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A seroepidemiological study for detection of antibody to hatman coronaviruses 
OC43, 229E, and neonatal calf diarrhea coronavirus (NCDCV), has been carried out 
using sera collected from hospitalized patients or healthy persons through routine 
laboratory tests in Northern Italy. Patients tested were children and adults with 
different pathological diseases. Antibody detection was performed by using an 
indirect immunoperoxidase staining technique (gor all viruses) and, in the case of 
OC43 and NCDCV, antibody detection was obtained even with a ,hemagglutination 
inhibition test and a plaque reduction neutralization assay. Results obtained show 
a significant difference in the prevalence of antibody to 229E bet~Teen children and 
adult group. Furthermore, a different tirer was observed, within the two groups, 
between patients affected by hematological diseases (leukemia) and patients w&h 
other diseases. Finally, our data seem to confirm previous studies reporting a very 
high prevalence of antibody to coronavirus OC43 but a less detectable seropositivity 
m coronavirus 229E. 

I N T R O D U C T I O N  

Human  coronaviruses OC43 and 229E are well 
known as etiological agents of respiratory infec- 
tions generally affecting the upper  respira tory 
tract  and responsible for common  colds during 
winter-spring seasons Isolation of these viruses 
is part icular ly difficult and, consequently,  all 
epidemiological and reliable data about  their 
diffusion are based upon serological studies 
per formed using reference strains of cell culture 
adapted coronaviruses.  To date, viruses are 
included in the coronavirus group for some 
propert ies (14) : 

i) the presence of one molecu!e of infectious 
ssRNA of MW ranging from 5.5xl06 and 6.1xl06 
daltons with polyadenylated 3' te rminus ;  

1 Corresponding author. 

ii) morphology showing pleomorphic  enve- 
loped particles with diameter  ranging f rom 80 to 
160 nm and surface project ions (spikes) pro.truding 
12-24 nm from envelope; 

iii) common  physicochemicai  propert ies such 
as banding at 1.1.6.-1.23 g /cm 3 in sucrose gradients, 
disruption bv ether, chloroform, and detergents,  
removal of surface project ions by bromelain and 
trypsin. 

Consequently, viruses could be included in the 
coronavirus group independently of their antigenic 
cross-reaction but, particu!arly, for their charac- 
teristic morphology (spikes),  as revealed by 
electron microscopy. 

Human  coronavirus OC43 and 229E are the 
prototypes  of all coronaviruses affecting humans.  
No part icular  relatedness has been, to date, re- 
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por ted  be tween  these two vi ruses ;  fu r the rmore ,  
in vitro,  229E shows an easy growth  in h u m a n  lung 
f ibroblas t  cell cul tures  wi th  evident  cy topathogenic  
effect ;  on the o ther  hand,  OC43 can grow in cell 
cul tures  (VERO cells or  h u m a n  f ibroblas t  cell 
cu l tures)  only a f te r  adap ta t ion  of virus s t rains  
cul tured  in suckling mouse  brain.  Despite  their  
morphologica l  and  antigenic differences,  these 
viruses are responsible ,  in humans ,  for  c o m m o n  
colds not  easily dis t inguishable  by s y m p t o m s  or 
seasonal i ty  of appearence .  

Previous repor t s  showed a high prevalence  of 
an t ibody  to human  OC43 and 229E coronavi rus  
in sera  collected f r o m  pat ients  of no r the rn  
I ta ly  (1, 2). Results were  ob ta ined  using very 
complex  tests  such as Immune-Adherence  Hemag-  
glut inat ion (IAHA),  in the case of 229E specific 
an t ibody  detect ion,  or  not  highly sensit ive and 
reliable tests,  as complement- f ixa t ion  and hemag- 
glutination-inhibit ion,  for  OC43 an t ibody  detec- 
t ion (1, 2). 

Another  interest ing test  was utilized for  
serodiagnosis  of OC43 infection, based  upon  a 
microneut ra l iza t ion  method,  but,  despi te  its high 
degree of specifici ty and  sensitivity, its perfor-  
mance  was economical ly  very expensive (3).  
Fu r the rmore ,  the presence  of a non specific inhib- 
i tor for  OC43 and N'CDCV coronavi rus  p resen t  
in m a m m a l i a n  sera and in fetal  calf s e rum ,(FGS) 
tha t  can be removed  by phosphol ipase  C (PLC) 
t r ea tment ,  p r o m p t e d  us to develop a new sensit ive 
and specific hemagglu t ina t ion  inhibit ion tes t  and 
a new plaque reduct ion  assay (4). By the use of  
these new tests  foc OC43 and by an indirect  
immunope rox idase  staining technique ( I I P ) ,  for  
229E, we carr ied  out  a seroepiderniologic s tudy 
in o rder  to ver i fy previously  repor ted  data  (2, 3). 

In  addit ion,  the str ict  antigenic re la tedness  
be tween  OC43 and NCDCV (5) suggested the 
invest igat ion of the prevalence of a h u m a n  i m m u n e  
response  against  this bovine virus. 

MATERIALS AND METHODS 

Viruses 

Coronavirus  229E was ob ta ined  f rom American  
Type Culture Collection (ATCC - Rockville, Md., 
USA) and adap ted  to grow in h u m a n  embryo  lung 
f ibroblas t  cells (HELF) .  

OC43 and NCDCV coronavi ruses  were  cell 
cul ture  adap ted  s t ra ins  originally obta ined  f r o m  
suckling mouse  bra in  adap ted  virus suppl ied by  
Dr. H.S. Kaye (C.D.C., Resp i ra to ry  Virology Unit, 
Atlanta, Ga., USA) and Dr. C.A. Mebus, (Dept.  of 
Veter inary  Science, Univers i ty  of Nebraska ,  Lin- 
coln, Neb., 68503). Adapta t ion to g rowth  in HELF 
has  been  previously  r epor t ed  (5). 

Sel'a 

Three hundred  and twenty  nine sera were  
collected f rom hospi tal ized pat ients  and heal thy 
persons  having rout ine  l abora to ry  tests  in the 
Universi ty Hospi ta l  of Pavia, Italy.  

Sera  f rom six age groups  were  s tudied for  
specific an t ibody  to 229E, OC43 and NCDCV coro- 
naviruses.  A n u m b e r  of sera were  also collected 
f rom leukemic  infants  and children. 

Indirect immunoperoxidase s¢aining technique 
(IIP) 

HELF cells were  cul tured  in sterile micropla tes  
for  t issue cul ture ;  when  the monolayer  was 
confluent,  all cell wells were  infected wi th  0.05 
ml  of a suspension of 22qE containing 100 infec- 
tious virus part icles,  incuba ted  at  33°C for  60 rain. 
To each well was then added  0.l ml of 199 
m e d i u m  containing 2% fetal  calf serum.  In fec ted  
cul tures  were  incubated  at 33~C for  36 hours ,  
washed  3 t imes with  PBS Du!becco B and then 
fixed with absolute  ethanol.  Fixed p repa ra t ions  
were  immedia te ly  used for  HP  or s tored  at  --70°C 
until  use. 

I IP  for  specific h u m a n  an t ibody  detect ion 
was p e r f o r m e d  as previously  descr ibed for  o ther  
viruses (5-8), except  tha t  the 3-amino -9-ethyl- 
carbazole-H202 colour developing sys tem was 
used. 

Hemagglutination-inhibition test (HI) 

Antibody t i ter  to OC43 and NCDCV was 
detected by  HI  following a r epor t ed  p rocedure  
(10) and a suggested t r ea tmen t  of sera in order  
to avoid non-specific inhibi tors  of OC43 and 
NCDCV hemagglu t ina t ion  (9), except  that  the 
inact ivat ion of phosphol ipase  C (PLC) wi th  heat  
t r e a t m e n t  (56°C for  60 rain)  was used in substi- 
tut ion of phenanthro l ine  t rea tment .  

Plaque reduction assay ( PRA). 

PRA for  OC43 and NCDCV an t ibody  detect ion 
was p e r f o r m e d  as previously  descr ibed (4). 
Briefly, a t i tered virus suspension,  known to 
contain 40-50 infect ious uni ts  of virus,  was  mixed 
with  an equal  vo lume of serial  twofold dilution 
of .PLC - t rea ted  sera  diluted in se rum - free 199 
m e d i u m  with  addi t ion of glutamine,  penicillin, 
s t r ep tomyc in  and  gentamycin.  

Mixtures were  incubated  at 33°C for  60 rain 
and  then inoculated in wells of mic rop la te  cell 
cul ture  of HELF (0.05 rot/well). After  adsorp t ion  
at 33°C for  60 rain, p laquing med ium ( m e d i u m  
199 with  fetal  calf s e rum at  the final concent ra t ion  
of 10% and 5% for OC43 and NCDCV, respective- 
ly), was  added for  24 h and  then cells were  fixed 
with absolute  ethanol and stained by  the indirect  
immunope rox idase  s taining technique descr ibed 
using mouse  h y p e r i m m u n e  sera. 

113 



Cereda P.M. et al. Eur. J. Epidemiol. 

RESULTS 

As repor ted  in Figure 1, ant ibody to 229E 
coronavirus  was present  in a high percentage 
of sera s tudied;  its prevalence and the specific 
ant ibody t i ter  increased with increasing age. 
Antibody ti ters in leukemic patients seemed to 
be consistent ly lower than in o ther  pat ients  (Fi- 
gure 1). The results obta ined were not  par t icular ly  
different  f rom those observed in previous repor ts  
(2, 11, 12), except for  the fact that,  because of 

the greater  sensitivity of IIP technique used, 
ant ibody ti ters were greater.  Fur thermore ,  the 
IIP test was very easy to read, as shown in Figure 
2, very simple to pe r fo rm and can avoid some 
problems (i.e. false results and/or  difficulties in 
in terpre t ing data)  f requent ly  occurr ing using o ther  
conventional  and tedious methods  like comple- 
ment  fixation and immune adherence hemagglu- 
tination. 

Finally, the IIP technique for  229E ant ibody 
detect ion had o ther  advantages : it allowed 
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Figure 1. - Reciprocal  of an t ibody  t i ter  to 229E coronav i rus  as detected in di f ferent  age g roups  by  I IP.  
® Ant ibody to 229E in sera  f r o m  leukemic pat ients .  
O Ant ibody to 229E in n o n  leukemic sera. 
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Figure 2 . -  I IP  fo r  229E an t ibody  detect ion on  in£ected h u m a n  embryon ic  f ib roblas t s ,  2A: posi t ive  h u m a n  s e r u m ;  
2B: negative se rum.  
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Figure  3. - R e c i p r o c a l  of a n t i b o d y  t i t e r  to  OC43 as d e t e c t e d  in  d i f f e r en t  age g r o u p s  by  HI  a n d  PRA tes t s .  A n t i b o d y  to  
OC43 in  l e u k e m i c  p a t i e n t s  as d e t e c t e d  by  H I  ® and  PRA i .  A n t i b o d y  to  OC43 in non  l e u k e m i c  p a t i e n t s  as  d e t e c t e d  by  
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prolonged  s torage of infected and fixed substrates ,  
and  was inexpensive. 

Antibody to coronavi rus  OC43 was very 
f requent  in the s tudied populat ion.  Absence of 
specific i m m u n e  response  was an exceptional  
f inding in the course  of our  survey. 

Detect ion of specific an t ibody  by using hem- 
aglut inat ion inhibi t ion test  ( H I )  gave resul ts  not  
par t icu lar ly  di f ferent  f rom those previously  re- 
po r t ed  for  sera collected f rom pat ients  of the 
same geographical  a rea  (1) thus conf i rming  a 
very high prevalence  of an t ibody  response  to this 
coronavirus .  

In  paral lel  to OC43 an t ibody  detection,  we 
invest igated the i m m u n e  response  to NCDCV, a 
bovine coronavi rus  antigenically s tr ict ly re la ted  
to OC43. Ant ibody t i ter  to OC43 was generally 
two-fourfold dilutions higher than  the t i ter  to 
NCDCV. We never  observed  sera posit ive for  OC43 
and negat ive for  NCDCV and viceversa.  

The PRA test  showed a grea te r  sensit ivity 
than  H I  ( t i te r  ob ta ined  were  general ly four- 
fourfold  dilutions higher)  but  the i m m u n e  re- 
sponse  to homologous  (OC43) and heterologous  

Figure  5. - PRA fo r  OC43 and  NCDCV posi t ive  se ra  identifi- 
cation. 5A: OC43 posi t ive  s e r u m ;  5B: NCDCV posi t ive  
~rUlTI. 

(NCDCV) virus were  always in the same pro- 
por t ions  as observed by using the H !  test  (Figures  
3 and 4). 

Even in the case of OC43 and NCDCV coro- 
naviruses,  sera f rom leukemic  pa t ien ts  showed 
specific an t ibody  t i ters  lower  than  t i ters  observed  
in non leukemic  pat ients  in the same  group of age. 

As in the case of l iP  for  229E, resul ts  ob ta ined  
by PRA for  OC43 and NCDCV were easily readable  
and in te rpre tab le  as shown by Figure 5. 

DISCUSSION 

Coronaviruses  are m e m b e r s  of a group of 
virus charac ter ized  by  a high incidence in m a n y  
m a m m a l i a n  species, including man.  

H u m a n  coronavi ruses  are general ly involved 
in the c o m m o n  colds and in uppe r  resp i ra to ry  
t rac t  disease:  OC43 and 229E are the m o s t  
impor t an t  and studied h u m a n  coronaviruses .  

In  the presen t  work  we searched for  an t ibody 
t i ter  to 229E and OC43 coronavi rus  using very  
sensit ive tests.  Fur the rmore ,  we assayed  sera  in 
order  to detect  an t ibody  response  to NCDCV, a 
coronavi rus  known to cross-react  s t rongly wi th  hu- 
m a n  OC43, Our data, ob ta ined  by m o r e  sensit ive 
and reliable methods ,  appea r  to consis tent ly  con- 
f i rm previous  repor t s  showing a high prevalence of 
OC43 and 229E coronavi rus  in nor the rn  I ta ly  and  
are in ag reement  wi th  resul ts  ob ta ined  in o ther  
countr ies  (1, 10-12). 

As repor ted  above, we used tests  which  are 
sensit ive and  not  par t icu lar ly  tedious and  expen- 
sive. Hemagglu t ina t ion  inhibi t ion of OC43 and 
NCDCV p e r f o r m e d  af ter  dest roying non specific 
inhibi tors  is a very s imple  and  reliable test.  
Sensit ivity and specificity of I IP  ( fo r  229E) and  
PRA (for  OC43 and NCDCV) were  descr ibed and  
are not  here  discussed. 

Finally, the detect ion of i m m u n e  response  
to NCDCV ( the  bovine coronavi rus  antigenically 
re la ted  and cross-react ing wi th  OC43), was  due 
to our  interest  in conf i rming  these antigenic 
re la t ionships  and  excluding tha t  h u m a n  sera  
posi t ive for  OC43 were  not  react ing for  NCDCV. 
These la t ter  data are in ag reement  with previously  
repor ted  resul ts  (5) and render  quest ionable  o ther  
repor t s  referr ing to the presence  of specific 
h u m a n  an t ibody  to NCDCV (13). In  fact,  the 
detect ion of i m m u n e  react ivi ty  to h u m a n  sera  to 
NCDCV (which however  mus t  always be  p e r f o r m e d  
af te r  dest roying specific s e rum inhibi tors) ,  is 
definitely conf i rmed  to be dependan t  on the 
str ict  ant igenic re la tedness  be tween  OC43 and 
NCDCV and not  consequent  to h u m a n  immu-  
nization by NCDCV. 
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