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ERRATA 

Page 4, second paragraph, line 2. Read: . . . . in the serum of 2 adults.. . . 
Page 19, first paragraph, line 7. Read: . . . (it was higher in one person 
aged 12 and in 3 persons aged 16). At the ages 17—48 and one of 50, . . . . 



INTRODUCTION 

According to Dorset et al. (1922—1923), Dr J. S. Koen, an inspector 
in the Division of Hog Cholera Control of the Bureau of Animal industry, 
U.S.A., was the first to suggest that clinical and epidemiological evidence 
favoured the view that severe swine influenza was initiated by human 
cases of influenza during the 1918 pandemic. The disease was prevalent in 
swine during late August in Illinois and occurred amongst hogs in the 
Middle West during late summer and early autumn. Since that year, a 
similar epizootic has been regularly observed in swine in the U.S.A. as a 
seasonal phenomenon during late autumn and winter (see Shope, 1944). 

The very important and often forgotten observation of Shope (1938) 
that in 1937 in 2 farms belonging to a prison and a State Home for Boys 
(U.S.A.) serological evidence was obtained that the human influenza virus 
A-PR8 had spread to droves of swine, indicates that Koen's observations 
from 1918 must be seriously considered. 

In 1935, Laidlaw expressed the view that the strain type of swine 
influenza vunis A, isolated for the first time by Shope in 1930 from swine 
in Iowa, might have been the cause of the human influenza pandemic of 
1918 and that the study of the content of neutralizing antibody for the 
swine virus in sera from people of different age might produce further 
evidence for this hypothesis. 

Studies on the presence of neutralizing antibody for swine mfluenza virus 
in comparison with that for human A strams were done by many in­
vestigators between 1935 and 1937. The results of these investigations, 
published by Andrewes et al. (1935), Shope (1936), Francis and Magill 
(1936) and Burnet and Lush (1938), are seen in fig. 1-4 0-

Although the techniques, the antigenic type of human strains used, and 
the number of sera investigated differ in these pubhcations, the general 
outcome was much the same. Human sera collected in 1935 in England 
and the U.S.A., and in 1937 in Austraha, generally showed that httle or 
no neutralizing antibody for the swine virus was present before the age of 
10—12 years (except for maternal antibody in the newborn). Above 
this age group antibody for the swine virus appeared, possibly comparable 
in amount to that for the human virus (see later). Shope (1936) empha­
sized the finding that amongst 123 sera which he investigated there were 
17 with neutralizing antibody for the swine virus and none for the human 
stram A-PR8 (1934 U.S.A.). Combining this finding with the clinical, 
epidemiological and virological observations on swine influenza since 1918 

') Figures and tables are to be found at the end of this publication. 



he concluded that: (1) antibody for swine influenza virus in man probably 
had orighiated in the 1918 pandemic; and (2) the influenza virus isolated 
in 1930 from North American swine probably is antigenically identical or 
closely related to the human and swine virus prevailing in 1918. 

In a remarkable pubhcation, Shope (1944) summarised the knowledge 
which existed concerning pandemic influenza at that time and re-asserted 
his earher view, contrary to the doubts expressed by other investigators 
on the meaning of the presence of antibody for swine influenza virus in 
human sera. These doubts arose from the finding that swine influenza 
virus and human influenza virus A contain a different 'major' antigen but 
share 'minor' antigens. Antisera prepared in experimental animals with 
each type of virus showed in cross-neutralization tests high titred homo­
logous antibody and also some antibody for the heterologous strain (Smith 
et al., 1935; MagiU and Francis, 1936). This common antibody could be 
clearly demonstrated after repeated infection or vaccination of the same 
animal with either type of virus (Francis and Shope, 1936; Stuart Harris 
et al., 1938). From these experiments arose the argument that in man 
repeated clinical infection witii strains of influenza virus might result in 
the appearance of heterologous antibody for the swine virus. 

Also the investigations performed by Stuart Harris et al. (1938) on 
antibody for swine and human virus in sera collected in 1935 and 1936 
from people hving in St. Helena which had escaped the 1918 pandemic 
and had no outbreak of influenza during the years 1917—1921, furnished 
no definite proof as to whether or not swine antibody in man could 
possibly have originated in 1918 (see later). 

After the discovery of the phenomenon of the haemagglutination 
induced by the influenza virus by Hirst, and McClelland and Hare in 
1941, the antibody for strains of influenza virus in human sera could be 
measured by a simple and reasonably accurate in vitro quantitative titra­
tion. Moreover a few years later the outlook on the influenza A problem 
was broadened by the disappearance of the PR8-group of strains and by 
the appearance of an antigenic variant, which was first isolated in 1946 
(the so called Al group). This enabled the investigator to study the be­
haviour of antibody for a type of strain prevailing in the population during 
a definite known period of time. 

Davenport and his associates, working in the laboratory of Professor 
Thomas Francis (School of Public Health, Ann Arbor, Mich., U.S.A.) 
attacked the problem on a large scale. In a series of very important studies 
published in the period 1953—1958 they obtained the following results. 

(1) Pools of sera each containing aJiquots from 25—55 individuals 
collected in 1952 showed a different age-pattern in the amount of haemag­
glutination inhibiting (H.I.) antibody, when examined against a strain 
of swine influenza virus (1931 U.S.A.) and human A, Al and B strains 
(Davenport et al., 1953) (fig. 5). Basically the same patterns were found 



in sera collected in England (Davenport et al., 1955) and Japan (Daven­
port and Hennessy, 1958). In 1952 demonstrable H.I. antibody for swine 
virus appeared in the serum pools of the 29 age group and showed high 
titres at the age of 35—36 years. 

(2) Low levels of H.I. antibody titres for the human virus A-PR8 were 
found in a small percentage of individual sera collected from persons 
under the age of 10 and for the swine virus under the age of 20 (Hen­
nessy et al., 1955). 

(3) In studying the anamnestic H.I. antibody response mduced by 
vaccination with monovalent influenza virus vaccines in people from 
different age groups, it was found that these responses varied with the age 
of the individual. After vaccination with A, Al or swine virus, high 
heterologous antibody responses were found in children 4—10 years old 
only for the Al strain; in persons 17—28 years old for both the A and Al 
strains and in persons over 30 years old for the swine, A and Al strains 
(Davenport and Hennessy, 1957; Hennessy and Davenport, 1958) (fig. 6). 

The conclusions which they drew from their work, including previous 
observations, were as follows: (1) in human sera the age distribution and 
height of H.I. titres against human strains of influenza virus and the swine 
virus reflects the period of prevalence of strains of virus circulating in the 
community in the years after birth; (2) the antigenic 'blue-print' initiated 
by a major influenza virus antigen of the A-family can give rise, at a later 
period in life, to a strong anamnestic production of antibody for that 
antigen after vaccination (or infection) with heterologous human A and 
Al strains or with the swine virus; (3) high titres of H.I. antibody for the 
swine virus in persons over 30 years of age (1952) must have originated in 
a short period startmg around 1918; (4) such high titres of H.I. antibody 
for swine virus in people over 30 years of age may have been produced in 
part by an anamnestic reinforcement by infections with A and Al strains 
which appeared later than the pandemic of 1918; (5) the major antigen 
of the swine influenza virus, isolated from swine in 1930—'31, must be 
identical or closely related to that of the virus which caused the human 
pandemic of 1918. 

When pandemic Asian (A2) influenza appeared in the United States 
in 1957, Shope (1958) again reviewed briefly the virological problem of 
pandemic influenza. He compared the results of the investigations of the 
Ann Arbor group of workers on human sera m 1952 with his own from 
1935. In his comparison of both sets of investigations he pointed out the 
difference in age-distribution of antibody for swine influenza virus in the 
two years and to the approximately identical time-relationship which they 
indicated for the age of appearance of swine antibody of high titre in man, 
namely the year 1918. 

The theory of Shope and Davenport and co-workers found quite 
unexpected and important support by the experiments done by Jensen 



and associates (1956), also working in the School of Pubhc Health, Ann 
Arbor. 

As early as 1938 Burnet and Lush had observed that both the antibody 
for the swine virus and for the human influenza virus A in the serum of an 
adult could be absorbed by the swine influenza virus. In contradistinction, 
antibody for the human virus in the serum of a child retained its fuU titre 
after absorption of the serum with the swine antigen. Jensen and co­
workers rediscovered this phenomenon. They infected ferrets successively 
witii 3 strains of the human A family (A-WS (1933), A-Weiss (A-PR8 
type, 1943) and Al-Cam (Al type, 1946)) at the respective intervals of 
7 months and 6 weeks. All antibody in the sera could then be removed 
by absorption with the strain used for the first infection (A-WS). However, 
absorption with both other antigens removed all the homologous anti­
body in each case but only a limited amount of the heterologous antibody. 
Applying this method to human sera from persons in different age groups 
they found the same phenomenon described by Burnet and Lush. In sera 
from persons older than 30 years, swine influenza virus absorbed not only 
the homologous antibody but also all antibody present for the A and Al 
strains. It failed to remove this antibody present in the sera from the age 
groups 17—26 and 4—10. From these and other experiments with human 
sera, obtained after vaccination, they concluded that: 'absorption of sera 
from groups of persons, both normal and after vaccination, results in 
complete removal of antibody for all strains of influenza vkus within a 
type, when a strain of antigenic composition similar to that presumed to 
be the strain of first experience was employed.' 

So far as we know, there is no explanation for this pecuhar serological 
phenomenon but it does support the theory of Shope and Davenport and 
co-workers which stated that around 1918 human infections occurred 
with a strain of influenza virus which contained the major antigen of the 
swine influenza virus A. 

Present study. It was the aim of this study to investigate the age distribution 
of H.I. antibody for swine influenza virus A and for strains of human in­
fluenza virus A and Al in sera from people living in the Netherlands and also 
to compare the findings with the results obtained by earlier as well as recent 
workers on the same subject. We hoped to obtain more precise information 
relating to the problem of the origin of H.I. antibody for this virus in man 
by examining individual sera and by employing a strain of swine influenza 
virus of high avidity for antibody. It was also felt that an 'influenza virologist' 
should examine, at some time in his career, the outstanding problem in 
influenza virus archeology of the pandemic year 1918 and have the oppor­
tunity to repeat some of the highly important and basic work, done by the 
original workers. The circumstance that a classic pandemic of influenza 
re-appeared in 1957, which was caused by a new family of influenza virus A, 
furthermore made it possible to obtain a broader outlook on the virological 
and epidemiological problems of pandemic influenza in general. 



MATERIALS AND METHODS 

Human sera. Before the spread of A2-influenza in the Netherlands (June 
1957), 1256 specimens of human sera of different age groups had been 
collected; in the autumn of 1958 another 3091 specimens were obtained (about 
40 sera per age group). 

Ferret-antisera. Anesthetized ferrets, 8—20 months old, are infected intra-
nasally with 1 ml of virus-containing allantoic fluid (0.5 ml per nostril). After 
2—3 weeks the animals are bled. Each pre-infection serum is checked for the 
presence of antibody for influenza virus by using strains which had been 
regularly passed in our laboratory. Inoculated ferrets are isolated rigidly. The 
human and ferret sera are stored at —18° C. 

Vaccines. The preparation of adjuvant vaccine is done with allantoic fluid. 
This is concentrated in a high-speed centrifuge (Wz hour at 16,000 RPM). 
The concentrated virus titre is about 8,000. In 10 parts allantoic fluid we use 
0.5 parts Arlacel and 9.5 parts Bayol F. Occasionally a culture of Mycobac­
terium butyricum is also added to the vaccine. The vaccines employed in 
the human vaccinations were kindly supplied to us by the Laboratories of 
the N.V. Philips-Duphar, Weesp, Netherlands. 

Strains of influenza virus. Most strains of swine influenza virus were ob­
tained from Dr R. E. Shope (Rockefeller Institute for Medical Research, 
New York). We also obtained from Dr R. Q. Robinson (at that time working 
in the Communicable Disease Centre, Virus and Rickettsia Section, Mont­
gomery, Alabama) a strain isolated from swine in 1957. 

The swine strains used, were: A-swine-15 (1930 U.S.A., Iowa) F(erret)x 
M(ouse)^ E(gg)57.g8 and F^M^Eg^Mg B^-r,; A-Swine-15 (1930 U.S.A., Iowa) 
Mas.Ej.s; A-Swine-23 (1935 U.S.A., Ohio) M^sE^.g; A-Swine-29 (1937 U.S.A., 
Iowa) MegEg-g; A-Swine-30 (1940 U.S.A., Iowa) M34E2.3; A-Swine (1946 
U.S.A.) M21E2 ('Vogt'-strain); A-Swine (1957 U.S.A., Wisconsin) Eg.g and 
EgMigEi. A strain of horse influenza virus A-1742 (1956 Praha) was obtained 
from Dr O. Fiserova-Sovinova, Prague, Czechoslovakia. The passage lines 
employed were Eio-12 and E10M30E3. The human strains used, were: A-WS 
(1933 England) F^M^Eg^-gi; A-PR8 (1934 U.S.A.) F^^M^.^B.^M^-E,,.,^; A l 
(1947 England) E^Eso and E^EiMjoEj; A l (1949 Nederiand) E^j and EgM^oEa 
and ESM20E3M5E4; A l (1951 England, Liverpool type) E^Ej and E^EeMsjE^ 
and E;,E6M5iE3M5E4; A l (1951 Nederland, Scandinavian type) E36 and 
EgFioEgMigEs; A l (1953 Nederland) E^^ and E8M„E4.ii; A l (1956 Neder­
land) Eg and EgMjgEs.g; A2-305 (1957 Japan) E5F3M6E8. 

Adaptation of egg-line strains to mice. Anesthetized mice are infected intra-
nasally with 0.05 ml of 10% emulsion of infective lung tissue. Serial passage 
is continued until all the infected mice die spontaneously of typical influenza 
virus pneumonia within 10 days. 

Passage of strains. The egg-line strains and also the mouse-adapted lines 



are passed by inoculation into the allantoic cavity of 10 or 11 days old 
chicken embryos. To prevent bacterial growth, penicillin (500 U/iri), strepto­
mycin (500 /jg/ml), and sulfamethylpyrimidine (200 mg%) are added. Test-
pools of infected allantoic fluid, diluted 1 : 4 in merthiolate (0.0^%) are used 
in the H.I. tests. 

Tfie preparation of Vibrio cholerae filtrate for the removal of non-specific 
inhibitor present in human and ferret sera. A strain of Vibrio cholerae (4Z, 
obtained from Sir Macfarlane Burnet) is passed every 3 weeks on nutrient agar 
(containing 2% Caséine peptone, Merck, and 1.5% Bacto Agar, Difco) and 
stored at 4° C. Vibrio cholerae is inoculated in pre-seed broth, which is then 
incubated for 8 hours at 37° C. The pre-seed culture medium contains 0.5% 
NaCl, 2% peptone SS (Brunnengräber) and 7.5 ml Na^COa 20%, per 1000 ml 
broth, and is adjusted to pH 6.9—7.0. The pre-seed broth is then used to 
prepare the nutrient agar (0.6% agar). 

The incubated pre-seed broth is spread on the surface of the nutrient agar. 
in metal containers (30 X 19 cm) and incubated 16 hours at 37° C. The 
medium is then twice frozen at —20° C. and thawed after each time. The 
fluid is pipetted and then filtered through Carlson filters (pressure not higher 
than between 10 and 20 cm Hg!). Generally the pH of the filtrate is between 
7.16 and 7.45 and should not exceed 7.6. The filtrate is divided into small 
quantities which are tested for contamination and finally stored at 4° C. 
The peptone SS is divided into portions of 20 grams and sealed in vacuo. 

Testing the potency of the filtrate. One part of normal ferret or rabbit serum 
known to contain a large amount of nonspecific inhibitor, is treated with 2 
and also 5 parts of the filtrate. Also a human serum without antibody for the 
strain A2-305 (1957 Japan) EgF.,MeE„ is included in the experiment. After 
16 hours of incubation at 37° C. the tubes are then placed at 56° C. for 
one hour. 

The test strains employed, are A (1941 Nederiand) (ferret-mouse-egg-line), 
Al (1947 England) (egg-line) and A2-305 (1957 Japan) (egg-ferret-mouse-egg-
line). The strain A (1941 Nederiand) and A2-305 (1957 Japan) are highly 
sensitive to 'alpha' inhibitor and the strain Al (1947 England) to 'beta' in­
hibitor. In all tests no demonstrable non-specific inhibition should occur in 
the lowest dilution of serum. From time to time it is necessary to replace the 
passage culture of Vibrio cholerae in use with a new freeze-dried specimen. 

In all our investigations 5 parts of the filtrate are used. A normal ferret 
serum treated with the same filtrate is included in every experiment. 

Chicken erythrocytes. Chicken red blood cells are obtained by heart punc­
ture from anesthetized chickens. The blood is aspirated into a syringe con­
taining Na-citrate, washed 3 times with saline and then stored as a 10% 
suspension at 4° C. The erythrocytes are used within 3 days after collection. 

Haemagglutination inhibition test. This test is performed by means of a 
micro-method (Van der Veen and Mulder, 1950). A series containing 2 drops 
of 2-fold serum dilutions in saline is mixed with one drop of virus (2 Vi—4 
A.U.). After standing for half an hour at 4° C. one drop of a 2% chicken 
red-cell suspension is added. After half an hour the patterns are read. The 
figures obtained are then theoretically corrected to 50% haemagglutination 
and for the use of 3 A.U. of virus. 



Absorption tests. Human sera were inactivated for 30 minutes at 56° C. 
to prevent haemolysis. 

To 1 ml of packed chicken red cells, 6 ml of virus containing allantoic-fluid 
is added and the cells resuspended. The mixture is then kept at 4° C. for 
30 minutes. Next the red cells are centrifuged and the supernatant fluid 
removed. Due to the rapid action it proved unnecessary to centrifuge at 4° C. 
After centrifugation the above procédure is again repeated. 1 ml human serum 
is added to I ml treated packed red cells and incubated for 2 hours in a 
37° C. waterbath. The mixture is repeatedly shaken at intervals of 10 minutes. 
After centrifugation this procedure is also repeated again. Then the serum is 
treated 2—4 times with 0.05 ml of packed chicken red cells to remove any 
free virus present. 

A parallel test is performed with the same serum which is mixed with 
untreated chicken red cells. 



CRITICISM OF THE METHODS USED 

The use of crude cholera filtrate for the removal of serum inhibitors. 
After the publications of Mulder and Van der Veen (1948), and Van 
der Veen and Mulder (1950) on the removal of serum inhibitors of 
influenza virus by the apphcation of a crude cholera filtrate, several in­
vestigators confirmed the impression of these authors that the amount 
of specific antibody is not reduced by the filtrate (Appleby and Stuart 
Harris, 1950; Tyrrell and Horsfall, 1952; Hilleman and Werner, 1953). 
Occasionally however, it has been found that a reduction of specific 
antibody may occur (Isaacs and Bozzo, 1951; Hilleman et al., 1958). For 
this reason a re-examination of this question was found necessary. The 
tables 1 and 2 show the investigations done. The conclusion which can 
be drawn from the experiments is that a crude cholera filtrate, as it is 
prepared in our laboratory, does not reduce the H.I. titre of specific 
antibody for the strains of virus employed. It is extremely probable that 
this win also be the case with any other antiserum. DupUcate tests done 
with cholera filtrate and potassium periodate-treated sera generally showed 
that the same titres of antibody were present. Using the periodate method, 
in every modification which has been recommended, we were unable to 
remove all the serum inhibitors of the 'alpha' type in a smaU percentage 
of human sera which had been stored at —18° C. for a few months. 

The possibility of non-specific inhibition in the H.I. test caused by 
antibody for egg-protein (Knight, 1944; Harboe et al., 1961). In order 
to examine this possibility 9 ferrets were infected intranasaUy with normal 
allantoic fluid from 12—13 days old chick embryos. This was repeated 
5 times. The ferret sera were then examined for the presence of H.I. 
antibody using different purified strains of influenza virus A and B. 
The tests were done using the same methods employed in the routine 
H,I, tests, when using influenza virus antiserum of ferrets. No such anti­
body for egg-protein could be demonstrated. Ten ferrets were vaccinated 
with adjuvant vaccine containing normal allantoic fluid. The resulting 
sera did not show any measurable H.I. antibody for different strains of 
influenza virus. 

The accuracy of the H.I. test. The accuracy of the H.I. test as it is 
performed in our laboratory is reasonably high, but for crucial studies 
the tests should be done in duplicate and should also be repeated one or 
two times. 

For the comparison of the titres in selected sera from different age 
groups and against one particular strain, the tests should be done with the 
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same materials on the same day. H,I, tests performed on different days 
may only give a tentative result as far as the height of the titres is con­
cerned. However, these are suitable as a screening method for the selec­
tion of sera with high or low titres. 

The avidity of strains of influenza virus for antibody. The avidity of 
strains of influenza virus for antibody is an ever lasting problem of in­
security to the investigator. Table 3 shows the difference in avidity for 
antibody of two laboratory strains of swine influenza virus. Since we 
received the most avid strain A-Swme-15 (1930 U.S.A.), with the passage 
formula Swine-MousCzBT, from Dr R. E. Shope in the midst of our work, 
we considered it necessary, with the exception of one experiment, to 
repeat all investigations done so far with the less avid strain of swine 
virus. 

In comparing the height of H.I. titres present in one particular serum 
against different strains, all tests should be done on the same day. 
Theoretically speaking the strains used in the experiment should have an 
optimal avidity for antibody. Therefore all strains should be 'P'-derivatives 
(Van der Veen and Mulder, 1950; Choppm and Tamm, 1960). To 
ensure this, strains isolated in embryonated eggs were adapted to mice by 
intranasal inoculation. 

To obtain some insight into the avidity for antibody we passed the 
human A and Al strains, which were used in our experiments, 4 times at 
limiting dilution in eggs (Choppin and Tamm, 1960). We then compared 
the avidity of the parent strains for homologous antibody with that of the 
strains obtained in the highest dilution from the final passage. No differ­
ences Were observed. 

Despite these precautions however we have no definite proof, fliat all 
strains used in our experiments were of optimal avidity for antibody. 
Therefore the height of the H.I, titres present against these strams in a 
particular antiserum is only of relative importance and a comparison of 
the height of these titres can only be based on the balance of probabilities. 

The problem of avidity for antibody is of particular importance when 
low titred antisera are used. Experience with the A2 type of influenza virus 
has taught us that a certain strain may show a good avidity when the H.I. 
titre of the antiserum is high but cannot demonstrate H.I. antibody hi a 
low titre. Therefore it is necessary that with each strain preliminary expe­
riments should be done in which 2-fold serial dilutions of the homologous 
antiserum are made in normal serum. Only when the highest dilutions of 
H.I. antibody are demonstrated can the strain be considered suitable for 
use in the experiments (table 4). 

The choice of strains of influenza virus of a certain antigenic com­
position to be used in the experiments. This choice is inevitably arbitrary 
but may influence the outcome of the investigations. Therefore the anti­
body patterns in relation to age found, using certain strains of virus. 



depend upon the particular antigenic composition of these strains and do 
not necessarily correspond to patterns of antibodies for other isolates of 
the same sub-group. 

Differerwes in antigenicity between strains of influenza virus. Differences 
in human antigenicity between strains of influenza virus do exist. Partly 
antigenicity is related to the human virulence of the strains. The anti­
genicity of the different strains used has not been compared carefully in 
this study, but it is almost certain that the antigenicity of the swine 
influenza virus A is higher compared with the other strains used. 

The individual antibody response of ferrets after infection or vaccina­
tion with strains of influenza virus. Different ferrets may show different 
responses to minor antigens which are shared between different strains 
of influenza virus used in the experiments. Therefore in investigating 
relationships between strains of mfluenza virus one never should rely on 
a single ferret antiserum alone. 

The possibility of contamination of laboratory strains of influenza virus. 
Every worker in influenza virology is aware of the possibiHty that strains 
of influenza virus may be contaminated in the laboratory and that there 
is always uncertainty as to whether or not the hues used are pure. There­
fore it is important that results of cross-tests obtained in one laboratory 
should be checked at some time by other laboratories in order to reduce 
the possibility that wrong conclusions may be drawn from the experiments. 

The unreliability of the age of the serum donors. Since we were not able 
to obtain a sufficient number of sera from different age groups in the 
Medical Clinic we had to rely on the ages which were registered on the 
label of the tubes sent to us. In the course of the investigations we found 
on serological grounds, that in some cases mistakes in the labelling had 
been made (see later), but is was impossible to check the age of each 
person given. 
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RESULTS 

Tlie antigenic relationship between strains of swine influenza virus A 
isolated in the period 1930-1957 in the U.S.A. Gompels (1953) and 
Jensen and Peterson (1957) compared the antigenic composition of dif­
ferent swine strains isolated in the period 1930—1954 and came to the 
conclusion that no great antigenic differences in those isolated in the 
U.S.A. were demonstrated. Table 5 shows the H.I. cross-tests done in our 
laboratory usmg different swine strains (1930—1957) from the U.S.A. 
There is no doubt that the strains investigated can be placed in one anti­
genic group, even though there are differences which are of the same 
order as those occasionally observed between human strains of influenza 
virus A, Al or B which were isolated in the same epidemic. 

Minor antigens shared between swine influenza virus A and human 
strains. Many investigators have stated that, at present, influenza viruses 
A can be antigenically divided into 'sets' or groups of strams, e.g. swine 
A, human A, Al and A2. However, the impression might arise from such 
a division that these 'sets' are more or less separate groups and that the 
sharing of minor antigens between these groups is of secondary impor­
tance. Therefore we re-investigated carefully the minor antigens shared 
between strains of swine influenza vkus and human A, Al and A2 strains 
employing the H.I. test. In all experiments a certain number of animals 
should be used in order to elimmate differences in individual antibody 
responses. 

Sharing of minor antigens between strains of influenza virus can be de­
monstrated in different ways: (1) by applying the cross H.I. test using 
animal antisera obtained after intranasal infection or parenteral injection; 
(2) by vaccination of animals with adjuvant vaccines; (3) by successive 
intranasal infection or parenteral injection of animals with tiie same or 
different antigenic types of human A strains and using appropriate time 
intervals; (4) by initiating in animals an antigenic "blue-print' by using a 
certam strain and then re-mfecting the same anhnals with another anti­
genic type of strain when the amount of antibody has declmed (re-infec­
tion test; see also Harboe, 1960). A parallel type of experiment is that of 
vaccinating persons of different age with monovalent vaccines of strains 
of swine influenza virus and human strains and then to investigate the rise 
m antibody titres against the homologous and heterologous strains (see 
introduction) or to determine the heterologous anamnestic recall of titres 
after natural infection with a certain antigenic type of strain. 
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The fourth type of test may be the most sensitive in use at present, but 
the interpretation may be hampered by the constantiy existing possibiUty 
of contamination of the strains employed. Another doubt concerning the 
reliabihty of this kind of test is that the underlying mechanism which 
determines the results is not fuUy understood. Unknown host factors in 
particular may interfere with the results, thus necessitating the use of a 
rather large number of animals or humans in each experiment. 

Cross-relationship between strains of swine influenza virus and human 
A and Al strains, using the H.I. test. Table 6 shows that ferret antisera 
against human A and Al strains prepared with adjuvant vaccine contain 
more cross-inhibiting antibody for the swine vkus than those prepared by 
intranasal infection. The same is true for antisera against swine influenza 
virus (table 7). Tables 6 and 7 show that cross-reactions between the 
swine and human strains can be demonstrated inconstantiy and are found 
to occur with different human A and Al strains. A few heterologous 
titres were nevertheless high. From these experiments it is clear, that 
an antigenic relationship between swine influenza virus and human 
strains of influenza virus A and Al can be demonstrated in the cross H.I. 
test. An interesting observation is that in the cross H.I. tests different but 
closely related laboratory lines of swine influenza virus react differenfly. 

Antigenic relationship between the swine virus and the first isolated 
human strains of influenza virus A-WS (1933 England) and A-PR8 (1934 
U.S.A). From the table 7 it can been seen clearly that many antisera 
against different swine strains, which were prepared by intranasal infec­
tion or by vaccination with adjuvant vaccmes, show distinct cross reac­
tions with the human stram A-PR8 (1934 U.S.A.), but in only one in­
stance with the strain A-WS (1933 England) and only occasionally with 
Al type strains. However, in 1949 we found that reciprocal cross reac­
tions between our laboratory line of swine virus and the strain A-WS were 
present in the cross H.I, test (titres 30 and 45 respectively). In 1954, they 
could not be demonstrated again when employing the same line of strains. 
In earlier experiments using re-infection tests, or cross neutralization tests 
in animals, an antigenic relationship between the swine virus and the 
human strains of the A-WS and A-PR8 type could be demonstrated 
(Smith et al., 1935; Magill and Francis, 1936; Magill and Francis, 1938). 
It is therefore possible that by long continued passage of influenza viruses 
in eggs under certain circumstances variants were selected which for the 
greater part had lost minor antigens shared between heterologous strains. 
However, it should be noted that the results obtained with re-infection tests 
are not quite comparable to those obtained by cross neutralization (or 
cross H.I.) tests (Oakley and Warrack, 1940). 

The appearance of H.I. antibody for swine influenza virus induced by 
successive intranasal infection of ferrets with human A and Al strains. 
The tables 8, 9 and 10 show the appearance of H.I. antibody for swine 
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virus after repeated intranasal infection of ferrets with human A and Al 
strains at intervals of 3 weeks. In these experiments antibody for swine 
vims appeared without exception but they demonstrate again the dif­
ferences in individual response. Generally speaking, the titres against the 
swine virus were low but in i ferrets h i ^ titres did appear. 

Cross re-infection experiments in ferrets, employing the swine virus and 
human A and Al strains. In all experiments the second infection was 
mitiated when the amount of H.I. antibody induced by the first infection 
had declined substantially. 

Table 11 shows the results of these experiments. With 2 exceptions all 
ferrets showed a high antibody response to the dominant antigen of the 
primary infecting strain, which was irrespective of the antigen used either 
for the primary or secondary infection. 

Cross tests with the strain of swine influenza virus, human A, Al and 
A2 strains. By including the A2 stram A2-305 (1957 Japan) EsFsMsEg m 
the above-described types of experiments the following results were ob­
tained. 

(1) When antisera obtained by intranasal infection were used no cross 
reactions in the H.I. tests, in a dilution of > 9, could be observed between 
the A2 strain, the human A and Al strains, and the swine virus. 

(2) Only one of seven antisera against swine virus, prepared with 
adjuvant vaccine, showed low titres (< 100) with different A2 strams 
used. However, none of the antisera against human A or Al strains, 
prepared in the same way, crossed with the A2 virus in a dilution of > 9. 
Antisera against the A2 strain, also prepared with adjuvant vaccme, did 
not cross with swine virus, human A and Al strains. 

(3) Six ferrets vaccinated with an adjuvant vaccine containing a mix­
ture of different human A and Al strains did not develop demonstrable 
H.I. antibody for the A2 vkus but 4 of them did develop antibody for 
the strain of swine influenza virus (table 12). 

(4) After repeated intranasal infection of ferrets with the swine virus 
and (or) human A and Al strains no demonstrable H.I. antibody for the 
A2 virus appeared (table 8, 9 and 13). 

(5) Cross re-infection experiments in ferrets with the human A, Al 
and A2 virus and the swine virus showed less constant recall of titres to 
these strains than those performed with the swine virus and human A and 
Al strains (table 14). 

Cross tests including the strain of horse influenza virus A. In prelimi­
nary experiments which included the horse influenza virus A, no cross 
reactions could be observed either in the H.I. tests, or by applying repea­
ted intranasal infection. 

In cross re-infection experiments very few ferrets showed an anam­
nestic recall of titres (table 15). Curiously enougji these were most clearly 
present in cross experiments using the strain Al (1956 Nederland). No 
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H.I. antibody for the horse virus could be found in human sera of different 
age groups. 

Conclusion. From the above described investigations it can be con­
cluded that, so far as sharing of minor antigen is concerned, the antigenic 
'distance' demonstrable between the swine influenza virus and the human 
A and Al strains is much less than that between these three types of 
strains and the human A2 virus, and still much less than that between 
these three types of strains and the horse virus. This can be expressed in 
the following figure. 

HUMAN 

A 

© 
HUMAN 

A2 

SWINE A ^ 0 

© 
Al 

HUMAN 

HORSE A O 
Figure 7. Diagramatic drawing showing the relative antigenic distances 

between 5 strains of influenza virus 'A'. 

The content of H.I. antibody for strains of human influenza virus A 
and Al in individual sera of different age groups. In studying the content 
of H.I. antibody for strains of influenza virus in human sera, both the 
percentage frequency of titres and the amount of H.I. antibody are of 
importance. 

The investigations were done on individual sera. 
Fig. 8—17 show the experiments employing the human strains of in­

fluenza virus A-WS (1933 England), A-PR8 (1934 U.S.A.), Al (1949 
Nederland), and Al (1956 Nederland). 

The first peak in the percentage frequency of H.I. titres against human 
strains generally coincides with high titres. For the strain A-WS this peak 
appears around the age of 18, for the strain A-PR8 around the age of 
20, and for the strain A1-1949 around the age of 11. Employing the 
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stram Al (1956) as antigen, the fkst peak incidence of titres appears 
around the age of 11, but in the 3—10 age groups individual sera show a 
rather high titre. 

In old age there is a definite decline in the amount of H.I. antibody in 
individual sera for the human strains employed (not examined for the 
stirain A-WS) (fig. 18, 19 and 20). 

The content of H.I. antibody for swine influenza virus A in individual 
human sera of different age groups. Fig. .21 shows the percentage fre­
quency of H.I. titres for the swine virus and for the strains of human 
mfluenza vkus A-PR8 (1934 U.S.A.) and Al (1949 Nederiand) m tiie 
age groups 0—42. An incidence of 100% positive titres for the swine virus 
is reached at the age of 40. The gradual percentage increase of titres 
against the swine virus in the different age groups is remarkable. The H.I. 
antibody found in the newborn, must have been caused by maternal 
antibody. 

Fig, 22 shows the percentage frequency and height of the H,I, titres 
against the swine virus in the age groups 0—100, Although the height of 
the titres also rises gradually, there is a rather abrupt increase in the 
height of titres in sera from the age groups 37—40, reaching high values at 
the age of 40. 

Fig. 23 is obtained from a single experiment, using selected sera with 
the highest H.I. titres per age group. It shows again the rise in the H.I. 
titres against the swine vkus in sera from the age groups 0—44, Fig. 24 
shows the same for a few sera collected before the pandemic of A2 
influenza. Fig. 25 shows a similar type of experiment, but employing a 
recenfly isolated strain of swine influenza virus (A-swine (1957 Wiscon­
sin)). In this experiment there is one particular high titre against this 
antigen in the age group 10 (repeatedly confirmed), but the age of the 
donor has not been verified. 

Fig. 26 demonstrated that in old age the amount of antibody in indivi­
dual sera for the swine virus is substantially lower than in the age groups 
40-49. 

Comparative titrations of individual sera employing the strain of swine 
influenza virus and human strains. Comparative titrations of individual 
sera, employing the swine virus and different human strains in the same 
experiment, demonstrated that especially in older age groups many sera 
could be found which only showed antibody for the swine virus or 
showed a titre of antibody for this virus which was much higher than those 
against the humsih strains. Experiments done with selected sera collected 
before the 1957 pandemic, are shown in fig. 27. From the age group 30 
on, sera could be found demonstrating H.I, antibody for the swine vims 
only. In the age group 76 or older, sera showing this antigenic pattern 
could be regularly found. These titres were generally low. 

Fig, 28 shows comparative tirations, performed with pre-pandemic 
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sera, employing a strain of swine influenza vims of lower avidity (F^M^En) 
and the human strains A-PR8 and Al-1949, In the age groups 0—29 the 
numbers of high H,I, titres against the swine vims are lower in proportion 
than those with high titres against the human strains, but from 40 years 
onwards the situation is reversed. In the age groups 30—39 the number of 
high H.I. titres against the swine virus is approximately the same in per­
centage as that against the human vkuses. 

Fig. 29 shows comparative titrations with individual sera, selected at 
random (1958), employing the swme influenza vims and different human 
influenza vims strains. Except fpr sera from the newborn, the H.I, anti­
body content for the swine vkus tends to be much lower than that for the 
human strains before the age of ± 30. In the 36—41 age groups nearly 
all the titres against the swine vims are higher than those for the human 
strains. 

In fig, 30 the same kind of experiments are shown but here sera in 
each age group which were selected by preHminary screening tests, did not 
show H,I, swine antibody. These were examined in the same experiment 
with other sera from the same age group which showed the highest titres 
of H,I, antibody for the swine vims. In these experiments it is also clearly 
seen that the amount of H,I. antibody for the swine vkus found over the 
age of ± 36 rises above that for the human strains. 

Mistakes in labelling found by examining the pattern of H.I. antibody 
for swine virus and human A and Al strains. In 3 sera errors in the age 
given on the label of the tubes containing the sera, which had been sent 
to our laboratory, could be ascertained by the demonstration of an im­
probable pattern of H,I, antibody for the swine vkus and human A and 
Al strains with respect to the age indicated. Table 16 shows the data. The 
age of the persons R, L and C had been labelled respectively 24, 18 and 
14 years. In the first serum titrations the pattem I was found which cor­
responded with that of sera from individuals from 40 years or older. In 
re-examining the sera obtained by the family physician the pattem II was 
foimd, which indicated that the wrong specimens were previously labelled. 
In exceptional circumstances this procedure might even have importance 
in forensic medicine. 

Absorption experiments. Absorption experiments were done using the 
swine influenza vims for absorbing H,I, antibody from a few human sera 
of different age groups (collected in 1961), The sera were tested for their 
content of H,I. antibody for the swine vims and for different strains of 
human influenza vims before and after absorption with the swine antigen, 

Table 17 shows the results. Although irregularities were seen in some 
experiments, it can be said that in general the work of Jensen and co­
workers (1956) could be confirmed. In the age groups 40 and over 
heterologous H.I. antibody generally is removed. 

16 



DISCUSSION 

The explanation of the H.I. antibody pattern for the human A arui Al 
strains in different age groups. Before an explanation of the observed H.I. 
antibody patterns m different age groups for strains other than A2 vkus 
can be given it should be noticed that in general tiiey were not sub­
stantially altered by the pandemic of A2 influenza in 1957—1958. 

Fig. 31 shows the incidence of H.I. antibody for the A2 strain (A2-
305 (1957 Japan); egg-ferret-mouse-egg-line) in the age groups 0—42. In 
1957—1958 a 4-fold or more anamnestic rise of H,I, titres against the 
swine vims, due to infection with A2 vims, was found only in 28% (al­
most exclusively in age groups over 40); against the A-PR8 vims in 8%, 
and agamst the Al-1949 vims in 11%, Nearly the same percentage 
frequencies of rises were seen after vaccination with monovalent A2-
vaccine. 

The explanation of the H,I, antibody pattem for the human A and Al 
strains is not too difficult because the year in which these viruses started 
to circulate is fakly well known, with the exception of the strain A-WS 
(1933 England), This strain was the first to be discovered in man (Smith, 
Andrewes and Laidlaw, 1933), 

The stirain type A-PR8 (1934 U,S.A.), which was isolated for tiie fkst 
time in Puerto Rico in 1934, caused widespread winter epidemics in both 
the Northern and Southem hemisphere between 1934 and 1943. In the 
Netherlands this stram type was isolated in the winter of 1939 and 1941 
(in 1937 and 1943 it was not possible to perform any vkological in­
vestigations in the then prevailing epidemics). The most extensive epidemic 
caused by this group in this country was in 1941, It is highly probable that 
the high percentage frequency and the amount of H.I, antibody for this 
type of influenza vims, present in the sera of the age groups 18—20 and 
older, reflects the prevalence of the A-PR8 vims in the Netherlands after 
the birth of persons in these age groups. High titres may have been caused 
by reinforcement by subsequent infections by strain types of the Al group. 
The low H.I. titres agaiost the PR8 vkus foimd in the age groups 10—15, 
were perhaps induced by the sharing of minor antigen between Al strains 
and the PR8 vimses, which possibly was more pronounced in the fkst 
strams of the AI group which appeared. 

It should be noticed that Davenport and associates, in 1952, found thé 
first peak titres of H.I. antibody for the PR8 strain type at the age of 
17—18, which possibly demonstrated a more extensive spread of this vims 
in the U.S.A., at an earlier period (1934-1935) than m the Netherlands. 
We are unable to explain the reason for this difference. 

The highest percentage frequency and amount of H.I. antibody for the 
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strain Al (1949 Nederland) is found in the ages 9—11. This phenomenon 
can also be explained in the same way as for the A-PR8 vims and im­
plicates the period of 1947—1949 in which the group of Al vimses be­
came prevalent. 

The explanation of the pattem of the H.I. antibody for the strain type 
Al-1956, is comphcated by the fact that this type is antigenically related 
to the strain Al-1949. The phenomenon that rather high H,I, titres 
against the strain Al-1956 can be found in individuals under the age at 
which a high percentage frequency of titres was found, confirms that this 
streiin type was prevalent shortly before 1958, 

The explanation of the pattem of the H.I, antibody for the strain 
A-WS, relating to the frequency and the height of titres, is impossible since 
we are uncertain of the time when this strain type first appeared. Possibly 
absorption tests with sera from different age groups, employing the A-WS 
strain as the absorbmg antigen, may provide a more precise answer to this 
question. It should be emphasized that the A-WS-strain is antigenically 
rather strongly related to the A-PR8-strain, 

The shift in the age group in which H.I. antibody for strains of in­
fluenza virus of high titre first appeared in the period 1935—1958. Before 
a basis for a discussion of the observed phenomena on the H.I, antibody 
content in human sera for the swine virus can be stated, it is necessary to 
examine closely the results of the same kind of experiments done in the 
period 1935—1937 and described above. This concerns the highly impor­
tant question as to whether or not a shift in the age group in which H,I. 
antibody of high titre fkst appears, can be demonstrated between the two 
sets of experknents done m the periods 1935-1937 and 1952-1958. 
Without reasonable doubt this shift in age groups is present in the anti­
bodies for the strams of human influenza vims A-WS and A-PR8. 

As the percentage frequency of 1958 sera found to have some antibody 
for the swine vims is considerable at ages 10—20, the question of the 
amount of antibody found by earlier workers is of great importance. The 
difficulty here is that in most earUer experiments mouse protection tests 
were done and therefore only relative conclusions can be made in com­
paring the antibody level for the swine vims with that for the human 
strains A-WS and A-PR8. However, these earlier experiments generally 
demonstrated that in 1935 the percentage number of positive sera, and 
thus probably also the height of the titres against the swine vkus reached 
high values between the ages of 10—20 (fig. 1—3). In this respect the 
experiments of Bumet and Lush using sera collected in 1937 are of great 
importance, since they were performed with a quantitative vkus neutraliza­
tion test (egg membrane technique). This technique was carefully com­
pared with the mouse protection test and was found to give almost 
identical results. 

Their results are seen in fig, 4, This shows that in 5 newborns, neutral-
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izing antibody for the swine vkus was present at a higher level than that 
for the human vimses (A-WS and A-Melboume (A-PR8-group)), This 
reflects the antibody content of the sera of the mothers (presumably aged 
20—40 years). In the age groups 3—8, swme antibody was absent or much 
less in amount than that for the human A vimses. In the age groups 10—16 
the swine antibody level had risen and equalled that of antibody for the 
human strains (it was higher in one person aged 12 and in two persons 
aged 16). At the ages 17—28 and one of 50, comprising 10 individuals, 
7 showed a titre of antibody for the swine vims higher than that for the 
human strains. In other words, Bumet and Lush basically found the same 
comparative patterns of the antibody titres against the swine influenza 
vims and the human A strains at the age of 16—17 and over as we have 
found at the ages of 36—40 and over, making a difference of 20—23 years. 
This is nearly the same difference in time between the two sets of experi­
ments (1937-1958), 

Davenport and associates found the first high H,I. titres against the 
swine vims in pooled sera collected in 1952 in the age groups 35—36, 
We found the same phenomenon in individual sera collected in 1958 in 
the 40 age group. This possibly demonstrates again a shift in age in which 
the first high titred H,I. antibody for the swine vkus was found. The shift 
almost corresponds exactiy with the number of years between the two 
experiments. 

The origin of antibody for swine influenza virus A in man. The main 
results obtained from this study on the presence of H,I, antibody for the 
swine vims in man are: 

(1) In 1958 in sera from the age groups 1—40, an increase in the 
percentage frequency and the amount of H.I, antibody for the swine 
vims was found. In sera from 1952 the same was found in the age 
groups 1— ± 35 and in sera from 1935-1937 in the age groups 
1 - ± 20, 

(2) In 1958 the titres of swine H.I. antibody mcreased abmptiy from 
the age group 36 on and often reached high values m the age group 40 
and over, which were generally considerable higher than those for human 
A and Al strains. It is highly probable, according to determinations with 
neutralization tests, that in 1937 basically the same phenomenon was 
present in the age groups around 16—17 years and over. 

(3) In sera from ages above 70 years the amount of H.I. antibody 
for swine vims declined. 

(4) In 1958 many sera from persons above the age of 30 (especially in 
ages above 76) could be found to only show H.I. antibody for the swine 
vims, generally of a low titre, but none for human A and Al strains, 

(5) From sera of persons in the age groups 40 and over (1961), swine 
antigen most often absorbs heterologous H,I, antibody for human A and 
Al strains, 
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When we consider all results together, including the corresponding 
experiments in animals (described above) and the former observations on 
the epidemiology of swine influenza (see introduction), we agree with the 
suggestion of Laidlaw and the theory of Shope and Davenport and co­
workers. The only reasonable explanation for the observed pattem of 
swine virus antibody in human beings during the period 1935—1958 is 
that in the pandemic of 1918 a vims containing the major antigen of the 
swine influenza vims A started to circulate in man and was the cause of 
this pandemic. In 1958 the H.I, antibody content of the swine vims in 
the age groups of 1 to approximately 36 years must have been caused by 
shared swine virus antigen which was present in later appearing human 
strains, since it is extremely improbable that strains of swine influenza 
virus A are still circulating in the community (see also Isaacs, 1957), The 
high H.I, titres found above the age of ±: 36 years most probably were 
caused by reinforcement through an anamnestic recall which was initiated 
by influenza vims infections occurring after 1918 by human strains sharing 
minor swine H.A. antigen with the original strain of the swine type. This 
assumption is in accordance with the results of the vaccmation experiments 
of Davenport and co-workers described above. 

We believe that it is highly probable that the hypothetical human A 
strains appearing after 1918 and before 1933 were originally derived from 
the strain of swine influenza vims A. In other words, the new pandemic 
type of 1918 influenza vims after several years had probably changed its 
major antigen. This change migjit have been gradual in time, as we can 
also postulate as having occurred when the A-PR8 group changed and 
strains of the A1 group fkst appeared (e.g. the strain Al-Cam (1946 
Austraha) was antigenically an intermediate between A and Al isolates 
appearmg in 1947 (Van der Veen and Mulder, 1950; Mulder and Brans, 
1952)). A classic example was the gradual change in antigenic composition 
of the fkst isolated strains within the Al group, and was seen to give rise 
to the variants Al-1951, Al-1953 and Al-1956, within a period of 
about 10 years. 

The abmpt appearance of the A2 type of strain which caused a new 
classic pandemic in 1957, and has since been circulatmg in man, kicluding 
the year 1962 *), has changed the picture completely. In our view a new 
era of influenza epidemiology had appeared in 1957 caused by a new 
'family' of influenza vims A, Although a minor antigenic relationship can 
be demonstrated to exist between this strain type and the preceding strains, 
the antigenic 'distance' between A2 and preceding strains is so great, that 
with the exception of age groups over 70, protective antibody for the A2 
vkus was nearly absent in the world population of 1957 (Mulder 1957; 

1) One isolate from 1962 in the Netherlands showed a slight antigenic difference 
compared with strains from 1957 and 1960. 
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Mulder and Masurel, 1958; Davoli and Bartolomei Corsi, 1957; Daven­
port, 1958; Davenport and Hennessy, 1958). 

When we consider the alternative explanation for the behaviour of 
swine antibody in man, as being caused only by the sharing of minor 
antigen between this type of vims and human strains, we would also have 
to accept three probable facts: (1) human strakis ckculating shortiy 
after 1918 would have been more closely related to the swine vims than 
those circulating after 1933. Otherwise a shift in the age groups in which 
the first high titred antibody for the swine vkus has been found would 
not have occurred. (2) The hypothetical vims of the 1918 pandemic 
would have been largely deprived of the swine mfluenza vims A antigen. 
Otherwise the occurrence of a classic pandemic of influenza caused by 
an influenza vims related to the swine mfluenza vkus would not have 
appeared, since the human race in 1918 would have shown a semm kn-
mune pattem with adequate protective antibody for the swine vims before 
the appearance of the new pandemic strain. (3) The causative vkus of 
1918 probably would have been ckculatmg only during a short period of 
time, and would not have been followed by later strains derived from it, 
since these strains probably were closely related to the swine vims. 

If we exclude a 1918 influenza vims B pandemic a tentative conclusion 
then would be that the 1918 vims possibly was some unknown respkatory 
vims, or perhaps even the often discussed multipHcity of microbial agents 
composed of a vims and highly pathogenic respkatory bacterial groups. 
At present all evidence, from which the histopathology of the 1918 
disease is the most conclusive, is against such a hypothesis. The study of 
fatal cases during the A2 influenza pandemic has clearly shown that the 
histopathology of the 1918 disease is identical with that of A2 influenza 
m 1957-1960 (Hers et al,, 1958; Hers and Mulder, 1961), This identity 
is illustrated by the view expressed by Winternitz and co-workers m 1920 
that the causative agent of the 1918 disease destroyed the epithelial Immg 
of the respkatory tract and also of the alveoU, thus causing a 'porte 
d'entrée' for secondary bacterial invaders in the ak-ways and lung tissue. 

The antibody content for swine and human virus in sera collected in 
1935 and 1936 from people living in St. Helerm. In the mtroduction 
mention was made of the investigations of Stuart Harris and co-workers 
on sera collected from people hving m St, Helena which had escaped the 
1918 pandemic. These investigators had found substantial rises in swine 
virus antibody durmg an influenza epidemic on the island in June of 1936. 
In 1935 the antibody content for swine vkus had been found to be absent 
or very low. It is known that the people in St, Helena did not suffer an 
outbreak of tiie disease durmg the years 1917-1921, Therefore, it is 
probable that after 1921 the population of St. Helena had been infected 
with either the original swme vrius, still circulating at that time, or with 
an antigenic derivative of it which was still closely related to the original 
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stram of swine influenza vims. In 1936 an anamnestic recall of swine 
antibody may have occurred which had been initiated by the then pre­
vailing human type of vims A, 

Differences in physical properties between the swine influenza virus and 
human strains. Although the accumulated knowledge on the behaviour of 
swkie antibody in man points clearly to a strain with the major antigen 
of the swine influenza vims A as the cause of the 1918 pandemic, there 
is still an incomplete answer to this question. There exist differences in 
physical properties between the swine influenza vkus A and the human 
A and Al strains, both m thek egg-isolated and in thek mouse-lung 
adapted derivatives. This question is all the more interesting because 
some of the physical properties of the human A2 strains closely resemble 
those of the swine influenza vims A, In both, the egg-üne strains were 
foimd to be non-sensitive to neutralizing inhibitor present in certain animal 
sera (e,g. mouse, ferret and cattie). Both elute slowly from red cells and 
in both the haemagglutinin is destroyed before the vims R.D.E. after 
heating (Rasmussen, 1960; Rasmussen and Hsieh, 1961). AU these pro­
perties are different from those of human A and Al isolates. 

If we assume that human A strains were originally derived from a 
human vims possessing the same physical properties as those found in 
the lines of influenza vims, which have been isolated from swine since 
1930, the possibiUty that these properties have changed during thek 
passage in human tissues must be accepted. Perhaps future experience 
with the new A2 family may answer the above question. 

Are there 'ercCs' in the epidemiology of influenza A, starting by true 
pandemics? When we consider the theory that the 1918 pandemic was 
caused by a strain of 'swine' influenza virus A and when we evaluate this 
postulate against both the background of the 1957 pandemic of A2 
influenza and the general epidemiology of influenza, we are in favour of 
the old hypothesis of Leichtenstern (1896). This states that influenza (A) 
is a disease which generaUy appears in cold season 'conditioned' epidemics 
which 'foUow' and 'belong to' classic (tme) pandemics. Before a new 
pandemic erupts, a rather long period of relative quiescence in the preva­
lence of the disease may even occur. This was probably the case in the 
years preceding 1889 and possibly also before 1918, After a tme pan­
demic, seasonal epidemics foUow at more or less regular intervals, in 
which this 'vagabond' vims may change its antigenic composition to be 
able to continue to ckculate in man. In this way even pseudopandemics 
may occur. The vims progeny in these epidemics retains some of the 
antigenic component which was present as the major antigen in the pan­
demic parent strain. If this hypothesis can be proven to be tme — and 
in near future this can be checked — we wiU be able to define 'era's' of 
influenza vims A 'famiUes'. Thus we migJit define the period from 
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1918—1957 as the 'swine' influenza vims A-era which was then foUowed 
by an era of influenza vims A2, There is some evidence that an 'A2' era 
also may have started in 1889, so that 'pandemic' strains might cause 
cycUcaUy re-occurring eraptions of true pandemic influenza. 

EvidenUy, in this problem the major question stiU remains as to where 
the origin of influenza pandemics Ues hidden. This study wiU be a very 
important scientific undertaking for future research in influenza (see Ras­
mussen and Hsieh, 1961), 

Through Shope's briUiant work we now know definitely that such a 
source might be an animal reservoir. In swine from the U.S,A,, influenza 
vims A does not show any major changes in antigenic composition during 
a long period of habitation. From such a reservoir the virus may perhaps 
be carried over to the world population when its immunity which was 
acquked during a former influenza era, has waned. 
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SUMMARY 

In this study the patterns of the percentage frequency and the amount 
of H,I, antibody for a strain of swine influenza vims A of high avidity for 
antibody and for strains of human influenza virus A and Al were in­
vestigated in individual human sera from different age groups which were 
coUected in the Netherlands m 1957 and 1958, The results were then 
compared with the work of Davenport and co-workers (sera from 1952), 
and also with former experknents done in 1935—1937, employing neutra­
lization tests. Our conclusion is that m 1958, the H,I, antibody for swine 
influenza vims A above the age of ± 36 years, very probably was 
originaUy initiated by a strain of influenza vims containing the major 
antigen of the swme influenza vims A, isolated by Shope in 1930, This 
vims abmptiy began to ckculate m 1918 in man and thus caused tiie 
1918 pandemic of influenza. This view is in accordance with the theory 
of Shope and the Ann Arbor group of workers (Davenport et al,) and was 
first suggested by Laidlaw in 1935, 

It is suggested that from 1918—1957 an 'era' of the 'swine' influenza 
vims A 'famüy' may have prevailed in man, in which periodicaUy anti-
genicaUy different strains successively emerged from each other. The 
human subgroups of influenza vims A (1933—1943) and Al (1946— 
1957) are known representatives of this famüy. An antigenic relationship 
between the derived strains and the original pandemic parent strain of 
swine influenza virus A remained present in these strains. This relation­
ship was close enough to be able to give rise to low titred antibody for 
the 'swine' influenza vkus A in younger age groups and also to cause a 
reinforcement of existing antibody originally acquired by people exposed 
to the 1918 pandemic. 

It is further suggested that in 1957 a new 'era' of influenza vims A 
started abmptiy by the appearance of the influenza virus A2, which caused 
a new tme pandemic. This new virus was not hampered by protective 
antibody in the world population, due to its great antigenic distance from 
the strains belonging to the 'swine-A famüy'. 

This broad view on influenza epidemiology was originally suggested 
by Leichtenstern as early as 1896 by carefuUy studying the epidemiology 
of the disease. 
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Figure 1. Content of neutralizing antibody in human sera (1935 England) for the 
strain of swine influenza virus A (black circles) and the human strain of influenza 
virus A-WS (1933 England) (white circles), using mouse protection tests. In each 
experiment a standard horse antiserum against the swine and human strain (S) was 
employed as a reference (composed from data published by Andrewes et al., 1935). 
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Figure 9 

Figure 9. Height of H.I. antibody for the strain of influenza virus 
A-WS (1933 England) in individual sera of the age groups 0—40 

(sera from 1958). 
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Figure 10 

Figure 10. Height of H.I. antibody for the strain of influenza virus 
A-PR8 (1934 U.S.A.) in individual sera of the age groups 0—40 

(sera from 1958). 
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Figure 14 

Number 

Figure 14. Height of H.I. antibody for the strain of influenza virus 
Al (1949 Nederland) in individual sera of the age groups 0—40 

(sera from 1958). 
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Figure 15 
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Figure 15. Height of H.I. antibody for the strain of influenza virus 
Al (1956 Nederland) in individual sera of the age groups 0—40 

(sera from 1958). 
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Figure 18 

• J = L _ ^ 
100^ 20O, 400/ >800 H.i.-Tilre 
o n n /Znn /flnt 

•
Age 18-27 
(187 sera) •

Age 70-100 
(170 sera) 

'400 -̂ 800 

Figure 18. Comparative titrations in human sera, from the 18—27 and 70—100 
age groups (1958), employing the strain of influenza virus A-PR8 (1934 U.S.A.). 
Approximately the same number of sera from both age groups were titrated in 
the same experiment (6 experiments). 
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Figure 19 

X 18 -^0 
50, 
^ 0 0 
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•
Age 9-18 
(197 sera) 

Age 70-100 
(179 sera) 

Figure 19. Comparative titrations in human sera, from the 9—18 and 70—100 
age groups (1958), employing the strain of influenza virus Al (1949 Nederland). 
Approximately the same number of sera from both age groups were titrated in 
the same experiment (6 experiments). 
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Figure 20 

/18 

•
Age 6-15 
(194 sera) 

/SI 50 
50, 
/1Q 

100, 200/ 400, • >800 H.l.-Titre 
'100 /200 /4OO ^ 0 0 

•
Age 70-100 
(171 seraO 

Figure 20. Comparative titrations in human sera, from the 6—15 and 70—100 
age groups (1958), employing the strain of influenza vims' Al (1956 Nederiand). 
Approximately the same number of sera from both age groups were titrated in 
the same experiment (5 experiments). 
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Figure 26 

200, 
i(00 

400/ 
•ioo 

H.l.-Titre 

L J (212 sera) •
Age 70-100 
(185 sera) 

Figure 26. Comparative titrations in human sera, from the 40—49 and 70—100 
age groups (1958), employing the strain of swine influenza virus A. Approximately 
the same number of sera from both age groups were titrated in the same experiment 
(3 experiments). 
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+ A-Swine-15 (rs:ousal

o Human A- and A1 strains
(1e33-1956)

Figure 27. Height of H.I. antibody fol the stlain of swine influenza virus A and
different human strains of influenza virus A and A1 in sela from the age groups
30-90 (prepandemic sera from 1957). The sel'a were selected from pt'ececliug

experiments. In 32 persons (marked with an asterisk) only H.I. antibody fol the
swine virus was present (these experiments were repeated again). The H.I. tests
wele perfolmed using all strains in the same expet'iment.
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Figure 28 
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Figure 28. Comparative titres of H.I. antibody for the strain of swine influenza 
virus A (F^MjE; low avidity strain) (black column) and the human strains of 
influenza vims A-PR8 (1934 U.S.A.) (first white column) and Al (1949 Nederland) 
(second white column) in pre-pandemic sera from 1957. Titrations were performed 
employing all 3 strains of vims in the same experiment. 
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Sera 1958

+A-Swine-15t930 usA)
o A-WS (1933En9)

0 A-PRB (rs3¿ u sA)

e A l (i9¿9 Ned )

o A1 (lsss He¿)

Figule 29. Height of H.I. antibody for the stt'ain of swine influenza virus A
and different human stlains of influenza vil'us A and A1 found in sera of the age

groups 0-42. The sera were selected at landom (sela frorn 1958). The H'I. tests,

marked with an asterisk, were pet'folmed using all strains in the same experiments
Therefore, the results of this whole experiment is only of relative importance.
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Sera 1958

+A-Swinel5tl93o usA)
o A-WS (1933 Engl

0 A-PR8 (1e3¿ u sA)

e A1 rg¿s I'led)

o A1 t1956 N"d)

Figure 29 (continued). Height of H.I. antibody for the strain of swine influenza

viÃs A anà diffe¡ent hrrman strains of influenza virus A and A1 found in sera of

theagegr.oups0-42.Theserawe¡eselectedatrandom(serafrom1958).The
H,I. testi márked with an aste'isk, we.e pe'formed using a1l st'ains in the same

experiments. Therefore, the results of this whole experiment is only of relative

importance.
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Sera 1958

+A-Swìnej5(r930 usA)
o A-WS (1933 Ens )

0 A-PR8 os34 usA)

e A1 flg¿s r'te¿)

o A1 (rsso t'te¿)

Figure 29 (continued). Height of H.I. antibody for the strain of swine influenza
virus A and different human strains of influenza virus A and A1 found in sera of
the age groups 0-42. The sera were selected at random (sera from 1958). The
H.L tests, marked with an asterisk, were performed using a1l strains in the same

experiments. Therefore, the results of this whole experiment is only of relative
importance.
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Sera 1958

+A-Swine-15fl930 usA)
o A-WS (1s33 Ens )

0 A-PR8 (rs3¿ usA )

@ Al os¿s-r9s6)

+ A 2 Japan-305 ltssz ¡

Figure 30. Height of H.I. antibody for the strain of swine influenza virus A and

different human strains of influenza virus A, A1 and A2 in sera of the age groups

0-41. From preceding expeliments, sera were selected per age group showing no

H.I. antibody for the swine virus, and other sera showing the highest tit¡e of H.I.
antibody for this virus. The H.I. tests were performed using all strains in the same

experiment.
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Ser a 1958

+A-Swine-15fle3o usA)
o A-WS fls33 Ens )

0 A-PR8(rs3¿ usA)
o A1 (19¿9-1956)

+42 Japan-305(ts5?)

Figure 30 (continued). Height of H.I. antibody for the strain of swine influenza
virus A and different human strains of influenza virus A, A1 and A2 in sera of the
age groups 0 41. From preceding expeliments, sera were selected per age group
showing no H.I. antibody for the swine virus, and other sera showing the highest
title of H,I. antibody fol this virus. The H.I. tests were performed using all stl'ains
in the same expeliment.
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Sera 1958

+ A-Swine-15 1r930 Us.A )

o A-WS (r933 Ens )

0A-PRB(1e34usA)
o A'l (ls¿s-rsso)

+A2Japan-305{tssz)

Figur.e 30 (continLred). Height of H.I. antibody for the strain of swine influenza
vir.us A and different human stlains of influenza vilus A, A1 and A2 in sela of the

age groups 0-41. From preceding expelitnents, sera \ryel'e selected per age group

showing no H.I. antibody for- the swine vilus, and othel sera showing the highest
title of H.I. antibody fol this vilus. The H.I. tests wele pelformed using a1l strains

in the same experiment.
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Sera 1958

+A-Swine-15(r930 usA)

o A-WS (1933 Ens )

Q A-PR8(1s34usA)

o A1 (19¿9-19s6)

+A2Japan-3051tssz)

Figure 30 (continued). Height of H.I. antibody for the strain of swine influenza

virus A and different human st¡ains of influenza virus A, A1 and A2 in sera of the

age groups 0-41. Fr.om preceding experiments, sera were selected per age group

.ño*ing no H.I. antibody for the swine vi¡us, and other sera showing the highest

titre oiH.I. antibody for this vilus. The H.I. tests wele pelformed using all strains

in the same experiment.
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Table 2 

Table 2. H.I. tests performed on pairs of human sera (influenza A2, 1960). Cholera 
filtrate treated and untreated sera were both titrated against the ferret-mouse-egg 
line of the strains A2-305 (1957 Japan) and A2-37 (1957 Nederland), the latter 
being practically non-sensitive to non-specific semm inhibitor. 

Sera treated with cholera-filtrate 

A2-305 

(1957 Japan) 

EsFaM^E« 

<9/80 

<9/50 

<Vl700 

<V<9 

<9/ l700 

<9/30 

A2-37 

(1957 Ned.) 

F5Mi,E3 

<9/ l50 

<V<9 

<7600 

< 9 / < 9 

<V450 

<Vio 

Untreated Sera 

A2-305 

(1957 Japan) 

EsFaMeE,, 

650/650 

1350/1700 

13500/2700 

2700/1900 

650/5400 

850/650 

A2-37 

(1957 Ned.) 

F5M.3E3 

<7l50 

<V<9 

<7400 

25/50 

<9/600 

<9 /20 

70 
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Table 7. H.I. tests employing antisera from ferrets against strains of swine influenza vin 
influenza virus A and Al. The three ferret antisera marked with adj. a, adj. b, and adj. c we 

Ferret 

Antisera 

A-Swine-15 (1930 U.S.A.) 
F M E 

A-Swine-15 (1930 U.S.A.) 
F M E 

A-Swine-15 (1930 U.S.A.) 
F M E 

A-Swine-15 (1930 U.S.A.) 
F M E M E 

A-Swine-15 (1930 U.S.A.) 
F M E M E .. 

adj. a 

A-Swine-15 (1930 U.S.A.) 
F M E M E ^ . ^ 

A-Swine-15 (1930 U.S.A.) 
M E 
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