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Introduction 

Various surveillance programmes undertaken in recent 
decades have provided evidence that viral infection is the 
major identifiable cause of upper and lower respiratory 
tract disease in man. 

As some cases did not appear to be linked with infections 
by known viruses, it was hoped that the human coronavi- 
ruses discovered relatively recently might account for a 
proportion of these unexplained illnesses. 
That coronaviruses are potential respiratory pathogens 
has been demonstrated in experimental studies (1, 2). 
However,  data on the extent and significance of infections 
by these viruses in human illnesses are still limited. 
Serological surveillance carried out at regular intervals on 
a large number of sera taken from representative groups 
reveals the total infection rates (apparent and non-appar- 
ent) and the level and distribution of the seroimmunity in 
the population. 
The following report  of seroepidemiological studies of 
coronavirus infections is based upon observations made in 
the course of a surveillance programme in Hamburg 
(carried out since October  1974) in various sections of the 
population in which all age groups were represented. 

Material and Methods 

Population: A total of 3,016 blood samples was collected be- 
tween October 1974 and September 1976 (minimum of 100 sera 
monthly) from "normal" healthy individuals divided into four 
age-groups: Group I (0 to 14 years old); Group II (15 to 24 years 
old); Group III (25 to 59 years old); Group IV (60 years old). 
We collected a second sample of blood two months later from 
331 girls, 12 to 17 years old. After inactivation for 30 minutes at 
56 ° C, the sera were stored at -20 ° C until used. All paired sera 
were tested simultaneously. 
Antigen: Coronavirus strain OC-43 has been isolated by Mcln- 
tosh et al. (3) in human embryo trachea organ culture from an 
adult with a cold. The strain was subsequently adapted to 
suckling mouse brain. Strain OC-43 antigen was prepared from 
infected suckling mouse brain according to the technique 
described by Kaye and Dowdle(4). 
Serology: Hemagglutination inhibition (HI) tests were per- 
formed according to the Sever microtitre technique (5), using 
chicken red blood cells (4). Fifty positive sera (titre 1:16- 1:64) 
were treated with receptor destroying enzyme (RDE) (6), 
kaolin (7) or ethacridin (8) for removal of nonspecific inhibitors. 

Results 

The incidence of seropositive reactions in the total popu- 
lation studied is presented in Table 1. From the 3,016 sera 
investigated, 1,755 (58.2%) showed HI antibody titres 
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Table 1 : HI-Coronavirus antibodies in the population of Hamburg. 

October 1974 0-14 403 150 90 49 9 2 11 
15-24 368 305 131 119 48 3 4 14 

September 1975 25-59 571 383 179 155 37 10 2 13 
60~ 282 161 88 61 8 3 1 12 

1624 999 488 383 102 18 7 12.7 

October 1975 0-14 329 136 54 48 27 6 l 15 
15-24 350 237 113 76 38 8 2 14 

September 1976 25-59 369 236 112 85 33 5 1 13 
60~ 344 147 92 40 10 4 1 11 

1392 756 371 249 108 23 5 13.2 

Total 3.016 1.755 859 633 210 41 12 12.9 

between 1:8 and 1:128. The geometric mean antibody 
titre (GMT) for the whole group was 1:12.8. 
During the period extending from October  1974 to Sep- 
tember  1975 the frequency of seropositive reactions in 
Group I (403 subjects)was 37.2% (GMT: 1:11), increas- 
ing in Group II (368 subjects) up to 82.9% (GMT: 1:14). 
In Group III (571 subjects) the percentage of seropositive 
individuals decreased to 67.1% (GMT: 1:13) and was 
markedly lower in Group IV (282 subjects) at 57.1% 
(GMT: 1:12). 
In the following 12 months of surveillance (October  1975 
to September 1976) the incidence of seropositive reac- 
tions in Group I (329 persons) increased to 41.3% (GMT: 
1:15) and dropped to 67.7% in Group II (350 persons). 
The values in Group III remained constant at 63.9% 
(GMT: 1:13) and fell to 42.7% (GMT: 1:11) in Group IV. 
Treatment  of positive sera with RDE,  kaolin or ethacri- 
din did not modify the HI-titer of the 50 sera tested. 
HI antibodies to coronaviruses were found in 280 indi- 
viduals among 331 paired sera; a seroconversion with a 
four- to eightfold rise in titer occurred only in 22 (6.6%). 
A twofold antibody increase was registered in a further 49 
sera (14.8%); 23 individuals (7.3%) showed a fall of  the 
titers and in 186 persons (56.2%) the titres remained 
unchanged (Table 2). 

Table 2: HI-Coronavirus antibodies in paired sera (Hamburg 

As far as the seasonal pattern is concerned, we observed 
frequent infections in November  1974; after that period 
the seroimmunity level of the population studied dropped 
continuously till June 1975. An increased infection rate, 
with a peak in October  to November  1975, was evident. 
From December  1975 to February 1976, the infection 
rates dropped markedly, followed by a smooth increase 
till the end of our present study in September 1976. 

Discussion 

Certain conclusions can be drawn from the data obtained 
during our two year surveillance period. Infections with 
human coronaviruses are common in all four groups 
studied, especially in Group II (15 to 24 years old). 
The higher incidence of seropositive reactions in 15 to 24 
year olds (67.7% and 82.9%, respectively) confirms our 
previous data (9, 10, 11), those of Henigst (12), Monto 
and Lira (13), and Riski and Estola (14) who also found a 
higher percentage of seropositive reactions in the 15 to 19 
year old group (12, 13) and in individuals of 21 to 50 years 
(14). 
Considering the results obtained in Group I and II, our 
data are in agreement with those of Kaye and Dowdle 
(15). The higher level of coronavirus antibodies and the 

1974 to 1976). 

131 95 72.5 53 40.4 9 6.9 25 19.1 8 6.1 

12-17 200 185 92.5 133 66.5 14 7 24 12.1 14 7 

Total 331 280 84.6 186 56.2 23 6.9 49 14.8 22 6.6 
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higher  incidence of  seroposit ive reactions found in G r o u p  
II  may  be at t r ibuted to multiple infections and to a special 
susceptibility o f  the group.  These data also indicate an 
increased spread of  coronaviruses  in this segment  o f  the 
populat ion.  The  percentage  o f  seroposit ive reactions in 
G r o u p  I (0 to 14) was smaller than  that  found in o ther  
groups.  A n  explanat ion of  this si tuation may  be found  in 
the data  provided  by Mclntosh et al. (16): they suggested 
that  in infants coronaviruses  play a smaller role in the 
et iology o f  lower  respiratory tract diseases. 
The  lower  rate  o f  seroposi t ive reactions could also mean  
that  the virus is weakly antigenic in children. Since pre-  
school  children are also included in G r o u p  I, this may  
explain the rate o f  seroposit ive reactions.  It is known that  
in preschool  children infections with OC-38 and OC-43 
coronavi ruses  are p redominan t  whereas  infections with 
strain 229E are prevalent  in adults (17). 
The  seasonal  pa t te rn  suggests that  coronaviruses  are cir- 
culating the whole  year  in the u rban  popula t ion,  with 
prevalence in the cold season,  a decrease in the warm 
season and sporadic cases at o ther  times of  the year.  
O t h e r  authors  (13, 17, 18, 19) also found coronavirus  
infections usual in the per iod January  to April .  In our  
study we observed  peaks  in N o v e m b e r  1974, Oc t obe r  to 
N o v e m b e r  1975, and in Sep tember  1976, fol lowed by low 
infection rates in the spr ing-summer  season. Similar data  

were publ ished b y  Bradburne and Somerset (20), and by 
Mclntosh et al. (16). 

We may  assume that  in the peak  periods H a m b u r g  wit- 
nessed a wave of  infection caused by an OC-43 virus o r  a 
related virus. 

Nei ther  the n u m b e r  of  h u m a n  respiratory types nor  the 
extent  o f  their serological cross-reactivity are well known  
as far as coronaviruses  are concerned.  It is known how- 
ever  that  several members  cross-react  in one  or  more  
types o f  serological  tests and that  he terotypic  an t ibody 
rises occur  (21). 

As we did not  isolate coronaviruses  in our  patients and in 
view of  the possibility of  he te ro logous  responses o f  the 
an t ibody titers that  we have found,  we cannot  interpret  
them as being specifically due  to the OC-43 virus alone.  
The  an t ibody  response  found  in this seroepidemiological  
survey may  be an expression ei ther  o f  past o r  present  
infections or  reinfections with an agent identical or  closely 
related to the antigen used in the test. Reinfect ions with 
coronaviruses  are not  a rare event  considering that  over  
50% o f  the titer rises encoun te red  in the 331 paired sera 
occur red  in individuals with pr ior  antibodies.  The  high 
rates o f  seroposit ive react ions provide  complete  evidence 
that coronaviruses  are circulating widely in the u rban  
popula t ion  of  Hamburg .  
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