
Bull. Org. mond. Sante 1959, 20, 261-296
Bull. Wld Hlth Org.

RESULTS OF FURTHER RESEARCH ON INFLUENZA
IN THE USSR

With Special Reference to the 1957 Pandemic

V. M. ZHDANOV
Deputy Minister of Health;

Director, WHO Influenza Centre for the USSR,
Academy of Medical Sciences, Moscow, USSR

SYNOPSIS

This article reviews the main results of the research carried out
between 1954 and 1957 by the Influenza Department of the Institute
of Virology, Academy of Medical Sciences, Moscow.

This research has been concentrated on the influenza virus
strains isolated, the pathogenesis and immunology of influenza
among adults and pre-school children, clinical manifestations,
epidemiology, and therapeutic and prophylactic methods, including
the preparation and use of live vaccines and sera. Particularly
intensive research was conducted during the pandemic of Asian
influenza in 1957, and the biological properties of A2 virus strains,
the clinical course of the illness in infants and adults, the spread of
the pandemic in the USSR and certain results of influenza control
measures are among the subjects discussed.

This article is a short review of the basic results of research carried out
during the period 1954-57 in the Influenza Department and in certain other
laboratories of the Ivanovski Institute of Virology of the USSR Academy
of Medical Sciences.

During this period the Department of Epidemiology (Director, 0. V.
Baroyan) and the Viral Infections Clinic (Director, N. V. Sergeyev) have
become independent subdivisions of the Institute as a result of which the
Influenza Department of which the present writer is Director now consists
of three laboratories: the Influenza Diagnosis Laboratory (Director, A. S.
Gorbunova), the Laboratory for Specific Prophylaxis against Influenza
(Director, V. V. Ritova) and the Laboratory for Acute Respiratory Catarrhs
under the direct control of the Director of the Department.

In addition to the Influenza Department, whose work is co-ordinated
with other laboratories in the Institute and which is the base for the USSR
Regional Influenza Centre, many other laboratories in the Institute and the
Viral Infections Clinic are also working on influenza.
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Biological Properties of Influenza Viruses

The study of the etiology of influenza and the biological properties of
influenza viruses has been carried on in various ways.

The daily study of the nature of sporadic cases and outbreaks of influenza
has made it possible to establish that all four influenza viruses known at
present circulate in the USSR.

In 1955, when an outbreak of influenza in a home for children from
four to seven years of age was being studied, the presence of influenza virus
C was established. The outbreak developed at the end of February and the
beginning of March and affected all the 74 children in the establishment.
Serological tests on the children established the growth of high titres of
anti-haemagglutinins to influenza virus C, although no success was obtained
in isolating the virus.

In October 1956 there was an outbreak of influenza-like infections at
children's cr6ches in Moscow, which affected 35 children aged between
eight months and one year. The infections took a serious turn and in three
cases ended in death. Four strains of haemagglutinating viruses were isolated
from the sick children; further investigation showed them to be C viruses.
After seven or eight passages their biological titre equalled 10-5 and their
titre in the haemagglutination test 1: 80-1: 160. The strains isolated gave
cross-neutralization in the haemagglutination test of half or full titre with
strain 1233 of virus C and in other respects also behaved like that strain.
In experiments on volunteers of 18 and 19 years of age, the strains failed
to produce marked infection or to multiply in the nasopharyngeal mucosa.
The viruses passaged badly in cultures of human embryo lung tissue.

In March 1956, during an intense outbreak of influenza in Vladivostok,
a member of the staff of the Vladivostok Institute of Epidemiology, Micro-
biology and Hygiene, 0. G. Gerngross, isolated five strains of haemaggluti-
nating virus differing in antigenic structure from viruses A and B. The
strains were sent for identification to the Influenza Diagnosis Laboratory
where those who studied them (A. S. Gorbunova, 0. G. Gerngross, V. M.
Gnorizova and A. G. Bukrinskaya) identified them as D influenza viruses.

In December 1956 and February 1957, in the Moscow Region outbreaks
were studied of severe influenza in a children's home and in the therapeutic
department of a children's hospital, leading in some cases to death. In the
first instance one strain, and in the second three strains, of haemagglutinat-
ing viruses were isolated and these were identified by V. M. Zhdanov,
V. V. Ritova and L. A. Golygina as D viruses.

The D strains isolated in 1956 and 1957 resembled the Japanese strains
of the D virus in their antigenic and other biological properties. In the
haemagglutination-inhibition test they were mutually neutralized with
immune sera from one-quarter to full titre and gave weak cross-reactions
with the virus of Newcastle disease. The viruses multiplied well in the
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allantoic cavity of chick-embryos and caused degeneration in cultures of
fibroblasts on the third day after inoculation. Their cytopathogenic effect
was well neutralized by immune sera.

The existence in the USSR of all four influenza viruses, A, B, C and D,1
has thus been established.

Further study of the antigenic structure and other biological properties
of the viruses has made it possible to classify them more exactly. As before,
we shall use the antigenic properties of the viruses as a basis for classifica-
tion. As is known, serological tests make it possible to discern the two basic
antigens of which the influenza virus particle consists. One of them is
determined by the complement-fixation test and is apparently connected
with the internal nucleo-protein content of the virus (the so-called soluble
antigen). This antigen may be considered a species antigen as it is almost
identical in all viruses of the same evolutionary series. This is demonstrated
with particular clarity in A influenza viruses, which have been investigated
for a very long time-from 1932 to 1957 (Fig. 1).

FIG. 1. CHANGES IN ANTIGENIC COMPONENTS OF
A AND Al INFLUENZA VIRUS STRAINS
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_1Titre of serum with heterologous virus j1Titre of serum with hoterologous virusv equals fraction of unity shown. L equals fraction,smaller than 1/64.

The second antigen is determined by means of the haemagglutination-
inhibition test and is connected with the haemagglutinin, the proteinic
envelope of the virus particle, which has enzymatic properties (mucinase).

1 The Virus Sub-committee of the International Nomenclature Committee is considering renaming the
Sendai virus Myxovirus para-influenzae type 1. The use of the term influenza D is being specifically
discouraged.-ED.
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FIG. 2. ANTIGENIC STRUCTURE OF A VIRUSES IN HAEMAGGLUTINATION-
INHIBITION TEST
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Full-length columns represent the homologous titre of each serum. To the right of the homo-
logous titre are the titres to the descendant strains, and to the left are the heterologous titres to
the ancestor strains.

This antigen differs in strains of the same virus isolated at different times.
The biggest differences are noted in the A viruses, a fact explained by the
length of time since their discovery and by their more intense variability,
a quality which distinguishes this virus from other causative agents of
influenza. Fig. 2 shows comparative data on the study of the antigenic
structure of the A viruses by means of the haemagglutination-inhibition
test, whence it will be seen that the viruses isolated in 1957 have completely
lost the antigenic affinity of their haemagglutinin with the viruses isolated
in the 1930's.

In accordance with these data, we propose to divide influenza viruses
into four groups, giving them the accepted letter designations:

1. Pneumophilus gripposus A
2. Pneumophilus gripposus B
3. Pneumophilus gripposus C
4. Pneumophilus gripposus D.

It seemed reasonable to distinguish two groups or varieties within the species.
One of them is connected with the progressive change in the antigenic
structure of the viruses (or, to be more exact, of their haemagglutinins).
We propose to designate as a " variety " (varietas), a strain which, while it
has preserved some features in its antigens also present in the antigens of its
immediate predecessors, has lost all identity of antigenic structure with
its earlier ancestors; we suggest designating such varieties by numerical
suffixes to the letter concerned. On this principle, the main varieties in the
evolutionary series will be designated: Pneumophilus gripposus var. A,
Pneumophilus gripposus var. Al, and Pneumophilus gripposus var. A2;
and further varieties which occur can be designated A3 etc.

264



INFLUENZA RESEARCH IN THE USSR

To indicate smaller variations, the naming of varieties should be pre-
served. In particular, this applies not only to A viruses (WS, PR8, Klim,
Rostock, A/Singapore/l/57, Iksha) but also to B viruses (Lee, Kri) and to
C and D viruses where variation has not yet led to the occurrence of marked
varieties. An exception should perhaps be made for B viruses recently
isolated (e.g., strain BM8, which could have been designated Bl).

Another variety is connected with the adaptation of influenza viruses
(in natural conditions) to domesticated animals. Until recently, only swine
influenza viruses were known, but not long ago influenza viruses were
discovered also as the causative agents of natural diseases in horses. It
seems more probable, in this connexion, that the theory of the animals
acquiring influenza viruses from man and not the reverse is correct. We
propose to name these varieties Pneumophilus gripposus var. porcina, equina,
etc.

Further study of the variability of influenza viruses in the course of
epidemics has confirmed the theories put forward earlier (Zhdanov, 1954a)
concerning the character and motive forces of this type of variation. Of
special interest is the study of A2 influenza viruses isolated during the 1957
epidemic. These viruses, which have a common antigen with viruses A
and Al according to tle complement-fixation test, -differ sharply from them
in the antigenic structure of their haemagglutinin. At the same time, among
the strains isolated, two clearly distinct groups have been noted which differ
in the intensity of their interaction with antibodies, their sensitivity to
inhibitors, their ability to agglutinate erythrocytes of various animals and
other biological qualities. These two groups of strains, at the suggestion
of A. S. Gorbunova, have been provisionally named " avid " and " non-
avid" strains. The differences between them amount, in short, to the
following.

The non-avid strains cause weak formation of anti-haemagglutinins in
the organism of those who have had the illness and in experimental animals,
reacting with homologous sera in relatively low titres. The avid strains,
which cause greater formation of anti-haemagglutinins, react with both
homologous and heterologous sera in higher titres and react with sera from
the non-avid strains in titres higher than those produced by the reaction of
non-avid strains with their own sera.

The sera of people who have recovered from the illness and ofimmunized
animals- (horses, rabbits, hens) containy inhibitors to the avid strains in high
titre. The non-avid strains are not sensitive to these inhibitors. In freshly
prepared sera, these inhibitors are partly eliminated by heating for 30
minutes at 56°C and more completely eliminated by processing with carbon
dioxide and Vibrio cholerae filtrate. In sera kept at 4°C for several months,
this processing no longer suffices to eliminate the inhibitors. In view of
this, typing with such sera of A2 viruses (avid strains) leads to their reaction
with sera of all serological types (Fig. 3).
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If freshly prepared sera are used after they have been treated by heating
and with carbon dioxide, a'small degree of autigenic affinity between avid
strains of A2 and viruses A and Al can be detected. In the case of non-avid
strains there is no such affinity (Fig. 4). In the biological neutralization

FIG. 4. ANTIGENIC RELATIONSHIPS BETWEEN AVID AND NON-AVID VARIANTS
OF A2 INFLUENZA VIRUS

IN THE HAEMAGGLUTINATION-INHIBITION TEST
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test and complement-fixation test, avid and non-avid strains are indis-
tinguishable. In the neutralization test with viruses A and Al there is
little or no relationship.

There are other differences between the strains which may be shown
in tabular form as follows:

Agglutination Relationship between Ability
Sensitivity of mouse and cow titres of homologous to react with A

Strains to inhibitors erythrocytes and heterologous serum and Al sera

Avid +++- < I +++
Non-avid + ++ > 1

Thus in studying the A2 viruses we meet with the phenomenon that the
parallelism between the haemagglutination-inhibition test and the biological
neutralization test, which is normally characteristic of A viruses, does not
occur in this case. As will be shown later, failure to take this circumstance
into account may lead to mistakes in diagnosis and in the evaluation of
immunity to these viruses.

The biological significance of the existence of avid and non-avid strains
is not clear. It is reasonable to suggest that the avid and non-avid strains
are two consecutive stages in the evolution of A2 viruses. In the first stage
they have preserved a certain affinity to their predecessors (in the sense of
common haemagglutinin characteristics) and in the second stage have lost
them completely. Thus, in this case we are dealing with a phenomenon
reminiscent of Mulder's P-Q-R variations or Isaacs' Scandinavian and
Liverpool types of virus. However, a hypothesis of this sort does not find
clear confirmation in the material provided by the 1957 pandemic, since
the avid and non-avid strains were isolated at all stages of the pandemic and
sometimes simultaneously in the same localities or groups. These variants
have proved stable, at least in natural conditions. When virus has been
isolated more than once from one and the same patient it has belonged in
every case to one and the same type (avid or non-avid), which has been
preserved in passage in chick-embryos. Only in lengthy passage in mice
(20 passages) has a transition of avid strains to non-avid been noted.

In their adaptive variability, the A2 viruses show no essential differences
from their predecessors. After six to eight passages in chick-embryos, their
infectivity in the nasopharynx of man is preserved. This, however, is
reduced after further passage and after 15 passages the viruses lose their
ability to proliferate in the nasepharynx, even of non-immune children.
Their swift adaptation to the mouse organism may also be noted. Some
strains were pathogenic for mice after one or two passages.

Electron microscopy shows the usual picture, typical for influenza
viruses-the presence of bodies approaching spherical shape and of filamen-
tous forms.

Such are the provisional results of the study of some of the biological
properties of A2 viruses. Attempts to connect them with the pathogenesis,
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immunity and epidemiology of influenza, and particularly of Asian in-
fluenza, will be discussed below.

Pathogenesis and Immunology

Much material has been accumulated during the past few years in the
Influenza Department and other laboratories of our Institute throwing
light on features of the pathogenesis of influenza and immunity against it.
Only a few of these features will be discussed here.

It is a well-known fact that children between two and three years of
age are more susceptible to influenza than older children, and that the
disease follows a more severe course in them than in the older age-groups.
These and other features of influenza in young children have been the
subject of extensive research over many years by V. V. Ritova. Expressed
in their most general form, the results of this research show that influenza
in young children is the first encounter of the human organism with the
influenza virus, whereas influenza in older children and in adults is always
a reinfection.

Of course, the features of primary infection in children, particularly in
their early years, depend to a large extent on the physiological differences
between the child organism at various ages and the adult organism, differ-
ences which set their mark on the pathogenesis and immunity of influenza
infection. However, in addition to this, primary influenza infection has a
number of essential differences from reinfection.

The course of primary influenza infection is always more severe than
reinfection, since in the latter there is always a residual immunity produced
by the previous attack. In primary infections this shows itself in particular
in more marked toxicosis and more frequent involvement of the lungs in
the pathological process, the frequent development of complications and
the rarer development of symptomless infection. As a result infection
among children from one year of age to two or three years is more contagious
and mortality from influenza is ten times higher than among other age-
groups. The susceptibility of the child organism to primary influenza
infection is so great that even virus strains of attenuated virulence used as
vaccine strains and not causing any marked reactions in older children and
adults produce in small children sharply marked general and local reactions,
even when the doses given are 100-1000 times smaller than those given to
adults. (This question will be discussed further in the section on specific
prophylaxis against influenza.) Thus, the first encounter with the influenza
virus (the primary infection) differs in essence from subsequent encounters
with it (reinfection), and the particular features of the pathogenesis of
primary influenza infection mentioned above determine the features of the
clinical course, epidemiology and vital statistics of influenza among young
children.
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Immunity develops in children in general in the same way as in adults,
and in this respect no confirmation could be found for the indications more
than once given by A. A. Smorodintsev and his co-workers concerning
the supposedly lesser ability of the child organism to develop antibodies
to influenza viruses. V. V. Ritova specially compared in children and adults
the titres of antibodies to the influenza virus, the dates of their appearance,
the dates at which immunity to the multiplication of vaccine strains injected
for a second time was lost, and so on. She found no essential differences
between children and adults.

Differences were discovered in another field. In the first place it turned
out that a considerable percentage of new-born children receive passive
immunity from their mother, both during their intra-uterine development
(through the placenta) and in breast-feeding (through the milk). For that
reason children up to six months old usually have very low susceptibility
to influenza. In addition, at that age they are less exposed to infection, since
they have less contact with other children and adults. This explains the
comparatively low rates of influenza morbidity in this age-group.

In the second place, and in contrast to adults, young children develop
antibodies only to the viruses which are circulating at a given time, whereas
in adults the antibody range is wider and includes all previous varieties
of the given serdlogical type ofvirus. This was demonstrated with particular
clarity by V. V. Ritova and L. Y. Zakstelskaya in the case of viruses of
subgroup A. For this purpose shifts in the titre of antibodies to the A and
Al strains of viruses appearing consecutively from 1933 to 1953 were
investigated in adults and children of various ages suffering from influenza
(Fig. 5). It turned out that children born after 1949 (the date of the appear-
ance of the Al virus in the USSR) reacted by producing antibodies only
to Al strains of the virus, whereas in older age-groups it was noted that an
increase in the titre of antibodies to the A viruses circulating earlier occurred
side by side with the appearance of antibodies to virus Al.

These anamnestic reactions bear witness to the fact that an influenza
infection once suffered leaves a trace of immunity throughout the lifetime.
This in its turn may have a double significance. On the one hand, the exist-
ence of residual immunity to influenza leads to a qualitative difference
between primary influenza infection and reinfection, a matter discussed
above. Secondly, a study of the range ofimmune bodies in people of various
ages helps to reconstruct the natural history of the evolution of influenza
viruses. It is in this specific way that it is possible with a high degree of
probability to indicate that the pandemic of influenza in 1918-19 was caused
by Al viruses, in all likelihood by strains very similar to the viruses of swine
influenza isolated in 1932 by Shope.

This is a convenient place to touch on some features of the pathogenesis
of influenza and immunity to it during the 1957 pandemic, which was
connected with strains of the A2 influenza virus. As was shown above,
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FIG. 5. PERCENTAGE OF CHILDREN BORN AT DATES SHOWN HAVING
INDICATED HAEMAGGLUTINATION-INHIBITION TITRES

--- A influenza - Al influenza

these strains differed sharply in the antigenic structure of their haemagglu-
tinin from their predecessors, and the population of the whole globe was
practically without immunity to this virus. It will thus be seen that specific
immunity to influenza is determined primarily by the haemagglutinin and
not by the soluble antigen, which in A2 viruses differs little from that in
A and Al viruses. (The term " soluble antigen " is used provisionally in
the sense of the group antigen which distinguishes the four serotypes of
influenza viruses known at present.) It is hardly likely that this circum-
stance is due purely to chance. The haemagglutinin is the part of the virus
which it uses as a weapon to overcome the barriers of the organism. It is
therefore not surprising that the organism should evolve a specific immunity
to the haemagglutinin in particular, and that a change in its antigenic
structure will involve the loss of effectiveness of the specific immunity built
up to the virus which has changed. In this connexion the biological neutral-
ization test reflects well the antigenic and immunogenic properties of virus
strains of influenza virus.
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In addition, the viruses which caused the pandemic of 1957, particularly
the non-avid strains, were distinguished by important features of the
immune reactions they caused in the organism. As is known, the research
of Hirst and of McClelland & Hare showed that in people and animals who
have had influenza a certain parallelism can be seen between the increases
in the titres of anti-haemagglutinins and of virus-neutralizing antibodies.
This parallelism was so regular that very soon the simple technique of the
haemagglutination-inhibition test ousted the more complicated biological
neutralization test on mice in practical work.

However, the pandemic viruses of 1957, as was quickly noted, differed
from their predecessors in their small ability to stimulate the production
of anti-haemagglutinins. In persons who had suffered from influenza the
titre of anti-haemagglutinins to A2 viruses (non-avid strains), which had
been nil before the beginning of the illness, in most cases rose to 1: 20-1: 40,
but in a number of cases remained at zero even after recovery. This gave
rise to the opinion that only a weak immunity is produced in influenza
infections with A2 strains. However, this opinion proved unfounded, as
it turned out that the titre of virus neutralizing antibodies increased to a
high degree (Table 1).

Thus, A2 influenza caused the development of quite marked immunity,
a fact proved not only by the increase in virus-neutralizing antibodies, but
by the comparative rarity of second infections during the pandemic. More
will be said about this later. However, in contrast to the viruses circulating
earlier, there was no parallelism in the case of the non-avid A2 viruses
between the antibody titres determined by the biological neutralization test
and those in the haemagglutination-inhibition test. For this reason the
diagnostic value of the haemagglutination-inhibition test during the epidemic
became extremely small.

The sharp change in the antigenic structure of the A2 and Al viruses
and the absence of any marked cross-immunity between them was the

TABLE 1. NUMBER OF PATIENTS SUFFERING FROM A2 INFLUENZA
SHOWING INDICATED TITRES OF ANTI-HAEMAGGLUTININS

AND VIRUS NEUTRALIZING ANTIBODIES

l , Anti-haemagglutinins Neutralizing antibodies (index~
Stan Time ot At-amgltnn

itnnvestigation 0 10 20 40 80 1160 320 0 10 lOO 100010000 100000 1000000 10000000

sickness 8 5 5 8 7 - - 10 7 12 4 -

convalescence - - 2| 7 4 10 10 - - - 6 16 8 2 1

sickness 33 - - - -I8 5 - - -2 --

convalescence 28 2 2 1 - - - - - 1 7 15 6 22
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cause of the fact that infection with influenza during the 1957 pandemic
was more similar to primary infection in its pathogenesis than to reinfection.
It was for that reason that the infectivity rate during the pandemic was
unusually high, that clinically marked infections preponderated over
symptomless infections, that toxicosis was clearly marked and that primary
influenzal pneumonias were more frequent than in the preceding years.
All these features of the pathogenesis of A2 influenza were naturally most
marked among young children, who did not possess any residual immunity
to A and Al viruses.

Working in conjunction with paediatricians (in the clinic of Professor
M. E. Sukhareva, with whom V. V. Ritova carried out joint research), we
turned our attention to the protracted, biphasic course of influenza in
children. After two or three days of illness with fever, toxicosis and inflam-
mation of the upper respiratory tract, the temperature of the patients fell,
only to rise again after another two or three days. The second phase of the
disease was usually accompanied by the development of pneumonia,
sometimes with fatal outcome. The research carried out at all stages of
development showed that the second-phase of the disease was connected,
not with a secondary bacterial infection, but with the influenza virus. We

TABLE 2. ISOLATION OF INFLUENZA VIRUS IN CHILDREN
IN BIPHASIC ILLNESS

Name Day of first Duration Day of second Type of
Serial No. of the Age isolation of remission isolation A2 virus

patient of virus (days) of virus

1 A-n 14 years 1 3 7 avid

2 K-ov 15 years 2 2 8 avid

3 B-ov 8 years 2 4 6 avid

4 G-ov 7 years 1 2 5 non-avid

5 B-ya 3 years 3 3 7 non-avid

6 B-o 2 years 2 died on 6th day virus isolated non-avid
from haemor-
rhagic lung

7 I-v 8 months 1 died on 7th day

8 M-a 1 month 2 3 10 non-avid

9 S-i-n 3 weeks 1 4 12 non-avid

10 G-i-r 2 months 1 3 10 non-avid

11 S-n 3 weeks 2 2 8 non-avid

12 S-v 2 months 3 3 7 non-avid

13 K-v 6 months 1 4 7 non-avid

14 N-a 6 months 2 2 10 non-avid
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successfully isolated the virus, both during the first days of the illness and
during its second phase (Table 2). It is worth noting here that the repeated
isolation of the virus in one person showed that it continued to belong to
one and the same variety (avid or non-avid as the case might be).

Thus in these cases it was not a secondary bacterial complication which
occurred but the influenza virus infection which developed further. The first
stage of the illness was that of multiplication of the virus in the upper
respiratory tract and the second stage that of further advance into the
bronchi and lungs. The paths by which the influenza virus advances into
the lungs remain doubtful. We do not know whether the spread is through
the bronchial tree or blood-boriie. The first suggestion seems the more
natural, but the second is not entirely devoid of foundation. In its favour
in particular are the experiments carried out earlier by L. Y. Zakstelskaya,
who showed that in massive virus infection in mice caused by strains of the
influenza virus not adapted to mice, the virus penetrates into the blood,
whence it can advance into the lungs and cause the development of foci of
pneumonia. Also in favour of this suggestion are the data showing the high
degree of effectiveness of intramuscular serotherapy against influenza when
it takes the biphasic course mentioned.

One question remains to be discussed in this section-that of the non-
sterile phase of immunity to influenza. The research of L. Y. Zakstelskaya
showed that the introduction into the nasal passages of mice of an influenza
virus strain not adapted to mice, and which multiplies easily in the lungs
but does not cause illness and death, prevents the development of fatal
influenzal pneumonia if twelve hours or more afterwards a mouse-adapted
strain, similar in antigenic structure and highly pathogenic for mice, is
injected into them. In scientific literature such phenomena are explained
as instances of interference; it seems to us, however, more correct to treat
the phenomenon as the development of the non-sterile phase of immunity,
of which S. D. Moshkovski wrote in his time, which produces similar laws
in many infections to the law of reinoculation.

In addition to their theoretical interest, the phenomena of the non-
sterile phase of immunity may also have practical significance in that they
provide a rational basis for the mass immunization of the population by
means of live influenza vaccines while an epidemic is actually in course of
development.

Cliniical Observations

The influenza pandemic of 1957 provided opportunities for intensive
clinical observation.

It is now scarcely possible to dispute the theory that the clinical course
of influenza (as of any other infectious disease) is determined not only by
the peculiarities of the macro-organism but also by the biological properties

4
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of the causative agent. The causative agents of influenza, and particularly
the A viruses, constantly change their biological properties during the
process of an epidemic. Almost every new epidemic of influenza therefore
affords the possibility of discovering new features in the clinical course
of the disease. This applies to an even greater extent to the recent pandemic,
which was marked by important differences in the biological properties
of the virus responsible and in the development of the epidemic process.

Clinical observations made between May and December 1957 made it
possible to establish a series of special features in the clinical course of
influenza both during the epidemic as a whole and at various stages of it.

The first wave of the pandemic occurred during the summer and this
circumstance left its mark on the clinical course of the disease. During
the outbreaks of influenza which took place in May and June, fever and
general toxicosis were the main symptoms. The temperature reaction was
marked; in the majority of patients the temperature increased to 38°C and
over. The pain syndrome (headaches, pains throughout the body, exhaus-
tion) was as marked as the other symptoms of general toxicosis: asthenia,
lassitude, vertigo, anorexia, etc. The characteristic feature of the course
of influenza during the summer was the mild or slight nature of the catarrhal
symptoms in the upper respiratory tract and sometimes their complete
absence. In addition, less common symptoms of influenza were often
noted: nausea, vomiting, and diarrhoea (these may also be considered
signs of general toxicosis) which were sometimes so marked that they gave
rise to a diagnosis of food poisoning (for instance, at Chelyabinsk). On
more than one occasion reactions were noted in the reticulo-endothelial
system-enlargement of the spleen, the liver and particularly the lymphatic
nodes. In one town (Orsha) the mass appearance of lymphadenitis among
influenza patients led experienced specialists to diagnose tularaemia. We
had once before had a similar case, during an outbreak of influenza in
Moscow in 1953, when an experienced clinician first of all diagnosed
infectious mononucleitis; both in 1953 and in 1957 the correct diagnosis
was established after virological tests had been carried out. Despite the
marked toxicosis, complications were not frequent during this period.

The autumn influenza wave (October-November 1957) was marked by
a more usual and more severe course of the illness. Side by side with general
toxicosis the patients developed catarrhal inflammation of the upper
respiratory tract, as frequently happens in influenza; and complications,
mainly in the form of pneumonia, often ensued. The pneumonia was not
only of a secondary character (bacterial infection, mainly staphylococcal)
but also was not infrequently connected with a multiplication of the virus
in the lungs. The pathogenesis of protracted forms of influenza of biphasic
course has been discussed above.'

1 A graphic illustration of the biphasic course of the illness is given in another article by the same author
on page 257 of this issue.
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Thus the course of influenza in 1957 was marked by fever, general
toxicosis, a more protracted course (the average number of days of unfitness
for work exceeded seven, whereas in previous years it had usually not
reached five days), and a greater frequency of clinically marked forms.
(Symptomless forms of influenza during the 1957 pandemic, according to
data obtained from sample surveys by serological diagnosis, did not exceed
6 %- % in adults, whereas in previous years symptomless forms had
reached a figure equal to 30 %-50% of the number of clinically marked
illnesses.)

The effect of climate on the course of influenza and the development of
complications was clearly established. During the summer catarrhal
infections of the upper respiratory tract were less marked and complications
less frequent. In the autumn period catarrhal inflammation of the respiratory
passages was marked in the majority of patients and the frequency of
complications (mainly pneumonia) rose.

Pathological and anatomical examination of those who died of influenza
established the following facts. The main cause of death was pneumonia
(10%-95 % according to figures from various cities). The forms taken by
pneumonia differed from focal broncho-pneumonia to haemorrhagic lobar
pneumonia. Autopsy showed haemorrhagic foci in the internal organs and
oedema of the brain (Professor A. P. Avtsyn). In cases of early death,
particularly in children, signs of general toxicosis prevailed, not infrequently
without any marked lesions of the lungs. Thus the pathological and anato-
mical data also pointed to general toxicosis as the main syndrome in the
clinical picture of influenza in 1957.

It was inevitable that the pandemic of 1957 should increase mortality
from influenza and pneumonia. Fig. 6 shows comparative data for mortality

FIG. 6. MORTALITY FROM INFLUENZA AND PNEUMONIA
IN THE USSR, 1956-57
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from influenza and pneumonia in 1956 and 1957 by months. (The data
relate to 310 cities of the USSR in which exact statistics are kept on causes
of death among the population.) As will be seen, mortality from influenza
and pneumonia showed a marked rise, particularly in October and No-
vember 1957. The increase in mortality, however, was less sharp than might
have been expected. It even failed to have any noticeable effect on the
general reduction in mortality from pneumonia which has taken place over
a number of years in the USSR, the figures per 100 000 being 60.4 in 1955,
50.8 in 1956 and 45.5 in 1957.

Under the influence of influenza, mortality from other diseases, the
course of which is affected by influenza, rose somewhat. Thus in October
and November 1957, compared with the same months in 1956, mortality
from diseases of the cardiovascular system rose by 23.8% and from tuber-
culosis by 46.1 0.

Epidemiology

The recent influenza pandemic brought new confirmation ofopinions pre-
viously expressed concerning the genesis of influenza epidemics (Zhdanov,
1954b).

The main postulates of the theory developed are as follows.
If influenza viruses were equally stable in their antigenic structure and

immunological properties, influenza in all probability would be a -typical
droplet infection of the measles type, characterized by fluctuations in
morbidity caused by fluctuations in the size of the immune section of the
population. These fluctuations in droplet infections are seasonal and perio-
dic. The seasonal fluctuations are connected with the increase in the
probability of infection during the cold period of the year when contact
between people is intensified.

The periodic fluctuations are conditioned by the increase in the numbers
of susceptible persons among the population, in the form of new-born and
growing children. Similar fluctuations in morbidity-seasonal rises and
periodic epidemics-are observed in influenza too, but these regular
fluctuations are distorted by periodically but irregularly occurring epidemics
and pandemics of the disease.

This is not correct for influenza due to all virus types. As yet little is
known about influenza due to virus C, but what is known points to a
considerable degree of stability in the antigenic structure of its causative
agent. Strains of virus C isolated in 1947 in the USA (JJ, 1233) and in
1957 in the USSR (Shat, Tan) have not changed their antigenic structure
to any noticeable extent in a period of 10 years, or at any rate such changes
in antigenic structure as there may be are proceeding so slowly that they
have not yet been successfully detected. It is surely for that reason that C
influenza has preserved the features of a typical droplet infection, including
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the peculiarity of such infections that morbidity from them occurs chiefly
in childhood. The main immunological difference between C influenza
and measles is that measles leads to the formation of a stable immunity
for life whereas with C influenza a high level of herd immunity in the
population is maintained by repeated subclinical infections in older children
and adults. It is this fact which explains the paradox of C influenza-
namely, that there is a high level of antibodies to this virus in the popula-
tion, together with a low level of morbidity which affects mainly children
in the younger age-groups.

In the case ofA influenza the gradual loss of immunity in the population
is of a different nature, since it takes place simultaneously with variation
in the antigenic structure of the virus, as a result of which from time to time
large sections of the population become non-immune to the new variant
of the virus. In the article referred to at the beginning of this section
(Zhdanov, 1954b), it was pointed out that changes in the antigenic structure
of the influenza viruses take place under the pressure of specific immunity
to influenza among the population. An important immunological feature
of influenza is the transition from a condition of immunity to infection
(when the multiplication of the virus in the immune organism is impossible)
to a condition of immunity to the disease (when the multiplication of the
virus in the immune organism becomes possible but is accompanied not by
illness but by a symptomless infection). Under these conditions the immunity
of the population, which is a factor in variability, at the same time serves
as a mechanism for the selection of new antigenic variants of the virus.
It was also remarked in the same article that side by side with the small
quantitative changes in antigenic structure of influenza virus observed
from year to year (with these are connected local outbreaks of influenza
which, however, are interlinked in the various countries of the world
because of the wide exchange of viruses which evens out the inequality in
the immunity structure of the population in different parts of the globe)
essentially new antigenic variants of the virus occur periodically which
easily overcome the collective immunity of the population and therefore
spread among the people of the whole world, i.e., they create a pandemic.

These ideas were supported by an analysis of the appearance and sub-
sequent spread throughout the world of Al viruses, accompanied by a
disappearance of A virus everywhere.

An influenza pandemic was defined elsewhere (Zhdanov, Soloviev &
Epstein, 1958) as the spreading and entrenchment throughout the world
of a new antigenic variant of the influenza virus; this would cover a series
of epidemics caused by Al virus in a number of countries between 1949
and 1952.

Now, in the light of observations carried out during the influenza
pandemic of 1957, our belief has been more than ever confirmed that the
view outlined above is well based. Comparing the process of entrenchment
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and spread of Al and A2 viruses the similarity and the differences between
the pandemics of 1949-52 and 1957 can be seen. In the first case the process
of consolidation of a new variant of the influenza virus took place gradually.
It will be remembered that the predecessors of the Al virus were discovered
among the " atypical " strains of influenza virus, isolated at the beginning
and in the middle of the 1940's. Even the Al viruses themselves, which
were without any doubt antigenically different from the A viruses which
preceded them, nevertheless preserved a considerable degree of antigenic
relationship to them in their haemagglutinins.

It should not therefore be matter for surprise that the process of spread
and consolidation of the Al virus (the pandemic) also took place gradually
over a period of several years.

Things went differently with the A2 viruses, which appeared immediately
as sharply marked mutants, with a haemagglutinin differing sharply from
the haemagglutinin of the Al viruses. The sudden appearance of the new
antigenic variant immediately gave it exceptional opportunities for spread-
ing among the population and for that reason the pandemic process took
on a turbulent character. In view of this the place where the A2 virus
appeared could also be successfully determined, more or less accurately,
from the place where the 1957 influenza pandemic began (apparently the
north-eastern regions of China).

The history of the influenza pandemic of 1957 was followed quite
accurately, step by step. Spreading throughout the territory of China it
was carried into the countries of South-East Asia, whence it spread to
Australia, Africa, Europe and America. Another path of spread was from
China into the USSR through Central Asia and along the Trans-Siberian
Railway. The data, of course, are very general, as the development of
lines of communication between the peoples of the world has created
many varied possibilities for carrying influenza into any particular place.
Thus, for instance, it was possible for influenza to be brought direct
to Moscow from China by rail or air transport (Peking-Moscow), or
through Central Asia (Sinkiang-Tashkent-Moscow), as early as March
and April. Later (May-June), the sources of infection were increased by
persons arriving from the regions of Siberia, the Urals or the Central Asian
Republics, and from countries of South-East Asia, the Eastern Mediter-
ranean and North Africa where at that time the influenza pandemic was
in full swing. During the period of preparation for the World Youth
Festival in Moscow influenza was again brought to this city from various
regions of the USSR and during the festival itself from various countries
of Asia and Africa, and also Europe, where influenza epidemics had already
begun at that period (the Netherlands, Czechoslovakia, etc.); there is also
the possibility of individual cases having been brought from Australia and
America (Fig. 7). At the same time the spread of influenza from sources
of infection in Moscow itself continued. Of course, it is quite impossible
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FIG. 7. MAIN PATHS OF SPREAD OF ASIAN INFLUENZA TO MOSCOW, 1957

to follow all these multifarious and numerous epidemic connexions from
case to case. They have been mentioned only to show how intensive was the
pandemic process in 1957 and how difficult, or in practice impossible, it
was to control it by means of the usual anti-epidemic and quarantine
measures.

In the USSR, as in a number of other countries, the influenza epidemic
of 1957 took place in two phases: spring-summer and autumn. Ananalysis
ofchanges in influenza morbidity makes it possible to explain the occurrence
of two waves of the disease by climatic and seasonal factors and to assess
their effect on the spread of influenza.

From a study of the development of the pandemic in countries of
South-East Asia and the USSR it is possible to draw the conclusion that
climate and season cannot prevent the spread of an influenza pandemic.

The 1957 pandemic began in spring and its most intensive spread in
the summer months took place in countries of the tropical zone (the Indo-
Chinese Peninsula, India, Indonesia).

At the same time the circumstance that influenza spread throughout
the world in the summer undoubtedly affected the epidemic process by
weakening its tempo and intensity. This can easily be seen in the case of
the USSR where the first (summer) wave of influenza was not only of
comparatively low intensity (in regard to the number of cases) but did not
cause a growth in morbidity everywhere, only some cities being stricken.
Meanwhile it was without doubt in summer that influenza began to spread
throughout the territory of the USSR, since in October an increase in
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morbidity occurred simultaneously or almost simultaneously in all regions
of the country-63.5% of all the cases which occurred between May and
December 1957 were concentrated in a period of two months (or, more
precisely, in three 10-day periods). This means that the summer heat, while
not stopping the spread of sources of influenza, sharply inhibited the tempo
of the epidemic process.

The effect of seasonal factors can be seen still more clearly from the
influenza morbidity among participants in the Sixth International Festival
of Students and Youth in Moscow. During that time contact between
participants in the festival and between them and the population of Moscow
was not less close than contact between the population of Moscow in the
autumn months (October-November) in which the largest number of
infections in the city occurred. Nevertheless, influenza did not take on
epidemic proportions at that time either among the population of Moscow
or among the participants in the festival, although, as has already been
said, there were more than enough sources of infection. It is true that during
the festival energetic anti-epidemic measures were taken and that the
isolation of influenza patients was particularly widely practised. There is
no doubt that this played a part of no small importance in preventing the
spread of influenza among the youth but it is also beyond cavil that th-e
effectiveness of these measures was increased to a large extent by the
fact that it was summer and that summer does not favour the spread of
influenza.

It is considered necessary to dwell on this problem since the direct effect
of seasonal factors on the spread of influenza is often denied and the growth
of influenza in the autumn is explained merely by the greater contact between
the population with the onset of the cold weather. Nevertheless, from
observation of the development of the 1957 pandemic it can be concluded
that seasonal factors do directly influence the spread of influenza, a fact
which may be connected with the dying off of the virus under the influence
of sunlight and also with the higher resistance of the human organism to
influenza in the summer (see above the data on the clinical course of in-
fluenza in the summer of 1957). With the coming of the cold weather
seasonal and climatic factors begin to have an opposite effect.

The data given also explain the reason for the development of two
waves in the influenza pandemic of 1957. They are not connected with the
variability of the influenza virus, since the A2 strains of influenza virus
isolated in summer and autumn showed no immunological differences. This
applies in particular to the existence of avid and non-avid strains, which
were isolated both in spring and in autumn. The two waves are explained
rather by the fact that the influenza pandemic began in late spring and that
the coming of summer checked its development. In Asia, and particularly
in China and Japan, by the beginning of the summer a considerable pro-
portion of the population had already had the disease and acquired immunity
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and so the autumn wave in these countries was not very marked. In the
USSR by the beginning of summer only a small part of the population had
influenza and therefore the autumn wave was quite intense. In the countries
of Western Europe and the United States of America influenza was imported
mainly in the summer and therefore there was only one pandemic wave,
which occurred in the autumn. In the course of the summer months there
had been a spread of sources of infection but this had not been accompanied
by any noticeable rise in morbidity. In countries of the southern hemi-
sphere (Union of South Africa, Australia and Brazil), summer and winter
are reversed in relation to the northern hemisphere and therefore there
also there was only one pandemic wave, which occurred in the period
between July and September.

The material provided for study by the 1957 pandemic again demon-
strated the significance of the immunity of the population as a factor de-
termining the development and waning of influenza pandemics. For this
purpose L. Y. Zakstelskaya, together with other research workers and
ourselves, collected blood donor sera from various regions of the USSR
in April-May and August-September 1957, and March-April 1958 (i.e.,
before the beginning of the pandemic, after the first pandemic wave and
after the second pandemic wave). The sera were tested for virus-neutralizing
and haemagglutination-inhibiting antibodies. The tests showed a connexion
between changes in morbidity rates and the level of antibodies among the
population (Fig. 8).

These relationships can be seen very clearly if we look at three types of
development of pandemic waves of influenza in the USSR in 1957 (Fig. 9).
In Tashkent the spring wave of influenza began early and was quite intense,
so that by September 1957 a considerable proportion of the population
was already immune. It is therefore understandable that the autumn wave
of influenza was less intense and resulted in a smaller number of cases. In
Moscow the earlier wave of influenza was less considerable and by Sep-
tember a greater part of the population was still not immune. This meant
that the autumn wave was considerably more intense. In Erevan no increase
in morbidity from A2 influenza had been noted up to autumn 1957 (the
spring rise had been due to the Al virus) and the population had absolutely
no immunity to A2 influenza. For that reason the single A2 wave in October-
November was particularly intense.

These three types of pandemic wave cover all the variations in develop-
ment of the influenza pandemic in different parts of the USSR in 1957.

The 1957 pandemic was also remarkable for being at once the most
intense and the most widespread since that of 1918-19. Fig. 10 shows the
morbidity rates for influenza and acute catarrhs (all acute respiratory
diseases) for the years 1950-57. As will be seen, morbidity in 1957 ex-
ceeded by two or three times the mean annual morbidity in the previous
years.
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FIG. 8. SEROLOGICAL RESPONSE OF BLOOD DONORS IN VARIOUS PARTS
OF THE USSR, 1956-57
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FIG. 9. THREE TYPES OF EPIDEMIC WAVE OF A2 INFLUENZA, 1957
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FIG. 10. MORBIDITY RATE PER 100000 FROM INFLUENZA
AND ACUTE CATARRHS IN THE USSR, 1950-57
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FIG. 11. MONTHLY INFLUENZA MORBIDITY RATES IN THE USSR, 1957
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Fig. 11I shows morbidity in 1957 in absolute figures and in relative
indices month by month. Altogether in 1957, 42.5 million people suffered
from influenza and acute catarrhs, 32.8 million of them during the period
from May to November. If the average number of sick in previous known
epidemic years during these months is deducted, a figure of 25.5 million,
or about 13% of the population, is obtained, representing the estimated
total of cases connected with the pandemic.

In an attempt to discover the true influenza morbidity rate during
the pandemic, and to complete the count of the number of actual cases,
house-to-house inquiries were carried out in a number of cities on the
instructions of the Committee for Influenza Control of the USSR Ministry
of Health. This showed that the percentage of cases which had not been
taken into account varied widely in different cities but was mostly between
16% and 50%. On the basis of the data obtained, it can be considered
that on the average throughout the USSR the number of unrecorded cases
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of influenza approximated to 31 % of the total number of recorded cases;
thus the probable total figure of cases was 61.6 million, or about 30% of the
population.

It was not part of our task to process the influenza morbidity statistics
for the pandemic any further, although this must be done for the USSR
as a whole and for individual places.

Diagnosis

The material provided bv the pandemic was used by the Influenza
Department and its auxiliary organizations to try out various methods of
diagnosis and therapy.

For diagnosis the methods applied were the isolation of the virus from
nasopharyngeal washings, serological (retrospective) diagnosis and clinical
laboratory procedures consisting mainly of rhinocytoscopy and haemato-
logical analysis. Since none of these methods is new, only a brief analysis
of the results obtained will be given.

The method of isolating influenza viruses by the amniotic inoculation
of chick-embryos made it possible for reliable data to be gathered from
the pandemic. It should be noted that the success rate in isolating viruses
was quite high, rising to 60%-80% during the period of increase in the
sickness rate, and falling only at the end of the pandemic (December).
The biological properties of the strains isolated were discussed at the
beginning of this article, and there is no need to return to the subject here.

The serological diagnosis of cases afforded reliable information, but
considerable difficulties were encountered connected with the biological
peculiarities of A2 influenza viruses. As already pointed out, when the
haemagglutination-inhibition test was used, the use of avid strains gave
inaccurate results because of their high susceptibility to inhibitors, whereas
the use of non-avid strains in some cases made it impossible to detect the
growth of antibodies, even in undoubted cases of influenza when patients
from the same focus of infection were being examined and influenza virus
strains had been isolated from that focus.

The haemagglutination-inhibition tests, therefore, had to be supple-
mented by the complement-fixation test, and, with great success, by the
biological neutralization test, especially after L. Y. Zakstelskaya had worked
out a simple and economical method of carrying it out. In general, however,
sufficiently reliable results were successfully obtained by using the haemag-
glutination-inhibition test both for the individual diagnosis of the disease
and in mass investigation of washings of sera.

In regard to clinical and laboratory methods of investigation, the most
valuable indications, as in previous years, were obtained by the use of
rhinocytoscopy and haematological analysis (white blood picture).
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It is noteworthy that during the last four or five years, nothing essentially
new has been introduced in the laboratory diagnosis of influenza. Attempts
to improve the suggested methods of virus demonstration in nasopharyngeal
washings have not met with success. This applies equally to the haemagglu-
tination and complement-fixation tests: both methods have turned out to be
insensitive and insufficiently specific. The use of tissue cultures does not
make the isolation of the influenza virus simpler or speedier than by the
inoculation of chick-embryos. It is therefore scarcely possible to expect
substantially new results by the further improvement of these tests, and
among the new trends only the method of demonstrating the presence of
virus by means of fluorescent antibodies deserves attention. The next
few years will show what prospects of success are held out by this method
of quicker influenza diagnosis.

Treatment

Three groups of substances have been proposed and tested for influenza
therapy during the last few years: antibacterial antibiotics, chemothera-
peutic substances acting on the influenza virus, and hyperimmune anti-
influenza serum. In contrast to the contradictory results obtained in testing
some of these substances in previous years, almost unanimous opinions of
their effectiveness were obtained during the 1957 influenza pandemic.

Among the first group, the most effective substances were penicillin,
chlortetracycline (Biomycin) and oxytetracycline. The use of these anti-
biotics at an early stage of the disease removed the bacterial component of
the influenza infection and prevented complications caused by staphylo-
cocci, streptococci and pneumococci. Among the second group, the
medicaments used most extensively were Akrikhin (mepacrine) and Kutizon
(a thiosemicarbazone derivative). Experimental investigations carried out
in the Institute of Virology and in the All-Union Chemico-pharmaceutical
Scientific Research Institute had shown that substances in the Akrikhin
series (including Akrikhin itself and Kutizon, a product of the latter Ins-
titute) have a suppressive effect on the multiplication of the influenza
virus in chick-embryo (see the work of N. A. Zeitlenk et al.). This made it
possible to recommend Akrikhin and Kutizon for clinical use. In fact,
in previous years a number of papers had been published indicating that
these preparations had a favourable therapeutic effect, and for that reason
they were widely used during the 1957 influenza pandemic.

Unfortunately, data obtained during the pandemic showed that these
products were of doubtful or no therapeutic effect, as was indicated by
many reports from therapeutic establishments in Moscow and the provinces.
This applied particularly to Akrikhin, which had almost no noticeable effect
in either the treatment or the prevention of influenza. It must therefore
be considered that so far we do not possess effective antibiotics and chemo-
therapeutic substances which act on the influenza virus.
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According to data obtained during the pandemic, good results were
attained by the use of hyperimmune equine anti-influenza serum for thera-
peutic and prophylactic purposes (in the latter case primarily to prevent
contacts falling ill).

To study problems connected with the technique of producing sera
from A2 virus strains, a working party was formed in the Influenza Depart-
ment (N. N. Orlova, succeeded after a time by L. Y. Zakstelskaya), which
worked in co-operation with the Gamaleya Institute (A. P. Beilinson).
On the basis of the working party's research, the immunization of horses
and the collection and processing of serum were organized. A method of
immunization with virus adsorbed on calcium phosphate worked out by
N. N. Orlova was used. Both polyvalent serum and monovalent sera from
A2 strains were prepared; monovalent sera were made necessary by the
need to obtain as quickly as possible the maximum amount of serum for
use during the pandemic. The strains chosen for immunization were Iksha
(non-avid), Berezki (avid) and strain 12/16, isolated during the pandemic
by N. N. Orlova, which was subsequently classified as belonging rather to
group A and Al than to A2.

In the course of work with the first samples of serum, it was found that
they had low anti-haemagglutination properties. This led workers in the
Tarasevich State Control Institute (G. Y. Svet-Moldavski) to assert that
these sera were of low activity in general. However, it became clear that
the Tarasevich Institute had made a mistake when the sera were titrated
for their virus-neutralizing antibody titre, which turned out to be uncom-
monly high, even after the first immunization schedules (Table 3). In view

TABLE 3. CONTENT OF ANTI-HAEMAGGLUTININS AND
VIRUS NEUTRALIZING ANTIBODIES IN VARIOUS

ANTI-INFLUENZA SERUM BATCHES

Antibodies to Iksha strain
Designation of serum

anti-haemagglutinins virus neutralizing
(titre) antibodies (index)

Horse 555 0 1 000 000

Horse 533 0 1 000 000

Horse 574 0 100000

Horse 529 1: 40 1 000 000

Horse 1 1:20 640 000

Horse 6 1 :10 100000

Horse 25 1 :40 640000

Immune antitetanus serum 0 0
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of these results, which are in agreement with the data concerning immunity
reactions in A2 influenza mentioned earlier, it was decided to issue the sera
on the basis of their titre of virus-neutralizing antibodies.

The clinical use of serum for treating influenza patients during the 1957
pandemic showed that it was highly effective and that its effectiveness was
the greater the earlier it was used. In assessing its effect in general, it may
be said that the duration of illness was reduced by 1 l/2-2 times, and that the
number of complications fell sharply. When the sera were used for pre-
vention, the sickness rate among contacts was reduced twofold or three-
fold. In all these cases the serum was used in powdered or liquid form by
insufflation or inhalation.

However, in severe cases the intranasal administration of the serum
produced no noticeable results, probably in part because its use was not
begun until after the first day of the illness. The serum did not prevent the
development of a severe second phase of the illness affecting the lungs.

On the basis of the results of virological study of similar cases of the
course of influenza described earlier, V. V. Ritova and the present writer
proposed that the serum should be injected intramuscularly, hoping in this
way to neutralize the virus in the blood and the lungs. This method of
treating severe influenza cases was tried out, first in Professor N. E. Sukha-
reva's clinic, and then in other clinics in Moscow and elsewhere, and proved
quite successful. Even in the days immediately following the first injection
the toxic symptoms disappeared and the illness followed a benign course,
even in cases in which the prognosis had been clearly hopeless. To popularize
the method, a short note was published in the newspaper Meditsinski Rabot-
nik and it was learned afterwards that as a result of a shortage of equine
serum, gamma-globulin and serum from blood donors was widely used in
places, particularly in cities where the first pandemic wave of influenza
had already ended. Convalescent serum was also used.

Before finishing this section on therapy, it may be of interest to discuss
the reasons for the relatively low mortality from influenza in the USSR
during the pandemic, compared with the USA and England and Wales.
It seems to us that the reasons should not be sought in any climatic or
geographical features (since they differ very little in these countries and the
climate in a large number of centres of population in the USA is milder
than in many parts of the USSR). The favourable course of the disease
could hardly have been traced either to the first summer wave of the pan-
demic in the USSR acting as a sort of buffer, and as happened in Japan,
creating a considerable section of immune persons by the autumn, when
influenza runs a less favourable course. It was seen that the first wave in
the USSR was responsible for only a small part (about 12.4%) of all illness
connected with the pandemic, and also affected only a few cities.

We believe that the relatively low mortality figures in the USSR are a
direct result of the system of State health services and free medical treat-
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ment of the public, and are also based on the large amount of work carried
out by the medical profession everywhere before and during the pandemic.

When it became clear in May 1957 that the influenza pandemic had
already begun in the USSR and that the main rise in the sickness rate could
be expected in the autumn, work on organization and method began
immediately on a large scale. Throughout the summer large numbers of
physicians and medical workers in the middle grades systematically ex-
changed information through the Meditsinski Rabotnik about the progress
of the pandemic and about new methods and suggestions on the prophylaxis
and treatment of influenza. In addition, the Influenza Control Committee,
organized by the USSR Ministry of Health, systematically informed local
health service chiefs of the development of the pandemic and the organiza-
tional, therapeutic and preventive measures recommended.

Since it was impossible to stop the pandemic developing (something
will be said about specific prophylaxis later), attention was concentrated
on organization and methods of treatment, with the main emphasis on
quick attention to patients (mainly in their homes but also in hospitals in
beds specially set aside), and on the early use of medicaments, including
antibiotics. During the rise in the pandemic the students in medical faculties
and medical schools were mobilized to help the doctors and other medical
workers. To ensure that there would be sufficient material, considerable
stocks of anti-influenza products were set up in Moscow and the provinces,
including antibiotics, serum and gamma-globulin. (In 1957 more than 3000
litres of anti-influenza serum were used.) In addition extensive and varied
health education was carried out among the public aiming, among other
things, at showing them the necessity of seeing their physicians in the first
stages of the illness.

All these measures led to a considerable improvement in the medical
care of patients, to the early use of effective means of influenza therapy
and finally to a considerable reduction in influenza mortality compared
with what might have been expected.

Vaccination

In the period from 1954 to 1957 the Influenza Department continued
its research on the specific prophylaxis of influenza with the aim of further
improving the live influenza vaccine and the methods used in its production
and administration. Unfortunately, during the first three years of that
period the department had no production facilities and it was only in 1957
that close co-operation was established with the Mechnikov Institute of
Vaccines and Sera in Moscow, which produces the bulk of the influenza
vaccine made in the USSR.

L. Y. Zakstelskaya carried out extensive research during this period
to determine the conditions under which the administration of influenza
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vaccines to adults would be effective. She demonstrated that when mass
vaccination against influenza is carried out with vaccine produced from
influenza virus strains passaged in human embryo lung tissue, the virus
" takes " and multiplies in the mucosa of only 60 %-70% of those inoculated,
and that it is those persons who for a subsequent period become insuscep-
tible to influenza. If the same virus is used for a further vaccination during
the following six months it does not multiply (immunity to infection).
During the six months after that the majority of the persons concerned
lose their immunity to infection but preserve their immunity to illness from
influenza: in other words their inoculation with influenza causes the develop-
ment of a symptomless infection.

The other 30%-400% of the inoculated, in whom the virus did not take,
can for the most part become immune if they are given a second dose of
virus. This means that in their case inoculation has failed because, for
various reasons, adequate doses of the virus have not come into contact
with the susceptible cells of the nasopharyngeal mucosa. After a second
injection with virus only a small percentage of the inoculated (5 %-8 %)
remain non-immune. Repeat inoculations, therefore, can considerably
increase the effectiveness of anti-influenza vaccination.

However, among those successfully vaccinated against influenza indivi-
duals can be found in whom the multiplication of the virus in the naso-
pharynx is not accompanied by the building up of immunity, as is
proved by the virus multiplying again in the nasopharynx after a second
inoculation and by their falling ill during an epidemic. Although this
group of refractory persons is not very large, account must be taken of its
existence.

The observations made have once again confirmed that for successful
vaccination against influenza it is necessary to review the range of vaccine
strains and choose those which correspond most closely in antigenic structure
to the epidemic viruses expected, i.e., practically speaking, allowance must
be made for the appearance of new antigenic variants. This can be seen by
comparing the effectiveness of vaccination in 1953-54 and 1955-56. In the
first case, as in 1952-53 when the tissue vaccine TCHE was used on a mass
scale for the first time, effectiveness of tissue vaccine, according to data
from the city of Moscow, while not outstanding, was quite high and brought
about a twofold or threefold reduction in the sickness rate among those
inoculated. A completely different result was obtained in 1955-56: the mass
inoculations carried out in the autumn of 1955 proved completely ineffective
when an epidemic of Al influenza developed in the spring of 1956. The
explanation for this must be sought primarily in the fact that after 1952
the range of virus strains selected for the production of vaccine had not been
reviewed, and that these strains, as a result of repeated passage in chick-
embryo, had to a considerable extent lost their immunogenic properties.
Furthermore the vaccine was administered in quite a primitive fashion,
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TABLE 4. RESULTS OF TESTS OF VACCINE SEED POOL PREPARED
FROM IKSHA STRAIN*

Isolation of virus Isolation of virus Titres of
after one after two serum

Serial Name vaccination vaccinations Reactions
No. of causedpatient number of days number of days con-

I ~~~~~~~acutevales-
2 3 4 2 3 4 cent

1 B-a + +I - 0 0

2 G-ya - + - - - - 0 40

3 D-o + + - 0 40

4 Zh-a - + - 0 20

5 I-a + + - 0 20

6 K-m + - +

7 K-ya + - + - _ - 10 20 After 24 hours,
temperature of
37.60C; symptoms
of catarrhal pha-
ryngitis

8 R-a - + - 0 20 After 24 hours
temperature rose
to 38.0°C, at which
it remained for
one day

9 S-a + - + 0 40

10 P-a + + - 0 40

* Dose of vaccine: 0.5 ml. Titre of vaccine in chick-embryos: 10-6.

TABLE 5. EFFECTIVENESS OF ANTI-INFLUENZA VACCINATION WITH
MONOVALENT A2 VACCINE

Vacci nated Unvaccinated
Coefficient

Place of number percen- number percen- of
vaccination tot con- tage con- total con- tage con- effective-total tracting tracting ota tracting tracting ness

influenza influenza influenza influenza

Orekhovo-
Zuyevo 3076 381 12.4 3 155 1 385 43.9 3.5

Minsk 9 310 355 3.8 17 667 2 292 12.9 3

Krasnodar 4200 563 13.4 2536 1 060 41.8 3.2

Moscow Rail-
ways 6115 665 10.8 8 115 2 566 31.6 2.9

Kharkov 41 800 4218 10.1 48135 8088 16.8 1.68

Leningrad 25 867 1 316 5.08 46 205 3176 6.8 1.35
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since instead of being sprayed from atomizers the virus had in most cases
been introduced into the nasal passages by means of a pipette. Thus the
neglect of three basic principles (correspondence in antigenic structure
between the vaccinal strains and the epidemic strains, the preservation of
their immunogenic properties, and correct vaccination technique) which
had been formulated as a result of the scientific research previously under-
taken, rendered mass vaccination against influenza ineffective.

In May 1957 therefore, when it became clear that an effective vaccine
against Asian influenza must be found, the Influenza Department (V. V.
Ritova) in conjunction with the production laboratory (S. L. Leonidova) of
the Mechnikov Institute, which prepared the influenza vaccine, took into
account the errors which had been permitted before and undertook urgent
and special research to obtain a vaccine against A2 influenza.

The strains chosen (Iksha, Berezki, etc.) were passaged not more than
5-7 times in chick-embryos, after which a seed pool was made of them and
issued in large quantities. The vaccine was subsequently produced from the
seed pool without further passage of the strains.

In experiments on volunteers the capacity to cause reaction, the infectivity
and the immunogenicity of the strains, the seed pool and sample batches
of the finished vaccine were studied. Table 4 shows the results of one of the
tests on the seed pool.

As will be seen from the table, the vaccine caused only moderate reac-
tions and its infectivity and immunogenic qualities proved sufficiently
high. In view of the urgency of obtaining vaccine it was decided not to
adapt the strains in human tissue culture to stabilize their vaccinal properties
but to make a seed pool and use it to prepare the vaccine.

In view of certain apprehensions felt that the vaccine might cause heigh-
tened reactions, it was decided in August to carry out test vaccination of
several thousand persons with the batches of vaccine produced to determine
the optimum dose. This work was carried out by S. S. Unanov in co-
operation with V. V. Ritova and S. L. Leonidova. Tests of the vaccine
on 3481 persons established that general reactions in the form of an increase
in temperature to above 38°C were observed in 5.5 %-7.6 % of those ino-
culated with a dose of 0.3 ml, in 4.4% of those given a dose of 0.1 ml and
2.30% of those who received 0.01 ml. It was decided to select 0.05-0.1 ml
as the optimum dose.

Simultaneously with this research, and on the basis of the preliminary
results obtained, mass production of live monovalent influenza A2 vaccine
was carried out in the Mechnikov Institute and in other institutes of vaccines
and sera. By 1 October the Mechnikov Institute had produced one million
doses of the vaccine and by the end of 1957 13 million doses.

Vaccination was carried out in the first place among workers in the
health services, the retail trade and transport, and among production and
office workers in certain other undertakings. Altogether, according to
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incomplete data, more than three million persons had been inoculated by
the beginning of the epidemic outbreaks or in their early stages.

In view of the urgency of the work being carried out, the effectiveness
of vaccination could only be assessed among part of those inoculated.
Table 5 contains some figures concerning the effectiveness of vaccination
in various cities.

The experience of mass vaccination of the public during an epidemic,
as carried out by M. G. Gaidamaka in Kharkov, deserves attention (Fig. 12).

FIG. 12. MORBIDITY RATE PER 1000 FROM INFLUENZA AND CATARRHS
OF RESPIRATORY TRACT IN KHARKOV, OCTOBER-NOVEMBER 1957

Morbidity rate for city as a whole
----- Morbidity rate among vaccinated workers in industry
--Morbidity rate among unvaccinated workers in industry

Mass vaccination made it possible in a short time to reduce the sickness
rate among the unvaccinated, and since the total number of vaccinated
amounted to as much as 25 % of the population of the city it was demon-
strated for the first time that it is possible to influence the course of an
epidemic in a large city by mass vaccination.

Consideration of our experience in specific influenza prophylaxis in
1957 shows that it can be considered successful on the whole, although
looking back it would have been possible to prepare the vaccine two to
three weeks earlier and to have inoculated large numbers of people corre-
spondingly earlier.
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Some delay in the issue of the vaccine was caused by the fact that the
State Control Institute had not carried out scientific research on influenza
and was therefore not well acquainted with the biological properties of
A2 virus strains which distinguished them from the vaccine strains of A
and Al viruses used earlier.

From an assessment of the results of scientific research and practical
experience in influenza vaccination during the last three or four years the
following basic requirements have been formulated which live influenza
vaccines must fulfil:

1. Systematic and planned vaccination should be carried out against A
and B viruses as the main causative agents of influenza; vaccination against C
and D viruses may be carried out when epidemiological conditions indicate
the need.

2. It is advisable to carry out separate immunization with monovalent
vaccines against A and B since if polyvalent vaccines are used it is difficult
to work out the optimal proportions of the two viruses in the preparation,
as these may depend on various factors (properties of the strains, immuno-
genic structure of the population, etc.).

3. Vaccines must be made from influenza virus strains identical, or
very nearly identical, in antigenic structure to the viruses of the epidemic
expected. The experience of 1957 indicates that this condition can be
fulfilled if there is a permanently functioning " strains service " and an
" immunity service " within an influenza centre linked with other regional
and national centres for the study of influenza.

4. Vaccine strains must be tested on volunteers to determine their
infectivity and immunogenic properties and their capacity to cause reactions.
All other methods of assessing the quality of strains (haemagglutination
titres, biological titres in chick-embryos, etc.) can be of only subsidiary
significance and do not settle the question whether a given strain is suitable
as a vaccine strain.

5. The immunogenic properties of vaccine strains may be fixed either
by cultivating viruses in human tissues or by preparing a sufficiently large
seed pool from strains which have undergone a limited number of passages
in chick-embryos.

6. In carrying out intranasal vaccination it is necessary to ensure that
the correct technique of administration is used. Special sprays are required
and pipettes must not be used for this purpose.

7. It is advisable to carry out vaccination in good time-one to three
months before the beginning of an epidemic. However, if an epidemic
situation exists it is quite rational to carry out mass immunization at the
beginning or during the development of an epidemic.
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Everything discussed so far relates to the vaccination of adults and older
children (of school age). The vaccination of younger children, particularly
up to 2-3 years, represents a special problem in view of the fact that at this
age children are encountering influenza for the first time and react to the
administration of ordinary live influenza vaccine quite differently from
children and adults who have already suffered from influenza. V. V. Ritova,
who has studied this question in detail, has demonstrated that young
children show sharply marked and sometimes even severe reactions to the
administration of doses of 0.01 ml and even 0.001 ml of a vaccine well
tolerated by adults. A further threefold to fivefold reduction in the dose of
vaccine produces a good infectivity rate and builds up immunity with only
moderate reactions. This, however, has no practical significance since
vaccination would in every case require the participation of experienced
virologists and paediatricians. In view of this, research to find an influenza
vaccine suitable for young children has been carried on in two ways.

To begin with an attempt was made to obtain a " mild " vaccine through
further attenuation of the vaccine strains by passage in chick-embryos.
However, research on these lines did not produce the desired results in
experiments on either Al or A2 viruses. Thus the Berezki strain, which
has good infectivity and immunogenic properties for adults after 4-6
passages in chick-embryos, quickly began to lose those properties after
further passage. After 8-10 passages it was infective in only 30 %-40 % of
adult volunteers and after 14-15 passages lost its capacity to take and
multiply in the nasopharynx of adults or of children aged 2-3 years who
had never suffered from influenza. The administration of this attenuated
virus, even in a dose of 0.3-0.5 ml, into the nasal passages did not cause any
clinically diagnosable reactions and was not followed by the appearance
of influenza antibodies in the blood. Thus lengthy passage of influenza
virus in chick-embryos leads not only to the attenuation of its virulence
for man but also to a complete loss of its capacity to multiply in susceptible
tissues and to cause the formation of immunity.

In view of the lack of success in these attempts to obtain a " mild ", live
vaccine for children, the possibility was studied of reducing the primary
reactions of children to the administration of the live vaccine by preliminary
immunization with killed vaccine included as a component in the vaccines
against diphtheria and whooping cough. This research is not yet complete
and comment would therefore be premature.

Further Research

Research on influenza-like diseases (acute catarrhs of the respiratory
tract) had been carried out until recently on a small scale in the Influenza
Department and has only intensified with the formation of a group to
study adenoviruses (R. S. Dreizin). The main results of this research are
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set out in a number of articles already published elsewhere, and there is no
need therefore to repeat them here. A research programme has been drawn
up for the coming period to determine the frequency of illness caused by
adenoviruses and their place among influenza-like infections (acute catarrhs
of the respiratory tract), as a result of which problems of diagnosis and
specific prophylaxis of these diseases can be tackled.

RESUME

Les resultats des etudes poursuivies de 1954-57 par le Service de la Grippe de l'Institut
de Virologie de Moscou, sont resumes dans cet article.

Les quatre types de virus grippal (A, B, C, D) ont ete reconnus comme agents de la
maladie, a Moscou et ses environs. Les virus C et D etaient frequents chez les enfants.
On a cherche a classer les souches de virus grippal, et a deceler une ligne eventuelle d'evo-
lution. Les virus A2 (Asia/57) different notablement des souches Al qui les ont pr&cedees,
et se subdivisent en variants, avides et non avides.

La grippe a presente certaines particularites chez les enfants. Entre 1 et 3 ans, ces
derniers sont plus sensibles A l'infection (primaire) que les adultes, pour qui iR s'agit d'une
reinfection. Durant la pandemie de 1957, on a constate souvent que la grippe chez les
enfants evoluait en deux phases, la premiere correspondant a la multiplication du virus
dans les voies respiratoires sup6rieures, la seconde a sa penetration dans le tissus pulmo-
naire. Les observations cliniques et pathologiques indiquaient que le cours de l'infection
durant la pandemie avait quelque peu varie entre l'ete et I'automne.

On a tente d'expliquer l'apparition des epidemies et pandemies par la variation des
virus qui est determinee par l'immunite specifique des populations, et sujette A selection.
L'evolution de la pandemie de grippe est decrite, et l'influence de certains facteurs dis-
cut&e, tels que les facteurs meteorologiques et l'immunite collective.

La therapeutique appliquee durant la pandemie de 1957 est examinee. Les anti-
biotiques empechaient les complications bacteriennes, mais seul le serum antigrippal a
paru efficace dans les cas de pneumonie due au virus grippal. Les mesures de sante publique
d6cretees, et l'activite intense du reseau medical semblent avoir limite la mortalite par
grippe.

De 1954 A 1957, des recherches d'une certaine envergure ont ete entreprises sur le
vaccin vivant. Plusieurs des resultats ont pu etre appliques A la production du vaccin
anti-A2. Des essais sur le terrain ont d6montrJe son efficacite. Sur ces bases pratiques, des
exigences minimums pour le vaccin vivant ont Wte elabor6es.
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