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SUMMARY

The incidence of haemagglutination inhibition (HI) antibody (titre ^12) to
influenza A/Singapore/1/57(H2N2) in sera collected from a Finnish population in
thesummcrofl981 was 58 %. Subjects bornaftor 1968 were essentially seronegativc,

a comparable low HI antibody status was also recorded among the elderly,
lowest being in people born during the period 1901-10. A small increase in

antibody titre to the II2N2 virus was observed in the different age groups after
infections with the II3N2, but not the H1N1, subtype influenza A viruses. The
hoterotypic response, which could be due to HI or NA antibodies, was restricted
almost exclusively to subjects already exhibiting this antibody in acute phase sera.
Moreover, the anamnestic boosting was not as strong as that described in earlier
studies from samples collected at the beginning of the present era of H3N2 viruses.
At population level, the HI antibody status to H2N2 was about the same at the
beginning and end of the follow-up period which covered eight epidemic seasons.
•Hie results arc discussed with respect to the doctrine of 'original antigenic sin'
and to the threat of re-cmergcncc of the H2N2 viruses.

INTRODUCTION

Recycling of influenza A virus subtypes has been one theory for the origin of
pandemic influenza viruses, since scro-cpidcmiological evidence (reviewed by
Webster, 1972) was gathered on the circulation of virus strains related to H2N2
subtypo viruses in man prior to (about 1890-1918) the pandemic of 1957. In 1977,
virological confirmation of recycling was obtained when the H1N1 subtype viruses
reappeared after an interval of 20 years. Moreover, in scrological, biochemical and
genetic analyses (Paleso & Young, 1983) the 1977 virus was shown not to be a
recombinant between human and animal influenza viruses, as had been expected
from the re-emergence of H2N2 viruses in 1957 and H3N2 viruses in 1969, but
Practically identical to the H1N1 strains prevalent in 1950. The way in which the
HlNl virus was stored for about 27 years without significant genetic variation is
8till obscure, although several explanations have been put forward (Webster, Laver
& Air, 1983).

Among the three influcnza-A virus subtypes pandemic in man this century, there
I.V2
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is one, H2N2, which is not epidemic in human populations today. Its era came
to an end with the pandemic of H3N2 viruses in 1968. Any re-emergence of the
H2N2 viruses will depend on factors such as the immunity of communities.
Haemagglutination inhibition (HI) antibody, in contrast to antibodies against
internal components of the virus, is correlated with protection against infection
(reviewed by Al-Khayatt, Jennings & Potter, 1984), but the protective titre varies
greatly with factors such as the virus and the age of the host (Pyhala & Aho, 1975,
1981; Fox el al. 1982). In order to evaluate the immune status and its possible
changes in the Finnish population, the level of HI antibody to
A/Singapore/1/57(H2N2), the virus responsible for the pandemic of 1957, was
monitored during the present era of H3N2 and HlNl subtype viruses.

MATERIAL AND METHODS
Serutn collections

Four collections of sera were tested for HI antibody to influenza
A/Singapore/1/57(H2N2), the first collection also being tested for
A/HongKong/1 /68(H3N2) antibody.

(1) Scrum specimens from a total of 400 subjects, 50 in each of eight ago groups
(see Fig. 1), were taken in June—August 1981 after the influenza A(H1N1) outbreak
of the 1980/1 season. The subjects were patients in general hospitals in different
parts of the country. The sera, taken during the acute phase of various infectious
diseases, were first sent to the Virological Department of the National Public
Health Institute, Helsinki, for routine antibody testing. The sera were stored at
4 °C for a few months and then at —20 °C until tested in the spring of 1982.

(2) Paired sera were taken in the winter of 1979/80 from 69 patients and in the
winter of 1982/3 from 52 patients who had contracted an influenza-like disease.
The acute sera were taken not later than the fifth day after the onset of illness
and the convalescent sera on the 12-20th day. In each of the patients an influonza-A
infection with H3N2 subtype viruses was verified serologically by HI with a panel
of antigens, thus excluding HlNl subtype viruses as aetiological agents. In some
cases throat washings were available and the H3N2 aetiology was confirmed by
isolation of the virus.

The results arc for different age groups, initially grouped for the 1979/80 samples
on the following basis: the number of patients born during the era of H2N2 viruses,
between 1957 and 1965, came to 20 altogether; the sera of older patients were
divided into two equal groups, with 19 and 20 subjects in each; the group of
subjects born after the era of H2N2 viruses contained as many as were available.
The sera were stored at —20 °C until tested, the 1979/80 sample in the autumn
of 1982 and the 1982/3 sample in the summer and autumn of 1984.

(3) The subjects and sera were as in the second collection, but this time
infections with HlNl subtype viruses were accepted. Twenty-two of the patients
were infected in the winter of 1980/1 and 31 in the winter of 1983/4. The outbreaks
mainly affected children and young adults, which is reflected in the age distribution
of the patients studied (Table 1). The sera from the winter of 1980/1 were tested
in the autumn of 1982 and tho sera from the winter of 1983/4 in the summer and
autumn of 1984. The sera were stored at —20 °C.
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Table 1. HI antibody to influenza A/Singapore/1/51 (H2N2) in patients infected
with H3N2 {the 1979/80 and 1982/3 seasons) and HIM (the 1980/1 and 1983/4
seasons) subtype viruses

Rate of ^2-fold increase in
H2N2 antibody among:

Rate of > 4-fold increase in
H2N2 antibody among:

Birth date
H3N2 virus

1895-20
1927-50
1057-05§
1909-

Total

HlNl virus
1950-0
1957-05H
1909-

Total

Rate of
seropositive

subjects*

11/32(34%)
29/40(73%)
13/39(33%)
0/10

5/0 (83%)
11/30(28%)
0/8

Seropositive
subjects*

1/11
7/29
4/13
0/0

12/53(23%)

0/5
0/11
0/0
0/10

Seronegative
subjects!

2/21
0/11
0/2G
0/10
2/08(3%)

0/1
0/28
0/8
0/37

Seropositive
subjects*

1/11
0/29
1/13
0/0
2/53(4%)

1

Seronegative
subjectst

2/21 %
0/11
0/20
0/10
2/08(3%)

• II2N2 antibody to a titre of ^ 12 in acute phase,
f II2N2 antibody to a titre of < 12 in acute phase.
X The two subjects born in 1895 and 1908.
§ Twenty-six of the patients were conscripts.
|| Eighteen of the patients were conscripts.

(4) Samples of serum specimens were collected in May in each of the five years
1973,1975,1977,1979 and 1981 and stored at - 20 °C. The subjects and sera were
as in the first collection, and the influenza A outbreaks were practically over when
the specimens were taken. Only sera from patients born before 1958 were preserved
and were thus available for the tests. From these specimens a total of 995
acute-phase sera were selected. Each of the 5 years was represented by 197-201
sera grouped by ago of the subjects. There were 48-51 subjects in each of the age
groups. The tests were carried out in the autumn of 1982 and the winter of 1983.

Screening of antibodies

The influenza A strains, Singapore/ 1/5G(H2N2) and HongKong/l/08(H3N2),
serving as antigens in the HI tests, were cultivated in cmbryonated eggs and used
as infected allantoic fluids. The HI tests were conducted according to the principles
of Robinson & Dowdlo (1909). Sera were pretreated with cholera filtrate (Philips-
Duphar B.V., Holland) at a dilution of 1 in 0 for 18 h at 37 °C and subsequently
heated for 1 h at 50 °C to remove non-specific inhibitors. Four haemagglutinating
Units of virus were used as antigen. Titres were expressed as the reciprocal of the
serum dilution giving 50% hacmagglutination. All experiments included reference
antiscra.

The set of sera tested simultaneously contained as far as possible the same
number of specimens from all ago groups when each of the four collections was
studied. In tests of the fourth collection, each of the five years was always
^presented by an equal number of sera. The paired sera of the second and third
collections were, of course, studied simultaneously.
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Fig. 1. HI antibody to influenza A/Singaporo/1/57(H2N2) in summer 1981,

Influenza A activity during the follow-up period
Influenza A activity duo to H3N2 subtype viruses was recorded in Finland every

winter during the follow-up period from 1973 to 1981. The circulation of II1N1
subtype viruses in the community was recorded three times: in the winters of
1977/8, 1978/9 and 1980/1. The results of the present study indicate that
outbreaks of H3N2 subtype viruses, as opposed to H1N1, may have an effect on
antibody status to H2N2 subtype viruses. Thus, only tho I13N2 outbreaks arc
discussed here.

As indicated by the H3N2 viruses isolated from throat washings in our
laboratory, variants closely related to the following scrotypes were circulating:
1972/3: England/42/72; 1973/4 and 1974/5: Finland/1/74 and Finland/22/74,
respectively (related but not identical to A/Port Chalmers/1 /73); 1975/0,1970/7:
Victoria/3/75; 1977/8: Victoria/3/75, Texas/1/77; 1978/9: Texas/1/77; 1979/80:
Texas/1/77, Bangkok/1/79; 1980/1: Belgium/2/81.

In the winter of 1971/2 a sero-cpidemiological follow-up survey was started to
evaluate infection rates of influenza outbreaks (Pyhala & Aho, 1975). Since then
the survey has been repeated every winter throughout the follow-up period of the
present study. Pro-epidemic and post-epidemic serum specimens were collected
from the same subjects (Rh-negative pregnant women) each season and tested for
HI antibodies to the epidemic and some other influenza-A viruses. Fig. 3 was
compiled using data on the H3N2 infections detected in these surveys.
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Fig. 2. HI antibody to influenza A/HongKong/l/G8(H3N2) in summer 1081.

RESULTS

Fig. 1 shows the prevalence of HI antibody to influenza A/Singaporc/1/57(H2N2)
in different age groups in sera collected in summer 1081. A high prevalence was
recorded in subjects born during the period 1031-00; among older and younger
subjects the incidence of antibody gradually decreased. There was only one
soropositivo ease (a titrc of 24) among subjects born after 1070 (in fact after 1008).
This distribution shows that the proportions of citizens in Finland possessing a titre
of ^ 12 or ^48 in 1081 isofthoorderof58% and 20%, respectively. Corresponding
proportions with antibody to influenza A/HongKong/l/G8(H3N2) (Fig. 2) were
77 and 50%, respectively. A high prevalence of this latter antibody was also
recorded among the young subjects born in 1001-70, which contrasts with the
prevalence of 1I2N2 antibody in this age group.

Four of the patients infected with H3N2 and H1N1 subtype viruses (collections
2 and 3) exhibited a twofold decrease in antibody titre to the H2N2 virus when
acute and convalescent phase sera were compared. All four cases concerned
infections with II3N2 viruses; two of the patients were from the 1805-1020 age
group and two from that of 1027-50. The increases in antibody titrc to the H2N2
v>niH are shown in Table 1, and the following points arc emphasized:

(1) In H3N2 infections twofold increases in titrc were frequent among subjects
exhibiting H2N2 antibody in the acute phase (0/28, 21 % in 1070/80 and 0/25,
24% in 1082/3). An increase could be detected only twice among seronegative
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1973 1975 1977 1979 1981

Fig. 3. Changes in the status of HI antibody to A/Singapore/1/fi7(II2N2) in 1073-81.
Age groups by birth date: • , -1020; A. 1027-30; T , 1037-10; • , 1047-fifl. Symbols
for the epidemic activity of the H3N2 outbreaks indicate serological infection
frequencies (wee Material and Methods) as follows: one asterisk ^ 1 0 % , two asterisks
11-20%, three asterisks 21-30%.

subjects, both in the oldest age group. (2) In IIINI infections there was no sign
of development of antibody to the II2N2 virus.

The prevalences of antibody to the II2N2 virus in the five post-epidemic sets
of sera collected every two years between 1073 and 1081 arc shown in Fig. 3. Only
minor changes were noted from year to year in the proportion of seropositive
subjects in each of the four age groups, and a similar antibody status was recorded
at the beginning and at the* end of the study period. The differences in the
proportion of seropositive subjects between the age groups were similar to those
in the 1081 collection. The changes in geometric mean titres of the seropositive
subjects were not parallel in the different age groups but as a general rule the titres
decreased during the low epidemic activity of 1I3N2 viruses after collection of the
1075 sample and increased in the 1081 sample collected after a more severe
outbreak in winter 1070/80.
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DISCUSSION
The H1N1 outbreak in 1977 showed that the re-emergence and world-wide

spread of an influenza subtype can occur in circumstances in which a considerable
proportion of the human population is protected by immunity due to previous
contact with this virus. A prevalence of 35 % of seropositive subjects (HI antibody
titres ^ 12) against A/HongKong/117/77(HlNl) was recorded in Finland before
the outbreak of 1977 (Pyhalii, 1978). In the present study on antibody status to
the H2N2 subtype virus (A/Singapore/1/57) in 1981, the proportion of subjects
exhibiting antibody was still higher, 58 %. This proportion will decrease, however,
as the number of people born after 19G7 increases in the community. In contrast,
in the age groups comprising subjects born before 1957 and followed up from 1973
to 1981, there was no evidence of conversion from seropositive to seronegativc
contributing to this decrease. In fact, in a number of patients exhibiting H2N2
antibody in their acute phase sera, recent infections with H3N2, but not H1N1
viruses, were shown to be capable of boosting to some extent the hcterotypic H2N2
antibody. A reservation in that antibody to N2 may have contributed to this
apparent heterotypic response to HA. Studies with rcassortant viruses will need
to be carried out to evaluate further any role of anti-ncuraminidase antibody.

During the early outbreaks of H1N1 viruses in the present era it became evident
that in spite of the relatively low prevalence of pre-cpidemic HI antibody in sera,
old people usually escaped infection (Pyhalii, 1979). During subsequent outbreaks,
serological (Chakraverty, Cunningham & Pereira, 1982; Pyhiila & Aho, 1982) but
rarely clinical (Mathur et al. 1981) infections were described. In the present study,
the status of H2N2 antibody was poor in old people. In a majority of subjects in
this age group the H2N2 immunity has been established late in life (1957-07),
which may indicate a poorer protection than against H1N1 viruses in 1977.

The titre of antibody measurable with H2N2 viruses was shown to increase
frequently in infections with II3N2 viruses during the first outbreaks after their
appearance in 1908 and similar anamncstic hcterotypic responses were repeatedly
detected after vaccination with H3N2 viruses (Marine, Workman & Webster, 1909;
Tauraso et al. 1909; Marine & Thomas, 1979). These responses could also be
demonstrated in HI tests employing rccombinant strains (II2N1) as antigens
(Masurcl & Marine, 1973; Dowdlc et al. 1972), which indicates that the responses
were mediated by the viral hacmagglutinin. Heterotypic responses of H2N2
antibodies were still frequent during the H3N2 outbreaks in 1970 and 1977
(Pyhalii, 1978). In the present study the apparent boosting of the hcterotypic
antibodies in infections with H3N2 viruses was less. Only two of the H3N2 patients
lacking a detectable level of HI antibody to H2N2 virus in their acute phase sera
responded with an H2N2 antibody rise; both were born at the turn of the century,
at a time for which there is serological evidence of the circulation of H2N2 viruses
in human communities (Mulder & Masurcl, 1958).

The specificity of the antibody produced in recent infections with H3N2 viruses
and measured in the present study using the H2N2 virus has not been solved. The
results are, however, consistent with the doctrine of 'original antigenic sin'
(Francis, Davenport & Hcnncssy, 1953; Masurcl & Heijtink, 1983). Infections with
H3N2 viruses have been shown previously to be capable of boosting antibody to
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H2N2 viruses more efficiently than antibody to H1N1 viruses (Marine, Workman
& Webster, 1969; Morita, Suto & Ishida, 1972; Pyhala, 1978; Marine & Thomas,
1979). On the other hand, an anamnestic response to H1N1 antibody was regularly
evoked by H3N2 and H2N2 viruses experimentally in rats (Angelova & Shvartsman,
1982). Consistent with the idea of two original antigenic sins in man (Marine &
Thomas, 1979), the present study showed that H3N2 infections provoke anamnestic
response of H2N2 antibody more efficiently than do H1N1 infections.

In the spring of 1980 some H2N2 viruses were isolated from children in
Leningrad (Galitarov et al. 1980, quoted by Slcpushkin et al. 1984). However, no
evidence of circulation of H2N2 viruses in Moscow was obtained in a sero-
epidemiological survey (Slepushkin et al. 1984). Similar findings were obtained in
the present study in Finland, in which only one low titre of antibody (24) to the
H2N2 virus was found in sera collected during or after 1981 from 06 young subjects
born after 1968.

I would like to thank Mrs Raija Hallivuori, Miss Katariina Huttunen, Mrs Marita
Kettunen, Mrs Raija Telaranta and Mrs Anja Villberg for their technical assistance.
Sera from military recruits were obtained from the Finnish Defence Forces by
courtesy of Dr Risto Visakorpi and sera from Rh-negativc pregnant women used
for evaluation of the intensity of the influenza outbreaks were kindly provided by
Dr Kimmo Aho.
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