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A METHOD TO DETERMINE SIGNIFICANT LEVELS 
OF IMMUNOGLOBULIN G TO ASPERGILLUS FUMIGATUS ANTIGENS 

I N  AN ELISA SYSTEM AND A COMPARISON WITH 
COUNTERIMMUNOELECTROPHORESIS AND DOUBLE DIFFUSION TECHNIQUES 

Veronica M. Hearn,  G.C.  Donaldson and M . J . R .  Healy* 
London School of Hygiene and T r o p i c a l  Medicine 

Mycological Reference  Labora tory  and 
'Department of Medical S t a t i s t i c s  

Keppel S t . ,  London W C l E  7HT, England 

and D.M. Trotman 
MRC Pneumoconiosis U n i t ,  Llandough H o s p i t a l  
P e n a r t h ,  S .  Clamorgan CF6 l X W ,  Wales, U . K .  

ABSTRACT 

A method i s  d e s c r i b e d  which a s s e s s e s  r e s u l t s  o b t a i n e d  from 
an  ELISA system f o r  t h e  de t e rmina t ion  of human serum l e v e l s  
of IgG c l a s s  a n t i b o d i e s  t o  A s p e r g i l l u s  fumiga tus .  The method 
is used  t o  d i s c r i m i n a t e  p o s i t i v e  from n e g a t i v e  samples ,  and 
s i g n i f i c a n t  an t ibody  a c t i v i t y  may be r e p o r t e d  t o  t h e  c l i n i c i a n ,  
r e l a t i v e  t o  a r e f e r e n c e  p o s i t i v e  c o n t r o l  serum moni tored  s imul-  
t aneous ly  under t h e  same t e s t  c o n d i t i o n s .  Antibody c o n t e n t  
is expres sed  as t h e  absorbance  of  a c e r t a i n  d i l u t i o n  of serum. 
Dupl ica te  samples were ana lysed  a t  a s i n g l e  serum d i l u t i o n  and 
t h e i r  a b s o r b t i o n  v a l u e s  ob ta ined  from a semi-automated ELISA 
m i c r o p l a t e  r e a d e r .  These were e n t e r e d  i n t o  a computer programmed 
t o  conve r t  t h e  data i n t o  u n i t s  on a l o g a r i t h m i c  s c a l e .  

I n  p a r a l l e l  expe r imen t s ,  ELISA r e s u l t s  were compared w i t h  
t h o s e  ob ta ined  by t h e  t echn iques  of  counterimmunoelectrophoresis 
and double  d i f f u s i o n  which measure p r e c i p i t a t i n g  an t ibody  of  
a l l  c l a s s e s .  A r e l a t i v e l y  good degree of  c o r r e l a t i o n  between 
tests was found only  among sera w i t h  a h igh  l e v e l  of an t ibody .  
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166 HEARN ET AL. 

INTRODUCTION 

The use  of an ELISA t echn ique  f o r  t h e  d e t e c t i o n  of A .  f u m i -  

g a t u s  a n t i b o d i e s  i n  serum, h a s  been r e p o r t e d  from s e v e r a l  l a b o r a -  

t o r i e s  (1-8). Its f u r t h e r  a p p l i c a t i o n  as a d i a g n o s t i c  t o o l  

f o r  l a r g e - s c a l e  sc reen ing  of serum samples would be f a c i l i t a t e d  

i f  r e s u l t s  were expressed  as absorbance  ( A )  v a l u e s  a t  a s i n g l e  

serum d i l u t i o n  (9). T h i s  demands c o n s i d e r a b l e  p r e c i s i o n  of 

t h e  method, and whi le  i t  is t e c h n i c a l l y  s imple  t o  per form,  t h e  

m u l t i p l e  s t e p s  involved  and t h e  i n h e r e n t  s e n s i t i v i t y  of ELISA 

r e q u i r e s  s t r i n g e n t  c o n t r o l  of  assay parameters ( 1 0 ,  11). These 

a r e  most r e a d i l y  a s s e s s e d  by t h e  r o u t i n e  i n c l u s i o n  of a number 

of known p o s i t i v e  and n e g a t i v e  r e f e r e n c e  sera i n  t h e  t e s t  sys tem 

(5, 9 ) .  The d i f f e r e n c e  i n  A v a l u e s  between these 2 groups of 

sera g i v e s  an i n d i c a t i o n  of t h e  a c t u a l  amounts of  an t ibody  pres- 

e n t  i n  t h e  r e f e r e n c e  p o s i t i v e  sera and i t  permits e v a l u a t i o n  

of  t h e  performance of t h e  a s s a y .  Based on expe r imen ta l  data,  

a minimum d i f f e r e n c e  between r e f e r e n c e  sera is r e q u i r e d  b e f o r e  

t h e  tes t  may be used f o r  assessment  of an  i n d i v i d u a l  A v a l u e  

on a r e l a t i v e  basis. The A v a l u e s  are fed i n t o  t h e  computer 

where, by t h e  a p p l i c a t i o n  of a s u i t a b l e  fo rmula ,  t hey  are conver- 

t e d  from raw ELISA f i g u r e s  i n t o  a c t i v i t y  u n i t s  on a con t inuous  

s c a l e .  

A number of methods f o r  p rocess ing  and r e p o r t i n g  of  ELISA 

data have been e v a l u a t e d  i n  terms of f u l f i l l i n g  c e r t a i n  c r i -  

t e r ia  ( 9 ) .  No s i n g l e  method satisfies a l l  c r i t e r i a ,  i n c l u d i n g  
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ELISA SYSTEM COMPARISON 167 

t h e  one r e p o r t e d  h e r e .  However, t h e  method allows f o r  c o n t i n u o u s  

m o n i t o r i n g  of s e n s i t i v i t y  and r e p r o d u c i b i l i t y  at t h e  h i g h l y  

s i g n i f i c a n t  and normal l i m i t s  o f  s p e c i f  i c  a n t i b o d y  l e v e l s .  

It  i s  n o t  dependent  on any s i n g l e  r e f e r e n c e  serum or a n t i g e n  

b a t c h  and f a c i l i t a t e s  c o m p a r a t i v e  s t u d i e s  u n d e r t a k e n  o v e r  a 

c o n s i d e r a b l e  p e r i o d  of time. 

METHODS 

A n t i g e n i c  F r a c t i o n s  of  A .  f u m i g a t u s  Mycelium 

A .  f u m i g a t u s  s t r a i n  NCPF 2109 was grown i n  s t i r red c u l t u r e  

0 i n  n e u t r a l  g l u c o s e  peptone  medium i n c u b a t e d  a t  30 C f o r  3 d a y s  

( 1 2 ) .  The s u p e r n a t a n t  o b t a i n e d  af ter  m y c e l i a l  b r e a k a g e  and  

c e n t r i f u g a t i o n  was r e d u c e d  i n  volume by c o u n t e r - d i a l y s i s  a g a i n s t  

a 10% (w/v) aqueous s o l u t i o n  of  p o l y e t h y l e n e  g l y c o l  6000 ( 1 3 ) .  

T h i s  c o n s t i t u t e d  t h e  w a t e r - s o l u b l e  p r e p a r a t i o n  (WS); i t  was 

u s e d  t o  t e s t  a l l  serum samples  on counterimmunoelectrophoresis 

(CIE) and s e l e c t e d  sera on ELISA. 

A WS p r e p a r a t i o n  was s e p a r a t e d  by a f f i n i t y  chromatography 

on ConA-Sepharose (14). Two peaks  were o b t a i n e d ,  one  of which 

e l u t e d  w i t h  t h e  v o i d  volume,  shown t o  be u n s u i t a b l e  fo r  ELISA, 

and a peak which was e l u t a b l e  o n l y  on a p p l i c a t i o n  of m e t h y l  

4-D-mannopyranos ide  and was a c t i v e  on ELISA (BF f r a c t i o n ) .  

I n  a d d i t i o n ,  WS material from A .  f u m i g a t u s  was r e s o l v e d  

i n t o  10-14 p r o t e i n  bands  by p r e p a r a t i v e  i s o e l e c t r i c f o c u s i n g  

i n  Sephadex C-75, u8ir.g a pH g r a d i e n t  from 4-6.5. These  bands  
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168 HWRN ET AL. 

were e l u t e d  w i t h  water and pooled ,  on the  basis of  t h e i r  a n t i -  

gen ic  a c t i v i t y  i n  an  ELISA sys tem,  i n t o  three f r a c t i o n s ,  =., 
a ,  b and c (15). F r a c t i o n  c c o n s i s t e d  of s l i g h t l y  a c i d i c  compo- 

n e n t s  w i t h  i s o e l e c t r i c  p o i n t s  i n  t h e  r ange  pH 5.5-6.5 (cf 1 6 ) .  

Human Sera 

S e r a  were ob ta ined  from p a t i e n t s  s u f f e r i n g  from a s p e r g i l l o -  

sis and o t h e r  pulmonary diseases i n  which c o l o n i s a t i o n  by a s p e r -  

g i l l u s  may occur .  All gave p o s i t i v e  p r e c i p i t i n  tes ts  on double- 

d i f f u s i o n ,  and on t h a t  basis were used  i n  t h i s  s t u d y .  The r e f e r -  

ence p o s i t i v e  Bera were human pooled samples, shown t o  have h igh  

a s p e r g i l l u s  t i t r e s  on C I E .  O f  the  n e g a t i v e  c o n t r o l  sera, 4 were 

from hea l thy  l a b o r a t o r y  personnel  and t h e  remainder were pooled 

samples, recorded  as n e g a t i v e  on C I E  and ELISA. The sera were 

e i ther  submi t ted  t o  t h i s  l a b o r a t o r y  o r  donated  by Dr. J .  Edwards, 

S u l l y  H o s p i t a l ,  Wales, U.K. 

Double-diffusion 

Antigens for doub le -d i f fus ion  were o b t a i n e d  from A .  fumiga- 

- t u s  s t r a i n  no. 1355, grown on v i s k i n g  t u b i n g  c o n t a i n i n g  g l y c i n e  

and sodium c h l o r i d e  i n  n u t r i e n t  b r o t h  (Oxoid,  Bas ings toke ,  Hamp- 

a h i r e ,  England) a t  37OC f o r  1 4  days u s i n g  t h e  double  d i a l y s i s  

method of Edwards ( 1 7 ) .  Both m y c e l i a l  and e x t r a c e l l u l a r  a n t i -  

gens were h a r v e s t e d  and each  used  i n  t h e  t es t  a t  10 mg d ry  w t /  

ml. Double-diffusion (DD)  was done i n  1.5% (w/v) p u r i f i e d  agar 
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ELISA SYSTEM COMPARISON 169 

( D i f c o ,  West Molesey, S u r r e y ,  England)  i n  normal s a l i n e  c o n t a i n -  

i n g  10 mM EDTA (d isodium s a l t ) ,  as used  r o u t i n e l y  i n  t h e  MRC 

Pneumoconiosis U n i t ,  P e n a r t h .  The t es t  employed a 1 . 2  mm layer 

of  a g a r  on a plate (10 x 15  cm) and  a p a t t e r n  of  a n t i g e n  w e l l s  

of 4 mm diameter, serum wells of  1.1 cm diameter and c e n t r e - t o -  

c e n t r e  d i s t a n c e s  of  1 cm. Ant igen  (12 .5  ~ 1 )  and a n t i s e r u m  (105  

pl) were a p p l i e d  t o  t h e  a p p r o p r i a t e  wel ls .  

development p e r i o d  a t  room tempera tu re  was a l lowed and ,  a f te r  

washing and f i x i n g ,  t h e  g e l s  were s t a i n e d  wi th  Naphtha lene  Black 

s o l u t i o n  (0.06%, w/v) .  

A maximum 2 day 

Counterimmunoelectrophoresis 

I n  a 2 .5  mm diameter we l l  5 pl of  a n t i g e n  w a s  a p p l i e d  w i t h  

15 ~1 of p a t i e n t s '  serum i n  a 4.5 mm diameter w e l l  ( 1 8 ) .  Ant igen  

m i g r a t i o n  was towards t h e  ca thode .  A f t e r  a p p l i c a t i o n  of  a con- 

s t a n t  c u r r e n t  t o  t h e  g e l  f o r  approx ima te ly  1 .5  h o u r s ,  t h e  s l i des  

were washed, f i x e d  and s t a i n e d  w i t h  Coomassie B r i l l i a n t  Blue 

R ,  C . I .  no.  42660. 

ELISA Method 

Analyses  were performed i n  p o l y s t y r e n e  m i c r o t i t r e  p l a t e s  

(Dynatech ,  Plochingen,West  Germany), e s s e n t i a l l y  as described 

i n  ( 1 9 ) .  The BF a n t i g e n  was used  a t  an  optimum c o n c e n t r a t i o n  

de te rmined  by chequer-board t i t r a t i o n  a g a i n s t  r e f e r e n c e  sera. 

The r ange  was 10-3Opg d r y  w t / m l ,  depending  on the  batch.  Each 
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170 HEARN ET AL. 

serum sample was ana lysed  i n  d u p l i c a t e  a t  a d i l u t i o n  of 1:100, 

chosen on t h e  basis of p rev ious  exper iments  ( 1 4 ) .  Each tes t  

inco rpora t ed  5 r e f e r e n c e  p o s i t i v e  and 5 r e f e r e n c e  n e g a t i v e  sera. 

I n  t h i s  series of expe r imen t s ,  a t o t a l  of 10 p o s i t i v e  and 10 

nega t ive  sera were used .  I n  a g iven  exper iment ,  any 5 of each  

group were inc luded  as c o n t r o l s .  

The con juga te  used  was goa t  antihuman 1gC l i n k e d  t o  pe rox i -  

dase  (Miles L a b o r a t o r i e s ,  S lough ,  Berks . ,  England) ;  the  s u b s t r a t e  

was o-phenylenediamine. T h e  enzyme r e a c t i o n  was s topped  a f t e r  

30 minutes  at  room t empera tu re  by t h e  a d d i t i o n  of  2N-H SO 2 4 '  

The absorbance ( A )  v a l u e s  were read i n  a T i t e r t e k  Mul t i skan  

Spec t rophotometer  (Organon Teknika ,  S t .  Neots ,  Cambs., Eng land) ,  

at A4g2 nm (110. 

A l l  wells i n  a plate were used  and t h e  a p p l i c a t i o n  of sam- 

ples  t o  t h e  wells v a r i e d  acco rd ing  t o  the  expe r imen ta l  des ign .  

Both con juga te  and s u b s t r a t e  c o n t r o l s  shou ld  y i e l d  low e x t i n c t i o n  

v a l u e s ,  f o r  the BF a n t i g e n  a mean A = 0.12 20% ( c o e f f i c i e n t  

of v a r i a t i o n )  was a c c e p t a b l e .  Dup l i ca t e  tes t  samples which 

showed wide d i s c r e p a n c i e s  were r e p e a t e d .  The uncor rec t ed  A 

r ead ings  and c l i n i c a l  d e t a i l s  of t h e  sera were used  as data 

f o r  a programme w r i t t e n  i n  Bas ic  on a Commodore PET 3042 ( 2 0 ) ,  

which c a l c u l a t e d  t h e  r e s u l t s  u s i n g  c o n t r o l  sera t o  de te rmine  

r e j e c t i o n  c r i t e r i a .  Readings a t  a s i n g l e  serum d i l u t i o n  were 

t ransformed i n t o  u n i t s  on a l i n e a r  s c a l e  and o b t a i n e d  as a p r i n t  
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ELISA SYSTEM COMPARISON 171 

o u t .  A mean va lue  f o r  t h e  p o s i t i v e  c o n t r o l  w a s  o b t a i n e d  a t  

t h e  same t ime and used  f o r  compara t ive  purposes .  

RESULTS 

The expe r imen ta l  data p r e s e n t e d  h e r e  are based on r e s u l t s  

ob ta ined  from 19 i n d i v i d u a l  E L I S A ' s  performed ove r  a p e r i o d  

of s e v e r a l  months. As d e t e c t o r  a n t i g e n ,  f o u r  separate b a t c h  

p r e p a r a t i o n s  of a ca rbohydra t e - r i ch  f r a c t i o n  from a f f i n i t y  chro-  

matography (BF) were used .  Each t e s t  inc luded  5 r e f e r e n c e  pos i -  

t i v e  and 5 r e f e r e n c e  n e g a t i v e  sera whose mean A v a l u e s  and s t a n -  

dard d e v i a t i o n s  were used  t o  moni tor  t h e  performance of  t h e  assay. 

I n  any g iven  expe r imen t ,  a maximum of 30 tes t  sera were a n a l y s e d  

on a s i n g l e  p l a t e ;  a t o t a l  of 230 sera were sc reened .  

I n  a p re l imina ry  s t u d y  i t  was found tha t  t h e  a b s o l u t e  d i f f e r -  

ence between d u p l i c a t e  A r e a d i n g s  tended  t o  i n c r e a s e  rough ly  

p r o p o r t i o n a t e l y  t o  t h e  s i z e  of t h e  r e a d i n g s .  Accord ingly ,  a l l  

t h e  A r e a d i n g s  were t ransformed t o  loga r i thms  ( t o  t h e  base  10 )  

be fo re  f u r t h e r  a n a l y s i s .  Using t h e  t ransformed da ta ,  an  estima- 

t e d  s t a n d a r d  d e v i a t i o n  (SD) was o b t a i n e d  f o r  each  exper iment  

from t h e  mean v a l u e s  f o r  the n e g a t i v e  sera. Two of t h e  19  e x p e r i -  

ments gave much h ighe r  v a r i a b i l i t i e s  t h a n  t h e  res t .  The  remain- 

i n g  17 exper iments  gave SDs which were c o n s i s t e n t  w i t h  a t r u e  

va lue  of 0 .112 on the l o g  s c a l e .  10 

The v a r i a b i l i t y  between n e g a t i v e  s e r a  p rov ides  t h e  b a s i c  

y a r d s t i c k  by which an  unknown serum may be assessed. I t  can  
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172 HEARN ET AL. 

only  be very  imprec i se ly  estimated i n  a s i n g l e  expe r imen t ,  and 

i t  was dec ided  t h a t  t h e  t r u e  v a l u e  of 0.112 shou ld  be used  f o r  

each  subsequent  experiment provided  t h a t  t h e  estimated S D  f o r  

t h a t  experiment was n o t  t o o  l a r g e .  A s u i t a b l e  upper  l i m i t  o f  

0.180 f o r  an SD o b t a i n e d  from 5 n e g a t i v e  sera was c a l c u l a t e d  

by m u l t i p l y i n g  0.112 by t h e  squa re  r o o t  of  t h e  95% v a l u e  of the  

a p p r o p r i a t e  F d i s t r i b u t i o n  ( =  1.61). T h i s  r u l e d  Q3t as a b e r r a n t  

2 experiments w i t h  SD v a l u e s  of 0.235 and 0.259; 17 exper iments  

had accep tab le  SDs w i t h  r e a d i n g s  < 0.180. 

With t h i s  methodology, a t e s t  serum may be a s s e s s e d  as pos i -  

t i v e  i f  i t s  mean l o g  A va lue  exceeds  m + k x 0.112, where m is  

t h e  mean of t h e  n e g a t i v e  s e r a  in t h e  r e l e v a n t  exper iment  and 

k is a s u i t a b l e  numer ica l  f a c t o r .  To o b t a i n  a f a l s e - p o s i t i v e  

r a t e  of p % ,  k should  be t h e  cor responding  q u a n t i l e  of t h e  Normal 

d i s t r i b u t i o n  m u l t i p l i e d  by (1 t l / n ) ’ ,  where n is t h e  number 

of nega t ive  sera. Noting t h a t  a one-sided q u a n t i l e  is a p p r o p r i a t e ,  

t h e  va lue  of k f o r  p = 5%, n = 5 is 1.645 x (6/5)’ = 1.802. 

Thus, sera whose mean l o g  A v a l u e s  exceed the  mean of t h e  n e g a t i v e  

s e r a  by 1.802 x 0.112 = 0.202 may be a s s e s s e d  as p o s i t i v e .  , 

For t h i s  method t o  be s a t i s f a c t o r y ,  i t  is desirable  t h a t  

t h e  mean l o g  A v a l u e s  f o r  known p o s i t i v e  sera should  exceed t h e  

mean f o r  n e g a t i v e  sera by an  adequate  margin.  The r a t i o s  between 

t h e  mean A v a l u e s  of 5 r e f e r e n c e  p o s i t i v e  and 5 r e f e r e n c e  n e g a t i v e  

sera was measured f o r  each  of  t h e  17 exper iments  ( F i g .  1). T h i s  
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ELISA SYSTEM COMPARISON 173 

OD's POS/NEG SERA (log scale) 

FIGURE 1 R a t i o s  of  Reference  P o s i t i v e  t o  Reference  Nega t ive  
S e r a  i n  an ELISA System (each  r a t i o  was d e r i v e d  from t h e  mean 
A v a l u e  of  5 p o s i t i v e  and 5 n e g a t i v e  sera) .  

s u g g e s t s  t h a t  f o r  a s a t i s f a c t o r y  expe r imen t ,  t h e  r a t i o  s h o u l d  

exceed 5 ,  co r re spond ing  t o  a d i f f e r e n c e  of  0.7 on t h e  l o g  s c a l e .  

Rather t h a n  a s imple  d i s c r i m i n a t i o n  i n t o  p o s i t i v e  and  n e g a t i v e ,  

a serum can  be a l l o t t e d  a q u a n t i t a t i v e  s c o r e  g i v i n g  i t s  d i f f e r e n c e  

from t h e  n e g a t i v e  mean i n  S D  u n i t e .  Because o f  t h e  small refer-  

ence  sample ,  a l lowance  f o r  t h e  u n c e r t a i n t y  i n  the  n e g a t i v e  mean 

is made by c a l c u l a t i n g  

tes t  l o g  A - mean n e g a t i v e  l o g  A 

0.123 
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174 HEARN ET AL. 

i where t h e  denominator is 0.112 x (6/5) . A s c o r e  g r e a t e r  t h a n  

+ 1.645 corresponds  t o  a p o s i t i v e  serum on the  s i m p l e r  c l a s s i f i -  

c a t i o n .  A r e p r e s e n t a t i v e  exper iment  is shown (Table 1). 

Using t h i s  method of q u a n t i t a t i o n ,  t h e  s c o r e s  from 230 serum 

specimens were compared w i t h  t h e  c o a r s e r  t i t r e s  o b t a i n e d  from 

parallel  exper iments  u s i n g  the  t echn iques  of  C I E  and DD ( F i g s .  

2 and 3 ) .  The m a j o r i t y  of t h e  specimens which gave a s t r o n g  

r e a c t i o n  on C I E  ( i . e .  t i t r e  of 1:8 or g r e a t e r )  showed a c o r r e s -  

pondingly h igh  va lue  on ELISA. I n  t h i s  group of 34 sera,  94% 

gave SDU v a l u e s  > 1.65 (k., two p a t i e n t s  gave n e g a t i v e  r e a d i n g s ) .  

The weak-moderate ( t i t r e s  of 1:2 t o  1:4) group of p a t i e n t s  ( t o t a l  

of 16) had a mean v a l u e  of 4.3 S D U s ,  w i t h  100% g i v i n g  a n  SDU 

va lue  of > 1.65. The t r a c e - p o s i t i v e  ( u n d i l u t e d  serum) group 

of p a t i e n t s  ( t o t a l  o f  8) had a mean va lue  of 2.7; 75% of  t h i s  

group gave p o s i t i v e  SDU v a l u e s .  The number of sera which gave 

n e g a t i v e  r ead ings  on C I E  was ve ry  l a r g e  ( t o t a l  o f  82); of t h e s e ,  

on ly  48% were co r re spond ing ly  n e g a t i v e  on ELISA. The mean v a l u e  

for t h e  nega t ive  group was 1.65 S D U s .  

On DD,  where 24 s e r a  showed themselves  s t r o n g l y - p o s i t i v e ,  

100% had SDU v a l u e s  > 1.65, of t h e  very  l a r g e  weak-moderate group 

( t o t a l  of 104), 74 samples or 71% were p o s i t i v e  by ELISA. O f  

t h e  30 samples which were n e g a t i v e  by ELISA, 28 of these were 

a l s o  nega t ive  by C I E  w i t h  2 specimens which gave a p o s i t i v e  r e s u l t  

on ly  when tested u n d i l u t e d .  I n  t h e  t r a c e - p o s i t i v e  group ( t o t a l  

of lo), only  20% were p o s i t i v e  on ELISA and a l s o  on C I E .  I n  
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ELISA SYSTEM COMPARISON 175 

TABLE 1 

R e a c t i v i t y  i n  an ELISA System of IgG Class Ant ibodies  t o  Aspergil-  
l u s  fumigatus i n  P a t i e n t s '  S e r a  Expressed as S tanda rd  Dev ia t ion  

Un i t s  (SDU) R e l a t i v e  t o  a Reference P o s i t i v e  Sample 

Sample Mean Value 
( loglo A )  

P a t i e n t  1 -0.185 

2 -0.347 

3 -0.409 

4 to. 156 

5 -0.588 

r e f .  neg. -0.726 i 118' 

r e f .  pos. t0.114 i .085* 

- SDUs** Form i n  which r e s u l t s  are+ 
r e p o r t e d  t o  t h e  c l i n i c i a n  
( a )  (b) 

4.4 4.4 SD u n i t s  = moderate 

3.1 3.1 11 = moderate 

2.6 2.6 11 1' = t r a c e  

7.2 11 11 E s t r o n g  7 -2 

1.1 1.1 11 = n e g a t i v e  

6.8 6.8 11 11 I p o s i t  i v e  
c o n t r o l  

r a t i o  pos . /  
neg. 6.9 

* Standard  d e v i a t i o n  

** Standard  Devia t ion  Un i t s  

+ Readings < 1.65 = n e g a t i v e ;  1.65-3.0 u n i t s  = t r a c e ;  3.0- 

5.0 = weak/moderate; > 5.0 u n i t s  = a t rpng .  P o s i t i v e  

c o n t r o l  = mean va lue  ob ta ined  for 5 p o s i t i v e  refer- 

ence sera inc luded  i n  each  tes t .  
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FIGURE 2 Comparison of ELISA and C I E  Resu l t s  obtained wi th  
Pat i ent s '  Sera .  The arrow i n d i c a t e s  the  cut -o f f  po in t  between 
p o s i t i v e  and negat ive  samples .  
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FIGURE 3 Comparison of ELISA and DD Results o b t a i n e d  w i t h  
P a t i e n t s '  S e r a .  The arrow i n d i c a t e s  t h e  c u t - o f f  p o i n t  between 
p o s i t i v e  and n e g a t i v e  samples. 
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178 HEARN ET AL. 

a group of 92 s e r a ,  n e g a t i v e  on DD, on ly  52% were cor respondingly  

nega t ive  on ELISA.  

\ S e r a  which gave SDU v a l u e s  > 5.0 but  w i t h  t i t r e s  < 1:8 on 

C I E  ( t o t a l  of 1 4 )  were no t  i n v e s t i g a t e d  f u r t h e r .  Sera w i t h  t i t r e s  

of 1:8 on C I E  which gave e i t h e r  low SDU v a l u e s  or n e g a t i v e  read- 

ings  ( t o t a l  of 3 )  on ELISA when t h e  BF f r a c t i o n  was used as de tec -  

t o r  a n t i g e n ,  were re-tested w i t h  two a d d i t i o n a l  a n t i g e n i c  prepara-  

t i o n s .  These were the  water -so luble  components from t o t a l ,  f r a g -  

mented mycelium (WS) and a f r a c t i o n  ob ta ined  from t h i s  material 

by i s o e l e c t r i c f o c u s i n g  ( f r a c t i o n  c ) .  Serum from a p a t i e n t ,  d i ag -  

nosed as a c a s e  of o l d  TB, which showed a low l e v e l  (2 .3  SDUs) 

of a n t i b o d i e s  w i t h  the BF a n t i g e n ,  showed a h igh  l e v e l  (6 .5  Sir)US) 

when t e s t e d  w i t h  f r a c t i o n  c .  The s t a t u s  of t h e  nega t ive  c a s e s  

(one a dyspnoea p a t i e n t ,  o n e . a n  asthma p a t i e n t )  remained unchanged 

DISCUSSION 

S t u d i e s  which assess t h e  r e l i a b i l i t y  of t h e  d i f f e r e n t  methods 

used t o  d e t e c t  s i g n i f i c a n t  serum l e v e l s  of an t ibody t o  funga l  

pathogens a r e  of cons ide rab le  importance.  T h e r e  have been a number 

of r e p o r t s  which document a marked i n c r e a s e  i n  t h e  rate of de t ec -  

t i o n  of A s p e r g i l l u s  a n t i b o d i e s  i n  p a t i e n t s  w i t h  a s p e r g i l l o s i s ,  

when ELISA was compared wi th  the more conven t iona l  methods of 

C I E  and DD ( 4 ,  6 ,  7 ) .  

of Edwards ( 1 7 )  was used t o  d e t e c t  A. fumiga tus  a n t i b o d i e s  i n  

both  DD and ELISA sys tems,  a group of 11 sera which gave OD v a l u e s  

I n  tests where t h e  double d i a l y s i s  a n t i g e n  
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a t  A > 1.00 ( a t  a d i l u t i o n  of 1 : l O O )  were a c t u a l l y  n e g a t i v e  

by DD (J. Evans, pe r sona l  communication).  On t h e  o t h e r  hand ,  

very  c l o s e  c o r r e l a t i o n  of r e s u l t s  was ob ta ined  from ELISA and 

492 

DD i n  t h e i r  a b i l i t y  t o  d e t e c t  A s p e r g i l l u s  a n t i b o d i e s  i n  a small 

group of asthma p a t i e n t s  ( 5 ) .  Eleven samples were n e g a t i v e  by 

both  t es t s ,  whi le  one of t h e  15  samples  which gave a p o s i t i v e  

r e s u l t  on DD gave a n e g a t i v e  r e a d i n g  i n  t h e  ELISA sys tem.  More 

r e c e n t l y ,  however, i n  ano the r  s t u d y  of c h r o n i c  asthma s u f f e r e r s ,  

t h e s e  a u t h o r s  c i t e  a group of 1 3  p a t i e n t s  who gave a p o s i t i v e  

p r e c i p i t i n  r e s u l t  on C I E ,  on ly  4 of whom gave a p o s i t i v e  r e a d i n g  

i n  t h e  ELISA ( 2 1 ) .  I n  an  e x t e n s i v e  s tudy  of  p a t i e n t s  w i t h  suspec-  

t e d  c a n d i d i a s i s ,  K o s t i a l a  El K o s t i a l a  ( 2 2 )  measured serum an t ibody  

l e v e l s  by ELISA, C I E  and DD. O f  26 serum samples which gave  a 

p o s i t i v e  r e a c t i o n  when t e s t e d  u n d i l u t e d  on DD,  54% were n e g a t i v e  

f o r  IgC on ELISA ( 4 2 %  were n e g a t i v e  f o r  a l l  c l a s s e s  of I g ) .  

They a l s o  found t h a t ,  of 21 s e r a  p o s i t i v e  on C I E  when t e s t e d  a g a i n s t  

myce l i a l  and somat ic  a n t i g e n s ,  24% were n e g a t i v e  on ELISA. Thus ,  

t h e r e  is no a b s o l u t e  c o r r e l a t i o n  between these t e c h n i q u e s ,  and 

t h i s  must be due i n  p a r t  t o  the  f a c t  t h a t  t h e y  measure d i f f e r e n t  

p h y s i c a l  phenomena. 

Our ELISA r e s u l t s  i n d i c a t e  tha t  t h e  t es t  i n  ou r  hands is 

cons ide rab ly  more s e n s i t i v e  t h a n  t h e  C I E  method, where o f  82 nega- 

t i v e  sera,  42 (or  51%)  were p o s i t i v e  by bo th  ELISA and DD. O f  

t h e  92 samples n e g a t i v e  on DD, 91% were a l s o  n e g a t i v e  by C I E ,  

w h i l e  on ly  52% were n e g a t i v e  i n  t h e  ELISA system. T h i s  s u p p o r t s  
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180 HEARN ET AL. 

t h e  g e n e r a l  consensus  t h a t  t h e  s e n s i t i v i t y  of  ELISA is much g r e a t e r  

than  e i t h e r  DD or CIE, and is due i n  part t o  t h e  enzyme "cascade" 

e f f e c t  of t h e  method. It  may a l s o  i n d i c a t e  t h e  predominance of  

non-p rec ip i t a t ing  a n t i b o d i e s  i n  some a s p e r g i l l o s i s  p a t i e n t s  (cf 

23). The absence of p r e c i p i t a t i n g  a n t i b o d i e s  is known t o  occur  

i n  c e r t a i n  c l i n i c a l  c o n d i t i o n s ,  i n c l u d i n g  sys t emic  lypus  erythema- 

t o s u s ,  where sera from a group of p a t i e n t s  p o s i t i v e  by t h e  F a r r  

tes t  gave no p r e c i p i t a t i o n  r e a c t i o n  on C I E  ( 2 4 ) .  

On t h e  o t h e r  hand, 29% of  samples which gave a p o s i t i v e  r e s u l t  

a t  a 1 : 2  or 1 : 4  d i l u t i o n  on DD were n e g a t i v e  on ELISA. C l i n i c a l  

d iagnoses  were of l i t t l e  u s e  i n  these c a s e s  because t h e  p a t i e n t s  

had suspec ted ,  b u t  n o t  proven a s p e r g i l l u s  involvement.  The d i s -  

crepancy may be due ,  i n  p a r t ,  t o  t h e  f a c t  t h a t  ELISA i n  our  system 

measured only  IgG. Some of t h e s e  an t igen-ant ibody r e a c t i o n s  may 

r e p r e s e n t  the  presence  i n  t h e s e  sera of p r e c i p i t a t i n g  a n t i b o d i e s  

of t h e  IgM c l a s s .  I t  is a l s o  p o s s i b l e  tha t  these sera may c o n t a i n  

predominantly low a f f i n i t y  a n t i b o d i e s  which have been r e p o r t e d  

t o  be l e s s  r e a d i l y  d e t e c t e d  than  h igh  a f f i n i t y  a n t i b o d i e s  i n  an  

ELISA sys tem (25). I n  a d d i t i o n ,  t h e  a n t i g e n s  used  i n  ELISA are 

mix tu res ,  and compe t i t i on  f o r  the  a v a i l a b l e  b ind ing  s i tes  on the  

suppor t  s u r f a c e  is known t o  occur  under these c i r cums tances  (26). 

The p o s s i b i l t y  e x i s t s  t h a t  some p a t i e n t s  may have a n t i b o d i e s  t o  

a n t i g e n s  no t  p r e s e n t  on the p l a s t i c  s u r f a c e  i n  l a r g e  enough prop- 

o r t i o n  t o  g i v e  a p o s i t i v e  r e a c t i o n .  T h i s  t h e o r y  has a l s o  been 

advanced by Kauffman e t  a l . ,  (23 )  i n  connec t ion  w i t h  t h e i r  f i n d i n g s  
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ELISA SYSTEM COMPARISON 18 1 

that a small group of p a t i e n t s  w i t h  suspec ted  a s p e r g i l l o s i s  ( n  

= 1 6 )  whose sera gave weak p r e c i p i t a t e s  on DD were n e g a t i v e  by 

ELISA. I n  t h i s  c o n t e x t ,  t h e  r e s u l t s  o b t a i n e d  by K o s t i a l a  El K o s t i a l a  

( 2 2 )  f o r  suspec ted  c a n d i d i a s i s  p a t i e n t s  are a l s o  of  i n t e r e s t .  

They r e p o r t e d  n e g a t i v e  r e s u l t s  by ELISA f o r  32% of  c a s e s  p o s i t i v e  

a t  a 1 :2  d i l u t i o n  on DD and f o r  17% of  c a s e s  p o s i t i v e  a t  a 1 : 4  

d i l u t i o n .  

I n  most of t h e s e  s t u d i e s ,  t h e  only  d i s t i n c t i o n  made was bet- 

ween p o s i t i v e  and n e g a t i v e  r e s u l t s .  Kauffman e t  a l . ,  on t h e  o t h e r  

hand, showed i n  g e n e r a l  t h a t  i n c r e a s i n g  numbers of p r e c i p i t a t i o n  

l i n e s  found by DD were s i g n i f i c a n t l y  r e l a t e d  w i t h  i n c r e a s i n g  IgG 

t i t r e s  on ELISA. However, t hey  a l s o  found t h a t  t h e  r e s u l t s  of 

t h e s e  two s e r o l o g i c a l  a s s a y s  on i n d i v i d u a l  sera may d e v i a t e  cons id-  

e r a b l y ,  one from t h e  o t h e r  (23). Sepulveda and h i s  co-workers 

a l s o  r e p o r t e d  a good c o r r e l a t i o n  between t h e  number of p r e c i p i t i n  

l i n e s  seen  on DD and absorbance  v a l u e s  i n  ELISA, when used  t o  

d e t e c t  a s p e r g i l l u s  a n t i b o d i e s  i n  c a s e s  of ABPA ( 6 ) .  However, 

i n  t h i s  t e s t ,  r e s u l t s  were s e l e c t e d  on the b a s i s  of  t h e  maximum 

number of l i n e s  d e t e c t e d  by any one of 5 d i f f e r e n t  b a t c h e s  of 

a n t i g e n  r e a c t e d  w i t h  each  test serum. I n  a d d i t i o n ,  t h e  p o s i t i v e /  

n e g a t i v e  cu t -of f  used  by these a u t h o r s ,  w h i l e  no t  e x p l i c i t l y  s ta ted,  

appea r s  from t h e i r  d a t a  t o  be set  immediately above the h i g h e s t  

n e g a t i v e  r e a d i n g  and may p o s s i b l y  i n c l u d e  false p o s i t i v e  r e s u l t s .  

The s e l e c t i o n  of c o n t r o l  n e g a t i v e  sera is of  paramount impor- 

t a n c e  because IgC a n t i b o d i e s  t o  a s p e r g i l l u s  can  be d e t e c t e d  i n  
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a h igh  p ropor t ion  of  normal i n d i v i d u a l s  (27, 28) .  The method 

of d i s c r i m i n a t i o n  between p o s i t i v e  and n e g a t i v e  is a c r u c i a l  f a c t o r  

i n  a des ign  for  t h e  a n a l y s i s  of ELISA data. I n  some o f  the  s t u d i e s  

referred t o  here, t h e  minimum p o s i t i v e  absorbance  was s e l e c t e d  

as t h e  mean n e g a t i v e  va lue  of a l a r g e  group of a p p a r e n t l y  h e a l t h y  

donors plus 2 s t a n d a r d  d e v i a t i o n s  of the  mean ( 7 ,  2 2 ,  2 3 ) .  T h i s  

method is r a r e l y  v a l i d  because  i t  assumes that ELISA v a l u e s  i n  

t h e  normal popu la t ion  are normally d i s t r i b u t e d  wh i l e  t h e y  a r e  

a c t u a l l y  d i s t r i b u t e d  w i t h  a p o s i t i v e  skew. T h e r e f o r e ,  t y p e  I 

e r r o r s  ( f a l s e  p o s i t i v e s )  can  occur  a t  p l u s  2 (and  p l u s  3 )  t h e  

s t anda rd  d e v i a t i o n  ( 9 ) .  Another procedure  is t o  set  t h e  minimum 

p o s i t i v e  responee  v a l u e  a t  plus 2 or p l u s  3 t h e  mean absorbance  

of a nega t ive  r e f e r e n c e  serum (4). T h i s  method is used  only  when 

small numbers of r e f e r e n c e  normal sera (< 10)  arc a v a i l a b l e ,  and 

is not  recommended because  of  i nadequa te  data (9). We have made 

allowance f o r  t h e  f a c t  that  t h e  mean n e g a t i v e  is s u b j e c t  t o  e r r o r ,  

by t h e  i n t r o d u c t i o n  of  a s u i t a b l e  c o r r e c t i o n  f a c t o r .  With t h i s  

system, w e  have found tha t  t h e  d i s t r i b u t i o n  of ELISA r e s u l t s  is 

e s s e n t i a l l y  a cont inuous  one wi thou t  a d i s c e r n i b l e  gap between 

h igh  and low r e a d i n g s .  A similar d i s t r i b u t i o n  was observed  in 

a p rev ious  s tudy  (141, when r e s u l t s  were p r e s e n t e d  as OD v a l u e s  

and compared w i t h  CIE t i t r e s .  Any c l a s s i f i c a t i o n  of sera i n t o  

p o s i t i v e  and n e g a t i v e  is thus bound t o  be an  a r b i t r a r y  one. 

It would appear, bo th  from our work and t h a t  of o t h e r s ,  t ha t  

no one t es t  is 100% reliable.  One of t h e  problems w i t h  DD-type 
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tests has been t h e  d i f f i c u l t y  i n  i n t e r p r e t a t i o n  of i l l - d e f i n e d  

and non- spec i f i c  p r e c i p i t i n  l i n e s  ( 6 ,  7 1 ,  w h i l e  t h e  d e t e r m i n a t i o n  

of c u t t - o f f  p o i n t s  and the problems of c r o s s - r e a c t i v i t y  p r e s e n t  

d i f f i c u l t i e s  w i th  ELISA. We have found t h a t ,  wh i l e  t h e r e  is an  

obvious c o r r e l a t i o n  between t h e  d i f f e r e n t  s e r o l o g i c a l  methods ,  

t h e  r e l a t i o n s  are not  p a r t i c u l a r l y  c l o s e .  T h i s  is h a r d l y  s u r p r i -  

s i n g ,  i n  ou r  view, g iven  t h a t  the  tests depend on d i f f e r e n t  p h y s i c a l  

phenomena and t h a t  measurements made on a cont inuous  s c a l e  (ELISA) 

are be ing  compared w i t h  doubl ing  d i l u t i o n  methods (DD and C I E ) ,  

which a r e  s e p a r a t e d  i n t o  groups on t h i s  basis. 

The method of e v a l u a t i o n  sugges t ed  h e r e  ea t i s f ies  s e v e r a l  

of t h e  c r i t e r i a  l i s t e d  i n  ( 9 ) .  R e s u l t s  a r e  p r e s e n t e d  on a c o n t i n -  

uous numer ica l  s c a l e ,  a t  a s i n g l e  serum d i l u t i o n  and r e l a t i v e  

t o  both  normal and p a t h o l o g i c a l  samples .  It  makes u s e  of t h e  

f a c t  t h a t  t h e  d e t e r m i n a t i o n s  w i l l  u s u a l l y  be done r o u t i n e l y ,  so 

t h a t  a long-term e s t i m a t e  of  expe r imen ta l  v a r i a b i l i t y  can  be u s e d ,  

wh i l e  i n c o r p o r a t i n g  ad jus tmen t s  fo r  changes i n  l e v e l  of absorbance  

and checks on t h e  s e n s i t i v i t y  and r e p r o d u c i b i l i t y  of  the  method. 

The b a s i c  s t a n d a r d  d e v i a t i o n  of the l o g  A v a l u e s  for n e g a t i v e  

sera, here t aken  t o  be 0.112, may va ry  from one l a b o r a t o r y  t o  

a n o t h e r ;  it can be r e -e s t ima ted  q u i t e  simply from expe r imen ta l  

data,  and updated  i f  d e s i r a b l e  from t h e  data o b t a i n e d  w h i l e  t h e  

a s say  i s  i n  r o u t i n e  u s e .  The r o u t i n e  i n c l u s i o n  of  a number of  

r e f e r e n c e  p o s i t i v e  and n e g a t i v e  sera which e a t i s f y  t h e  pa rame te r s  

o u t l i n e d  above o f f e r s ,  i n  g e n e r a l ,  t h e  most r e l i a b l e  estimate 
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of what constitutes a significant level of IgG antibodies in serum 

to Aspergillus antigens. That a number of false negative results 

may occur, possibly for one or more of the reasons outlined above, 

is a problem which merits further investigation. 
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