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

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

Veron ica  M. Hea rn ,  G . C .  Donaldson and M . J . R .  Healy' 
London School  of Hygiene and T r o p i c a l  Medicine 

Mycological  Re fe rence  L a b o r a t o r y  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 .  Glamorgan CF6 l X W ,  Wales, U . K .  

ABSTRACT 

A method i s  d e s c r i b e d  which assesses r e s u l t s  o b t a i n e d  from 
in  ELISA sys t em f o r  t h e  d e t e r m i n a t i o n  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  f u m i g a t u s .  The method 
i s  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  s a m p l e s ,  and 
s i g n i f i c a n t  a n t i b o d y  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 m o n i t o r e d  s i m u l -  
t a n e o u s l y  unde r  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  
i s  e x p r e s s e d  as t h e  a b s o r b a n c e  of  a c e r t a i n  d i l u t i o n  of  serum. 
D u p l i c a t e  s amples  were a n a l y s e d  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  o b t a i n e d  from a semi-automated ELISA 
m i c r o p l a t e  reader .  These  were e n t e r e d  i n t o  a computer  programmed 
t o  c o n v e 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 ca l e .  

I n  p a r a l l e l  e x p e r i m e n t s ,  ELISA r e s u l t s  were compared w i t h  
t h o s e  o b t a i n e d  by t h e  t e c h n i q u e s  of  counterimmunoelectrophoresis 
and doub le  d i f f u s i o n  which measure p r e c i p i t a t i n g  a n t i b o d y  of  
a l l  c l a s s e s .  A r e l a t i v e l y  good d e g r e e  of  c o r r e l a t i o n  between 
t e s t s  was found o n l y  among sera w i t h  a h i g h  l e v e l  of  a n t i b o d y .  

INTRODUCTION 

The u s e  of  an ELISA t e c h n i q u e  f o r  t h e  d e t e c t i o n  o f  A .  f umi -  

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 -  
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138 HEARN ET AL. 

t o r i e s  (1-8). I t s  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  s c r e e n i n g  of  serum samples  would be f a c i l i t a t e d  

if r e s u l t s  were e x p r e s s e d  as abso rbance  ( 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 w h i l e  i t  i s  t e c h n i c a l l y  s i m p l e  t o  p e r f o r m ,  t h e  

m u l t i p l e  s t e p s  i n v o l v e d  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  o f  assay p a r a m e t e r s  (10, 11). These 

are 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 t em 

( 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 g r o u p s  of  

sera g i v e s  an i n d i c a t i o n  o f  t h e  a c t u a l  amounts of  a n t i b o d y  p r e s -  

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  p e r m i t s  e v a l u a t i o n  

of  the  performance o f  t h e  assay. Based on e x p e r i m e n t a l  d a t a ,  

a minimum d i f f e r e n c e  between r e f e r e n c e  sera  i s  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  a s s e s s m e n t  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 .  T h e  A v a l u e s  are f ed  i n t o  t h e  computer  

where ,  by t h e  a p p l i c a t i o n  o f  a s u i t a b l e  f o r m u l a ,  t h e y  are  conve r -  

t e d  f rom 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 c o n t i n u o u s  

s c a l e .  

A number of  methods f o r  p r o c e s s i n g  and r e p o r t i n g  o f  ELISA 

da ta  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 s a t i s f i e s  a l l  c r i t e r i a ,  i n c l u d i n g  

t h e  one r e p o r t e d  here .  However, t h e  method a l l o w s  f o r  c o n t i n u d u s  

m o n i t o r i n g  o f  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  a t  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  of  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 o r  a n t i g e n  
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IMMUNOGLOBULIN G TO ASPERGILLUS FUMIGATUS 139 

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  t ime.  

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 r e d  c u l t u r e  

i n  n e u t r a l  g l u c o s e  pep tone  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  a f t e r  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 

used t o  t e s t  a l l  serum samples  on  counter immunoelec t rophores i s  

( C I E )  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 ( 1 4 ) .  Two peaks were o b t a i n e d ,  one o f  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  f o 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 me thy 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 umiga tue  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 G-75,  u s i n g  a pH g r a d i e n t  from 4-6.5. These bands 

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

g e n i c  a c t i v i t y  i n  an  ELISA s y s t e m ,  i n t o  th ree  f r a c t i o n s ,  G., 

a ,  b and c ( 1 5 ) .  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 a n g e  pH 5.5-6.5 (cf 1 6 ) .  
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140 HEARN ET AL. 

Human S e r a  

S e r a  were o b t a i n e d  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 -  

s is  and o t h e r  pulmonary d i s e a s e s  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 o c c u r .  A l l  gave p o s i t i v e  p r e c i p i t i n  t e s t s  on doub le -  

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

ence  p o s i t i v e  sera were human poo led  s a m p l e s ,  shown t o  have  h i g h  

a s p e r g i l l u s  t i t r e s  on CIE. Of t h e  n e g a t i v e  c o n t r o l  se ra ,  4 were 

from h e a l t h y  l a b o r a t o r y  p e r s o n n e l  and t h e  r e m a i n d e r  were pooled 

samples ,  r e c o r d e d  as n e g a t i v e  on CIE and ELISA. The sera were 

e i t h e r  s u b m i t t e d  t o  t h i s  l a b o r a t o r y  or d o n a t e d  by D r .  J .  Edwards,  

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

Doub le -d i f fus ion  

An t igens  f o r  d o u b l e - d i f f u s i o n  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  (Oxo id ,  B a s i n g s t o k e ,  Hamp- 

s h i r e ,  England)  a t  37OC f o r  14 d a y s  u s i n g  t h e  d o u b l e  d i a l y s i s  

method of  Edwards (17). 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 e a c h  used  i n  t h e  t e s t  a t  10 mg d r y  w t /  

m l .  Doub le -d i f fus ion  ( D D )  was done i n  1.5% (w/v) p u r i f i e d  a g a r  

( 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 i sod ium 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 e s t  employed a 1 . 2  mm l a y e r  

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

of 4 mm d i a m e t e r ,  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  o f  1 cm. An t igen  ( 1 2 . 5  pl) and a n t i s e r u m  (105 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
1
9
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



IMMUNOGLOBULIN G TO ASPERGILLUS FUMIGATUS 141 

p1) were a p p l i e d  t o  t h e  a p p r o p r i a t e  we l l s .  A maximum 2 day 

development  p e r i o d  a t  room t e m p e r a t u r e  was a l l o w e d  a n d ,  a f t e r  

washing and f i x i n g ,  t h e  g e l s  were s t a i n e d  w i t h  Naph tha lene  Black 

s o l u t i o n  ( 0 . 0 6 % ,  w/v) .  

Counterimmunoelectrophoresis 

I n  a 2 . 5  mm diameter wel l  5 p1 of  a n t i g e n  was a p p l i e d  w i t h  

1 5  pl of  p a t i e n t s '  serum i n  a 4.5 mm diameter w e l l  ( 1 8 ) .  A n t i g e n  

m i g r a t i o n  w a s  t owards  t h e  c a t h o d e .  Af te r  a p p l i c a t i o n  o f  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  a p p r o x i m a t e l y  1 . 5  h o u r s ,  t h e  s l i d e s  

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 

Ana lyses  were performed i n  p o l y s t y r e n e  mic ro t i t r e  p l a t e s  

(Dyna tech ,  P loch ingen ,Wes t  Germany),  e s s e n t i a l l y  as d e s c r i b e d  

i n  (19). 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 a n g e  was 10-3Opg  d r y  w t / m l ,  d epend ing  on the  b a t c h .  Each 

serum sample was a n a l y s e d  i n  d u p l i c a t e  a t  a d i l u t i o n  of  1 : 1 0 0 ,  

chosen on the  basis of  p r e v i o u s  e x p e r i m e n t s  ( 1 4 ) .  Each t e s t  

i n c o r p o r a t e d  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  s e ra  

I n  t h i s  se r ies  of  e x p e r i m e n t s ,  a t o t a l  of 10 p o s i t i v e  and 10 

n e g a t i v e  sera  were u s e d .  I n  a g i v e n  e x p e r i m e n t ,  any 5 of  e a c h  

g roup  were i n c l u d e d  as c o n t r o l s .  

The c o n j u g a t e  used  was g o a t  ant ihuman 1gG l i n k e d  t o  p e r o x i -  

dase (Miles L a b o r a t o r i e s ,  S l o u g h ,  B e r k s . ,  E n g l a n d ) ;  t h e  s u b s t r a t e  
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142 HEARN ET AL. 

was o-phenylenediamine.  The enzyme r e a c t i o n  was s t o p p e d  a f t e r  

30 minu tes  a t  room t e m p e r a t u r e  by t he  a d d i t i o n  o f  2N-H SO 2 4 '  

The abso rbance  ( A  v a l u e s  were read i n  a T i t e r t e k  M u l t i s k a n  

Spec t ropho tomete r  (Organon T e k n i k a ,  S t .  N e o t s ,  Cambs . ,  E n g l a n d ) ,  

at A492 nm ( 1 4 ) .  

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

p l e s  t o  t h e  wells v a r i e d  a c c o r d i n g  t o  t h e  e x p e r i m e n t a l  d e s i g n .  

Both c o n j u g a t e  and s u b s t r a t e  c o n t r o l s  s h o u l d  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  t he  BF a n t i g e n  a mean A = 0.12  5 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 .  D u p l i c a t e  t e s t  samples which 

showed wide d i s c r e p a n c i e s  were repea ted .  The u n c o r r e c t e d  A 

r e a d i n g s  and c l i n i c a l  d e t a i l s  of  t h e  sera  were u s e d  as data 

f o r  a programme w r i t t e n  i n  B a s i c  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  d e t e r m i n e  

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 r ans fo rmed  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  

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

t h e  same time and u s e d  f o r  c o m p a r a t i v e  p u r p o s e s .  

RESULTS 

The e x p e r i m e n t a l  da ta  p r e s e n t e d  here are based on r e s u l t s  

o b t a i n e d  from 19 i n d i v i d u a l  E L I S A ' s  performed o v e r  a p e r i o d  

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

p r e p a r a t i o n s  of a c a r b o h y d r a t e - r i c h  f r a c t i o n  from a f f i n i t y  c h r o -  

matography ( B F )  were used .  Each t e s t  i n c l u d e d  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 whose mean A v a l u e s  and s t a n -  
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IMMUNOGLOBULIN G TO ASPERGILLUS FUMIGATUS 14  3 

d a r d  d e v i a t i o n s  were u s e d  t o  m o n i t o r  t h e  pe r fo rmance  o f  t he  a s s a y .  

I n  any g i v e n  e x p e r i m e n t ,  a maximum o f  30 t e s 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 s c r e e n e d .  

I n  a p r e l i m i n a r y  s t u d y  i t  was found  t h a 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  t e n d e d  t o  i n c r e a s e  r o u g h l y  

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 .  A c c o r d i n g l y ,  a l l  

t h e  A r e a d i n g s  were t r a n s f o r m e d  t o  l o g a r i t h m s  ( t o  t h e  base 1 0 )  

b e f o r e  f u r t h e r  a n a l y s i s .  Using t h e  t r a n s f o r m e d  da t a ,  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  e a c h  expe r imen t  

from t h e  mean v a l u e s  f o r  t h e  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 i g h e r  v a r i a b i l i t i e s  t h a n  t h e  r e s t .  The r ema in -  

i n g  17 e x p e r i m e n t s  gave SDs which were c o n s i s t e n t  w i t h  a t r u e  

v a l u e  o f  0.112 on t h e  l o g l o  s c a l e .  

The v a r i a b i l i t y  between n e g a t i v e  sera p r o v i d e s  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. It can  

o n l y  be v e r y  i m p r e c i s e l y  estimated i n  a s i n g l e  e x p e r i m e n t ,  and  

i t  was d e c i d e d  t h a t  t h e  t r u e  v a l u e  o f  0 .112  s h o u l d  be used  f o r  

each  subsequen t  expe r imen t  p r o v i d e d  t h a t  t h e  estimated SD f o r  

t h a t  expe r imen t  was n o t  t o o  l a r g e .  A s u i t a b l e  u p p e r  l i m i t  of  

0.180 f o r  a n  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  s q u a r e  r o o t  of  t h e  95% v a l u e  o f  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 . 6 1 ) .  T h i s  r u l e d  o u t  as a b e r r a n t  

2 e x p e r i m e n t s  w i t h  SD v a l u e s  of  0 .235 and 0.259;  17 e x p e r i m e n t s  

had a c c e p t a b l e  SDs w i t h  r e a d i n g s  < 0 .160 .  

W i t h  t h i s  me thodo logy ,  a t e s t  serum may be  assessed as p o s i -  

t i v e  i f  i ts  mean l o g  A v a l u e  e x c e e d s  m t k x 0.112,  where m i s  
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HEARN ET AL. 144 

t h e  mean of  t h e  n e g a t i v e  sera  i n  t h e  r e l e v a n t  expe r imen t  and 

k is a s u i t a b l e  numer i ca 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  o f  p % ,  k shou ld  be t h e  c o r r e s p o n d i n g  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 n e g a t i v e  sera.  No t ing  t h a t  a one - s ided  q u a n t i l e  is a p p r o p r i a t e ,  

t h e  v a l u e  of  k f o r  p = 5 % ,  n = 5 i s  1.645 x ( 6 / 5 ) ’  = 1 .802 .  

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

sera by 1.802 x 0.112 = 0.202 may be assessed 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  des i rab le  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  s h o u l d  exceed  t h e  

mean f o r  n e g a t i v e  sera by an  a d e q u a t e  marg in .  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  e a c h  of t h e  17 e x p e r i m e n t s  ( F i g .  1 ) .  T h i s  

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  e x p e r i m e n t ,  t h e  r a t i o  s h o u l d  

exceed 5 ,  c o r r e s p o n d i n g  t o  a d i f f e r e n c e  o f  0 .7  on t h e  l o g  s c a l e .  

Ra the r  t h a n  a s i m p l e  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 s .  Because of  t h e  small r e f e r -  

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

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

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

0.123 

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

+ 1.645 c o r r e s p o n d s  t o  a p o s i t i v e  serum on t h e  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  expe r imen t  is shown ( T a b l e  1 ) .  
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IMMUNOGLOBULIN G TO ASPERGILLUS FUMIGATUS 145 

FIGURE 1 R a t i o s  of  Re fe rence  P o s i t i v e  t o  R e f e r e n c e  N e g a t i v e  
S e r a  i n  a n  ELISA System ( e a c h  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  s e r a ) .  

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 

p a r a l l e l  e x p e r i m e n t s  u s i n g  t h e  t e c h n i q u e s  o f  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  spec imens  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 o r  g r e a t e r )  showed a c o r r e s -  

pond ing ly  h i g h  v a l u e  on ELISA. I n  t h i s  g roup  of  34 se ra ,  94% 

gave  SDU v a l u e s  > 1 .65  (G., 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 res  of  1 : 2  t o  1:4) group  of  p a t i e n t s  ( t o t a l  

of 1 6 )  had a mean v a l u e  of 4 .3  SDUs, w i t h  100% g i v i n g  an  SDU 

v a l u e  of > 1 . 6 5 .  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  of  8 )  had a mean v a l u e  of  2 . 7 ;  75% o f  t h i s  
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146 HEARN ET AL. 

TABLE 1 

R e a c t i v i t y  i n  an ELISA System of IgG Clans Ant ibodies  t o  Asperg i l -  
l u e  fumigatus  i n  P a t i e n t s '  S e r a  Expressed as Standard  Deyia t ion  

Uni t s  ( S D U )  R e l a t i v e  t o  a Reference P o s i t i v e  Sample 

Sample Mean Value - SDUs** Form i n  which r e s u l t s  are+ 
( log lo  A )  r e p o r t e d  t o  t h e  c l i n i c i a n  

( a )  ( b )  

P a t i e n t  1 -0.185 4.4 4.4 SD u n i t s  = moderate 

2 -0.347 3.1 3.1 11 11 = moderate 

3 -0.409 2.6 2.6 1' = t r a c e  

4 t0.156 7.2 7.2 0' It  P s t r o n g  

5 -0.586 1.1 1.1 " 'I = n e g a t i v e  

r e f ,  neg.  -0.726 L 118* 

r e f .  pos.  t0.114 5 .085* 6.0 

r a t i o  pos. /  
neg. 6.9 

6.8 1' 1' = p o e i t i v e  
c o n t r o l  

~~ ~~ ~- 

* S t a n d a r d  d e v i a t i o n  

** Standard Deviat ion Uni 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 = w e a k h o d e r a t e ;  > 5.0 u n i t s  = s t r o n g .  P o s i t i v e  

c o n t r o l  = mean va lue  obta ined  f o r  5 p o s i t i v e  r e f e r -  

ence sera inc luded  i n  each t e s t .  
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FIGURE 2 Comparison of  E L I S A  and C I E  R e s u l t s  o b t a i n e d  w i t h  
P a t i e n t s '  Sera.  The a r r o w  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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FIGURE 3 Comparison o f  ELISA and DD R e s u l t s  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  the  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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group  gave p o s i t i v e  S D U  v a l u e s .  T h e  number o f  sera which gave  

n e g a t i v e  r e a d i n g s  on C I E  was v e r y  l a r g e  ( t o t a l  o f  8 2 ) ;  o f  t hese ,  

on ly  48% were c o r r e s p o n d i n g l y  n e g a t i v e  on ELISA. The mean v a l u e  

f o r  t h e  n e g a t i v e  g roup  was 1 .65  S D U s .  

On D D ,  where 2 4  sera  showed t h e m s e l v e s  s t r o n g l y - p o s i t i v e ,  

100% had S D U  v a l u e s  > 1 . 6 5 ,  o f  t h e  v e r y  l a r g e  weak-moderate g r o u p  

( t o t a l  of  1 0 4 ) ,  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  n e g a t i v e  by C I E  w i t h  2 spec imens  which gave  a p o s i t i v e  r e s u l t  

o n l y  when t e s t e d  u n d i l u t e d .  I n  t he  t r a c e - p o s i t i v e  g roup  ( t o t a l  

of  l o ) ,  o n l y  20% were p o s i t i v e  on ELISA and a l s o  on C I E .  In 

a g roup  of  92 se ra ,  n e g a t i v e  on D D ,  o n l y  52% were c o r r e s p o n d i n g l y  

n e g a t i v e  on ELISA. 

S e r a  which gave S D U  v a l u e s  3 5 . 0  b u t  w i t h  t i t r e s  < 1 :8  on 

C I E  ( t o t a l  o f  1 4 )  were n o 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 S D U  v a l u e s  o r  n e g a t i v e  r e a d -  

i n g s  ( 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  d e t e c -  

t o r  a n t i g e n ,  were re - tes ted  w i t h  two a d d i t i o n a l  a n t i g e n i c  p r e p a r a -  

t i o n s .  These  were t h e  w a t e r - s o l u b l e  components f rom t o t a l ,  f r a g -  

mented mycelium (WS) and a f r a c t i o n  o b t a i n e d  from t h i s  mater ia l  

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 a g -  

nosed as a case of  o l d  T B ,  which showed a low l e v e l  ( 2 . 3  S D U s )  

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

when t e s t ed  w i t h  f r a c t i o n  c .  The s t a t u s  of  t h e  n e g a t i v e  c a s e s  

(one  a dyspnoea p a t i e n t ,  one an  asthma p a t i e n t )  r ema ined  unchanged.  
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DISCUSSION 

S t u d i e s  which a88888 t h e  r e l i a b i l i t y  o f  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  o f  a n t i b o d y  t o  f u n g a l  

pathogens a r e  of  c o n s i d e r a b l e  i m p o r t a n c e .  The re  have  been a number 

of  r epor t s  which document a marked i n c r e a s e  i n  t h e  r a t e  o f  d e t e c -  

t i o n  o f  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 w i t h  t h e  more c o n v e n t i o n a l  methods of  

C I E  and DD ( 4 ,  6 ,  7 ) .  I n  t e s t s  where t h e  d o u b l e  d i a l y s i s  a n t i g e n  

of Edwards (17) was used  t o  d e t e c t  A .  fum1p;atus a n t i b o d i e s  i n  

bo th  DD and ELISA systems,  a g roup  o f  11 sera  w h i c h  gave  O D  v a l u e s  

a t  A492  > 1.00 ( a t  a d i l u t i o n  of  1:lOO) were a c t u a l l y  n e g a t i v e  

by DD ( J .  Evans,  p e r s o n a l  communica t ion ) .  On t h e  o t h e r  h a n d ,  

ve ry  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 o b t a i n e d  from ELISA and 

DD i h  t h e i r  a b i l i t y  t o  de t ec 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 

bo th  t e s t s ,  w h i l e  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 s y s t e m .  More 

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

these a u t h o r s  c i t e  a g roup  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 ,  o n l y  4 o f  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 t u d y  o f  p a t i e n t s  w i t h  s u s p e c -  

t e d  c a n d i d i a s i d ,  K o s t i a l a  & K o s t i a l a  (22) measured serum a n t i b o d y  

l e v e l s  by ELISA, C I E  and DD. Of 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 ed  u n d i l u t e d  on D D ,  54% were n e g a t i v e  

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

They a l s o  found tivat, of  2 1  sera 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  

m y c e l i a l  and s o m a t i c  a n t i g e n s ,  2 4 %  were n e g a t i v e  on ELISA. T h u s ,  
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t he re  i s  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  t h e  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  t h a t  t h e  t e s t  i n  o u r  hands  i s  

c o n s i d e r a b l y  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  

t h e  92 samples  

w h i l e  o n l y  52% 

o r  5 1 % )  were p o s i t i v e  by b o t h  ELISA and DD. Of 

n e g a t i v e  on D D ,  91% were a l s o  n e g a t i v e  by C I E ,  

were n e g a t i v e  i n  t h e  E L I S A  sys t em.  T h i s  a u p p o r t s  

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 i s  much g r e a t e r  

t h a n  e i t h e r  DD o r  C I E ,  and is  due i n  p a r t  t o  t h e  enzyme " c a s c a d e "  

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

n o n - p r e c i p i t a t i n g  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  

2 3 ) .  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  i e  known t o  o c c u r  

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  s y s t e m i c  l y p u s  e ry thema-  

t o s u s ,  where s e r a  from a g roup  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  

t e s 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  o r  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 i a g n o s e s  were of l i t t l e  u s e  i n  t hese  c a s e s  b e c a u s e  t h e  p a t i e n t s  

had s u s p e c t e d ,  b u t  n o t  proven a s p e r g i l l u s  invo lvemen t .  The d i s -  

c r epancy  may be d u e ,  i n  p a r t ,  t o  t h e  f a c t  t h a t  ELISA i n  o u r  sys t em 

measured o n l y  IgG. Some of  these a n t i g e n - a n t i b o d y  r e a c t i o n s  may 

r e p r e s e n t  t h e  p r e s e n c e  i n  these 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  i s  a l s o  p o s s i b l e  t h a t  t h e s e  sera may c o n t a i n  

p redominan t ly  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 less  r e a d i l y  d e t e c t e d  t h a n  h i g h  a f f i n i t y  a n t i b o d i e s  i n  an  
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ELISA system ( 2 5 ) .  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 

m i x t u r e s ,  and c o m p e t i t i o n  f o r  t h e  a v a i l a b l e  b i n d i n g  s i tes  on t h e  

s u p p o r t  s u r f a c e  is  known t o  o c c u r  unde r  these  c i r c u m s t a n c e s  ( 2 6 ) .  

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  n o t  p r e s e n t  on t h e  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  h a s  a l s o  been 

advanced by Kauffman e t  a l . ,  ( 2 3 )  i n  c o n n e c t i o n  w i t h  t h e i r  f i n d i n g s  

t h a t  a small g roup  of  p a t i e n t s  w i t h  s u s p e c t e d  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  & K o s t i a l a  

( 2 2 )  f o r  s u s p e c t e d  c a n d i d i a s i s  p a t i e n t s  are a l s o  o f  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% o f  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% o f  cases 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 these s t u d i e s ,  t h e  o n l y  d i s t i n c t i o n  made was b e t -  

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 o f  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 E L I S A .  However, t h e y  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  assays on i n d i v i d u a l  sera may d e v i a t e  c o n s i d -  

e r a b l y ,  one from t h e  o t h e r  ( 2 3 ) .  Sepu lveda  and h i s  co-worker8 

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 o f  p r e c i p i t i n  

l i n e s  s e e n  on DD and abso rbance  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 selected on t h e  basis of  t h e  maximum 

number of  l i n e s  d e t e c t e d  by any one  o f  5 d i f f e r e n t  b a t c h e s  of  
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a n t i g e n  r e a c t e d  w i t h  each t e s t  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  c u t - o f f  u sed  by t h e s e  a u t h o r s ,  w h i l e  n o t  e x p l i c i t l y  s t a t e d ,  

a p p e a r s  f rom t h e i r  d a t a  t o  be s e t  immedia t e ly  above t h e  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  f a l s e  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 i s  of paramount impor- 

t a n c e  because  IgG 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  

a h i g h  p r o p o r t i o n  of  normal i n d i v i d u a l s  ( 2 7 ,  28 

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  

i n  a d e s i g n  f o r  t h e  a n a l y s i s  of  E L I S A  d a t a .  I n  

. The method 

i s  a c r u c i a l  f a c t o r  

some of  t h e  s t u d i e s  

r e f e r r e d  t o  he re ,  t h e  minimum p o s i t i v e  a b s o r b a n c e  was s e l e c t e d  

as t h e  mean n e g a t i v e  v a l u e  of  a l a r g e  g roup  of  a p p a r e n t l y  h e a l t h y  

donors  p l u s  2 s t a n d a r d  d e v i a t i o n s  of  t h e  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 t h a t  ELISA v a l u e s  i n  

t h e  normal p o p u l a t i o n  are  norma l ly  d i s t r i b u t e d  w h i l e  t h e y  are 

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  s k e w .  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  o c c u r  a t  p l u s  2 ( a n d  p l u s  3 )  t h e  

s t a n d a r d  d e v i a t i o n  ( 9 ) .  Ano the r  p r o c e d u r e  i s  t o  se t  t h e  minimum 

p o s i t i v e  r e s p o n s e  v a l u e  a t  p l u s  2 o r  p l u s  3 t h e  mean a b s o r b a n c e  

of a n e g a t i v e  r e f e r e n c e  serum ( 4 ) .  T h i s  method i s  u s e d  o n l y  when 

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

i s  n o t  recommended because  of  i n a d e q u a t e  data ( 9 ) .  We have  made 

a l lowance  f o r  t h e  f a c t  t h a t  t h e  mean n e g a t i v e  i s  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  o f  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  

sys t em,  we have found t h a 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  i s  

e s s e n t i a l l y  a c o n t i n u o u s  one w i t h o u 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 obse rved  i n  
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a p r e v i o u s  s t u d y  

and compared w i t h  

14), 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  

C I E  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  t h u s  bound t o  be a n  a r b i t r a r y  o n e .  

I t  would a p p e a r ,  b o t h  from our  work and t h a t  of  o t h e r s ,  t h a t  

no one t e s t  i s  100% r e l i a b l e .  One o f  t h e  problems w i t h  DD-type 

tes ts  h a s  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 n o n - s p e c i f i c  p r e c i p i t i n  l i n e s  ( 6 ,  7 ) ,  w h i l e  t he  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 t h e  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 t h  ELISA. We have found t h a t ,  whi le  there  i s  an  

obv ious  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  me thods ,  

t h e  r e l a t i o n s  are n o t  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  v i ew,  g i v e n  t h a t  t h e  t es t s  depend on d i f f e r e n t  p h y s i c a l  

phenomena and t ha t  measurements  made on a c o n t i n u o u s  s c a l e  (ELISA) 

a r e  b e i n g  compared w i t h  d o u b l i n g  d i l u t i o n  methods ( D D  and C I E ) ,  

which a r e  s e p a r a t e d  i n t o  g roups  on t h i s  b a s i s .  

The method of  e v a l u a t i o n  s u g g e s t e d  h e r e  s a t i s f i e s  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  are  p r e s e n t e d  3n a c o n t i n -  

uous numer i ca 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  b o t h  normal and p a t h o l o g i c a l  s amples .  It  makes u s e  o f  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 ,  s o  

t h a t  a long-term estimate o f  e x p e r i m e n t a l  v a r i a b i l i t y  can  be u s e d ,  

w h i l e  i n c o r p o r a t i n g  a d j u s t m e n t s  f o r  changes  i n  l e v e l  of  a b s o r b a n c e  

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  t h e  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  t h e  l o g  A v a l u e s  f o r  n e g a t i v e  

sera ,  h e r e  t a k e n  t o  be 0 .112 ,  may v a r y  from one l a b o r a t o r y  t o  

a n o t h e r ;  i t  can be r e - e s t i m a t e d  q u i t e  s imply  from e x p e r i m e n t a l  
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d a t a ,  and upda ted  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 s a y  is i n  r o u t i n e  u s e .  T h e  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 s a t i s f y  t h e  p a r a m e t e 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 

of  what c o n s t i t u t e s  a s i g n i f i c a n t  l e v e l  of  IgG a n t i b o d i e s  i n  serum 

t o  A s p e r g i l l u s  a n t i g e n s .  Tha t  a number of  f a l s e  n e g a t i v e  r e s u l t s  

may o c c u r ,  p o s s i b l y  f o r  one o r  more of  t h e  r e a s o n s  o u t l i n e d  a b o v e ,  

i s  a problem which merits f u r t h e r  i n v e s t i g a t i o n .  
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