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Summary. - U s i n g  f o u r  serological  t e s t s  paired s e r a  w e r e  e x a m i n e d  
o f  117 pat ients  w i t h  acute  respiratory diseases ,  in w h o m  parainf ­
l u e n z a  v i r u s e s  ( P I V )  in fec t ion  w a s  d e m o n s t r a t e d  b y  v i r u s  i sola t ion,  
a n d  o f  4 1  pa t i en t s  w i t h  typical  clinical m u m p s  s y m p t o m s .  C o m p a r a ­
t ive  analys is  s h o w e d  t h e  h i g h  sensi t ivi ty  o f  I F A  a n d  E L I S A .  A signi­
ficant r i se  o f  a n t i b o d i e s  i n  c o n v a l e s c e n t  s e r a  w i t h  h o m o l o g o u s  
a n t i g e n  o f  P I V  w a s  f o u n d  i n  n e a r l y  100 p e r c e n t  o f  cases .  O n l y  t h e  
s e r a  o f  y o u n g e s t  ch i l d r en  w i t h  h i g h  t i t r es  o f  pe r s i s t ing  m a t e r n a l  
an t i bod i e s  r e m a i n e d  w i t h o u t  s e roconve r s ion .  C r o s s  h e t e r o l o g o u s  
a n t i b o d y  r e s p o n s e s  c o u l d  b e  f o u n d  b y  m e a n s  o f  E L I S A  i n  45 % a n d  
b y  I F A  i n  10 %, o f  p a t i e n t s  w h o  i n  t h e  p a s t  e x p e r i e n c e d  i n f ec t i on  
w i t h  o n e  o r  m o r e  P I V  o r  m u m p s  v i ru s  - apa r t  f r o m  h o m o l o g o u s  
a n t i b o d y  reac t ion .  H I  a n d  C F  t e s t  p r o v e d  t o  b e  l e ss  sens i t ive  f o r  
d e t e c t i o n  o f  p o s t i n f e c t i o n s  an t i bod i e s ,  especial ly  i n  p r imo in fec -
t i o n s  w i t h  P I V  t y p e s  1 a n d  2.  

Key words: parainfluenza; cross-reactions; enzyme immunoassay; 
immunofluorescence 

Introduction 

Labora to ry  d iagnos i s  o f  p a r a i n f l u e n z a  v i r u s  i n f e c t i o n s  is n o t  easy.  O n l y  v i r u s  
i so la t ion  o r  d e t e c t i o n  o f  viral a n t i g e n s  direct ly  i n  clinical s p e c i m e n s  al low t o  
d e t e r m i n e  t h e  t y p e  o f  p a r a i n f l u e n z a  v i r u s  (P IV)  w h i c h  c a u s e d  t h e  d isease .  
A n t i g e n i c  r e l a t ionsh ip  b e t w e e n  t h e  ind iv idua l  t y p e s  o f  h u m a n  P I V  a n d  k n o w n  
an t igen ic  r e l a t ionsh ip  w i t h  m u m p s  v i ru s  ( P a V )  cons ide rab ly  impa i r s  i n t e rp re ­
t a t i on  o f  t h e  r e su l t s  o b t a i n e d  b y  serological  e x a m i n a t i o n .  ( C h a n o c k  etal., 1963; 
L e n n e t t e  et a!., 1963; J u l k u n e n ,  1984; L e h t o n e n  a n d  M e u r m a n ,  1986; Gl ik -
m a n n  a n d  M o r d h o r s t ,  1986; V u o r i n e n  a n d  M e u r m a n ,  1989.) 
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T h i s  paper  reports  t h e  r e s u l t s  o f  e x a m i n i n g  t h e  paired s e r a  f r o m  pat ients  in 
w h o m  PIV infect ion w a s  c o n f i r m e d  b y  v i r u s  isolation. W e  tr ied t o  d e f i n e  t h e  
sensit ivity  a n d  specificity o f  severa l  serological  tes t s .  F o r  comparison,  t h e  s a m e  
procedure  w a s  u s e d  t o  e x a m i n e  t h e  s e r a  o f  m u m p s  patients.  In addition, w e  
tried t o  f i n d  o u t  w h i c h  cross-reacting ant ibody r e s p o n s e s  occur in infect ion 
with v a r i o u s  PIV types ,  a n d  tentat ively  r e c o m m e n d  t h e  t e s t  or  t e s t s  pre ferab ly  
to b e  u s e d  in t h e  rout ine  diagnostic.  

Materials and Methods 

Samples and sera. In the  period f r o m  1983 to 1988 a systematic virological and  serological study 
was conducted i n  chi ldren a n d  adults w i t h  clinical diagnosis o f  acute respiratory diseases (ARD).  
T h e  group o f  117 patients f o l l o w e d  i n  this study inc luded cases i n  w h i c h  PIV ifection w a s  d e m o n ­
strated by virus isolation. The  sera were collected in the acute phase o f  illness up to  day 5 since the 
appearance o f  first clinical symptoms and at 10-27 days thereafter. The  sera o f  41 patients with 
mumps were collected at the same intervals. 

Virus isolation o f  PIV was performed from nasopharyngeal swabs o n  secondary monkey kidney 
cells. PaV were isolated o n  continuous line o f  Vero cells (Lennette and Schmidt, 1979). 

Viruses. Parainfluenza virus (PIV) type 1, strain C-35, PIV type 2, strain Greer, PIV type 3, strain 
C-243, PIV type 4, strain M 25 and mumps virus, strain Enders. All strains were supplied by Micro­
biol. Assoc. MD.,  Bethesda, U.S.A. PIV type 1 and 4 were passaged in primary or secondary 
monkey kidney cells, PIV type 2 and 3 in LLC-MK 2 cells, mumps virus in chicken embryos. 

Serological tests. Haemagglutination-inhibition (HI) and complement-fixation (CF) tests were 
performed by means o f  standard W H O  recommended micromethods (Lennette and Schmidt, 
1979). 

Immunofluorescence test (IFA) was performed using the indirect method. Suspension o f  secon­
dary monkey kidney cells infected with PIV and a suspension o f  Vero cells, infected with mumps 
virus were used as antigens. The  conjugates, SwAHu/IgG FITC and SwAHu/IgM FITC (SEVAC, 
Czechoslovakia) were diluted consistently with the control tests. The  specific fluorescence was 
evaluated according to  the intensity o f  the granular fluorescence in the cytoplasm o f  infected cells. 
Antibody titre in human sera was given by serum dilution with fluorescence intensity + + / + + + .  
The  human sera were diluted from 1 : 8 upwards. (Brown et al„ 1970.) 

Enzyme immunoassay (ELISA) was performed by indirect method o n  flat bottom plates 
(IMUNOLON B, Dynatech). T h e  mumps virus antigen was prepared as described by Grubhoffer 
et al. (1987). PaV antigen was concentrated by means o f  PEG 6000 (Serva) precipitation and puri­
fied by ultracentrifugation in a linear sucrose gradient. The  parainfluenza virus antigens were 
prepared in a similar way, with certain modification. All antigens were lyophilized and immedia­
tely before use in ELISA sonified (2 min.). T h e  antigens were diluted according to box-titration; 1 
ml o f  diluted PaV antigen contained 5 /zg o f  proteins, PIV antigens 7-10 fig. The quality o f  the 
antigens was evaluated electrophoretically in SDS PAGE, the specificity o f  the antigens in cross 
test with specific guinea-pig antisera. The human sera were serially double-diluted from 1 : 200 
upwards. 

The  antigens, and a day later also the antisera, were adsorbed o n  microplates in an amount ofO.l 
ml per well at 4 °C for overnight. T h e  conjugates, horse-radish peroxidase-labelled swine anti­
body to human IgG or IgM (SwAHu/IgG Px and SwAHu/IgM Px - SEVAC Czechoslovakia) were 
diluted according to the previous titration with each antigen. A s  a substrate, 5-aminosalicylic acid 
(Fluka) was used. The  test was evaluated photometrically using an Automatic ELISA Reader 
(Dynatech) by absorbance o f  samples  in situ at 450 nm. 



306 FEDOVÁ, D. et al. 

Results 

Serologically e x a m i n e d  w e r e  a l together  41  pat ients  w i t h  m u m p s  a n d  117 
pat ients  wi th  A R D  in w h o m  infection w i t h  PIV w a s  demonst ra ted  b y  v i r u s  
isolation. PIV type  1 infection w a s  d iagnosed  in 36, PIV t y p e  2 in 32, PIV t y p e  3 
in 4 6  a n d  PIV type  4 in 3 cases .  A g e  distr ibution o f  t h e  f o l l o w e d  cases  is  g i v e n  in 
T a b l e  1. Paired sera  f r o m  all patients  w e r e  e x a m i n e d  wi th  f o u r  ant igens  (PIV 
t y p e  1, 2, 3 a n d  P a V )  in f o u r  serological  te s t s ;  HI, CF, I F A  a n d  ELISA.  In I F A  
a n d  ELISA speci f ic  immunoglobul in  G (IgG) a n d  M (IgM) w e r e  determined.  
A s  t h e  criterion o f  positivity in all te s t s  t h e  s ignif icant  i.e. f o u r f o l d  or  h igher  
increase  o f  ant ibodies  in t h e  convalescent  sera  w a s  considered.  

T h e  resu l t s  o f  serological  examinat ions  are  g i v e n  in T a b l e  2. General ly,  
infect ions  d u e  t o  all f o u r  PIV t y p e s  a n d  P a V  s h o w e d  a s ignif icant  increase  o f  
ant ibodies  in convalescent  sera  not  only  wi th  t h e  h o m o l o g o u s  antigen,  b u t  
f r e q u e n t l y  a l so  with o n e  or  m o r e  ant igens  o f  o ther  t y p e s  o f  PIV or  P a V .  

In t h e  s e r a  o f  patients  in fected  wi th  PIV type  1 heterological  cross-reactions 
wi th  PIV type  3 ant igen (in HI, CF, I F A ,  E L I S A )  a n d  w i t h  P a V  antigen (ELISA) 
w e r e  f o u n d .  O n  t h e  o t h e r  h a n d  s e r a  o f  pat ients  wi th  PIV type  3 infect ion cross-
reacted with PIV type  1 ant igen (CF, IFA,  E L I S A )  a n d  wi th  P a V  ant igen 
(ELISA).  Sera  o f  patients  wi th  PIV type  2 infect ions  cross-reacted wi th  PIV 
t y p e  3 a n d  PaV ant igens  (HI, ELISA).  In o n e  o f  t h r e e  cases  o f  PIV type  4 isola­
t i o n s  t h e r e  w a s  a pos i t ive  s e roconve r s ion  wi th  P a V  a n t i g e n  (ELISA) .  I n  
pa t i en t s  w i t h  m u m p s  f r e q u e n t  c ross - reac t ions  w i t h  all t h r e e  t y p e s  o f  P I V  
o c c u r r e d  ( T a b l e  3) .  

Table 1. Age destribulion of 117 patients in whom parainfluenza virus infection was demonstrated 
by virus isolation, and 41 patients with manifest mumps virus infection 

Number o f  patients infected with the virus: 

Age 
Parainfluenza 

type 4 
Mumps 

type 1 type 2 type 3 type 4 

2 - 6  months 1 2 6 _ _ 

7 - 1 2  months 5 5 6 1 " 

13 - 23 months 6 3 12 " " 

24 - 35 months 5 5 7 ~ 8 

5 - 5  years 13 9 8 _ 17 
6 - 1 5  years 4 5 3 2 12 

1 6 - 3 0  years 2 3 4 — 4 

Total: 36 32 46 3 41 
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T e s t  sensit ivi ty  a n d  n u m b e r  o f  cross-reactions d e p e n d e d  o n  t h e  a g e  o f  t h e  
pat ients  (Table  4). Paired children s e r a  w e r e  div ided into t w o  a g e  groups .  T h e  
first g r o u p  contained s e r a  o f  y o u n g e r  children (aged 2 - 3 5  months) ,  t h e  second  
g r o u p  consis ted o f  s e r a  o f  o lder  children including 7 adults .  In t h e  first g r o u p  o f  
63 y o u n g e r  children a high percentage  o f  s e r a  wi th  negat ive  seroconvers ion in 
HI (37 %) and C F  (44 %) tes t s  w a s  recorded.  T h e s e  sera  w e r e  predominantly  
obta ined f r o m  children with PIV type  1 a n d  2 isolations.  T h e  s a m e  sera,  i f  
tes ted  in IFA or  ELISA,  w e r e  posit ive in high n u m b e r  o f  cases .  H o m o l o g o u s  
ant ibody response  w a s  demonst ra ted  61 t i m e s  (97 %) b y  I F A  and 58 t i m e s  
(98 %) b y  ELISA.  W i t h o u t  seroconvers ion remained  only infant  sera  o f  
patients  u p  t o  3 m o n t h s  o f  a g e  wi th  pers is t ing  maternal  ant ibodies .  Cross-reac-
t ions  w e r e  f o u n d  b y  ELISA in only  2 children (3 %). In t h e  second  g r o u p  o f  51  
o lder  children an adul t s  negat ive  seroconvers ion w a s  f o u n d  only  4 t imes  b y  HI 
a n d  C F  t e s t s  (8 %). Never the less ,  in all serological  t e s t s  h igh percentage  o f  
cross  he tero logous  antibody r e s p o n s e s  w a s  recorded:  in ELISA 4 5  %, in HI 
2 9  %, in C F  20 % a n d  in IFA test  10 %. In ELISA a n d  I F A  a s ignif icant  increase 
o f  antibodies,  together  with h o m o l o g o u s  a n d  hetero logous  ant igens  w a s  
recorded;  in HI and C F  t e s t s  o f t e n  only  wi th  hetero logous  ant igens.  M o s t  
speci f ic  resul t s  w e r e  obtained b y  m e a n s  o f  i m m u n o f l u o r e s c e n c e .  If t h e  anti­
b o d y  t i t re  w a s  eva lua t ed  accord ing  t o  t h e  f l u o r e s c e n c e  in t ens i ty  o f  t h e  g r a n u l e s  
o f  repl ica t ing v i rus  in t h e  cy top lasm o f  i n f ec t ed  cells,  spec i f ic  fluorescence w i t h  
h o m o l o g o u s  an t i gen  o n l y  w a s  d i a g n o s t e d  46 t i m e s  (in 9 0  %). Cross - reac t ions  
w e r e  f o u n d  on ly  5 t i m e s  (10 %), a n d ,  in  con t ra ry  t o  o t h e r  t e s t s ,  t h e  a n t i b o d y  
inc rease  wi th  t h e  h o m o l o g o u s  a n t i g e n  w a s  m a n y  t i m e s  h i g h e r  t h a n  w i t h  t h e  
h e t e r o l o g o u s  o n e .  

F r o m  t h e  p o i n t  o f  d i f fe ren t ia l  d iagnos i s  c ross - reac t ions  wi th  P a V  a n t i g e n  
w e r e  i m p o r t a n t  ( H I ,  ELISA- IgG) .  Y e t ,  in  s e r a  o f  pa t i en t s  w i t h  P I V  in fec t ion  a 
s ign i f icant  inc rease  o f  I F A - I g G  a n d  I g M  o r  E L I S A - I g M  an t i bod i e s  w i t h  
m u m p s  v i ru s  an t i gen  cou ld  n e v e r  b e  d e m o n s t r a t e d .  W i t h o u t  s e roconve r s ion ,  
w a s  a l so  t h e  C F  t e s t  w i th  so lub l e  r i bonuc l eop ro t e in  P a V  a n t i g e n  (Or ion ,  
F i n l a n d ) .  

Discussion 

T h e  p r o b l e m  o f  c ross- reac t ions  a n d  a s s u m e d  an t igen ic  r e l a t ionsh ip  b e t w e e n  
h u m a n  a n d  a n i m a l  Pa ramyxov i ruses  h a s  b e e n  k n o w n  s ince  t h e  60 ' ies .  Y e t ,  on ly  
app rox ima te ly  in t h e  early 80 ' ies ,  w h e n  s t u d i e s  o n  s t ruc tu ra l  p r o t e i n s  pur i f i ed  
b y  va r ious  b iochemica l  m e t h o d s  h a d  b e e n  s t a r t ed ,  a n d  m o n o c l o n a l  an t i bod i e s  
i n t r o d u c e d ,  t h e  r e l a t ednes s  b e t w e e n  t h e  indiv idual  P I V  types  a n d  P a V  cou ld  b e  
d e m o n s t r a t e d  ( G o s w a m i  a n d  Russe l ,  1982, 1983; Ôrvel l  et al., 1986; Ito et al., 
1987). T h e  present,  s o  far  incomplete  data indicate that  a certain antigenic rela­
t i o n s h i p  ex is t s  a m o n g  all t ypes  o f  h u m a n  P I V  a n d  t h a t  it w o u l d  b e  di f f icul t  t o  
se lec t  s o m e  o f  t h e  s t ruc tu ra l  p ro t e in s  a s  a n  a n t i g e n  f o r  type-speci f ic  serological  
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diagnosis .  J u l k u n e n  (1984) u s e d  vir ion e n v e l o p e  glycoproteins  a n d  nucleopro-
tein ant igens  in ELIS A .  Y e t ,  t h e  n u m b e r  a n d  t h e  n a t u r e  o f  cross-reactions in 
paired sera  f r o m  pat ients  w i t h  b o t h  d i f f e r e n t  ant igens  could  b e  evaluated  only  
wi th  dif f icult ies,  a s  t h e  actual  infect ive  agent  w a s  n o t  k n o w n .  

T h e  disadvantage  o f  t h e  present  s t u d y  w a s  that  w e  h a d  n o  opportunity  t o  
e x a m i n e  t h e  paired s e r a  o f  c o n f i r m e d  para inf luenza  v i r u s  infect ions  w i t h  anti­
g e n s  p r e p a r e d  f r o m  a t  leas t  s o m e  m a i n  s t ruc tu ra l  p ro t e ins .  N e v e r t h e l e s s ,  o u r  
r e su l t s  i n  E L I S A  w i t h  p u r i f i e d  whole -v i r ion  a n t i g e n s  y ie lded  s o m e  n e w  da ta .  
T h e y  c o n f i r m e d  t h a t  E L I S A  w a s  h igh ly  sens i t ive ,  a n d  d e m o n s t r a t e d  t h a t  
y o u n g  ch i l d r en  w i t h  s o m e  P I V  p r i m o i n f e c t i o n s  e x p e r i e n c e  s e r o c o n v e r s i o n  
on ly  w i t h  h o m o l o g o u s  a n t i g e n  w h i c h  w a s  s i m u l t a n e o u s l y  i so la ted  f r o m  t h e  
pa t i en t .  S e r o c o n v e r s i o n  o c c u r e d  a l m o s t  a t  100 % b u t  w a s  nega t ive  i n  ch i l d r en  
w i t h  m a t e r n a l  an t i bod i e s  pers i s t ing  i n  h i g h  t i t res .  I n  add i t i on  t o  s e r o c o n v e r s i o n  
w i t h  h o m o l o g o u s  a n t i g e n ,  n u m e r o u s  c ross - reac t ions  w i t h  h e t e r o l o g o u s  an t i ­
g e n s  w e r e  p r e s e n t  i n  t h e  s e r a  o f  o l d e r  ch i l d r en  o r  a d u l t s  w i t h  p r e v i o u s  h i s to ry  o f  
i n f e c t i o n  o r  r e i n f e c t i o n  w i t h  o n e  o r  m o r e  t y p e  o f  P I V  o r  P a V .  

I t  is i n t e r e s t i ng  t h a t  i m m u n o f l u o r e s c e n c e  t e s t  p r o v e d  t o  b e  equa l ly  sens i t ive  
a s  E L I S A  a n d  gave  m o r e  speci f ic  r esu l t s .  T h e  d i sadvan tage  o f  I F A  t e s t  h a s  b e e n  
i n  i t s  l abo r iousnes s ,  i n  t h e  imposs ib i l i ty  o f  a u t o m a t i o n  a n d  t h e  neces sa ry  e x p e ­
r i e n c e  o f  t h e  virologis t  a t  r e a d i n g  t h e  r e su l t .  H o w e v e r ,  I F A  t e s t  c a n  b e  app l ied  
a s  c h e c k  m e t h o d  i n  ca ses  o f  pos i t ive  s e r o c o n v e r s i o n  i n  E L I S A .  H I  a n d  C F  t e s t s  
w e r e  l i t t le  sens i t ive  especial ly  i n  P I V  t y p e  1 a n d  2 p r imo in fec t i ons .  B o t h  t e s t s  
a r e  less  su i t ab le  f o r  r o u t i n e  serological  d iagnos t ics .  
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