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Summary 
In  1978 a severe epidemic of acute CNS diseases occurred in Hungary.  

Enterovirus type 71 (E71) proved to be the main aetiologieM agent. This could, 
however, be established only by special investigations, since the usual laboratory 
tests proved inefficient for diagnosis of E71 infections. 

At tempts  to isolate virus in tissue cultures were made on 1952 samples from 
686 patients. E 71 could only be isolated in cultures of a Vero cell line and even 
then only after 3 to 6 blind passages. Successful isolations were made from 47 
stool samples, 5 throat  swabs and 6 CNS samples originating from 44 patients. 
This represented only 13.6 per cent of the total  number of E71 eases diagnosed 
in the course of studies, thus indicating the poor sensitivity of these tests. 
Suckling mice were unsuitable for the isolation of E71, although E71 tissue 
culture isolates proved pathogenic to these animals. Isolates could be identified 
by neutralization technique only after disaggregation of virions by ether treat- 
ment.  

Blood samples from t050 patients were tested :[or E71 antibodies by a radial 
plaque neutralization technique and those from 593 patients proved positive. 
A significant change in antibody level could only be detected in 52 out of 286 
patients whose paired sera were available. The limited usefulness of this technique 
for the detection of current E71 infections was, however, indicated by the fact 
tha t  66 per cent of patients positive in virus isolation experiments already had 
antibodies in the early phase of their illness which remained at  a constant level 
thereafter. 

Investigation of 684 blood samples from 511 patients for E 71-specific IgM anti- 
bodies showed this test  to be the most reliable for the detection of current E71 
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infections. When approwia te  blood samples were available, these antibodies could 
be detected in patients  positive in the above mentioned tests, moreover, this 
method made an aetiological diagnosis possible in 236 eases which otherwise 
would have remained undetermined. 

Infection with E71 was finally confirmed in 323 cases (poliomyelitis-like 
paralysis, 13 ; encephalitis, 145; aseptic meningitis, 161 ; hand, foot and mouth  
disease, 4). 

Introduction 

A number of clinical and epidemiological conditions have been shown over the 
last decade to be associated with infection by a recently recognized enterovirus, 
type 71 (E 71). I t  has elicited sporadic cases of meningitis, encephalitis, exanthem- 
atous and respiratory diseases in the U.S.A. (5, 6, 24), Australia (12) and Sweden 
(2, 28); extensive mixed epidemics of hand, foot and mouth disease and aseptic 
meningitis with a predominance of the former in J a p a n  (10, 11, 14) and of the 
latter in Sweden (2); and a severe epidemic of acute CNS diseases in Bulgaria 
(4, 13, 25). In  Hungary  a severe meningitis-encephalitis epidemic occurred in 
1978 lasting from May to September. Certain clinical manifestations and epi- 
demiological characteristics were similar to those observed in Bulgarian epidemic. 
This tended to suggest tha t  E71 might be responsible also for the epidemic in 
Hungary.  There were 826 aseptic meningitis (7.7 per 100,000) and 724 encephalitis 
(6.8 per 100,000) cases reported (26). The latter category included cases with 
unusual clinical features such as acute cerebellar ataxia and poliomyelitis-like 
paralyses (1), as well as fatal cases showing distinct histopathological alterations 
in CNS (27). The age specific morbidity rates were especially high in age groups 
under 6 years;  30 out of 47 fatal  cases have fallen into these age groups. 

I t  was, however, a laborious and t ime consuming laboratory exercise to prove 
tha t  ET1 played the main role in the epidemic. As expected, infections due to 
other aetiological agents were also detected in the epidemic. Laboratory diagnoses 
of infections with tick-borne encephalitis, LCM, mumps, herpes simplex virus, 
coxsackievirus types B4 and B5 and adenoviruses were made with ease but  of 
infections due to ET1 proved difficult to establish. 

The present paper  gives an account of experiences gained in the laboratory- 
diagnosis of E71 infections during the epidemic. I t  is hoped tha t  these may  be 
profitable for those interested in diagnostic virology. Epidemiological and viro- 
logical analysis of the epidemic will be published elsewhere (9, 26). 

Materials and Methods 

Specimens ]or Virus Isolation 

Specimens for isolation experiments were collected from 352 patients with enceph- 
alitis, from 330 patients with aseptic meningitis and from 4 patients with hand, foot 
and mouth disease. Details of the specimens tested are given in Table 1. They were 
prepared for isolation experiments as previously described (7). 

Virus Isolation Experiments 
Specimens from 620 patients were tested in primary rhesus monkey kidney (RMK) 

cell cultures and in cultures of a Vero cell line (termed Vero A line) originating from 
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The  N a t i o n a l  I n s t i t u t e  for 13iological S t a n d a r d s  a n d  Control ,  London .  Spec imens  
f rom some p a t i e n t s  were on ly  t e s t e d  in  one of these  eeli sys tems ,  i8  in  R M K  cells a n d  
48 in t h e  Vero A line.  Selected samples  f rom t h e  f i rs t  g roup  of p a t i e n t s  were also 
inocu la t ed  in to  cul tures  of t he  fol lowing cells; a Vero cell l ine o r ig ina t i ng  f rom T h e  
I n s t i t u t e  of Microbiology a n d  Virology,  U n i v e r s i t y  of Bo l o g n a  a n d  t e r m e d  Vero t3 
l ine,  a n  I t E p - 2 ( C ) - l i n e  a n d  p r i m a r y  h u m a n  embr ion ie  f ib roblas t s .  Cul tures  were  
inocu la t ed  in  t r ip l i ca te  w i th  0.1 ml  of inocula .  T h e y  were m a i n t a i n e d  in  P a r k e r ' s  199 
med ium.  R M K  cu l tu res  were i n c u b a t e d  for 14~ days  a t  37 ° C w i t h  a m e d i u m  change  on  
t h e  7 th  d a y  a f t e r  inocu la t ion ,  wh i l s t  t h e  o t h e r  cu l tu res  m e n t i o n e d  were i n c u b a t e d  for  
7 days  a t  t he  same  t e m p e r a t u r e .  E v e r y  sample  t e s t e d  was sub j ec t ed  to a m i n i m u m  
of 3 b l i nd  passages  in  each  cell s y s t e m  used.  The  inocu la t ed  cu l tu res  were e x a m i n e d  
microscopica l ly  a t  l eas t  eve ry  o the r  day .  

Vi rus  i so la t ions  were also a t t e m p t e d  in  i d a y  old suckl ing  mice  f rom 90 spec imens  
o b t a i n e d  f rom 52 pa t i en t s .  These  were pe r fo rmed  as descr ibed  p rev ious ly  (7). 

Identi/ication o/ the Isolates 
Viruses i so la ted  in cell cu l tu res  were iden t i f i ed  e i the r  b y  macro-  or mic ro -neu t r a l i za -  

t ion  t e c h n i q u e s  us ing  t h e  Veto  A cell line. The  p rocedure  a d v o c a t e d  b y  SCH~XIDT (21} 
was fol lowed for  b o t h  t echn iques .  I d e n t i f i c a t i o n  of v i rus  in  suckl ing  mice  was  p e r f o r m e d  
accord ing  to  the  m e t h o d  descr ibed  p rev ious ly  (7). Type  sera  used in  these  e x p e r i m e n t s  
were as follows. M o n k e y  a n t i s e r u m  (Lot  No. S-2415) p r e p a r e d  a g a i n s t  the  E 7 1  
p r o t o t y p e  13rCr s t r a i n  (24) was  k ind ly  suppl ied  b y  Dr .  E .  H .  L e n n e t t e  (Berkeley,  U.S.A.  } 
a n d  a r a b b i t  a n t i s e r u m  p r e p a r e d  aga in s t  t h e  B u l g a r i a n  E 71 isolate  No. 258 (3, 13) b y  
Dr.  M. K.  Vorosh i lova  a n d  Dr.  S. G. D r o z d o v  (Moscow). Type-specif ic  r a b b i t  a n t i s e r a  
to  pol iovi rus  t y p e s  1 to  3, to  eoxsackiev i rus  t ypes  AT, A 9  a n d  B 1 to  13 6, to  e e h o v i r u s  
types  1 to  9, 11 to 27 a n d  29 to 33, to  e n t e r o v i r u s  t y p e  70, as well  as mouse  a n t i s e r a  t o  
coxsaekiev i rus  types  A i to A 24 were p r e p a r e d  in  th i s  l a b o r a t o r y  b y  m e t h o d s  de sc r ibed  
p rev ious ly  (8). E n t e r o v i r u s  7 0 a n d  71 t y p e  sera  were used  i n d i v i d u a l l y  in  n e u t r a l i z a t i o n  
tes ts ,  whe reas  all o t h e r  sera  were app l i ed  acco rd ing  to  t h e  " I n t e r s e c t i n g  S e r u m  
S c h e m e "  descr ibed  b y  SC~¢nDT et al. (22). 

A t t e m p t s  to ove rcome  diff icul t ies  e n c o u n t e r e d  in  t h e  n e u t r a l i z a t i o n  t e s t s  we re  
m a d e  b y  st~bjecting t he  isolates  to  va r ious  t r a e t m e n t s  ( i  pe r  c en t  sod ium deoxyeho la te ,  
e ther ,  u l t r ason ic  i r rad ia t ion) .  The  a im of t h i s  was  to e l imina te  v i rus  aggrega tes  p r e s en t  
in  t he  suspensions .  E t h e r  t r e a t m e n t ,  as descr ibed  b y  G o n ¢ ~ a  et al. (10), f inMly p r o v e d  
successful.  

Serum Specimens/rom Patient,s'/or Antibody Determinations 
Al toge the r  1669 b lood samples  t a k e n  f rom 1050 p a t i e n t s  were t e s t e d  for t h e  p res -  

ence  of neu t r a l i z i ng  an t ibod ie s  to  E 7 t. Only  a s ingle s e rum sample  was ava i l ab le  f rom 
632 pa t i en t s .  Two or more  samples ,  t a k e n  a t  d i f fe ren t  s tages  of t h e  illness were a v a i l a b l e  
f rom 418 pa t i en t s .  All sera  were  i n a c t i v a t e d  a t  56 ° C for  30 m i n u t e s  before  examina t ion . .  
The  col lec ted  sera  were s to red  a t  --  10 ° C u n t i l  use. 

Tests/or Neutralizing Antibodies Again~s't E 71 
Neu t r a l i z i ng  a n t i b o d y  assays  were ca r r ied  o u t  b y  t h e  rad ia l  p l aque  neut ra l iza t ion .  

m e t h o d  as p rev ious ly  descr ibed  (17). I n  brief,  sera were a d m i n i s t e r e d  b y  5 y.1 wire- 
loops to  wells cu t  i n to  t h e  aga r  over lay  of E 71 ( s t ra in  No. 258) i n fec t ed  m o n o l a y e r s  
of s econda ry  v e r v e t  m o n k e y  k i d n e y  cells g rown in L i n b r o  F13-4 TC mul t id i shes .  
l~adial  n e u t r a l i z a t i o n  zones were fo rmed  w i t h  a size d i rec t ly  r e l a t ed  to  t h e i r  specific 
a n t i b o d y  con t en t s .  Pa ra l l e l  w i t h  each  series of tes ts ,  twofold  d i lu t ion  series of r a b b i t  
a n t i s e r m n  to  s t r a i n  No.  258, r a n g i n g  f rom u n d i l u t e d  to  1 : 512, were  t es ted .  T h e  neu t r a l -  
iz ing a n t i b o d y  t i t r e  of t e s t  sera could  be e s t i m a t e d  b y  c o m p a r i n g  t h e  d i a m e t e r  of t h e  
p ro t ec t ed  zone to those  of t h e  r a b b i t  a n t i s e r u m  d i lu t ion  series;  t h e  specific a n t i b o d y  
t i t r e  of t h e  l a t t e r  was  p rev ious ly  d e t e r m i n e d  in  a m i e r o t i t r e  sys tem.  Sera  producing- 
p r o t e c t i n g  zones w i t h  a d i a m e t e r  co r r e spond ing  to  a n  a n t i b o d y  t i t r e  of 1 : 10 or  h i g h e r  
were cons idered  pos i t ive  for E 7 i neu t r a l i z i ng  an t ibodies .  

15" 
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Demonstration o] E 71-Speci]ie IgM Antibodies 
The ion exchange batch technique employed for the separation of IgM antibodies 

from human sera has been described in a previous paper (16). This technique was 
slightly modified for the present experiments. A thick slurry of QAE-Sephadex A-25 
gel, previously equilibrated in 0.03 ~ Tris-HC1 buffer, pH 8.8, and sterilized by incubat- 
ing in boiling water for one hour, was added to a glass tube until the settled volume 
reached 1.0 ml. Serum (0.1 ml) was then added and the stoppered tube was rotated 
end-to-end for 30 minutes. In order to remove unadsorbed IgG the gel was resuspended 
in 4- -5  ml of 0.12 N Tris-HC1 buffer, pH 8.1, and mixed for 1 minute. The tube was 
then centrifuged at 1000 rpm for i minute and the super:natant discarded. After 
repeating this procedure with the same buffer, practically all IgG antibodies were 
eliminated from the gel. In order to elute IgM from the gel 0.2 ml of 1.0 M Tris-tIC1 
buffer, pH 6.6, was added to the tube and thoroughly mixed, The eluate was obtained 
by draining the supernatant.  This e h a t e  was tested for E 71 antibodies by the plaque 
neutralization method described above. IgM fractions producing protecting zones with 
a diameter corresponding to an antibody tit, re of 1:10 or higher were considered 
positive for E 71 specific Ig2¢I antibodies. Typical examples of the test are shown in 
Fig. 1. 

The method was regularly controlled by testing selected eluates for IgM, IgG and 
IgA content in immunodiffusion tests as described previously (15). 

Fig. 1. Results of radial plaque neutralization tests to E 71 carried out with 6 human 
sera and with their IgM fractions. Capital letters on the left (A to F) indicate the indi- 
vidual serum samples and smM1 letters on the right (a to ]) their corresponding IgM 
fractions. As may be seen, all the sera contained neutralizing antibodies to E 71, but  
specific IgM antibodies were present only in IgM fractions of B and D sera (b and d 

fractions) 

Results 

Isolation and Identification of E 71 Strains 

Althoge te r  58 E 71 strains were isolated. Successful isolation was only achieved 

in the  Vero A line and even in this  sys tem the  virus could only be recovered af ter  

bl ind passages. An  indis t inc t ive  cy topa th ic  effect  was usual ly  observed af ter  the  
2nd or 3rd passage and a fur ther  2 or 3 passages were required to produce a clear 
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characteristic effect. Thus isolation was a laborious procedure usually taking 
more than a month. Two isolations were made by alternating RMK and Veto A 
cells in passages, but otherwise the [~MK cells proved insensitive as were the 
Veto B, HEp-2(C) and human embryonic fibroblast cells. 

Athough E71 was detected in cell cultures in 6 out of 90 elinieaI specimens, 
2nd or 3rd passage and a further 2 or 3 passages were required to obtain a clear 
attempts to isolate the virus from these specimens in suckling mice fMled. How- 
ever 5 isolates grown in Veto A cells proved pathogenic for suckling mice causing 
symptoms characteristic of eoxsackie A viruses. 

Enterovirus type sera incorporated into intersecting serum pools (see MateriMs 
and Methods) failed to neutralize the isolates, and even E71 type sera only 
delayed virus multiplication in tissue cultures. However, complete neutraI~ation 
was achieved by ETI sera after suspensions of isolates were treated with ether. 
I t  is of note that  2 tissue culture isolates inoculated into suckling mice did not 
require disaggregation in order to be neutrMized by E71 sera. 

Results of virus isolation experiments are summarized in Table 1. 

T~ble 1. Isolation o /E  71 ~tom di//erent materials 

Patients Samples 

Positive Positive 
Kind of Tested Test(M 
specimens No. No. % No. No. ~o 

CNS 13 4 31 23 6 26 
Stool 454 38 8.4 892 47 5.3 
Throat swab 369 5 a 1.4 615 5 0.8 
CSF 401 0 0 422 0 0 

Total 686 ~4 6.4 1952 58 3.0 

In the ease of 3 patients E 71 was isolated simultaneously from the stool samples 

E 71 could be isolated from 47 stool samples, 5 throat swabs and 6 CNS samples 
originating from 44 patients (34 with encephalitis, 8 with aseptic meningitis and 
2 with hand, foot and mouth disease). Positive CNS samples originated from 4 
fatal cases. In  two cases brain specimens were tested and found positive; :in one 
case samples of brain and medulla were available but only the latter yielded virus ; 
and in a further case medulla, as well as two spinal cord specimens from different 
segments were investigated and M1 proved to be positive. I t  is of note that all the 
tests carried out on 422 CSF samples from 401 patients proved negative. Most 
isolations were from stool samples, however, the isolation rate was only 5.3 per 
cent,. Throat swabs were taken from 26 patients at a time when virus could be 
detected in their stools but only 3 were found positive for E 71. 

E 71 Antibody Determinations 

Blood samples taken from i050 patients were investigated for E 71 neutralizing 
antibodies. Their presence could be demonstrated in samples taken from 593 
patients (Table 2). Two or more samples, taken at different stages of illness, were 
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avai lab le  from 286 pa t i en t s  wi th  pos i t ive  sera. A signif icant  t i t re  increase  was 
found  in 46 cases whilst, 6 eases showed a s ignif icant  t i t re  decrease.  Pa i r ed  sera 
f rom the  a p p r o p r i a t e  s tages  of illness were ava i lab le  f rom 27 pa t i en t s  posi t ive  in 
virus  isolat ion exper iments .  A s ignif icant  increase in a n t i b o d y  t i t r e  was demons t r a t -  
ed in 9 of the  cases. The  t i t r e  of E71 an t ibodies  measured  in the  ear ly  s tages  of 
illness were m a i n t a i n e d  a t  a cons tan t  level in the  res t  of the  cases. These f indings 
made  i t  clear  t h a t  ver i f icat ion of E 71 infect ions could no t  be based  on the  de tec t ion  
of a s ignif icant  rise in neut ra l iz ing  a n t i b o d y  level dur ing  the  course of the  illness. 

Thus  a t t e m p t s  were made  to use E71-specffic IgM a n t i b o d y  de t e rmina t ions  
for the  ver i f ica t ion  of cur ren t  E71 infections.  I t  was hoped  t h a t  th is  might  make  
l a b o r a t o r y  diagnosis  possible  when only  a single serum sample  was ava i lab le ,  or  
when the  t imings  of serum pa i r  collections were inappropr ia te .  A l toge the r  684 
blood samples  posi t ive  for E71 neut ra l iz ing  an t ibodies  were used in these  invest i -  
gat ions.  

The resul ts  of E 71-specific IgM a n t i b o d y  and  E 71 neutra l iz ing a n t i b o d y  tes ts  
a re  shown in Table  2. 

ETl -spec i f ic  IgM ant ibodies  could be de tec ted  in blood samples  of 47 out  of 
52 pa t ien t s ,  whose diagnosis  was verif ied b y  a s ignif icant  neut ra l iz ing  t i t re  change.  

Table 2. Results o] E 71 antibody tests in 1050 patients 

E 71 neutralizing antibodies 

Posit ive 

with without  a 
E 71 specific IgM ti tre  change Negative TotM 

Posit ive 47 260 - -  307 
Negat ive 2 202 - -  204 
Not tested 3 79 457 539 

Total  52 541 457 1050 

a This group includes pat ients  whose ant ibody t i t re  was repeatedly determined in the 
course of the illness and in whom no sig~aificant change could be detected;  pat ients  
from whom only a single serum sample was available are also included 

Table 3. Persistence o] E 71 speci]ic I g M  antibodies based on tests on multiple serum 
samples received ]rom 44 patients 

Weeks after onset 

No.  of pat ients  

Tested Posit ive Negative 

for IgM antibodies 

1 - - 4  
5 - - 8  
9--12 

13--16 
17--20 
>21 

44 44 0 
11 7 4 
14 9 5 
14 3 I1 
13 0 13 
12 0 12 
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Three patients' sera were not available for IgM determinations since they were 
exhausted in former investigations. In  two further cases no IgM antibodies were 
found in the blood samples tested. These samples, however, originated from the 
late convalescent phase of the illness and a significant titre decrease was actually 
observed. 

Tests for IgN antibody were performed on samples from 462 out of 541 patients 
whose blood contained neutralizing antibodies but did not show a significant 
change in neutralizing titre or alternatively, for whom paired sera were unavailable. 
E71-speeffic IgM antibodies were found in 260 samples. There was a relationship 
between the actual neutralizing titre and the presence of IgM antibodies; i.e. 
68 pet" cent of sera with high (>/160), 56 per cent with medium (40--80) and 
3 per cent with low (~20) levels of neutralizing antibodies proved to contain 
specific IgM. 

Persistence of E 71-specific IgM antibodies was investigated by testing multiple 
serum samples from 44 patients (Table 3). There were 26 patients among them 
whose ET1 infection was confirmed by virus isolation and/or the demonstration 
of a significant neutralizing titre rise. 

Igi~{ antibodies were invariably present within 4 weeks following the onset of 
illness. The number of patients with detectable IgM antibodies, however, gradually 
decreased between the 2nd and 4th months and no E71-speeific IgM antibodies 
could be found in blood samples taken after the 15th week. This indicates that  
persistence of E 71-specific IgM antibodies is of short duration, thus their presence 
can be accepted as proof of a current or most recent E71 infection. 

Comparative Usefulness of the Techniques Applied 

As may be seen in Table 4, positive results were obtained from 323 patients 
(13 with poliomyelitis-like paralysis, 145 with encephalitis, 161 with aseptic 
meningitis and 4 with hand, foot and mouth disease). In  I I  cases E71 infection 
was verified exclusively by virus isolation, since no sera were available for investi- 
gation. Four fatal encephalitis cases belonged to this group. In addition to virus 
isolation, a significant change in antibody level and/or the presence of specific 
IgM antibodies indicated E71 infection in 33 cases. In 279 cases in which there 
was a failure to recover virus, current infection with E71 was confirmed by;  a 
rise in neutralizing antibody titre in 4 cases, a neutralizing antibody titre rise 

Table 4. Detection o] E 71 in/eetions by di/]erent techniques 

Virus isolation 
Neutralizing Change in Specific 
antibodies titre a IgM Positive Negative TotM 

@ + NT 1 4 5 
+ + + 8 39 47 
+ -- -}- 24 236 260 
NT NT NT 11 11 

Total 44 279 323 

A significant increase; in some cases a significant decrease 
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together with the presence of IgM antibodies in 39 cases, and the presence of 
I g N  antibodies without a change in neutralizing titre in 236 eases. Thus the 
tests for specific IgM proved to be the most reliable for verification of E71 in- 
fections. 

Virus isolation as a diagnostic tool for E 7 t  infections proved very inefficient 
in comparison to the serological techniques. Table 5 shows that  E71 could be 
isolated from the stool samples of 17 per cent of patients positive in antibody 
tests. Even in stool samples collected during the first, week of illness a virus 
isolation rate of. only 22.7 per cent was achieved. 

Table 5. E 71 isolations ]rom stool samples collected at di]Jerent times alter the onset o/ 
illness ]rom patients with serologically eon]irmed in/ection 

Patients 

Positive 
Collection time Tested 
(days after onset) No. a No. ~ 

1--  7 97 22 22.7 
8--14 52 8 15.4 
_>_t5 15 1 6.7 
Unknown 18 0 0 

Total 182 31 17.0 

a Only the first sample was taken into consideration when multiple samples were col- 
lected 

Discussion 

In  addition to the variable pathogenic potential of E 71, mentioned in the :intro- 
duction, considerable variations in experimental host range have also been observ- 
ed in different countries. RMK cells were unsuitable for isolation in our studies, but 
in the U.S.A. most  of the isolations have been made in. this system (5, 6, 24). Cell 
lines of human origin were not sensitive to the E 71 strains circulating in Bulgaria in 
1975 (4) and in the epidemic described here, but  in Australia a number  of isolations 
were made in HeLa,  heteroploidie human epithelial cells and diploidic human 
fibroblasts (12). Ceils of vervet  or cynomolgus monkey origin (primary kidney; 
Vero, GMK, CMK, MEK-3 lines) were used with greatest success for recovery 
of virus from clinical specimens (2, 4, 10, l l ,  12, 14); nevertheless even in these 
systems the results varied in different laboratories and epidemics. Vero cells were 
found satisfactorily sensitive to E71 in Sweden and in Japan ;  but  in the same 
system several blind passages were needed to recover virus both in the Bulgarian 
(4) and Hungarian epidemics. Our finding tha t  one of the two Vero cell lines 
available in this laboratory failed to support  tile growth of E 7 I  together with 
a report from yon ZEIP~L (28) on a GMK cell line, indicates tha t  susceptibility 
of the same cell line to E 71 may  vary presumably due to differences in maintenance 
procedures. 

Our a t tempts  to isolate E71 from clinieM specimens in suckling mice failed, 
although virus isolated in tissue cultures proved pathogenic to these animals. 
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Similar observations were reported from Australia (12), Sweden (2), and U.S.A. 
(5, 6). In  contrast, some isolates f~om hand, foot and mouth disease in Japan (11) 
and 15 isolates from CNS diseases in Bulgaria (4) could be directly recovered 
in suckling mice or in suckling cotton rats. 

Difficulties have regularly been encountered in identification of E71 isolates 
due to aggregation of virions or to other undefined factors related to the host 
cell system (2, 12, 24, 28). I t  is interesting to note that  CH~AKOV et al. (4) have 
not experienced difficulties with the identification of strains isolated and tested 
in Vero cells, whilst our isolates proved neutralizable by E71 immune sera in the 
same system only after disaggregation of the virions. 

When isolates of different origin were compared in cross neutralization tests 
some antigenic differences were observed between the Bulgarian strain No. 258 
and the prototype BrCr strain (13, 18), as well as between the Japanese Nagoya 
and the BrCr strains (11). I t  is of interest to note that  two of our isolates, one 
from the brain of a patient with fatal encephalitis and another from the stool of 
a patient with poliomyelitis-like paralysis have been tested with anti-BrCr sera 
in Houston at the WHO Collaborating Centre for Virus Reference and Research. 
Both isolates, particularly the one from the poliomyelitis-like case, showed notable 
antigenic difference from the prototype strain. 

E71 was isolated with a high frequency from CNS samples of fatal cases 
observed in Bulgaria (4). The same observation was made in our studies. I t  seems, 
however, that  E71 occurs in the CSF very infrequently. There are only 6 cases 
published to date (2, 4) of the isolation of E71 from the CSF. In our studies 
none of the 422 samples tested yielded virus. Similar findings have been reported 
from other laboratories (6, 12, 14). 

In  our studies E 71 was rarely isolated from the throat even if it was present 
in the stool. This is in contrast to other reports (2, 10, 12, 14). The discrepant 
results may reflect differences in the incubation periods of the diseases investigated. 
Japanese investigators (14) observed that, in cases where both skin and CNS 
manifestations were seen, the CNS symptoms occurred 2 to 7 days after the 
appearenee of a rash. This tends to indicate that  the incubation period may be 
generally longer in CNS diseases than in hand, foot and mouth disease caused by 
E71. If  so, it is to be expected that  in the case of CNS disease the probability 
of virus recovery from the throat  is much less than from the stool, since following 
infection virus multiplication is of short duration in the pharynx but prolonged 
in the intestinal tract (14). 

The relatively long incubation period in CNS diseases caused by the E 71 may 
explain why most of the patients tested in our, as welt as in other studies (4, 6, 
14, 24), have had high antibody titres already at the time of the appearance of 
clinical manifestations. This made the usefulness of a classical serological approach 
to aetiological diagnosis questionable. 

According to our observations persistence of E71-specifie IgM antibodies is 
transient., as is the ease with other enterovirus infections (19, 20, 23). Thus their 
presence in the blood is a reliable indicator of a current infection. The efficiency 
of this method as a diagnostic tool is well illustrated by the fact that  it alone 
accounted for the verification of E71 infection in 236 out of 323 cases. An advan- 
tage of the specific IgM test is that  investigation of a single serum sample may 
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be sufficient to establish the aetiological diagnosis. The technique applied b y  us 
is relat ively simple and  may  also be adapted  for diagnosis of other  en terovi rus  
infections. 

I t  is of note t h a t  in certain studies a high neutra l iz ing an t ibody  level to E 71, 
detected in  the course of the illness, has been accepted as evidence of a current  
E 71 infection. I n  the light of our studies this seems unjust if ied,  since 32 per cent 
of our pa t ients  with high neutra l iz ing t i t res to E71 had no specific ant ibodies  
of the IgM class. 
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