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The purpose of this study was to develop a procedure for 
optimizing eoncentrations of eapture antibody, biotiny
lated deteeting antibody, and enzyme-labeled avidin in 
enzyme-Iinked immunosorbent assays (ELISA). This 
procedure was used to establish analyses for a-fetopro
tein (AFP), prolactin (PRL), follicle stimulating hor
mone (FSH), and luteinizing horrnone (LH). Consecu
tive incubations with standard or sample, biotinylated 
deteeting antibody, peroxidase-conjugated avidin, and 
enzyme substrate in wells coated with capture antibody 
were employed. To optimize each step, the standards 
were measured at various concentrations af reagent, and 
the logarithm of the measurements was plotted against 
the logarithm of the reagent concentration. The optimal 
concentration af reagent was taken as the concentration 
where the distance from the response of the zero stan
dard (the background) to any of the other standards was 
longest, that is, where the ratio of the response from any 
standard to the background is greatest. The smallest de
tectable concentration is obtained (minimal SDbackgroundl 

signal ratio) when the optimal concentration of detecting 
antibody is used (maximal signal/hackground ratio). For 
the four optimized analyses, between-run coefficients of 
variation (CVs) were 4.9-7.9%, and within-run CVs 
were 1.9-4.2%. Minimal detectable concentrations were 
<1 ,.,.gJL for AFP, 0.014 int. unitsil for PRL, <1 int. 
unitlL for LH, and 2 unitsIL for FSH. Recoveries for the 
assays were 90-100%. In the PRL assay, no interference 
from placental lactogen or growth hormone was found. 
In the assays for FSH and LH, no interferences from the 
other glycoprotein horrnones were found. When com
pared with commercial, twowsite immunometric assays, 
the intercept was not significantly different from zero, 

and the correlation coefficients were 0.97-{).994. Thus, a 
practical approach for choosing the optimal concentra
tions of reagents was determined, and data provided to 
document this approach. 
Keywords: POD-avidin; Two-site immunometric assay. 
Journal ofClinical Immunoassay 1994;17:151-159. 

Inlroduclion 
Two-site immunometric methods are sensitive 

and specific methods for measuring proteins (J-5). 
One antibody is bound to a solid surfaee to capture the 
analyte and quantitation is achieved through a label 
attached to the detecting antibody. In enzyme-linked 
immunosorbent assays (ELISA) using biotin-avidin, 
the detecting antibody is labeled with biotin, which in 
turn is quantitated by areaction with an enzyme
labeled avidin. The kinetics (6) and the minimal detect
able doses for different error models (7-9) have been 
described for immunoradiometric assays. In some 
cases, the concentration of labeled antibody is se
lected as a compromise between conflicting require
ments for detection limit, maximal absolute signal, and 
width of working range (J O.lI). However, these theo
reticaI models have not been theoretically applied or 
practically tested in ELISA systems. Although the avi
din-biotin method has been in use for several years 
(J 2,13), the procedure for selecting the optimal con
centration of enzyme-Iabeled avidin has not been de
scribed previously. 

Traditionally , the concentrations of reagents are 
determined by checkerboard titrations in which the 
concentrations of two reagents are varied (J ,14). It is 
possibIe to increase the signals of the standards by 
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inereasing the concentrations of deteeting antibody, 
the enzyme·labeled avidin, and/or by inereasing the 
incubalion times. Therefore , " infinite " numbers of 
combinations of both reagent concentrations and incu· 
bat ion times can give the same signal of the standards. 
Sinee the minimal detectable eoneentration is depen· 
dent upon the precision af the response of the zero 
standard and the slope af the standard curve , the sig· 
nal af the zero standard , i. e. the baekground , should 
also be considered. 

The purpose af this study was to develop and de· 
scribe the strategy for experimentally selecting the op· 
timal concentrations af the capture and deteeting an· 
tibodies and the enzyme·labeled avidin. The concen· 
tration of only one reagent is varied at a time. The 
concentration that gives the highest signallbackground 
ratio is considered the optimal eoneentration because 
this eoncentration gives the lowest minimal deteetable 
eoneentration. The data supp0l1ing this assumption 
are presented for the PRL assay (Table 3). The data for 
the other assays are not shawn. 

The strategy has been applied to develop methods 
for measuring (X·fetoprotei n (AFP), prolaelin (PRL), 
foUicle stimulating hormone (FS H), and luteini zing 
hormone (LH) in serum. 

Materials and methods 
Reference population: Blood was sampled from 

106 male blood donors (ages 20-40 yr, median 33 yr) 
af ter they had donated 450 ml of blood at 9.00-
12.00 a.m. 

Alltibodies al/d stQndards: The concentrations af 
capture and biotinylated antibodies are those used in 
the optimized assays. 

AFP: Polyclonal rabbi t a nt i·AFP (/5) (A008, 
batch no. 097) , 1.9 g/L purified immunoglobulin frac· 
tion, was from DA KO NS, Glostrup , Denmark , 3 
mLlL in coat ing buffer. Monoelonal anti·AFP 
(MCA320), 30 g/L ascit ie tluid Ig fraelion, was from 
Serotee , Oxford, U.K. Biotinylated MCA320 was I 
mLlL in deteetion buffer. AFP·Standard·Serum 
(OTOD 03) was from Behringwerke AG, Marburg, 
Germany. One int. unit is equivalent to 1.6 ng, using 
the AFP Reference standard of the World Health Or· 
ganization (WHO), no. 72/225. 

PRL: Monoelonal anti·PRLs (16) (MCA714 , INN· 
hPRL-9 and MCA712, INN·hPRL·I ), 4 g1L purified 
ascites fluid , were from Se rotec, Oxford , U.K. For 
coating MCA714 was I mL/L in coating buffer. Bio· 
tinylated MeA 712 was I mL/L in detection buffer. 
The third Interna tio nal standard (IS) 84/500 from 
WHO (/7) was the primary standard. PRL (iO 17) from 
UCB·Bioproducts, Brussels , Belgium was the working 
standard. 

FSH: Monodonal anti·!3-chain FSH (MCA338), 
and monoelonal anti·holo FSH (MCA337), both 4 g/L 
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purified ascites fluid , were from Serotec , Oxford, 
U. K. For coating 2 mL/L MCA338 in coating buffer 
was used. Biotinylated MCA337 was 0.5 mL/L in 
detection buffer. The first IS 83/875 from WHO (/8) 
was the primary s tanda rd. FSH (i007) (UCB· 
Bioproducts, Brussels, Belgium) was the working 
standard. 

LH: Monoelonal anti·LH (A2543), 7.7 g1L puri· 
fied immunoglobulin, was from Ventrex Laboratories 
Inc ., Portland, ME, 200 fLL/L in coating buffer, and 
monoelonal anti·LH (03-1600), I glL purified immuno· 
globulin from ascites fluid, was from Zymed Labora· 
tories Inc., So. San Francisco, CA. Biotinylated 03-
1600 was 0.5 mL/L in detection buffer. The seco nd IS 
80/552 from WHO was the primary standard (/9). Hu· 
man pituitary LH (20) from Porton Products Ud., 
Salisbury , U.K. was the wo rking standard . 

O/her reagents: High capacity polystyrene mi· 
crowell plates (Immuno Plate MaxiSorp F-96; Life 
Technologies NS, Roskilde , Denmark) were used. 
Other reagents were as follows: biotinamidocaproate 
N·hydroxysuccinimide ester, bovine seru m albumin 
(A4378). bovine 'Y·globulins (G5009), and Iysozyme 
(L6876) (S igma, SI. Louis, MO) ; rabbit 'Y·globulin 
(Calbiochem, San Diego, CA); TMB Microwell Perox· 
idase Substrate System (Kirkegaard & Perry Labora· 
tories Inc., Gaithersburg, MD); horseradish peroxi· 
dase avidin (POD·avidin, P364) and mouse serum 
(DAKO AIS, Glostrup, Denmark); human urinary cho· 
rionie gonadotropin (iodination grade) (UCB Bioprod· 
ucts S.A., Braine·L'AI1eud, Belgium); purified placen· 
tal laetogen (Immunotech AIS, Odense, Denmark); 
and human growth hormone (Norditropin) (Novo Nor· 
disk AIS, Bagsvaerd, Denmark) . Visking dialysis tub· 
ing was from MedicelI International Ltd , London , 
UK. Analyticai grade chemical s and glass·distilled wa· 
ter were used throughout. 

Coafing buffer: 15 mM Na,CO l , and 35 mM 
NaHCO" pH 9.6. 

ELISA bl/ffer: 1.5 mM NaH,P04 • H,O, 8.5 mM 
Na,HP04 . 2H,O, 145 mM NaCI, and 0.1 % Tween 20, 
pH 7.4. 

Di/uent: 1.5 mM NaH,P0 4 . H,O, 8.5 mM 
Na,HP04 • 2H,O. 400 mM NaCI, and 0.1 % Tween 20. 
pH 7.4. 

Di/l/ent for standards: 1.5 mM NaH, PO •. H,O, 
8.5 mM Na,HP04 • 2H,O, 145 mM NaCI, I g/L bovine 
serum albumin, 400 mg/L bov ine 'Y·globulins, and 200 
mg/L rabbit 'Y'globulins , pH 7.4. 

Carrier profeins: per liter of diluenl , 4 mL mouse 
serum , 2 g bovine serum albumin , 800 mg bovine 
'Y·globulins, and 400 mg rabbit 'Y·globulins. 

Defeetion bl/ffer: per liter of ELISA buffer , 2 mL 
mOUSe serum, l g bov ine serum albumin , 400 mg bo· 
vine 'Y'globulins, and 200 mg rabbit 'Y·globulins. 

POD·avidin solwion: 1.5 mM NaH,P04 . H,O, 



8.5 mM Na2HPO •. 2H20 , 400 mM NaCI , 200 mg/L 
lysozyme, and 500 iJ.LlL POD-avidin. 

Procedures: Blood samples: Blood samples were 
collected by venipuncture in glass tubes without addi
tive. Serum was stored at 4'C for J week before anal
ysis or frozen immediately at - 20' C. 

Preparation of Standards: Dilute the standard in 
diluent for standards to give the appropriate concen
trations. Store the standards from WHO at - 80' C in 
aliquot. Store the other standards at - 20' C in aliquot. 

Preparation af contrais: Either pool sera with the 
appropriate concentration of analyte or dilute a serum 
with a high concentration of analyte in to sera from 
blood donors to give the desired concentration af an
alyte. Store in aliquot at - 20' C. 

Biotinylation of antibody (2 ,21): Dilute I mg of 
antibody with 100 mmollL NaHCO, pH 8.3 to a vol
urne of I mL. Dialyse against two changes of I liter 100 
mmoVL NaHCO, pH 8.3 for 20 hr at 4' C . Add 50 iJ.L 
of freshly prepared 4 mmol/L biotinamidocaproate 
N-hydroxysuccini mide ester in anhydrous dimethyl 
sulphoxide , and incubate at room temperature in the 
dark for 4 hr. Add 50 iJ.1 of 100 mmol/L lysine . HCI 
and 50 iJ.I ol' a solution containing 100 mg/L of bovine 
'Y-globulins , and 50 mg/L af rabbit 'Y-globulins in dilu
ent without Twee n. Dialyse against two changes of I 
liter ELISA buffer without Tween for 20 hr at 4'C, 
giving the stock solution of biotinylated antibody. 
Store at - 20'C or at 4' C for a maximum of I month. 

Washing af microtiterpfates: Was h each we ll 
three times with 300 iJ.L af ELISA buffer without 
soaking using a Titertek Washer S81I2. 

The optimized ELISA procedure: Co at each well 
with 100 iJ.L of capture antibody in coating buffer. 
Cover with adhesive foil and store at 4'C without ag
itation for 16 hr-I month. Empty the wells and wash. 
Add IO iJ.L of standard or serum and 40 iJ.L af diluent 
to each well using a Hamilton Microlab M diluter, and 
then add 50 iJ.L af carrier proteins to each well. Plate 
duplicate wells for all standards and samples. Incu bate 
30 min for AFP and LH assays, and 60 min for the 
PRL and FSH assays. All incubations in the microtiter 
plate, covered with adhesive foil, are at room temper
ature with agitation. Empty the well s and wash. Add 
100 iJ.L of biotinylated an ti bod y in detecti on buffer to 
each well . Incubate plate for 30-45 min . Empty the 
wells and wash . Add 100 iJ.L of the POD-avidin solu
tion to each well . lncubate for 30 min. Empty the well s 
and wash. Add 100 iJ.L of TMB Microwell Peroxidase 
Substrate to each well. Develop the color for 5-30 min 
and stop the reaction by adding 100 iJ.L of I M phos
phoric acid to each well. Read the absorbances at 450 
and 620 nm. Use a cubic spline curve-fitting procedure 
(22) for ca1culating the results. 

Minimal detec/abfe concentration. Analyze the 
zero standard in 72 wells in one run. The minimal de-

tectable concentration for duplicate measurements is 
SD multiplied by tO.95:dl_1 value (6.3138) divided by 
the slope of the standard eurve and the square root of 
2 (2,23). 

Recovery. Measure diluent and samples with low 
concentrations of analyte as described above and with 
the addition of 50 ml af a standard per liter of carrier 
proteins. The variance of recovery is ca1culated as de
scribed (24). 

Comparisotl af methods. The folio wing samples 
and methods were used to validate the present meth
ods: 

AFP: Sera from pregnant women in the seeond 
trimester were analyzed by the immunoluminometrie 
kit BeriLux AFP (Behringwerke AG, Marburg, Ger
man y) or by Amerlex-M AFP 2nd Trimester radioim
munoassay ki t (Amerlite Oiagnostics LId. , Amer
sham, Buckinghamshire , England). In both cases the 
calibrators were calibrated against AFP WHO 72/225 
(25). The unit was kiloint. units/L. For the Amerlex-M 
kit l int. unit is equivalent to 0.96 ngo 

PRL: Sera from the routine analyses were ana
lyzed by the PRL Fenzia kit (Orion Diagnostica, Es
poo , Finland ), whose s tandards we re calibra ted 
against WHO third IS 84/500. 

FSH: Sera from the routine analyses were ana
lyzed by the Amerlex FSH radioimmunoassay kit 
(Amerlite Diagnostics LId., Amersham, Buckingham
shire , England), whose standards were cali brated 
against the second International Reference Prepara
tion- (lRP-HMG). Furthermore , serum samples from 
the routine analyses were analyzed by the Delfia FSH 
kit (Wallac OY, Turku, Finland). whose standards 
have been calibrated against the second International 
Reference Preparation (IRP) of Pituitary FSH/LH 
(lCSH) human for bioassay (781549). 

LH: Serum samples from the routine analyses 
were analyzed by the Amerlex LH rad ioimmunoassay 
kit (Amerlite Diagnostics Ltd ., Arnersham, Bucking
hamshire, England), whose standards were calibrated 
against the second IRP-HMG and by the LH Fenzia 
kit (Orion Diagnostica, Espoo, Finland) , whose stan
dards were calibrated against WHO second IS 801552. 
Furthermore, serum samples from the routine analy
ses were analyzed by the Oelfia hLH Spec kit (Wallac 
Oy, Turku , Finland) , whose standards have been cal
ibrated agai nst WHO IRP 68/40, human pituitary LH 
for immunoassay. 

Statisticai methods . Between-run SD is ealcu
lated from the average af the results of duplicate mea
surements. 

Within-run SD for duplicate results is ealculated 
as the SD of the re sults of single measurements di
vided by the square root of 2. 

Reference intervals given here are nonparametric 
central 0.95-interfractile intervals. 
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Regression analysis was performed as described 
by Altrnan and Gardner (26). Intervals in parentheses 
are 95% confidence intervals. 

Results 
Se/ection of antibody pairs. Two different anti

bodies were needed to develop specific ELISA meth
ods. The antibodies were selected in the folIowing way 
(data not shown). 

AFP: The polyclonal rabbi t anti-AFP, AOO8 , was 
used previously in this laboratory , and the monoelonal 
anti-AFP, MCA320, was chosen as the antibody that 
gave the highest signal among two monoelonal anti
bodies tested . 

PRL: Three monoelonal antibodies from Serotec 
were tested. The results obtained by the chosen anti
body pair showed the best correlation with the Amer
sham PRL radioimmunoassay kit. 

FSH: The antibody pair suggested by the supplier 
was used . 

LH: Seven monoelonal antibodies from various 
suppliers wer~ tested for the ability to form pairs and 
for specificity against other glycoprotein hormones. 
The selected antibody pair gave a sensitive and spe
cific assay, vide infra . 

Kinetics of the binding rea ction between ana/y te 
and capture anlibody: Kinetic experiments have 
shown that the reactions between the capture antibody 
and standards were completed within 30 min for as
says for AFP and LH , but the reaction times had to be 
extended to 60 min in the PRL and FSH assays (u n
published experiments). 

Optimal coneentration of capture a/Ilibody: Fig
ure I shows the results from four experiments in which 
the concentrations af capture antibodies in the coating 
buffer were varied. For each analyte, the signals af the 
standards reach a plateau without any major change in 
the background. 

Optimal eoneenlration af deleeling anlibady: Fig
ure 2 shows the results from four experiments in which 
the concentrations of the biotinylated antibodies in de
teetion buffer were varied. For all af the assays, the 
signals of the standards and the background kept in
creasing with increasing concentrations af the biotiny
lated antibody in the detection buffer. For the AFP 
and LH assays the optimal concentrations af biotiny
lated antibodies were I and 0.5 mL/L , respectively. 
For the PRL assay the signalfbackground ratio was 
10% higher at 2 mUL than at l mUL, but a concen
tration af l mL/L was chosen, because the signal and 
minimal detectable concentration were sufficient at 
this concentration. Although the signalfbackground ra
tio is 5% higher at 0.25 mL/L than at 0.5 mUL for the 
FSH assay, a concentration af 0.5 mUL was chosen to 
anow for same deteriaration af activity. 

Optimal roneentration of POD-avidin : Figure 3 
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Fig. 1 The effeet af varying caneentrations af [he capture 
alllibodies in tll e coating buffer. Tll e antibody concenfra
ricms are given in mg per liter af coating buffer. (A) AFP: 
The concentrarions o/ [h e standards \Vere O (O). IO (Å.), 25 
(T i. 50 ( + i. 150 (_i , and 200 (e i ",glL. The enzyme reac
tiOlIS were developed for JO min. (B) PRL: The ('O neentra
tions of the standards were O (Oi, 0.14 (Ai. 0.28 ('~i, 0.55 
( . J, and 1,/ J r- ) int. units/L. The enzyme reaclions were 
developed for 7 mill . (e) FSH: Tile concelllrations o/ [lie 
srandards were O (Oi , 30 (Ai , 60 (T i. 120 ( + i. t80 (_ i. and 
300 (_ J inl. lilli/siL. Ihe enzyme reactiolls were developed 
for 30 min. (D) LH: Tlle cOflcentratioll ofthe standards were 
O (O J, 6 (Ai. 15 (T i, 30 ( + i . 60 (_ i, alld /20 (e i ill/ , units/L. 
The ellzyme react;olls were developed for IO min. 

shows the resuIts from four experiments in which the 
concentrations af POD-avidin were varied. For each 
analyte the optimal POD-avidin concentration was 500 
f.LL per liter POD-avidin solution. 

Precisioll : Controls were analyzed in duplicates in 
14-25 runs to determine the between-run coeffieient of 
variation (CV) (Table 1). Between-run CVs were 4.9-
7.9%. 

Within-run CVs were measured by assaying fresh 
samples ar in-house controls in 40-76 well s in One run 
each (Tab le 2). The within-run CVs af duplieate mea
surements were 1.9-4.2%. 

Minimal detectable concentration: The minimal 
detectable concentrations were < I f.Lg/L for AFP, 
0.014 int. unit/L for PRL, < 1 inl. unit/L for LH, and 
2.4 int. units/L for FSH (Tab le 3). The minimal detect
able concentrations were determined using detecting 



3 3 
o) 

o) I 
I 

~! 
O.; ~ 0.7 

::t~ 
0.5 

03 

0.1 

0.07 t 0 .07 

, . :::.:=-::,1 
0.05 r 0.05 

0.03 t 0 . 03 

I 
C.Ol~ 0,01 

0.1 Q.30.5 l Q.30.5 1 

3
1 

c) I] d) 

" 05 

03 

0. 1 ~ ____ ::: o 1 I. I 

::::~ :::[~I 
0.05 O. I o.~ l O. J 0 . 5 1 3 

ml/L 

Flg.2 The effeer ojvarying concentratiolls o/ IlT e detecting 
antibodies. The antibody concentrations are given in mL af 
biotinylated antibody per liter af deteetian buJfer. (A) AFP: 
Tll e concentratiolls 0/ rhe standards were O (O), JO ("'J, 25 
(T ), 50 ( . ), JOa (_), alld 200 (e ) fLg/L. The enzym e reae
fion s were developed for 12 min . (B) PRL: Tlre concentra
tians af the standards were O (O), 0./4 (4 ), 0.28 ( T ), 0.55 
( . ), and 1.1 / (- J ill/. units/L . Th e enzyme reaerions were 
deveJoped for 9 min. (e) FSf1: The COflcentra tions o/lhe 
standards were O (O ), 30 (4 ), 60 (T ), 120 ( . ), 180 (_ ) , and 
300 (_J int. units/L. rhe enzyme react;ons were developed 
for 30 min. (D) LH: Tlle concentrations af rhe standards 
were O (O), 6 (4 ), 15 (T ), 30 ( . ) , 60 (_ ), and 120 (e ) int. 
units/L. rhe enzyme reactions were devefoped fo r JO min. 

antibody concentrations ofO.2S-fold, l-fold , and 4-fold 
the optimal concenlration. For each analyte , the Io w
es! minimal detectable concentration was measured 
with the optimal concentration af detecling antibody. 
The results for the analysis for PRL are also shawn in 
Table 3 (The results fo r the other analyses are not 
shown) . 

R ecovery: Recoveries were 9(}-100% (Table 4). 
Specificity: The specificity af the analysis for PRL 

was measured by analyzing solutions of 21 milli-in!. 
unitsiL of placental lactogen and 2.4 in!. unitsiL of 
human growth hormone in the PRL assay. The mea
sured concentrations were less than 0.0 14 in!. unit/L. 
The specificities of the analyses for FSH and LH were 
measured by analyzing the working standards and pu
rified chorionic gonadotropin (Table S).To test the as
says for FSH and LH toward samples with very high 

concentrations of chorionic gonadotropin , sera from 
nine pregnant women in the second trimester were 
also measured. 

Comparisons af m ethods: To evaluate the present 
methads , selected serum samples were analyzed by 
commercial methods and by the present method. The 
results were analyzed by linear least-squares regres
sion analysis (fable 6). Visual inspection of the results 
obtained from the comparison between the Amerlex 
method and the present method for the analysis for LH 
showed that the calculated intercept was caused by a 
slightly curved correlation. The remainder of the in
tercepts were not significantly different from zero. 

R eference intervals: The reference interval was 
determined for male blood donors 20-40 yr of age (Ta
ble 7). 
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trations ofthe standards were O (O), LO (4 ),25 (T ). 50 ( . ), 
JOa (_), and 200 (e ) fLg1L. The enzyme reactions were de
velopedfor 15 min. (B) PRL: The concenrrarions of the stan
dards were O (O), 0.14 (4 ), 0.28 (T), 0.55 ( . ), and Ul (_) 
int . units/L. The enzyrne reactions were developedfor 7 min. 
(C) FSH: The caneentratio/ls ofthe standards were O (0), 30 
(4 ),60 (T ), 120 ( . ), 180 ( _ ) , and 300 1_ ) in!. u/lits/L The 
enzyme reactions were developed for 22 min. (D) LH: The 
concentrations af the standards lVere O (O), 45 (4 ), 9 (T ), 
22 ( . ),45 (_ ), and 89 (e ) int. lI/l its/L The enzyme reactions 
were developedfor 13 min. 
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TABLE 1 Between-run precision af duplicate measurements af the analyses for AFP (I'-g/L). PAL (int. units/L), FSH 
(int. units/L), and LH (int. units/L) 

Analysis AFP PRL FSH LH 

Mean concentration 
No. of determinations 
CV, % 

91 
22 
6.0 

15.8 
21 
7.3 

1.03 
14 
6.2 

0.34 
t4 
7.2 

176 
25 

6.1 

29 
25 

7.9 

21 .8 
21 
4.9 

7.3 
21 

5.1 

TABLE2 Within-run precision ol the analyses lor AFP (I'-g/L) , PAL (int. units/L), FSH (int. units/L), and LH (int. units/L) 

Analysis AFP PRL FSH LH 

Mean concentration 
No. ol determinations 
Within-run CV duplicate measurements, % 

12 
40 
3.2 

94 
40 

2.3 

0.18 
72 
4.2 

0.34 
72 

2.4 

127 
66 

2.2 

176 
76 

1.9 

13.2 
71 
3.1 

35.5 
72 

4.2 

TABLE 3 Minimal detectable concentrations of the analyses for AFP (I'-g/L). PAL (int. units/L) , FSH (int. units/L), and 
LH (int. units/L) 

Analysis AFP 

Concentration of detecting antibody, mUL 1 
No. of determinations 72 
Mean absorbance of background, mA 32 
SD ol background, mA 1.8 
Slope of standard curve, mN(unitlL) 17.5 
Minimal detectable concentration 0.5 

Discussion 
An ELISA using biotin-avidin technique is con

structed with a hierarchy of leveIs. In level I, the cap
ture antibody is bound to the plastic surface. In leve l2 , 
the analyte from the sample is bound to the capture 
antibody. In level 3, the biotinylated detecting anti
bod y is bound to the analyte. In level 4, POD-avidin is 
bound to the biotin-residues, and in level 5, the per
oxidase is measured by its reaction with substrate . For 
practical purposes, the complexes forrned at each level 
are stable at the conditions used at the higher leveis , 
and the reaction at each level can be optimized inde
pendently of the reactions at the other leveis. 

The information flows from level 2 to level 5. If 
some information is lost at a lower level, this informa
tion cannot be regained at a higher level. Information 
ean be lost if some analyte is not adsorbed to the cap
ture antibody, or if some bound analyte does not react 
with the biotinylaled detecting antibody. If the infor
mation is distorted , the reactions at the higher levels 
cannot distinguish how the information was generated. 
Information ean be dislorted if the biolinylated anti 
body is adsorbed to the solid phase or lO the capture 
antibod y, eilher direcll y or through an anli-ani mal IgG 
from the sample . Information ean also be distorted by 
nonspecific binding of POD-avidin to the solid ph ase 
or capture antibody. Nonspecific variations in the 
measurement of POD are small (Tables I and 2). 

In the present study, the concentration of only 
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PRL FSH LH 

0.25 1 4 0.5 0.5 
72 72 72 72 72 
24 28 38 34 25 

2.2 2.2 4.1 3.3 2.7 
437 717 948 6.7 27.9 

0.023 0.014 0.019 2.4 0.4 

one reagent is varied in each experiment to determine 
the optimal concentration of reagent. The logarithm of 
the responses of the standards is plotted against the 
logari thm of the concentrations of the reagent (Figures 
1-3). Although the responses of several standards are 
measured, the experiments show that the logarithms of 
responses of the standards are equid istant and that all 
of the standards have the same optimal concentration 
of reagent. The optimal concentration of reagent is 
chosen as the concentration where the distance from 
the background to any other standard is longest, i.e. , 
maximal signal/background ratio. Th is approach is ap
propriate I) where the imprecision of the background 
is proportional to the magnitude of the background, 
and 2) where the background introduced by the other 
steps in the procedure is low and reproducible. 

Maximal signal is obtained when all of the analyte 
has reacted with the coating antibody within the cho
sen re action time. The reaction time is chosen so that 
the reaction has reached equilibrium. The concen
tration of the coating antibody is chosen so that no 
further increase in the reaction is obtained when the 
concentration of the coating antibody is increased. 
The optimal concentration of coating antibody is lim
ited by the concentration that saturates the surface. 
DA KO A/S recommends a protein concentration of IO 
mg/L in the coating solution . This concentration is 
used in the AFP and FSH assays, but lower protein 
concentrations are optimal for the PRL and LH as
says. 



TABLE 4 Recoveries af the analyses for AFP (!kg/L), PRL (int. units/L), FSH (int. units/L). and LH (int. units/L) 

AFP PRL FSH LH 

No. of determinations 12 
Recovered from diluent 50.4 ± 1.7 
No. af sera 36 
Recovered from serum 50.4 ± 3.1 
Recovery, % 99.9 ± 7.1 

TABLE 5 Specificity for the analyses for FSH (int. 
units/L) and LH (int. units/L) 

Test solution 

Working standard for FSH 
Working standard for LH 
Purified urinary chorionic 

gonadotropin (500 int. units/L) 
Nine sera from pregnant warnen 

(28,356 ± 9,642 int. units/L af 
chorionic gonadotrepin) 

". 

An_lysls 

FSH 

300 
< 1 
< 1 

< 1 

LH 

1 
89 
< 1 

< 1 

For a given reaetion time, the eoneentration ofthe 
deteeting antibody is selected so that as mueh signal as 
possibie is obtained without introdueing too mueh 
noi se, At higher eoneentrations of deteeting antibody , 
the gain in signa l is superseded by the inerea,e in baek
ground. Atlower eoneenlratians af deteeting antibody 
the lower background is aeeampanied by mueh lower 
signals. The strategy in thi s experiment tinds the bal
ance between these effeets. 

The minimal deteetable eoneentration is propor
tional to the ratio af the standard deviation af the baek
grou nd to the signal. The minimal deteetable eon
centralions have been measured for varying concen
trations af deteeting antibody , and the smallest 
deteetable eoneentration was obtained (m inimal 
SDba'kgCOUnd/signal ratio) whell the optimal coneentm
tion of deteeting antibody was used (maximal signal / 
baekground ratio). 

It has been suggested that the leas t deteetable 
coneentration ean be measured with "illfinite" eOIl
eelltrations of antibodies (6,27). However, Figure 2 
shows that the nonspecific binding at high eoneentra
tiolls of the deteetillg antibody limits the sellsitivity for 
some assa ys. 

The eonditions for the reaetions between POD
avidin and the biotinylated antibodies are the same for 
the four analyses (Figure 3). The most likely explana
tion is that the reactions between the biotin-residues 
and POD-avidin are independent of the antibody IO 
whieh the biotin-residues are attaehed. Thus , the eon
ditions for these reaetions are common for the four 
methods. This simplifies the development of further 
assays. In the four assays the different reaetions ob-

8 8 8 
0.62 ± 0.02 38.3 ± 2.7 23.2 ± 1.4 

24 24 24 
0.61 ± 0.01 36.2 ± 2.9 20 ,8 ± 1.5 
98.1 ± 3.9 94.6 ± 10.2 89.8 ± 8.5 

served with the baekground are eaused by the different 
re action times for the enzyme reaetions and by the 
different baekgrounds introdueed by the delecting an
tibodies. 

The performance of an ELISA is influenced by a 
multi tude of faetars, e. g., buffer composition, ineu
bation time, agitation, temperature, and volume. The 
optimal reagent coneentration is on ly valid for the eon
ditions under whic h it was determined. 

The measuring range for an ELISA is limited by 
the background and the linear range of the pholOme
ter. Sinee the baekground for the four assays de
seribed in this study was 0.025-0.034 A and the ph 0-

tometer is linear up to 2.2 A , the measuring range is 
65-88 fold, beeause the standard eurves are linear. 

Heterophilic antibodies are human anti-animal 
IgGs that ean link the deteeting antibody to the eapture 
antibody, gellerating a false response (28-30). Sinee 
the heterophilic antibodies ean reaet with antibodies 
from various animais (31,32), immunoglobulins from 
eow, rabbit, and mouse are present in both the carrier 
proteins and detection buffers to neutralize the hetero
philic antibodies. Mouse serum is used as a sou ree of 
mouse immunoglobulins. Under the se conditions no 
inte,ference from heterophilic ant ibodies has been ob
served. 

Comparison experiments show that methods de
veloped employing the presented approach correlate 
well with the commercial methods. The exislence of 
two or more standards for eaeh anal y te (33) and sev
eral isoforms ol' each analyte compli cates the assays 
for these anal y tes. The eonversion factor between ng 
and inl. unit for AFP varies from eompany to com
pany, and Ihe commereial methods for FSH and LH 
use different standards from WH O. Therefore, it is not 
surprising that most of the slopes from the comparison 
experiments are signifieantly different from I (Table 
6). Exeeptions are the eomparisons ol' the methods for 
measuring LH by two-site immunometrie assays. The 
accuracy of an immunome trie assay is dependent , 
among other things, upon the ability of the antibodies 
to reaet with the moleeular forms of the analyte in the 
standard and the speeimens. 

It has been reported that LH from some individ
uals shows impaired immunoreactivit y with certain an
tibody pairs (34,35). Thi s has not been observed with 
thi s assay for LH. 
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TABLE 6 Results ol the comparison experiments' 

Comparative 
Analysis method No. Slope Intercept r 

AFP Berilux 94 2.47 (2.34--2.61) -0.9 ( -4.0-2.1) 0.97 
AFP Amerlex-M 93 1.69 (1.61-1.77) 0.6 ( -2.0-3.2) 0.98 
PRL Fenzia 102 1.09 (1 .06-1.12) -0.Q1 (-0.03-D.01) 0.993 
FSH Amerlex 103 1.69 (1.66-1.74) 1.2 ( -3.2-0.8) 0.993 
FSH Delfia 108 3.57 (3.50-3.65) - 1.1 ( - 3.6-1.3) 0.994 
LH Amerlex 107 0.33 (0.32-0.35) 1.6 (0.6-2.6) 0.97 
LH Delfia 99 1.01 (0.96-1.06) -0.02 (-0.97-0.94) 0.97 
LH Fenzia 93 1.01 (0.95--1.06) 0.93 (-0.27-2.13) 0.97 

* Se/eeted samples ef serum were analyzed by a commercial method fx) and by the present methods (y). The results with con fidence 
intervals obtained by linear l east~squares regression analysis are shown. 

TABLE 7 Reference intervals lor AFP (fJog/L), PRL (int. 
units/L), FSH (int. un its/L), and LH (int. units/L) lor men, 
ages 20-40 yr 

AFP PRI FSH LH 

No. 105 105 106 106 
Mean concentration 2.2 0.24 14.7 3.3 
SD 1.6 0.11 8.4 1.5 
Reference interval "'6 0.11-0.59 5--35 1- 7 

Only a few experiments are needed to determine 
the concentrations of reagents in an ELISA when the 
practical approach outlined in thi s article is followed. 
Data have been provided to prove the suitabili ty of the 
approach and that the qualities of the assays are ade
quate for clinical use. 
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