc-ELISA performed

on the plates are $nfirarized in
Table 6.

'" Cultures of eells infected with

500 ' Pzu/mf (equivalent to Zs

PF[.J/r.re11) of IFV ard irrcubated for
24 hours showed positive reactions.

When incubated for 90 hours after

inoculation with 20 PFU/nl (equi-

rralent to I PFU/well), eultureg

also sholrcd positive testg.
. 'These findings irdicate that
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Iable ? Characteristic adrnarrta,Eee of IE-ELISA

1. Rapid

2. Sinple

Vinrs antiBen arylification for 24 hoursr

and identification & typine for 3 hourg

Couner:cial ilm.lne Berun, no bloching treatrnent,

one-stage ELISA

20-400 Pfu/mf for 24-96 hour irrcubation periods

HIIV specificr no croBs reaction to \rZV or CllV

Fenarkably good

3 .

4 ,

5 .

Sensitive

Specific

Reproducible

detection arrd tfping of IflV can be

acconpliahed by IU-ELISA in so far

as eelle are inoculated with a

ninimr.un of 1 PF[J of lffll/ per well'

$rrry ad blusio

Ttrie new TC-ELISA sYeten

errployirut Pr-Clqand cmnercially

available antisera to tlflV has the

adva.ntages of facilitating detec-

tion of an extrernely sItBlI amount

HSIy', for ercarrPle, 20 Pzu/nl ard of

rapid measuresrent of neutralizin$

per:rnittind both identification ard

typind if I{SIV sinultaneously wittt

corsne.reial illrnxre sera bY a

proc.edure ttrat can be comPlete

within 3 hours. (Table ?)

ltre TC-ELISA s)'atem ?t9 have

developed. is aPPlicable also for

rapid detection'and identification

of non"cybopethic vintses sLEh as

nrbella vinrsr AIDS causing vilsls,

as r,ell as for a raPid neaeurement

aleo non-cytopathic vinrseE' Thus

ttre assay slraten has Potential

usefulnees a,s a raPid diadnostic

test for viral infections.
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Faculty of Aesociated l'Iedical

Sciences, llaY 18, 1989.
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