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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 IHinois 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 virus 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 influenza virus
in comparison with that for human A strains 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 1).

Although the techniques, the antigenic type of human strains used, and
the number of sera investigated differ in these publications, the general
outcome was much the same. Human sera collected in 1935 in England
and the U.S.A., and in 1937 in Australia, generally showed that little 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
strain A-PR8 (1934 U.S.A.). Combining this finding with the clinical,
epidemiological and virological observations on swine influenza since 1918

1} 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 originated 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 publication, Shope (1944) summarised the knowledge
which existed concerning pandemic influenza at that time and re-asserted
his earlier 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; Magill 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 with 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 living 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 aliquots 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
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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 induced 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 A1 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 starting around 1918; (4) such high titres of H.1. 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 A1l 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 in 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
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and associates (1956), also working in the School of Public 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 full titre
after absorption of the serum with the swine antigen. Jensen and co-
workers rediscovered this phenomenon. They infected ferrets successively
with 3 strains of the human A family (A-WS (1933), A-Weiss (A-PR8
type, 1943) and A1-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 virus 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 peculiar 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.1. 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.
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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 (1% 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),
M(ouse), E(gg);;-5s and F.M.E, M, E,_.; A-Swine-15 (1930 U.S.A., Iowa)
M,;5.E,_;; A-Swine-23 (1935 U.S.A., Ohio) M,;E,-;; A-Swine-29 (1937 U.S.A,,
Iowa) MgE,_;; A-Swine-30 (1940 U.S.A., Iowa) M,E,_;; A-Swine (1946
U.S.A)) M,,E, (‘Vogt’-strain); A-Swine (1957 U.S.A., Wisconsin) E,_; and
EgM,.E,. A strain of horse influenza virus A-1742 (1956 Praha) was obtained
from Dr O. Fiserova-Sovinova, Prague, Czechoslovakia. The passage lines
employed were E,,_;, and E;(M,,E;. The human strains used, were: A-WS
(1933 England) F,M,Eg.q,; A-PR8 (1934 U.S.A.) FigsM;y3E;sM;Egso66; Al
(1947 England) E.E,, and E,E,M,.E,; Al (1949 Nederland) E,, and E;M,E,
and E;M, E;M,E,; Al (1951 England, Liverpool type) E.E; and E.EM;,E,
and E,E;M;,E;M,E,; Al (1951 Nederland, Scandinavian type) E,;; and
E.F, E:M,,E;; Al (1953 Nederland) E,, and EM,,E,.;;; Al (1956 Neder-
lind) E; and E,M,,E._;; A2-305 (1957 Japan) E;F;ME,.

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
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are passed by inoculation into the allantoic cavity of 10 or 11 days old
chicken embryos. To prevent bacterial growth, penicillin (500 U/p ), strepto-
mycin (500 sg/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.L tests.

The 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% Caseine 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 (Brunnengriber) and 7.5 ml Na,CO; 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 c¢m) 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 info 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 freated with 2
and also 5 parts of the filtrate. Also a human serum without antibody for the
strain A2-305 (1957 Japan) E,F,;M.E, 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 Nederland) (ferret-mouse-egg-line),
Al (1947 England) (egg-line) and A2-305 (1957 Japan) (egg-ferret-mouse-egg-
line). The strain A (1941 Nederland) 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%2—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.
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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 procedure is again repeated. 1 ml human serum
is added to 1 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 application 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 will also be the case with any other antiserum. Duplicate 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 small percentage
of human sera which had been stored at —18° C. for a few months.

The possibility of non-specific inhibition in the H.. test caused by
antibody for egg-protein (Knight, 1944; Harboe et al., 1961). In order
to examine this possibility 9 ferrets were infected intranasally 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.IL
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

8



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-Swine-15 (1930 U.S.A.), with the passage
formula Swine-Mouse,;;, 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; Choppin 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 A1 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, that all
strains used in our experiments were of optimal avidity for antibody.
Therefore the height of the H.I. titres present against these strains 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 in 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.L 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,
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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.

Differences 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 influenza 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 possibility that strains
of influenza virus may be contaminated in the laboratory and that there
is always uncertainty as to whether or not the lines 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

The 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.1. cross-tests done in our
laboratory using 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 strains, 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 virus 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 eliminate 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 the 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
certain strain and then re-infecting the same animals with another anti-
genic type of strain when the amount of antibody has declined (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
in 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.

- 11



The fourth type of test may be the most sensitive in use at present, but
the interpretation may be hampered by the constantly existing possibility
of contamination of the strains employed. Another doubt concerning the
reliability of this kind of test is that the underlying mechanism which
determines the results is not fully 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 A1l strains prepared with adjuvant vaccine contain
more cross-inhibiting antibody for the swine virus 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 inconstantly 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 differently.

Antigenic relationship between the swine virus and the first isolated
human strains of influenza virus A-WS (1933 England) and A-PRS8 (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 vaccines, show distinct cross reac-
tions with the human strain 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
virus 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 2 ferrets high 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
initiated 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 strain A2-305 (1957 Japan) E;F:ME; in
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 HLI. tests, in a dilution of > 9, could be observed between
the A2 strain, the human A and A1 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 strains
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 vaccine, 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 virus 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.IL. 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 enough these were most clearly
present in cross experiments using the strain Al (1956 Nederland). No
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H.IL 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 A1l 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
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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 A1l (1956 Nederland).

The first peak in the percentage frequency of HL.L. 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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strain Al (1956) as antigen, the first 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
strain 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.L titres for the swine virus and for the strains of human
influenza virus A-PR8 (1934 U.S.A.) and Al (1949 Nederland) in the
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 HL.L. 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 virus 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
recently 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 human 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 virus
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 virus of lower avidity (F.M,E.)
and the human strains A-PR8 and A1-1949. In the age groups 0—29 the
numbers of high H.I. titres against the swine virus 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 viruses.

Fig. 29 shows comparative titrations with individual sera, selected at
random (1958), employing the swine influenza virus and different human
influenza virus strains. Except fpr sera from the newborn, the H.I. anti-
body content for the swine virus 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 virus 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 preliminary screening tests, did not
show H.I. swine artibody. These were examined in the same experiment
with other sera from the same age group which showed the highest titres
of H.L. antibody for the swine virus. In these experiments it is also clearly
seen that the amount of H.I. antibody for the swine virus 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 virus 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 pattern 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 pattern II was
found, 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 virus 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 virus and for different strains of
human influenza virus 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 and Al
strains in different age groups. Before an explanation of the observed HL.I.
antibody patterns in different age groups for strains other than A2 virus
can be given it should be noticed that in general they 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
19571958 a 4-fold or more anamnestic rise of H.I. titres against the
swine virus, due to infection with A2 virus, was found only in 28% (al-
most exclusively in age groups over 40); against the A-PR8 virus in 8%,
and against the A1-1949 virus in 11%. Nearly the same percentage
frequencies of rises were seen after vaccination with monovalent A2-
vaccine.

The explanation of the H.I. antibody pattern for the human A and Al
strains is not too difficult because the year in which these viruses started
to circulate is fairly 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 strain type A-PR8 (1934 U.S.A.), which was isolated for the first
time in Puerto Rico in 1934, caused widespread winter epidemics in both
the Northern and Southern hemisphere between 1934 and 1943. In the
Netherlands this strain type was isolated in the winter of 1939 and 1941
(in 1937 and 1943 it was not possible to perform any virological 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 virus, present in the sera of the age groups 18—20 and
older, reflects the prevalence of the A-PR8 virus 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 A1 group.
The low H.I. titres against the PR8 virus found in the age groups 10—15,
were perhaps induced by the sharing of minor antigen between Al strains
and the PR8 viruses, which possibly was more pronounced in the first
strains of the Al group which appeared.

It should be noticed that Davenport and associates, in 1952, found the
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 virus
in the U.S.A,, at an earlier period (1934—1935) than in 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 A1l (1949 Nederland) is found in the ages 9—11. This phenomenon
can also be explained in the same way as for the A-PR8 virus and im-
plicates the period of 1947—1949 in which the group of Al viruses be-
came prevalent.

The explanation of the pattern of the H.I. antibody for the strain type
A1-1956, is complicated by the fact that this type is antigenically related
to the strain Al1-1949. The phenomenon that rather high H.I. titres
against the strain A1-1956 can be found in individuals under the age at
which a high percentage frequency of titres was found, confirms that this
strain type was prevalent shortly before 1958.

The explanation of the pattern 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 absorbing 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 first appears, can be demonstrated between the two
sets of experiments done in the periods 1935—1937 and 1952—1958.
Without reasonable doubt this shift in age groups is present in the anti-
bodies for the strains of human influenza virus A-WS and A-PRS.

As the percentage frequency of 1958 sera found to have some antibody
for the swine virus 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 earlier experiments mouse protection tests
were done and therefore only relative conclusions can be made in com-
paring the antibody level for the swine virus 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 virus reached
high values between the ages of 10—20 (fig. 1-3). In this respect the
experiments of Burnet and Lush using sera collected in 1937 are of great
importance, since they were performed with a quantitative virus 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 virus was present at a higher level than that
for the human viruses (A-WS and A-Melbourne (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, swine antibody was absent or much
less in amount than that for the human A viruses. 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 virus higher than that for the
human strains. In other words, Burnet and Lush basically found the same
comparative patterns of the antibody titres against the swine influenza
virus and the human A strains at the age of 16—17 and over as we have
found at the ages of 3640 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 virus 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 virus was found. The shift
almost corresponds exactly 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 virus 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
virus 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 increased abruptly from
the age group 36 on and often reached high values in 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 virus 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
virus, 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 pattern of
swine virus antibody in buman beings during the period 1935—1958 is
that in the pandemic of 1918 a virus containing the major antigen of the
swine influenza virus A started to circulate in man and was the cause of
this pandemic. In 1958 the H.I. antibody content of the swine virus 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.L. titres found above the age of = 36 years most probably were
caused by reinforcement through an anamnestic recall which was initiated
by influenza virus 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 vaccination 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 virus A. In other words, the new pandemic
type of 1918 influenza virus after several years had probably changed its
major antigen. This change might have been gradual in time, as we can
also postulate as having occurred when the A-PR8 group changed and
strains of the Al group first appeared (e.g. the strain Al-Cam (1946
Australia) was antigenically an intermediate between A and Al isolates
appearing in 1947 (Van der Veen and Mulder, 1950; Mulder and Brans,
1952)). A classic example was the gradual change in antigenic composition
of the first isolated strains within the A1 group, and was seen to give rise
to the variants A1-1951, A1-1953 and A1-1956, within a period of
about 10 years.

The abrupt appearance of the A2 type of strain which caused a new
classic pandemic in 1957, and has since been circulating in man, including
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 virus 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
virus 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 virus and human strains, we would also have
to accept three probable facts: (1) human strains circulating shortly
after 1918 would have been more closely related to the swine virus than
those circulating after 1933. Otherwise a shift in the age groups in which
the first high titred antibody for the swine virus has been found would
not have occurred. (2) The hypothetical virus of the 1918 pandemic
would have been largely deprived of the swine influenza virus A antigen.
Otherwise the occurrence of a classic pandemic of influenza caused by
an influenza virus related to the swine influenza virus would not have
appeared, since the human race in 1918 would have shown a serum im-
mune pattern with adequate protective antibody for the swine virus before
the appearance of the new pandemic strain. (3) The causative virus of
1918 probably would have been circulating 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 virus.

If we exclude a 1918 influenza virus B pandemic a tentative conclusion
then would be that the 1918 virus possibly was some unknown respiratory
virus, or perhaps even the often discussed multiplicity of microbial agents
composed of a virus and highly pathogenic respiratory 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
in 1957—1960 (Hers et al., 1958; Hers and Mulder, 1961). This identity
is illustrated by the view expressed by Winternitz and co-workers in 1920
that the causative agent of the 1918 disease destroyed the epithelial lining
of the respiratory tract and also of the alveoli, thus causing a ‘porte
d’entrée’ for secondary bacterial invaders in the air-ways and lung tissue.

The antibody content for swine and human virus in sera collected in
1935 and 1936 from people living in St. Helena. In the introduction
mention was made of the investigations of Stuart Harris and co-workers
on sera collected from people living in St. Helena which had escaped the
1918 pandemic. These investigators had found substantial rises in swine
virus antibody during an influenza epidemic on the island in June of 1936.
In 1935 the antibody content for swine virus had been found to be absent
or very low. It is known that ‘the people in St. Helena did not suffer an
outbreak of the disease during the years 1917—1921. Therefore, it is
probable that after 1921.the population of St. Helena had been infected
with either the original swine 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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strain of swine influenza virus. In 1936 an anamnestic recall of swine
antibody may have occurred which had been initiated by the then pre-
vailing human type of virus A.

Differences in physical properties between the swine influenza virus and
human strains. Although the accumulated knowledge on the behaviour of
swine antibody in man points clearly to a strain with the major antigen
of the swine influenza virus 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 virus A and the human
A and Al strains, both in their egg-isolated and in their 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 virus A. In both, the egg-line strains were
found to be non-sensitive to neutralizing inhibitor present in certain animal
sera (e.g. mouse, ferret and cattle). Both elute slowly from red cells and
in both the haemagglutinin is destroyed before the virus R.D.E. after
heating (Rasmussen, 1960; Rasmussen and Hsich, 1961). All 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 virus possessing the same physical properties as those found in
the lines of influenza virus, which have been isolated from swine since
1930, the possibility that these properties have changed during their
passage in human tissues must be accepted. Perhaps future experience
with the new A2 family may answer the above question.

Are there ‘era’s’ 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 generally appears in cold season ‘conditioned’ epidemics
which ‘follow’ and ‘belong to’ classic (true) 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 true pan-
demic, seasonal epidemics follow at more or less regular intervals, in
which this ‘vagabond’ virus may change its antigenic composition to be
able to continue to circulate in man. In this way even pseudopandemics
may occur. The virus 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 true — and
in near future this can be checked — we will be able to define ‘era’s’ of
influenza virus A ‘families’. Thus we might define the period from
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1918—1957 as the ‘swine’ influenza virus A-era which was then followed
by an era of influenza virus A2. There is some evidence that an ‘A2’ era
also may have started in 1889, so that ‘pandemic’ strains might cause
cyclically re-occurring eruptions of true pandemic influenza.

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

Through Shope’s brilliant work we now know definitely that such a
source might be an animal reservoir. In swine from the U.S.A., influenza
virus 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
acquired "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 virus 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
collected in the Netherlands in 1957 and 1958. The results were then
compared with the work of Davenport and co-workers (sera from 1952),
and also with former experiments done in 1935—1937, employing neutra-
lization tests. Our conclusion is that in 1958, the H.I. antibody for swine
influenza virus A above the age of =+ 36 years, very probably was
originally initiated by a strain of influenza virus containing the major
antigen of the swine influenza virus A, isolated by Shope in 1930. This
virus abruptly began to circulate in 1918 in man and thus caused the
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
virus A ‘family’ may have prevailed in man, in which periodically anti-
genically different strains successively emerged from each other. The
human subgroups of influenza virus A (1933-1943) and Al (1946—
1957) are known representatives of this family. 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 virus 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 virus A
started abruptly by the appearance of the influenza virus A2, which caused
a new true 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 family’.

This broad view on influenza epidemiology was originally suggested
by Leichtenstern as early as 1896 by carefully studying the epidemiology
of the disease.

24



ACKNOWLEDGEMENTS

We are greatly indebted to Dr R. E. Shope, New York, Dr R. Q. Robinson,
Atlanta, Georgia, U.S.A., and Dr O. Fiserova-Sovinova, Prague, for sending
us strains of swine influenza virus and a strain of horse influenza virus;
and to Dr J. H. Bekker, Utrecht, Dr S. Braadbaart, Rotterdam, and Prof.
W. K. Dicke, Utrecht for their aid in the collection of sera.

The monovalent vaccines employed in the human vaccinations were kindly
supplied to us by the Laboratories of the N.V. Philips-Duphar, Weesp, Nether-
lands.

We wish to express our gratitude to Prof. C. H. Stuart Harris for reading
the manuscript.

The experiments were performed with the co-operation of M. M. Beunders,
E. Degger, F. Heemskerk, H. Leenstra, A. Peters, A. Privé, W. C. H. Tom,
and P. Webbers.

The diagrams were drawn by H. Sira and J. J. Magdeleins.

Financial help was provided by the Netherlands Institute of Preventive
Medicine, Leyden, the State University, Leyden, N.V. Philips Duphar, Am-
sterdam, and the Curagao Fund for Medical Research.

25



REFERENCES

Andrewes, C. H., Laidlaw, P. P., and Smith, W. (1935) Influenza: observations on
the recovery of virus from man and on the antibody-content of human sera,
Brit. J. Exp. Path. 16, 566.

Appleby, J. C., and Stuart-Harris, C. H. (1950) The use of filtrates of vibrio
cholerae in the classification of influenza virus strains, Brit. J. Exp. Path. 31, 797.

Burnet, F. M., and Lush, D. (1938) Influenza virus on the developing egg: VII. The
antibodies of experimental and human sera, Brit. J. Exp. Med. 19, 17.

Choppin, P. W., and Tamm, I. (1960) Studies of two kinds of virus particles which
comprise influenza A2 virus strains: I. Characterization of stable homogeneous
substrains in reactions with specific antibody, mucoprotein inhibitors, and erythro-
cytes, J. Exp. Med. 112, 895.

Choppin, P. W., and Tamm, 1. (1960) Studies of two kinds of virus particles which
comprise influenza A2 virus strains: II. Reactivity with virus inhibitors in normal
sera, J. Exp. Med. 712, 921.

Davenport, F. M., Hennessy, A. V., and Francis, T., Jr. (1953) Epidemiologic
and immunologic significance of age distribution of antibody to antigenic variants
of influenza virus, J. Exp. Med. 98, 641.

Davenport, F. M., Stuart Harris, C. H., Hennessy, A. V., and Francis, T., Jr. (1955)
Epidemiology of influenza: comparative serological observations in England and
the United States, Lancet ii, 469.

Davenport, F. M., and Hennessy, A. V. (1957) Predetermination by infection and
by vaccination of antibody response to influenza virus vaccines, J. Exp. Med.
106, 835.

Davenport, F. M., and Hennessy, A. V. (1958) The clinical epidemiology of Asian
influenza, Ann. Intern. Med. 49, 493.

Davenport, F. M. (1958) Role of the Commission on Influenza. Studies of epide-
miology and prevention, Public Health Reports 73, 133.

Davoli, R., and Bartolomei Corsi, O. (1957) Anticorpi verso virus dell’influenza
A-Asia nella popolazione normale, Lo Sperimentale 107, 358.

Dorset, M., McBryde, C. N., and Niles, W. B. (1922—23) Remarks on “hog flu”,
J. Amer. Vet. Med. Ass. 62, 162.

Francis, T., Jr., and Shope, R. E. (1936) Neutralization tests with sera of con-
valescent or immunized animals and the viruses of swine and human influenza,
J. Exp. Med. 63, 645.

Francis, T., Jr., and Magill, T.P. (1936) The incidence of neutralizing antibodies for
human influenza virus in the serum of human individuals of different ages, J.
Exp. Med. 63, 655.

"Gompels, A. E. H. (1953) Antigenic relationships of swine influenza virus, J. Gen.
Microbiol. 9, 140.

26



Harboe, A. (1960) The haemagglutination inhibiting antibodies in ferrets cross-
infected with influenza A2-virus and strains of the other A-types, Acta Path.
Microbiol. Scand. 49, 224.

Harboe, A., Borthne, B., and Berg, K. (1961) Antibody against normal egg material
resulting from influenza vaccination, Acta Path. Microbiol. Scand. 53, 95.

Hennessy, A. V., Davenport, F. M., and Francis, T., Jr. (1955) Studies of antibodies
to strains of influenza virus in persons of different ages in sera collected in a
postepidemic period, J. Immunol. 75, 401.

Hennessy, A. V., and Davenport, F. M. (1958) Epidemiologic implications of the
distribution by age of antibody response to experimental influenza virus vaccines,
J. Immunol. 80, 114.

Hers, J. F. Ph., Masurel, N., and Mulder, J. (1958) Bacteriology and histopathology
of the respiratory tract and lungs in fatal Asian influenza, Lancet ii, 1141.

Hers, J. F. Ph.,, and Mulder, J. (1961) International Conference on Asian Influenza,
Broad aspects of the pathology and pathogenesis of human influenza, Amer.
Review of Respiratory Diseases 83, 84.

Hilleman, M. R., and Werner, J. H. (1953) Influence of non-specific inhibitor on
the diagnostic hemagglutination-inhibition test for influenza, J. Immunol. 71, 110.

Hilleman, M. R., Flatley, F. J., Anderson, S. A., Luecking, M. L., and Levinson,
D. J. (1958) Distribution and significance of Asian and other influenza antibodies
in the human population, New. Engl. J. Med. 258, 969.

Isaacs, A., and Bozzo, A. (1951) The use of V. cholerae filtrates in the destruction
of non-specific inhibitor in ferret sera, Brit. J. Exp. Path 32, 325.

Isaacs, A. (1957) Antibodies to influenza viruses in the sera of Nigerians, J. Hygiene
55, 485.

Jensen, K. E., Davenport, F. M., Hennesy, A. V., and Francis, T., Jr. (1956)
Characterization of influenza antibodies by serum absorption, J. Exp. Med. 104,
199.

Jensen, K. E., and Peterson, W. D., Jr. (1957) Comparative measurements of
antigenic differences among human and swine influenza viruses, J. Immunol. 78,
365.

Knight, C. A. (1944) A sedimentable component of allantoic fluid and its relation-
ship to influenza viruses, J. Exp. Med. 80, 83.

Laidlaw, P. P. (1935) Epidemic influenza: a virus disease, Lancet i, 1118.

Leichtenstern, O. (1896) Influenza. In: Specielle Pathologie und Therapie (edited by
H. Nothnagel) vol. IV, part 2, page 22. Vienna.

Magill, T. P., and Francis, T., Jr. (1936) Antigenic differences in strains of human
influenza virus, Proc. Soc. Exp. Biol. and Med. 35, 463.

Magill, T. P., and Francis, T., Jr. (1938) Antigenic differences in strains of epidemic
influenza virus: I. Cross-neutralization tests in mice, Brit. J. Exp. Med. 19, 273.

Mulder, J. (1957) Asiatic influenza in the Netherlands, Lancet ii, 334.

Mulder, J., and van der Veen, J. (1948) Neutralization of the non-specific serum

inhibitor in influenza immune titrations after Hirst with an enzyme of Vibrio
cholerae, Acta Med. Brev. Neerl. 16, 57.

Mulder, J., and Brans, L. M. (1952) Studies on the antigenic behaviour of egg- and
egg-mouse-egg-lines of strains of influenza virus, with the aid of the haemagglu-
tination-inhibition test, Antonie van Leeuwenhoek 18, 139.

27



Mulder, J. and Masurel, N. (1958) Pre-epidemic antibody against 1957 strain of
Asiatic influenza in serum of older people living in the Netherlands, Lancet i,
810.

Oakley, C. L., and Warrack, G. H. (1940) Immunity and antibody to influenza
in mice, J. Path. and Bact. 50, 37.

Rasmussen, A. F. (1961) International Conference on Asian Influenza, Amer.
Review of Respiratory Diseases 83, 113.

Rasmussen, A. F., and Hsich, W. C. (1961) An animal origin for Asian Influenza?,
Asian Med. J. 4, 113.

Shope, R. E. (1936) The incidence of neutralizing antibodies for swine influenza
virus in the sera of human beings of different ages, J. Exp. Med. 63, 669.

Shope, R. E. (1938) Serological evidence for the occurrence of infection with human
influenza virus in swine, J. Exp. Med. 67, 739.

Shope, R. E. (1944) Old, intermediate, and contemporary contributions to our
knowledge of pandemic influenza, Medicine 23, 415.

Shope, R. E. (1958) Influenza; history, epidemiology, and speculation, Public
Health Reports 73, 165.

Smith, W., Andrewes, C. H., and Laidlaw, P. P. (1933) A virus obtained from
influenza patients, Lancet ii, 66.

Smith, W., Andrewes, C. H. and Laidlaw, P. P. (1935) Influenza: experiments on
the immunization of ferrets and mice, Brit. J. Exp. Path. 16, 291.

Stuart Harris, C. H., Andrewes, C. H., and Smith, W. (1938) A study of epidemic
influenza: with special reference to the 1936—37 epidemic, Medical Research
Council, Special Report Series, No. 228, page 119, 121, London.

Tyrrell, D. A. J,, and Horsfall, F. L., Jr. (1952) A procedure which eliminates non-
specific inhibitor from human serum but does not affect specific antibodies against
influenza viruses, J. Immunol. 69, 563.

Van der Veen, J.,, and Mulder, J. (1950) Studies on the antigenic composition of
human influenza virus A strains with the aid of the haemagglutination inhibition
technique, Onderzoekingen en mededelingen uit het Inst. voor Praev. Gen., Leiden,
No. 6, page 7, 22.

Winternitz, M. C., Wason, I. M., and McNamara, F. P. (1920) The Pathology of

Influenza, Yale University Press, Chapter 1A, 1B and IV. New Haven, Con-
necticut.

28



FIGURES



Figure 1

>s )
S/s- S 000 [ 1] [-1-] s00 00000 ::::: Egggg
S _S o0 (111X ] :0000 (1] ] 0000 ::::. Egg:g
25K
S EEEE: :::go o0 -X-1-1-3 0000
<Ks
Age group| 0-9 10-14 15-19 20 And
~ upwards
Number 14 15| 9 12 6 9 19 | 29

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. 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. 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 12
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Figure 18
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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
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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).

Approximafely the same number of sera from both age groups were titrated in

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

49



(8561 woiy v13s) Zp—0 sdnoid afe oy ul (PUBMSPAN 6¥61) TV pPue (V'S ¥€61) 8Ud-V
: *17 231

SIUIA ®ZUSO[JUI UBWINY JO SUlens o9y} JOJ pue Yy SIIA BZUSNJUI SUIMS JO Ulens oy} Joj Apoqnue 'T'H Jo Aouonbory a8evjusoiog
6 8 L w m .\ m c Lo

wmd. N.\ 5 oe mm mm LE mm mm .Nm mm Nm _.m om mN mN hN 14 mN QN MN NN PN oN m_. m_. E. w— Sl .2. £l Np _,_. oL
—— . : Avﬂ-enue. 'y
- \a
%\
!
]
]
H -
_%__ R - .w/ _.~ \ \\0\6
AN
A * QP4 |
Py N S P ->-v P - 07
¢ o\ 4 FN /\ !
.: H \ ¢ » \ ze
LY ] e\ FA - i L 4 lom
A )\ g W !
| A \ / / - / \.’/ / |
Y] X & o-¢ @ ¢ . 08
{ i o
; / .
... o - 0L

¢ S \o/ <
/ . \,\w,,, u\; //,\f/ AY) j "

/ LA
¥ e e a/n\o/o\ - oot
%

(‘PaN6Y6L) LY e—e
{'v'sn 7e6L) 8¥d-V ¢—¢
(V'STNO0E6L) Gl~-auIMS-Y oo

Figure 21



(8S6T woiy vIes) 00I—( sdnoif afe oy} JOo BIOS [enpIAIpUI Ul Yy SNIIA BZUINJUI SUIMS JO UIRNS 9y} I0J Apoqnue ‘T'H Jo IYSOH 77 93y

49qunN _ [sefee]szfez 61 |oz]oz| 12| a1 81| 51| s 1] 91| 1] 51| 2] 1] 2| o]z [e|e | e ve| 12| o] ve sl uzs | ] 1o e | on[2v| e | eclen 2] o |oe| sele| ve|ov] o] 6] ue] n| | e|2n| o] o  se]v | ecloe| | ez |ex2a | exlna|en| 5] e | o ex] wales| se|selee| oe]
oby _ BLILELTc ou]1u]ou sslss]is[sslss|vs|esles] o [os]ss|as]uslos|ss|vs s s uslos| (e lon 5o e enlen] oo el el el e se| e ee] 2] ve o sele] szl sl velez ] el oz ] e ex]ou s [ ] [ ae [t s [ [ [s [ [ o] [ |1 [ o
N
«
2] oL
-
3
-2
F = e
0z
= o€
w , or
| 0s
i
i}:]
008 ¢ B o
o08-00z 5
08
ooz-0s IR
os-6 [
3LIH 06




‘(uowriradxs 1) pp—( sdnoig ofe oyl ur Apoquue T'H Jo ann 1seySiy oy Furaey ‘syuswirodxo
SuIpaod1d woiy poldd[ds ‘8661 WOIY BISS Ul ¥ SOIIA BZUSN[JUI SUIMS JO Urens oY) Ioj Apoqnue ‘r'H ‘€z SmSid

aby

oot

00z

008
008
004

.- o . 006
. 000}
o o o . 00Sb
[ )

000Z
0052
- 000€
oose
" 000Y
005Y

000S
0006%°

Figure 23

L TH

52



Figure 24
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Figure 25
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Figure 26

354

301

25

10+

<9 9 18, 50, 100, 200, 40 >800 Hl-Titre
/19 50 400 4)0 %o 800

:IAge 40-49 IAge 70-100
(212 sera) (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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o A-Swine-15 (1830 US A) @

o Human A- and Al strains
(1833-1956)

Figure 27. Height of H.I. antibody for the strain of swine influenza virus A and
different human strains of influenza virus A and Al in sera from the age groups
30—90 (prepandemic sera from 1957). The sera were selected from preceding
experiments. In 32 persons (marked with an asterisk) only H.L. antibody for the
swine virus was present (these experiments were repeated again). The H.I. tests
were performed using all strains in the same experiment.
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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,M.E; low avidity strain) (black column) and the human strains of
influenza virus A-PR8 (1934 U.S.A.) (first white column) and A1l (1949 Nederland)
(second white column) in pre-pandemic sera from 1957. Titrations were performed
employing all 3 strains of virus in the same experiment.
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Sera 1958

# A-Swine-15{1330 U.5A)
o A-WS (1933 Eng)

¢ A-PR8 (1934 USA)

e AT1(1949 Ned)

© AT(1956 Ned)

Figure 29. Height of H.I. antibody for the strain of swine influenza virus A
and different human strains of influenza virus A and Al found in sera of the age
groups 0—42. The sera were selected at random (sera from 1958). The H.I. tests,
marked with an asterisk, were performed 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-Swine-15(1930 USA)
o A-WS (1933 Eng)

& A-PR8 1934 USA)

© AT1(1949 Ned)

© A1(1956 Ned)

Figure 29 (continued). Height of H.L antibody for the strain of swine influenza
virus A and different human strains of influenza virus A and A1l found in sera of
the age groups 0—42. The sera were selected at random (sera from 1958). The
H.I. tests, marked with an asterisk, were performed 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-Swine-15(1930 USA)
O A-WS (1933 Eng)

¢ A-PRS (1934 USA)

© A1(1949 Ned)

© AT1(1956 Ned)

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 Al found in sera of
the age groups 0—42. The sera were selected at random (sera from 1958). The
H.I. tests, marked with an asterisk, were performed 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-Swine-15(1930 US A)
O A-WS (1933 Eng)

¢ A-PR8 1934 USA)

® Al (1949-1956)

-©- A2 Japan-305(1957)

Figure 30. Height of H.I. antibody for the strain of swine influenza virus A and
different human strains of influenza virus A, Al and A2 in sera of the age groups
0—41. From preceding experiments, sera were selected per age group showing no
H.1. antibody for the swine virus, and other sera showing the highest titre of H.L
antibody for this virus. The H.I tests were performed using all strains in the same
experiment.
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Sera 1958

-0- A-Swine-15(1930 USA)
0 A-WS (1933 Eng)

& A-PR8 (1934 USA)

® Al (1949-1956)

- A2 Japan-305957)

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 experiments, sera were selected per age group
showing no H.I. antibody for the swine virus, and other sera showing the highest

titre of H.I. antibody for this virus. The H.IL. tests were performed using all strains
in the same experiment.
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Sera 1958

-0 A-Swine-15(1930 USA)
o A-WS (1933 Eng)

¢ A-PRB (1934 USA)

® A1(1949-1956)

- A2 Japan-305(1957)

Figure 30 (continued). Height of H.I. antibody for the strain of swine influenza
virus A and different human strains of influenza virus A, Al and A2 in sera of the
age groups 0—41. From preceding experiments, sera were selected per age group
showing no H.L antibody for the swine virus, and other sera showing the highest

titre of H.L. antibody for this virus, The H.I. tests were performed using all strains
in the same experiment.
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Sera 1958

-0 A-Swine-15(1930 USA)
o A-WS (1933 Eng)

¢ A-PR8 (1934 USA)

® A1 (1949-1956)

© A2 Japan-305(1957)

Figure 30 (continued). Height of H.I. antibody for the strain of swine influenza
virus A and different human strains of influenza virus A, Al and A2 in sera of the
age groups 0—41. From preceding experiments, sera were selected per age group
showing no H.I antibody for the swine virus, and other sera showing the highest

titre of H.I. antibody for this virus. The H.I. tests were performed 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 serum inhibitor.

Sera treated with cholera-filtrate Untreated Sera
A2-305 A2:37 A2-305 A2-37

(1957 Japan) (1957 Ned) (1957 Japan) (1957 Ned.)

E,F,M,E,, F,M,E, E,F,M,E,, FM,,E,
<9/80 <9/150 650/650 <9/150
<9/50 <9/<o 1350/1700 <9/<o
<9/1700 <9/600 13500/2700 <9/400
<9/<s <9/<9 2700/1900 2550
<9/1700 <9/as0 650/5400 <9/600
<9/30 <9/10 850/gs0 <9/20
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Table 7. H.L 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. ¢ we

Strains
Ferret
. AWS A-PR8 Al Al Al Al
Antisera (1933 Engl.) | (1934 U.S.A.)| (1947 Engl) | (1947 Engl) | (1949 Ned.) | (1949 Ned.
FME FME E EME E EME
A-Swine-15 (1930 U.S.A) <9 <9
FME <9 250 <9 <9
A-Swine-15 (1930 US.A) 9 <9
FME <9 125 <
A-Swine-15 (1930 US.A) <o <o <o
EME <9 70 <9
A-Swine-15 (1930 US.A) : 9 95 <9 is
FMEME <9 15 <
A-Swine-15 (1930 U.S.A) < <5 0 <o
9
FMEME adj. a
A-Swine-15 (1930 US.A)) < 10 <9 30 <9 20
9
FMEME adi. b
A-Swine-15 (1930 US.A.)
<9 40 <9 <9 <9 <9
ME
A-Swine-15 (1930 US.A.
¢ ) <9 60 <9 <9 <9 10
ME
A-Swine-15 (1930 U.S.A.
Mw;'e (1930 ) 40 100 <9 30 20 <9
adj. ¢
A-Swine-23 (1935 U.S.A.
Aswine23 (IS USA) | g <9 15 50 <9 <9
ME
A-Swine-29 (1937 US.A.
wine29 (1937 US.A) <9 <9 <9 <9 <9 <9
ME
A-Swine-30 (1940 U.S.A.
wine-30 (1940 U S.A) <9 125 20 25 <9 <9
ME
A-Swi 1946 U.S.A.
wine ( ) <9 <9 <9 <9 <9 <9
ME
A-:Wlne (1957 Wis.) <9 <9 <9 15 <9 <9
A-Swine (1957 Wis.)
9 <9 <9 <9 <9
EME <9 <




llated in the period 1930—1957 in the U.S.A,, and also employing different strains of human
epared using different adjuvant vaccines.

Strains

951 Engl.) (195?.113“81-) (195?;‘95-) (195‘1\%‘“-) (195;\ I{Ied.) (195: 11~1ed.) (1956A 11~1ed.) (1952 11~1ed.) Homologous
(LEI.) }(?.Lla%i (Sé:.) E %S(}:d) E E EME E EME strains
<9 <9 <9 <9 <9 <9 <9 <9 1150
<9 <9 <9 <9 1850
<9 <9 <9 <9 <9 <9 <9 <9 2150
<9 <9 <9 <9 <9 <9 <9 <9 7300
<9 <9 <9 <9 6550
<9 <9 <9 <9 <9 <9 <9 <9 7600
<9 <9 <9 <9 <9 <9 <9 <9 1900
<9 <9 <9 <9 <9 <9 <9 <9 9200
<9 | 20 <9 <9 20 50 20 <9 12000
<9 <9 <9 <9 <9 <9 <9 <9 2000
<9 <9 <9 <9 <9 <9 <9 <9 1900
<9 <9 <9 <9 <9 <9 <9 <9 9200
<9 <9 <9 <9 |. <9 <9 <9 <9 1500
<9 <9 <9 <9 <9 <9 <9 <9 12200
<9 <9 <9 <9 <9 <9 <9 <9 1350




Table 8

. 00T os¥1 0S2€ 0097 snoSojowoy
6> 6> 6> 6> (ueder £G61) SOE-TV
0S¥ 001 6> 6> (V'S 0£61) ST-OUIMNG-V

0S81 0SZ€ 0S81 0S8€ 0S¢ 0s¢ 00£2 (11943 0062 snoSojotmol]
6> 6> 6> 6> 6> 6> 6> 6> 6> (uedef £G61) SOE-TV
0S11 00€ 00€ 00¥ 00¥ 008 oSl 011 oL (V'S 0£61) ST-OUIMS-V
(28) Carp
(PN 9S61) | (CPAN €S61) | (PIN 1S6T) | (18ud 1S61) | (PAN 6¢61) | (18U Ly61) |(V'S N YE6D)! (18ud £€61) | (180 €€6T)
v X v X v X v X v X gy X ggav X smv X smv sureng
L _ | | | _ L_ |
UOTIOJUI JAISSIOONS 9B BAISTIUE J9LIS) Ul AIN-T'H

JUAWLISdXs SUO TI JUOP SIoM
SIIIA 7Y URWNg oY) pPu® SNIA SUMS o Surfojdws suonenr) Sy ‘USMI0q UI SY9M € JO S[BAISIUL 1M SUIRINS TeWN( 9Y) [IIM PIJOSJUI A[OAISSIIONS 21oM
§J9139] 9YL "ZV PuUB ‘IV ‘Y SNIA LZUSN[JUI JO SUlRNS UeWNY 9Y) PuUe Y SHIIA BZUSNJJUI SUIMS JO UTRIlS OU} IO BIASHUR Joudf Ul Apoqnue T'H '8 S[qel




Table 9

00s 008 0S¢l 00¥S 009 0sL 008S " 0062 snogojowoy
6> 6> 6> 6> 6> 6> 6> 6> (uede( /661) SOE-TV
0061 0501 00L2 0s0T1 052 0zl 6> 6> (V'S 0€61) SI-omMS-V
oST - 0o¥ 00S 056 00€ os¥ 0062 0059 snogojowoy
> 6> 6> 6> 6> 6> 6> 6> (ueder LG61) SOE-TV
0s L oF 0s 09 09 or o€ 6> (V'S0 0£61) ST-oUWMS-V
0S¢ 0591 0s€l 0042 00§ 009 0591 . 0062 snogo[owoy
6> L 6> 6> 6> 6> 6> 6> > (usdef £S61) SOE-TV
oL’ © 001 0¢ ST St 6> 6> 6> (V'S 0£61) ST-oUIMG-V

_ (28) (ArD

(PON 9561) | (PON £S61) | (PON 1S61) |(18uH 1561) | "PON 6¥61) |(18uH Lp61) ICV'SIPEST) (V'S PEGT)
IV X IV X IV X IV X IV X IV X 84dV X 844V surens
| _ _ _ | _ _ | . )
m UONOSJUT SAISSIOONS Id1fe BISHUER J191I9] WL NN-"T'H

g Juowriradys SUO UI SUOP SIOM SMIIA Ty UeWNy oY} pue
SIIA ouIMS oY) Surfojdiuo suoTIRIN oFH ‘USOMISq T SYe0M € JO S[RAIS)UT YN SUTRN)S TDewny Y} UM DPIJoajur A[OAISSI0ONS 0I9M SIALISY oYJ,
*ZV PUE [V °V SILIIA BzUSN[JUI JO SUIEI)S URTINY 9y) PUE Y SOIIA BZUSHJIUL SUIMS JO UTRNS of) JOJ RISSHUE JOINSY Ur Apoquue ‘I'H ‘6 9IqeL

R1




Table 10

09 of 6>

09 34 6>

ST 4 6> CPON 9561) IV X (V'S tE6T) 8Ad-V (18ug £€61) SM-V

062 S€ 6

S8 St 6>

09 0t 0z Carp (8ug 1661) IV X (V'S ¥E61) 8Ud-V (18ug €€61) SM-V

089 o€ 6>

s8 [A! 6>

0g 91 6> (PN 6V61) IV X (V'S YEST) 8Ud-V (18u" €€61) SMV

$6 Sk A

S Sv 3

¥z (4! ST C18ud Lp6D) TV X (V'S PE6T) ALV (1803 €£61) SM-V

uordayul
7 UONOOmaY | I UONOAUIY - Arewmrg T WondPuUY - I UOnOJURY . wonodPu] Arewrrg . |
Ioye '
(V'S 0E6T) ST-ouMS-V JsureSe onn-T'H jo surens

"(wedef LS6T) SO€-TV urens ogy IoJ Apoquue ‘['H MOys 0} pafrey
BIOS [[V ‘JUSWIIdAXD OUO UI SUOP 9J0M SUONRIN) 9Y], 'UOOM]IAq UI SYdM ¢ JO S[BAIOIN UYNA ([V PUB V) SOIA ezUINJUI Uewny Jo
SUTens € YA STOTOSJUI SAISSO00NS I9iJe Juosald ‘Y SNIJA BZUSN[JUI SUIMS JO UTeX)s dy) JOJ BIOSHUR J9I19] Ul Apoqnue TH ‘0] 9IqelL

N
-]



Table 11

couo:omv omwm\ 6> c_\o_ (V'S 0€61) SI-oumg-v X (PN 9561) IV
cc:q\ 6> oowe?ow n\m (PaN 9S61) IV X (V'S 0€61) SI-oUIMS-Y
ommm\ 00¢ ommv?v m\m (V'S 0€61) ST-9oUIMS-V X (PSN 6v61) IV
onn: 6> oomh\ ooy h\ L (P3N 6¥61) 1V X (V'S 0£61) ST-UIAS-V
ommm\ 0ss ommm\ 6> :\ Il (V'S 0£61) ST-oUMS-V X (v'sn ve6l) 8Ad-V
oom\ 6> oooﬁ\ 0011 w\ 9 (V'S ¥e6l) 8¥dV X (V'S 0£61) ST-oUIMS-V
surens uwewng (V'S'l 0£61) SI-oUMS-V Xy D) uondajuRy monodjul Arewnig
[1eoa1 Suimoys
(X ) 1eoar Suimoys $)9119] JO I_dqUINN
RISSHIUE JOLISJ JO O OLISWOSS UBSR Jo sureng

(IV pue y) SHIA ezZusnpjur uewny
Jo surens ¢ pue ('V'STN 0£61) SI-SUIMS-Y SNIIA BZUSN[JUI JO urel)s oY) Surfo[dwo §)9119) UI SHUSWLISIXD UOTIIUIAI SSOID)

‘1 9198l

83



6> 006 00512 000€1 000LE 0S+9 000€1 00Z€T 3g! szl STy

6> 00£2 00L01 000€1 0012 008S 00911 0085 0049 os vy

6> 008 00vS 0sz¢ 00vS 0SZ€ 0s2¢ 0062 0091 6> oy

6> 0s81 058y 00€L 009L 00£L 00£01 000€T 00911 4! 81¥

6> 0sP1 0s8¢ 009+ 009L 0SZ€ 00L01 009% 00LZ 6> Iy

6> 008§ 00S€T 000L1 000LZ | ooObI 00517 00¥81 00¥81 081 pIy

_ (28) CATD
(weder £561) | (PON 9561) | (PON £561) | (PON 1561 | CIBUH 1S61) | (‘PON 6¥61) | (18U L¥61) |CV's' 1 ve61)| (1BuT gg61) *<.m.bo&c i
S0€-TV v v v v v v 8dd-V smv | s1-oums-v Hey
10010
surens

"IV PuU® V SUIRIS Uewny 9y} JO QXX € SUMIIe)uod ‘QUIDOBA JUBAN{PE UE UM UOBUIOORA IAE
s)o1dy ur Jusserd (ZV PUB [V ‘Y) SNIA BZUSN[JUI UBWNY JO SUTBI)S. pUB VY SMIIA BZUON[JUI SUIMS JO UIEI)s 94} J0J Apoquue ‘'H JO SomIL ‘Tl 9[9el

Table 12
84




Lo vy
- )
2
c
0sL oSy 0sce 00¥1 009 0s¢ 0sel 0S€El 0081 00€T sn0Jo[omoH
6> 6> 6> 6> 6> 6> 6> 6> 6> 6> (oeder £S6T) SOE-TV
ooy 009 0S¥l 009 002 0s 0sT 00$ 0581 0591 snofo[owoyy
6> 6> 6> 6> 6> 6> 6> 6> 6> 6> (wedeg LS6T) $0¢-TV
('28) o)) _
(PaN 9561) ' (PaN £661) @ (PAN 1561) ' CTIUEL IS61) ' (PON 6v61) ' (18U Lpel) '('V'S'n ¥e6T) ' CIBOH €€61) '('V'S'n LEel) ' (V'S'N LE6T)
v X v X v X v X 1A 4 X v X 844V X SMV X 6TUIMSV X 6T-0UIMS-V sureng
| f | l [ | | | |
SUOIIOJJUT DAISSIOONS Id)Je RIMSTUR JOXIR) WI onn-TH

‘Quowrzadxs ) SY9OM € SeM UONOOJUI Uded USOMIIG [BAINUI oUL ‘(I pue ‘< UBWNY ‘Y SUIMS) SNIIA BZUSNIJUI JO SUIRIIS JUSIONIP
1A PIJOSTUI A[AISSIOONS 9I0M YOIGM §)9110] WOTY vI3s ur (Wedef S0¢-7V) SIIA BZUSN[JUI UBWNY JO UIeNs 9Y3 J0] Apoqnue ‘I'H JO soIil ‘€I 9[qel



Table 14

0082 ] 40 052z ] o % (ueder £G6T) S0E-TV X ('PeN 9S61) 6€-1V
0Pl ] ¢ 0582 poz g (‘P3N 9S61) 6€-IV X (uedeg LS6T) SOE-TV
- - 01/, (wedef £S6T) SOE-TV X (PON 6F61) IV
006/ ¢~ 0STT] G0z 8/, (PON 6¥61) TV X (uede[ LS6T) SOE-TV
- - “lo (weder LS61) SOE-TV X CV'S'N PE6T) 8d-V
- - w? CV'SN vE6T) AV X (ueder LS61) SOE-TV
L
00£E] 501, 006% [ o, lo (medef LS61) SO0E-ZV X (V'S 0£61) ST-UMS-V
6
00L1] o~ 005/ o \ £ V'S’ 0£61) ST-oUIMS-V X (wedef LS61) SOE-TV
surens 1YI0 (wedef £S61) SOE-TV (Xp ) uonoyuITy uonooyu Arewrig
[[eos1 Suimoys
(Xt 2) [eoa1 Summogys §)91193 JO JaquUINN o suTemn:
BISSIIUR J91I9] JO 9111} OLIPOWOIT UBIN ¥ fens

‘SNIIA BZUONIJUT SUIMS

JO urENs oy} pue ‘7Y pue [V ‘V SMIA BZUSN[UI Uewny Jo sujens 3Gy Suiko[dwo §j00) Ul SUSWLIXS UONOSJUIAI §S0ID I SIqEL o
0




Table 15

(Xp <) neoar Suimoys
RIISHUR JO1I3] JO A1} OLNOWO0S UBSN

Tiedax Suimoys
$19113] JO IoqUINN

jo sureng

— - 5o 9561-8qe1d-V X (wede[ LS61) SOETV
- - e (uedef LS6T) SOE-TV X 9S61-8YRId-V

001Z[ 1 0s01] o, 1, 9s61-eqeId-V X (PON 9S61) Ly-TV

- — — Lo (PON 9561) LTV X 9561-2qelg-V
0819 10c 002t [ orf, 9561-8yeId-v X (‘P3N 9561) 6€-1V
0078 ., 0075/ ey 1, (‘PN 9561) 6€-1V X 9561-eqeid-V
oos\%ﬁ %ﬁ 6> i 1 9s61-BqRIL-V X (V'S'N0E6T) ST-oUIMG-V
— — 1y (V'S 0861) ST-omMS-y X 9561-2ueId-V

surens 1°Y10 9561-2qeId-y Xy =) uondFuIY uonoayuy Arewrig

*TV PuUe [V SIIIA B2ZUSN[JuUI Uewlny jO suen)s 9Ul PuUe ‘y SNIIA
VZUONJJUI SUIMS JO UlRNS oy} ‘v SNIA BZUSN[JUI 98I0Y JO wrens oy Surfo[dwo s)o119] UI sjuowradxe UOROSJUIaI ssoID) "SI 9Jqel

87



6§ 9T 99 44} 0T 24} 201 6> 6> 6> I
sIedk 1 ‘O
— 6> — - — 62 - 6> — 891 I _
144} L 181 887 £9¢ 88¢C €9¢€ L 9¢ 6> II
s1eak 81 “1
6> (113 ST 6¢C 9¢ 6> 144! 611 611 9LS I
IS 01 0T - 88¢ 444 — 1.2 €1 ST 1I
sIRdA $7 A
6> 6> 6> - 6> 6> - 6> 6> 9¢E I
(28) Carp
(ueder £561) | (PON 9S61) | (PON €S6I) | (PONTS6T) | CIBud I1S61) | (PON 6v61) | (13U Ly61) |(V'S'¥E6I) | CT8UT €€61) |('V'S'N OE6T)
SOE-TV 1A W v v v v 8 ¥dV SMV S1-UASY | juomnedxy 8v
sureng

Table 16

‘punoy sem I ureped oy} ‘suowdods meU Sulurelqo IV
*(I uxeped) afe s IJ0UOP 9y} JO BuUI[OQE[ UI SIOXId YA BISS UBWNY € Uf PUNOJ Y SOIIA BZUSN[JUI JO SUIENS JUSISNIP 10 Apoquue ‘T'H JO 1YSIOH ‘91 S[qel

88



~ (=)}
- 00
2
g

Y1y Sy ot Y1y Hla e 6lg Ll L1 spremdn poe oy

Sit g bl¢ iy 6/¢ Lz Sle 6161 0z 6€—S¢E

a1 9¢ 0lf¢ of¢ 8¢ L]y 85 YLy 81 PE—OE

81z 0rf¢ Ty iz 0ty Stig Sle Ll s1 620

(25) CArD v

(PN 9561) | (PON €561) | (PON 1561) | (18U 1S61) | (PN 6¥61) |(V'S'N¥E6T)| (T8UH £€61) | (V'S 0E6T) o dnos8 oF

v v v v v 8YdV SMV | ST-oUmMSV snmn N v

surens
_'uondiosqe

910J9q SsUIens JUOIAIJIP 94} I0J Apoquue ‘I'H SUIMOYS BIOS JO Joquinu [8)0} = JOJRUMIOUS(] 'PAqIOSqe Sem Apoqnue UYoIgM WOIJ IS JO JOqUINU
= I1o0lerownpN ‘wadnue JuIqIOSqe St SNIIA BZUONQUI Juims oY) Sumsn (J96[) sdnoa§ ofe JUSIOFIIP JO vISS UeWNY UM §}s9) uondiosqy ‘L] S[qRL



