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THE COMMWICATION OF ELISA DATA 
FROM LABORATORY TO C L I N I C I A N  

D. de Savigny 
London School of Hygiene and Tropical Medicine, Department of 

Clinical  Tropical Medicine, Gower  S t r e e t ,  London WClE 7HT, England. 
and 

A. Voller 
Nuffield Laboratories of Comparative Medicine, Zoological Society 

of London, Regent's Park, London NW1 4RY, England. 

ABSTRACT 
The data generated by quant i ta t ive enzyme-immunoassay of 

antibody ac t iv i ty  a re  unsuitable fo r  d i r e c t  communication from 
the laboratory to cl inician.  In t h i s  paper, the fundamental 
problems of reporting ELISA results a re  highlighted and a l ist  
of desirable cha rac t e r i s t i c s  i s  s e t  ou t  f o r  such reports.  The 
available methods fo r  processing ELISA data a re  reviewed i n  
re la t ion t o  these ideal  requirements and the deficiencies and 
advantages of each method are  discussed. The performance of 
each method is demonstrated by the use of actual  t e s t  data from 
a model ELISA system. N o  s ingle  method has been found which 
s a t i s f i e s  a l l  c r i t e r i a .  

INTRODUCTION 

There i s  a need f o r  reconsideration of the means by which 

laboratory r e su l t s  of enzyme immunoassays (EIA)  a r e  communicated 

t o  the c l in i c i an .  This s i t ua t ion  has ar isen following the 

rapid advances i n  E I A  technology i n  recent years and per ta ins  

especially t o  the enzyme-linked imunosorbent assay (ELISA) f o r  
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106 DE SAVIGNY AND VOLLER 

measuring specific antFbody act ivi ty .  

from the realm of the research tool t o  tha t  of routine application 

i n  the diagnostic laboratory where it is  gaining ready acceptance. 

The majority of published papers on ELISA have been of a highly 

technical nature and are intended t o  communicate information between 

ELISA is  currently emerging 

research laboratories and among research workers. However, for  

routine diagnostic applications, the meaning of the assay resu l t  

is of paramount importance, for no matter how sensit ive and accurate 

the technique, the r e su l t  has l i t t l e  value unless it is i n  a form 

in te l l ig ib le  to  the user, the clinician.  I n  t h i s  paper, the 

commonly used means of communicating laboratory data generated by 

ELISA are reviewed and i l lus t ra ted  using t e s t  data from a model 

ELISA system. A novel method is also proposed. O u r  purpose is  

not so much to of fer  solutions 

to identify the problems and examine the re la t ive  merits i n  

existing methods as a guide to  discussion and further work. 

o r  t o  promote any one method but 

MATERIALS AND ME'IHODS 

The Model Assay 

The Toxocara ELISA system (1) was selected i n  t h i s  work as  

the model by which t o  examine the various reporting methods. 

This assay is known t o  be highly sensi t ive,  specific and 

reproducible i n  i t s  ab i l i ty  to detect toxocaral specif ic  antibody 

i n  human serum over a large concentration range. Briefly, 

antigen, i n  the form of Toxocara canis larval  secretory product, 

i s  adsorbed to polyvinyl chloride microti ter plates  a t  a 
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COMMUNICATION OF ELISA DATA 10 7 

concentration of  10 ng per w e l l  and s t o r e d  dry. 

routinely assayed a t  one d i lu t ion  f o r  two hours preceding 

an overnight incubation with a lka l ine  phosphatase l a b e l l e d  a n t i -  

hWan IgG conjugate. Results a r e  recorded a s  absorbance values 

(A405) read photometrically following incubation wi th  4-nitrophenyl 

phosphate substrate. 

cont ro l led  by the  use of reference s e r a  such t h a t  i n t r a -  and 

in t e r -  assay va r i a t ion  ranges between 5 and 1 2  &. 

Sera  are 

The timing of the subs t r a t e  is c r i t i c a l l y  

RESULTS AND DISCUSSION 

Comparative Problems of Reporting Antigen and 
Antibody Concentration by ELISA 

Antigen Concentration 

The end r e s u l t s  of quan t i t a t ive  enzyme immunoassay o f  an t igen  

o r  hapten concentration (determined by standard curve method) i s  

self-evident because the  result i s  expressed i n  absolu te  terms 

(e.g. n m l / & .  

espec ia l ly  when accompanied by the range of normal o r  pathologic 

values. 

made poss ib le  by c e r t a i n  fundamental f ea tu re s  of such assays.  

F i r s t l y ,  the concentration range of t h e  substance assayed is known 

and r a re ly  spans more than two loglo d i lu t ions  and o f t e n  is less 

than one loglo d i lu t ion .  

s i n g l e  antibody prepara t ion ,  so the a f f i n i t y  cons tan t  remains the  

same for  a l l  tests. Hence, a s i n g l e  standard curve can be 

prepared and conditions of t he  test  ad jus ted  so t h a t  the requi red  

This is an idea l  r e p o r t  f o r  c l i n i c a l  purposes, 

The use of the  standard curve method i n  antigen assay i s  

Secondly, the primary l igand  i s  a 
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108 DE SAVIGNY AND VOLLER 

concentration range f a l l s  largely within the l inear  phase of the 

curve. For greater accuracy th i s  dose-response curve can be 

transformed t o  a l inear  approximation using a choice of mathematical 

transforms such as logit-log (2) , sp l ine- f i t  (3)  , thi rd  order 

polynomial (31 ,  o r  four-parameter log is t ic  curve f i t  (4 )  . The 

l a t e s t  generation of automated and semi-automated ELISA microplate 

readers have designed-in a capability to accept programmable 

calculators which a re  able to compute standard curve parameters 

and transform ELISA values i n t o  concentration units for  print-out. 

The vast experience with standard curve-fitting gained from immuno- 

radiometric (RIA) applications is largely applicable to  EIA for  

quantitation of antigen and w i l l  not be further discussed here. 

Antibody Concentration 

I n  contrast t o  antigen quantitation, the measurement of 

antibody by ELISA is more d i f f icu l t .  

specific antibody i n  pathological sera can span up t o  s i x  loglo 

dilutions (Fig. 1). The antibody a f f in i t i e s  of different  sera ,  

even from the same patient,  cannot always be assumed t o  be 

identical ,  thus there are  many possible dose-response curves, 

some of which are non-parallel. To complicate the problem, i n  

t es t s  for  a specific antibody response of a par t icular  immuno- 

globulin class,  the cbse-response curve can be al tered by the 

presence o r  absence of responses i n  the other immunoglobulin 

classes (Fig. 2) .  For example, the removal of IgM from a reactive 

serum can diminish the prozone phenomenon and increase the slope 

The concentration range of 
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FIGURE 1. I n d i r e c t  ELISA serum dose-response curves f o r  human 
IgG anti-Toxocara antibody, i l l u s t r a t i n g  the range of antibody 
a c t i v i t y  that can occur. In t e rcep t s  w i t h  the v e r t i c a l  l i n e  
ind ica t e  the  absorbance values a t  working serum d i l u t i o n  (10-3). 
In t e rcep t s  with the  hor izonta l  l i n e  ind ica te  t i t r e .  
( 0 )  Strong Pos i t ive  : T i t r e  = 1:800,000 A405 = 4.0 
( Moderate Pos i t i ve  : T i t r e  = 1:8,000 A405 = 1.80 
( A ) Weak Pos i t i ve  : T i t r e  = 1:1,100 A405 = 0.55 
( 0 )  Negative : T i t r e  = 1:30 A405 = 0.09 

of t he  s p e c i f i c  IgG t i t r a t i o n  curve (Fig. 21. F u r t h e m r e  s ince  

ELISA measuresthe conbined e f f e c t s  of antibody concentration and 

. . . . . .  . _ .  - .  antibody a f f i n i t y  ( 5 )  the standard curve method has r a r e l y  been 

used to produce results i n  .&solute u n i t s  (e.g. specific antibody 

concentration = 70 ng/IgG d ) .  

has evolved t o  communicate an es t imate  of relative "antibody 

a c t i v i t y "  rather than absolute concentration. Some a r e  borrowed 

from t r a d i t i o n a l  serology, while o t h e r s  a r e  unique cont r ibu t ions ,  

bu t  none is e n t i r e l y  sa t i s f ac to ry .  

A va r i e ty  of a l t e r n a t i v e  approaches 
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110 DE SAVIGNY AND VOLLER 
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FIGURE 2 .  
positive ( 0 )  and negative ( A ) sera  and for  t h e  same sera  ( 0 A 
following the removal of IgM by fractionation on Bio-Gel A-5m. 
The absorbances a t  the serum working dilution 
unaltered, howwer the slope of the  positive dose-response curve 
increases t o  produce a ten-fold drop i n  t i t r e .  
phenomenon is also diminished. 

IgG anti-Toxocara antibody dose-response curves for  

remain 

The prozone 

Ideal Requirements of ELISA Serological Reports 

N o  serological t e s t  can be both 100% specif ic  and 100% 

sensit ive,  but it is s t i l l  reasonable to l is t  ideal characterist ics 

desirable in  the presentation of a t e s t  result to the cl inician.  

1. The ideal  report m u s t  be easi ly  understood by the cl inician 

who w i l l  not necessarily be familiar w i t h  the  laboratory 

detai ls  of ELISA techniques and data products. 

The report should provide some qual i ta t ive information 

regarding the s ta tus  of the patient;  

2. 

1.e. whether the specif ic  
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COMMUNICATION OF ELISA DATA 111 

3 .  

4. 

5. 

6 .  

7. 

8. 

9 .  

antibody ac t iv i ty  is "Positive" o r  "Negative" o r ,  more 

r e a l i s t i c a l l y  , "Reactive" o r  "Non-reactive" or above o r  

within the "normal" range. 

The log ica l  extension of the "posit ive" qua l i t a t ive  report  is 

a quant i ta t ive report  which w i l l  provide an index of the 

severi ty  or recency of infection and w i l l  allow s e r i a l  follow- 

up of the pa t i en t  and comparison to other  pat ients .  

To be ideal ly  quant i ta t ive,  a scale  is  needed tha t  i s  l i nea r ly  

proportional t o  antibody ac t iv i ty ,  numerical , continuous 

(i .e.  step-less) and consistent i n  i t s  unitage and significance 

I t  Would be useful if the  report  is comparative such tha t  it 

presents a measure of the p a t i e n t ' s  antibody a c t i v i t y  r e l a t ive  

t o  t h a t  found i n  a reference normal o r  pathologic group. 

The method of processing the r e s u l t  must be reproducible. 

Although t h i s  i s  largely a function of technical aspects of 

the test system, it can be influenced by data-processing of 

the raw re su l t .  

Ideally the basis  by which the test  data are processed to a 

c l i n i c a l  report  should not include assumptions (e.g. gaussian 

d i s t r ibu t ion  of response values, o r  paral le l ism of dose- 

response curves).  

Results generated by the ideal  method should, i n  their f i n a l  

form, be adequate f o r  retrospective and prospective sero- 

epidemiologic analyses. 

To optimize the efficiency and economy of ELISA a s  a proper 

assay, the report  should be based on tests a t  a s ingle  serum 

di lut ion.  
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1 1 2  DE SAVIGNY AND VOLLER 

Sett ing the Positive/Negative Discrimination Level 

The discrimination between posit ive and negative i s  a crucial  

element i n  the design of a l l  assays for  specific antibody act ivi ty  

both qual i ta t ive and quantitative.  Various methods for  determin- 

i n g  the "positive/negative cut-off" l ine  have been used but the 

most c o m n  method i s  to s e t  the minimum posit ive response value 

(e.g. Absorbance) a t  two (or  three) times the mean absorbance 

value of the negative group. 

numbers of reference normal sera (<lo) are  available and is not 

recommended because of inadequate data. When more reference sera  

(between 10 and 100) are available, authors tend t o  s e t  the 

minimum positive absorbance a t  the mean negative value plus two 

(or three) standard deviations of the mean. This method is  rarely 

valid because it assumes that  ELISA values i n  the normal population 

are normally distribute0 when they, along with mst other measures 

T h i s  method i s  used only when small 

of serum amst i tuents  i n  normal populations, are distributed with 

a Positive skew (1,6) .  Therefore Type 1 errors ( fa l se  posit ives) 

Occur a t  +2 and +3 S.D. Where absorbance values are not normally 

distributed, non-parametric methods should be used. 

l i m i t  of normal can then be determined from a minimum of 120 sera  

from the reference negative group and s e t  a t  the 97.5th or  100th 

Percentile (7). Confidence intervals can be calculated although 

appropriate reference groups may be d i f f i cu l t  o r  impossible to 

obtain. 

negative level has also been proposed ( 8 ) .  

The upper 

The use of variance ra t ios  i n  se t t ing  the posit ive/  
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COMMUNICATION OF ELISA DATA 113 

Methods of Reporting Relative Antibody Activity by ELISA 

A l i s t i n g  of the various methods used for  reporting ELISA 

resu l t s ,  each evaluated i n  terms of the  idea l  requirements appears 

i n  Table 1 with fur ther  description below. 

TABLE 1 

COYYUNICATION OF QUANTITATIVE ELISA FtESULTS FOR ANTIBODY ACTIVITY 

DESIRABLE FEATUNRES 

METBOD 
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114 DE SAVIGNY AND VOLLER 

Qua1 i t a t i v e  and S emi-Quantitative Reports 

Qualitative reports  (e.g. "Positve") and semi-quantitative 

reports (e.g. Posi t ive +++) have the advantages t h a t  they allow 

visual reading of t h e  t e s t  r e s u l t  and t h a t  the report  i s  eas i ly  

Uder s  tood. 

However, visual  readings are subjective,  r e ly  heavily on the 

s k i l l  of t h e  reader, and m y  be influenced by the  r e l a t i v e  

frequency of posi t ives  and negatives. Even i f  r e su l t s  are read 

by photometry o r  fluorimetry, the qua l i t a t ive  and semi-quantitative 

reports f a i l  to  make f u l l  use of the quan t i t a t ive  capacity of ELISA 

a s  a n  assay and a re  of l imited use i n  t h e  seroepidemiologic 

comparison of pa t i en t  groups o r  i n  following the time-course o f  

infect ion.  

Quantitative Reports 

1. The T i t r a t ion  Method. In the t i t r a t i o n  method, antiserum 

Under t e s t  is s e r i a l l y  d i lu t ed  to the point  ( t i t re )  a t  which the  

spec i f i c  antibody a c t i v i t y  can no longer be detected,  hence t h i s  

method gives a t ru ly  quant i ta t ive measure of the r e l a t i v e  antibody 

a c t i v i t y  and i s  the standard by which other  quan t i t a t ive  methods 

W i l l  be assessed (Table 2 ) .  

d i lut ions and expressed a s  r a t i o s  (1:1024) o r  reciprocals (1024) .  

Advantages : 

T i t r e s  a r e  commonly reported as serum 

. Ti t r e s  a r e  highly quant i ta t ive measures o f  r e l a t i v e  antibody 
ac t iv i ty .  

. Visual readings can be used (see above). 

. The concept is eas i ly  understood. 
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116 DE SAVIGNY AND VOLLER 

Disadvantages: 

. T i t r e s  can b e  inaccura te  and va r i ab le  because E L I S A  dose- 

response curves f l a t t e n  towards t i t r e  end-point (Fig. 1). 

. A f a l s e  sense of prec is ion  is implied (e.g. 1:1024 has a 

suggested accuracy of four  s i g n i f i c a n t  f igures)  . 
. S e r i a l  d i lu t ions  a re  required,  thus technica l  e r r o r s  are 

compounded and reproducib i l i ty  is only 5 50% (i.e. one 

two-fold d i l u t i o n ) .  

. Ti t r a t ion  sca l e s  are not  continuous, thus t h e  p a t i e n t  is 

a l loca ted  t o  one of a l imi ted  range of d i s c r e t e  q u a n t i t a t i v e  

ca tegor ies  (usually less than 1 2  serial d i l u t i o n s ) .  

. Ti t r a t ions  a r e  r e l a t i v e l y  work-intensive and cos t ly  o f  

materials and reagents.  

. The p o s s i b i l i t y  of confusion exists f o r  the c l i n i c i a n  regard- 

ing the " s ign i f i can t  t i t r e "  which v a r i e s  g rea t ly  between 

assay systems. 

2.  The Absorbance Method. Workers using E L I S A  f o r  s p e c i f i c  

antibody a c t i v i t y  commonly express results i n  absorbance values 

(e.g. A405 nm) when chromgenic subs t r a t e s  a r e  used o r  i n  

a rb i t r a ry  fluorescence units when using fluorogenic substrates. 

However these  values should be considered as raw laboratory 

intermediate data analogous to  counts per  minute i n  R I A ,  and 

should be fu r the r  re f ined  before  conrmunication t o  the  c l i n i c i a n  (9). 
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COMMUNICATION OF ELISA DATA 11 7 

Advantages : 

. Tests a t  a single serum dilution only are required. 

. No data processing i s  necessary. 

. A continuous numerical scale is  used covering a broad range, 

thus patients can be categorized to  one of a t  l ea s t  200 

quantitative categories usually with a reproducibility of 

- + l G %  (CV%). 

Disadvantages 

. Absorbance values are not l inear ly  proportional to t i t r e s  

(Fig 3a) such that  differences between sera  with high antibody 

ac t iv i t i e s  are  minimized ( i . e .  a one log increase of t i t r e  

is not reflected by a one log increase i n  absorbance. 

Absorbance values a re  not readily comprehensible t o  c l inicians.  . 

3. Ratio Methods. Ratio methods include both Positive:Negative 

(P/N) Ratio and the Percent Positive Method. By the former the 

specific antibody level of the pat ient  is  expressed as a r a t io  of 

absorbance units obtained from simultaneous tes t s  on the pat ient  

and on the reference negative serum. 

I n  the l a t t e r ,  the pa t ien t ' s  r e su l t  is  expressed as a percentage 

of that  simultaneously derived from the posit ive reference serum 

or  pool. Both methods produce unitless resul ts .  P / N  Ratios 

greater than 2 (or  3) a re  usually considered posit ive.  No such 

a n s t a t  feature applies t o  the Percent Positive Method. 

Advantages : 

. The r a t io  automatically compares the pat ient  t o  the "normal" 

population (P/N) or posit ive reference i n  a quantitative fashion. 
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118 DE SAVIGNY AND VOLLER 

. The r e s u l t  i s  eas i ly  understood. 

. The need f o r  rigorous quali ty-control of  subs t r a t e  incubation 

t i m e  is minimized s ince  r a t i o s  remain constant throughout 

subs t r a t e  incubation (within l i m i t s )  . 
. Requires tests a t  a single-serum d i lu t ion  only. 

Disadvantages : 

P/N: I f  the  negative reference absorbance value i s  too low 

(e.g. A <0.10) r a t i o s  increase g rea t ly  and become d i f f i c u l t  

t o  reproduce. 

. 

. % P o s i t i v e :  I f  the  pos i t i ve  reference absorbance value is  

too high the percent pos i t i ve  decreases and becomes d i f f i c u l t  

to reproduce. 

. Neither method is  l i n e a r l y  proportional t o  t i t re  and provides 

no improvement over t h e  absorbance method i n  t h i s  respec t  

(Fig. 3 c ) .  

4. Multiple of Normal Act iv i ty  (MONA). The Multiple of Normal 

Activity (MONA) proposed by Felgner (9) is a special case of t h e  

r a t i o  method and represents  a d i r e c t  attempt t o  correct t h e  

def ic ienc ies  of repor t ing  raw absorbance da ta  from aseays a t  a 

s ing le  serum di lu t ion .  To use MONA, the ELISA tes t  system is  

optimized and the working d i lu t ion  f o r  tes t  sera is determined. 

A t i t r a t i o n  of  a standard reference serum i s  performed and the  

parabolic re la t ionship  of antibody a c t i v i t y  and absorbance value 

i s  analyzed from the dose-response curve. The parabol ic  exponent 

constant (n) is derived from the absorbance values of t h e  pos i t i ve  
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COMMUNICATION OF ELISA DATA 119 

reference standard a t  both the optimal working d i lu t ion  (A1) and a t  

a higher d i lu t ion  (A2) according t o  equation [l] 

c11 n = Log Dilution Factor 

log A 1  - log A2 

where the Dilution Factor is the d i lu t ion  of serum used f o r  A2 

r e l a t ive  t o  t h a t  used f o r  A1. 

constant f o r  the test  system and requires re-calculation only i f  

t e s t  conditions change (e.g. new conjugate).  For use, a l l  

subsequent test  absorbance values a re  transformed t o  multiples of 

normal a c t i v i t y  (MONA) by r e l a t ing  the  t e s t  absorbance (A,) to t h a t  

of t he  "normal" reference pool (ANeg) t e s t ed  simultaneously according 

t o  e i t h e r  equations [2] o r  [3] . 

The parabolic exponent (n) remains 

c 2 1  MONA = an t i log  ( n ( log A, - log A N e g ) )  

n 

PI MONA = 

Advantages : 

- M A  compares the spec i f i c  antibody a c t i v i t y  of the p a t i e n t  

to t h a t  of the "normal" population i n  a quan t i t a t ive  manner. 

- The r e s u l t  i s  mre l inea r ly  proportional t o  t i t r e  (Fig. 3d) 

than is  the r a w  absorbance value o r  other  r a t i o  methods. 

The need fo r  rigorous quali ty-control of subs t r a t e  incubation 

t i m e  i s  minimized. 

. 
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120 DE SAVIGNY AND VOLLER 

. Transformation of Absorbance to MONA can be computed 
automatically. 

. Sensi t ivi ty  is improved. 

. Requires tests a t  a s ing le  serum di lut ion only. 

Disadvantages : 

. Calculation of (n) i s  greatly influenced by the choice of 

posi t ive reference serum used and the  portion of t h e  dose- 

response curve i n  the calculation. 

. MONA assumes dose-response curves of a l l  test  se ra  to be 
pa ra l l e l .  

. Not val id  for  high absorbance values ( i . e .  above the 

parabolic approximation) . 

5. Reference - Value/Percentile Method. I n  this method a l a rge  

number (>120) of "normal" individuals from an appropriate 

reference group is tes ted fo r  spec i f i c  antibody by ELISA under 

standard conditions and a frequency d i s t r ibu t ion  of these 

reference absorbance values i s  prepared ( 7 ) .  Percentiles of the 

reference population are  determined from the cumulative percent of 

the population a t  each absorbance value and a standard curve of 

percentile vs absorbance value can be prepared. Absorbance values 

O f  test  se ra  in  subsequent tests can then be transformed to 

Percentiles o r  P values from the standard curve. An example 

r e su l t  would be expressed as "Anti-X antibody ac t iv i ty  ELISA 

value = 0.52 (A405) 

Adults; n = 900". By comparing percent i le  markers, subt le  

seroepidemiologic differences between groups can be detected (1). 

p = 0.98. Reference Group : Rural Nigerian 
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COMMUNICATION OF ELISA DATA 121 

Advantages : 

. The upper l i m i t .  of normal can be establ ished with known 

confidence in t e rva l s .  

Results can be expressed r e l a t i n g  the p a t i e n t ' s  level  of 

spec i f i c  antibody t o  t h a t  found i n  a careful ly  se l ec t ed  and 

defined reference group. 

. useful f o r  seroepidemiologic comparisons. 

Disadvantages : 

. Requires i n i t i a l  t e s t i n g  of l a rge  numbers of reference group 
subjects.  

. Selection of the appropriate reference group can be d i f f i c u l t .  

. I f  the reference group is  "normal", only negative pa t i en t s  

a r e  quant i f ied while mst pos i t i ve  values a r e  reported as 

>100th pe rcen t i l e  o r  P >1.0 thus no quan t i t a t ive  information 

is  avai lable  on those pa t i en t s  f o r  whom it is  most needed. 

. Rigorous qua l i t y  control i s  required. 

. Results a r e  not l i nea r ly  proportional to  titre (Fig. 3.b).  

6. Effect ive Dose Method. The Effect ive Dose Method proposed 

by Leinikki e t  al. (10) i s  a special  case of the t i t r a t i o n  method 

whereby improvement r e s u l t s  from (a) determining t h e  t i t r e  from 

the l i n e a r  ra ther  than f l a t t en ing  phase of the dose-response curve 

and (b) expressing the t i t r e  as the d i lu t ion  difference ( log  

distance) between the dose-response curves of t he  test and 

reference samples r a the r  than as the d i lu t ion  of t he  test  serum 

i t s e l f .  An example r epor t  would be: 
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122 DE SAVIGNY AND VOLLER 

Acute Phase Serum : ELISA ED = - 0.96 

Convalescent Phase Serum : ELISA ED = t 1.23 

Advantages : 

. Reproducibility is  improved. 

. Seroconversion can be detected i n  s e r i a l  samples taken less 

than three  days apa r t  ( i .e.  a change of  0.2 E D ) .  

Results a r e  l i nea r ly  proportional to  t i t r e  (Fig. 3 e) . . 
Disadvantages: 

. The method assumes t h a t  dose-response curves a r e  p a r a l l e l  to 

each other and t o  the  standard curve although the  authors 

report  t ha t  acute and convalescent s e ra  d i d  not show 

s ign i f i can t  changes i n  parallelism. 

. A t  l e a s t  th ree  ten-fold d i lu t ions ,  a l l  near o r  wi th in  the 

l i n e a r  p a r t  o f  the  curve a re  required f o r  each t e s t .  

. ED values ( i n  Brigg's logs) a re  d i f f i c u l t  t o  understand on 

t h e i r  own. 

ED values f a i l  t o  convey an impression of  r e l a t i v e  antibody 

a c t i v i t y  and make it d i f f i c u l t  im compare d i f f e r e n t  p a t i e n t s .  

Leinikki e t  a l .  (11) have recent ly  reported a modification 

whereby the  reference serum is  prepared such t h a t  it contains a 

known concentration of IgG antibody pur i f i ed  by antigen-specific 

inmunoadsorption. The test  r e s u l t  can then be expressed i n  terms 

of absolute concentration (e.g. pg antigen-specific I g G  per  ml) 

s i n g  the  e f f ec t ive  dose method. The necessary ca l ib ra t ions  can 

be computed automatically by a programmable ca l cu la to r  l inked to 

- 

the photometer. The method requi res  t e s t i n g  a t  more than one 
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COMMUNICATION OF ELISA DATA 123 

serum d i lu t ion  but  r e su l t s  show a l i n e a r  correlat ion w i t h  t i t re .  

7. U n i t s  from Standard Curve. Experience w i t h  the Toxocara 

ELISA (1) has l e d  to the following attempt t o  solve reporting 

problems. 

A standard curve can be prepared from computor a s s i s t ed  or 

manual analysis of routine serum t i t r a t i o n s  obtained under standard 

t e s t  conditions. Sera ( a t  l e a s t  40) representing the complete 

range of spec i f i c  antibody a c t i v i t i e s  from weak negative t o  s t rong 

posit ive a re  t i t r a t e d  i n  two-fold d i lu t ions  t o  their respect ive 

end-points. The dose-response curves of each serum are p lo t t ed  

on log paper and the t i tres taken a t  t he  serum d i lu t ion  where the 

curve in t e r sec t s  w i t h  the posi t ive negative cut-off l i n e  (Fig.  1). 

A s c a t t e r  p l o t  i s  then prepared by p l o t t i n g  f o r  each serum the 

absorbance value a t  the routine test working d i lu t ion  versus i t s  

respective t i t r e  end-point. A sigmoidal  p l o t  w i l l  result with 

non-uniform variance ( sca t t e r )  occurring a t  the higher and lower 

absorbance values (Fig. 4 ) .  

The usual curve-fi t t ing techniques and curvi l inear  regression 

(2,3,4) with weighting to correct  f o r  t h e  variance (4)  can be 

applied t o  produce a standard curve o r  equation which is  used 

to transform ELISA values obtained a t  the working d i lu t ion  t o  

t i t re ,  internat ional  un i t s  o r  other un i t s .  This s t e p  can be 

assis ted by a programmable calculator  l inked to the photometer. 

w i t h  careful use of reference standard s e r a  t o  maintain i n t e r -  

assay qua l i t y  control the same standard curve parameters can be 
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FIGURE 3. ELISA data obtained from t e s t s  on f i v e  p a t i e n t s  w i t h  
anti-Toxocara t i tres ranging from weak negative (1:30) to  s t rong  
positive (1:300,000) and t r ea t ed  i n  accordance with each of the 
methods discussed i n  the t ex t .  The data products of each method 
have been p l o t t e d  versus t i t re  to  i l l u s t r a t e  the l i n e a r  r e l a t ion -  
sh ip  of the r e s u l t s  with t i t re .  Corre la t ion  (r) and slope (a) 
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FIGURE 4. Absorbance values recorded a t  a serum working d i l u t i o n  
of 10-3 are p lo t t ed  versus their respec t ive  t i t re  end-points f o r  
41  s e r a  wi th  IgG anti-Toxocara antibody t i tres ranging from 1:12 to  

This s c a t t e r  p l o t  forms the  b a s i s  of a standard curve r e l a t i n g  
ELISA value a t  a s i n g l e  serum d i l u t i o n  t o  serum t i t r e .  The 
accuracy o f  the curve can be improved by l i n e a r  transformation by a 
va r i e ty  of methods. 

1: 1,000,000. 

Figure 3 Legend Continued 
of t h e  ca lcu la ted  l i n e a r  regression l i n e s  are as follows: 
(note r = 1.0 and a= 1.0 ind ica t e s  p e r f e c t  l i n e a r l y  propor t iona l  
r e l a t i o n  t o  t i t re )  . 
Absorbance r = 0.97 a = 0.39 
P/N r = Oi97 a = 0.39 
8 P O S  r = 0.97 a = 0.39 
MONA r = 0.97 a = 0.74 
Pe rcen t i l e  r = 0.66 a = 0.29 
E.D.  r = 0.99 a = 0.99 
Standard Curve r = 0.99 a = 1.02  

Note: Only E.D. and Standard Curve Units have a s a t i s f a c t o r y  
r e l a t i o n  to t i t re  and t h a t  MONA improves the  l i n e a r  r e l a t i o n s h i p  
o f  P/N r a t i o .  
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used dai ly .  

t h i s  standard curve can be prepared retrospect ively using t i t r a t i o n  

data obtained from pas t  assays thus increasing the  data base and 

the va l id i ty  of the curve. 

Advantages : 

I f  qua l i t y  control has a record of high standard, 

. Absorbance values are  transformed t o  highly quant i ta t ive,  

ea s i ly  understood un i t s  on a continuous scale .  

Sera are t e s t ed  a t  a s ing le  serum d i lu t ion .  . 
. Results a r e  l i nea r ly  proportional to t i t r e  (Fig. 3 f ) .  

Disadvantages : 

. Para l l e l  dose-response curves are  assumed. 

. Rigorous quali ty-control i s  required. 

. Not va l id  fo r  high absorbance values. 

s u m y  

The t r ans i t i on  of ELISA from use i n  research applications t o  

routine diagnostic applications necessi ta tes  the re-thinking of 

reporting methods to produce a form of ELISA tes t  r e s u l t  

i n t e l l i g i b l e  t o  c l in i c i ans .  

antibody a c t i v i t y  by ELISA poses special  problems due t o  the l a rge  

range of a c t i v i t i e s  being measured, the mul t ip l i c i ty  of a f f i n i t i e s ,  

the poss ib i l i t y  o f  non-parallel dose-response curves, and t o  the  

competitive e f f e c t s  of s p e c i f i c  responses i n  d i f f e ren t  immunological 

classes. 

me quant i ta t ion of spec i f i c  

I n  r e l a t ion  t o  a l i s t  of features  character is ing the ideal  

serological report  (Table 1) no s ing le  method was found t o  s a t i s f y  

a l l  requirements. The Standard Curve method proposed i n  t h i s  
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paper  came c l o s e s t  t o  meeting t h e  requirements  however it h a s  n o t  

been used i n  other tes t  systems and cannot  y e t  b e  recommended. 

Fur ther  e f f o r t s  w i l l  be  needed t o  d e v i s e  a means of t ransforming  

r a w  ELISA d a t a  (absorbance va lues  o r  f luorescence  units) from 

assays  a t  a s i n g l e  serum d i l u t i o n  t o  u n i t s  on a cont inuous scale, 

l i n e a r l y  p r o p o r t i o n a l  t o  t i t r e ;  t h e  o b j e c t  b e i n g  to  provide  the 

c l i n i c i a n  w i t h  a reliable estimate of the relat ive ant ibody 

a c t i v i t y  s p e c i f i c  for the a n t i g e n  i n  q u e s t i o n .  
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