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ces and kits for imunol ogi cal analysis The present invention

new devi ces- for inmmunol ogi cal analysis, a process for their

ion, and their use, especially for multi-paraneter antuhgg$q<3:5;1<g
and for the screening of hybridomas nmaki ng nonocl onal anti bodies.
pending directly or indirectly on the neasurenent of antibodies in
m of the blood of patients are widely used in clinical diagnosis.
g on the individual anthbody in question, tests are in routiqpiuse
g on well-established pFinciples: imune precipitate formation
conbi ned with diffusion and/or el ectrophoresis,fixation of

nt by anti body-antigen conpl exes, agglutination of erythrocytes by
es, or direct neasurenent of- binding of the antibody to the

Al'l of these princiFples are used in one way or another in kits
e commercially available for the diagnosis of- di sease past or

Thus, specific test kits are manufactured for the detection or

measur enent of anti bodi es which occur as-a consequence of -viral, bacterial,

fungal o
ant i body
di agnost
may resu

r parasitic infections. Each test kit is custommade for a specific
. Aled dieicest and fkfits fory immunohesixlsdvanalpsis oned pre-existing
ic kits is that fal se positive responses, unrelated to the di sease,
It as a consequence of the high sensitivity of the procedures

enpl oyed. FBhe presenteiuneantion sonoernsl hew drvicesi §or fimpendlophenl ehaliygds, i n

the anti body
This prevents a
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avaf | abl e fasltinparapeterrntphddyr analyshe godr forr wherscaeewiageof \Wybnidomes known
test kits %%ge&mcloqli gnmtél gesonl y becone possible if a system were
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avail abl e

Wer e i CI ent

y sinmple for a physician to be carried out

in his private practice or in a health center, as part of routine health

Tests depending directly or indirectly on the measurement of antibodies
in the serum of the blood of patients are widely used in clinical
diagnosis. Depending on the individual antibody in question, tests

are in routine use depeﬁding on well-established principles: immune

s~

\s) precipitate formation alone or combined with diffusion and/or

electrophoresis, fixation of complement by antibody-antigen complexes,
agglutination of erythrocytes by antibodies, or direct measurement of
binding of the antibod& to the antigen. All of these principles are
used in one way or another in kits which are commercially available
for the diagnosis of disease past or present. Thus, specific test
kits are manufactured for the detection or measurement of antibodies
which occur as a consequence of viral, bacterial, fungal or parasitic

infections. Each test kit is custom-made for a specific antibody.

An inherent difficulty in the above mentioned pre-existing diagnostic
kits is’that false positive responses, unrelated to the disease, may
result as a consequence of the high sénsitivity of the procedures
employed. Positive results are normally only significant when changes
in the antibody titer can be detected during the progression of the
disease. This prevents any rapid conclusion, A basal ‘level for the
aﬁcibody is never available for ;hat patient prior to the

particular disease, when the known test kits are used.
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care, and were at the sanme tine sufficiently versatile to be able to

'e t.abl i sh basal |evels of any antibody which is either of known current >
ini c.al interest, or which mght prove to be clinically interesting in the

future “*I'n such a test, data would be collected concerning antibodi es which

are not obvi ously of |nned|ate clinical relevance. However, since

anti bodi es are extraordi nar_l_lzly_spem fic, but not absolutely specific, Tare

fortuitous cross reactions will occur. This mght be due to a fortuit

antigeni.c cross-reactive or. because the disease, for unknown reasons,

causes a ndbfgneuldomdy bérome rgnseébley s eansaatent kergrredilibilentbith an
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bacteriumin rheu ar € sus cros % heart
muscl e ti swevaqmprmteselmsnrmlheﬂm eeosties, hat erophifl rauztdne iteadties whi ch
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such as horse are used 1n a diagnostic resen r'f whi ch
i s defined eﬁﬁiﬂ'ellﬁhehﬂsgél levieds o, any |anttindiyavisichl i.s telicher dfalv:tmaﬂks of the

exi sting a'lﬁk‘yédtc@iuﬁ%% QLA %J.p@%?ghprérg@é ' Bogly c.qg[uteccagéo e will

pronot € the discovery o e sald orturto ross-reacti Vi
i rrel evant iaperassine flé}r#tﬁ fokureThin |sf49b;rﬂ itest, dath mcldacbetcplnestedkl ts of

great si ”plcbﬁééﬁﬁlﬁQQnﬂiﬂQﬁ@gI%ﬁ.{c#_%O T \g?i@llpe%&%eedlgﬁe th&nical

establi shnent of a detail ed MaxI mum use of
i nf or mat i ofe}eERFE hdOBRTRr,sSbee antibadiess arey eixtrsonddnanidyesndcatidie
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in the formof a solid sug port for antigens or inmunog S Suitable for
‘the |m*runol°6‘§ﬁrcairh’a"n&l'-’§%q e ffueq £ et EPBFHIGPUS RRBigaic hendisesremadivnt i - gens

of any kindr §eRbuidthanfifedid IFoP 'uddBbiP 28 s0ons, detises a malfunction of

the immune system and the production of an irrelevant antibody.
Thus, for instance, antibodies against the infecting bacterium in
rheumatic fever are suspected of cross-reacting with heart muscle

tissue; in infectious mononucleosis heterophilic antibodies which

—

-/

cross-react with and cause agglutination of erythrocytes of other -

species, such as horse, are used in a diagnostic kit.

The present invention, which is defined more prec13e1y below, w111
obviate all these drawbacks of the ex:\.stlng analyt1ca1 tests of .
antigens based on antibody detection. It will promote the discovery N
of the said fortuitous cross—reactivities and irrelevant antibody

formation,

The invention is directed to test kits of great simplicity and
programmability and which permit e.g. the establishment of a
detailed "agti-body-profile"; which makes maximum use of information
from the body's own disease-surveillance system in the diagnosis of
disease. The kits comprise as the essential feature a device in.the
-form of a solid support for antigens or immunoglobulins suitable for
the immunological analysis or detection of both antibodies and anti-

gens of any kind, for instance drugs or hormones. -
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-3- W understand by the term"antibody" a specific class of protein
ROl ecul es characterized by being fromthe i mmunogl obulin fraction of bl ood
or secreteed by cultured cells derived fromthe i mune system and havig S a
specific reaction with a corresponding ligand referred to in the text i
this application by the term"antigen". Primarily, the present invention
concerns .a new device for imunol ogi cal anal ysi-s consi sting of a porous

solid Sugport in the shape of a fi heet, plate, qr cylingder containing

a pre-selected array of &P#‘Fﬁ%&oéﬁmp Qa Heﬁ'bgk",c /8t of

i mrr:cmo- gl gbu! i n;arowﬁiminobfﬂn%s dwfdﬁtbyxnﬂgbﬁ(bem; £8¢ui &hd Mn@lpb\hﬁnp?rous
surface, obtaina a | ‘Lauot s sql uti.ons,.0r ssus i ong _of one
or nore anti gensl%lggc%%f’dgfr%ﬁ%é)?o%%l?%%d %?/ %qk%%?og%%rﬁsag?ﬁvﬁgg%&’}%e

mechani cal transfigmme system; ignsb havirgha specifilcereantion with @ncorresponting

i munogl obul i ns qRgsH deblired &3'BANHeStEA P &NTBI ppfidtdoh bydtisd!ibaR "antigen” .

state for reaction™wth _anti hodies or antigens, respectively, contained In
a liquid, for instance ZXiMniy L PreseRt LHVERtign Jopseds ajney @@iee iy ng
and storing the dmmuwlogiddleandlyes icofsistindiwE & peroidsiisoyidlisupsdred iro thdii s

dried form of sai evi.ce...Howeyver fore cart ut .t he desired

i nmuno- assays, alsﬂa%u? fa%s%‘lri%t i%’%e%'a%;%ﬁ'i Sg qé#‘%?o%%‘tﬁ%m@ﬁ FrRFeSTRPSEE of
t he porous supporrran ofhdelimited adsorpbiay evedsy of ramtigarisgearsl/or of immuno-

i rmunogl obul i ns gRekiBds amcﬁ'aaaei&ﬂam&h@&eds%%sspféuatmﬁeoﬁ%uraﬁ%ﬁs by

treating the surface w th nQn-speci fi c; protelns or sera contal ni.ng sug
prateins. Al so d@fFFRFer hpkkaipable. by apphangpiiguets of salutirng b suspRnsions

originally appli et o offictieaartdgens) b CdaidoiminbglopOEER’ b dibect contact
A'seoond aspect’ STEoRE fiknelier aneRE 1ol KOS SfRXFt0but ce bonei ot ing of A
porous solid support inThackshupes afeas Of lantiginserr ipuarioglolling |annsgaid
contai ning a presgelfGhBshdE! Gh BE ndtht4inka tirPH SQIRALIRN sBdtRA 8o fred@iiilcfieNs,
and/ or i mmunogl obylins, whjch adhere . ] . L
_ with antibodies or antigens, respectively, contained in a liquid,
for instance a serum, which has to be analyzed, also after drying
and storing the support. The invention is thus especially directed
to this dried form of said device. However, before carrying out
the desired immmo-assays, all the adsorption capacities for proteins
on the surface of the porous support in the zones not covered by
the antigens or immmnoglobulins applied, and also inside these zones,
must be saturated by treating the surface with non-specific proteins
o/ or sera containing such proteins. Also during this treatment the
antigens or immunoglobulins originally applied are maintained intact
so as to preserve the antigen-antibody reaction, and will remain
so also upon drying and storing. :

A second aspect of the present invention thus is a device
consisting of a.porous solid support in the shape of a film, sheet,
plate, or cylinder containing a pre-~selected array of delimited

- adsorption areas of antigens, and/or immunoglobulins, which adhere
tightly and do not spread out on the porous surface, cbtained by
applyimj aliqhots of solutions or suspensions of one or more antigens
or said immmnoglobulins by direct  contact through mechanical
transfer to the support, and further treated with excess of non-
specific proteins so as to
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tightly and do not spread out on the porous surface, obtained by applying
al i quots of solutions or suspensions of one or nobre antigens or said
i mmunogl obul i ns by direct contact through nechanical transfer to the
suiggrt; and further treated with excess of non- specific proteins so as to
. bl ock all the residual adsorptlon capacities of the adsorbing
surface. By non-specific proteins are neant such proteins which do not.-
cross react with the specifjg & anti bodi es which are expected to be in hhé
serumto be analyzed, and which are also different fromthe anti gens
applied to the porous support. A device so prepared for direct use in

| mmuno- ass especd al | th drled for tored nd used
ong af cer ek calapad revidedt MBotheioh, cealhe4dh 88 B CaPO s i Behect o
the presentBy nuerdpecifiicsprstetus rart hent osuchnproteind cg:.craldoamazl yiss
conpr|5|ng t he _use. of, bot edi ng.devices. In_a o ect the

i nventi on CORSFiEEL Pife® Crftff"éc Pg g8 S JAGFR Are axnssFd, & u% 5‘\‘}eapcon5| sting
i n appl yi ngsearuincgteobe aﬂifalsﬁd;t amh shixh ausmnelmsetﬁntommthmwlmts| gens
and/ or |nnuno ng%l g{ g direct go%vgct throug gh transfer to
the suppor t*PPERS% ©Pj Fh%, PREECFURPRE RGN T8 h”eﬁ‘fﬁf‘és& ure of
kits, corrprins Eeguriohes hys ) mecfamhaﬁ echendafed tferﬁplwhdicls l¢|aﬁCB’d stadadve
nentloned %QF%E EnmntE aredfaqggen%% ? g nent fqg executlng t he
i imunol ogi cBI° Assayse serf'f‘l MAVERL i 'Sn°T PABELEECH A PRE"F i ng t hat

antigens or i rrrrunogl obul i ns can be applied by direct contact of the |iquids.
cont ai ni ng I ro hani ¢al transfer, \(J
'so as to ob% gﬁg}%%ﬂgaett ég éhg gperstg #(é)nl%gg‘g%s v%g EH'gan 0% %]'f dedi%ed, as
restricted wgiposendlwsis bsommalabl ghe use tqfngottlhehwwlramnefddvnqu .ds to be
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In a fourth aspect the invention comprises the manufacture of devices
as defined above, consisting in applying.aliquots of solutioms or
suspensions of one or more antigens and/or immunoglobulins, by direct
contact through mechanical transfer to the support.

In a fifth aspect the invention concerns the manufacture of kits, \
comprising the devices in the form of the solid supports above
mentloned,together with prepared reagents and equipment for executing

‘the immunological assays. o ' -

The present invention is based on the finding that antigens or
immunoglobulins can be applied by direct contact of the liquids
containing them to the solid porous support, through mechanical transfer,
SO as to obtain delimited adsorption areas, which can be, if desired, as
restricted as possible, by suitably limiting the volumes of liquids to be
appliéd; that the areas so obtained do not spread out on the surface; and
that the antigens or immunoglobulins adhere very tightly to the porous
surface and can be maintained unaltered for practlcally an indeter-
minate time, and are su1tab1e for reactlon with antibodies or with
antigens respectively in biological 11qu1ds, and for thelr detection

by any of the known immunoclogical assay methods. For example,



applied; that the areas so obtained do not spread out on the surface; and
{hat the antigens or immunogl obulins adhere yery tightly to the porous
surface and can be maintained unaltered for practically an indeter- mnate

time, and are suitable for reaction with antibgdies or with antigens 15
fespectively in biological liquids, and for their detection by any of the
known i mrunol ogi cal assay net hods. For exanple, -5- when the device

conpri§es antigens bound to a_splid support, bound antibodies may be
detected with the use of an (indicator) antibody, such as a radioactively
| abel ed (indicator) anti body or an (indicator) anti body coupled with an

enzyme gl Vi Ngngn Gle Ot%&&g%ﬁigp o2 add1Ged#hind Y1 £ L0 JPRRL Uit O1 naS

a group attac ed enerat e ecta e an uf abl'e signa
under speci f iaptiibpdies$ tmagniss daseqmdef@hotid! upe dfiaan Hlisdicater) Rotibddyhat

.these i munol ggﬂ\ %l aalsa%‘fi.‘ggcthagldeagareﬁ' d@&'&to@ t\ﬂso Si‘t em&ic§m)

dots of antigens or i nmunogl obul i ns out |n er ences etmeen t he
vari ous anti gehitbody tonpliedlithdn emzymeuskvids amdoifm seaptigupIyatheeserm

contained I n«ifgidaestn la' fbleare Uhion aBA AOoked aEFIdBH Moy 1 BUHREA ST NG when

conpared to the various nethods [ ogi cal assays known in the prior
art, especi algegenategeca dehedtahtel anphonaasurablessigapbaindet \srsekfiefsi ng that the

S|nple devi ceq aidibhe, TetiRdrOfodat s application according to the present
invention is of very general applicability and can be used for practically

al | antigenic substances includi.ng e.g. proteins, nucleic acids,

caxbohydrat ege hiPhiso babs fothditfde hRSE ARRETo1081¢h128Ys dek NehnObe carried
i mmunogl obulins. The state of the art preceding this invention, apart from

the finding i°ﬁtt91’é“a‘i”t'-ihc1=‘-’étrﬁ@ﬁ]t3i 8RRkl BefoRf| #PLRBERS. ORTMUnoglaRulins, Ush,
whi ch re- pregsemndurdifedd@eleticks RRIVEHL @né VaklibusUaReiGendliot’ ARANOEIOLENART S fOr
the mounted and foreign substances contained in the test liquids. This

finding is certainly surprising when compared to the various methods

for immunological aSSayé known in the prior art, especially those

mentioned above. It is especially surprising that the simple

Co device and the method of its apolicatioﬁ according to the present

invention is of very general épplioability and can be used for

practically all antigenic substances including e.g. proteins,

nucleic acids, carbohydrates, lipids, and related substances, and -

any kind of imﬁunoglobulins.

The state of the art preceding this invention, apart from the finding

in the article mentioned below in Proc. Natl. Acad. Sci. USA, which re-
presented a decisive advance in the use of microporous sheets for the
performance of antibody binding assays on replicas of electropherograms,
cén be. exemplified by US patent No. 4,200,690 and the European patent
application 27008. The US patent describes a procedure for the
increasing of the binding capacity of nitrocellulose microporous
supports by various complicated coaﬁing procedures iﬁ unawvareness

of the high intrinsic binding capacity per unit area of nitrocellulose.
In addition, a number of earlier  patents, summed up in the said
European patent application, describe the use of various kinds of geo-

metries of plastic surfaces with convolutions, perforations, inserts,



per f onrggnce of anti body bi ndi ng assays on replicas of el ectropherograns,
can be exenplified by US patent No. 4,200,690 and the European patent
application 27008. The US patent: descri bes a procedure for the increasing
of thé binding capacity of nitrocellul ose nicroporous supports by various
conpl i cated coating procedures”in unawareness of the high intrinsic binding
capacity per unit area of nitrocellulose. In addition, a nunber of e@i er
patents, summed up in the saibd=European patent applicationdescribe th® use
of various kinds of geo- netries of plastic surfaces with convol utions,
perforations, inserts, -6- etc., to increase the binding capacity.
Difficulties were described in the conplete renoval of excess reagents from
such surf ages; tAnifsessy itat Hialny apdcithi DiprRaAbied MULNidestribedt he hi gh
bi ndi ng capa- city of -m croporqus sheets, conbi ned v¥ihth {he egse of .

t hor ough W@sthenGomlgte Pty YieSpRASARY Che" WasHThGuF1ar®8; "8 g. with a
plastic %fber&@.hﬂﬁat&f@ ogouﬁjsngréasfeﬁt @h@@ﬁﬁioﬁeﬁ?ené.hfghebmiﬂg Elapaa-r)eanl

Pat ent Appl.i cation 27008 descri bes a.procedur or c i n ut; tiple
ant | body- SHET GEn1ERRETAHTS ShEF N EEGY “Leinf B racth EVvirEt “ati e ser i s,
in contack.y by éimplgatispéndingdtieanpdidng \Wilivlie, tehe. iwitknd ipaastifc ¢#iei pat ent
purports *)o ttie C%Eiﬁgl e .of r%u.ti I% assaés si mul t aneously, and the nerits
and need PRF*&ac ?'ﬁlﬂﬁe" s 8885 F ek ensi vel y described, only exanpl es
for two sinultaneous assays are described and nore than two could hardly be
performed_|n pr.actice. The key.feature o i nvention is the physical 7
separ at i or"FIthgaﬁﬁeé‘f’iﬂ’l?@“é%atf%yeAP%@@?EI?no?ré)%ahasctrﬁeesr daction, and the e
counti ng gkobmiwrd feadtaanytingiduy sesdpht ehyibody-aighvireastihatbyt hise nunber

of assays perfOrImble yilh. LAk, | Mueniien, cayl el NaLEased . the use of
nul tiple i ot ope Feehhl qués conbi ned WEH L RE FROT6- i Tting assay, but it
cannot be ligeidasegle.Wipilactiecdénvention of that patent purports to be '

-

capable of multiple assays simultanedusly, and the mefité'and need

for such multiple assays are exténsively descfibed, only examples for

two simultaneous assays are described and.mote than two could hardly

be performed in practice. The key feature of tha; invention is the' —
physical separation of the tube and the insert féllowing the reaction, o/
and the counting of bound .radiocactivity separately. It is obvious

that the number of assays performable with that invention could be

increased by the use of multiple isotope techniques combined

with the radio—-immune assay, but it cannot be increased in practicé [
for routine use, with the use of more than two isotopes, because of

‘the complications of the radioactivity determinations. This would then

give a maximum of 4 simultaneous assays. The examples given are also

exclusively for the use in radio—immune assays. The present invention,

on the other hand, makes use of the high capacity per unit area com-

bined with the high intrinsic resolution of miqroporous'supports,

to permit an unlimited increase on the number of simultaneous assays.
Furthermore, the examples of European patent apblication 27008 are

limited to the use of specific antibodies bound to the éupport, in-
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for routine use, with the use of nore than two isotopes, because of the
conplications of the radioactivity determ nations. This would then give a
maxi mum ©f 4 simul taneous assays. The exanpl es given are al so excl usively
for the use in radio-imune assays. The present invention, on the other:
‘hand, makes use of the high capacity per unit area com bined wth the high
intrinsic resolution of mcroporous.supports, to permt an unlimted

‘i ncreakg on the nunber of sinultaneous assays. Furthernore, the exanpl es of
Eur opean patent application 27008 are limted to the use of specific

ant i bodi és bousmded a:ot hersugppthet coirgsponding -antigrtse Iro thesesentt he

cor r espondi ng ant i 9408 - ok e PLRSER" si Pogsi BTN i2En lACHRRe A1 Systemis
possi ble with an essentia ?y unl 1’m ted1 nurﬁ)er of different antigens to
measur e t hei. rundémi essip owmbenrgo £ 4 ffrygnt Ant hgrnsaFe Geasurey skeisf cCQuyesSRANGpBE t f or
ant i bodi es, | L e ' [ r ' 4k | hhgens, and
the use of s\p,)\%cfﬁp ?#elrséa%@t@n? lséyv\ﬁ?%hlg\% (ff] Q?%g%? L%}dgﬁ_iaggﬁ@g%%f'bgg%/&g

conpl exes, suiilathesohiridetheiir cornsspenttisg n¢cifie antisende &at|theegse of

" El-ect r ophor efjeeiti@ReighncofwiReRtAI1NSi den iR AhBChYIATHEE d8diekds,
nitrocel l ul ose sheets: Procedure and sonme applications", publlshed in Proc.
Nat|. Acad. Stch SKOompAsment gompepengs. nn  4350- 4354, September 1979, a
procedure for the electro- phoretic transfer of proteins froma gel to a

m croporous sheet and the detection of these proteins by imuno-assay
procedures i Mulkué ngtiarid botlitded H'ES ebeephoiesis i dradsfebhef erecdinephamet i C

transfer of thaﬁ proteins gi ¥e a f%ith%gl 1rs%_'pl {‘é:ea of j the original pattern
cont ai ned i n RHEG B S BRtS FECRITFOF UL L BRee PR P §ﬁ?ﬁhﬁ8dg" agg”é§s With
such transf erdppdiedtdohs'phebighedrinaPdeC aNdadledaaadl Siit, eUsal, heolr.e36 dual
adsorption capacpties 0t_ 4ni er%%!en# ullgff sher%tcea%\ée ge%gesegteg I<_310t_ed by
i ncubati on vmatfqﬁ ? rﬂ?r’i-gﬁem v [f)rpot e, e &t Ri°8 | cﬁ T $"81%6
phoretic transfer of proteins from a gel to a microporous sheet and
the detection of these proteins by immuno-assay procedures involving
antibodies Has been described. The eléctrophoretic transfer of the
proteins give a faithful replica of the original pattern contained in
the'gel on a nitrocellulose sheet. The antibody assays with such
transferred electropherograms are carried out after the residual
adsorption capacities of the nitrocellulose sheet have been saturated
by incubation with a non-specific protein, a feature which is also
adopted in the presemt invention. The above mentioned immuno-assays
[ with electrophoreticglly transferred proteins are rendered possible
by the fact that no exchange takes place between the electro-
phoretically blotted specific proteins and the non-specific proteins
used for the blocking of the residual capacity of the support. The
finding of the present invention that such intact.presérvation of
bound antigens from any interference on the part of the non-specific
proteins ﬁsed for the blocking of the residual adsorption sites
(background adsorption) and the prolonged incubations of_antibédy
assay is possible, also when the antigens and/or immunoglobulins are
applied directly, i.e. in the absence of any electric fields, is one
decisive factor for the development'of the new devices and their use
for antibody analysis. It is also sufprising that in the further
incubations with the antisera and the indicator antibody no disturbing

side-reactions take place, e.g. exchange with the adsorbed
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adopted in the present invention. The above nentioned i muno-assays W th
electrophoretically transferred proteins are rendered possible by the fact
t hat ng exchange takes place between the electro- phoretically blotted
speqigic proteins and the non-specific proteins used for the bl ocking of

t he Tesidual capacity of the support. The finding of the present invention
t hat such intact preservation of bound antigens fromany interference-on
the.part of the non-specifi(fﬁﬁroteins used for the blocking of the r es¥dual
adsorption sites (background adsorption) and the prol onged incubations of

anti body ag§a¥spksi ARStdletns AlraPeiiabrd e @aatlhgmsi,@@% sseiamfuc}oeﬂ,@bul I ns
are applied directly, i.e. in the absence of any electric fields, Is one
deci si ve f&erear plectrpeharevid ogread codld he neafeetedi ek pabhdnt heiar use for

anti body anab¥Sicseivel bhsistby AnsUsfph s di%elHabpl 1kakign fo¥r iiehnd eybations
with the antisera and the indicator antibody no dlsturblng_SJdE-reactlons
t ake pl aceBeeauge ek SharRf@hvreselving aenayr pEdrhe neomethndcyiienc applded; ges.

Furt hernvr%uff,sgﬁgtmiﬁeta BBe SURGRRRF RAbrdddesf &F aﬁﬁig%he,ctircow%ﬁ%w met hod
coul d be perfected and put on to a quantitative basis by the sinple direct

appl i cat i oAnbinitaly FEpsrrEMabisacheine 8F thResameghinecsd|extrepepsimnlioitt he new

met hod whennagialrh fbnl, OTmidAPOIdbR1 1Y LAY o AddiRba NUFDELsi0bd MebpOdRES Of
antigens, it is alnost infinitely prpgram‘rabl e, being at the sane tine of

extreme si fpF} @PEisang eEhatRasaus | FYPRRFR Lhsitchn ImEerdndntedake f

desired, tegetifindioglcAiNthaBRSs UE bREIHBAL LS S@el PreddRP Ofdvehtioht od S |
i ntended to make, the i nmunol Qgi cal anal ysis, of anti bodi es of the present.
i nventi on @nIupnGLtAfive t4s3e; RROYVR amRuRfA, of ngEHRee Igbuling #RsgrBRALCR N ar e

appl i ed t 0 thasclol i shpSeRP Al éngdki0Rt) thk tdhtlh fehsaNEl RN fimubBESMuL {ARUNOY! obul i ns
wll react with the i ndicator-anti bOd%.' toQ gFlve_. a detectabl e reaction which
can be tak¥hlhTeachyifh the, inddfatan-apHibRAy it Rive 4r foresbrRlenEeaEa8® i on of

i Munogl obuhidis ckeWedcient BE 2B BERSr cLhFariBbRGAtRTthe corresponding
reaction of immunoglobulins bound to the antigens. The method of
immunological analysis of the present invention can thus be calibrated
with the use of a suitable internal standard based on known amounts
Sf, for example, human immunoglobulins. Since the method is capable [,
of determining large number of antibodies simultaneously,
fortuitiously elicited antibodies which either cross-react with
some other antigen or which were not previously kndwn to be
elicited by the disease, will easily be detected. It can furthermore
incorporate all known diagnostic tests depending on the determination

of individual antibodies, into one universal test.

The term "pre=selected" used above in connexion with the arréy to be
formed on the devices of the present invention is to be understood as
meaning that the geometry of the adsorbed antigen or immunoglobulin
areas has been conéeivéd s0 as to serve the purpose of the ihteded

immuno-assay.

The porous support may be any material with sufficient surface
porosity to allow access by immunoglobulins and a suitable surface
affinity to bind antigens. Microporous structures are generally
preferred, but materials with gel structure in the hydrated state

can be used as well. As to their chemical nature they may be:
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I mmunol ogi cal analysis of the present invention can thus be calibrated with
the use of a suitable internal standard based on known anounts of, for
exanpl e, shunman i nmunogl obul ins. Since the nmethod is capabl e of deternining
| ar ge nunber of anti bodi es sinultaneously, fortuitiously elicited

anti bodi es which either cross-react with sone other antigen or which mgre
not previously known to be elicited by the disease, will easily be
detéct&d! It can furthernore.igncorporate all known diagnostic tests
dependi ng on the determ nation of individual antibodies, into one universal
test. The term "pre-sel ected"” used above in connexion with the array to be

formed on t heydgyises ﬂly&éﬁc%ﬁ%‘éﬁ}dﬂa@é@%&%e&? $RAcRE (URTRS 8bP0deaS

meani ng that the geonetry of the adsorbed antigen or | nmunogl obulin areas
has been con@éP%%H-nB@da’ér supssituredtdrripativese sorhtatea) meete FeRAMASAO- assay .

The porous suppeilyiHRYa REa A% LBET didlsebdrdd Sil EAJs8D ikl fAGE ARKOSItY tO
al l ow access by i munoyl o%ul ins and a suitable surface affinity to bind

antigens. M crepyridnkeds dexienagr ealymees gedatarehespbhiregenaratescehiuleresl s

with gel str %&Wﬂﬁsbneétla?s h%@ﬁ@éfa‘ilftvﬁi:ﬂ RRPI PGS ed ASartBk1ic A ilae; thei r
chem cal nature the A) tural polyneric car bohydraf es and

thei r synt hetdized I°5¢¥Hﬂd’isﬁl ReFerey G§1§¥1|°ﬁkai-h5¥s9sGﬁ%"{cllﬁhbe&lﬁbrlw%ﬁ i ves, such
as a) agar, afpws8c £ILRstd. i nked al ginic acid; substituted and
cross-1linked guar gums, cross-linked dextran polyrrers and starches b)
regenerated cellul oses; cellulose esters, especially with nitric acid and

cagboxylic aCE)dﬁatul%hr%198&&%&&%1%6&1:0@%| léh@ﬁ%seﬁﬁﬁ%%s gagecially with
| ower aliphatic, al cohols. B) Natural polyners, containing nitrogen, such as

proteins and dgrivardvesmee; Be °§°s§:r16§"sedl Pﬁl@é’&lﬁﬁfednﬁ%ﬂraﬁ’éd gel atin.

C) Natural hydrocarbon polymers, such as latexes and rubbers,

D) Synthetic polymers which can be prepared with suitably porous
structures, such as a) vinyl polymers, such as polyethylene, '
polypropylene, polystyrene, polyvinylchloride, polyvinylacetate

and its partially hydrolysed derivatives, polyacrylates, polyacryl~
amides, polymethacrylates b) éopolymers and terpolymers of the
above vinyl monomers among themselves and with other monomers

c) polycoqdensates, such as polyesters,_polyamides_d) addition

&_; polymers, such as polyqrethanes’or polyepoxides.

E) Inorganic materials which can be prepared in a suitably porous
form, such as sulfates or carbonates 6f alkaline earth métals

and magnésium, é.g. barium sulfate, calcium sulfate, calcium
carbonate, magnesium carbonate, or silicates of alkali and alkaline

earth metals and/br_alumlnlum and/or magnesium, and aluminiua or
silicon oxides or hydrates, such as clays, alumina, talc, kaolin,

zeolite, silicagel, glass. These materials can be used as such or as

fillers in one of the above polymeric materials.

F) Mixtures or co-polymers of the above classes, such as graft
co-polymers obtained by initiating pblymerization of syrnthetic

polymers on a pre-existing natural polymer.-



. L
C) Natural hydrocarbon polymers, such as |atexes and rubbers. D) Synthetic
pol ynmers which can be prepared with suitably porous structures, such as a)
vinylggol yners, such. as polyethyl ene, polypropylene, polystyrene
ponV|nyIchIor|de pol yvi nyl acetate and its partially hydrol ysed
derivatives, polyacryl ates, polyacryl- am des, polynethacrylates b)
copol yners and terpol yners aof ;phe above vinyl nmononers anong thensel ves and
with other nonomers c) pol ycondensates, such as pol yesters, polyam dedwt)
addi tion polymers, such as polyurethanes or pol yepoxides. E) Inorganic

material s WY €hp&d nRfeh 8P Ha§dhd hsda Hei st ynpeﬁel@hégé%fsuch as sul fates
or carbonates of alkaline earth netals_and nmagnesi um barium sul f at e,

cal ci um sul fEms, TERESuMlati%onFSYLHRTSsi O Y FtATabe, ¢°6Fe‘§|°PF?:at es of

al kali and g} kahddi of Al dnindRldats HPLépiatd YREFY ua}ﬁ@t#éorsu@ﬁgases' um and
al um nium or silicon oxides or_ hydrates, such as clays, alumna, talc,

kaol i n, zeoPdRe&, &liasp ¢ AJ@pticyfilms, metad cfoidferfaRricaRhe devitesd igs such or

as fillers prefeREb19 id tRhe AN P FnUERY b8 tHLRAdsR! Sn thh Mnkb SFEFrm
co-pol ymers of the above classes, such as graft co- golyners obt ai ned by

initiating poDynmmlaaﬂl@n5ommsypra§ercbbwl9ﬁe¢b°@h brmmexi sting natural
pol ymer.  TuelQordVshizé ha§ev4ryt @1 timhSwidRY1Hf t5 YeBéradtf betieddie shape of

films, sheets, plates, yl i nders t oated onto or bonded
or | aninat e?r9%3 ﬁﬁb@épPFSF@nFneFPpﬁﬁF?££¥sgeéﬁ%ﬂX Q 1%a$%?r°ﬁlass pl astic

films, metalanBolbsmitabnisgs. The device is preferably in the formof sheets-
of thickness in the range of . from0.01 nmand 0.5 nm preferably of about \
0.1 mm The pore size may vary within wide limts, preferably between 0.025

_anCi 15 m Cr TS suPfeRS i ¥ kiedeChumRtd cha bé Gkivated by chemical processes
which cause covalent linkagé of the antigens and/or immunoglobulins
to the support. The irreversible binding of the antigen or antibody
is obtained, however, in general, by adsorption on the porous
material by poorly understood hydrophobic forces. There is preferably
used a microporous cellulose ester, for instance an ester of
cellulose with an aliphatic carboxylic acid, such as an alkane -
carboxylic acid, having from 1 to 7 carbon atoms, e.g. acetic acid,
propionic acid, or any of the butyric acids or valeric acids. There
may also advantageously be used, however, sheets of nitrocellulose,
- by which term any nitric acid ester of cellulose is intended, if u
desired, in mixture, with any of the said carboxylic acid cellulose
esters., Thus, pure nitrocellulose esters can be used as consisting .
of an ester of cellulose having approximately 3 nitric groups per
6 carbon atoms. An excellent material based on nitrocellulose for
making devices according to the present invention is in.commerce under
the Trade name "Millipore" (commercialized by the £irm Millipore, Bedford,
Mass, USA - "Millipore"” is a Trade Mark)and has a pore size of 0.45 microns.

The antigens or immunoglobulins are applied to the described solid
support by direct contact, by which term any mechanical transfer,
either manual, e.g. with capillary tubes or pipettes or syriﬁges or
by the aid of liquid or gaseous propellants, such as sprays, e.g. by

a suitably directed stream of air or gas or some template or applicator
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and 15 mcrons. The surfaces of these supports can be activated by chem cal
-processes whi ch cause coval ent |inkage of the antigens and/or

i.mmunogl obulins.-to the support. The irreversible binding of the antigen or di

anti body i s obtained, however, in general, by adsorption on the porous
material by poorly understood hydrophobic forces. There is preferably used
a mcroporous cellul ose ester, for instance an ester of cellulose with an
aliphakyt carboxylic acid, suchllas an al kane carboxylic acid, having from1
to 7 carbon atons, e.g. acetic acid, propionic acid, or any of the butyric
acids or valeric acids. There may al so advant ageously be used, however,

sheets of niif0EAi4Hd06¢ mebis WE sHbcleBEBsABYcHhS Mire A icOmisat fracRlic£gh! ul ose
is intended, ,if desired, in mxture,-wth any of the said carboxylic acid
cel | ul ose eBFer%5elaghynicsr with R Usr IR dbogEerlis emsinidagseupcgdures,

consi sting et wn"esd:ged Afrope!Jrab@rohans 18 MRALPebiBI1RbYroniBi friihEig,0UpPs
per 6 carbon atons. An excellent material based on nitrocellul ose for

maki ng devi d8sUEEHIGL g NeosTURd e 130 BH12PPRAENE? AF FR &ife covmeticeblmder the
Trade name ‘zibadtirpprede f@BUBddeba)diszh thddys thegnf i MmN lebipQr g, oBegdQr d,
Mass, USA - "MIlipare" is a Trade Mark)and has a Eqre size of 0.45"

mi crons. Th&PATH PHelieedr Fnith8GhobaPHHeuEttdonifirhdis suitebleredbei bed sol id
support by dif&Chagdntagde abyrewbi Glibb£ioh adbhg8Re ANk Galkr, IdraBedeh, s Bl ber
manual , e.qg. mnhg caplllar% tQHes or,gipettes or, syrlnges or by the aid of
liquid or g3B8%0oulet GpBINTEhte E AMRlied Spall golyney ofyhe aagigesiry direct ed
st{eam of ailiq@idsJas sRkulTEot GRPtAce HMiqapEd ishAlIRE thanNl Nilgt e¥pez sl 1Ry
means of procegures such as are En commuon gé@gtice Ln %icro-elecéronics,
with the usé®dtleri ErfyPabrile Bt tBFFivR¥ MYSFEHOEE 2 PG oPhR i ned R 88 dr op”
propul si on gsréus Buffacspaddredas! rfvt tndYahtd iNaging 8 didetsd @mdlllefhehananpl e

can be applied so as t i ve.any suitable geonetry, he _formed adsorption
ar eas beipﬁg Zi oy BEPSHR g_s&_ﬂ%lyal&ns 0, mm,gare most.y su:t.taile {or CLOW! fng P

the maximum number of antigens, and/or immunoglobulins e.g. on a two-
dimensional area or array; lines, e.g. of width of approximately 2 mm
or less, e.g. 1 mm, may be most sﬁitable for a more limited number of
antigens or antibodies where the results can be readily visualized or
quantitated by some mechanical scanning apparatus. Such an array of
parallel lines can then be cut into many strips in a way which lends

itself to mass production of the test system.

A typical test device according to the present invention for antibody~
analysis of sera may be for example in the form as shown in the
attached figure, which shows the dots as developed after imme;sion
into the various sera to be analyzed and rendered visible by reaction
with indicator antibodies coupled to enzymes capable of giving a color
reaction with its substrate. Standards 1-3 are normal human serum in
appropriate dilutions. Devices of these types may serve the purpose of
carryiﬁg out ”multi—parame&er antibody" analysis. The case of kits
having one single antigen mounted on the solid_porous support is
especially of impértance for the screening of hybridomas making mono-

clonal antibodies.

The system of the new kits may be programmed without limits or restric-
tions, since any desired number of antigens or combinations of antigens

or immunoglobulins can be included in a single test procedure and can
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spots or lines, or any other configuration which is suitable. The array -may
I nghude a great nunber of antigens or a few, or even a single one. There
are™referably applied small volunes of the antigenic |iquids or seruns,
for instance aliquots snmaller than 1 [err], especially smaller than Ol ul.
{n this way mcro-dots can be pbt-ai ned on the porous -surface. Mcrodots,

for instance having a dianmeter snaller than 2 mm especially smaller-than

-

0;5 mm are nost suitable for crowdi ng the nmaxi num nunber of antigen§?¥
and/ or i mmunogl obulins e.g. on a two- dinensional area or array; |ines,

e.g. of width of approximately 2 mmor less, e.g. 1 mm nmay be nost

suitabl e {gin e 'RMa®ytddTihedl sAHPRCLpOfacdBh] 3BASiMentidd R0UIRS Where the
results can be readily visualized or quantitated by some nechani cal

scanni ng #AfaFamesitey canesntaRFApsoPt parbbeddes |Thied argnnermailpe cut into
many Stri Gfdnlc 8 BURYMithChay GRES tol 8 denbRodiREF dltQgkIGh) Ok Gb ddiget oS!

system A typical test device according to the present Tnvention for

ant i body- anthgrgriitase ansibodrey Wechotregahplfeund inhe Haghelagdcahainuim the

- artached L @ Rhe issNons khs Ak fodd® af o2 AP Gle LA cdd ML ST ON. T 0O the
-various sera to be analyzed and rendered vi'sible by reaction wth indicator
ant i bodi esurrogp} adeferabiyyineshe dfvapl of sheefisyi by is ewtmpisimmdbwdrighith its
substrate . - rd@k M Ynad r j.at,e, dilutions.
Devi ces o?hftﬁgggﬁﬁgge%b%gsé f;é:?geéq%hgﬂpl{t%? pose gp; dggrl ?)r}'%ngpé)iult% Vﬂ '
"mul ti - pat akerercapiilinydythedat yrsmainslext vemedy ofmalils sivthabe rsybomic 18+ ngl e b-/
antigen I id.J [oYo ) A speci al | f _inportance f

t he scr eg'r%l:é %gg:fa Rﬁilb:}'?d%%assqﬁg%{p%ggdn%#g-%rﬁg#\zh%a%eblsﬁgael&eés.Qreﬁfg'g %%/sst em of :
t he new kiand remetbensyr Sgetamierb~diot houtigén shestsokcan ast nsad fbr adesecsionce any

desi red nunher . ._ge or inations of anti.gens.or i nogl obul i ns
can be i nca{ﬁg ucf%:(tﬁ?a}tlggnog 89, %:gﬁ%g%?ﬁcté:a% e gd o a%zg::.gogjlef_ i humad
. sera. . . .

Once the selected antigens and/or optionally immunogiubulins-have been
mounted in the said manner on to the solid ﬁorous support, the'device .
must be processed further, before being usable for the immuno-assays, Q.J
to block excess binding sites of the porous mate:ial. This'is doﬁe by
incubation of the said support containing the antigens or immunoglo-
bulins array with non-specific proteins or with a mixture of such
.proteins, or with total serum, or any combination.of these ingredients Q:;
alone and/or together with the ingredient of the subsequent immuno-assay
steps. .The only limitation is that the said proteins should not inter-
fere with or cross-react with any of the antibodies or antigens respec-
tively in the immuno-assays, and, of course, that they be different from
those mounted on the support. The blocking of these residual adsorp-

tion sites can also be made in steps. Thus, in a preliminary step the
support containing the fixed antigens or antibodies can be incubated

with bovine serum albumin. Such proteins are advantagegusly diluted

in physiological saline, and the assembly incubated with them, prefer-
ably at slightly elevated temperature, for instance between 30T and
50?:,preferab1y at 40%C;and washed with physiclogical saline. After

this preliminary treatment there may still be present protein'bindiﬁg
sites which have-ﬁot‘yet been completely blocked, which have also to

be Elocked when immuno assays have to be carried out. If there is



fhen be anal yzed in a single operation. The invention is then e.g. used to
.noni tor concentrations of antibodies which are normally endem c, but which 20
may vary. in a pathol ogical situation, or to detect and quantitate .

anti bodi es which are only found.in a pathol ogical situa- tion. Wth the use
-of nitrocellul ose as porous naté?ial for the support, preferably in the
formof sheets, it is surprising how high the resolving power of the system
is. Wign a sanple is applied via a micro-capillary, the dot remains
extrenely small, in the sub-mlli- nmeter range; it does not spread out
during the subse usnt treatments and reactions. Such m cro-dot antigen

- sheets can IEFEERHds HsoqRE8: ¥ CARFAHETNE PLERS S3FehiRTeSHPENER 9Ew de

range o:‘ | aMHebMﬁFe%ﬁtheSﬁ gt IACBe tphe\éaebeqﬁedamghgem #Hed/ or ]

optionally j nagl obyl i ns hrave been nount int sai mnner on,to the

ol 1 6 or ouATeEbI SR ety e, B5F S SRETReTRR i el ety B4 RafEeREY GRBLbei ng

usabl e for Hddg idMmuecccasbmyed, picdeit OOk EheCesfie Romdipadi fict @ tein tahe porous

material. Thjs is ne by, i ncubation of the said support cpntaiping the
375 ngths PE DS

anti gens or®d%ARATEGIH- 1 0HRS RECSFES P i P H InBFE s edT FRETYSF ot AL th a

m xture of speebeplodhet than Ghove tolf tiad abstSantibodp! ThBycoandbiiedapr«sened t hese
I ngr edi ent sofal Fne and/ or toget edj ent .aof .t he subsequent

er. wi,t h. the jngr
i mmuno- assayf SPEFs MRHEEEY PFI SR PR AO5H ‘{igc%‘h%tem?’ﬁénga‘?ladbr}%tsé'feﬁs shoul d
not inter- &&l eeidd oOfreveMsSS by etibe tiithbn ARYcKEngk hef ané ih6ibAIeOwidRt i gens
respec- tively Ln the inmun -as$atys, and, .of caurse, that the% be different
from t hose BY PERYINE %3’6&5 {£° AHESBEUERT iFE6F ThBTE SPELitdBat  EEsor p-
tion sites satioal & ahe kindewith HimRASgloblilihs.i Theacprlet Ndean \that epetihe
support cont

sgloi rii nl%tt Qgsf&i xed antJJ"e e:?tiic r g;mtlbsodi es S tie i nggq?a:t ed with
bovi ne ser ufi A BURR™C SR HFBERIASEE SRR ad@’&ﬁ‘ﬂg? i it daTt
physi ol ogi catossateare, wandthdidndbeenblantibmiypated with them prefer- ably at
slightly el evated tenperature, for instance between [err] and
S50t, preferably at [err], and washed with physiol ogical saline. After this
prel i m naryIirehat e@et of hay emiyYasdayl Fod@hrdeeesdioRl S @heivdiisl Rge gbtiRs
which have Bolaiel Hegbs&A0R) b6ty iR 0GKetheWBEE) DAY €n8! 82: L& un
to be analyzed diluted according to the expected antibody concentra-
{_/ tiom, usually in the range 1:100 to 1:10000 in blocking solution, for
instance in the range of 2 hours to overnight, at room temperature,
and then washed extensively with physiological saline to remove excess
unbound antibodies. The indicator antibody is radiocactively labeled,
fluorescent or luminescent or conjugated with a fluorescent sdbstance,
or with an enzyme capable of giving a color reaction with its sub-
strate. The indicator antibody is usuallyfdiluted about 1000-fold in

a mixture of the above named blocking solution, incubated e.g. for

two hours, and washed again in physiological saline.

These methods are carried out according to techniques known per se and
using known indicators, including staphylococcal protein A. Thus, e.g.
125I-labeled_ immunoglobulin can be used in autoradiography, immuno-

" globulin conjugated with fluorescein for the fluorometric method or with
horseradish peroxidase for the enzyme immune method, with the use of
o-dianisidine in the presence of hydrogen peroxide, as the substrate
for the peroxidase for eliciting a color reaction, in the case of the
hofseradish peroxidase method, with the colored reaction product being

insoluble and remaining immobilized at the site of formation.
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be bl ocked when i muno assays have to be carried out. If thereis - 13 -
background adsorption due to renmai ning binding sites or exchange of the
2@on-specifi C protein, it can be prevented by carrying out the incubation
with the first antiserumand that with the indicator anti- body in the
continued presence of the sanme non-specific protein and additionally in the
presence of total. serum as carrier, derived from species other. than t-hose
~of the test antibody. The continued presence of these mxtures of protef ns

bot h bl ocks remai ni ng bi ndf'ngh Sites, and tends to prevent, by conpetition,
exchange of the antibodies with proteins previously bound to non-specific
sites or non-specific inter- action of any kind wth imunogl obulins. The
carrier sAfumdduss Usegk itbapcdnboinile £15:083 JFSPYaEEINEEIh GONdeRLNS

i mmunogl obul i ns which cross-react with the indicator antibody. In the case
of an’ i mAlASHRs §5TTEPSRI@lgEkudds | Plovtrulmt bgBhrEs £ dactilke $Hldpar ed as
descri bedirahoy @cbS1s8- BecJ Ben At 8chivtd WiBE Rt ASLLEM b8 HR shadewged dil uted
according to the expected anti body concentra- tion, usually in the range

1: 100 to *PY¥FE8:-i n bl ocki ng solution, for instance in the range of 2 hours
to overnight, at roomtenperature, and then washed extensively with

physi ol ogﬂh%aéetsa }ne %o renov.e excess. unbound anti bodi es. The indicator
ant i body 1€ THFCEAE PhTRF PRUSLRY °%f FRH PREREN FURROTF (AT BE @2fE» &5 conj ugat ed
with a flasddesoen) wwithsi anteablar indithtan artivpae, eapaiitea ofongbyddtdost CoOIl OF
reaction with its sub- strate. The indicator antibody is, ysyally diluted .-
about 100%“%“’3?%“% mxcar ol thé 5%'838& NEULN S‘P'BE%I {8 <ottt on, o’
i ncubat ecsegsiriveoto tthe dngigsy -amttihady edaativnn THisptyadicat@agiaseibodnl i ne.
These nethad re. carr] or di to techni.qu kpnown per se and
usi ng knoc\%% %nsgi g%it-a g‘?’ S%ﬁ;ﬁh@#‘%&ﬁ;ﬁ% gt 2{5%9*?%%588% lgﬁgfyef"h&h.h“ 8% e.g. 125

animal immunoglobulins, or class specific antibodies which will react

only with one desired antibody class such as IgG, IgM, IgA, IgD or
IgE or any desired combination of such specific immunoglobulins. IgM
antibodies are of special interest as they are characteristic of recent

or current infections, IgE of allergy.

'S -

o/

The enzymes coupled with the indicator antibodies, when used, may

be such as can be localised or quantitated by its formation of a

radioactive, luminescent, fluorescent product or a product with

characteristic absorbance or reflection spectrum in the visible or v
outside the visible range, the only requirement Qeing that the
detecting reagent or reaction product remains localized at the site
of the antigen—antibody complex. When complement is used to deteet
the bound antigen—antibddy complex, it can either itself be labeled

in any one of the above ways, or be detected in its turn by a

specific anti-complement antibody labeled in any ome of the above ways.

The devices of the preéent invention may be in the form of the solid
porous support, e.g. nitrocellulose sheets, as obtained directly after
application of the antigens. Such devices may be dried and stored
indefinitely at ambient temperature, provided it is maintained in a

dehydrated state. The devices of the invention may, howevér,

-
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| -1 abel ed i nmunogl obul in can be used in autoradi ography, immuno- gl obul,]
conjugated with fluorescein for the fluoronetric nmethod or with horser wsh
per oxi dase for the enzynme i mmune. nethod, with the use of o-dianisidine in
the presence of hydrogen peroxide, as the substrate for the peroxidase for
eliciting a color reaction, in the case of the horseradi sh peroxi dase.

met hod, with the colored reactjon product being insoluble and remai ni ng

i mobi dized at the site of foltmtion. - 14 - Al kinds of
anti body-containing fluids of a patient, such as serum plasnma,
cerebrospinal fluid, .colostru | ynphatic fluid, mlk, saliva, urine,

stools, etc PrE%‘?F“Bé"aHfaF‘?z% T ag r@tﬁéwwﬁg%fmfwtwwéﬁb RERGEHRS on.

The det ect | @B8r Ofhel BEodAihl U5 $e Hliulal CadiQE PLEDNS LEHIRA 1 A Ne e FBLIL on@SorSai d
above, with a suitable indjcator antibody, or with a conponent of the

conpl ement &PEE HePEr ALSP Hith tRLYSREY "é’ﬁz?r‘FﬁWSSrst“'@FerﬁﬁlGﬁ’ iC@nskhsitive to

the anti gen gpjiafdinB@0dhdeflilte®P acTBhE slam@ll h@fat@%' Ry grafeddedOsiin any
anti body which will react specifically uman or_ani nmal

i munogl obu|h|uﬁsdltc¥p %‘}da§§1%r¥€6$f1|sc°ﬁrﬁairﬁb‘éi-}lé§ SATmeRcifl (mpoxrseRceonly with
one desired antibody class such as 1gG IgM 1gA 19D or IgE or any desired
conbi nation of such specific inmmunoglobulins. IgM antibodies are of special
i nt'erest as Idhele peehed,of paisgi e devices cofefhe giresent daventipacidrons, | gE of

al | ergy. Th‘imﬂ@&&’l’&?%&lo'dﬁﬁ w t et Q?pp'ogg'&%ttg:[nfi’l@t tﬁpqhe&enmwlsed may

be such as can be [ocalise quantitated by its formation of a
r aqioact i ve, impurgglobekins, 4ﬂtea§rha%réeatbqspommsssﬁd ¥ith sgurapesific

charact eri stj-6e SRSOLLAIGE RUvikeS, 861 imR-SALGR LR h8qdideerd iRl BhHQRq QUL Si de
the visible range, the only requi rement bei ng that the detecting reagent or

reaction pr $aucinstenes $eTID o3| pLasaaNf @Reanimel o5 humen aatiensnomper sy
conpl ex. W]qlﬁ E&iﬂh@%nhsca‘éé?%m fjsetd?&;ed into a diluted solution or

'suspension-of an indicator antibody directed against immunoglobulins

of the animal species of the liquid to be analyzed, for instance
anti-human immunoglobulins, such as an enz&mg—coupled antibody where
the enzyme reaction product is insoluble. The last step is the
visualizétion of the bound second antibody; the preferred reaction
being the oxidation of 4-chloro~l-naphthol to an insoluble color product.
The last steps are sufficiently simple and rapid (the entire oﬁeration
can be performed within three hours or less) that it is practicable

s for use in a physician's private practice.

In some cases, thorough drying of the porous support after application
of the éntigens-is:adfisable or-necessary. The support can be prefer-
#bly air-dried for a minimum of one hour at ambient temperature. Baking
is ﬁecessary for the case of nucleic acids, and it is only optional
for other antigens, without being deleterious. In éne particular
aspect of the invention, therefore, the kits as obtained by direct
application of an antigen,are baked before further processing,
especially when nucleic acids antigens are included as part of the
program. Baking is conveniently carried out in the teﬁperature range
of from 60°¢ to 120°C, preferably at 80°C for a time vary-
ing from 5 minutes to 12 hours, e.g. for one hour, It is
known from the state of the art that denatured nucleic acids bind to

nitrocellulose under such conditions. It could not be anticipated that
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t he bound antigen-anti body conplex, it can either i-tself be |abeled in any
one of 't he above ways, or be detected in its turn by a specific

anti-cenpl enent anti body | abeled in any one of the above ways. The devices
of the prgsent invention nmay be in the formof the solid porous support,
e.g. nitreel |l ul ose sheets, jg¢ oObtained directly after application of the
antigens. ‘Such devices nay be dried and stored indefinitely at anbi ent-—
tenmperature, provided it is nmaintained in a dehydrated state. The deviveés
of the natdvie @NATABuld s bind Ainddb- tllDé e:ﬁes@bibeaecbﬂdiheoﬁer Mag

obt al ned, gl gl AR ON N BEE Mond 5 ALGHR! 86K DRaRlLoskoRl o

adsorptlon capéci i'n one o
supportthwh&wnﬂmﬁypn&xﬂftﬁhenﬂnﬂthﬁxl¢$ﬁﬁytn|tely at the said
tenperature, when protected fromhumdity, and this formis of particular

‘CoMmeEr Ciphle HERAIK Pretedutd %ffﬁiéﬂi&ﬁ{ Ush£10ah NEmileNsCE8s8) WienPRRgENt

I nvention f%&dqs(r)rg\.ﬂm%gl cal an,al efPfﬂl-J @gtgﬁgg\%gﬁglﬁggléhgeﬁpt I gens
and/ or 5SS n+8&p iC :
pr ot ei nstrueted hiewhae)applsmmrsest i thé hentigien dt«b cabgoaiadl ¥aggortor

I nstanc aLi rsop,Ln routine
" heal th ggrggg§$;1 |ppeﬁ | 'gy?cgaéggypﬁf %ﬁg a§ﬁ§§§ﬁ$|sﬁeof an
i ndi cat (5'r51ml|€o@@]l mmwb"d agrmcrtstzs rased gvlven | dnty obnehansagenl hapeci es
of the g Qggql% %}ﬁi)g&ngal b1 dPlaldIHANGE @&éeﬂ&aﬂfowmaog&eguhbas such

as an enz | ed ant where_t he enzyne reaction

i nsol ubP&. %QStﬁﬂﬁ%PQﬁKﬂl%Q@l 0¥M¥%515b6n90§e99ﬁh°§nb|body_J
t he pre%@ﬁﬁ@hdr%a(ﬂhaiﬂdiﬁ rhd igertxi hoé | SspDied- '66|Qé§t| oﬂépbrhﬁbreo an

(the enfRta PSRy ol £P e hioests Hof he Ehons chRR oY sapPepesd) Ofhat |
i's pracantilgens on the porous support, for instance on a nitrocellulose
| sheet, can be one dzmen51onal or two dimensional, as has already

been polnted out, It the final arrangement is to be a one-
dimensional array, the samples are applled as a series of
parallel lines and an 1nterna1 standard series of known
concentrations of total 1mmunoglobu11ns, for example, is appli;p
in the same way,

The residual binaing capacity of the support is blocked by

soaking the support, for instance the sheet, in buffered -
saline solution plus the "blocking solution" (e.g. 10% (v/v)
horse serum in buffered saline), for example for 2 hours at

40°c, and then dried, The test support can be stored and shipped
in a dry state in this form, or after cutting off individual

test strips e.q. perpendioular'to the lines of the antigens. The
strips can be as thin as is practicable, but should not be more
than 3 mm in width, For the actual test, all reagents can be
readily stored in a lyophilized form in suitable aliquots, and
reconstituted for the test. The serum to be investigated is
diluted by a suitable factor in saline containing blocking
solution, Dilution factors in the range of 1:100, 1:1000 and
1:10000 zover most uses, The strip is immersed ih one of these
diluted solutions, for example, in a disposable well insert,

as is provided for automated microtiter dilution equipments,

such as are used as reservoirs for applying |



for use in a physician's private practice. In sone cases, "'thorough drying

of the porous support after application of the antigens is advisable or 2
necessary. The support can be prefer- ably air-dried for. a m ni mum of .one d
hour at anbient tenperature. Baking is necessary for the case of nucleic
.acids, and it is only optional for ,qther antigens, without being '

del eterious. In one particular aspect of the invention, therefore, the kits
as obtlained by direct application of an antigen, are baked before further
processi ng, especially when nucleic acids antigens are included as part of
the program Baking is conveniently carried out in the tenperature range of

from[err] mh@t:i[pﬁ"er1den@i@§1€|'sa@dl\ésa§.mﬁ@tﬁef:9§lyat:B'JHilyadf}’mléﬂbGﬁé’rom 5 minutes
to 12 hours for . one hour. It is known fromthe state of the art that

denat ur ed ﬁﬁé?eeﬁ é%llaélﬁdﬁﬂl 811y Bre Rl hde emdens.sdctm edeliandons. | t

coul d not hecarfees] MAkestdipatare mcu%@:edn"i‘ﬁ'éhgsMuwlsglﬂl%ﬁs t¥b[}d under the
descri bed conditions, :nor that any nucleic acids would remal n bound and

undegr aded SFABRYE PeEeehndlitorEhndfoveRBLaht #hFaYm £STREFAtTHR VHER igenpreocedur e

for carryi ngiemioal THMHKQ:3SHAYn Ws! Bnd G2 Kid $i6f vhbfedeBventhon is as
follows: The device is con- structed by the application of the antigen to a

solid suppdingdogesempind ébﬂﬁ?égh T’Hé’i‘%s are raeingapf Fhevirshes i @ntet the

"Singl e doteriefd¥ad" TheVBhkdleb SofueRE 1WHESREOR! 3ht@BSIvaBEL G8Bn NAZedEEN appl i ed
and sanples are to be screened for the presence of the corresponding

anti body, &hils tilseusudlly ipllel@ndt dhlathori of péroxidancecelrded @ratasntigens are
appljed toy e S AhLES) ohA Ehu.et?ﬂldlnéﬂno GndiQled B p0d" the

ar?‘éngemant n the por ous Suppor I nstance on a
nitrocell ulups@ thwtrs cthe belusden disnekss oeedllyrin whe giamerliogking as has
al ready solution. The indicator antibody is then washed out thoroughly by
the same procedure, for example 3 times 10 minutes. The indicator
antibody is then visualized by an appropriate procedure, such as
fluorescence, autoradiography or suitable substrate for the couplad
enzyme.'In the case of.peroxidase, the substrate might be O~dianisi-

dine or chloronaphthol in the presence of hydrogen peroxide. The

\”J'color reaction is then allowed to develop, for example from 30
minutes to 2 hours. The individual antibody titers are then read
off by selection of the best dilution factor of the original serum,
and comparison of the stain intensity with that of the standard
;‘; _ series. The color intemsity can also be read directly with some
. densitometric equipment, either by immersing the strip in a medium
of suitable refractive index, so that it.becpmes transparent,

and reading the transmissiom, or by the use of an equipment designed
for measuring the reflected intensity. Equipment such as are used

for measuring stain intensity on thin layer chromatograms are suitable
for this latter purpose, and the same'equipment .can also measurc
fluorescence intensity. When the'indicator antibody has a fluorescent
label or fluorogenic substrate of an enzyme, it can also be quantitated

by such equipment.

When the titer is determined with the use of a calibration series with
an internal standard of e.g. a normal human serum or a pure human

immunoglobulin, the unit is the fraction of total immunoglobulin which
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been pointed out. If the final arrangenent is to be a one- dinensional

array, the sanples are applied as a series of parallel lines and an
internps standard series of known.concentrations of total inmmunoglobulins,
for e le, is applied in the sane way. ‘The residual binding capacity of

t he support is blocked by soaking the support, for instance the sheet, in
buffered saline solution plus the "blocking solution" (e.g. 10% (v/v) "horse
serumin buffered saline), for examdd e for 2 hours at 40 C, and then I ed.
The test support can be stored and shipped in a dry state in this form or
after cutting off individual test strips e.g. perpendicular to the l.irnes of
the antigens,: The stri can .as_thin.as_ is practicable, but should not

be nore tﬁanué-l;'%ﬁ] ?"nmvmg’(?jt%,s pi‘—%bﬁ"f h‘_%utéb?‘a’ald?’é OT 3 |IS1pRLE) SARSERERATivE
readily stodr eithti antitodppds imhgedini o Per nuriti velhime &f itdY W giddd serun.
reconstitq&ed fOE t%g.tes%. xFe sefumto be inyest“?ated I's diluted by a
suitabl e fa&f PN SIPERS I BMSIR HETbED AOPRYFIDG| /5% AT PORFRR ifsAmfdidrors in
the range fetedt 160ivilud0)Qnanereh DA ERALRE d¥QEFinsSOPstedBe SLrip is

i mmersed in one of these diluted solutions, for exanple, in a disposable
well insert, as is provided for automated mcrotiter dilution equipnents,
such as arg mgse bpasi fiRsehd PreSedRd wPPbY i diFrying oh? theidwunptssdagent i cal
sanpl es sinultaneously to wells, of njcrotj%gr pl.ates. The individual wells
are usual |3F°P53HRR FB e RESAFPHI TWeRRtP™ BHNQRE A 1mFRERSSEFS (REOBf e Fncubat ed
in this diddskedbestiobeidwans for exanple between 2 hours and overni ght at room
tenperature with gentle agitation. The excess serumis then washed out w e
buffered saline, using for exanple 3 thorough washes. The tim ng of the

washes is f)Osingle dot method:
(1) Sheet préparation. A rectangular grid is drawn on a sheet of nitro~
cellulose with less than 4 mm sides, or a nitrocellulose sheet with a
3 x 3 mm grid already printed on it is used (Millipore Corporation).
The sheet is washed with distilled water for 5 minutes and left at
room temperature to dry. For the following operations the sheet shourd_ai

be manipulated with blunt tweezers. The washing is not always neceséar)—)

(2) Dotting. When the filter is dry, a small drop of antigen solution
is placed into each square. The concentration will vary fromlantigen
to antigen. For complex antigens 0.1-1.0 mg/ml is suitable, for a less (:)
complex mixture the concentration can be reduced abcordingly. It is

. often favorable to dry the filter thbrougﬁlf at this stage as drying
can stabilize the binding. Nucleic acid binding requires 2 hours at
80°%C .The antigen dotted sheet may be stored dry indefinitely at ambient
temperature without any loss of activity. The spots should be as small
as possible. For 5potting a 20 ul mictopipetting device 1s convenient,
alternatively a 5 plDrummond microdispenser can be used to dot 0.5 pl
or Hamilton syringe to dot 0.1 nl.If the antigen is very dilute it
is possible to apply successive doses to the same sité, taking care that
the filter is allowed to dry betwégn each application. The filter is then
washed in TBS (This may be 0.15-0.2 M NaCl, 0.01-0.05 M Tris-HCl,
ﬁH 7.4-7.8). The individual squares can be cut either while the nitro-
cellulose is still wet or in a dry state. It can be cut with a scalpel

blade while wet or with a scissors together with the backing paper
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critical. The sanples of the indicator antibody are then added. This is

usual ly a 1:1000 dilution of peroxidase coupled goat anti- human |1gG (heavy
plus.light chain) and the treatnent continued for up to 2 hours. The . 29
dilution is also usually in the same bl ocking solution. The indicator

anti body is then washed out +h® oughly by the same procedure, for exanple 3
times 10 mnutes. The indicator antibody is then visualized by an

appropr’?adte procedure, such as fluorescence, autoradiography or suitable

substrate frth mhichiphed £risiivered  Hihis grofedhs oif (EX@T e¥rcki®girat e
m ght be O- diiﬁﬂ'iflcuﬁitﬂﬁzpr IR SpateHdrd rpié@e@rﬁ@élqspﬁér@yﬂwsefhe

per oxi de. cti ls t al | oned devel f exa le from
30 ninutes “'f%]? %Lﬁé % &L ntrPh T ERY sfrg‘?e & JfRs%y) .
sel ectiaqn of the best dil utldn factor of the original serum and conpari son
of the stai(B) rBJe:Glt:itr}gwi tTo témeh ofelh aret added oﬂ.i@r&ksbld'd:ieimgjlmlution.. '

I ntensit ﬂm?ﬁ?e gﬁpi i s

ei t her bz I mer si ng‘b&%%%é |eér:1é%aﬁﬁ\rredlt Ium o U|t refracti l\%p E 1na1.:.on,
that it bedB®akine Sepm akburin maw ke 3% ns‘l’h%]ﬁoﬁer‘éﬁ %wmhvéambtof
an equi preteXRsidn at@rméyawrl-rm h@v/ﬁ‘ ) a.caasi mtméyecé%pm@; such

as are use for nmeasur t.ai n |ntenS|ty on t hi aye &‘j‘orrat s are
suitabl e fort 9% ﬁ%?te‘rng bR RECeFRATY Lt e ﬂX%‘h W %ﬁ surc
fl uor escenc}featritnmsuhe/ bwtﬂd.r@esystbrmaﬁm 30 tmirmalye & cest 856 a:lpr eMeent | abel
fl toat I h
or f1uor 004l st & dortd Ak ¥ WiEnuide A0 2!80,08 PUABLLLELE Lol SHE

eql.‘u..prrent | ter et er mned e use
series wt rtempenﬁmmlaryi #d Fhe, @I@Mrmmmm@eqm aksa bere

human i mm%z‘&&“fdh érh%.r&&léﬁﬂﬁé heirhd apf KO 1444 bt | ZERNPOLpDul i n

whi ch - - isin the formof a specific antibody class, or a sinple
concentrati on
(4) Primary 1ncubata.on The blocking solution is aspirated

away by the aid of a pipette, e.g. a Pasteur pipette, attached
to a suction line, and the antibody test solution (primary
antibody).is added, 150 pl per well is easily sufficient, but

U half as much will suffice. The incubation time will vary from
antibody to antibody. For most purposes 2-4 hours are suffici-
ent, but an overnight incubationlmay give as much as ten times
more sensitivity. Antibody dilutions should be made into
blocking solutions,

(5) wash, The test antibody liquid is removed from the wells,
e.g. poured out, and the support is washed at least four
times, preferably with a TBS solution, and the washing duration
may be anything from a few minutes to several hours,

(6) Secondary incubation, The support is incubated e.g. for
2 hours in 100 - 150 pl of horseradish peroxidase conjugated
anti-"primary species" immunoglobulin with gentle shaking at
room temperature, the.“pfimary species” being that of the
antibody to be tested. When, e.g.. the primary antibody was
raised in mouse, either peroxidase conjugated goat anti-
mouse IgG, e.g.'from Nordic Laboratories, Tillburg, Nether-



of that antibody as mass units per unit volume of the original serum This
_unit\éj then of wide utility in conparing sera or plasma fromdif- ferent

i ndi uals and even with different assaying systenms. A nore specific and -
preferred way of carrying out the inmuno-assays according to the present
invention, without limting its scope, is described below A) Single dot
met hod: (1) Sheet preparation. A rectangular grid is drawn on a sheet —of
nitro- cellulose with less than 4 nm sides, or a nitrocellul ose sheet™i t h
a3 x3nmngrid already priRPet on it is used (MIlipore Corporation). The
sheet is washed with distilled water for 5 mnutes and |eft at room
tenperature to dry. For the follow ng operations the sheet should be

mani pul at bandgi tF FRbbRt pRREAorge IEfee +ias BPTR) DAKO hSorenhagen, Mesearkaiy (2)

Dotting. W fhenki Lkl oFScalbVy it il sEfPRo0be A0LIARD SpLp kg Pl aced

I
into ‘each square. The concentration wll vary fromantigen to antigén. For
conpl ex aPRAT§RFL2tE. secondary)/(ipdicatsn) tamsibodifess & 8. caksoc 6rgm ke mient-ure t he
concentra&i&@aﬁf& RE1dLUUE U BEEL! FLPURY dddech $ol el Oofry the
filter thor qugh.'ypatlt his stage as drying c.aer?'tg? algi I %’ze‘ﬁt¥ﬁéeegg%,’%sdélsn8’.€| -
Nucl ei ¢ at*tdbBdirFi-nglassqepecidio sesardany apeibopiesshsuetasgersdospesdfheet
may be StoLedgfl v ghNUh, e YeB! a20DI bRk 14TRCE A UEFod WhPRH! LB LLOSS Of
activity. Theggpptg% shoul dﬁﬁe gs samall asu};)ossif)'?%e.E or‘égcg#tll'ng 4 20 [err]
m cropi petedigg ehopdcabave, ceanbeiussd. Thet cerremityatipngod theradtibedymmond

m cr ol SPENRAR CAbRoRCH ROty G Ry Yo () LABWNTIAGE 10t 0.1

[err].If the antigen I's very ute it 1s possi 0 apply successive
doses to lupmtsaogan sise bet vs@digvemyr withghet bastchi of entiwdyl, | bwed 1090dr y

0 180, 2 Kf REEreedy” B, ol Wiarkdel ol dbabt ot BRg el Uil S es

can be cut either while the nitro- cellulose is still wet or in a dry

state. It ,gcan.be cut with,a scal pel bl while wet, or with a scissors
t oget her &nﬁt ﬁhf hes é&iaﬁgde&fﬁéﬁﬂp under a((gs,\ 18 repeated here for the removal

of the second antibody.

(8). Development, 4-Chloro-l-naphthol (Merck), o-dianisidine or
3.3-diamihobenzidine can be used as chromogenic substrates f:;
the peroxidase, 4-Chloro-l-naphthol is prepared as a 3mg/ml stock
solution in methanol, which may be stored for up to one week in
the dark and réfrigerated. Just before use, it should be

diluﬁed with 5~30 volumes of TBS and made 0.01 - 0,037(v/v) in -
HZOé (by adding the corresponding volume of a 30% agueous \o’
solution). About 100 -~ 150 pl of developing solution is

needed per well, Positive color reactions begin to appear after
"2 minutes, no further color development is seen after 2 houss,
When the reaction is complete, the support is washed with |
distilled or tap water,

(9) Storage. The nitrocellulose sheets can be mounted with rubber
cement as used for photographic mounting, preferably while still

moist. Once dry they should be stored in the dark.

B) Multiple dot t_nethod: The same steps-are followed with the, follow=
ing variations: the antigens are applied in parallel rows on the grid
and the blocking is performed on the entire sheet before cutting. The

sheet is briefly washed, dried and stored as such. Before use, the
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- 19 - with which it is delivered (this protects it from cracking during
cutting). The squares are placed face upward into the well or a 96 well
mcrotiter tray (Costar Inc. Canbridge, Mass.). (3) Blocking. To eangell
are added 150 ul bl ocking solution, which may be bovine serum al bum ¥4
whol e serum or any conbi nati on. (Bovine serum al bumn nay be 3% (w v),
whol.e serum fromrabbit, horse or goat may be 1-10% (v/v), each in
bufferéc{ saline). It may someTi%tes be necessary to deconpl enment the serum
by heating the bl ocking systemfor 30 mnutes at [err]. The blocking is
done for 15 mnutes-to 2 hours at between anbient tenperature and [err].

The filters ﬁﬁeﬁrﬁpaé@&teammhsmsben&taogmabm tﬁiﬁbémdefdd&hﬁe ii a& wEt hout
| oss of activit é Pr i mart¥l i ncuba {lon The bl ocki ng .sol ution i
)b(?‘tt ;s g

aspirated avify® Lesqt g TAVSePt @ntisegs, FopR3t §FchishEth §°“%ﬁ1f’§ched to
a suction |idme, ofirdchher ané IdﬁﬁdgéntseSIheS@iﬂIplsOire( ptadsarmtanmbedy]) ofs added.
150 pl per wel | L&ileasﬂy suffi % ![I hal f as mjc?%t %uf i ce. The

i ncubat i on t SRV EVAEEY T rt(fﬁ’l1 PhSuF T Enti e A ERT uped oy 5885 2-4
hours are sufAlegandréaj vﬂagimam ’(niepdssajpné RelSétl\bﬁ'(rl nrsemfa:y' gwweseasamche as ten
times nore sensbéj V|t Ant i bod g ?ns shou X Y nL.q bI cki ng

sol uti ons. ?Seﬁlmé rtl BB(]’;L ke “}u% per"?Sved‘gf c??’ue “0B1 1 s,
e.g. poured Knmrp;pemd Mdieichynnel thpetMSh'ﬂ-da atayscasd beowsedt t:cmeh).uan &f er abl y
with a TBS sql ytion, .and.t washi.ng durati gn .nma nth| oma few
mnutes to sevg%aﬁamﬁ Ty §H° & eugcl) daf?’)l; &ncgbaﬁnéﬁpg'ﬁ'% E u‘f)por§f

I ngubat ed e. cg.ffémntZaMgess imay 180 used 50 4 €10r ]:m dbng\onsewcaadilsrpspesmpdase

conj ugat ed ti- "D es rapn ‘gJ b | t:P qﬁg I dsggzi(i g, at
room t enper gi{%ﬁrvéasq}lﬁg he 2 pri uﬁ?/ *sspéfgl es? éel(anéilu 5&4‘0 %t ega%fi odfego be
‘tested. Wiernis &hypwn otlma Bhé vashingnflddys mghed by £illing the throughs

with a wash bottle. For the secondary antibody, 1-1.5 ml is also used,

C) Quantitation., This is done with an internal standard series of
either pure immunoglobulin or with whole serum containing a known
amount of total immunoglobulin. The color intensity is matched
$v2 against that of one of the standards either by eye, or is quantitéted
" with the use of a scanning device. Measurement of the reflectance is
done with a thin layer chromatography scanner and gives a precise
quaﬁtitation with a dynamic range of three decades. The antibody con~
s centration in the original serum is calculated from the standard curve

of reflectance versus amount of immunoglobulin.

The method of anti-body analysis of the present invention shows a
high degrée of reproducibility of the color reaction when the
indicator antibodies named above are used, aﬁd when the conditions are
otherwise standardized. This color reaction is a quantitative
measure of the antibody titer, when a suitable dilution of the

serum or plasma is made. Furthermore, the analysis can be quanti-
tated by adopting an internal standard series of human immunoglobu-
lin concentrations, for instance by applying, standardized amounts

of pure human IgG to the micro-porous support before the

non-specific sites are blocked by thé described procedure. This will

give a standard color series after the test and will automatically



rai sed in nouse, either peroxidase conjugated goat anti- nouse 1gG e.qg.
from Nordic Laboratories, Tillburg, Nether- -20 - lands, or rabbit

~anti-nouse 1gC e.g.. form DAKO, Copenhagen, Denmark is used. In the case of

bit ‘or hunan sera to be anal yzed correspondi ng appropriate secondary
?‘l ndi cator) antibodies, e.g. also fromthe nen- tioned Conpani es can be
used. For the detection of spggific classes of antibodies, class specific
secondary anti bodi es, such as those specific for 1gG IgA |1gM 1gD, TgE,
al so obtainable e.g. from Nordic Labora- tories cited above, can be used.
The concentration of the antibody liquid (to be used preferably in bl ocking
sol uti ongohiRabe Gobeinydivariiest Sueatd ahe QmbRows @dyuny at ypluiskh the bat ch of

anti body, but 1/1000 of anti body. l-iquid in blocking. sqlution is preferred.
(7) The ®ESHIAY GAsBe0ei BR¥F°BN P’a?’sﬁtlf’% 3o &kt éﬂg’ﬁ'é‘?gg]tr §F*#he renoval of

the secopgvantiebodhe kackirodddveimiiagdeacdiddsl eithek - naphe habtéidsr ck),
o-di ani sidi ne, or 3,.%-, di am nobenzi di.ne .can. be used as Shronpgeni ¢ .substrates
for the PerdEodalecking ihe PrrsRRftAthtoiyrE Phpsred® &4 Why7 M 5tk
sol uti on 4i; Bed BhNAHW i c¥posbusTBNedte whid edadedrhelblbekimgepmzelutean t he dark
and refrigerated. Just before use,..it %EOM d ge di J uted é/\na'stOQSS- 30 vol unes
of TBS afBiwrdekerqynd vaFipgofieh ARdiniquat o583 f°% JRIFHG™ Re**C87 t espondi ng
vol UMe Ofand midnB0LksaURERUSE SOKnigmaYic Albus. EOGever]Sthe] prasencé odevel opi ng
solution i s heeded per well. os#'ti ve. col or react i ons, be in@iEPv appear after
2 m nut eShe RPPLERY HEF18R5P0F FBG T UPNEH{SPPE® PEER- St felo™3 ToUrs. Wien t he W
reacti on diseSORRE@1e detdiifagipar 4f iche wreheskarot habdestd loffeshtdbodyap wat er.
(9) Storage. The nitrocellul ose sheets can be nounted wi th rubber cenent as
used for photographic nmounting, preferably while still

Such small differences are hard to see visually in conventional

enzyme~coupled antibody assays which depend on the use of microtiter
plates, for example, where one would be comparing very similar
samples in differemt wells. Lt is quite unexpected that because of
the physical juxtaposition of the antigen on its own background on

the microporous sheet, significant differences are detectable which

would otherwize be impossible to determine, either visually or ' v

speétrophotometrically.

The above-mentioned quantitative color reactibn and use of internal ,
standards permits the use of instrumentation for the quantitative o/
deterﬁination of the titers of individual antibodies. This can be

done with any common densitometer as is used for the analysis of’
electropherograms or chromatograms. The optical density can be

determined by rendering the microporous sheet transparemnt by

immersing in a solvent of suitable refractive index and which will

not solubilize either the colored reaction product or the micro-

porous sheet. It is well known from the use in scintillation

counting of radiocactivity that toluene will render nitrocellulose

transparent in this way. In practice, neither toluene nor xyleme nor
glycerol-water mixture will solubilize the color of the o-dianisidine

oxidation product, while rendering the support transparent. Further=-

more, a quantitative response to the antibody titer is obtained with

the antibody within a thousand~fold range below the concentration
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nmoi st. Once dry they should be stored in the dark. B) Miltiple dot nethod:
The sane steps are followed with the follow ing variations: the antlgens
are applied in parallel rows on the grid and the blocking is per fd3red on
the entire sheet before cutting. The sheet is briefly washed, dried and
-stored as such. Before use, the 21- sheet is rewetted with TBS and a
sui tabl e nunber of strips is cut off at right angles to the rows of .
antigggs so that each strip <a@at<ai ns one of each of the antigens. The
strips are placed into 1-1.5 m of serumdilutions in troughs of a plastic
tray, manufactured by Dynatech (Al exandria, Virginia)."Di sposable Reservoir

Inserts". These hame sama&amedhmrgahonﬁ d8SaiTe& AL & PAALESi AN
Finpj pette Miltichannel Pipette). The-trays

mul ti pi pett| n% gew ces8é 9

can be used“IEFedPFLmRt sregiiaed,subinhouakesnthy ARERREAPY enfpentiics g tabmnel
insert "up teoB2 dhdtfiaeade.anti gens may be used on a 10 cm |l ong
nitrocellul ose strip.:For washing the liquid is first poured out fromthe
tray-and the rest i's thrown out. The washing fluid is applied by filling

t he t hr oughsn Wochb d&iseasds beéﬁeiceaulioahid?&cSﬁ&ee@lﬁfn‘é K EOQHN 1 Wiodmd M IS
al so used. @ QJ ntitatiqn is is done with an |nternal standard series
of either 3 ﬁ?ﬁ?nb@l?)l}ﬁf?% 1gfregse niiiuthe SOBEFRRFAELAN 8F i BEESFORNnown armpunt

of total lngét{mgh(ﬂvphlino{h@f cOtiYodied @FSh tgives JTREEH8d: agalmslowhhat of one
of the standards e antltated vvlththe use of a

e i s
scanni ng de¥fEY Wasﬁ?eéﬁeﬁfgﬁl%%ep?]é'g%%%ac]aﬁﬁ%“%%tﬂ"on@e%"f‘ﬁ of ERTYR | ayer
“chr amat ogr aghyp lasmn fesm andh G pasiet i seldigarl{dmta&t lo@nramd%mya dynam c

ré?fge of thg gfggtf%g?genl'h&cﬁpd‘;&quacceo he ?Ia% °t%a?10 n?l_gge ori gi nal serum

is calculated fromthe standard curve o cE VeTLIESsAtSant of
I mmunogl obul i n. The met hod of anti -body: anal ysis of the present invention

shows a hi gh, dGAL A Of cHLRLAGIGE D bhtdenl widh®: SRR oJCASIARLHIED the
shows unexpectedly high antibody titers against 10 out of the 17
antigens used, including against the control antigens (see Example 3).
‘Particularly high is the antibody titer against measles virus, which
is antigenically unrelated, and is not previously described as
N having aﬁy connection with the etiology of infectious mononucleosis;
which is due to Lnfectlon with a totally unrelated virus. This
titer is even higher than in the serum which is commercially
available as a measles positive control human serum. The discovery
of this unexpected high titer against measles virus will be useful
in diagnosis of infectious mononucleosis. Furthermore, the detailed
antibody profile will be an important new tool for the diagnosis

of disease obtained with polyclonal gammopathy.

The devices described above according to the inventions are not limited

to the use for antibody analysis: they can serve any objective of
analytical character in blochemlstry and immunology involving naturally
occurring macromolecular organlc substances of animal or vegetable
origin, such as naturally occurring or artificially produced proteins,
naturally occufring protein conjugates, such as glycoproteins, lipo-
proteins or protein-nucleic acid complexes, insofar as they can be
applied in the said manner to porous solid supports. Immunoglobulins

will also bind to the said supports, and this is why in the above
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i ndi cator anti bodi-es naned above are used, and when the conditions are

ot herwi se standardi zed. This color reaction is a quantitative neasure of
the anfi body titer, when a suitable dilution of the serumor plasm is
made J &urthernore, the analysis can be quanti- tated by adopting an
internal standard series of human i mmunogl obu- |in concentrations, for

i nstance by applying, standardized anmounts of pure human 1gGto the e

m cr o- por ous support before ghe- non-specific sites are bl ocked by t he’
descri bed procedure. This will give a standard color series after the test
and will automatically -22- conpensate for any variation due to the

UNKNOWN SEI4RibEd RS ¥Be HonOb$li £ L@ B3CKk g GURd HIUALE, Bhst/ Bbi @linPRaded t hat
i ndi vidual sera give different background binding reactions either to the

prot ei ns ?Psfé’defco"rrrﬁ‘lﬁzﬁi‘ﬁd:hﬁh’ém}‘}ﬁﬂl%éé} &% ﬁél‘i"?‘i'g‘cé"r"tceéu"ora“%

non- speci §dsoxriRaudrtikhgeidls CéMPAL I BeSIRA! inissllysevacte thherehd E)ﬂ:'él ng
procedure. This background varies wth indivjdual Sera f or unknown reasons,

and mi ght °f (88| FVERETAR, otRE ABTRES: PEOEaPIRE I CHARY €3 IPRREF EARER AR of t he

applied apddigess mntttehgrcig?cramu@ffospasilﬁ)@rama&nﬁumerdys@@asl tive direct
visual determ nation of the presence or absence of antibody. Such snal
differences are hard to see visually in conventional enzyne-coupl ed

ant i body ma%cwlﬁboﬂﬁﬁgnﬁ @He tﬂ}%séﬁelﬂ\teﬂﬂ% Ukt £fs | %v?lttgﬁl fegr exanpl e,

where one woul d be conp ng ver ‘ﬁ es in erent wells. It |s
ui te uneSFECEERP FH%H“”alS% %u? EE YT 2rh&E PR t&%\$ Y% 50 1Ko PUSh IMERoant | gen
q g
onits Ov@ldba@iﬁg{ GH%cQQeﬁﬂ&nﬁﬂd‘glleﬁlﬂﬁﬁLkSo@meﬁs, abé @Ftén cassundetderimnces ar‘d
det ect abl e whi gh V\é).u d ot, hﬁ \M e, gl bl gogdqtggt;tsergjs nes ﬁtvt her
visual |y SPF39&cPFISRGY SHHEE Egﬁ’ﬁ/ J#? SR E e ESHF YalTe col or
reacti on zpfindtt@veftikpiediiadasetarnmatns cRee raft Shduna sl £adtdr)StdcuBENt ati on
for the quantitative . ; _ :
an animal species, e.g. rabbit, are applied to a porous support, e.g.
nitrocellulose, incubated with a blocking solution as described above,
and then with the serum, e.g. human serum to be analyzed. The rheuma-
toid factor will bind to the IgG on the kit, and the complex so formed
and the bound rheumatoid factor can be recognized by an indicator '
antibody directed against the species of ‘the serum to be analyzed,
and is for instance anti~human antibody, e.g. rabbit-anti-~human. The
indicator antibody is coupled, as usual, to an enzyme, forming a colored
reaction product with a suitable substrate, If set up to detect rheuma- s
toid factor which is not species specific, such as human anti-rabbit o/
rheumatoid factor, one would have expected that the non-species .
specific class of antibodies would be competed out effectively

- by the large excess of IgG of other species, such as horée,_present

in the blocking solution. This, very surprisingly does not happen.

Ia the case of immune~complex assays the protein Clq retains its
ability to bind specifically-antigen—antibody complexes even when
deposited on the nitrocellulose. This is very surprising in view of
the well-known instability of this protein. It remains stable at

ambient temperature in a dry state on the support.



determ nation of the titers of individual antibodies. This can be done with
-any common densitoneter as is used for the analysis of electropherograns or
chromat ograns. The optical density can be determ ned by rendering the 44
m croporous sheet transparent by imersing in a solvent of suitable e
‘refractive index and which will not solubilize either the col ored reaction
product--or the mcro- porous sheet. It is well known fromthe use in

sci ntidd4ati on count i ng of radioactivity that toluene will render
nitrocel lul ose transparent im2fhts way. In practice, neither toluene nor
xyl ene nor glycerol-water m xture will solubilize the color of the

o-di ani si di pe, %L‘g;:ato@ﬁxﬁ%?ﬂ"'%ﬁicr}"@kﬁ el QAL A0 chd e UPIRGT §f fechansRasent .
Further- nore, "a dquantitafive response to .the antibody titer is obtained
with the antidwodyd viorh¢arraingous fne- fiFmunelegiealnaftayst ht VeEH CHAEPSIVE R

.33 -23-"which wi,ll saturate .t. ' . ihed dib W 08 18T bsdS 14 S
t herefore nb?cﬁygafjier'ééffhuv%?c%gﬁsa’ﬁgltgkt g%fﬁ?&ﬁ%ﬁgn em nently su?t able for a
routine usefldidssompeoplseascwtaesvepprasiyes fregh.cPAHREE:s BRSO i s wel |

known that there | Soraplreﬁ:raggci ' Sed Frbil€anG 08 RALIAL A4t tOfron bid er o-
geneous popuf‘a‘floh of “arit1 bodi es of a given class, but of unknown

reactivity. amHasns sdescribedetn $Be idilyparacduenfspmiey. thedplioyins séeriin or

pl asma from,gyehefodiat h&Reidd Qitatharl &8 bauNRAr a&fork aipd el thes oGt sh:
antigens will facilitate the diagnosis of such_disease. For exanple, the

serum of a PhIYs@AtoOTNRRIEERE RACPBERS SBFDTHET e RF WeSRD IS TATRS pERYEAHEE hi gh
an{ibody tipers agal BStc,18aPiinrPiedzBCschbiad!tl, 02N U5 QFmphdt§kidi Ng agai nst
the control antligehs (see Exanple 3). Particylarly. high |s the antibody
titer agai nSBOTREBEMEGLGES Yirusshilenpsi sQ afrert’F’@&’rFE%ﬁ?lsﬂrau%FB}eét’eEe,s"éﬁﬂ' i s not
previously desfisibh@dias virus, Rotavirus, Rubella, Adenovirus,
| Eppstein Barr virus, Brucella, Hepatitis B, Cocksackie B1-B6, A9,
Polio 1, 2 or 3, Reo, Echo 1-33; Fungal antigens: Histoplasmosa
capsulatum, Coecidioides immitis, Blastomyces dermatitidis,
Aspergillus fumigatus, flavus or carmea; Parasitic antigens: Entemeba
.. histolytica, Trypanosoma cruzi, Echinococcus granulosis, Schistosoma
~/ mansoni; Bacterizl antigens: Spirochete reiter, Treponema pallidum,
Escherichia coli, Leptospira, Listeria, Salmonella, Shigella,
Staphylococci, Streptococci, Legionella pneumophilaj _
Auto-antigens: Nuclear RNP, complement fractions, Human serum proteains,
f Rheumatoid factor, Insulin, Insulin receptor, Thyroid stimulating
hormone receptor, Acetylcholine receptor’an& other hormones or recep~
tors; moreover all allergens, sucﬁ as those of gramineae, e.g.
Dactylis glomerata, Festuca elatior, Lolium perenne, Phleum pratense,
Poa pratensis, Agristis stolonifera, Secale cereale, of herbs, e.g. .
Artemisia vulgaris, Chrysanthemum leucanthemum, Chenopodium albuﬁ,
Taraxum vulgare, Solidago virgaurea, Ambrosia trifida, of'trees,'e.g.
Olea europea, Juglans californica, Ulmus americana, Corylus avellana,
Platanus acerifolia, fungi, e.g. Penicillium notatum, Cladosporium
herbarum, Aspergillus fumigatus, animals epithelia, e.g. of cats,
horses, oxen, dogs or guinea pigs, of food-stuffs, e.g; milk, wheat,
almonds, crabs, crevettes, of mites, of dust, of insects, e.g. of bees
or wasps and of medicaments, e.g. penicillin G, penicillin V,

synacthen, steroids, etec.



L
haV|ng agxaconnectlon with the etiology of infectious nmononucl eosis, which
is due t@®nfection with a totally unrelated virus. This titer is even
hi gher, than in the serumwhich is comercially available as.a nmeasles
posi tive control human serum The discovery of this unexpected high titer
agai nst neasles virus will be useful in diagnosis of infectious
mononucl eosis. Furthernore, the detailed antibody profile will be an
i mportant new tool for the diagnosis of disease obtained with polycldhﬁl
gamopat hy. The devi ces des&fr rbed above according to the inventions are not
limted to the use for antibody anal ysis: they can serve any objective of
anal ytical character in biochemstry and innunology i nvol vi ng natural |y
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such as natura ocCcC I'reg or artirficial yepro pro eins, naturally
occurr i ngdpraaitéom amdn}mgabss:,g slichpecitigl oymzpscﬁtehnsestlsltpx;edpmottbe ns or

prot el n- el Scaatlcdo£ATRL eSS 10d 30! Aol N BENNCCARRL G L Lo 2l d

manner to poraous SO nnunog S5 bind Yo the said
support s, memd offha sillssasﬂwcmrsl'sheuabwh’mg th@4specdébc rpbirpdiesttot ae :

non- speci fig £od288 %Fgagbko Yoo U8l fiSnlld AL NGB0 RELA G AR EAD Out the

|nnunologP _ onucl erc aci €SoXyri BSnac s can al so
be used i mn*assay&sf wihemmheo-ra@aﬁkiptrscgﬂureﬁabriinmlilnrdeschézeldaasltoeﬁ bei ng

parti cul aELX{F gé{“%ogér g éQA%'EE‘ ﬂ%EL%GQO'ﬂnEh%eQEPﬂIaQWQOf ekl i ng

aut o- i rmune evices according to the present invertion are
al so sui tabt@#erMﬂwl nen thewrhet vad Adkacsily aﬁdm,dn’reeﬂaft tagrisperune

cOMpl ex. SUED shTTHIS s BQOd 95BN Gtk TAOGL WL Necgimkexes are

of ten encount er lents ¢hroni c ammat ory condi ti ons,
especi al | yhewntalqotmnebtneaeenmsswe hdrmagseser kry tdeeireds coningtionnef oi d

fact g;t 'g&‘c@ an@fp ), Bl 2SRACSEEn oS- £ deBODbld AE. ARR! pleh AvBRr OUS
Su
PP tlon therefore includes also an immunological method for analyzing

antigens of any kind, for instance also drugs and hormones, by

applying cdrresponding specific or monoclonal antibodies to the

solid support according to the invention, and detecting the antigen-— '
aqtibody complexes, e.g. by complement, e.g. complement Clq, or by

enzyme reactions coupled to the antibody-antigen interaction.

The monitoring of épecific drugs and hormones in biological fluids

for diagnostic purposes has been facilitated in recent years by the

use of the.so-calléd “homogeneous antibody assay systems' under the o
trademark of EMIT of the Syva Corporation, California. Such assays
dispense with the necessity of extensive washing needed in other
immuno-assay systems, and are consequently boéh simpler in operation and
more rapid. The homogeneous antibody assay depends on the use of a
specific antibody against the drug or hormone in question, and an

adduct between the drug or hormone molecule and a signalling molecule.
The signalling molecule adduct is an adduct for which a measurable
signal is supressed when it is bound to the specific antibody. When

the latter binding is inhibited by the presence of the drug or hormone
in question, a positive sigﬁal results which is related to the
concentration of the drug or hormone in a biological fluid. The
signalling molecule may be an indicator enzyme itself, or a substrate,

co-factor or prosthetic group for an indicator enzyme or coupled series
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~hitrocel lul ose, incubated with a bl ocking solution as described above, and
_then with the serum e.g. human serumto be anal yzed. The rheuma- toid
factor will bind to the 1gGon the kit, and the conplex so fornmed and the
bound rheumatoi d factor can be recogni zed by an indicator antibody dirgfted
.against the species of the serumto be analyzed, and is for instance
anti-human antibody, e.g. rabbit-anti-human. The indicator antibody is
coupl @d,; as usual, to an enzyne, formng a colored reaction product with a
suitabl'e substrate. If set up ¥7o'det ect rheuma- toid factor which is not
speci es specific, such as human anti-rabbit rheumatoid factor, one would
have expected that the non-species specific, class of antibodies would be
conpet ed out®fePREEEF VEISPLIBIRG FR 4 BERTaRieesi8tl .| gG of ot her species, such
as horse, present in the blocking solution. This, very surprisingly does
not happen. In the case_of inmune-conplex assays the protein . Cl g retains
its ability ¥o2apTergne pubigatipty e&ﬁ’c‘ilﬁén-ﬁiﬁﬂ‘béﬂﬁn’é‘ﬁn%né‘ﬁé?tég%r?svxﬁen
deposi ted ondbbe i heksERhidsOSSlorTie trik SIMBhY-a36EF™ 5y MILL Motk esy of the
wel | -known instability of this protein_ It remains staple at a ieni
t enper at ur e 58§ K-afe GATINe Edpplriger, H.RogSchyq ejl’o'ﬁﬁ'of‘ Btifens
whi ch can ber,gsegbgoihdkit, e Meaivrkhyt andR. tiwsbiy 8- thd Osurmal faealwgdicayi ng out
e.g. inmunol Qgi cal as S ig.very extensjv i ncludes.e.g. h n bi opsy
material , FeeEH tisv?s{ﬂ'ée %P’cpé’l%ﬁ,étsgoé%ﬁ 31ﬁlﬂi’d%,meﬁ§‘ﬁs)fjf a‘%ﬁﬁf%t azoan
par asi tes, f uit@re daslaiula, ofdthé GaAByte i§ UDAFleddtovdl@pelyalb Oflaviteri ved from
any of these. Apart .froqmthe ant.i gens descrjbed in the il]Justrative
Bebipl es ¢ nedEBETD AR 18HERea TEL TR oot che e PHYPoET SBF S7¢be used
accordi ng t glubesd PxEdHseQMWheYi baima@StdOR Sgdci§bn anpitedy] athel HYaWih l@hine
I nfluenza strains,..incl.udin , LAl B, C, .parainf|luenza,.strains 1, 2 or
3, Lyrrphocyt'f“('f&%%fc}ldfo?#‘gﬁf’ﬁd’quﬁsﬂ\?i ‘?‘Eé,%tm?pg{’a%ef %Q/éflzﬁa&ﬁ:ﬁ esﬁgu,“?&bi es,
Respira- oxidase. When the adduct is prevented from binding to the specific
antibody by the presence of the analyte, the glucose oxidase is
activated, and the activation is related to the quantity of the unknown

drug or hormone. The activated glucose oxidase produces HZO2 as a

reaction product, and the HZOZ is a substrate for peroxidase, which-
can then be used together with a chfomogenic substrate to yield a

color reaction.

Homogeneous antibody assay systems can be readily adapted to use on a
&,J soiid support according to the method of the present invention. The
specific antibody and the macromolecular components of the signalling
system, for example glucose_oxidase and horse radish peroxidase, may be
mounted by direct application on the solid porous support in any
desired geémetry, preferably in the same location. The coupled
enzyme reactions will then benefit from their physical coincidence.
According to the methods of the present invention, multiple antibodies
and indicator enzymes of a signalling system can be mounted on the
same support to facilitate the asséy of multiple antigens simultaneous=-
ly. This approach will be of great utility, for example, in drug abuse

assay kits and in specific bacterial antigen identification kits.
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ncytial virus, Rotavirus, Rubella, Adenovirus, Eppstein Barr virus,

Brucella, Hepatitis B, Cocksackie B1-B6, A9, Polio 1, 2 or 3, Reo, Echo
1- 33; kungal antigens: Histoplasnosa capsul atum Coecidioides immtis,
Bl ast-omyces dermatitidis, Aspergillus fum gatus, flavus or carnea;

Par asi t

ic antigens: Enteneba histolytica, Trypanosoma cruzi, Echinococcus

granul osi s, Schi stosoma mansoni; Bacterial antigens: Spirochete reiters.

ma pal | i dum Escherichia coli, Leptospira, Listeria, Sal nonell &

epone
53 gella St aphyl ococci , StreptOCOCC|, Legi onel | a pneunophil a;

Aut o- anti gens: Nuclear RNP, conplenment fractions, Human serum proteins,
Rheumat oid factor, Insulin, Insulin receptor, Thyroid stinulating hornone

recepto
nmor eove

r, Acetylcholine receptes -and ot her hornones or recep- tors;
r all allergens, suéh as those of gram neae, e.g. Dactylis

gl onerata, Festuca elatior, Lolium perenne, Phleum pratense, Poa pratensis,

Agri sti
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ea, Anbrosia trifida, of trees, e.g. Oea europea,
californica, U nus anmericana, Corylus avellana, Platanus acerifolia,
e.g. Penicilliumnotatum C adosporium -herbarum Aspergillus

us, aninals epithelia, e.g. of cats, horses, oxen, dogs or guinea

f food-stuffs, e.g. mlk, wheat, alnonds, crabs, crevettes, of
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nal anti bodi r88Y neRt of a
cwekl g5 puepapspl yﬁagpnttha.rs pe;clfbm, anth bedposietermined amounts

of carrier serum, indicator antibodies, pgroxxdase substrates, ete.

Such kits are e.g. in the form of outfits including the devices of the
invention, for instance in the form of nitrocellulose Shéets'of strips,
and any of the above mentioned accessories. In particuiar, trays may

take the form of multi-cavity plastic. trays, and the dried reagents are\-)
a lyophilized mixture of indicator antibodies, salts, buffer, carrier
serum or proteins, and the color reagents for the indicator enzymes.

are pre~weighed aliquots of chromogenic substrate, e.g. 4-chloro-1-

naphthol, salts, buffer and ampoules containing pre-measuréd quantities W

of liquid substrates, e.g. hydrogen peroxide.

The invention especially includes a kit and/or device éomprising an in-
dicator antibody radioactively labelled where detection and quantiﬁation
is to be carried out by counting or autoradiography; or is conjugated
with a fluorescent indicator where detection and quantitatibn is to be
carried out by fluorimetry or is conjugated with an enzyme capable of

giving a color reaction with a suitable substrate where detection and

-



porous support and to detect and quantitate specific antigens by the

. nverse of the i muno-assay procedures principally described above. The
propertye.of conplenent proteins to bind specifically to antigen- antibody
conpl exes can then be used directly or indirectly to visua- |lize and
quantitate the specific antigens, such as drugs or other pharmacol ogi cal
reagent-s, or hornones, or any desired conbinati on of such antigens, in g~
kit sugly as is described here. The present inven- tion therefore includ 4
al so an i mmunol ogi cal nethod for anal yzing antigens of any kind, for

i nstance al so drugs and hor rfohes, by appl yi ng correspondi ng specific or
nonocl onal anti bodies to the solid support according to the invention, and
detecting the antigen- antibody conplexes, e.g. by conplenent, e.g.
conplenent Cl q, or by enzyne‘reactions coupled to the anti body-antigen
interaction. The nonitoring of specific drugs and hornones in biol ogical
fluids for dya@eotidienPisy ROSRS chGecbeRit bpdehbidinetry Br NAGEALIyYE& S by the

use of the. so-called "ﬂgﬁb eneoqf antLbody ass%% s%itgns" under the
tradenark of “ERFTSSY 2t e%g’tﬁi‘ et FBPRTHEBRIONCEY T o8y PA55Y B CARISEEYS di spense
with the negpaﬂ;ue' iy bdhding eﬂisdnwggMﬁahtmfiﬁeﬁﬁgdeﬂda,aﬁHQeé dm&md 1ty g
systens, and, are_conse n ot h _sij r in operatiqgn and nore rapid. The
honpgeneous hﬁ?ﬁSOH?iégggﬁgd%bBWﬂ§foH£Fﬁ§“ﬁbéh E?§ﬁ§ﬁﬂFiBydﬁﬁP%dH§a

agai nst t he fimtgedrspholfienentifcompdshén antitddy) ad86 uabe DiRBVWBE Rny heedsglg OF
hor mone nol ecul e, and ﬁn%l ﬁg%:f}l ng nol ecul e. The signal i ng nol ecul e adduct

i sygn adduct® PPN & Pable signal is supressed when it is bound to
the specific anti body. Wien the latter binding is inhibited by the presence

of the drug i ROLEBRe LN (QUESLLOM: RIS Sd0Al LEMEDS, WL Shhl S,

" related to the Concent ration o He arug or hornoné in a |olog|cé1 Pl a.

The signal | i devirel eouwkiactay be an indicator enzyne itself, or a substrate,
co-f.actor or prosthetic group for an indicator enzynme or coupl ed series
a) a solid support contains an array of one or more specific antibodies

and reagents for a signalling system whereby the antigen-antibody
reaction results in a measurable signal, the signalling system compri-
sing a substrate, cofactor or prosthetic group for an indicator enzyme
N or coupled series- of enzymes, or a covalent adduct between antigen and
the signalling molecule. The enzyme or coupled enzyme system can be
applied together with the specific antibody or separately from it to
the solid support; however, it need not be applied to the éupport at

&_? all, but it may be used in solution,

b) the array on the solid support contains immunoglobulins of human or
animal origin, or fragments thereof, for the detection and quantitation

of rheumatoid factor,

c) the array on the solid support contains complement protein for
detection and quantitation of circulating antigen-antibody complexes

known .as circulating immune complexes.

The invention furthermore relates to the use of all the kits and
devices above described, especially for the detection and quantitation

of épecific antigens or specific antibodies or both, by immuno-assay



-27- of enzynmes resulting in a neasurable signal. In a recent publication,

entitled "Flavin Adeni ne D nucl eotide as a Label in Honobgeneous
Col origretric | nmuno-assays” by-D.L. Mrris, P.B. Ellis, R J. Carrico, F.

M

Yeager, H R Schroeder, J.P. Al barella, R C Bogul aSkI, WE. Hornby and R

Dawson, in the Journal "Analytical Chemistry", . Volume 53, pages 658-665
(1981), thod is described where a nolecule of the analyte is coupled
covalently to flavin adeni re3di-nucl eotide, which is a prosthetic groupsfo
the enzyne gl ucose oxi dase. Wen bound to a specific antibody, the flavin
adeni ne nucl eotide adduct with the analyte is unable to activate the

r

gl ucose oxi dase. Wen the adduct is prevented frombinding to the specific
anti body by the presence of the analyte; the glucose oxidase is activated,

and the activation is related to the quantity of the unknown drug or

hor none. Teehetst fontthe giagnosﬂs ,oxuﬂﬁel&[&duﬁd%rb%’ @Sofi d&g@gelsoﬂ, product,
C

can then be used

and the | bs f er oxi,dase, whi
t oget her \?\'n" % 4a%'leﬁraonlr#'omﬁ fi % u%‘ft?%ﬁeétﬁf‘ 78| dpantitatien rofa meganional

Hormgeneousdawhebom:.aedsﬁgs sysdxﬁﬁrger&aﬁlnh&séeﬁdi la¥d 3&%916’151:359 e a solid

support a o th od of the present invention. The specific
ant i body gﬁ%‘? TECRATE 8 Iqé’(?ﬂ et 2 nowptantigens anelied, o s%?g{-%m f or

exanpl e glsunpmsmﬂasmméaMySemétaﬂusmsﬁﬁgQeﬂodasﬁmuﬂ@&iege mount ed by
direct application on the solid porous support in any desired geometry,
preferably in the sanme | ocation. The coupl ed enzyne reactions.w || then
benefit from their physical coincidence. According to the methods of the
present i AberfialdewinguExsnples dilipenatesthmdnientiiont dhectampresturks aare
signal | i ng,s¥, an ﬁ?'&e%@ee@ogéﬁﬁg 2irgt he same support to facilitate the
assay of -multiple antigens sinu f

utility, for exanple, in drug abuse assay kits and in specific bacterial
antigen i geahpld ¢at vorideids of dot-size

Total human serum is applied directly to a_sheet of Milli- . ' _
pore (0.45 Pm'pore size) and the IgG in it stained by peroxidase -
coupled goat - anti-human IgG. The volume applied is varied in order
to determine the minimum feasible size of microdot. . -’
A normal human serum is diluted 1:1000 by volume in TBS (0.15M NaCl,
0.02M Tris-HC1l, pB 7,4) containing2% (w/\?)iibovine serum albumin, Aliquot
of this solution are then spotted directly with a microsyringe (pre-
ferably a Hamilton microsyringe) graduated in 0.1 pl scteps, on to a
strip of Millipore 3 mm x 100 mm., The sheet is then dried, soaked in

" TBS containing 10% (v/v) horse serum and incubated at 40°C for two
hours to block the non specific protein binding sites on the Millipore
sheet. The sheet is washed with TBS and then soaked in 1 ml of peroxidase
coupled goat anti-human IgG (Nordic Laboratories, Tilburg, Netherlands)
dissolved according to the manufacturer's specifications in distilled

water, and diluted 1:1000 in TBS containing 10Z2(v/v) horse serum. The

aneous- |ly. This approach will be of great

]

-



38 - 28 - Furthernore, the invention relates to kits conprising besides the
.des- cribed devices in the formof the solid supports also trays suitable
for processing the solid supports in the assays, as well as prepared
reagents in dry form such as-predet er Mt n¥% Anounts of carrier serum

-i ndi cator- anti bodi es, peroxidase substrates, -.etc. Such kits are e.g. ip _the
formof.outfits including the.devices of the invention, for instance it he
form af/nitrocel | ul ose sheets or strips, and any of the above nentioned
accessories. In particular, trays nmay take the formof multi-cavity

pl g_stlf- ttr:@é%mt_ ik tél%‘ytéﬁiaz&@ff & Serd Gval 1 Yophd | dzssosdptiere @Iaoztz%h

i ndi cat or | I.eS,...Sa : eh., [carrier serum roteins,. and,the

col or reagr%n S 1“%?r e ﬁ"leris(c tt)érteeﬁyzﬁéé"% te°‘pﬁ%%xe‘i%$?§%“‘%¥’r%o¥‘s’%+“ 2
chr onngeniUSialiynediesh e igp #-Trtdde Malrk hapThw| incutattsiohuiich tine :

anpoul €s Y - tadi b CLLAL si L .
hydr ogen g’%%‘?%%ﬁ%ﬁ'ﬁ% es%ecﬁ%l%f%%%%%dﬁé.%?t{ér%§%??‘gﬁgi ce
cogpri Si ?gltg;nq}tm ?’mmg mﬂ}bm@imﬁtﬂ?%,_-l a‘l&eg;uce\gér@n‘dﬁ@@fﬁ on
and quant ig ”t $ Wik t9Eg_ or di aphy; or is
conj ugated wi tér?l_dbaeﬁ t%resbcgzﬁt{dllﬁdi catlgirz,yv\here.dﬂe?ec,tfi‘on g\% %géht jtation is
(o,re car ATy migata e A w I e Lo o
giving a H Qrated,n k0 ¥a methaioRNdand
-29- quantit t'i?ais to he .G rr?e:dao%iy d sitorretrlx Ol Vi S allg' re.
conpr i ses 1 el ReTHT &7 A5 AP e el CoFe chERrhesi it
lbuggl: Ingdt cchamt imiﬁmgrqrzf &, 2 s tz;/e tii#rpdmfent 'fheeé*cess
abel | ed i¥=Yolc\ ; hﬂ?ﬁf : NBSESy O P
specific an ﬁa-églorrpl enent a\r%?l bodﬁsﬂﬁso a <:Se?‘f:ll _edd' by any’ o%lgeo%&ﬂg arr
dried at room temperature, and the size of the spots measured

with Vernier calipers. The following results are obtained:

Volume of serum Diameter of spot
__ 0.8 pl _ 1.5 m
N/ 0.6 pl 1.3 m
| 0.4 pl . 1.0m
0.2 p1 0.6 m
0.1 pl | 0.3 m

The diameter of the microdot is linear with respect to the volume
.applied when this is in the rangeO-O.lPl. It falls off from linearity
at higher volumes, probably due to adsorption at the point of applica~
tion. Furthermore, if Millipore sheets with a grid are used, the ink is
sufficiently hydrophobié :ﬁat the 1iquid does not spread beyond the
printed squares. The intrinsic resolving power of the microdot system

is clearly well below the size of the smallest voluge thaz can be
applied with common pipetting devices, namely €0.3 mm. A standard

100 mm length strip, fitting in the well of "trough reservoir insert”,

as used here, could contain 300 individual antigens spotted in a one-
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the above three nethods; Furthernore the invention is particularly directed
also to a kit and/or device, in which a) a solid support contains an array
of ongﬁ&f nore specific antibodies and reagents for a signalling system N
wher eby the antigen-anti body reaction results in a neasurable signal, the
si'gnal ling system conpri- sing a substrate, cofactor or prosthetic group
for an. indicator enzyne or coopdd series-of enzymes, or-a coval ent gdduct
bet ween antigen and the signalling nolecule. The enzyne or coupled enZyne
system can be applied together with the specific antibody or separately
fromit to the solid support; however, it need not be applied to the
support adinenkiodalt attayrnyf t:etusetimém:‘smhutémay df) dbhe iar usad,08 deaecsol i d
support contains |nnun0 | obyl I n or_animal origin, or fragnents
t her eof , W’Fh‘é"’d&?‘éﬁ ofP &%d (asué'ﬁﬂ Abn*%5F*t heumat oi d factor,-¢) the
array on the solid support contains conplenment protein for det ectlon and
quantitation of C|rcu|aL|no antloen antlbody conpl exes known as circul ating
i mune cob¥ATEB8ss: : : fQreepangn At Anfluenzac visys: aatiTse of all the
kits and siaweees above descri bed especially for the det ectlon and
quantltat on Qf s eC| nii.gens or ecifi,c antibodi.es o
i mmuno- as& &ifres - ‘?‘F@Fﬁg E?.B?n%gz - §REARS 2%8, éﬂnleﬁn %uﬂ“’prognom s

‘of di Seasg&dra:mnsn@kdzm,m&lamr Ushg, det aséd Toravtdnairnbiedag~ on of
nonocl onal _and of her antibodi gs or antigens in.research and devel opment and

for the det¥aPAEIPRafESR1ahR? t"&FFbr\‘“&?‘g?}hﬁHﬂﬁ‘l‘séﬂ?ﬁ FERSPRHRPY é& B¢ sol i d

SUPPOrt'S Wi gl xi STRA R AGRAYq BB 0616 aUSheWt kP11 8pdrd esbRS i), ﬁgl)lnng ng
Exanples illustrate the invention. The tenperatures are indicated
degr ees (;@ﬁtggﬂq;gegle from the manufacturers with a grid priated on it, The

applied samples are 0.5 Pl of undiluted material. Az influenza vaccine

(Sandoz "Sandovac') is also spotted on.
The samples are spotted on in linear arrays, each line coniaining only
.spots of one and the s;me strain, in such a way that after treatment
the sheets can be cut into strips, each strip containing ome dot of the
complete set of antigens. ) z:}
The sheet is then treated as déscribed in Example 1 for the blocking
of the non-specific binding sites with horse serum, and dried.
The test device when kept dry, can be stored indefinitely at ambient
temperature without loss of antigenicity.
Serum is taken from an individual who has been imﬁu:ized with the
_ above mentioned vaccine approximately three weeks before. A series
of dilutions of this serum are made in TBS 10Z (v/v)} horse serum,
starting at 100-fold dilution and then in 5-fold steps.

A series of strips are cut out from the test device as described above.

The strips are soaked overnight at ambient temperaﬁ:re in the dilutions
of the serum with gentle agitation, and'then washed thoroughly with TBS.
The bound antibody is then stained with :he.indicatat'peroxidase
coupled goat-anti-human IgG éxactiy as described in Example 1. Tﬁe
‘titer of the antibody is scored by an end-point-prozedure as the
highest dilution at which the stain is still visibls, and the titer
expressed as the reciprocal of this dilution factor. The following

results are obtained:
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Exanple 1: Variation of dot-size Total human serumis applied directly to a
sheet of MIIli- pore (0.45 pmpore size) and the 1gGin it stained by
‘per-oxi dgse - coupl ed goat - anti-human IgG The volunme applied is varied in
order to determne the mninmumfeasible size of mcrodot. A normal hunman
.serumis diluted 1:1000 by volune in TBS (0.15M NaCl, 0.02M Tri s- HCk, pH
7,4) containing2% (w v)bovi ne ¥erum al bunmin. Aliquots of this solution are
then gpotted directly with.a mcrosyringe (pre- ferably a Ham Iton
m crosyringe) graduated in 0.1 [err] steps, on to a strip of MIlipore 3 mm
X 100 nm The sheet is then dried, soaked in TBS containing 10% (v/v) horse
serum ahd 1 geybed @dedtindP&sef Or two hours-to mxﬁgkodﬁﬁelmn speC| fic protein
binding sites.on.the MJlligore sheet The sheet i s-washed with TBS and t hen
soaked i n lgsphoedc pPeérkdastixtary) ed goat anti-human 1gG (Nordic

Laboratori €S, _TiT QU ?/ Net her lsaands) di ssol ved according to the
manuf act ure T t#78ations fn distill ed water, and diluted 1:1000 in TBS
cont ai ni ng 108&Méok)/ LI Se ser The -31- 4aseadarents are perfornmed in

the well of a dl osabI%A trough reservoir insert (Dynatech Laboratories,
Al exandri a, tech" is a Trade Mark).  The incubation with
t he peroxi dase coupl ed antibody is effected at roomtenperature during two
hours w th cRlot| ismagslutinationThestexmeigenant i body is renoved by thorough
washing with 8 nal 'y, the peroxidase substradﬁD m xture is nmade up with
5 m TBS, 1[‘6?‘?] gﬁ%[err] in water, 10 [err] O-dianisidine (1%wv) in
met hanol ) an@d-1/m-1g47this solution is added td2,5 trough. The reaction is
t h&h al | owed tg/&)rocged o 2 hours in the dark< d&'pe excess reagents are
washed out WIA'[ o5 Onized water, the stri p air- ed at roomtenperature,

and the size soR/EdglaspGrRg7reasur ed < 100
A-2/Japan/170/62 < 100
B/Lee/40 : 500
B/Mass/3/66 500
Negative virus control < 100

\~/  This shows that the serum has 4n extremely high titer of antibodies
against the antigen with which the iﬁdividual had been vaccinatéd,
varying but significant titers against some historical influenza
strains, and no detectable titer against the control antigen prepara-
tion which has no virus. Thus, all influenza strains can easily be
titered against a serum of an individual in one single operation. The
method is alsoc very sensitive: endpoint at c. 106-fold dilution for
high titer antibodies; and requires very little serum: 10 Pl in 1 ml of
medium for the lowest dilution. This method is also superior to the
conventional hemagglutination inhibition tests or complement fixation
tests, where individhal assay procedures are required for each antigen.
The strip also gives a pérménent record of the results, and can be

stored indefinitely.

Example 3: A device constructed from 10 pre-existing immunediagnostic kits

The device is constructed by spotting commercially available antigens are
in Example 2. The following antigens are used with dilution factor in-
dicated being sufficient to give the maximum response. The antieens

are all diluted in TBS.
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wi th Vernier calipers The follow ng results are obtai ned: Vol une of serum

D aneter of spot 0.8 [err] 1.5 mO0.6 [err] . -
1.3 mp 0.4 [err] 1.0 mMm 0.2 [err] 0.6 mqm °
0.1 [err] 0.3 nm The di anmeter of the microdot is |inear

ngqrrespect to the volunme applied when this is in the range G 0.2 [err]
all's off fromlinearity at higher vol unes, probably due to adsorpfion
at the point of applica- tion. Furthernore, if M | 1'i pore sheets with grid
are used, the ink is sufficiently hydrophobic that the |iquid does not
spread beyond the printed squares. The intrinsic resolving power of the
m crodot systemis clearly weld “bel ow t he size of. the smallest volune that
can be applied with common pipetti-ng devi ces, nanely [err] 0.3 Mm A
standard 100 mmlength strip, fitting in the well of "trough reservoir .
Cinsert", ‘asipwededrniociomul d contain 300 individual an®iggnedispetted in a
one- f6Qr—drﬂEns1mnﬁﬂ—1nT1ﬂr-rf—a-rmU-drnensrunar—array;uf—duts I s used,
a ten cmizgigeas can contain up to [err] individual tests. Exanple 2:
Epi demi ol qgi.cal..s¢r een f | 2l ] j rus, anti - bodj, B.geries of
st andard ?ﬁf%ﬁéﬁ?ﬁ §${t29§€€afngég§g%%3¥arne% ?oanloa/ abor@lorres .
(Rockvi | | égasd/rsy hemmtzli cios inddiftiom seamdard hemag- 4M26tination tests.
The viral ,an ) LQN$; A8 sPoid.ed in the 3 nm x. rked squares
of a sheef§o¥.%fpf éJE?)‘ngQ'sF‘Toore"%{!:z"gﬁ0“')‘;215{3'[err]) as obtarnébgp;¥aon1the
manuf actur-’.e:sesmsuhalaa'agr:m gr cenazent i #ixaThmm appti ed sanpfds are 0.5 [errb
of undil uglegaangse |;%e, =25 de nfi uenza vagcci ne (Sandoz * Sarg(gvac") is also
spotted on? - _

Tisik~sorne 2nc2phalicis vizus somplzmens fizzzion

Variceila Zostar virus :coplezanc fixacion zast | Ve
Tlow: )
sdezovirus Iype 4 virus complezent lizacion zest - U/S
Cytemagslovizus (Ad 169) virus complazen: fz;«c'ﬂn

¥ , -
Sandoz:

Sandovac iniluenza vaccine _ : Undilucad

These examples are selected on the basis of che availabilicy of posi-
tive control human sera as part of the diagnostic kit. However, as is
ciear from the first Example the number of antigens per test can be

increasad, if desired, to a much larger aumber.

.The samples and, where available,'negative coﬁtrql antigens, are.
spotted on to a sheet of Millipore with a grid printed on it, as
in Example 2, and the nonspecific sites blocked with horse serum,
dried and stored as in the previous examples. Individual strips
are cut from the sheet as in Example 2, and tested with the
positive and negative control antisera, as provided with the
Xits listed in the preceding table. The sera are all diluted
1:100 in TBS containing 10% (v/v) horse serum, and the relevant
test strips are processed as in Example 2. In this series, the
results are scored as positive or negative, for each antigen
againét each serum, . This is summarized in the following table.
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The sanples are spotted on in |inear arrays, each |line containing only
spots of one and the sane strain, in such a way that after treatnent the
sheets can be cut into strips, each strip contai ning one dot of the

conpl ete set of antigens. The sheet is then treated as described in Exanple
1 for the blocking of the non-specific binding sites with-horse serum ands 5
dried. The test device when kept dry, can be stored indefinitely at anbient
t enperftiire without | oss of antigenicity. Serumis taken from an individual
who has been inmmuni zed with 1Rg above nentioned vacci ne approximately three
weeks before. A series of dilutions of this serumare made in TBS 10% (v/v)
horse serum starting at 100-fold djlution and then in 5-fold steps. A

series of strips are cut out fron1tLe test device as described abdve The
strips are soaked overni ght at anbipnt Eenperature in the dilutioBs of the
serumw th gentle agitation, and then mgshedothoroughly with TBS. ;The bound
antibody is then stained with the ipdicator eroxqpase oupleda g 2
goat -anti-human | gG exactly as desg|jsbed in gxanpkp 1. She titeg @f ghe
antibody is scored by an end-point3pigocgduf eqas tigE hi ghest dll@tlon“at
which the stain is still visible, Bh@ t¥e §i éer eé"})r ‘@ssgd Fasit e Geclprocal
of this dilution factor. The fol | o g Bestl 8 @r & oBt aundd:s 248 -33-
Antigen used in test 5 § & Agt |'§o@/ i t8r g a§do§/aé wacci ne
(mixture) A/Brazil/1l/78 A/Bankok/:ij‘§9§ S S22 g5 <353 5 628000
A SI ngapor e/ 55 /3G BT hemaggl iyt innfl on fosf antifgens ~ ;
o " Toxoplasma - - ® - 2 e e e e a o=
Measles C * - ¢ = (:) “ f m wm = p = -
Ornithosis ' T (:) - . = e = -
Ornithosis control R I R A I R R
Herpes simplex ¥+ -+ + = (:) + 4+ + o+
Herpes simplex control + - = e = e e == e - - -
Mycoplasma |, LI (:) + ¢ - -
o _Mycoplasma control ' - = ® m e m w e = m w = o=
-/ _Adenovirus - - 4+ = F o+ = o+ o+ o+ (:) + o+
Cytomegalovirus $ £ = = k= o+ b - (:) + =
Cytomegalovirus control - - e e m e e e e e = - o=
Tick~borne encephalitis - e e = e = e = = - - (:) -
o - Tick-borne encephalitis .
control - e e e m m e = e e e = -
Varicella zoster 4+ = + + o= o+ o+ o+ o+ o+ o+ @
Varicella zoster control’ B T
Influenza T T T T R T T
Influenza control * e = e w e = = = = -

In every case, the spot is positive for the combination of a test anti-

gen with the corresponding test antiserum, as emphasized by the circles,

The negative control sera are all negative for the antigen for which
they are provided in the purchased kits, although each may be positive
for a variety of other antigens. The negative control antigens are

also negative with the sera for which they are provided, although



T ANPRS/34 ' o 2,500 A-L/FM1/47

12,500 A-2/Hong Kong/ 68 < 100 A-2/Engl and/ 42/ 72
< 100 A-2/Japan/ 170/ 62 < 100 B/ Leel/ 40

504/ Mass/ 3/ 66 500 Negative virus

contr ol < 100 This shows that the serum has an

extrenely high titer of. antibodi es against the antigen with which t
individual had been vaccinated, varying but significant titers agai nSt sone
historical influenza straihs® and no detectable titer against the control
antigen prepara- ti.on which has no virus. Thus, all influenza strains can-
easily be titered against a serumof an individual in one single operation.
The 6 nesdwadiomaldlsacheerseracmsi hbave'anei:hi:rdd:éﬂtdiakmd dghinBolwhede | uti on for

high titer anti.bodi equi ver t £ru rl.in 1 m of
B e L R

convent i enalsabenpegl filci mptasoni sinbhdikicorfroesttecbric oaplenemtuckedat i on
tests, where individual assay procedures are required for each antigen. The.
strip also gives a permanent record of the results, and can be stored '

i ndef i ni Malyyof Eohasp|tesBs akedfud setibodits ughbthtf emduni® yiresexissth rag
| mmuned! GORR5!d Gkl S IR oy £8:LS SOPRLLUELET Y sgPalLpg-comer cial |y

avai | abl €&t geﬁs are’n Ow ng “antigens are used Wt h
~di | uti onsdmpeiging pe flndatusd dmaieugc sntibpiientin gagy verz hémlaxﬂenelmortesponse

The anti 9%@?5%5.19' Jupguéht ¢ ﬂeq.nz%%s:.twe £5¢ t'heé@téngfg'enqesﬂ 'p?&&tq@e, \J

-Dilution
the complete absence of such an antibody will be indicative of a flaw

in the immune defense systéﬁ of the individual, and suggests a high
susceptibility to infection by the agent in quesﬁion. In practice,

as with many of the commonly used serological procedures, only a

changing titer is diagnostic of actual infection. The mononucleosis

serum has a range of antibodies agaiﬁst a wide variety of apparently
unrelated antigens. The titer of antibodies against measles virus ig -
especially high. This appearance of a wide spectrum of appgren:ly o/
irrelevant antibodies, including some against some of the negative

control antigen preparations, is indicative of a polyclonal gammo-

pathy and is diagnostic of infectious mononucleosis.

Besides the infectious mononucleosis serum, several other sera give
antibodies against the influenza coutrol antigen. This is included

to illustrate the worst case of an impure antigen. The influenza antigen
is a highly purified virué preparation, as used in humans as vaccine,
while the control antigen is a much less pure preparation still
containing egg proteins as impurities. In any case, the titer of anti-
bodies against this control are always lower than the titer against
the viral antigen. The presence of such antibodies against impurities
indicates that the patient from which the serum was taken was allergic
to impurities in the commounly used vaccine prepafation. Alternatively,
it might indicate that the person had an allergy to egg. In practice,
the monitoring of such antibodies routinely will be useful to control

against allergies in vaccines, the environment and foodstuffs.



*Behring: Toxoplasma from fluorescent antibody test kit Undi | ut ed
Measl es hemaggl uti nation inhibition test 1/25 Ornithosis
.conpl enent fixation test Undi | ut ed Herpes Sinplex. type 1
conplenent fixation test 1/ 25 Mycopl asma pneunoni ze " 43
1/5 Ti ck-borne encephalitis virus conplenent fixation test ' /
Undil uted Varicella Zoster virus conplenent fixation test 1/5 Fl ow
Adengyixrus type 4 virus conplenent fixation test 1/5 Cyt omagal ovi rus
(Ad 169) virus conplenent fixaspon test
1/5 Sandoz: Sandovac influenza vaccine Undi | uted These

exanples are selected on the basis of the availability of posi- tive
control as pa | GieKbiesehlOWQ¥ELirc@B2dife Cl €ar from
the first E?é?ﬁﬁgelef i on aell?}f'o Qg%%tggﬁg%{ﬁetrq‘et iésetseéan be increased, if
desired, toaatibeclies aufgelue Aghimre . Asedswmpbesks herrl, thhaseaavarh apdis
negative contr ol en t 2 sheatungf Mol Ligosgtkth a
grid printed? 6" | trllg cgless °I£xélefol’(ﬁ)%te g&(?%%eg%ralonspem% C ﬂg tes bl oc?ked W th
horse ser umIngareldI@dnsihndeds Aasinge the gope\Ansikodyxasadl reacts|wahybatlal

strips are t 2 aggt;@§£3q1Wh hae e positive
and negati vgiucont rg%élgﬁt ﬁksbggasl)aegéfﬂr E\é}?{?h&w 'Eeh the kits i %ectl1 in the
precedi ng t dodées Fhiclsara speeifil| fQﬂ g€ e IM,007 | I3ETHS ex%ﬂt?al ning 10%
(v/v) horse serum and the relevant test strips are processed as in Exanple
2. In this series, the results are scored as positive or negati've, for each
ant i gen agaiEremple 4 Analusis PRiantikodignin theFera he fol | owi ng tabl e.

patients with auto-immune and other diseases

This device is constructed with the same antigens as used in Example 3,
but with the addition of antigens which are indicative of auto~immune
disease. Pure and denatnred nucleic acids, as described below, and
subcellular fééctions derived from Hela cells, which can be taken as
.a typical non-differentiated human cell line, and which is rea&ily
cultivated in quantity, are used. Actin and myosin are also used as

K“) antigens (rabbit: from Sigma).

Salmon sperm DNA (Serva, Heidelberg) is denatured by heating at 100°C

for 2 minutes in the presence of 1M glyoxal, followed by fast cooling.

Escherichia coli ribosomal RNA is prepared from the large ribosomal
subunit by well-known procedures (Gordon & Ramjoué, Analytical Bio-
chemistry 83, 763-766 (1977)).

Hela cells are cultivated and the subcellular fractioms (nuclei,
mitochondria, nucleoli, polysomes and cytosol fractioms) prepared
from them by known procedures (Penman, S. J. Mol. Biol. 17, 117-125
(1966)).

Aliquots of 0.5 Pl of all the antigens mentioned with proteln concen-
trations in the range 1-10 mg/ml are spotted on %Llllpore sheets as
described in Example 3, in two steps as follows:

1) fixation of the nucleic acids by direct spotting and baking of the

sheet for 2 hours at 80°C, a procedure already known to cause an
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- 35 - Test antigens [err] Toxopl asma _ [err] Measl es

- - lerr] - - - - - - - - Onithosis + - -
- . - [err] - - - - - - Ornithosis control + - - -
48 T . - - - - Herpes sinplex O T S SR
[err] + + + + + Herpes sinplex control T T
-+ - - Mcoplasma + - - - - - + + [erf], +
+- - - Mycoplasma, control T e
Adenovi r us ' -38-+t - ++- + ++ Jerr] + + 4+

. Cytonegal ovi rus + + - - + - + + + -[err] + -

Cyt onegal ovi rus control - - - - - - - - - - -
Ti ck-borne encephalitis - - - - - - - - Jerr] -
Tick- [Dorﬂ_e e?rQ%sGQha' éua :.gxgmot;;gﬁkétézpﬁad%&uéﬁ,d DNA teo 11trocel1ulo§e _ + +

- +  @P.S.+Thoma$, Prbe. Nat| €A&dd. Veei cakl 77,2030 B+45200N¢U980) ) . It- .as- - -

- - + + +
+ - +not+p;evm_psl4 @oquh&ént}%{:zgsr]ﬁ%f:an aaiso be bound in this ma..n]gr .

- - - + - - In every case, the spot is positive for the conbination of
a test a gen wth the corresponding.test a trserunlas enphasj zed by the

circles. ﬁ?en%‘tj’éﬂ'% oBoftt& §P %’é"r‘ée‘ér‘@q&f?"rﬁe@ gstvafrde £RRE 85t#en for

whi ch t heyher Ser¥ioNédI@dotdinsh CedlikChnsRE~kd flalaal frloripaseach may be
positive for a variety of other antigens.. The negative control antigens are

al so nepRréi Jevikks abe €RéA %Qép%édhabhdhs&mbl@d)\iu’d&he Yrdomding - .36
occasi opal I ¥ 9L NEhaSEL i TBY 08" 88" khPodlg" ol SHAY A1 Ye " 8¥
patients suffering from auto-immune diseases and some control
patient sera. The sera are tested at 1/100-, 1/1000- and 1/10
000-fold dilutions in TBS containing 10% (v/v) horse serum and
processed as in the preceding Examples. In addition the devices
contain 0.5 pl spots of a normal human serum, as an internal
standard of IgG in the test., These are at 1/1000, 1/2000, —
1/4000 and 1/8000 dilutions in TBS, 1 mg/ml bovine serum o’/
albumin,
The diseases are diagnoeed according to the criteria of the American
Rheuma:ological Association. The results obtained are summarized in

the following Table _ [
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preparations. The procedure of the present invention therefore attains the
.same specificity as with the kits fromwhich- it was constructed. Mny of
t.hese tests are for antibodi es agai nst endem c viruses such as Herpes
sinplex, Varicella zoster or adenovirus. It is therefore not surprising to
-find such endem c anti bodies in many sera which were not specifically .
supplied as being positive for these antigens. In practice, the 'conpleﬁ@
absenee.of such an antibody will be indicative of a flaw in the imune

def ense system of the individua® ~and suggests a high susceptibility to
infection by the agent in question. In practice, as with many of the

commonl y useg} senol ogi cal procedures, only a changing Qgte{ is<ﬂiagq9§tic
of actual infectijon. The nononucl eosis serum has a’range 6t antT bodi és
against a wide vgriety of apparently unrelated antigens. The titer of
ant i bodi es indt neasles virus is especially high. This_appegjapce df a
w de spectr%§ of apparently irrel evant antibodiesf’iﬁ%ﬁﬁdfﬁg sone agaijnst
sonme of the negatjive cantrol antigen preparations, i'® indicative of a
pol ycl onal ggjmo-{ pathy and is diagnostic of inrfectifus nncttucl ebsi s.
Besi des the ¥pfedti ous nononucl eosis serum several other sera give
anti bodi es agai ndt the influenza control antigen. This is included to
illustrate té wgr st case of an i pupe @ntd gen. The influenza gntj,genlis a
hi ghly puri fcuE& i rus preparationQa8 Lge@ i humehs asSvacci ngy yhil g the
.= . . A .
control antigen ils a nuch | ess pur® prépafation still containiny egg
prigt.ei ns as jppunities. In any case, the titer of anti- bodies against} this
control are gl ways |lower than the titer against the %iral aqLi en, The
presence of Buth Janti bodi es- agai nst ™Mrpurities i nrcat es F%at t he=patijent
from which t'A sérun1mas taken was allergic to inpurities in the comonly
used vacci ne aggparation.Fﬁltengatively, it niqgt i ndi cate that the person
had an allergystq egg. InSpractTce, the moni®oring of sucl antibodies
routinely wil}obe useful to control against allegrgieg in vacginesg the
envi ronment apd floodstuffs. _
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-37- Allergies are usually associated with the presence of circulating
anti bodies of the IgE type. As described here, the assay with indi- cator
ant'.ﬁBQgi es of peroxi dase coupl ed goat anti-human |gG al so detects |1gM and
1 gE anti bodi es, since the goat antibody used reacts with both H and L
chains. Mre specific tests can be constructed using anti- bodies which are
specific for 1gGor IgM or IgE for exanple. Exanple 4: Analysis of -~
antibodies in the sera of pavi-ents with auto-i mune and ot her di sease®This
device is constructed with the sane antigens as used in Exanple 3, but with
the addition of antigens which are indicative of auto-inmune disease. Pure
anddenat yf o BUEEE CuRGbOy <Pl IebGfl EL At ndtils SURGGIduth 8Tod ract i ons
derived from Hel a ceITs, I ch can be taken as a typical.
non- di f f epesit isaféadihgrfxamcdiel indigateddisegseeh Sexarargdiimpeced tli vailed in
quantity, used ' d L sake u tk gens bbi t:
fromSi grrg .e%éa?%oﬁxégégtg? g%lAt Sg?é%lglﬁb?%léiégaelrg |ng§%i€'nﬁ'é% %ragds egfﬁheati ng
at [err] for aptiiodut®50i . therpmeseiand ffant Maflipodnlis dekekbadadtimref ast

cool i Ng. ESGRCLAGH dnfele! cHerBOBO Takn M BEARRY Syl AIDIAL bRl
ri bosomal subunit by wel | -known procedures (Gordgh & Ranjoue, Anal ytical
Bi 0- chenfanaeyoBFhe7smnianis;10y Frsultelia gizpn @safk aruPidOvat ed and t he

subcel lul ar fractions (nuclei, mtochondria, nucleoli, polysonmes and
cytosol -fractions) prepared fromthem by known procedures §Penrran, S. J.
Mol . Bi ol SLAL 7, sqsitpmio 5 upgGay yhemakospsot BA of reBapeid prejirists, t he antigens —
ment i onedyddy B RQLELIneONGRNE i deudt d1Q85sd N e 2099 e 15chQ- 40N are spott éd/
on MIlipore sheets as described in Exanpj e 3, In two steps a$ follows: 1)
fixation &80 rhampyne| e lexidisedne,dik Scangippewrarge fd¢mdaki ng of the sheet
for 2 hours at [err], a procedure already known to cause an '
A significant number of auto-antibodies are found in the auto-immune
sera: in one case specific antibodies against native DNA, and not
reactive with denatured DNA, are preseant, and in others, against whole
cells, organelles, etc., from which it is apparent that the test is
. sensitive for a much wider spectrum of antigens than only proteins. _::)
In a collection of twohundred individuals SLE sera, titers of anti-
native DNA and anti-denatured DNA are found to vary widely amongst
different individuals, and independently of each other. This shows that
the assay is specific. In some cases it is possible that auto-immune
antibodies are no longer present because these sera are from patients
already under treatment. As in other circumstances, described pre-

viously, antibodies directed against egg protein are occasionally

detected in the influenza virus controls.

This assay system has the following advantages over pre-existing metho-
dology for the diagnosis of auto-immune diseases: all interesting anti-
bodies can be measured in one procedure rather than in separate ones.
Specific antibodies against subcellular compartments are normally
determined by fluorescence microscopy. This is tedious, subjective, and
timeconsuming, while the present procedure is simple and can be auto-
matically quantitated. Rabbit actin and myosin are indluded because of

their commercial availability. It is clear that the method can



- . PR
48 - 38. - irreversible fixation of RNA and denatured DNA to nitrocel |l ul®ge
.(P.S. Thomas, Proc. Nat. Acad. Sci. US 77, 5201-5205 (1980)). It was nor
previously known that native DNA can al so be bound in this manner. 2) The
spottirdg on the so treated MIlipore sheet of the rest of all other

-menti oned proteins, cells or sub-cellular fractions. The devices are then
prepared as described in the preceding Exanples and strips cut off to test
the iAdivi dual sera of patients_syffering from auto-imune di seases and
sone control patient sera. The sera are tested at 1/100-, 1/1000- and 1/10
000-fold dilutions in TBS containing 10% (v/v) horse serum and processed as
in the preceding Exanples. In addition the devices contain 0.5 [err] spots
of a normal human serum as an internal standard of 1gGin the test. These
are at- 1/ 10QQcect/ 20od 144 AQRinaAdrH/s@08dcdiddll HOME ek ) thBS: shbsfi/cakidiovi ne

serum al bum_n. . The di seasgs are di agnosed.accorgding to the crjiteria of the
Arer T Can. RS FOVe SR ARE JUPAT | Rr Lo o L5 JPGP L&l ot ALt ar b SURr | 260

in the foll eaiIygedaldo’ the dBYenojses IOf autoimdéhe HisdaBks. Fabtirrasid ,body titers
are from Seraavgxfiegygrorgaldii’gcr!'iez\{éi%lég sc_e%. types making specialized proteins

can also bé included, as well és the undifferentiated Hela used here.

This kit has the additional advantage that it can be used for the

monitoring of patients seré'during the course of-treatment of auto=-

immune disease with iﬁmnnOfSuppressive agents. One can then monitor

the disappearance of pathological anti-bodies, and regulate the treat-

ment so as to avoid the suppression of the benign antibodies which

are endemic, and thus avoid totally compromising the immune system of
the patient.

Example-5: The limits of sensitivity of the multiparameter antibody

i:} analysis
A standard series of dilutions of pure human IgG are spotted on to

Millipore sheets as in Example 1. The sheets are then-processed in
exactly the same way as in Example 2, using a 17100 dilution of the

same serum as was used in Example 2.

The reflectance of the spots is quantitated using a Thin Layer
Chromatogram Scanner, manufactured by the Company "Camag", Muttenz,

Switierland. The following results are obtained..

" Amount of IgG in dot (ng) Reflectance (arbitrary units)

s0 54
23.3 49
0.8 © 41.8
5 | 37
2.33 22
1.08 | 14
0.5 ' 10

0.23 7
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such suffering fromthe indicated di seases. Sera are nunbered 1 - 20.

Titers are expressed as the fraction of total imunoglobulin as speci- fic

arfyigbody X [err] . Were no significant antibody is detected, there 'is no

entry. Wiere there is significant antibody, but outside of the range of the .

standards, the result is given as <1 or >500. SLE = systemc lupus

eryt hemat osus, RA = rheumatoid arthritis, MCTD = m xed connective tiégpe

di sease, M5 rmultiple sclerngsis, ICD inmmune conpl ex di sease, AE =

angi oneuroti c edema. A significant nunber of auto-antibodies are found in

t he auto-immune sera: in one case specific antibodies against native DNA

and not r]f‘ta&f:& Ve Widdheegnahaired1ONAat iR pd Msefdnceanchshfernbeyizldagai nst’

whol e cells, organelles, etc,,fromwhich it is appagent that the test is

sensi ti verdapkitrtier PinFRfeansOdY rAisro? WREPFehE® ehﬁg GRFSFPFBIRAE® 1 a

col'l ecti of)Qlied WohatRAILE s BEng S8EilbSdYl BngeTeds tliahed S af a@bouendnati ve DNA.

and anti-denatured DNA are found to vary w dely anongst different

i ndi vi duadusibedyd cpmdepiefireiedy of each other. This shows that the assay is

specific. In sone cases it is possible that auto-immune anti bodies are no

| onger prﬁ&&gie R C adkifart SRS 8 £ SElfRe AR g&%@@&é@@ﬁ&r&ésﬁady under

treat ment= m o ] S, gescriped pre- viously, antibodies

di rect ed RfarREIbodY EN3tBtEs Af FRemBI AsioFaPPiredeinduRiiqatet H® PHM | uenza
Virus cong4sQl she ERL&E: 3TSSuTY SEERkARI ot Ha sl 6d110WedT iAdMRNESARI QARS
pre-existing netho- dology_for t.he di agnosi s of auto-imune di seases: aII\J
i nt er est | R SAHIOVipg oL LIS I LtetRTTLEd GG oh&LptRSee e Bné%9% han in
separat e @RLSn wikee) fdnd QUH nDOsH asScRGRLIShaphttet! b \Wzak £ QRRAIH BNt S are
normal Iy determ ned by fl uorescenge, m croscopy. .This is tediaqus,

subj ect i vERERARRL 1 FREGAs ORGSR e NERS FEREHTE V0 LB diifes 13 4Rep| e and
can be aui-igamdicad) lBacqubld Bingdidinabfivesagtd1Ngidld NSk bakerdupdl uded

because of their comerci al availabjILtg. It 1s$ clear that the nethod can
than the 4~chloro-l-naphthol. Diamindbenzidine can also be used.

4=Chloro-l-naphthol is to be praferred for commercial use, because it

is not known to be a carcinogen.

Example 7: Screening of monoclonal antibodies against neuronal

membrane fractions

In the preparation of hybridoma cell lines one has to screen large

numbers of clones possibly making the Specific antibody of interest.

If it is desired to screen each clome for antibodies against multiple o/
separate antigens, the methodology of the preceding Examples can be

used with little wmodification. If it is desired to screen for anti-

badies against a single antigen, the following prodeduﬁe can be used:

A sheet of Millipore is marked intc squares of 4 mm or less, or the

‘Millipore sheets commercially available ds used in the preceding Examﬁ—

les with squares already printed on are used. It is sometimes an

advantage to pre-wash the Miilipore sheet in distilled water. Rat
brain synaptosomal plasma membrane (Jomes, D.H., Matus, A.I., Biochem.
Biophys. Acta 356, 276-287 (1974) 1is used as antigem at a concentra-
tion in the range of 0.1-1 mg/ml of protein. Volumes of 0.5 Fl of
these antigen preparation are spotted on to the Millipore sheet as
described e.g. in Example 2. If necessary, the local concentration
can be raised by repeated application to the same spot, with drying

between different applications. The sheet is then washed with TBS
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-41- detect antibodi es against these proteins. However, their substitution
by the corresponding human proteins is possible, as well as by human
- collagen, for the diagnosis of autoinmune diseases. Furthernore, a variety
‘of differentiated cell types nmaking specialized proteins can al so be
. |nc!uded,_as wel | as the undifferentiated Hela used here. This kit hjg the
addi tional- advantage that it can be used for the nonitoring of patients
seraduring the course of treatmédt=of auto- imune disease with
| mmund- suppr essi ve agents. One can then nonitor the disappearance of
pat hol ogi cal ?ntL-bgdies and regul ate the treat- nment so as to avoid the
suppression of the benign antibodi es which _are enden1c nd t avoi d
total Iy compBenifi Agsimed. mizgategvéihor Heckin% fo 3 %u}

limts of sgPait bYi in ehet erEﬂéHEL B&E&b&bs@naﬁ‘é@y aamlsy:asz@d% st'mmlard
seri es-of dllutlons of pure G are_s ottl gets as

i n Exanpl el®diyhguates aEF@ Fﬁ@nCB 0 OB&s BF I1§‘ t‘#{? R¥ %oy as in
Exanpl e 2, cusitag &railQCadibritigenMasst.hy sSam)semqahasveﬂ.é.s igsdirgateanpl e

2. The ref] ecta [ NaTHy
Chr omat ogr ¥ %g Eﬁﬁe?ﬁ mnu%ggl%%%ggr%;%ﬁ( any r}%a%n?g ) éit%lzn and
Swi t zer | and% ThévHonbawadggoatyisesum Sasheliowtd LSamimnteas widd ishalng ng)

Ref | ect ancge( apbiibh?’ tetPek®ku2@. Alternatively, if the Mill4pt¥e sheet

49 10.8 41.8 5 372§3
22 1.08 was treated with the b%9q§y§g solution the wells can. bg) qpage

7&_2 ' separately. The coated trays and filters can also be stored dry
as such,
Mice are ‘immunized with the rat brain synaptosomal membrane preparation,
the spleens removed, hybridized with myeloma cells, and distributed in
200 wells in selective medium to pefmit the growth of hybridomas, by

known procedures £. Kdhler, C. Milstein, Nature 236, 495-497 (1975)1

After 10 days, aliquots of the sdpernatapt from.the wells are plaﬁed
in the Costar plate wells containing the,Sqﬁares (75-150 ul'pef well)
or dilutions therefrom into. blocking solurions, and the antibody bind-
ing reaction permitted to continue for between two hours and overnight,
_ depending on the activity of the antibody. The medium is then removed
L and the excess antibody removed by extensive washing with TBS. The
‘bound meunoglobulln is then specifically stained with peroxidase-
coupled goac-antl-mouse IgG, using the same procedure as in the pre-

ceding Examples. OQut of the 480 wells 170 positives are detected.

This procedure can be used for the preparacion of kits for the
screenzng of hybridomas against any desired antlgens or mixtures of
antigens. It has the advantage of permitting the easier handling

- and storage of the antigen if it is immobilized oun sheets or squares
rather than on conventional plastic dishes, it fequifés less antigen
than if the entire well of the Costar dish is coated with the antigen,

~ and it permits éhe direct comparison of the antibody binding to the
antigen compared with the background staining on the Millipore, thus
permitting highly sensitive discrimantion and elimination of false

positive due to high background reactionms.
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- 42 - It can be seen fromthe table that the refl ectance neasurenent

yi el ds quantitation of the antibody over a dynam c range of greater than
thrgg decades of ampunt of bound antibody, and less than 0.5 ng of bound
anti body can be detected. Exanple 6: Conparison of different peroxidase
substrates The anti body analysis of Exanple 5 is repeated in duplicate: In
one case the exact procedure @f Fxanple 5 is followed, in the second case
the following nodification is carried out: 5 m TBS, 10 [err] [err] (Seﬁb
wwin water) and 0.3 m of 4-chloro-1-naphthol 0.3%wv (Merck) in

met hanol , instead of o-dianisidine. The sensitivity . of the Staining is

i dentical, but the o-dianisidine gives a slightly higher background than

t he 4-chl qro-1: naphthol .. Di am.nohenzi di ne can_ al so be, used.

4. Cnl or o- 8meld BN i s QIIRIE G BF SR nRal anfisoRcrconsningdeby i s
not known & mobeclwnadraitdbein (MEFRIPL €The: m&tdca6nA N G0 cddpNDLloBBAneantd bodi es
agai nst neur nallne?bgﬁne fracLlo s In tge preparation of hybridoma cel
lines one Wa&*¥W §cfeentf g8 ePREIDPAY | I5nHsed) Ses iRy ATk MATZ3he

spe_cibf id'C mﬁ.bﬁd;&noérﬁdat Romgenadds Efom vadbsis ege thLQ.sSGésﬁegn le«_%eh &{csenﬁ for
ant i bodi es_agai nst _nul t,i pl e separatge ant|gens, e nmet hodol o of the
precedi ng gﬁ%‘f"&“ﬁ%ﬁ lﬁg‘k?ﬁ&gpﬁ 3h8|w&’t‘?ig Thﬁoﬁil'?ﬁ“ﬁatﬁrﬁﬁ. 11'I"T‘eg-]'%v/t“i"S"desi red
to screen Hedluf)foreti@dngkidgay ) thydus, gt ucabl dliRNe, HaGré HusOW Nene
procedure can be Qigﬂ%,A sheet of M|lipore is marked into squares of 4 nm
or less, dP LR M| 5P POTERE DoLB L CET IRl um\and| Sonedrain.ubug tof ihe .

precedi ng dheasther! €5sstiekheeuteal q&ﬁaﬁmdy i WhRi&d cae &ﬁ;sgéhS;&.ngl ttréS N

soneti mes gn agdvantage to pre-wash the MIIlipore sheet in dIStIﬁ ed water.

Rat brain SfRapt SE8n#At bF RPETHERHERBhEedytnfeshop Hhat WArdd can be deBi ochem

Bi ophys. AGlc@ed5® s t@b2Bihr( Adkidbhnhte 4EE5h 33 A1 WugC ke & ntra- tion

in the range of 0.1-1 ng/wf'of pro?ein. Vol ﬁgs o# 0.5 g?¥fﬁ%%ﬁ’ "
suggesting that the negative members of the tissue panel have less

than 57 of the MIT found in cerebellum. o

Example 9: Determination of rheumatoid factor and circulating

o

immune Fomplex in the serum of humans or mice with sutoimmune disease L

Rheumatoid factor is defined as an immunoglobulin found in serum which
will bind to IgG, including IgG of other species. Circulating'iﬁﬁune |
complex is an endogenous antigen-antibody complex found in circulation
in certain disorders. Both of these are ffequently m2asured as part of
the diagnosis of connective tissue disease. Rabbit IzG (Nordic) is
_used as thg test for rheumatoid factor, human Clq as the test for
immune-complex. The Clq complement fraction will specifiﬁally

recognize antigen antibody complexes.

The rabbit IgG and Clq are dissolved at 1 mg/ml in TBS and 0.5

Pl spots are applied to nitrocellulose. The sheets are then
blocked with TBS-10% horse serum as for the preceding Examples.
Human auto-immune serum (SLE: number 7 from Example 4, MCTD:

number 11 ftqm Examp;e 4, and a2 normal control) and mouse serum
from the inbred strain MRL with inborn susceptibility to auto-
immune disease, and a control from the non-a2uto-immune BALB/C
strain, are all diluted at 1:100, 1000 and 10000 in TBS
containing 10% (v/v) horse serum, and the'sheets incubated in

the presence of these dilutions at ambient temperature; overnight,



t hese antigen preparation are spotted on to the MIIlipore sheet as-

described e.g. in Exanmple 2. If necessary, the |ocal concentration can be
Taised by repeated application to the Sajge spot, with drying between

di fferent applications. The sheet is then washed with TBS -43- and, if
“desired, treated with a bl ocking solution of horse serumas in the Do
pr ecedi ng Exarrpl es, dried and stored. The individual squares are cut out

d phac |1 f Cos S Each
nol') et ihe lsamis 4 4 “indh Wehla b (FBEPLPAIFR ARl Sulleh AF000
and 1% (\VIADOOM radel u o mrmfmnminqa%nhvég)V\hpnsshahlrng ef -anbi ent
tenper at tgsgaf ,E@)gn;{ 13%%& raﬂbib eaMiL BRER §msa°&@abﬁi§ase§8w khet he

bl ocki ng S can. be coated separ at eﬁéﬂ he coated trays and
filters dumman stelR %@%r’é%lb]a*‘;/ %%t‘s'tl‘&%“sﬁ/l e@rmaneg% hingdERrt ﬁh?hé‘°?4§ﬁ

brain syr@é».té)sonnke NESDE aBko PdEEEE el bRNant Dee 8l ge8SobeaDraed; fiyhr i di zed
with nyel oma ceI and distributed | 200_wel gﬁﬁl n, sel g%o_%%e rredl umto

permt tRPRRo ?P%‘Fh?ﬁ/%‘? eRmacky | 9\}4 PFBcEBEPSRER efoTc?
M | st ei n, fudethee 2560u14.95aﬂ9§m]@il&76)']:exﬂ{:éeatﬁﬁedayi’heaékqesbsdetet:hteng

super nat t t I I nin
the squa?%ét%%ﬁ‘%s%; S iled! G5€ vt Bl IS URACERR, BoGRACLE (BRI M1 N0
sol uti onsletectedcvithi ﬁlﬁlycblmnﬁmbth@thEQQtpeﬁm asedint ExéEEﬂ-ﬁn% for

bet wveen i, *1955;1 Sr sl DVESRedNto AEPEIEhNBoeNat BeraRbEY D! Holkst BAgant i body.
The mediumis en repoved and the excess antibody renoved by extensive

washi ng vihe nesnlasinterRret®dnogl obulin is then specifically stained
w th peroxi dase- coupl ed goat-anti-nouse |1gG using the same procedure as
in the pre- ceding Exanples. Qut of the 480 wells 170 positives are

detected. This procedure can be used for the preparation of kits for the
Both the human autoimmune sera show significant rheumatoid factor down

to the 1:1000 dilutions, and none is seen at any dilution in the con-
trol serum. The mice autoimmune serﬁm show a positive reaction aown to
the 1:10000 dilution, and the control mouse serum show a borderline-
detectable positive reaction with the 100-fold diluted serum. The

.\»f assay thus.detects the presence of the high titer anti-rabbit IgG
antibodies in both the pathological human and mouse sera. Immune
complexes are also detected in the pathological sera at titers of
approximately 10 times the control sera. High titér circulating immune-

. complexes are found in the auto~immune mouse¢ sera and the human MCID

and SLE sera. Further examples with.a collection of two hundred human
SLE sera and 20 individugls MRL mice with sera sampies taken thfoughout

their life-time, support these results.

The conditions described in this Example thus provide a workable system
for detecting rheumatoid factors and immuno-complexes in both c¢linical

diagnosis and animal model systems.

Example 10: Different microporous materials as suppofts
for the dot immuno-binding assay :

A variety of microporous support materials are used, ‘and 0.5 pl
samples of antigens are applied as in the preceding Examples:
Supports: (1). New England Nuclear Cor., Boston, Mass. USA 'Gene

Screen" (microporous polyamide)
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screeni ng of hybridomas agai nst any desired antigens or m xtures of
antigens. It has the advantage of permtting the easier handling and
storage of the antigen if it is imobilized on sheets or squares rather .

56t han on conventional plastic dishes, it requires less antigen than if the
entire well of the Costar dish,s_coated with the antigen, and it permts
t he di rect conparison of the antibody binding to the antigen conpared Wth
t he background staining on the MIlipore, thus permtting highly sensi ™ve

~di scrimantion and elimnation of false positive due to high background
reactions. 54 -44 - Exanple 8. The tissue distribution of rat brain
antigen recogni sed by a nonocl onal antibody (M T-23). The nonocl onal

anti body i s obtai ned2as Geimgx A@plear/ Scidricesnineog| amakriant,i ixhighas, Usgd to

-assay for MT-23 anti genpjeh_cr -h@ng ates from.ariQus.rat tis ues. In
each ¢ase the honpgenat enrélfgoxglo tg%l at g%}’n%} b T F?fs)"gﬁéémﬁr &P Pver
cere- bellum forebrajn,mndri emehighpemperatatreiwtegd nuscl e, heart nuscle. The

antigen MT 23 is prgsent .both in.cer lel tm and rebrain,, but not in the
ot her tissues teste_cfsﬁE%el?f‘%@ﬁttglﬁeﬁ gﬁfcﬁ""[‘% cﬁh{'f éﬁ--ecféﬁ’ée#régﬂ&i'on in

the dot is progressi(él Cealesn dedrdedncBhae 1 Milbbe 2&riaaardre (R-4stgried in a
corebel | normgenai gy lacify Al indfl Ghoddeal Lspgiesabind 1 1o e
cer ebel [ um Exa_rrp_l e 9: Mssemmacémwi ﬂﬂtgutmllpndsé,acmqﬁ pn;BAc;oml ating
Rhoumat of d faotor | Seheriaatehe o SehHEHo g CERREL B R DoPariab: ch vi | 1=
bind to 1gG includi(y. |spGlefchecherscapert ascrddel tullodei (@8 gmarespanpl ex is
an endogenous ant| oqh ay Lbeik ol g Tound L, FLICH A 50 768
(9). Schleicher & Schuell cellulose acetate (0.45 B} OE 67
. (10). Schleicher & Schuell reconstituted cellulose (0.45 p)
RC 57 _ - -
(11). FMC (Rockland, Maine, USA) agarose, "Sea plaque"
(12). Difco Noble agar (Difco Laboratory Inc., Detroit, s
Michigan, USA). ' o \'g
In the above list "Teflon" and "Metricel" are both Trade Marks.
The last two are deposited on a rigid plastic support of FMC Corpora-
tion "Gel Bond" according to the manufacturer's instructions, achiev- .
ing a layer of 0.5 mg/cmz. This last is donme by applying 1 ml of molten oo’
agar or agarose on the surface in a 5 cm circle, and drying under an '
) infra red lamp. When the agar is re-hydrated, it develops a

porous structure.

The following antigens are applied in 0.5 pl aliquots as in the pre-
vious Examples, air dried, and subjected to the same protocol with the

use of a human SLE serum (number 7 from Example 4):

(A). Native DNA (0.4 mg/ml)
(B). Denaturéd DNA (0.4 mg/ml)
(C). Influenza virus mixture (Undiluted Sandovac vgccine)
(D). Human IgG, 1 pg/ml in 1 mg/ml Bovine serum albumin
- (E) . Human IgG, 10 pg/ml in 1 mg/ml Bovine serum albumin
(F). Human IgG, 100 pg/ml in 1 mg/hl-Boviﬁe serum ablumin

@). 1 mg/ml Bovine serum albumin.
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t he di agnosis of connective tissue disease. Rabbit 1gG (Nordic) is used as
_the test for rheumatoid factor, human C g as the test for imune-conpl ex.
The C g conplenent fraction will specifically recognize-antigen antibody
conpl exes. The rabbit 1gG and Cq are dissolved at 1 ng/m in TBS and 0.5
-[err] spots are applied to nitrocellul ose. The sheets are then bl ocked with
TBS- 10% horse serum as for the precedi ng Exanples. Human auto-inmmne serum
(SLE: Apunber 7 from Exanpl e 247MCTD: nunber 11 from Exanple 4, and a nor nal
control) and nouse serumfromthe inbred strain MRL with inborn
susceptibility to auto- inmmune disease, and a control fromthe

non- aut o-i mune BALB/C strain, are all diluted at 1:100, 1000 and 10000 in
TBS cont ai ni AYS 18% ey v )}vengr s edeewhereand t he sheets incubated in the
presence of these dilutions . sat anbient tenperature, overnight. -45- The
sanpl es are then washed wth TBS and i ncubated with a 1/1000 dilution in
TBS cont ai ni4fFet08ddivian oforheeDife samplefl, perioké idas eadddtijdneds reabbidmain-~
anti - human ijggmn d f ra and rabbit anti-nouse

i rmunogl| obulci{grrlt'léI fag!lr %? eé rgrg%sb%%&e?g gﬁljﬂzgf Ztg’?a}tw\}\%sdet ection antisera are

obt ai ned from DAKO, Copenhagen, Denmark. They are then incubated for a
further 2 hours at anbient  tenperature. The excess detecting antibody is

t hen washed 186t fofileRineBSeaHEst #He BbtATaed AP berdy corpased adthiths $4fedar

chl or onapht h@lsc&@aGih O Mi1 BiHok® JEX814Y i porel B0l or is allowed to devel op
for a further 2 hours and the results”interpreted. Both the human

aucqQi mune sera show significant rheumatoid factor down to the 1:1000

di Tuti ons, Adpsnertsy1ggen at any dilution in the con- trol serum The
m ce aut oi mune—serum.show.a positive reaction down -to

(1) Faintly visible A, C and F. Other dots negative.
(2) A, B and C stain, D, E, F and G negative.
(3) All dots positive, D, E and F show a series of graded inten~ ~
. sity.
(4) A and C faintly posigive, all others negative. Background
i higher. '
(5) No significant difference from Millipore.
(6) Exactly same as Millipore of same porosity.
(7) D does not stain, otherwise as Millipore.
o (8) A, B and C stain, D, E, F fainter than Millipore.
N (9) ‘A, C and F stain faintly. Others negative. '
(10) A and B positive, C f;int, others negative.
(11) A, B and C positive but faint, D, E, F borderline visible.

(12). A, B and C positive, D, E and F weakly positive.

. Agar has the merit of being easily coated on to a robust support and
is transparent, so lending itself to quantitation by transmission

instead of the reflectance measurements as in Example 5,
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the 1:10000 dilution, and the control npbuse serum show a borderli ne-
detectabl e positive reaction with the 100-fold diluted serum The assay .
t hus ‘detects the presence of the high titer anti-rabbit 1gG antibodies in
both The pat hol ogi cal human and nouse sera. |mune conpl exes are also
deﬁ&ted in the pathol ogi cal zgra at titers of approximately 10 ti mes the
control sera. High titer circdPating i mune- conplexes are found in H’h)e
aut o-i mmune nouse sera and the human MCTD and SLE sera. Further exanples
with a collection of two hundred human SLE sera and 20 individuals MRL m ce
W th sera sanpl es taken throughout their life-tinme, support these results.
The conditions described in this Exanple thus provide a workable system for
~detecting rhel.ima 0i @ fa.ctors and |rmu 0- conple es. in oth clinical

di agnosi s-éﬁ@—é-ni—’:ra idis RIS £ 25 S N ] F-233880r ous
mat eri al S TRSs Exwpflet $s fsamiehe tdcnxammmrso ebtcladt nglaas&aysﬂetawreby of
m croporous SURFOH materials are g L }4 ahrrpl es of antigens
are appl | BBCERENE 1% RASSH 2R RiBRGUERA R s@é@@ﬁﬁp‘@t"’g?s Pich REG EREPHAd
Nucl ear C@équesBedstm didzasstidSpurpoees aSca egrolp (mihcli cmr@rmfilaalcyam de)

-46- I nc., Ann USA Tef |
1450, (0. 4EURERT S CRrIAPER FLoTo| DS BERE EHpOTIsHord GPtigh. |
t enper at ufeomidas titar. Vﬁﬂbﬁmrﬁ/em,r iaﬁel'o.Gl\Kﬁl ‘oifi mm:lfﬁﬁldwlﬂh@%teﬁén@ranc( 0. 45

: GN6 .t t at 0 45 5
Soni o chofl eEEntats TiRRERY B Pt seiinsar bl SEA PRIt e o
ni trocel | kimbef 41&213!53{ dhrﬁx)ecBAu@Eiamp(lﬁﬁ, tSCﬂnilﬂuﬁdsm n&:tSlelBJllose

nitrocell {) %ﬁ errl]) BA 85/ (7) Schl ei cher Schuell
ni trocel I oseP{ 0T &Y HEPEY f“ it a8 in preceding Examples.

(1). Adenovirus (1/5), (2). Chlamydia (172), (3). Cytomegalovirus (un-
diluted) (3a). Cytomegalovirus comtrol negative antigen (undiluted)
(4). Influénza A (14), (5). Influenza B (172), (6). Parainfluenza 1

(undiluted), (7). Parainfluenza 2 (undiluted), (8). Parainfluenza 3

¢

(undiluted), (8a). Influenza control negative antigen (undiluted), (9.
Mycdlplasma (L72) (10). Q Fever (1r2), (11). Respiratory syncytial
Virus (1/2), and in addition 4 standards of human IgG (Nordic) at 10,
4,65, 2.15 and 1 pg/ml in TBS and 1 mg/ml bovine serum albumin. These
are then assayed as in previous Examples with serum diluted at 1/100, \;i
L/71000 and L710000 in TBS 10% horse serum, by the chloronaphthol
method, using a 1:1000 dilution of peroxidase coupled goat anti-human
IgG (Nordic). The iesults for sera ﬁfovided as positive control sera,’

also by Intitut Virion, are listed in the following Table,



(8). Schleicher & Schuell nitrocellulose (12 [err]) AE 100 (9). Schleicher
.& Schuel |l cellul ose acetate (0.45 [err]) CE 67 (10). Schleicher & Schuell
reconstituted cellulose (0.45 [err]) RC 57 (11). FMC (Rockl and, Mai ne, USA)
agarose, "Sea plaque" (12). Difco Noble agar (Difco Laboratory Inc., QY
"Detroit, Mchigan, USA). In the above list "Teflon" and "Metricel" are both
Trade Marks. The |ast two are deposited on a rigid plastic support of FMC
Corponas tion "Gel Bond" accor@i4fg™to the manufacturer's instructions,
achiev- ing a layer of 0.5 ng/cn2. This last is done by applying 1 m of
nol ten agar or agarose on the surface in a 5.cmcircle, and drying under an

infra red | anpTWeNn Theagal J & 465 hygrﬁgf,;ag; 1§ devel 9ps _a.RQrous,
structure. Th ﬁollo mgmantt gensmar applv}edl\lmvpf"@\p? Hqumt'*sﬂa-s n the
pre- vious Ex@anl es Ay CdP i@ CandP SUBJ%(R Ot® M MeCRARPPER A CPW th t he
use of 'a humap $LE serum(nunber 7 fromExanple 4): (A). Native DNA [0.4
nmg/ M) (B). natured:DNA (0.4 nmg/m) (CO). Influenza Vi rus- m'xture
(Undi l uted Sahdqvac viaeci ne) (Dh.exHusan | ed’hnLl”ﬂwcdﬁméb Bbvi ne
serum al burinf (&) HHurT@n 19G L ier /ngé ruror-\él buni n
o
(F). Human g leO[ rf/m | eserumalum g/ m
Bovi ne serum gl Qum n. -47- TBS |s t he soI vent as el sevx/nere After
addi tion of tje |DNA sjanpl es, and before addition of the renain- der,|the
bl ots are bakled{at 80 for 3® houts 3T8e f oN awing r:ﬁ@lgggrﬁéﬂ)&@ hed and
are conpared Wi tth The stedafd o s ccdocodccoococodccasoo
N o
n & YIS IS IS IS IS IS IS IS IS S IS IS IS IS IS IS IS IS S S~
gl 13l « |22222932258998989mMmMnGG83538359
‘ug g OO0 000 QOO0 O0OMMNHOQOO0OO0OO0OOO0O0
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systemusing Ml lipore of 0.45 [err] pore size: Support Results (I)

FaiBtIy visible A, Cand F. Oher dots negative. (2) A, B and C stain,

. E and G negative. (3) Al'l dots positive, D, E and F show a series
of graded inten- sity. (4) A and C faintly positive, all others

negat'i ve. Backgr ound hi gher. (5) No significant difference from

MIlipore. (6) Exactly same, as MI1lipore of sanme porosity. (7) E’JD

does not stain, otherw se as mMig pore. (8) A, B and C stain, F

fainter than MIlipore. (9) A, Cand F stain faintly. OQhers negative.

(10) A and B positive, C faint, others negative. (11) A, B and C

positive but faint, D, E, F borderline visible. (12). A, B and C

positive, D, E and F weakly positive. Agar has the nerit of being easily

coat ed on Neoamtigehsigtrovigrdons nggdtive contwopagivatanyspodigivié mgactival f to

quanti tatl‘grghb%ztg rission instead of the reflectance neasurenments as in

Exanpl e 8 anple 11: Respiratory virus antibody profiles by

mul ti-dot assay This-Exanple is simlar to Exanple 3, except that the

sel ection &ngg ugert%m &lgaﬁe& QB q“gamne?{n s&m a&&rhygy#p&uﬁa& which are

comonl y fficult

to di sti ngiixatidgy agsays Wnedfrom

I nstitut \fgehon, Zurlch and 0 5 [err] of the foIIovvl ng antigens and
dilutions=as indicated in parenthesis) in TBS are applied in the sanme kind
of array &smplensneciiganiorErasp)isesre corRiad porn Hie perselsklasseey0ad5 [err])

With a grig PEimpi€0i0Nakd w28h ithePiffeCPtNY EX AP Ss from Institut Virion, u

using their materials and described procedure for complement fixation.

The sera are classified in groups of the same titer, and then listed
in descending order of titer. The vertical lines in the table below
are the groupings according to titer. The underlined sera are those

provided as positive control sera for that antigen.

o

o
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(1). Adenovirus (1/5), (2). Chlanydia (1/2), (3). Cytonegal ovirus (un-
diluted) (3a). Cytomegal ovirus control negative antigen (undiluted) (4).

I nfl uenza A (1/4), (5). Influenza B (1/2), (6). Parainfluenza 1
(undiluted), (7). Parainfluenza 2 (undiluted), (8). Parainfluenza 3 0
(undiluted), (8a). Influenza control negative antigen (undiluted), (9).b1
Mycol ptasma (1/2) (10). Q Fever (1/2), (11). Respiratory syncytial Virus
(1/2),™ehd in addition 4 standards of human 1gG (Nordic) at 10, 4,65, 2.15
and 1 [err]/m in TBS and 1 n@yn1 bovi ne serum al bum n. These are then
assayed as in previous Exanples with serumdiluted at. 1/100, 1/1000 and

1/ 10000 in TBS 10% horse serum by the chl oronapht hol nethod, using a

1: 1000 dilution of peroxidase coupled goat anti-human 1gG (Nordic). The
results for sera provided as® positive control sera, also by Intitut Virion
are listed in the fgllow ng Tabl e. 49 [err] -50- No antigens

provi ded, as neg#i§e-control give any positive reaction with any serum
- Exanmpl e 12; Cbnpéilgon of dot i munobi ndi ng assays with conpl enent fixation
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are the groupings according to titer. The underlined sera are those

provi ded as positive control sera for that antigen. - 51 - [err] -52--
[err], -53- It can be seen fromthe tables that in alnost all cases, the
szositive sera fall into approximately the sane rank, and there are even .

cases where both assays denonstrate that the serum provided as positive is
in fact negative or of lowtitgr., Al assays correlate rather mell.:;pe
reasons for the exceptions may be that the 2 assay systens recog- niZe
different classes of antibodies and that the antigen is presented to the
antibody in a very different formin the two assays. Exanple 13: Use of a
dot assay for the typing of nonocl onal antibodies. Mnoclonal antibodies to
ri bosomal proteins fromchick liver are pre- pared by the sane procedure as
in Exanple 8, and the specificity of the antibodi es determ ned by the

met hod publisBed by Towbin et al (Proc. Nat. Acad. Sci. U S., 76, 4350-4354
(1979)). The Bupernatants fromthe hybridoma cultures are tested for the '
ant i body typq: y the follow ng dot assay. Type-specific goat anti-nouse

i munogl obul i@ anti- bodies from Nordic are dissolved according to the
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| ose, the strips blocked with horse serumas in Exanple 1, incubated bo
_overnight at roomtenperature wth undiluted hybridoma supernatants, then
bound anti body detected wi th inmun-peroxidase staining as in Exanple 1. The
results are shown in the following Table: Stain with antibody against
-Monocl onal anti body I gG | gM Anti - S6

+ L - Anti-L7 _ - +
Anti-Llga | -3y - Anti-P1/ P2

- + Anti-rRNA ' - +
54- The nonocl onal anti bodies are designated according to the ribosomalL
protein they react with, according to internationally recognized

nonmencl at ur eLcAnsn -beRieni fraki rhettetlagahastinralrosorall ¢¥das, Tive mqsiii:i:rgz in the
table is confir in separ at rlne re tibo

anal ysed on suc[r‘gagé gr?té’d %pntmsc%mateéﬁ Ithé f‘nam% ra%éd?&rfgg?% nge %3%-? c"’lifgant

7S, the | ng@tkré%thT&xssyE)dampthSrstmwmt hhe sarumbpuivededcas pesinienied on
the support.,; ?QC:U%S GQe dS sstmk,ha*b er' e@ﬁ?&éé g;‘é’ LR, rﬂh%}“&ﬁg

suitable detec 1 On "Syetem 1s avarl a IS procedure 1s of utility
in quanti tat'ﬂhngredsenarﬁmnﬂse ekcepmdes daﬁlbeama;ﬂo@uy khmesyatnmhmm%-ser a,

as is fre- t 4l h ds the
on- struct i act EEefY fEbapR o ahiHHERle R KRGS, ol b RUT LSRRI oy

cl asses si mHat ah%@asikpdb’nilbﬁevm)'edaiﬂe@ﬁnt Erempinethe] twiijasgayssr i nmunol ogi cal
anal ysis. Devices are constructed by dotting aliquots of 0.5 [err] of the

anti,gens of the {)recedl ng Exarrpl es. The antigen solutions are dotted in
parallel ro 29 sgay €or 4 Atl;n of monoclonal antibodies.

Monoclonal antibodies to ribosomal proteins from chick liver are pre-
pared by the same procedure as in Example 8, and the specificity of
the antibodies determined by the method published by Towbin et al
(Proc. Nat. Acad. Sci. U.S., 76, 4350-4354 (1979)). The supernatants
. from thé hybridoma cultures are tésted for the antibody type by the
following dot assay. Type-specific goét anti-mouse immunoglobulin anti-
g*) bodies from Nordic are dissolved according to the manufacturer's in-
structions, diluted 30-fold and 1 pl aliquots dotted on to nitrocellu-
lose, the strips blocked with horse serum as inE.xample 1, incubated
overnight at room temperafure with undiluted hybridoma supernatants,
then bound antibody detected with immun—peroxidase staining as in

Example 1. The results are shown in the following Table:

Stain with antibody against

Monoclonal antibody | IgG IgM

Anti-S6 : +. -
Anti-L7 - B
Anti-L18a + -
Anti-PL/P2 ' - ' +

Anti-rRNA oL - +
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pore size) having a grid printed on it, as in preceding Exanples. These
are treated with 10% horse serum as el sewhere, to block the non-specific
binding sites, and air-dried. .The sheets are cut into strips such that each
stn&g contai ns one of each antigen dot, and sealed into plastic pages.
RedBents for perform ng the inmunol ogical analysis are prepared as foll ows:
A.. TBS contai ning 10% (v/v) horse serumis |yophilized in 100 M [ots™B.
Goat anti-human i munogl obulT /4 Ts diluted 1:1000 in TBS cont ai ni ng 19%
(v/v) horse serumand |yophilized in 100 m lots. C. TBS is |lyophilized in
100 M lots. D. 4-chloro-1-naphthol 'is dispensed in 9 ng portions and
sealed into anpoules. E. H202 (commercial 30% aqueous sol ution) is '
di spensed jn 0.1 r rtiops,and sealed into anmpou) es. - 55 - After
i ndef i ni teJ“é 8‘?3%‘%“5&““&6@%%& PEe FEFLENP AL AFCIEI NG FRvidief BEbasRBakinal ysi s
of unknownpertviibodicgsréaetseity) aceurdeap wedingrnaridi@1tpthedoiogy of the
precedingl can #%ﬁi'CQ¥ pgré&on gﬁ%h of A Band Cis reconstituted with
100 m -of ISt et walttr R4 43 FErc bt #8r s thELRRseRe ] dWaef Theh&yrimgnown
sera, B fointthe tatdiectd @onfidnicdotly sepatitegekRAGhbay wAOL QRE IRt b&iic
reconstitL%gg1g$1;%gether W th oqg.angpule each-of D and E nmake up tﬁe
col or reactiof mxturd® SUFhEte BoiEiesfrsc hpelgtbighst sedinantasianceert for the
washes af t srangasth 75t age efMaft idody bi nding. The same results are obtained -
as in the precedi ng Exanpl es.
o/

This Example shows that antibodies can be mouﬁ;ed on the support, and
used to detect Cheir'respeétive antigen, prbvided-a suitable detection
system is available. This assay procédure is of atility in quantitating
the amounts of individual antiquy c1asses in human sera, as is fre-
‘quently required for clini¢al analyses. This system permits the con-
struction of a kit for the analysis and.quantitation_of all antibody

classes simultaneously in one operatiom.

‘N

Example 14: Kits for immunological analysis,
Devices are constructed by dotting aliquots of 0.5 ul of the

antigens of the preceding Examplés; The antigen solutions are
dotted in parallel rows on' sheets of Millipore (0.45 micron o
pore size) having a grid printed on it, as in preceding
Examples, These are treated with 10% horse serum, as elsewhere,
to block the non-specific binding sites, and air-dried. The
sheets are cut into strips such that each strip contains one of
each antigen dot, and sealed into plastic pages. Reagents for
performing the immunological analysis are prepared as follows:
A. TBS containing 10% (v/v) horse serum is lyophilized in 100
ml lots,

B, Goat ahti-human immunoglobulins is diluted 1:1000 in TBS
containing 10% (v/v) horse serum and lyophilized in 100 ml lots,
C. TBS is lyophilized in 100 ml lots, '

D, 4-chloro-1-naphthol'is dispensed in 9 mg portions and

seaied into ampoules,

E. H,0, (commercial 30% aqueous solution) is dispensed in 0.1

22
ml portions and sealed into ampoules,
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-56- Clainms 1. A nenber selected fromthe group consisting of a device for
4 mmuno- | ogical analysis consisting of a porous solid support in the shape
of a film sheet, plate, or cylinder containing a pre-selected array of
delimted adsor pt| on areas of antigens or inmunoglobulins or of both of}
them which adhere tightly and do not spread out on the porous surface,

obt ai nabl e by applying aliquots of solutions or suspensions of one or nore
anti.gelks/ or i nmunogl obulins or of both of themto the support by direct
contact through mechanical transfer, and such a device wherein residual
adsorption sites outside or imside the antigen or i munoglobulin areas are
saturated by the presence of proteins which are non-specific with regard to
their capacity of reacting with the nmentioned antigens or inmunogl obuli ns.
2. A devi ce Msexliaflefiaire stprdsn, 1tharkbevs kithoagdeursed en foilleesitdual

adsor ption Sht G 9s AC BE kol ohf ABMIEN in b ddin! QlotkesRhilRg eHIdANAl 1Y
diluted in physi ol 0gi cal i um chloride solution, roomgterrperature or
at el evat ed methgsiologuof, t*t?pPFQﬂFdHls' Ees#mmlreSdr%engoqthensqmbmﬁtA dhdndlGo, f
necessary, akilgobbaSUPRAkL Ro &l BLALRA L AIPGLALLI £-iSendh 06U 48 S
claimed in claim1l, wherein the antlgens in the solid sugport are selected
from anong tdidutfosupf cBAinkneRy sefahlnfar Bhodagieatosrangibodyabirdingn tissue
or cells, oreRO@bnl!dHddone 1UPUS rOERPZARd EL egé&'ﬂeiﬂ%ﬁﬁ'&ﬁs amgdRgLeri a,
nmycopl asma, Vi ruses or preparations fromthem A device as clainmed in
claim 1, wheaeh Pl ReandoFinpke phshe Godor rFeﬁh'él%‘PHtGFea Ofhesetlots of A devi ce
as\ ol ai med i afd FelbdheiWMRIChS debBeshetnass st LitckNass $thgbNer RAPGR4Y T oM

OO0L to 0.5 mMm
binding.

The same results are obtained as in the preceding Examples.
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6. A device as clainmed in claim4, wherein the sheet has a thickness of
approximately 0.1 mm 7. A device as clainedin claiml1, wherein the
materiad of the solid support is a nenber selected fromthe group
cogﬁsti ng of A) Natural polyneric car bohydr ummlmtm]mmm hetically

I ed, crosslinked or substituted derivat omthe group
consi sting of a) agar, agarose; cross-I|inked al gfnit dtid; &ubstitu- ted
and cross-1inked guar guns, cross-+inked dextran pol yners and star cheswh)
regenereated cellul oses; cellulose esters, mxed cellu- |ose esters,
cellul ose ethers. B) Natural polyners containing nitrogen, selected from
the group consi st iCiagimg proteins and their derivatives, C) Natural
hydr ocar bon pol yners sel ected from.t he groups consisting of |atexes and
rubbers. D) ISyu\tmenhec galleghiest Sromithe greupheonsistiageef wi devicai foxb iyrysorous

structures %ﬁh%ﬁi% ?ﬂ'@ E&%x& of M1$opid Soid ShppertYin RAL YdMBEE and
their partial sed | vati-ves, poI yacr_yl at es?"ﬁ‘gﬁlﬁi acryl am des

pol ynet hacr §f & ééf/"b) SE%I 9 s O GY1iNGss| \RoBFaininga, ?’Fr%noner.s
aWan thﬁrrsef\aa&uaxrﬂédvudéa rafaaaoaﬁra&traenaodwaﬁ&ml 1ﬂﬁ.ﬁr31.ﬁ9|qtaaf des d) .
pol yur et hangs .o P ni ia i,ch ¢ epare
in a suit abg?thBFo fd'?’rh HS%PS'E% é:&a&?l%rr?ﬁg O&Jﬁpﬁe&ﬁ-‘s‘l’lgf oﬂgé}% p%ﬁﬁfat es
or car bonat ssrfaftealdbthinable chyt Appinting aliquctsagh eolumionsi ¢ suspensddnsl kal i
and al kalin bt LS 0, / lemi ni um or

& SRk %Hﬁi’.—é‘ :fgw.gss ‘Rﬁxm@tures 4501308/ & oFBURASSH Therftltd

silicon oxi rate or co-pol yners or graft co-polyners
of the abothQ:Is& FPE‘?C&SWWM’%”GP&W L8 e Fufthe o’
mat eri al ofatdmwhhdraupﬁ@éﬂduas adisofptiioh Osites BurEidd ob mstxaecmam dor with

A Do i A o ko G BB 1 U1

protems which are non-specific with regard to their capacity of
reacting with the mentioned antigens or immmoglobulins.

2. A device as claimed in claim 1, wherein the saturation of

residual adsorption sites is achieved by treatment with total serum,
optionally diluted in physiological sodium chloride solutién, ~
at room femperature or at elevated temperature, optionally
after drying the support, and also, if neéessary. baking
.the support at elevated_temperature.

3. A device as claimed in claim 1, wherein the antigens in the solid
support are selected from among the group consisting of human biopsy
material, mammalian tissue or cells, or body fluids, fungi,
protozoa, metazoan parasites, bacteria, mycoplasma, viruses or

preparations from them.

4. A device as claimed in claim 1, wherein the solid support is in

the form of a sheet.

5. A device as claimed in claim 4, wherein the sheet has a

thickness in the range from 0.0% to 0.5 mm.
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- 58 - 9. Adevice as clainmed in claim?7, wherein nitrocellulose is used as
the nitric cellulose ester and in which there-are-present about 3 m,,?tric
acid graups per 6 carbon atonms. 10. A devi-ce Ei”cl aimed in claimasbi

conprising sheets of nitrocellul ose having a mmmmﬂ mcrons. 11..
or

- A device as claimed in claim1, wherein the d
i mmunogt pbulins areas are in th¥ form of dots. 12. A ddvi e as clained in
cl ai m%« wherein the delinited antigen or inmmunoglobulins areas are in the
formof mcrodots having dia- neters less than 2 nm 13. A device as
clainmed in @&l.aAneticevmsr elaimpficindelaim hediimreds the sheet gmssa gghickness

I mmunogl obul i.n Nt f;0 of lines of wwdth 2 mmor less. 14. A
devi ce as clogi ?Fé’g’rolﬁﬁﬁ%eyenq'i%\nherei n the array consists of one single dot

of antigen or immunoglobulin 15. A device as claimed in claim1, wherein

the antigens of JUouNg. o] AGEL{ 5c*ﬂé‘%[’me1b%2r29£'th§dm£c%r£ﬁeo§u&{%"&én‘%y
mechani cal coéntact of -al rquots ‘of Sol ut?ons or suspensions contalning them
16. A devi ceuppomt] as nedenbercisalented, fnometied grodre consitsadng iof achi eved by

I hani i.pet {.i fa Li QUi . | ants.
TR devi od oGheRRt RSB Sriopiirall Sia Hhetlh e RRSAT i R, 2 °
appl i cat i on cobssidnked orsaulidtétutddadediviabiveds,t selekeed dirpd thepgomdp. - 59 -

18. A device_as. ¢l.ai hn clai wh [ 14 Le_.agi.ds .are Jjed to
the Sol | d SUBBRHCIER T Bhctey Taevrd) RS HERL L Ep ANl el SR
ted and cross-linked guar gums, cross-linked dextran polymers .and
N

starches b) regenereated'celluloses; cellulose esters, mixed cellu-
lose esters, cellulose ethers.

B) Natural polymers containing nitrogen, selected from the group

consisting of proteins and their derivatives,

C) Natural hydrocarbon polymers selected from the groups comsisting

of latexes and rubbers.

gmj D) Synthetic polymers which can be prepared with suitably pofous
structures selected from the group consisting of a) vinyl polymers
and their partially hydrolysed derivatives, polyacrylates, poly-
acrylamides, polymethac:ylates b) copolymers and terpolymers of the
i above vinyl monomers among themselves and with other monomers

c) polyesters and polyamides d) polyurethanes or polyepoxides.

E) Inorganic materials which can be prepared in a suitably porous
form,'selected'from the group comsisting of sulfates or carbonates of
alkaline earth metals and ﬁagnesium, silicates of alkali and alkaline
earth metals and/or aluminium and/or magnesium, aluminium or

silicon oxides or hydrates,

F) Mixtures or co-polymers or graft co-polymers of the above classes.

8. A device as claimed in claim 7, wherein the material of the
' solid support is a cellulose ester with nitric acid or with an ali-

phatic carboxylic acid having from 1 to 7 czrbon atoms in the

aliphatic part, or a mixture of such esters.
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tenperatures in the range of [err] to [err], for a duration ranging fromb5
m nutes to 12 hours. 19. A kit conprising a device as clainmed in claiml,
in the formof a solid support in the shape-of-a film sheet, plate, or
cyli nderﬁ repared with antigens or inmmunoglobulins and opti onal |y :
bl ocki ng~proteins, or conbinations ther eof m "ﬂ[ﬂ"ﬁ lmm pr oce55| ng
the solid supports in i muno-assays, and rea [! g cator system
in pre-aliquoted or desiccated form 20. A kit as claired i claim 19
conprising an indicator anti bog% radi oactively | abell ed where detection and
t

quantitation is to be carri ed by counting or autoradiography; or
conjugated with a fI uorescent indicator where detection and quantitation is

to be carrie T‘Z‘;‘é ny ”%E' A c‘ir;bnf‘%“l %?Aj n%%#eﬁ?upqtég uSé‘PaaQ' e of

giving a col FPoH Wi t aswta strate ere ion and
guanti't ati onthes nlt):lhEce:]dluﬂ.oaj estdr bpd denshichnthere are presemit| ghoupr3
conprising a detecti. ngif tem based on conpl enent protein
binding to ant n‘énacént? yapt:é%n%lceagéégqv\gesrse the conplenent itself is

| abel | ed by any one of the above three rret hods or by neans of a further

speci f1c antiG C3MRLAUENLs 0kiE e c?L5Pg) hBLLEA AN 805 lockiRBRe Ve

as C alne In C rrsin I-cavity

plastic trayhadng a RRIMIEE o) oL b5 nliekdhsQf a | yophi I i zed m xture of
i ndi cator ant’i body, salts, buffers, carrier serumor protein, and

pre-determ ned anounts of. indicator enzyne chronpgenic subst rat e, salts,
buffers, andllanpoldvige esnebdimed gimpedaimeis uﬂ@ée%ItbmlmlqeﬁqmtngMMt r at eSwe!

all in sui taflgpackasididareas ardln e thrd(ok el i Med in claim 19,

conprising a support
12. A device as claimed in claim 1, wherein the delimited antigen

or immunoglobulins areas are in the form of microdots having dia-

meters less than 2 mm.

13, A device as claimed in claim 1, wherein the delimited areas of
antigené or immunoglobulins are in the form bf'lines of width 2 mm

or less.

14. A device as claimed in claim 1, wherein the array consists of one

single dot of antigen or immunoglobulin. «

15. A device as claimed in claim 1, wherein the antigens or immuno-
globulins have been applied to the support by mechanical contact of

aliquots of solutions or suspensions containing them.

16. A device as claimed in claim 15, wherein the contact is achieved
by manual or mechanical pipetting or by way of liquid or gaseous

propellants,

17. A device as claimed in claim 16, wherein microdots are
formed by application of volumes smaller than 1 ml to the solid

support,
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containing an array of one or nore specific antibodi es and reagents for a
signal ling system whereby the antigen-antibody reaction resu

nmeasurabte signal. 23. A kit-as clainmed in cl a e SI gnal l'ing
system conprising a substrate, cofactor or pro mmml"\m m _ B
I ndi cat or enzynme or coupled series of enzynes. 24.¢AKith as |rred in- b 5
claim 23, wherein the signalling system conprises a coval ent adduct bet ween
ant i ge’Mnd the signalling nolecule. 25. A kit as clainmed in claim23,
wherein the enzyne or coupl ed yne systemare applied together with the
specific antibody to the solid%upport. 26. A kit as claimed in claim 23,

wherein the enzyme or coupled enzyne systemis applied to the solid support

separately. fromthe specific.antibody at, all .. 27. A._device a
claimed in cl & mAr1deyiss, 23 ﬁLFHE%a?'?a%“b‘H %’hggg l’r"d“‘é'i}ﬁb'brat“%rﬁrél ?\%"hed

i munogl obul i g bk mrmnswpoam rfahlafeugw b.—mtng rcaermmpar& hereof, for the
detection and quantitation or rheuna- .. A deviCe as cl ai med

in claimil, wR¥IREFAtYRss ip the ?ﬂﬂ‘gf'h%f §8I FB lgap‘fyoﬁf’r&)ﬂt‘é?%“c"%ﬂ?ﬁf‘ Hem
protein for detgaut&h canth @darg tation of circul ating anti gen-anti body
conpl exes known as circulating i mune conpl exes. 29. The use of devices or

quant | tati on af- spBokts Eaflsind 2 iWics 4 Bkl i GTalf 73t B 3
i Mmunoassay of -a 6olid suppmds irothe (sbape fnafidm, sheel Pl%e%mlpm%no& S
Ofdi seases | BriurRASvitAtaibe® &r immnoglcbulins and, optionally, blocking
proteins, or combinations thereof, trays suitable for processing
the solid supports in immno-assays, and reagents for an indicator
system in pre-aliquoted or desiccated form. -

20. A kitasclaimed in claim 19, cou;prising an indicator antibody
radiocactively labelled where detection and quantitation is to be
carried out by éounting or autoradiography; or conjugated with a
R, fluorescent indicator where detection and quantitation is to be

| caFrieé out by fluorimetry; or conjugated with an enzyme capable of
giving a color reaction with a suitable substrate where detection and
quantitation is to be carried out by densitometry or visually; or
comprising a detection and quantitation system based on complement
protein binding to antigen-antibody complexes, where the complement
itself is labelled by any one of the above three methods or by means
of a further specific anti-complement ant:'ibo'd'y, also labelled by any

one of the above three methods.

21, A kit as claimed in claim 19, comprising

a muici-cavi:y plastic tray, and reagents in the

form of a lyophiiized mixture of indicator antibody, salts, buffers,
carrier serum or protein, and pre-determiﬁeﬂ'amounts of indicator
enzyme chromogenic subsﬁrate, salts, buffers, and'ampoules

containing pre-measured volumes of liquid substrates, all in suitablie

packaging.
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30. The use of devices or kits as clainmed in claim?29 for the screening,

detection and quantitati.on of nonocl onal and W—antigens

79 research and devel opnent. 31. The use of devices or kits as cfained in
‘claim29, wherein unknown antigens are appli edr”ﬂﬂ'ﬂw i ort and are ;
detected and quantitated w th i mmuno-assay net ﬂ " mngnti bodi es.

32. A process for the manufacture of. a device fdr i“nmtinot- ®ogi+«Cal analg;si S,
wherein aliquots of sol ut i oh&OGt suspen- sions of one or nore anti gens*or

I mmunogl obul ins or of both of themare applied by direct contact through

nmechani cal transfer to a_sol ig g'gro s,suggort to forma pre-sel ected array,

and, if destfret kihagsiaeme {GHRER L2, ( COEPEYSHPEH2pARLEANSURRPER ar e

non- speci fddaeWidihg! SArday Oft bR lozCARAC bpaci®hc 'AREbIIIR s Widd) rbligen¥ENt | ONEd
antigens or_imunogl obuling to saturate residual adsorption sites inside or
out si de  t hefokng | SR8 me; s¥ARSE- VhaAreby the antdgen-apsibodyyreeatdonzesules ned in

claim 32, vnj;,ege&,&st,@@ol@eg{g&lprepar ed is as clained in any one of clainms 1
to 18, 27 and 28. 34. A process for immunol ogi cal anal ysis, wherein one of

the devices as clainmed in any one of clains 1 to 18, 27.and 28, having been
suitably trgat gdxykt Bsachhomdngns elatimo2 2;onhaireiing then-sdgmalliingr ot ei ns
to saturate all residual binding sites, is incubated with a sanple

cont ai n-- | $I§LEMEOMATARIDG| HIFURSETAte s RATgeERY 05 PROsgRetist xbupofer amal |y in

72 indicator enzyme or coupled s@gaeS'of'énz?SE L M S * the
presence of a bl ocki-ngymsol utio_lr,l, and, i f desii eor, washed W,
24. A kit as claimed in claim 23, wherein the signalling

system comprises a covalent adduct between antigen and the signalling

molecule.

25. A kit as claimed in claim 23, wherein the enz_mé_ or
coupled enzyme system are applied together with the specific antibody

to the solid support. -
PP v

26. A kit as claimed in claim 23, wherein the enzyme or
coupled enzyme system is applied to the solid support separately.

from the specific antibody or not at all.

27. A device as claimed in claim 1, wherein the array on the
solid support contains immunoglobulins of human or animal originm,
or fragments thereof, for the detection and quantitation or rheuma-

toid factor.

28. A device as claimed in claim 1, wherein the array on the
solid support'contains complement protein for detection and
quantitation of_cifculating antigen—antibody_copplexeé_known as

circulating immune complexes.

'29. The use of devices or kits as claimed in any one of. _claims
1 to 28 for the destection and quantitation of specific

ahtigéns or specific antibodies or both by immunocassay
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and incubated with a solution of an indicator antibody—eptierally—in the
presence of a bl ocking solution, and the |nd|cat devel oped
and/ or quantified. 35. A device as clainmed in cl um Duﬁwﬂu ﬁ,l Iy as 7
descri bed. herein. 36. A kit as clainmed in claim . /1

described herein. 37. A process as claingg in claim32 or cIa|n134,
substan&“ﬁlly as descri bed here|n

methods for the diagnosis, eurveillence and pregnesis of
diseases in humans and animals.

30. The use of dévices or kits as claimed in claim 29 for
the screening, detection and quantitation of moneclonal

and other antibodies or antigens in research and development.

31. The use of devices or kits as claimed in <claim 29,
wherein unknown antigens are applied to the solid support
- and are detected and quantitated with immuno-assay

methods using known antibodies.

32. A process for the manufacture of a device for immunol-
ogical analysis, wherein aliquots of solutions or suspen-
sions of one or more antigens or immuncdlobulins or of both
of them are applied by direct contact through mechanical transfer to a
solid porous support to form a pre-selected array, and, if desired, the
device so obtained is treated with proteins which are non-
specific with regard to their capacity of reacting with the
W, mentioned antigens or immunoglobulins to satﬁrate residual
adsorption sites inside or outside the antigens or immuno-

globulin areas.

33. A process as claimed in claim 32, wherein the device

prepared is as claimed in any one of claims 1 to 18, 27
and 28

34. A process for immunological analysis,wherein

one of the devices as claimed in any one of claims

.1 to 18, 27 and 28, having been suitably treated with a
blocking solution containing non-specific prbteins to . saturate
all residual binding sites, is incubated with a sample contain-
ing the immunoglobins or antigens to be detected, optiocnally in
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<he presence of a blocking solution, and, if desired, washed. -
and incubated with a solution of an indicator antibody
optionally in the pfesehée of a blocking solution, and the
indicator system is developed and/or quantified.

35. A device as claimed in claim 1, substantially as déscribed.
herein,. '

36, A kit as claimed in claim 19, sﬁbstantially as described

herein.

37. A process as claimed in claim 32 or claim 34, substantially
as described herein, .




