
Acta virol. 37: 1-10, 1993 

DETECTION OF IgM ANTIBODIES AGAINST COXSACKIE B VIRUSES 
BY A WESTERN BLOT TECHNIQUE 

M. DEL R O S A R I O  ZUŇIGA,  J. RE1CHARDT, W .  B R A U N ,  B. W E B E R ,  H. W .  DOERR 

Klinikům d e r  J o h a n n  W o l f g a n g  Goethe-Universitiit, Paul-Ehrlich Sir. 40, 6000 Frankfurt  a. M. 70, 
G e r m a n y  

Received January 30, 1992; revised April 13, 1992 

Summary. - W e  report the application of a modified Western blot 
(WB) micromethod basically relying on a diffusion-blotting techni­
q u e  (Modi-blot) combined with an immunological detection system 
using monoclonal antibodies and a biotinavidin amplification step 
for the  detection of IgM antibodies against coxsackieviruses B1 
(CBV1), CBV2 and CBV4. Fifty-one adult patients with clinical signs 
of coxsackievirus B infection (e. g. myocarditis and meningitis) were 
investigated. T h e  test revealed a total of 31 (60 %) IgM positives. T h e  
majority of IgM antibodies were group reactive (22/31). Type-specific 
antibodies could be  recognized in 9 cases (3 with CBV1,5 with CBV2 
and 1 with CBV4). T h e  highest rate of antibody prevalence was 
found in sera from patients with acute meningitis (12/14). Controls 
[healthy adults (n=13)  and individuals with other  infections (n=13)]  
were all negative for specific IgM against coxsackievirus BI, B2 and 
B4. Further W B  tests of 8 IgM positive specimens with coxsackie­
virus B4 revealed specific IgA responses in all cases, reinforcing the  
evidence for a recent infection. In addition, the patterns of IgG 
antibody subclasses, also investigated in this group, showed a clear 
predominance of specific IgG 1 and lgG3 antibodies. 

Key words: coxsackieviruses B; Western blot micromethod; immunoglo­
bulin (sub)classes; acute infection 

Introduction 

Conventional procedures for laboratory diagnosis of CBV infections, e. g. 
virus isolation supported by the  detection of a significant titer rise of virus-
specific IgG antibodies against the isolated agent o r  a prototype strain, have 
proven laborious and time-consuming. Moreover, in some instances, no  signifi­
cant humoral immune  response can be observed despite virus isolation (Poz-
zetto  et at., 1989), only o n e  serum sample is available o r  the specimens are taken 
too late (Enders  et a!., 1990). Considering these difficulties, alternative strategies 
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for a rapid diagnosis based on IgM antibody detection have been attempted 
(Pattison, 1983). Although almost all these techniques were based on the 
selective capture of /i-chain of human IgM (Bell et al., 1986; Enders et al., 1990; 
Frisk et al., 1989; King et al. 1983; Pugh, 1984), IgG competitive inhibition or 
interference with rheumatoid factors could not completely b e  eliminated 
(£hampsaur  et al., 1988). Moreover, those results vary in both specificity and 
sensitivity, and  a widespread use in a routine context failed d u e  to  high costs 
(Bell et al. 1986) or  other  technical limitations (Enders  et al., 1990). This  
communication reports t he  use of a Western blot microtechnique as a comple­
mentary diagnostic tool for t he  detection of IgM antibodies against coxsackievi­
ruses B in comparison with a /^-antibody capture ELISA. Assuming that IgM 
presumably persists for extended periods of t ime (Lennette  et al., 1961) and 
CBV-specific IgM could also be detected in healthy people, a verification of  
diagnosis with additional serological assays was carried out  by the  assesment of 
IgA (Angeretti et al., 1987; Sarov et al., 1984) and IgG antibody subclasses, which 
have already been introduced into different fields of serology (Doerr  et al, 1987). 

Materials and Methods 

Sera. T h e  s t u d y  inc luded  s ingle  s e r a  f r o m  pa t i en t s  ( n = 5 1 )  wi th  clinical m a n i f e s t a t i o n s  o f  su spec t ed  
C B V  et io logy [ m i n o r  febr i le  i l lnesses  ( n = 3 6 ) ,  men ing i t i s  ( n = 1 4 )  a n d  myocard i t i s  ( n = l ) ] .  All  s e r u m  
s a m p l e s  w e r e  t a k e n  t w o  t o  f i f t e en  d a y s  a f t e r  o n s e t  o f  d i sease .  T h e  s e r a  o b t a i n e d  f r o m  t h e  d iagnos t ics  
l abora tory  o f  t h e  D e p a r t m e n t  o f  Medica l  Virology,  Univers i ty  Cl in ics  o f  F r a n k f u r t  ( n = 2 9 ) ,  w e r e  
previous ly  t e s ted  f o r  speci f ic  I g M  agains t  C B V 1 ,  C B V 2  a n d  C B V 4  wi th  a r eve r se  E L I S A  accord ing  t o  
King  et al. (1983). F u r t h e r  s a m p l e s  ( n = 2 2 )  - a l so  t e s t ed  f o r  I g M  a n t i b o d i e s  w i t h  a ,u-ant ibody c a p t u r e  
E L I S A  - w e r e  o b t a i n e d  f r o m  t h e  M a x - v o n - P e t t e n k o f e r  Ins t i tu te ,  Univers i ty  o f  M u n i c h .  I n  add i t ion ,  
s e r u m  s p e c i m e n s  f r o m  13 hea l thy  a d u l t s  o f  t h e  labora tory  s ta f f  w e r e  inves t iga ted .  

T h e  specifici ty o f  t h e  W e s t e r n  b lo t  w a s  c o n f i r m e d  b y  assaying  s e r a  w i t h  k n o w n  t i ters  (1:10) o f  
neu t ra l i z ing  I g M  a n t i b o d i e s  speci f ic  f o r  C B V 2  ( n = l ) ,  C B V 4  ( n = l )  a n d  C A V 9  ( n = 3 )  a s  well  a s  
s e r u m  s a m p l e s  f r o m  10 pa t i en t s  wi th  o t h e r  viral in fec t ions .  T h e  la t ter  w e r e  seropos i t ive  f o r  I g M  
a n t i b o d i e s  aga ins t  d i f f e r e n t  viral a n t i g e n s  a s  previous ly  d e t e r m i n e d  in o u r  r o u t i n e  labora tory  
d iagnos t ics  by commerc i a l l y  avai lable E L I S A  tes ts .  T h e s e  v i ruses  w e r e  cy tomega lov i rus  ( n = 3 ) ,  
rube l l a  ( n = 4 )  a n d  Eps te in -Bar r  v i ruses  ( n = 3 ) .  

R e f e r e n c e  m o u s e  an t i se ra  ( m o u s e  a n t i s e r u m  t o  C B V 1 ,  C B 2  a n d  C B V 4 )  f r o m  a c o m m e r c i a l  s o u r c e  
( M A  Bioproduc t s ,  Mary l and )  w i t h  k n o w n  c o m p l e m e n t - f i x i n g  a n t i b o d y  t i te rs  (32) w e r e  u s e d  t o  
ident i fy  viral an t igens .  

Virus antigen and control antigen. F o r  o u r  s t udy ,  w e  u s e d  clinical i so la tes  o f  C B V 1 ,  C B V 2  a n d  
C B V 4  propaga ted  in H e L a  cel ls  wi th  in fec t ious  t i ters  o f  approx .  5 X 107 T C I D J 0 / m l .  In fec ted  cell  
c u l t u r e s  s h o w i n g  a n  ex tens ive  cy topa th ic  e f f ec t  w e r e  p rocessed  b y  t h r e e  cycles  o f  f r eeze - thawing  a n d  
s u b s e q u e n t l y  cen t r i fuged  a t  4000 x g f o r  5 m i n  t o  r e m o v e  cel lular  debr i s .  C o n t r o l  an t igen  w a s  m a d e  
us ing  u n i n f e c t e d  H e L a  cells t h a t  w e r e  p rocessed  identically.  

[•'sS]-methionine labelling of CBV4 capsid proteins. Radioac t ive  label l ing o f  t h e  viral p ro t e in s  w a s  
basically p e r f o r m e d  a s  desc r ibed  b y  C h a t t e r j e e  a n d  T u c h o w s k i  (1981). Briefly, c o n f l u e n t  m o n o l a y e r s  
o f  H e L a  cells g r o w n  in Eagle ' s  m i n i m a l  essent ia l  m e d i u m  ( M E M )  in a 175 c m 2  f lask w e r e  in fec ted  
wi th  v i rus  (5 T C I D j , ,  p e r  cell). A f t e r  o n e  h r  ad so rp t i on ,  t h e  m e d i u m  w a s  replaced b y  m e t h i o n i n e - f r e e  
M E M  s u p p l e m e n t e d  wi th  2 % foeta l  calf  s c r u m .  [ ' 1 5 S]-methionine  w a s  t h e n  a d d e d  3 h r  p .  i. a t  a f inal  
c o n c e n t r a t i o n  o f  2 0  / / C i / m l .  Label led  v i rus  w a s  ha rves ted  2 4  h r  p. i. a n d  pur i f ied  a s  desc r ibed  be low.  
F rac t ions  exh ib i t ing  radioactivity w e r e  p o o l e d  a n d  e l ec t ropho re sed .  
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Virus purification. V i r u s e s  w e r e  purif ied essentially a s  descr ibed b y  Chat ter jee  and  T u c h o w s k i  
(1981). Briefly, a f ter  ultracentrifugation, an  isopycnic centri fugation o f  t h e  pelleted v i r u s  in a l inear 
p r e f o r m e d  CsCl gradient  ( 1 . 2 - 1 . 4  g / m l )  at 150 000 x g f o r  3 hr  w a s  carried out .  Fractions containing 
non-labelled v i rus  antigen w e r e  then identif ied by  a sandwich ELISA a s  descr ibed b y  Katze and  
Crowell  (1980). T h e  protein content  w a s  then ad jus ted  to  80 /ug/ml. A l i q u o t s  w e r e  stored at - 2 0  " C  
until use .  

SDS-polyaciylamicle t;el electrophoresis (SDS-PAGE) w a s  per formed in t h e  PhastSystem Unit 
(Pharmacia) with 8-25 % (w/v) polyacrylamide gradient  ge l s  (PhastGcl gradient  8-25) and  PhastGel 
s a m p l e  applicators 12/0.3 (12 lanes, s a m p l e  v o l u m e  0.3 /íl/lane). A l i q u o t s  (10 n\) o f  purif ied v i rus  o r  
control antigen w e r e  s u s p e n d e d  in an equal  v o l u m e  o f  a twofo ld  concentrated s a m p l e  b u f f e r  
(10 mmol/l  Tris-maleate, 2.5 % SDS, 2.5 % dithioerythritol, 1 mmol/l  E D T A  pH 6.8) and  boiled at 
100 " C  f o r  5 min.  Electrophoresis  w a s  carried o u t  f o r  80 Volt .  hr. L o w  molecular  weight  marker  
proteins phosphory lase  b (94 K), b o v i n e  s c r u m  a lbumin (BSA,  67 K), ova lbumin  (43 K), carbonic 
anhydrase  (30 K), s o y b e a n  trypsin inhibitor (20.1 K) and A-lactalbumin (14.4 K) (Pharmacia) w e r e  
used.  

Western blot assay. Di f fus ion  blotting o f  the  SDS-PAGE-resolved viral proteins w a s  per formed 
basically a s  descr ibed by Braun and A b r a h a m  (1989). Appropr iate  antigen concentration w a s  
previously determined  by serially di luting the  s a m p l e  with s a m p l e  b u f f e r  and by moni tor ing  the  
results  with posit ive control sera.  A f t e r  blotting, t h e  protein-loaded m e m b r a n e  w a s  dried and cut into 
strips.  T h e  strips w e r e  then incubatcd with a "b locking  so lut ion"  (0.02 mol/l Tris,  0.2 mol/l NaCI, 
10 % g o a l  s e r u m  and 1 % B S A )  at room temperature  (RT) f o r  1 hr and then w a s h e d  three  t imes  with 
Tr i s/Tween  b u f f e r  (0.02 mol/l Tris,  0.2 mol/l NaCI, 0 . 2 %  BSA and  0 . 2 %  Tween-20  pH 7.4). 
Incubation with the  diluted s c r u m  s a m p l e  (1:200) took place at R T  for  1 hr. For  IgM detection, s c r u m  
s a m p l e s  w e r e  prctrcated wi lh  rheumatoid  factor (RF) a d s o r b e n t  (Behring) according to the  
manufacturer ' s  instructions.  S u b s e q u e n t  detection o f  CBV-spccil ic  immunoglobul in  (sub) classes  
comprised incubation o f  the  str ips  first with the appropriate monoclonal  m o u s e  anti-human 
immunoglobul in  ant ibody (anti-lgG 1-4 f r o m  Nordic; anti-IgM and anti-IgA f r o m  Immunotcch),  
secondly  with a biotin-labellod monoclonal  rat anti-mouse IgG antibody (Immunotcch)  and thirdly 
with strcptavidin-horseradish peroxidase  (Calbiochcm). T h e  optimal work ing  di lutions w e r e  pre­
viously d e t e r m i n e d  by checkboa rd  t i t ra t ions  a n d  all r eagen t s  w e r e  d i lu ted  in b locking  so lu t ion .  Each  
react ion w a s  a l lowed t o  p roceed  at  R T  f o r  1 hr .  A f t e r  each  s tep ,  ex tens ive  wash ing  ( see  a b o v e )  w a s  
carried o u t  t o  r e m o v e  u n b o u n d  reactants .  

T h e  e n z y m e  reac t ion ,  s i m u l t a n e o u s l y  p e r f o r m e d  fo r  all b lo t s  wi lh  a m i n o e t h y l - c a r b a z o l e / 1 1 , 0 2  a s  
t h e  subs t ra te ,  w a s  t e r m i n a t e d  a l t e r  15 m i n  at 37  " C  by wash ing  t h e  m e m b r a n e s  with bidisti 1 led water .  
T h e  s t r ips  w e r e  air d r ied  a n d  p h o t o g r a p h e d .  

Results 

Viral proteins 
Preliminary experiments using labelled virus were performed to monitor viral 

proteins. In screening for CBV-specific antigen, the purification of [35S]-
methionine labelled CBV4 in caesium chloride gradient revealed two groups of 
fractions No. 12-16 (pool I) and fractions No. 19-21 (pool II), showing peaks of 
radioactivity which coincided with those exhibiting the highest absorbancy 
values in the  sandwich ELISA. 

T h e  electrophoresis profile of the pool I (Fig. 1) revealed three major  bands, 
corresponding in size to  the three viral proteins (VP 1 —3), whereas the pool II 
exhibited only VP1 and some non-viral polypeptides. VP4 was not detected by 
this method probably due to its small size. The estimated molecular weights 
were 39.9 K, 37.8 and 28.8 K for VIM, VP2 and VP3, respectively. 
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Kili. I 
S D S - P A G l i  polypeptide distribution o f  
CI5V4 eapsid proteins  a l ter  purification 

in caes ium chloride gradient 
T w o  pools  o f  antigen-containing frac­
t i o n s  (I ,  I I )  w e r e  i n v e s t i g a t e d .  L a n e  
1 a n d  X: low m o l e c u l a r  weight  m a r k e r s  
p ro t e in s  (in t h o u s a n d s ) ;  l a n e  2 - 4 :  pool  
I serially d i lu t ed  twofo ld ;  l ane  5 - 6 :  pool  
II serially d i lu t ed  t w o f o l d ;  l ane  7 :  c o n ­
t rol  a n t i g e n ,  l y sa t e  o f  m o c k - i n f e c t e d  
11 e La cells. 

By assaying proteins f rom the pool I of non-labelled virions with CBV4-
speciľic mouse antiserum in the Wli, antiviral antibodies reacted exclusively 
with VPI (Fig. 2). Other viral polypeptides as VP2 and VP3 failed to be 
recognized even though these proteins could be observed in the silverstained 
gel. Similarities in band patterns, molecular weight values and reactivity in the 
W l i  were found when assaying CBV1- and CBV2-blots with the respective 
mouse antisera (data not shown). 

Specificity of the Wli assay 
T h e  specificity of  the lest was controlled by assaying sera from 2 individuals 

with known titers (1:10) of neutralizing IgM antibodies specific to CBV2 and 
CBV4 and C A V 9  (n=3) as well as serum samples from 10 individuals with other 
viral infections, which were positive for IgM antibodies against different viral 
antigens (see Materials and Methods). An IgM-RF positive serum was also 
included in the control group to check the activity of the RF absorbent. As  Fig. 2. 
shows, both samples with neutralizing IgM responses against CBV were positive 
in the Wli,  revealing only one band corresponding to the viral polypeptide V PI, 
as previously seen with mouse antiserum. In contrary to this, neither Coxsackie­
virus A9 IgM positives nor  patients with other  viral infections reacted with any of 
the CBV polypeptides in the WB.The IgM-RF positive serum pretreated with 
R F  adsorbent did not react in the WB. 
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Fi«. 2 
W B  assays  wi th  se lec ted  se ra  t e s ted  l o r  IgM a n t i b o d i e s  agains t  capsid p ro t e in s  o f  C B V 4  

I: m o u s e  a n t i s e r u m  t o  C B V 4 ;  II:  h u m a n  sera  wi th  I g M  neut ra l iz ing  a n t i b o d i e s  against  C B V 4  a n d  
C B V 2 ,  respect ively;  111: IgM posi t ive  se ra  lor  C A V 9 ;  IV:  h u m a n  se ra  pos i t ive  l o r  cytomegalovirus— 
specif ic  IgM;  V:  h u m a n  se ra  pos i t ive  f o r  IgM agains t  Eps te in-Barr  virus.  

Clinical specimens 
Serum samples from. 51 patients with clinical manifestations of suspected 

CBV etiology and 13 healthy adults (controls) were investigated (or viral-specific 
IgM response by W B  assay. As Table 1 shows, it detected 31 IgM positives in this 
group. Type-specific IgM response, i. e. IgM antibodies reacting with only o n e  
CBV-serotype could be  observed in a lesser extent (9/31) against at least o n e  
serotype, the  distribution being as follows; three with CBV1, five with CBV2 and 
o n e  with CBV4. In general, the prevalence of IgM antibodies was higher in the 
patients with meningitis (12/14) than in the patients with minor  illnesses (18/36) 
or  in healthy adults (0/13). 

Comparison of fi-antibocly capture ELIS A and WB results 
Concording results between both tests were found in 37 (22 positive and 15 

negative) cases. Similarities and discrepancies of both tests are illustrated in 
Table 2. It shows contradictory results [ELISA negative, but  W B  positive ( n = 9 )  
and vice versa (n—5)] in 14 cases. From all nine sera positive in the  W B  only, 
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T a b l e  1. IgM antibody prevalence i n  clinical groups determined 

Clinical (n) 
N o .  o f  seroposi t ives  

g r o u p  
(n) 

total (%) t y p e  g r o u p  
specif ic  specif ic  

m i n o r  i l lnesses  (36) 18 ( 5 0 % )  9 9 
meningi t i s  (14) 12 ( 8 5 % )  0 .12 
myocardit is  (1) 1 0 ' 1 

51 31 ( 6 0 % )  9 22 
healthy adul t s  (13) 0 0 0 

three reacted with CBV1, three with CBV2, one with CBV4 and two with both 
CBV1 and CBV2. From all five sera positive in the //-antibody capture ELISA 
only, two reacted with CBV4, one with CBV1/CBV2 and one with CBV1/CBV4. 
False positive results in the W B  could be excluded by incubation with RF 
adsorbent. 

Other serological parameters 
Considering that IgM antibodies may persist after the acute phase of infection 

(Lenette et al., 1961; Pozzetto et at., 1989), additonal W B  assays using CBV4 as 
antigen for the determination of other seroparameters (e. g. IgG antibody 
subclasses and IgA) were performed. Three different groups of  sera were 
investigated: (1) eight sera exhibiting IgM and IgG antibodies specific for CBV4 
(Fig. 2), (2) four sera positive for CBV4-IgG only and (3) four CBV-seronegative 
controls. A s  the Table 3 shows, all IgM positive sera exhibited specific IgA 
antibodies and IgG antibody subclass 1 and 3, whereas only three specimens 

T a b l e  2. Comparison of the results obtained b y  the ^-antibody capture ELISA a n d  the W B  for  IgM 
antibodies against CBV1, CBV2 a n d  CBV4 

Clinical 
No. o f  seroposi t ives  

Clinical ( n)  
g r o u p  

( n)  

total both W B  ^-ELISA 
tes ts  only only  

m i n o r  i l lnesses (36) 23 9 9 5 
meningi t i s  (14) 12 12 0 0 
myocardit is  (1) 1 1 0 0 

total 51 3 6  21 9 5 
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Table  3. Distribution of CBV-specif ic IgG subclass IgA antibodies i n  selected h u m a n  sera 
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Clinical 

g r o u p  
(n) 

No. o f  seroposit ives  
Clinical 

g r o u p  
(n) 

IgA IgGl IgG2 lgG3 IgG4 IgM 

I (8) 8 8 3 8 3 0 
II (4) 0 4 0 0 0 0 
III (4) 0 0 0 0 0 0 

G r o u p  I: CBV-IgG and -IgM posit ives  
G r o u p  II: CBV-IgG posit ives  
G r o u p  III: C B V  seronegat ives  

revealed lgG2 and IgG4 antibodies. In contrast to the Hrst group, none of the 
sera from the second group contained IgA antibodies and the IgG subclass 
response was confined to IgG 1. None of the sera from the third group were 
positive in any test. 

Discussion 

In the present communication, a Western blot microtechnique has been used 
to detect viral-specific IgM as a complementary test for a serologic diagnosis of 
active infections with CBV. 

Considering that ( ! )  our data for the molecular weight of VP1-3 are in good 
agreement with previously reported values (Chatterjee and Tuchowski, 1981), 
(2) the electrophoretic profile observed by us corresponds to the well documen­
ted typical pattern for enteroviruses (Dorries and ter Meulen, 1983; Katze and 
Crowell, 1980; Mertens  et at., 1983, Pozzetto  et al., 1990) and (3) these proteins 
were recognized by viral-specific mouse  antibodies in the WB, we conclude that 
these proteins represent the  three major  viral capsid polypeptides of CBV. 

As it was shown in experiments with human sera containing neutralizing IgM 
antibodies specific for CBV2 and CBV4, these immunoglobulins seem to be  
directed essentially to VP1, since IgM against VP2 and VP3 were not found. 
These  results, similar to those reported by Pozzetto  et al. (1990) may reflect 
a relatively low avidity of these antibodies or an alteration of the  antigenic 
properties during electrophoresis or  blotting. Nevertheless, the lack of VP2- and 
VP3-specific IgM antibodies does not seem to be crucial for diagnostic purposes, 
since the majority of group and type specific antigenic determinants is located on 
VP1 (Dorries and ter Meulen, 1980; Katze and Crowell, 1980; Mertens  et a/., 
1983). T h e  analysis of human sera f rom patients with clinical manifestations of 
suspected CBV etiology revealed a relatively high prevalence of IgM antibodies 
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with a clear predominance of "group-specific" response (i. e. IgM antibodies 
reacting with more than one CBV serotype), especially in patients with aseptic 
meningitis. This high incidence of heterotypic IgM antibodies, reported also by 
other investigators (Bell et al., 1986; King et al., 1983; Pozzetto et al., 1989), could 
partially be due to the induction by group-specific epitopes released after boiling 
the antigen for the SDS-PAGE. Similar outcomes could also be established 
across all enterovirus genus for IgG and IgM antibodies with other methods 
(Enders et al., 1990; Pattison, 1983; Pozzetto et al., 1990). On the other hand, the 
high frequency of group reactive IgM antibodies could also be considered as the 
result of  (1) simultaneous infections with more than one serotype or (2) the 
expression of an anamnestic response to a different serotype involved in 
a previous infection, as it may occur with neutralizing antibodies (Lennette et al., 
1961). Moreover, a correlation with the duration of illness has also been 
postulated, so that homotypic responses appear at the early phase of infection 
and are progressively replaced by heterotypic antibodies (Enders et al., 1990). To 
date, however, a definite explanation for this phenomenon cannot be given, 
because some aspects in the development of the IgM response such as the type 
and the magnitude as well as a presumed correlation with age and illness, remain 
to be investigated. 

Although the results obtained by W B  and ELISA were compatible in most of 
the samples, several cases exhibiting discordant results (WB positive and ELISA 
negative and vice versa) could be observed. These features could be due to a low 
concentration of IgM antibodies resulting in critical absorbancy values (e. g. 
equal or under the cut off)  or nonspecific reactions in the jii-antibody capture 
ELISA, described by Champsaur et at. (1988). 

Although the mere presence of CBV-IgM antibodies indicates an active 
infection, other serological parameters (IgG antibody subclasses and IgA) have 
been determined to support this assumption and to estimate the use of  these 
parameters as markers of acute infections. According to our data, IgA may be 
considered as a potential indicator of recent infections. Even though IgA 
response to non-polio enteroviruses has been poorly investigated, seroepidemio-
logical studies with other viruses (Angeretti et al., 1987; Sarov et ai, 1984) 
support this thesis. Moreover, similar features have been described by Pozzetto 
et ai (1990), who found a significant difference in the distribution of IgA-specific 
antibodies to VP1 by testing patients with confirmed echovirus infections and 
control healthy adults. 

Our data on the restriction pattern of IgG antibodies indicating a predomi­
nance of subclass 1 and 3, are partly similar to  the  results reported by Torfasson 
et at. (1987), who  found an equal prevalence of IgGl  and lgG3 and an absence of 
lgG2 and IgG4. T h e  fact that lg(J3 was found in all 8 IgA and IgM positives and 
in view of its biological properties i.e. short lifetime and neutralizing activity 
(Schur, 1987), it is likely that this antibody subclass may also be  elicited in the  
early phase of patients are currently performed to support this thesis. 

Even though our  W B  assay shows some  limiting factors, namely the use of 
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monovalent antigens or antigen purification by caesium chloride gradient, we 
think that this microtechnique may be considered as an alternative tool for 
routine diagnosis. Our test displays a sensitivity comparable to that showed by 
the ^-antibody capture ELISA and enables at the same time the assessment of 
other serological parameters, e. g. IgA as well as IgG antibody class and 
subclasses. Moreover, the use of the Modi-blot system - employing an integra­
ted electrophoresis system for t he  preparative separation of viral proteins and 
their subsequent transfer by diffusion - allows a simple and rapid method for the  
mass production of virtually identical blot strips, which in turn enables a large 
scale testing with reproducible results (Braun and Abraham, 1989). 
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