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A Study on the Quality Control of 2-site Immunoradiometric Assay of Serum Ferritin,

Byoung-Kook Kim. M.D, Kwang Won Kim M.D, Chang-Scon Koh. MD,
Bo Yeon Cho MD., and Munho, Lee. MD.

Dept.of Internal Medicine, Seoul National University Hospital.

I1-Tack Seo BSc,

Dept. of Nuclear Medicine, Seoul National University Hospital.

A 2-site immunoradiometric assay for serum ferritin was evaluated with commercially-
available kit.

The assay required 6 hours. The slope of the standard curve kept up ideal range with
the calculation of maxium binding instead of total dose until expire date. The stage IL
washing was more important than the stage I washing on the modified washing procedure.
as the bead keeping to remain in the tube. With this modified mothod, three times of tube.
washing was sufficient to reduce the significant errors

The measured values of serially diluted sample with standard diluting buffer was.
proportional to the predicted values.

In the experiment of serum effect on the assay, a linear relationship from 5 to 50%
serum, but beyond 50% there was reduction in measured ferritin concentration. It has a
sensitivity of 2.77 ng/ml, within-assay precision (CV) of 8.0%, and between-assay
reproducibility (CV) of 7.4% (mean 174.8 ng/ml).
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Ferritin & @&e] ol R3t: Bloz 327
A B4 AAAE K -B- B 59 SERER
T ERNL @MERNAE FESA gevdz ¢HA
Feto. zah 197248 Addison %6l ks HHHR

* AR PIRHRITE 1979 obAL Ab8l B Atk o Fu)
g Rze o]Foljl.
A TABER EER 4%

FHEDY 98 F 243 Immunoradiometric assay
#e st ER mif ANAE @il ferritin &
PEL 4 44 HAeles @zh Amdlds G
ferritin fi7h 45l YH& &Gt

3 F o] JIEHEY BEkSel MES IV KM R
L Hsksi B ¥ hemochromatosis & Iyl
£%ol ¥ KBS O3 £ EESH N B
E st el oA Sk

olel HEEL ol T WEE b BERLR kit F 2-site
immunoradiometric assay $i¢ BIRJ xLo® #&
A Hfiste R o] WEES FANIE KBEER
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Ramco Laboratories Inc*8/¢] miF ferritin i
£l FER-IRON™ KitZ #{52° = control serum
< ol 43ld g e HEEL o8 AT ¥
RETHE BES 44334

1) HE F&

W H - Kit o EFH ] U= A=Y FHol
whgbel, 3 10418 falol 200 x1¢) diluting buffer
2 93 34 % t}-& rabbit antihuman spleen ferr-
itin 2.2 coating Ho] 9l bead & ol =HElA 2
A7 5ok B34 4 incubation 3¢ v} (Reaction [ ).
incubtion o] &y} ¥ bead & £ FHF 2 AL *lrab-
bit antihuman spleen ferritin 200 1 & wl2] Yol &
tube o] &4 @2 t}-& Reaction IeAs} 2+& 89
2.2 247+ %<t incubation £ 28 3}z (Reaction[)
incubationo] Ty & QA FHFE bead E A2
% o] § gamma FHHEER G StEsSY

2) SedhR (Washing effect)

Recation I3} Reaction 7} B4 ¥ F7 geiksr
A FHol & vk BESL BEoR tubedo] bead
F ad = £4 %k ded A2 9T s
F stage [ AHEAE A A FLE MF
& o] 435t stage 19 Bk AFE 0dl4 732 A
% 2elala stage [ Bk 5t 352 54 &
gl Stage 19 #H#E E3E A AdlAx
-stage 19 ¥%if 95F 332 FLslz stage 9
ik AT 0lA 732 AFE 2R E sta-
ge 19 #HemBEe 47 duplicationd sample 2,
stage [ ZiEHEE 6 replication sample & 7
A = A4t o

3) Linearity

BEE 4T A9 E3hE 27 A3 mﬁ ferr-

itin {7} 1900 ng/ml H = MmiFE &3 1:

3200 B Aol = 22 AshE —Mﬁ_ml or;'
WAL} o et eh
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= fmiEel 85 4 2o st 4 niEE 10,
20, 50, 100, 150, 20014 ¥ diluting buffer &
Zzk 200 1 S of-g gel 3T volumeg 21041
A Astd wEson s BEEE W we
ek

4) Sensitivity (Bmg)

EEA WEE £ gx H4& MiF ferritin f#,
£ 0 ng/ml standard (nonspecific binding)¢] 2SD
o 32y £ gt 349 MmiF ferritinfgg Fo}
o=

5) Precision (% 5)

3%58] control sernm & o] &-3d FA kit Aol
A 727 1084 @Estd FA— HgE g1 AFEY
W 2 JEfsT debd AR EES S 5 within
T3k et

assay variance &

6) Reproducibility (F3)

3%9] control serum & ¢].S-sted kitzh ewhdel =
v}l 4 kitol4] 27 duplication & PEEE Tate
kit B¢ RisEEs) EEAE 5 between-zssay vari-
ance & TF35+4 ).

N. & #

FER-IRONT™ Kit & A-£3 miF ferritin BEHE
o gsdstn folstg o Aael oHE R
BR LIy ol em TAAQ ARE

1) R -

& 249 o] 4% 2-site IRMA & EEERE T3t
71 £13ted kitol T+ standard solution-& Ag3h
o JEs Aste Table 15+ 2om total doseo] 3l
#3l 2 maximum binding (MB)¢] A4-& i il
o] glglovt 2 A AR BET EE/L A%t

o] EEifElA % bound E A 4lsle] semilog paper
ol Ebrsld Figure 13 ¢ Hifges && 5 d92H
o] & Logit-log paper ol &% Figure 28 & H
Be 9¢ & Ageh o EE o slope & +8.06%%
o 50% intercept fit 410 ng/mle] g =t

S 2

2) k¥ R (Fig. 3)
Reacton [o] &Y $x HMEE I stdxE 2
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Astel Mot W2 gLy Reacton 7} By %
8 ¥ BHRAE okF ol wekon 33 ol 4
2 Aol FED ERA Ak wEA o] Aol
A Reacton Jeo|y} Reacton I =25 33 o]4} pik
< goF Al AEL JL 4 Yo

8) Linearity

Fig. 401419} 2ol MmiES Loo] =el sded @
EFAE HA4 g2 A BEE] BREEE A9
F—stgl o W A7 2 495900 2 2w
2 HAT0:160 R 1:320) ASelE ok BARR
o % & vehg gl

o] = 2l mEF HEE X7 s BB mEe 2
#, 5, 108, 159, 208 $o= we] YglL e =

Fig. 1. The standard curve in this study (Semi-
log paper)

Fig. 2. The standara curve in this study (Logit
log presentation)

Table 1. Example Data for Standard Curve from
2-site Immunoradiometric Assay of Ser-
um Ferritin. (Count time;Imin.)

Standard Total Mean Net %
ng/ml cpm  ¢pm cpm bound
0 208 291 0
283

6 29 519 28 1.5( 1.6)
20 20 a3 s 3.6( 3.6)
60 2002 1158 1667 11.1(11.4)
200 3> 5232 4941 $3.0(33.9)
600 a3 9693 9402 62.9(64.4)
1200 HAS u361 1070 74.9(75.9)
2000 1S 12453 12162 81.3(83.3)

MB (Maximum Binding); Method [ :14353.3
Method [ : (145%4.4)
S2(28,55—-8:5.—5; Sy
$,S5— (52
Where S;=Net Counts of 20ng Standard
S,=Net Counts of 200ng Standard
S,=Net Counts of 2000ng Standard
Method J; 1.2Xnet counts of 2000ng standard,

Method | : MB=

Table 2. Data for Sensitivity Test frem 2-site
Immunoradiometric Assay of Serum Fer-
ritin. (count time: Imin, 10 replicates

data)

S cmegp  Palue
44.3 1737483.5 p<0.01
22.15 904-:66. 1 p<0. 01
11.08 666+57.5 p<0.01

5.53 505+51.7 0.01 <p<0.05
2.77 381+50.5 0. 025<p<C0. 05
1.38 342-+47.0 0.1 <p
0.69 293-+-35.8 0.1 <p
0.35 311+41.3 0.1 <p

O Standard  306:-28.3

*Ramco Laboratories Inc. 2801 Kirby, Suite 170
Houston, Texas 77008
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3. Effect of varying the number of tube washing with 3ml of distilled water after reaction [

and J. When the number of washes after one reaction was varied, the alternate reaction was:

washed 3 times.

1

MEASURED VALUE (ng/ml)
3.

1 % 3 Tt T T
PREDICTED YALUE ( ng/mi )

Fig. 4. Two samples with serum ferritin values
of 1644 ng/ml(+) and 1900 ng/ml were ser-
ially diluted with standard diluting buf-
fer to determine the parallelism of the
assay.

3k Figure 53¢ 22w Mm-S 10 xl~100 pl (A5 &
A9 5%~50%) 77 Q9L w9 Astel: @A
7t & #AH g2} Reaction 9] & fao] 50% o
A9 miiFel T Aol BAMEY L MAMEST 2
£ HY9e¢ 33 ¢ 4 Yok

.

200
E i Predicted line N
£ 1504
s |
3 i x
> [ ]
hed
£ 1004 e .
= Vi

/
//
501 e
o 56 100 150 200

Predicted ' Value (ng/ml)

Fig. 5. The serum effect on the 2-site immunoa-
ssy for ferritin. The initial ferritin con-
centration of serum was 9.0 and serum:
(x) was 8.3ng/ml

4) SYBEE (Sensitivity)

FEE] BAEY WE FHE 5% AHEE 2=
HED g ATeE TRRfE: Table 2914 9} o] 2.77
ng/ml o] 9125 o] Bz} Su] A4 1.38ng/ml & ¢
Standard & nonspecific binding 3} FATdHL 2 K
Ha ERS g9k
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"Table 3. Preeision and Reproducibility of 2-site
Immunoradiometric Assay of
Ferritin.

Serum

Within-assay low medium high

Number- 10 10 10
mean (ng/ml) 6.9 44.3 178.4
S D(ng/ml) 1.50 4.31 14.3
C V (%) 21.7 9.7 8.0
Between-assay
Number 6 6 6
mean (ng/ml) 5.8 36.8 183.0
S D (ng/ml) 1.32 4.99 13. 56
CV (% 23.2 13.6 7.4

* SD: Standard deviation.
CV: Coeffcient of variation.

5) $5% B (precision)

i ferritin {7} 27 =& 3162 WEMFESE R
— kit oA 2tz 108 b8 338 A5t Table 3
(within-assay)e} zbe] = FEi#go] ££& 6.9 ng/ml,
44.3ng/ml ¥ 178.4 ng/mle] g o) of we MEikH
ZE 247 1.50, 4.31, © 14.3ng/mle] B2 olulg
WRLZE(CV: Coefficient of Variation) & 77 21.7
%, 9.7% P 8.0% % Eregiigel Tl 913 6.9
ng/ml 59 BR{HEM}L A1 ot

6) B3 (reproducibility)

3 WRMESE 74y oL kitodld HEHES
%4 duplication sl FEsgord & 649 kit =
Azdast 27 e kit E ALstgs. 2 As=
‘Table 3 (Between-assay)ellA 8} 7to] BEMEL 2+
74 23.2%, 13.6%, R 7.4%= FA— kitold #HEst
Ao FES £R/ 9

N. % ®

189442 Schmiedeberg!®i= s x12] oA Be &
AR BEEE FE5te “ferratin”o] 2} 440 1937
4% Laufberger'®el]l 9 3te] £ MEIA 94 o] &
AE FE3hL FRIEAA Bl 20% TH5e] 9ee
ety oo 2]g0 = “ferritin”e] 2 FEE 143}
Ak 2FE A3 ferritined]l A piEEe =
5 TEEV B BT, B 59 W2E homogenized

AZIA o] & T 33421 F ammonium sulfate
= AAAA AAZET FOERLHSO LAY
Sephadex gel filtration' 2 2 Hg|ste] ME ot
= 4 se] o] &5k

e olel gt HESL MRS R FRA Fat
22 MERCA ol & WET F dv Hikel Tk
Ak F 19564 Reissman %P2 Zpe{bERy Hko
2, Aungst®E o] 34 9 &A1Y (double immunodiff-
usion method) 2 2 MM ferritin-& PEstg ok 1
A% EERFEAANA L ferritine] EA3LA go Al
T Y &4 WEE 59 R Aot A
T g ek el o] HEE HUK(sensitive) st
A X3t F, WETREST 91ng/mlelejd EFEA
8 i ferriting WEE 4 gdvtz Axksio)

3| Addison #®d] 93t immunoradiometric
assay #% (IRMA)o] A 4= g A EFMFEANNA E fer-
ritino] JIE WEESIA R L 2F MilesV%e] 93}y
2-site immunoradiometric assay (2-site IRMA) 7},
Marcus® %] 9|3}l competitive protein binding
assay (CPBA) 7} AW 2 4 Bl sk W
g7t el A HA S+

o] 9} & WA REHEE® IRMA 7} CPBA 9} ©}
€ AL WiEe mF ferritinol w3 By Higadl,
BEL M ferritin(HE) A KRR TES B
B EZRPoln 2-site IRMA & w8 A FH, &
test tube 1} bead o] coating A1) & of 7] o] FEESH
= MiFS el w$A7 2 (Reaction [) 25 Mgk
R E#e B S = Yo beaddl AFHo
TEESs 3 HFEsS @E8AA sandwitch & wk§
3 (Reaction [) o] & #H&shx &2 ERFHM (free
from) o} 47 2ejg F J5E ;3 Hiko| vl

FESo] K Wwre o) &T HEL #HEQ 2-site
IRMA ol s o] FikelAl & =k olvel dutdal %
HREFRHEES HEST ol HMETHE datdA:
s e HEREE A Estdol gesin,

1. ##El o) & §iEE (patient preparation)

2. % R, i 2349 A (sample collec-

tion, and storage)
3. & ¥ WEHS T BWA EA (selection,

preventive maintenance, and calibration of
equipment)

4. BAEE: HELM, BERE, BRI RER

% (reagent; antibody, standard, tracer, etc)
5. FH ¢ FA (incubation time, dilution, tem-
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perature, washing procedure, pH etc)
6. MM (actual assay monitors)
a) FE¥sih#d (standard curve parameters)
b) BEWREE KB MmiF (quality control pools)
c) FH: (reproducibility)
d) ¥i#EE (precision)
e) RURREE (sensitivity)
f) Linearity
g) IEREEE (accuracy)

olol - AWERRED W ferritinfle] 7 &
HinEol N MEEE WE Gl glold HAdE
FHdz BPRHE g 22 dux gonnw
Fmer Y 4 JE BEAE Jue) 42 gon &
e aEA7d Y2 LKEststz 2tel(manual
inserted in kit).

HE T HHWHRE HET oI fE kitd] ujEd
ehx} 8-2.%9] bead T tube A AuUe] beadd

9l = diluting buffer 8] &l Rolzl 43 #7lxz)
EE SHF2 diisteln Hol g&nl bead § 7

Wo] bead holder & 3 B== ZH4d HALq
holder & 2g "elx A= Aol =X g2 conta-

minaticno] HAE sv, FHF5 Y¥E %2
FEEETL BELE tubed] bead 7t EAYE A FF
4 3mlE Qo] spoid 2 ¥ irrigation-& wk¥ste

w2 AatgdE uh, 2 RS stelok 2 Al 4
o] Q&7 Esigdel. = A3 Fig 3elAs Z

o] stage I9] kel @izl At E 2 o] A4k

e ATl HEL Selsk g2 stage 18 %k

& 39 AH2 slodok gty ASE ddeh AL

stage [olA& EBHAMT §F FPolH =2A HE

—iEs F2A AgsA Ee HES A dHelesd

FelelA o] AR FgAsA Kk fel HES

stage TEEHRFAAE A3 $ 924 stage [oll4

t 2UHA $-& EENEE 2A8 4dx g3 o

tube & ol 2 FHEEIAl Ed Gl JA & Aelwt

gro2 d9ol shgsieh. Wl EHEE-L stage |9
stage I E5 334 BiEde HEFHRY Y3e=
dg.ed Fa stage 19 dild Tadtg s
Eagge BES Y4 slope, intercept ¥ (B
/T)& total dose Fo] F&&h=p%1P, EBHiMEE A

7kol Aol whel eigiiEel - immunoreactivity 7}
wo]= 2L.rabbit antihuman ferritin®} A-$ im-
munorezactivity = fEil7 357 F=Zelx o, 4
A Algre] Aol =lel total dose 7t b4 2

ot ma e

S E#Eige slope 7t Wobx3, % bound 8 23}
o) B+ & ferritin JREES) MEs) oS AAA Aok

Ramco jit$] FER-IRON™ kit = oA & e dld
total dose & maximum birding(MB) = Al FhaL.
glEul MB 9 A& $i5te] Table. 1] Al 3
o) F7x HEe At el § Method I 20
ng/ml, 200ng/ml, 2000ng/mlze] ferritin stand-
ard & net cpm o} i} T4 oA ARz FilE
#o] 2, method, § & 2000ng/ml ferritin standard
9] net cpm-g 1.2¢3td T3 wiial ®h, Method
I Mg Ats & exrk g 29 gz
MB7 Agd == A4 R 43T ¥l
3 A MBd] ol gk 2000 ng/ml ferritin stardard
2] % bound = 83.33%2 ZAHAL L¥el4E AN
s gleh. @l Method 1o} &5t MBS HiEk:
o ol ¥tz popEle olgA] sl od-& RMEAMRE
total dose ol £} % E#sfigR et 34 ¢4FENS B
el 7127 HAEE o E BRElEENA
o} 2ol ol g wiriel slope b 50% intercept
e BEEEdE AL &uls} 42 total dose s =
% MBY W& wlmsld B Aol o wiAE A
L2 il

HHBHHEENAE Az ERdge SRBY
zrel 4 BEEY LR BIREY LFERBE o
£22 s4qsd olsige HWlel EYNES s 3
AEe FAFEE AL £3] ofHE wdelsh. 2
v M Holdel el & ol bt vlvlgo] 4
WA g BLE QonEW ol g HESE AEF
L3 0 E shAlEh :

ZEE] Aol o] & AL A 2-site IRMA
o] 91a fuiE ferritin &) JisEskelA Fig, 43k el F
2 4ol gt Y&t ¢ T AR

oot ] HFY HBHIR)E HES A
A& Fig. 50149} 2ol migs 29 59 10w 150
200 §22 FrhAzlel =& 4A PEEs) deds
miEe o= A4 WEMEE Mas & 5 A

EET AET Azl mFES 1004100 5 F
B9 50%7A ¥ E A9} BlEE F €315
2 ola FHAEE e EEMT dA3 getdg
< 9l olse} Z-£ “high dose hook” @AM AljtH
BEmiggel 2 Hkel wkgsiAl Hd R T
W] HiEel 4% AR ERbied B #Rs
o] 9% 2 HEE F4FA "ok o d WREMm
¥ ferritin {5} 2000 ng/mloj 48 FRE=z EAY

— 14 —
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AE b glene® o 3
A JgEshe] ok et

ERedhisl Axete] EARHS  HBUHEE (specific
activity of tracer), nonspecific background count
(nonspecific binding, NSB), ¥ intercept 5-& 3]
WS sensitivity RE)N 4FE FAY o T
monitor 3}7] 918 HES [eHeO, HEL FEE
£ o] kit & o} 83+ &394 sensitivity = 2.77ng
/ml2 o] AEe|d EHs Bz Amel cut off
value (discrimination value)§l 12ng/ml~18 ng/ml
mang A WES F Jonz dAHer F
Batete & 4 gk

H®E (precision) o} EHHH: (reproducibility) - kit
BigY EREE BESEE F28 29 opel kR
BEEES LB EMERE (parameter of quality con-
troD) & Ax Aoz HETSEHE £3] o)L= 715
sleh. & HERFHS § wiesselct 2o flwstd ¥
WY FHES FHEAA 95% A E@ESD)E W
°1‘+‘ﬂ a2 FEES AAFE AYEI] oy 2e 24

el ale] o A obul huhise,

gggﬂ 7 2% FER-IRON™ kit9 MEE:= =2
ZfE7 6.9ng/ml A 178.4ng/ml 2 Z/15tel] wt
2t BERERE 21.7%04 8.0%2 F4iHgrt & &
EfR THREE 208 BEsidde 25 *%f‘ﬂ
2 ZFE S BELE ¢ 4 ddsh old® AA:
HBREGEAIANE SHAQ L2 EEARE o) 29
T P22 EES 4 AHE 109 w4 o
slAl 7 8% %2 kit ) bl Eol] AAR 7.8% (A%
£ 3003} HEGE £Relgsh

Kit7} gebdl wiuie}l 54 Hi#ss 29251 »2ela
v 2 Ak e o] BoemE dRA fF
Fite] AR5 FEESo] BT Astd da HH
¥ (reproducibility) ] WelAl$L 7.4~13.6% (Hih
B 6= kite] oillEdl A= 5.7~7.3% (HHEI0)
of wls] <Fzt BERBOL RO A4 HHEED W
Eold o] FTH & 9t Aow AJusdoen wit
hin-assay variance 8} between-assay variance [Eel]
& Abel7h 222 kit ZAY kg 4e] etz stwk
g eh

S HAdsde A

Mn#E ferritin ] Jisgiksd AEF3" kit = 2-site
immunoradiometric assay ¢ A B33 AlEEY B

BEEEE AT 484 BES
2L Qg
& P £85E AL 647ko]¥ total dose =

Al maximum binding & o] &3l EEdhige] slope:

ol Al WMol 2 FAL F Y=k

el B L Reaction o] E3F 3o} Reaction
17 T Fol B¢ F83519 2w bead & tubed] &
A AR Ao 354 Aoz FEHG

M-S B4 LS of o) AHE) FRAHE Abolol
Fo wdl4le] 4YHN LY mMEHRE B M
i o) ¥9l& dle HlmiEel & &34 50% ol
#3159 high dose hook & Ate] a5 gl e},
wwl ez AN sensitivity & 2,77 ng/ml o] g}
2=} within-assay precision ¥ BREREE 21.7%,
(mean 6.9 ng/ml), 9.7% (mean 44,3 ng/ml) 4 8.0:
% (mean 178.4 ng/ml)o] g1 2 between-assay rep-
roducibility &) #EREE 7.4%°1 9=~ )

=3 RHBRENEEY BEETEE 4T ERS

ot o] EBM BHEE v AE sy

Edte gt 2 B

i
s

2 do
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