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his invention relates to the determnination 5 of the concentration of a
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significantly between differemn SysStemns. Al'l present systens
require the constructi dimunodiganestie dikh®fPrevide anpansofotose- r esponse

curve. 2B SdeltedmdwitRy ltﬂa@&ﬁﬁi&e&ﬁ%éﬁi&u@@fcgﬁ@éiffé §uBEQEn9Es,

anal yte concentr on ). agai nst, sig tical
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signal s geneG&tMa‘lrlmnthg liquid samples to be analyzed are -
biological fluids.

Manufacturers of diagnostic kits frequently

15 supply instruments and software in addition to
reagents. Combinations of these are referred to as
‘"diagnostic systems" and are used to generate test
results. Generally the user needs to provide only the
'samples to be assayed and to follow the manufacturer's

20 instructions, although the degree to which physical
handling and data processing are automated varies
significantly between different systems.

All present systems require the construction
'of some form of calibration or dose-response curve.

25 Such a curve is assay-specific and comprises a plot of
anaiyte concentration (i.e. dose) against signal (i.e.
analytical response). A dose response curve is
established by measuring the signals generated from
known concentrations of the analyte. These are usually

30 supplied by the kit manufacturer as "calibrators”.
Generally the dose response curve will be non-linear
and its shape can change with different lots of
reagents and with the age of the reagents. When
constructed the dose response curve is used to

35 translate the signals measured with biological samples
into analyte concentrations. Calibration curves are
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cal i bration RRE %oré%ory ‘effort involved, a full calibration
curve for an assay done using the "AMERLITE" (trade
mark) system of Kodak Clinical Diagnostics Limited of
Amersham, Buckinghamshire, UK requires use of six
15 calibrators in duplicate. It is thus apparent that the
larger the batch of samples .then the lower thé net cost
of calibration per test result.
Random access testing is now becoming
popular. This allows the user to nominate any test or
20 tests on any sample at any time. There is no neéd for a
user to retain samples until a reasonable batch size -
has been attained since individual samples can be
presented for testing as reduired.
In order to control the cost of calibration,
25 some form of réduced calibration is required for random
access analyzers. In the absence of this, the cost of
establishing a full calibration curve every time a
sample is presented will be prohibitive. This is the
, subject of the invention of the present application.
30 SUMMARY OF THE INVENTION
In accord with one aspect of the invention,
there is provided a method of recalibrating in an
analyzer, a calibration relationship between
concentrations of analyte and analyzer-generated
35 signals corresponding to those concentrations, using a




Random access testing is now becon ng popul ar. This allows the user to
nom nate any test or 20 tests on any sanple at any tine. There is no need
for a user to retain sanples until a reasonabl e batch size has been
attai ned since individual sanples can be presented for testing as
recuired. In order to cont?ol the cost of calibration, 25

sone form of fae&uwdp&@;jé&reailmaﬁld@amﬁeﬂofm R@MPO of Aaccess
anal yzers.- In then§$ nce of this,, the cost es tam$|sh|ng a ful

cal i bration EQPFE Fisre Wherein £ag ?%PE@%EE%F%G“ ff BB prohibitive.
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SUWARY OF ngekgv In accord with one aspect of the

i nvention, . ere |s prOV|ded a nmethod of recalibrating in an

anal yzer, Sa calibratiomel &dlgshing bat weeast tweopsbibbratoossodf anal yte

and analyzer ggnandf ¢ giP Bl er 0188 POPELPSCE v Y5 e sezoanl E:ag' ons,

using a épar ed
rel ati onshi pthet RuuGRiiqrally infderendent opf, thﬁeVélﬁeeeéhtbsncentratlon

has an expackdd rdtdtis \&f Ueh & hilmbdPe met hod conprises the st eps
of: 5 a) selecting at, | east two callbrators of | ow and

hi gh concentrations, r&dpect3SFHLaiRg thenaceyyl sigppds Baetdptional |y
i ndependedt ahd By M3l Wrodudd® by each of the two calibrators in

the analyzer;

c) ascertaining which of the N
concentrations (Cj)jow have a value below the low
concentration-selected calibrator of step a) and which

15 concentrations (Cilhigh have a value greater than the
high concentration-selected calibrator of step a):;

d) forming the ratio of Rycti/Rexpi and
Ract2/Rexp2s Where Rexpl and Reyxps are the predicted
signals expected for concentration C; and Cs using the

20 factory-prepared relationship;

e) producing a pseudo-signal for each of
the concentrations (Cji)jow bV multiplying each signal
(Rexp) 1ow for each of the below concentration values by

- the ratio Ract1/Rexpl and a pseudosignal for each of
25 the concentrations (Cj)hjgh by multiplying each siganl
(Rexp)high for each of the greater concentration values
by the ratio Ract2/Rexp2’

f) for each of the remaining concentrations
having values between C; and Cy, producing a

30 pseudosignal PSyremainder in accord with the following
formula: _
PSremainder = (Ract2 - Ract1)/(Rexp2 - Rexpl) *
(Rexpremainder ~ Rexpl) + Ractis



concentrations of the N nunber; b) ascertaining the actua
signals Rlerr] 10 and R err] produced by each of the two calibrators in

t he anal yzer; c) ascertaining which of the N
concentrations (C)[err] have a val ue be%OM/the | ow _
concentration-sel ected calibrator of step a) and which 15 concentrations
(C)high have a val ue grleat egscdmraiming théi ghlsvborshipt fon- shkect ed

calibrator o s . d §$ rmng_the ratio

Rerr) Reer PoEiBstmats g9 qbraincd ot st EhF) SBnET rrePbpRathe; ne
predicted  copicgadiratdqreciaiidorieonienonaenbnattionad &dusing the 20
factory-prepared rel at W gnshipiawvias  pdiggin . .
pseudo- si gnal for each Hgf &?‘ﬁéd]é%%caen?er% i%ﬁ%‘.’?ogi?ergf gf}ﬁrarlultl pl yi ng
each sigmil Polnty hetwWaan rihe i walkwesfte hebbeibuwtbenseralibratedal ues by
the ratio R eenbiRlgisHipggnd a pseudosi gnal for each of 25 the

concentrations (C )high by multiplying each siganl Rexp) hi gh for each
of the greater concemjiﬂiQﬁFQEéLﬂgth anophery, SPﬁFFooﬁ[gPP]/R[err];

f)y  for eactlmr&amui@mem&;ar&ewgmqsmmmedi@nﬁelstpléhavmgdwbues betwgen_th
Cler o, o] e R R ERRE TR acecrd W
Rerr]) 10 crRepmistmnddre -caiponénts fperpérforming the assay and
calibration information by which signals obtained from
at least two calibrators can be used to correct points
on a factory-prepared curve for the assay in accordance
with the above-noted method.
15 BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1-5 are plots of calibration data,
showing the progression from the factory-prepared .
relatibnship, Fig. 1; to the recalibrated relationship,
Fig. 5, achieved on the field analyzer; and
20 Figs. 6-9 are plots of reaiity on the X-axis
versus results obtained by the invention on the Y-axis,
to depict performance, for four different analytes.
DESCRIPTION OF THE PREFERRED EMBODIMENTS
Suitably the invention is applied to assays
25 for the quantitative determination of analytes and
preferably to heterogeneous assays. In particular the
invention is useful for assays performed in coated
wells, i.e., in vessels (especially plastic vessels)
coated with biological material.

30 The template information may be in any
suitable form including a bar codé, magnetic card,
manual data entry or any other means by which the
information provided may be introduced to calibration
software previously supplied to a user of the method of

35 the invention. Such bar codes and magnetic cards are
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suitable formincluding a bar, code, nagnetic card manual data entry or
any otherlnﬂﬁ%eﬁ®fﬁﬁigﬁ Phreduced; g, BN R R&Emay be i ntroduced to

cal i bration In the assay method of the invention any

15 suitable number of calibrators can be used. To obtain
reduced calibration the number of calibrators used is
less than the number that is used as a standard
practice in the assay concerned, i.e. if the standard
practice is to use n calibrators then to obtain reduced

20 calibration the number of calibrators used is in the
range 2 to n-1. However for reduced calibration to be
worthwhile there is suitably a substantial reduction in
the number of calibrators used as compared with
standard practice. In the method of the invention it is

25 -preferred therefore that two or possibly three
calibrators are used.

Typically the data processing for reduced
calibration using the invention includes the following
features:

30 a) preparation of template information in the
form of a manufacturer generated calibration curve
(MGCC), usually including test criteria for
acceptability of the data; '

b) recalibration of MGCC data to reduced _

35 internal (i.e. run on the instrument) calibration data,



software previously supplied to a user of the nmethod of 35 the invention.
Such bar codes and nagnetic cards are

-b5- conventional. The calibration software interprets the tenpl ate
i nformati on and enables a calibration curve to be produced.

I n-the assay met hod of the invention a4£4xﬂibrated curve is constructed

o scal tng  SorbiifdceaenaR GETAPERERF i 19thm RERRt HATE ESE0bi ni ng

t he separate$wb$eqeeatedusvebEQM$ln§h|s re- callba?tégg c;ihodtﬁan be
described as a piece e ne :ﬂBBQP r e
pr e- det erm ned cursz &%?Flbg progﬁﬁsyﬁ?d%%mananufacturer # Yhe assay

kit to be us@dtani MGEC: pE §§BP§Pa€@dL§H&h93&AIusualkxﬂmnqﬂmqlm@ produced
at the pg'”ttéétuéﬁiterla for accepH&HﬁTiﬁ?*ﬁ%’BH%H"Ehéﬁnﬁﬁﬁii %f”t'on any

15 suitable_pu calibrators can be used. To obtain uced
calibration fhe ﬂgnﬁaﬁ GRIVS| £6r £h6r 85583y data and @f ﬁhﬁwﬁh@@ﬁnunber t hat

is used as achaﬁadaédlstlcgraahhce in the assay concerned, i.e. if the

standard practice to us .n ca rators then to obtaln reduced 20
calibration the nunber ierEP ;:iﬁﬁiqﬁyﬁ%?tQRPcen trahiR?2 to n-1.
However for reﬁurnddcﬁbrbth9|sampdebelgnalmhyrmnuénpdluﬁfbmeﬁdmtably a

substangipal {Rdugi PB4l Burve.
The MGCC data is suitably prepared in the
manner described below.
The objective of a MGCC is to provide a set
of "representative" assay calibrator signals and

15 concentration data, which can be stored in an assay
processing instrument previoﬁsly supplied to a user of
the test kit. To achieve this it is preferred that
sufficient assays are performed from any new batch of
reagents.

20 The representative data set is suitably
obtained by linear combination of a multiplicity of
data sets into a single "pooled" data set. Preferably
between 10 and 20 assays are included when building an
MGCC data set, this number being suitable to attain

25 sufficient confidence that the "pool" is
representative.

' Suitable quality control parameters can be
applied in order to establish that the shape of a curve
has not altered significantly to degfade the

30 performance of the reduced calibration method. The
quality of an MGCC data set is preferably checked by
one or more of the three methods described below, each
method testing quite distinct qualities.

The three methods are as follows:



t he nunber of calibrators used as conpared with standard practice. In
the method of the invention it is 25 preferred therefore that two or

possi bly three calibrators are used. _ Typically the data
processi ng for reduced calibration using the invention includes the
foll ow ng features: 30 fa')'7"preparat|ontof teanatf_. curve
Information in the o] i S80S | bration
(MCC), wusually.inpncl Ud%?’] EFEEFI?P{?E% gcﬁe(rc. accc'g'[fgbiqﬁty of the data;
b) recal i br af#b5h®bt® dged 85 reFhc@eodnd data Raint, &£hdsin on the

i nstrunent) chéckingi thadathe participating data have a variance - 6-

derivin se | brat or.data fr he data for subsequent
curve-f?t?in%&gpggkh?e with %bftfp&?k%ﬁ i XHQQHBOHQ%QESQE>th¢ assay
data, M38C ovapsende;calibrators, usually including 5 test criteria for

acceptability of both e Lical It Qf.. the Lve to the assay data
and of the shape c%grgggg?%?®?$gfta£%e éﬁape °fn£hecﬁs§%%dq$#$g of the
sanpl e conceh$racrentabler byuchesking tihe sdigplad sigjitds b(defimegol ati on

from10 thepélbhpdbeti¥en the pooled caliBrd¥¥dn k) Sadi tably prepared
'n the 3) checking the intensity of the highest

10 signal.

In this specification the definition of
deltas is to be taken to be the differences between
adjacent calibrator signal values, normalized by
division by the highest signal value. A set of delta

15 1limits will therefore bound the allowed shape for an
assay curve separately from the light index check.
Preferably the % CV is checked against an estimated
"population” % CV accumulated continuously by quality
control.

20 Preferably the signal deltas are checked
against delta limits laid down by quality control.’
These limits control the sﬁitability of the data set
for clinical assay requirements.

The intensity of the highest signal is

25 preferably checked against limits laid down by quality

' control for any particular analyte. _.

Before a set of MGCC data is released, a
curve fit to the data is suitably performed and checked
for a satisfactory curve fit factor. The curve fit

30 factor is defined as below in item 2.

Fitting of curves to'siénal and concentration
data is carried out at several stages during the usual
data processing of the method of the invention. A
preferred package of curve fitting routines includes

35 the features set out below.



manner descri bed bel ow. The objective of a MXCC is to provide
a set of "representative" assay calibrator signals and 15

concentration data, which can be stored in an assay processi ng

i nstrument previously supplied to a user of the test kit. To achi eve
this it is preferred that sufficient8-assays are performed fromany new
bat ch of reagents. 0 _ " tacrset is
suitably obt ai ned tﬁ Pﬁe%rlnggﬁbll-r%a%r%%q% m(’jif t |€jfrg€ gt § dat a
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suitable to attain fi.cient confidence that the "poo

representatlﬁéom 1mmunometr1c Sﬁﬁﬂ%ﬁ(?QHRQQWRﬁQkﬁ&Y?ﬂa?ﬁﬁ%ﬁeters can be

appl i ed isn order to establouiivd it il tdrpaldubattibye The bagvaot altered
significantl

0 rade t he 30 erformance af the reduced i bration
net hod. The Eit &G&I Py 15 aarfﬁ‘?di’f% d?ifé“%%‘tt |@" e’frééla‘f)? eﬁhgﬁﬁed by
one or nore wbrshechheeénmmﬁﬁmhahkﬁxfﬁdnﬂhdxﬂhﬁtweamhany sighldd testing

quite diStinath“%ff gh d th%tua%ﬁ%§?§coé$0dffaé 1&85&0&§ta has

|ng ficre variation)
spread at eachpﬂgalaé:@SdaIfmIp(ﬁhﬁ fithkactor will be poor either if

10 the spread of replicates is too great or if the curve

fit is poor.

3) Interpolation and extrapolation routines
which return both signal-from¥concentration and
concentration-from-signal values.

15 During routine use of the assay processing
instrument, the MGCC data are preferably used to definé
the shape of the curve. When re-calibrating, at least
two calibrators are measured (preferably two). These
calibrators need not have the same concentration as the

20 calibrators that were used when the MGCC data was
created. The method of re-calibration is based on a
piece-wise linear re-scaling method. A preferred method
has the steps set out below. '

1) A curve is fitted to the MGCC signal and

25 concentration data. i

2) Reference calibrator signals are read off
the curve at the calibrator concentration values.

3) The MGCC signal data are re-scaled to
become pseudo signal data using the piece-wise linear

30 method, scaling the MGCC data such that the scaled
reference calibrator signals are made equal to the
actual calibrator signals. The MGCC and pseudo data
have common concentration values. Thus if the MGCC has,
for example, six reference points and there are two

35 calibrators the pseudo data will have six points if two



checking that the participating data have a vari ance conpatible with

that of the underlying population 5 variance; 2) checking
that the shape of the assay data i s acceptabl e by checking the signal
del tas+(defi ned bel ow) between the pooled calibration data; and

3). checking the intensity of the highest9-10 signal. In this

speci ficati qQ t g, dgbbal a‘gea Bbints @8Irr@Sdotid & PeHAKEN f¥rPEodt he
di ff erences between . adj acent calibrator signal values, nornalized by
di vi si on by eercenfhationsgpil etghle ifathey g0 aqt-a UG the HGCC has

therefore bogggeshgepblened 5BaResf @hd@Rhere aYERNWS!IOEL BeRREcES! Y from

the light index check. Preferably the % CV i s, checked agai nst an
esti mat ed thepBﬁﬁPQPiQﬁtawyéélagéﬂﬁuﬁﬁﬁﬁy(ﬂﬁﬂﬂ¥ﬂﬁnRﬂ§P?®'quality
control . 520 respectivellreferably the signal deltas are checked agai nst

delta limts laid down by _quality.cont.rql. .. hese limts.control .the
suitability of the dat g?s@t Curve 4 &Itﬁtﬂ:le(%ltoas%’eﬁ/ Rsé%‘hcﬁp? e%%?%. and

The i nt ensi tgcbhal heohicghést tdiognalatias 126 cywadfeeraab| ynstrewkenit agai nst
limts laid ualit . GO f @y particul ar anal yte.

Before a setggﬁgf/%‘éﬁad%tgéallsgarteogla?éfd{uea &rG curve fit to the data is
suitably performed andS¢hSerede concantyratdionsfeatury axeveeadtoffictor. The

curve fiyfy 30th§ackAkviesS uddhigethed S iRflOW Jdl ud$£Biained in assaysFitting
of curves to_signal _and cqncentration data is carried out at” severa

stages durin§oEhanadyies in dhe; SRS ng of the method of the invention
A preferred packagehef quanMeay idf itie ralddeibtrael ofiesagSbet he features

set out belo%%nitored in one or more ¢of a number of ways. Suitable

ways include a) checking the curve fit factor for the

15 IGCC data curve fit; b) checking the deltas for the
IGCC signal data; and c) checking the highest IGCC
signal data. These checks are for three distinct
attributes. The delta checks are for assurance that the
DATA SHAPE properly represents an assay for the

20 spécific analyte, whereas the curve fit factor checks
for a satisfactory numerical fit of the functional
curve to that data. It could well be that a good curve
fit is obtained to data that improperly represent a
good assay.

25 ' Suitably the quality control limits are
common for both MGCC and pseudo'data sets (IGCC):
The method of the invention may be used to determine a
range of analytes and is very suitable for the .
determination of an analyte in a liquid sample. It is

30 particularly useful in immunodiagnostic tests for
analytes such as free thyroxine, follicle stimulating
hormone, thyroid stimulating hormone and cortisol.
In the test kit of the invention there will generally
be different template information for each batch of

35 kits for any given test.
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1) Non-linear |east-squares fitting of a nodi fied | ogistic function,
the nodification being sel ected for best representation of the signal
dat a from i nmmunonetric assays and conpetitive assays. 5 2)
Curve fit factor cal culation. The curve fit factor is a figure of nerit
that indicates the wor st - case fracLh@naI difference bet ween any si gnal

data point and the fltt cur e hags | cates then
the fit factor will gﬁb qi %&ﬁgd? a %fl?%%?Fﬁagebayg t 00
great or if hheanuages 1n'hdnddmrznness testing that 3)sInderpol ati on and
extrapol ation_routine S{ -fr ncentrati on and
concentratloﬁnFFSﬁﬁéﬁﬁhﬁ Rﬁﬁ zk é? a£§%£§ éé%ﬁ#?%ggg%ﬁﬁﬁng hggkof.the
assay processpbngominatestanynargst ($le WECCGhyasanple ptedryabimeused to

define 5 tRR.3RARG Qfg e“%’s; r@g@’ﬁ‘%%&ﬁéé@ﬁﬁéé % heast two

callbrators are neasured rators need not
have t he sanﬁeé@@@@hheathaﬁﬁassﬂé chaqi@br%lt%iisn@ﬂat Inéiﬁldgéél when t he

MECC data wagampled @@ifhe Hice ity f)érreeseiheraél 98qh§rQase(in0n a
pi ece-w se Ilnear re-scal i ng net hod. A\grefer red pet ho has the steps

set out bel oRFder to control jthe st e ﬁsc?l%PEﬂt%Bnth§°NEC§°§FgH§I and 25

concentrati orediticdd calibration is required for random access
10 analyzers since the cost of establishing a full
calibration curve every time a sample is presented
would otherwise be prohibitive. The invention offers
the considerable advantage of reduced calibration. It
has the additional advantage that the calibration
15 information can be stored and used over a period of
ﬂime.
, The invention is illustrated by the following
Example:

20 Example _
A method was developed for two point

calibration of immunoassays by using various parameters
determined from two standards and calibration curves
obtained earlier by means of multiple-point

25 determination. The prerequisite for this method is a
reproducible working procedure, i.e., as assured by the
fully integrated "Amerlite" system. In experimental
investigations immunoassays Free Thyroxine (FT4),
Follicle Stimulating Hormone (FSH), Thyroid Stimulating

30 Hormone (TSH) and Cortisol were determined in human
serum pools over a period of weeks with both full
calibration and two point calibration. Comparisons of
the results thereby obtained showed that the means of
the concentrations and the precision for the

35 alternative calibration procedure differed negligibly,
even if stressed reagents were used. With the two point



2) Reference calibrator signals are read off the curve at the
calibrator concentration val ues. 3) The MGCC signal data are
re-scaled to beconme pseudo signal data using the piece-w se |linear 30
met hod,* scaling the M3CC data such that the scal ed reference calibrator
signals are nade equal to the actuatllealibratorhsignals.h The NEEC and
seudo data L.on .V, T i e MECC has,

1I‘Dor exanpl e, rgg&??é?gﬁ:g%&%5%%@%3%%%%@%#:@ o %@ec%?ﬁtlbrat ors the
pseudo dat a @PnREiferabdiyx resiumss tife thdgme and effort spent on

-9- of thgl1Msetdaha points correspond to the calibrator
concentratiops or eight if they do not. If the M3CC has seven reference
poi nts and tBSEESgﬂégtwo calibrators t he pseudo data will have seven or

nine pois 5 respecti Tgley "Amerlite" reduded Ac&£liNfatfohi s{8€ehOchie
pseudo sign .actual ¢ entration data to create an instrunent.

and
gener ated caPPbPEMRAKL1ZEA, &5 | ows: 5) Sanple concentration
val ues are read of f 10ahhi s Preparatsiony dhaisiwhedtwaétegenbtatagd i n

assays f t Lt | es, . Jhe quality of the
re-cglibratiggaﬁggk eﬁﬁﬂd%%;ﬁ%or di#%%%ﬁg%ﬁgrﬁﬁ%ﬁo?régﬁﬁﬁﬁef°5f way's
Sui t abl e agagptabdlidy ofFf dhecldattpi he curve fit factor for the 15 | GCC

data curie fit; b) cheghing ¢iRe Selidfed Poil€ calibration.

c) adjustment of the MGCC data, deriving
"Pseudo" calibration points for subsequent curve-
fitting.

' d) Fitting of functional forms to the assay
15 data MGCC or Pseudo calibrators, including test
'~ criteria for acceptability of both the numefical-fit of
the curve to the assay data, and of the shape
characteristics of the assay data.
e) Reporting of sample concentrations
20 interpolated from the fitted pseudo curve.

The step (a), the MGCC, is determined by
Kodak Clinical Diagnostics Limited during the kit
manufacturing process. '

Steps (b-e) occur as a part of each assay run

25 on the "Amerlite" system. ' . .

The system of reduced calibration involves.
the ﬁse a stored full calibration reference curve
(MGCC) .

The objective of the MGCC is to provide a set

30 of "representative" assay calibrator signals and
concentration data, which will be stored in the
instrument. To achieve this, sufficient assays are
performed from a new batch to assure that a
representative average may be formed. This MGCC is more



| GCC signal data; and c) checking the highest |GCC signal data. These

checks are for three distinct attributes. The delta checks are for
assurance that the DATA SHAPE properly represents an assay for the 20
specifie anal yte, whereas the curve fit factor checks for a

sati sfactory nunerical fit of the functinal curve to that data. It
could well be that a good curve fLt is abtained to data that inproperly
represent a sufﬁﬁﬁﬁp &.T9 Fesentative ggi%ﬁﬁlﬁnﬁhgt&ugpﬁFf contro
limts are respomm durvdothaMECshindlpsasdaydata sets (1 GCCO). The

met hod of the inventio be u r ieng s r of. anal ytes
and is very suitable1{§£$%% 5n Eﬁgtégﬁgggﬁigﬁ g%ﬁg%eaﬁ§%93§QI$Q§liquid
sanpl e. It i FBVpadjesitneny, udehathpd pinceobiaghdon oft ests for _
anal ytes suclut {gPeci by'OX! 88ankakl! 658agk! Ul 3bih0a podlUd™iE: dA1Vr ol d
stinul ati ng hornone and ‘corti sol. In the test kit of the 1nvention
there will géamihas beepedaveleped: Thapiadd viiduadnasiton oforass@h bat ch

of 35 kits fattVare MREr&€8tby scaling into a single set of data - 10-

The method and test kit,of the |n%§thon have ) advant%ggg in random
access testi%f?*ﬂﬁ 3 JRium CORTEESIPRY QL ¥agiaRdfBorh®idess testing
all ows a user t 0 nawt n@aehaRgfeeehce) Cal idntoanpod i, ame ti nme.

10 pooling algorithm returns an estimate of the %CV of the
pooled signal estimate, which enables comparison with
the expected %CVs, and rejection of poor assays.

Delta checks (defined below) are made by
Quality Control, for assurance that at each Reference

15 Calibrator individual pooled signals fall within ~
certain ratios of each dther (uniquely defined for
every analyte). It is the Delta ratios of the signals
that determine the shape of the dose-response curve.

- Quality control of the "Light Index" (defined

20 as the signal level for the highest-signal Reference
Calibrator concentration) is applied to each of the
test assays.

' Finally, a curve is fitted to the pooled
signal estimates. |

25 If the curve fit is satisfactory, then the
MGCC is judged to have passed Quality Control and is
suitable for release.

The results of the assay pooling (Reference
Calibrator concentrationé'and poocled signal estimates),

30 are transferred to the instrument to form the stored
MGCC.

Fitting of curves to signal and concentration
data is needed at several stages of the calibration
procedure.



5 There is no necessity to retain sanples until a reasonabl e batch

si ze has been attained. |ndividual sanpl es can be presented for testing
as required. In order to control the cost of calibration, some form of
reduced calibration is required for random access 10 anal yzers since the
cost of establishing a full cal i bratlizen curve every tine a sanple is
present ed woul d ot Rer wi se Q;dﬂiqaibugivq; The invention offers t he
consi der abl e advant age rediced catthr&dtTorr e PS¢ AUEVEhESadditi onal
advant age t hdetersingld bvattihen adsanflmimdingnchemiberg; otkd athgnaided over a
period of ' : he, hon . 1 8 ] ated by the

fol |l ow ng geéfg%aﬁgn gi?ﬁgéﬁnﬁkgzeéﬂﬂgﬁ%%a Ihﬁ%?%%%ﬁgééﬁas devel oped for
two point  CepRergtavicon KFRgeRIrdaeess sang ethey cendbtiopar aspders
determ negl f 6OFo! WYy ThanGayLi bl dF@td On curves obt ai ned earlier
by neans of nultiple-pgint 25 determ nation. The prerequisite for this
nmethod is a reprod&BQNH¥Q&ﬁ4H§ﬁ)Eﬁ%ﬁeﬂu?%?a¥§5¢}Ya§°§é§&ﬁéd by the
fully integrabedstAreicintve fSittiiang funexDdeRi FEAt BmunoakBY9St baat i ons

I mrmunoassays Free . Thyroxine (FT4), Follicle Stinulating Hornone (FSH)
Thyroi d Sti mICEPET FOTHATHE { TSH) and Cortisol were determined in human
serum pool s over a per il dfomeadopi¢d Hothcémpetitiveahsbagsi basaad two
poi nt cajq4 br g, | . ul t her eby obt.ai ned showed

t hat thgidrrea%g’lug?pa%; eéxgglnfbscge%%?i%é@@%% thégp‘?’{é]&f:gi 45 Pofefha 35

al ternative eaerPexEmaten madifien furcttonegThgi bagnitudeeodnthe stressed

reagents wer gddeldmodilfl d &b lis carefully controlled to
prevent gross departure from the underlying logistic
shape.

15 For Immunometric assays a four-parameter
logistic forms the ﬁnderlying function, with a one-
parameter modifier function applied which is dependent
on the signal level. Again the magnitude of the
modifier component is carefully controlled to prevent

20 gross departure from the underlyihg logistic shape.

' The non-linear least-squares fitting
algorithm used in the curve fitting process uses
classical minimization techniques (based on Taylor
series-expansion in parameter adjustments of the sum of

25 squares to be minimized), with iterative improvement:of
the parameter estimates. Parameter constraints are
applied to ensure physically sensible values.

Interpolation and extrapolation routines are
included in the curve fitting process that return both

30 signal-from-concentration and concentration-from-signal
values.

The acceptability of the curve fitted to the
data is assessed by calculating the worst-case
fractional deviation of any of the individual replicate

35 data points from the fitted curve. This single figure



-11- recal i bration procedure presented here one can

consi derably

reduce the tinme and effort spent on . calibration. Procedure 5

The "Anerlite" reduced calibration system can be sunmari zed as foll ows:
a) Preeparati on of Manufacturer Generated St andard Curves (M3CO),
including test criteria for accept ahigl-ity of the data. 10 b)

two or three,

dj ust t. of .the M3CC
data, derivihg® 2184 e%g & r@gtal %ﬁ"}%r}torfhb%l a%rséiﬁ%%‘gqg’gzl: %uﬁiQEg

fitting.

themselves,djand H tddnpproEntt uhaoe | omathé anbss+ it hefassay 15

data MGCC or doC ratar r for

agcgptabllltyﬁgggboﬁh féjé%ﬁ%ﬁ%%xﬁEétﬁlfg éﬁﬁi%$g Eﬁr%%§€o§?ﬁeaﬁssay dat a,
and of the 3RgpPtablecHdtacteristics of the assay data.
Repor Ling; of sampl e cOMBAALANSRD uddlSf PAAS! sﬁf&ﬂéxél?e thkted pseudo

curve.

he step, (a),

Kodak
Cinical Di o6&t F@é‘aLllrﬁ s R rﬁf?‘!ffée Kfhpe Shalh%n@nfa%hﬁr?ﬁgvsﬁ ocess.

e)

Steps (b-e) gatibratiadrPads Aaradicdd ansyus iy 26wo 0Bal MBrafges! ihe" system
The systen1o£hreduced agllbratlon i nvol ves

10

15

20

25

30

35

exan

In this example the calibrators had the same
concentration as the standards that were used when
creating the MGCC data. However, this is not essential.

The method of re-calibration was based on a
piece-wise linear re-scaling method which is outlined
below:

1) A curve was fitted to the stored MGCC
signal and concentration data.

2) At each Calibrator concentration a
"Reference signal" was read from the curve. Scaling was
applied to force the re-scaled Reference Signals to
match the Calibrator signals.

The method re-scaled localiy around each
Calibrator signal, so that the re-calibrated MGCC curve
ekactly matched at two points. .

For MGCC signals below the lowest Reference
Signal, a simple proportional scaling was applied. This
made the curve pass through the lowest Calibrator
signal.

For MGCC signals between adjacent pairs of
Reference Signals, piece-wise linear scaling was
applied. This made the curve pass. through the
corresponding adjacent pairs of Calibrator signals.

For MGCC signals above the highest Reference
Signal, a simple proportional scaling was applied. This

made the curve pass through the highest Calibrator
signal.



the use a stored full calibration reference curve (M3CC) . _

The objective of the MCC is to provide a set 30 of "representative" assay
calibrator signals and concentration data, which will be stored in the
instrument. To achieve this, sufficient assays are performed froma
new batch to assure that a represemdati ve average may be forned. This

MECC is nore In the 31mplest case, the relathidnship 53£t€$ge as a
representative of.the ana espgonse curve than a single assay.

Based on thea%fo‘ﬁ%]ep?‘e?ﬂsug?ﬁppé %ggfi?:ﬁg §6gnals &or Fheadarskvacht , a net hod
of conbi nat iRefefencs sushapl wellybel askangaed1ansays to forma pool ed set

of dat a de elope The i ndi i Say data are
nerged by sdgﬁg%ggﬁ neos tyhgﬁgesgﬁOBF g tg %1%% éi%ﬁlﬂ nmum
coeffici ént xmduaata$|en"$@ﬁwyng" change, whlchtmayﬂbé%ﬁdﬁfﬁxémﬁlélbratOf

Dol st shenafh 2ol doAnAgE) bR BhinNanAR 83U Ur ' erdng 44 N

pooled sign estimate es conpari son
%CVs, and re?%%$¢bnGQﬁe§§§F0§s§8§§ent enhancement.De| t a checks (deflned

bel ow) are nade by T&Iah&gbr%nhr Sborcedl theS 4. td}ﬁti atf‘c?a?h .
Ref erence 15 , Cal | brat hnd|V|duaI geoled signals fall certain
nF

ratios of eattoRrh erapenFiGef§rd¥ernBgipgence Signals to'lie on the
10 re-scaled curve.

The result of the re-scaling algorithm was a
new set of data consisting of the MGCC stored
concentration values and the pseudosignals.

3) A curve was then fitted to the pseudo

15 rescaled signals using the modified logistic function.
However, an alternative curve fitting routine could
have been applied. _

4) Interpolation using the fitted curve was
used to obtain the concentratlon of patlent or control

20 samples.

5) The quality of the re-calibration was
monitored in as outlined previously.

The working steps from the pipetting of
samples and reagents, through.the necessary incubation

25 and washing steps, up to photometric measurement were
' carried out following the protocols outlined in
"Amerlite" package inserts. The optimum sample volumes
and the incubation times for the individual reaction
steps are specified for every analyte measured in each
30 package insert. -

Heterogeneous 1mmunoassays for FT4, FSH, TSH

and Cortlsol were used in the investigations. The

procedures thus included competitive assays and
Immunometric assays.



every analyte). It is the Delta ratios of the signals t hat determ ne

t he shape of the dose-response curve. Quality control of the
"Light Index" (defined 20 as the signal |evel for the highest-signal

Ref er ence Cal i brator concentration)jigs applied to each of the t est
assays. : Finally, a curve is fitted to the pool ed si gnal
estimates. 25 Fon fa ke \af fihe j inéesttgationy, pohdad: he

MECC is j udgrdmba %@\f@np%%mﬁ@hﬂq &95&35@& %ﬂcéﬁtratléﬂ?t ablg for

rel ease. he results he_assay poolin erence

Cal i brat or cHﬁQGnPPatﬁ&&QQQﬁfrﬂﬁﬂ%e 1@n%¥°%%¥|%%@e%?ed3§°raﬁe transferred
to the |nstrnﬁmbért@ff@MﬁéﬂmméﬁtﬁfﬂiAll éﬁﬁE%lments includedFithei ng of

curves % % AL SR serli'frbt SS5d58aLngeveral Staves o
The shape of clheidadd-y dsposEanturrangss of d&tnrassﬁgﬁgg trﬁn?zzggeﬁggdlng
Cenperature, reagont stred A RIgEERTsc e SRARRERES KA OO
measur ement @rea%gd according to the pecomvendatiessainepheapeibguwetdi fied
inserts. Due to the possible effect of reagent étréss,
10 e.g. storage at elevated temperatures, investigations
also included reagents exposed to different storage
conditions. The validity of the recalibration
procedure was assessed via a comparison of data
obtained on the one hand by full calibration and on the
15 other with recalibration using two calibrators.-
Concentration means and coefficient of
variation values (%CV) were determined for a number of
samples using both calibration procedufes.
In summary, the process of the invention can
20 Dbe described as follows (see Figs. 1-5): _
Each analyzer is shipped with a manufacturer-
generated calibration curve, or machine-generated Cal |
Curve "(MGCC)", Fig. 1, wherein for each of N selected
concentration values Ca, Cg, Cc...Cp, (N=6) there is
25 stored in a look-up table (equivalent to plotting a
curve) an average expected (or "reference) signal Rp,
Rp...Rp, e.g., measured in photons, as determined from
many readings of each concentration (e.g., 20) on
several analyzers (e.g., 3).
30 Then, each analyzer is programmed to, and
will fit, a curve, Figqg. 2, to these 6 data points so
that any other concentration (Cj) can produce an
expected signal value (Rgxpi) -
However, the MGCC curve is likely to become
35 outdated over time, at any given field analyzer. To



| ogi stic curve fitting function for immunoassays and conpetition

assays. The form adopted for conpetitive assays has a 10
four-paranmeter |logistic function, to which is added a one- par anet er
nmodi fier function. The magnitude of the;5_ added nodifier conponent is
carefully controlled to prevent gross departure fromthe underlying

| ogi stic CHEREL 1Ipr this, twopgalibrakerst Fucaadshpsaxef s@stest anet er

| ogi stic form thee underd yésge{ unghb9nardi ERpaceBa- to PrB@ﬁ%ﬁP%@r modi i er
| T'evel. Again the

function appli.ed ich is dependent on ST gna

magni t ude ofﬁﬁﬂ?gﬁlv%hﬁﬁf? rRexpbofBftt Rexpear ELGl| ¢ -coHOMEMERD tth9¥ event
20 gross depamstread rmodiee upcee | di fGekegtshteualapalue Ryc¢1 and The
non-|ine | gast - squares fitting al gorithmused in the curve fitting
process uses 2€tZlassical nininization techniques (based on Tayl or

seri es- expansi on i n parbreaecondpansenehth bthet haventioh,2%hequares to be

paramet o cont T s Srer CARES FRE kablo of Ragk)ZiRampi)sddi fiie val ues.
| nt er pol at i ohdS8& rikporait 2 oputbiplies ageinst anyl odedhien Rehe curve
fitting procegs, thal ¢#edtrNsbebp 30coateRRkatish egocegt.r.éfd Ortrgilf.'s
concentration-Tromsignal val ues. Th accébta | th of
the curvedfi th&RP ('PatheCl, tQaRghievesacrseydpyignrduPsti nFhate iwor st - case
fractional dehepmocedsahy PSptReRhadh YRAygh remy,caisyy 35 data points from
the fitted C%Q%%ﬂ/ﬂgﬁbf'ng%.fkg%ﬂefor each of the six points
corresponding to a concentration less than Ci1. At the
upper end, Cp, for all of the six data points of Fig. 1

15 that are higher than Cj in concentration, the
multiplier is Ract2/Rexp2 SO that pseudosignal PSp, for
example, if that is for Cy > Cp, becomes Ractz/Repo ..
Rp.

_ Then, any of the remainder data points for

20 C¢, Cp etc between C; and Cp, one simply solves for the
equation: PSremainder = M ° (Rexpremainder - Rexpl) +
Ractl; where m = (Rath‘Raétl)/(Repo‘Rexpl)-

Graphically, the result is to create a
relationship shown in Fig. 4, where the actual

25 instrument signals Raycty and Rycrp are plotted on the
X-axis, and the expected signals Rexpl and Rexp2' on the
Y-axis. Then, the interpolation for the pseudosignals
below Ryct1s above Ryei2, and in between, follows from
the procedure noted above.

30 The new pseudosignals PSp...PSyp for
concentrations Cp...Cy are then ascertained, such as by
plotting them versus the concentrations, Fig. 5, to-get
the revised calibration data. The points between are
obtained by the analyzer fitting a curve to these

35 points of data (or a look-up table). It is the latter



-14- I ncl udes both a conponent due to the spread in the data

t hensel ves, and a conponent due to the mss-fit of the curve. A
pre-defined limt is applied to test for an acceptable fit. 5
During routine use of the instrunment, t4mes- M3CC data is used to define

t hé shape of A=) | Lbration s_carried out using two
calibrators it%get Cﬁ}% hﬁeréxlé%%e#or al?"elitdre tﬁﬁ%ﬂ'ﬁﬂs ODxdMS e t he

cali brators Radhlvresamntill soeckehimat asniaésisheeshadthaaded ket e used
when cregid a. ver s 1S not_essential .

The met hod o?‘tér‘nggzcata%q?%ra |o%aé saxt%\é@&f ng\h%éﬂ mé%i% Y sBOF; Raypl

re-scal i ng méthé@hdwizh respectivelly, inbwhdue.15 1) A curve was

fitted togthe stored s sianal c ' t a.
5 My suifhlgie g@ﬂﬂuﬁ@%eﬁg% AL a 1 n be ysed (.

2) At each Calibrator concentration a, ) nce signa
the curve. S8 GRFMALUL this iavenbieprde the paadyzead RSther ence Signal s

to 20 nat ch dttadiald mbEdFx 08RbHs an iuustrativ‘éh%ﬁﬁidl%d.ig?‘éca' ed
a

| ocal Iy around gach Calibrator signal, so that the re-c rat ed MGCC
curve exact %/‘ mat ched at two points. For MGCC signals
bel ow t he | owest Ref er crwea@buabi working ekambeepfepldioWwsanalinSaifg was

SPonar 10" xamplESHLGEbAE, BAEBuL UBKIRANET, WANEY tncteating”
Ref erence Si gingieentyiatsion sehicheds thel reyemae of the example of
Figs. 1-5:

15 Materials
Amerlite FT4 assay coated wells (donkey anti-
sheep, binds > 0.2fmol (30pg) sheep lg/well)
Amerlite FSH assay coated wells (shéep
polyclonal anti~FSH)
20 Amerlite TSH Assay (monoclonal) coated wells
(mouse monoclonal anti-Beta subunit of TSH)
Amerlite Cortisol assay coated wells (donkey
anti-sheep) '
Amerlite assay reagents
25 Amerlite standards
Conjugate reagents
Amerlite Signal generating reagent buffer
Amerlite Signal generating tablets A and B

Amerlite wash reagent buffer
30 '



30 applied. This nmade the curve pass through the correspondi ng

adj acent pairs of Calibrator signals. For M3CC signals above
t he hi ghest Reference Signal, a sinple proportional scaling was
applied. This made the curve pass tRhrgQugh the highest Calibrator 35

signal . Results: Effect of two point calibt&tion on assay . ' N the
si mpl est casgg | brator
signals to tf the will be a sinple |inear

X all]

proportionality. The yﬁﬁg}fﬁ 4§;§€3§%$€§éﬁrp S indicates a "scaling"
Change, vl ch my o T RGNS, canoaptualcennarg ol statatoprs

anplification or a chand%

R gnhal s and the derived
Ref er ence S qfei*P e b 8 AT relddgdd cufve. The
result of the re-scalingS AR ARR | 21i9nalew|set of data consisting of
the M3CC st ¢red cond¢ @A on val 14 he  pseudosi gnal s.

3) Acurve was then fit{éd to the oseu.dZﬁ?gf%sqaled signal s using the

The al gorit

nodi fied | ofi2stic functidn48  Howeverl 6889 .88 ednative curve fitting

routine could have lbdeh 3pl i ed. 4572.45 4) Interpolation using
the fitted ¢4rve was 2860 t 0 obt ai h 238l .E?céntrati on of patient or
control 5 62.10 849.51

6 101.9 221.37

Assay run after 38 days

Calibrator | Calibrator Light
concentration | Signal
pmol/1
1 0 11337.70
2 6.48 5800.77 |calibrator 1
- (v0)
3 13.30 3792.44
4 28.50 1882.07
5 62.10 551.52 Calibrator 2
(vl1)
6 101.9 92.10

10

Rescaling of lower region of calibration curve

' MGCC Calibrator concentration = 6.48 pmol/l
15 Signal = 6899.58 (u0)

Assay run after 38 days
Low calibrator concentration = 6.48 pmol/1l
Signal = 5800.77 (y0)

20
' Slope = y0/u0 = 0.8407
Scaling applied below first calibrator = Slope * MGCC
light signal :
25

Calibrator 1 pseudo signal = 10837.08

Rescaling applied above the top calibrator



20 sanpl es. 5) The quality of the re-calibration was

nonitored in as outlined previously. The working steps from
t he pipetting of sanpl es and reagents, through the necessary incubation
25 and washing steps, up to photonetrLgoneasurenent wer e carried out

fol | owi ng thﬁG@c%aq%%a%tﬂ Id&%@édtratl 43 1R Mackape inserts. The
optlnun1sanpgggﬁg UDEg49. 51aq a he incubation tinmes for the individual

reaction eps are specif for every analyte measured in each 30
package '”SQAEsa run after H%% Logeneous imunoassays for FT4, FSH TSH

and Cor t 0l YRS 39k o oooE TIPS 62Ny pmoff peedures thus
i ncl uded cong h&&ve ggﬁag§ g ) I 'mmunonetri c assay

-16- nunb of the investigations pooled human
serum of dif g_anal te —con i ons were nade up, aliquots were
then frozen %Eébgsed /%1 %P #ber of experiments. Al experinents

i ncl uded ¢ heg ury f it S cov {ed th clinically
|nporta§#iraﬂggﬁzﬂ? g%gaQ%dPaﬁﬁyé Egp éﬁf{ﬂ};ﬁg ?%9e e‘Hma(o';f:ions t he
reagents were a ed accordlng to the reconnendatlons in the product

i nserts. Due S t of re stress, 10 e.g. storage at
CE?l%)Q‘StQQr % %es%tu%{ IR EXe 1ot a&)enjl_s

el evated tenperatures

15 Rescaling the intermediate segment between calibrators
Slope = (yl-y0) / (ul-u0)

= (551.52-5800.77)/(845.91-6899.58)

20
= (-5249.25)/(-6053.67) = 0.867
Scaling applied between calibrators
= (slope * (MGCC signal -.u0)) + yO
25
Calibrator 3 pseudo signal .
= 0.8671 * (4572.45 - 6899.58) + 5800.77 = 3782.92
Calibrator 4 pseudo signal _ .
30 = 0.8674 * (2384.63 - 6899.58) + 5800.77 = 2318.20
Calibrator | Full Calibration Reduced Calibration
Light Signal curve (pseudo points)
1 11337.70 10837.08
2 5800.77 5800.77
3 3792.44 3782.92
4 1882.07 2318.20
5 551.52 551.52
6 192.10 66.16
Controls Full Calibration Reduced Calibration
concentration Concentration
pmol/1l pmol/1
1 4.58 | 4.57
2 15.28 16.22
3 44 .57 46.47




al so included reagents exposed to different storage conditions. The

validity of the recalibration procedure was assessed via a conparison
of data obtai ned on the one hand by full calibration and on the 15
other with recalibration using two callgrators Concentration
means and coefficient of vari ati on"¢alues (%€CV) were determned for a
nunber of sanpl es Whilsg skeatth cnalpidersantan Ppreslasttam of reduced I'n
sumary, the : ' scribed as follows (see
Figs. 1-5): cB1 9688218k Egéay%%%&gaear% %:%élhg'éejsg wi th a manufacturer-

generated calibration Bging, &@1Qﬂ&ﬂﬁlﬂak}hﬂatnnxtdmblnatlﬁm$ve "(M3CO) ",

Fig. 1, Wnerﬁeg ie5 82ehofi1Nnes ?w-%g values (err],
Cerr], - ofit 6 thg$ge%§§? tored In a ook-up table

(equi val ent ?%rﬁﬁgéFFﬁg EetWéQEUﬁMéﬂzﬁﬁ dvradiped grkikertben  r ef er ence)

signal RA, pro€8durBE. €.9., neasured in photons, as determ ned from

many readinggneéregggaggp@@@ﬁ@gbhpn (e.g., 20) on several analyzers
(e.g., 3). € analyzer IS, progranned to, and will
fit, a curve, Fig. 2, t8¢ ﬁgrs%@cé (5P§t Fhsoiti reint Cahﬂal@r%ym@t her

concent rat i oal¢6krjthanopr gleceudn to rieXRRRiEs NEdr Védee 4RheVtd) -

However the Lve |s iLkely.to _bec 35 outdated. over tine, at an
given fidl d %§£§§§Pl For Sabr! ndIHE approximately ten assays Y
were performed with both full and two point :
calibration. These assays consisted of a standard curve
and controls.

Results for each of the analytes are shown in
15 Tables 1-4.

Table 1
FT4 (pmol/l)

Full Calibration = Reduced Calibration

Controls 1 2 3 1 2 3
Mean 5.18 19.26 |1 35,26 | 4.68 18.75| 34.58
Standard 0.29 0.91 1.98 0.36 0.73 1.38
Deviation ’
{SD)
$CV 5.6 4.7 5.6 7.7 3.8 4.0
20
Table 2
FSH (mIU/ml)

Full Calibration Reduced Calibration
Controls 1 2 3 4 1 2 3 4
Mean 4.65110.82124.7 | 61.8 [4.67]10.88]24.8|61.2
SD 0.3310.74 1.24 1| 3.38 ]0.34]|0.88 1.25 3.21
$CV 7.1 6.8 5.0 5.5 7.3 8.1 5.0 |5.2




correct for this,

site. They

two calibrators Cl and C2 are tested
are expected to produce a si gnal

at the field
value of Rerr] and Rerr],

Fig. 3. However, they i nstead produce sone different actual val ue

Rlerr]Jand 5 Rlerr]. lupaccordance with the invention, the

anal yzer then takes the ratio of R[eTQLQQRberr]) for CJerr] and uses it

as a nultiplier against any of the RF that is for a

concentration CA, CB...CF that is Il 1¥%E/W%kh Cl, to achieve a

pseudosi gnal PS. That IS, the process is PSA = Rerr]/Rerr] Rerr],

PS[err] = Rlerr]/Rrer1]cilRbeationetc, fredaaed chiltibaatidorpoi nts

correspondilfEbAPrgL s qnCcent r gt opn 1 €ss 3 napi CE. At e 2 ugperzend, &,

for all of jthe six data points of Fig. 1 {15 thgt are higher than €2 in

concentrati e TR CT TR R AL Ry t

PS[err], fc?ﬂbaﬂl exanp eﬁif thsaﬂtst i?—’f'c?{rgr D.?B d,[:)jggcjrrg(;sherr](}}iyﬁlg[eﬁ:'r s

Rerr]. Y g E l"‘d@é oR 1t

Clerr], CD 12 bet wedn 0g ?rlr E %?( e’riFajg, one”si rrpfy 0 K/ges forﬁ?h 9025

equation: ' ’”ﬁxp. SatHAapt RHer£H m
(Rlerr]- ])/(R[e%?TR[e?'r)ﬁY 4TI 2t e 1o r]eiuh

is to creat AJLatJnn hip shdwa—i—Fi 4:

i nst r umest signals R err] and R[err] are pIotted on the X—aX|s, and the

expected signals Rlerr] and Rl err] omaume 4 Y-axis. Then, the

I nterpol ation for the pseudosig?a 3 lﬁberr] above Rlerr], and in

bet ween, follows from the p S&sdE ove The new

pseudosi gnal s PS[err]

PS[ err] for' concentratlons CA...CF are then

ascertai ned, such as b?ﬁil C

plldbtriattd onhem ver sus Redmaerhdéat ilatabben Fi g.

5 to get

obt ai ned by

Cohbeol 8V
t he anal y;

sed ca
rer fit

| 1 k2 at
ting a

on Mat
curve

AL

The
[0 t hes

poi bt's
e

5etmeer

ar®e 4

Mean

41.0

275

688 780

39.6

277.

684 775

SD

5.46

21.67

45.11

51.70

6.24

22.78

50.82174.05

3Cv

13.3

7.9

6.6 6.6

8.2

7.4

15.8

10

The above example illustrates the general
principle of the Reduced Calibration procedure for a
competitive assay. ' '

_ This following section presents a selection

of reduced calibration assay performance results,

Using selected calibrator combinations
results are outlined for assay precision and
correlation between full and reduced calibration
procedures.

15

20 Inter-Assay Precision

The effect of the two p01nt calibration
algorithm on the run to run precision for each analyte
was examined. For each analyte approximately ten
assays were performed with both full and two point



35 points of data (or a | ook-up table). It is the latter

that is then used for all future testing on the anal yzer, until such
time as it is recalibrated with 2 new cali brators CQ and CR, which nmay
or may* not equal Cl and C2, respectjiely, in value. 5 Any
sui tabl e conmputer programming can be used , tq carry out this invention
in the anal FRdribrafdon. the3fcasppendPrRsifnbee af A sterfatide exanmple in
C code. curve and contAdl&ctual working exanple follows. In this 10
exanple, the signal o ut, decreases with ipncreasin concentration,
which is the reverse gég%%%t%xéﬂﬁlﬁa8$nog £Eﬁg§pa}yggs args s rital s
Anerlite FT4adxlssy Tohted well s (donkey anti - sheep, binds >
0. 2f nol (80pg) sheep I g/ well) Table S5Anerlite FSH assay coated wells
(sheep pol ycl onal anti-FSH) 20 Anerlite TSH Assay
(rmonocl onal ) coated wells (mouse nonocl onal anti-Beta subunit of TSH)
Arerlite C?@Inﬂ&téissay copfed vells |(Hsnkey TH | - sheg@ortisol
(pmol/1) (mIU/ml) (uIU/ml) | (nmol/1)
Correlation 0.9978 0.9993 0.9996 0.9951
Coefficient
Slope of Line |1.012 1.014 1.033 0.9284
Intercept -0.1479 -0.08977 |-0.151 10.76
Degrees of 973 322 498 228
freedon

Patient Correlation

10 Patient samples were analyzed using Full and
reduced Calibration. The correlation results are.shown
in Table 5. Figures 6-9 the scatter of the two point
calibration versus full calibration. ,

The results are illustrated by Figures 6-9 of

15 the accompanying drawings which are calibration . -
correlation plots for FT4 (Figure 6), FSH (Figure 7},
TSH (Figure 8) and cortisol (Figuré 9) respectively.

The two point recalibration procedure
developed re-scales locally around each Calibrator

20 signal, so that the re-calibrated template curve
exactly matches at two points.

The Reduced Calibration procedure outlined
compensates for changes in curve shape. The performance
of Competitive and Immunometric (sandwich type) assays

25 were similar for reduced calibration.

A comparison of concentration means and CVs
yielded good agreement for two point calibration
procedures for FT4, FSH, TSH and Cortisol.



Anerlite assay reagents 25 Anerlite standards

Conj ugate reagents Anerlite Signal generating reagent buffer
Anerlite Signal generating tablets A and B Anerlite wash
reagent buffer 30 —24- -19- Resul ts:
Effect of two point calibration on assay per formance

Exanpl e of correction. Experiments on Atirdssesl Reagents showed Waluf act urer
Generated Catyfra \tvbopo@drtv%aq.aﬁﬁatlon ?Aqé&ﬁfﬂ wa@'dlbg@t@é%ablé"gf't

concentration Si

12889. 9 gorrectly cglgmlating curvggdhat wereg not identjgalg
32525‘115 With the re2@rePce curve. 213&.45 6% particularly 62.10

6 Assay, run after days
5 important w%en the same prepared reagent 1s to be useg y

for several runs.

Two point recalibration involving the split
scaling of the calibration curves in the lower, middle
and upper regions described above thus provides a good

10 method for clearly reducing the calibration
requirements for immunoassay tests without reducing the
necessary precision and accuracy of the results.



Calibrator Calibrator Li ght concentration Signal

prol /| 1 0 11337.70 2 6. 48

5800. 77 Calibrator 1 - yO) 3 13. 30
3792. 44 4 28. 50 1882. 07 5 62.10

551. 52 Cali brator 2 6 2501.9 92.10 10

Rescal ing of |ower region of calibratapprgnrye MGCC Cal i br at or
concentration = 6.48 p ' a: = Eggg. say run after
38 days LOM/caIibr§¥%é£§%ﬁgéﬁkggt'59G; .EggpgﬁghOUTINéfgnal = 5800. 77
(yO 20 Sl ope = YONMORECALIBRWTE THE GCC nREBRBPLONEHDE! ow first
calibrator = Sl ope * M3CC i ght signal 25 Cali brator 1 pseudo
signal = 10837.08 - Rescal ing applied above the top calibrator

© Kodak Clinical Diagnostics Limited 1993
All Rights Reserved

*FH

*FHFN Function Name: scale_mgs_data

*FH

*FH Purpose:

*FI.I .

*FH Performs the piecewise~linear-rescaling of Manufacturer

*FH Generated Standard data to the derived Calibrator signal

*FH reference data. Places the result in the vector pseudo{]
*FH for subsequent curve-fitting.

*FH

*FH RESTRICTIONS:

*FH

*FH The re-calibration method is expectéd to use no more than two
*FH or three Calibrators; however this routine has been written
*FH to handle any number of Calibrators. Note that the number of
*FH Calibrators 'ncal' *MUST* always be less than the number of
*FH MGCC Standards 'nstds'.

*FH

*FH Operation:

*FH

*FH Uses piecewise-linear transformation of the MGCC signal data
*FH to match the measured re-Calibration signals to the expected
*FH Calibrator signals, and then creates the ’pseudo Standard’
*FH - signals ready for a subsequent smoothing curve fit.

*FH .

*FH Note that the re-Calibrator concentrations do not need to be
*FH identical to any of the MGCC concentrations, although they
*FH should lie within the span of the MGCC concentratidns.

*FH

*FH Inputs:

*FH

*FH ENTRY DATA.nstds ;number of MGCC Standard points

*FH .concl} ;sconcentrations of the MGCC Standard

*FH Points

*FH .

*FH MGSC_DATA.ncal snumber of re-Calibrator points

*FH .cal_cnc{] ;concentrations of the re-Calibrator
*FH points

*FH .cal_ref[] ;expected signals, re-Calibrator points
*FH .cal_sig[] :measured signals, re-Calibrator points
*FH .mgs_sig[] ;supplied signals, MGCC Standard points
*FH

*FH Outputs:

*m .

*FH ENTRY DATA.pseudo[] ;the 'pseudo’ Standard signals wvector

*FH (return) ;the segment slope mis-match 'shape factor®



- 20- M3CC Cal i brator concentration = 62.10 pnol /| Signal = 849.51

(ul) Assay run after 38 days 5 Hi gh calibrator concentration = 62.10
pnol /| Signal = 551.52 (yl) Slope = yl/ul = 0.6492 10 Scaling
appl i ed above top calibrator = Sl ope * M3CC | i ght signal
Calibrator 6 pseudo signal = 66.16 1% Rescaling the intermediate segnent
bet ween c&fH brators Slope = (yl-yO [/ (ul-uO =
(551. 52- 5900, 77EFf8A45:91- 6899. 58) 20 = (-5249.25)/(-6053.67) = 0.867
Scaling apPlied between calibrators = (slope * (MCC signal - uQ) + yO
25 Calibrator 3 pseudo signal = 0.8671 * (4572.45 - 6899.58) +
5800. 77 :*%‘782. 92 Cal i brator 4 pseudo signal
. FH

*FH

*FH***********************************************************************

*/

float scale_mgs_data (ENTRY_DATA *input, MGSC_DATA *risc)
{

float slope,smax,smin,ul,ul,y0,yl;
int cal,std;

2 S —

re-scale the initial portion

___________ */

ul = risc->cal_ref[0]; /*Expected reference signal */
yo = risk->cal_sig[0]; /*Measured Calibrator signal */
slope = y0 / u0 . : /*Chord slope in first segment*/
smax = slope; /*Maximum slope */
smin = slope; /*Minimum slope */
. —————— e

handle a single re-Calibrator case;

simple proportional re-scaling of all the MGSC data
_— -/

if (risc->ncal <= 1)

{

for (std = 0; std < input->nstds; std++) _
input->pseudo([std] = slope * risc->mgs_sig([std}];

return (ZERO);
{

/-k - —_—

handle the general multiple re-Calibrators case;

re~scale MGSC data below the lowest calibrator

__________________________ _ */

for (std = 0; input->conc[std] < risc->cal_cnc{0]; std++)
input->pseudoistd] = slope * risc->mgs_sigistd];

. - -

e e e o e e */
for (cal = 1; cal < risc->ncal; cal ++)

{

ul = risc->cal_ref([call;
yl = risc->cal_sig[call:
slope = (yl-y0) / (ul-u0);
smax = max(smax,slope);
smin = min(smin,slope);



30 = 0.8674 * (2384.63 - 6899.58) + 5800.77 = 2318.20 Cal i brat or

Ful | Calibration Reduced Cal i bration Li ght Si gnal
curve (pseudo points) 1 11337.70 10837. 08 2
5800. 77 5800. 77 3 3792. 44 3782.92
4- 1882 07 2318.20 5 551. 52

551: 52 . ut %%b Q[std] < risc->cal @x@c[:lcgl] ; stdg-p)nt rol S Ful I
Cal i brati On Re‘fl—lﬁ@ﬁ>§§éﬁ yiat &]0 slope * (risc->mgs SEQ{EQ:%WI %‘ 0B yo;
Concentration A

4.58 w0 = ul; 4.57 2 15. 28 16 22 3
44. 57 yo = y1; 46. 47 -21-

Thi s sectj on presents a selection of reduced - calibration assay

per formance results. Usi ng sel ected calibrator conbi nations

resul ts afe-ewtdi-red-f-or-assay-pi-ee+si-Gh-and-b-eor+el ati on between full and
reduced cad-sbahd itha finalpsagedtira®ve the kop era-lzlélsﬁaa:yorPr eci si on

slope = yl / ul;
smax = max(smax,slope);
smin = min(smin,slope);

for (; std < input->nstds; std++)

input->pseudo(std] = slope * risc->mgs_sig(std}];
/*— —————————————— e e
return the "shape factor", a constructed measure of the greatest
mismatch from true linearity between the piecewise-linear segments.

return {(smax-smin) / (smax+smin));

}



The effect al i bration al gorithmon the run to run
preci si on f¥ ,an ,"ﬁ was exam ned. For each anal yte approxi mately
ten assays d with both full [ [ [

and two poi nt cali bration.
These assays conS|sted df 4 standard curve and control s.
Results for each of the analytes are shéfn in 15 Tables 1-4.
Table 1 What is Claimed is: FT4 (pnol/l) Ful
Cal i bration Reduced I|b atl 3 1
2 3 Mean fa gﬂﬁg %g §8c336§ra£f§g7§n33358 St andard
0.29 0 91an&ﬂj&br0 86calDbf3t1¢n38elatlaashap|bntweed}ﬂ» wcV
5.6

é%é%engfgtlong Ef ?ﬁﬁayté Pd analyzer—qﬁg rat Table 2

FSH(mU/m uceéaCaIlbratlon
Control s5 1signaks corpgesponding te thosg concgntrations, M&sing a 4. 65

10. 82 24.7 %é%é§rggé?é%49e§8rgfag1@ﬁsﬁlp forSR nugbeﬂ)d¥3 0.74 1.24

3.38 0.34 5.5 7.3 8.1
50 5. 2 concentrations, wherein each concentratlon has an
expected signal value Rexp, the method comprising the
steps of:
10 a) selecting at least two calibrators of

low and high concentrations, respectively, (Ci1 + Cj)
that are optionally independent of the wvalue of the
concentrations of said N number;

b) ascertaining said actual signals Rgey +

15 Ract2 produced by each of said two calibrators in said
analyzer; '
c) ascertaining which of said N

concentrations (Ci)iow have a value below said low

concentration—-selected calibrator of step a) and which
20 concentrations (Cj)high have a value greater than said

high concentration-selected calibrator of step a};

d)  forming the ratio of Ract1/Rexp1l and
Ract2/Rexp2s where Reyxpl and Rexp2 are the predicted
signals expected for concentration C; + Cp using said

25 factory-prepared relationship;

e) produéing a pseudo-signal for each of
said concentrations (Cj)jow by multiplying each signal
(Rexp) 1ow for each of said below concentration values
by the ratio Ract1/Rexpl and a pseudosignal for each of

30 said concentrations (Ci)high by mpltiplying each signal
(Rexp)high for each of said greater concentration
values by the ratio Ract2/Rexp2i

f) for each of said remaining
concentrations having values between C; and Cyp,



(3|2U/”“m‘ ‘“l““l““l\l “ ‘II| FuI | Cali -tl)-?g!t ?6§ Reduced Cali brati onl ToH

Control s 4 1 2 3 4 Mean

0.17 6. 55 27 65 0 18 0 16 6.61 27 J? 0.17 SD 0.014 0.343
1.139 0.021 0.02 0.3 1.074 0.025 UV 8.2 5. 4.1

11.7  12.5Ppupducingoa pggudosignal PSremainder in accord Wltébﬂélezl
Cortisol (ndiidwing formula: Ful | Callbratlon Reduced

Cal i bration Control s 2 § _ 2 3

4 Mean FPSremainger 275 (Rackgs™ Raggd) (R3§p8 5‘?3?1)684 775 SD
5.46 21 67 B 6.8 #8R §2 74.05. oV - 13.3
7.9 ( %?é?em§%g&§ éxP%z 4 at 1 The above

10

15

20

25

30

exanpl e Pllustrates thg)gengﬁgﬁrtalnlng the’reldtionship for tn

pseudosignals so obtained in steps e)-f) wversus the
concentration values for N concentrations; and

h) providing a best curve fit for data
points between the N values to obtain the recalibrated
relationship.

2. A method as defined in claim 1, wherein

3. A method as defined in claim 1, wherein
said signals are produced by an immunoassay.

_ 4., A method as defined in claim 3, wherein
said signals are produced in a liquid in a well.

5. A method as defined in claim 1, 2, 3 or
4 wherein step a) comprises selecting three
calibrators.

6. A test kit for the determination of an
analyte in an assay, the kit comprising the components
for performing the assay and calibration information by
which signals obtained from at least two calibrators
can be used to correct points on a factory-prepared
curve for the assay in accordance with the method of
claim 1, 2, 3 or 4.

_ 7. A test kit according to claim 6
characterized in that the calibration information,
including said factory-prepared curve, is data in the
form of a bar code or magnetic strip. '



principle of the Reduced Calibrat?dq,procgdure-for a conpetitive assay.
This follow ng section presents a sel'ection. 15 of reduced calibration assay

per formance results, Usi ng sel ected calibrator conbi nations
results are outlined for assay precisigg_and correl ati on between ful
and reduced calibration procedures. 20 |Inter-Assay Precision

The effect of the twME¥HOD FGR iRRGRLIBRATINGIANIANACYZERthe run to run
preci sion for each anal yte was exam ned. For each anal yte approxi mately
ten assays were perforned with both full and two point

- 23- calibration. These assays ABBErackd of a standard curve and
cogltrol ; - A meBB64! badf k&teaeaTag.lstugs&aalﬂaris I’ire shown inFT4
LgH €s %ggglibrat%%gt?Sggctory—prepare% f%latgﬂﬁﬁgyﬁ§E3§¢%qyrﬂ)

(uhun) ¢omoéntyationCandekapeated sﬁgﬁﬁlSRexp Progif-ed My V6 0. 9951

Coefficientnaiyz8t OPerRE hblRoalald’kit usk Hid or chitd 0.9284
calibrators at the field to obtain an actual signal Ryet
for the two calibrators Cjow and Chjghs, for example, and
these two actual signals are used to create a ratio of
Ractlow/Rexplow and Racthigh/Rexphigh- The first of
these is used to correct the expected signals for
concentrations below the lower calibrator coricentration,
and the second is used to correct expected signals for
concentrations above the higher calibrator concentration,
producing pseudosignals PSjqy and PShigh, A straight-
line relationship is applied between the corrected PSjqow
and PShignr and that relationship is used for
concentrations between Cjoy and Cpjigh-

(figure 1)



“i

| nt er cept -0.1479 -0.08977  -0.151 10. 76 Degr ees of 973

322 498 228 freedom ¢ "' Patient Correlation 10

Pat i ent sanpl es were anal yzed using Full and reduced Calibration. The
correlation results are shown in Table 5. Figures 6-9 the scatter of
the two point calibration versus fyél cal i bration. The
results are illustrated by Figures 6-3 f 15 the acconpanyi ng draw ngs

whi ch are calibration correlation plots for FT4 (Figure 6), FSH (Figure
7), TSH (Figure 8) and cortisol (Figure 9) respectively.

The two point recalibration procedure devel oped re-scales locally
around each Calibrator 20 signal, so that the re-calibrated tenplate curve
exactly matches at two points. The Reduced Calibration
procedure outlined conpensates for changes in curve shape. The

perf or mance of Conpetitive and | nmmunonetric (sandw ch type) assays 25
were simlar for reduced calibration. A conpari son of
concentration neans and CVs yi el ded good agreenent for two point

calibratiom procedures for FT4, FSH, TSH and Corti sol.
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- 24- Experiments on stressed reagents showed that the two
poi nt calibration procedure was al so capabl e of correctly calculating
curves that were not identical with the reference curve. This is
particularly 5 inportant when the sane prepared reagent is to be used

for several runs. Two ignt recalibration involving the split
scaling of the calibration curves inthe |lower, mddle and upper

regi ons descri bed above thus provides a good 10 nethod for clearly
reduci ng the calibration requi renents for inmunoassay tests w thout
reduci ng the necessary precision and accuracy of the results.

25 . APPENDI X REPRESENTATI VE
PROGRAM FOR SUBROUTI NE TO RECALI BRATE THE MGCC RELATI ONSHI P
Kodak O inical D agnostics Limted 1993 Al Rights
Reser ved *FH

CE

cD

MGCC Fitted Data
Calibrator concentration

(8

CA

RF
RE —
RD —
RC—
RB —
RA

Expected
Calibrator
Signal
Fig.2.



*FHFN Function Nane: scale ngs data *FH *FH Pur pose: *FH *FH

Perforns the piecew se-linear-rescaling of Manufacturer *FH CGener at ed
Standard data to the derived Calibrator signal *FH ref erence data.

Pl aces the result in the vector pseudo[] *FH for subsequent
curve-fitting. *FH *FH RESTRICH({ﬁ? *FH *FH The re-calibration
nmet hod is expected to use no nore th Fwo *FH or three Calibrators;
however this routine has been witten *FH to handl e any numnber of
Calibrators. Note that the nunber of *FH Cal i brators 'ncal' *MJST*

al ways be | ess than the nunber of *FH MCC St andards 'nstds'. *FH *FH
Qperation: *FH *FH Uses piecew se-linear transformation of the M3CC
signal data *FH to match the neasured re-Calibration signals to the
expected *FH Calibrator signals, and then creates the 'pseudo

St andard' *FH signals ready for a subsequent snoothing curve fit. *FH
*FH Note that the re-Calibrator concentrations do not need to be *FH
i dentical t@ apy of the M3CC concentrations, although they *FH i shoul d
lie within t “\span of the MGCC concentrations. *FH *FH | nput s: F=Fr5* FH
ENTRYDATA. nst d nunber of NECC St andard points *FH
.conc[ ] ; concey
Poi nts *FH

N
)

(v8)
L

cD

Calibrator concentration

pomee L)

o

-

)

m

— )

T | | S

& o & & = 23

o
x
&

Rex p1

h a
E%- *
iz O
= .2 1
SSw - Lo



*FH MGSCDATA. ncal ;nunmber of re-Calibrator points *FH
.cal cnc[] ;concentrations of the re-Calibrator *FH

poi nts *FH .cal ref[] ;expected signals, re-Calibrator

poi nts *FH .cal sig[] ;neasured signals, re-Calibrator

poi nts *FH .ngssig[]a/gsupplied signals, M3CC Standard
points *FH *FH Qutputs: *FH *FH ENTRYDATA. pseudo[] ;the 'pseudo
St andard signals vector *FH (return) ;the segnent sl ope
m s-mat ch ' shape factor’ 26 * FH

* FH Effects: * FH* FH* FH* FH * FH * FH

*Fl_'************************************************************************

**x*x *[ float scal e ngs dat a( ENTRYDATA *input, MGSCDATA *risc) {

4
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Fig.4.
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fl oat sl ope, smax, smn,uQul,yQvyl; int cal,std,

R re-scale the initial portion
------- R LR LR uo = risc->calref[Q;

| *Expected reference signal */ yO = risk->calsig[J;

/[ *Measured Calibrator signal */ 5/9 sl ope = yO/ uO

/[*Chord slope in_first segnent*/ smax = sl ope;

/ * Maxi mum sl ope smn = slope; /*M ni nrum sl ope
R e handl e a
single re-Calibrator case; sinpl e proportional re-scaling of all
t he MSSC dat a

------------------ B e R | i f
(risc->ncal <= 1) for (std = 0; std < input->nstds; std++)

i nput - >pseudo[ std] = slope * risc->ngssig[std]; return (ZERO;
R R handl e t he general

multiple re-Calibrators case; re-scale MGSC data bel ow t he | owest

calibrator --------ccommm e */ for (std = O;

i nput ->conc[std] < risc->cal cnc[Q; std++) i nput - >pseudo[ std] = sl ope
* risc->ngs sig[std];

| o e e e e e e e e e e e e e e e e eeeea -

. »
Pseudosignals

"

Calibrator concentration

Fig.S.



re-scale the internedi ate segnents between Calibrators

--------------------------------------------------- */ for (cal =1; cal <
ri sc->ncal ; cal ++) ul = risc->cal ref[cal]; yl =
risc->cal _sig[cal]; slope = (yl-yO [/ (ul-uO; smax =
max( smax, sl ope) ; smn = nin(sningygpe);
27 for (; input->conc[std] < risC-5calcnc[cal]; std++)
i nput - >pseudo[ std] = slope * (risc->ngs_sig[std] - uO + yO uO = ul
yoO = yl; R R re-scal e the
final segment above the top Calibrator ‘slope =yl / ul; smax =
mex(smax, sl ope)ficeq " T M n(smn.slope)i ET4 Calibration Correlation
Calibration [pmol /1
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for (; std < input->nstds; std++) i nput - >pseudo[ std] = slope *
ri sc->ngs sig[std];

R e R return the
"shape factor", a constructed neasure of the greatest mismatch fromtrue
linearity between the piecew se-linear segnents.
R 7 4 Attty */ return
((smax-smin) / (smax+smin)); } _ i 28
What is Cained is: 1. A nmethod of recalibrating in an

anal yzer, a calibration relationship between concentrations of anal yte
and anal yzer-generated 5 signals corresponding to those concentrations,
using a factory-prepared rel ationship for N nunmber of

concentratioa;a mh%£ein each concentration has an expected signal val ue
Rl err], the Ng@Conpri sing the st 110 ). .a

sel ecting atcmhbmhcm[)mulllbrat ors of ?Pﬂsﬁ)xﬂéwqti%%m'&ﬂmﬁu ons,
respectively, (CH rel + C2) that are optionally independent of t he
val ue of the centrations of said N nunber; b) _
ascertaining said adqtual signals Rerr] + 15 R[err] produced by e gf
said two calibratg&;_in sai d anal yzer;
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C) ascertaining which of said N concentrations (C )l ow have a val ue

bel ow said | ow concentration-selected calibrator of step a) and which
20 concentrations (C)high have a value greater than said hi gh
concentration-sel ected calibrator of step a); d) form ng
the ratio of Rlerr]/Rlerr] and (are/ri]/R[err] where R err and Rexp2 are
the predicted signal s expected f oncentration Clerr] + C2 using said
25 factory-prepared rel ationship; e) produci ng a
pseudo-signal for each of said concentrations (C)low by multiplying
each si gnal (R[err])low for each of said bel ow concentration val ues

by the ratio Rlerr]/Rerr] and a pseudosignal for each of 30 said
concentrations (C)high by nultiplying each signal (Rexp) high for each
of said greater concentration values by the ratio Rerr]/Rerr];

f) for each of said remaining concentrations having val ues between
Cl and C2, 29 produci ng a
pseudosi gngl inder in accord with the follow ng fornula:

PSr emai nde err])/ (R'ESH] Calibration Correlatiempr emai nder -
Rlerr]) + Q[IEP '° LlU/r‘ﬁ[l g) ascertaining the relationship for the
pseudosi gnal s §ﬁ btarned 1n steps e)-1f) versus the concent r at y/or
val ues for N concegntrations; and
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h). providing.a best curve fit for data

obtain the recalibrated 10 rel ati onshi p.

defined in claim1, wherein
dethﬁed inclaiml, wherein

i mmunoassay. 15

as defjned in claiml1, 2, 3 or
calibrators.
an analyte in an assay,

three

N = 6. 3.

poi nts between the N val.ues to

2. A nethod as
A nmet hod as

said signals are produced by an

4. A nmegif@d as defined in claim3, wherein
said signals are produced in aliquidin a well.

5. A net hod

4 wherein step a) conprises selecting

20 6. Atest kit for the determi nation of

perform ng the assay and calibration information by

obt ai ned from

at

| east two calibrators

a factory-Redugedd 25

claim1, 2alibpatiénnmol/l]

characterized
factory-prepar

Lt

the kit conprising the conponents

for

whi ch signal s

can be used to correct points on

curve fo€ortisobEatibrationfosrelation with the method of

Lncludinag said
~7

7. Atest kit according to claim®6
hat the calibration infornation

urve,

is data in the 30 form of a bar

code or

magneti c

strip.
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