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The Efficacy of Live Influenza Vaccines
A. A. SMORODINCEVY

Administration of live influenza vaccine produces an asymptomatic immunizing infection
of the respiratory tract with the appearance ofantibodies in the secretions of the respiratory
passages.

Because of natural variation in the antigenic and biological properties of the influenza
virus, new vaccines must be developed every 4-6 years. The appearance of new variants
in other countries is a signal to begin converting them immediately into vaccine strains.

Strains of virus are usually attenuated for vaccine production by repeated passage
through developing chick embryos at 32°C-34°C. In the USSR the attenuated strains are
tested fbr avirulence in human volunteers: no more than 2 % offebrile reactions is per-
missible. Immunogenicity in man is also verified. For use in children further attenuation
in chick embryos at 26°C-28°C is required.

Some results offield trials of live influenza vaccines in the USSR are discussed.

At the present time active immunization with a
live or killed vaccine is considered to be the best
method of mass prophylaxis against influenza for
both adults and children. Vaccination has a basic
advantage over other methods of combating influ-
enza in that it makes it possible to increase the
specific protection of the inoculated population in
advance, during the quiet months of the inter-
epidemic period. All other methods of prophylaxis
(such as chemo- and seroprophylaxis and interferon
induction), however promising, can be initiated only
after an epidemic has already begun, when the
execution of any mass prophylactic measures is
complicated by the urgent deadline of the epidemic
itself and by the difficult working conditions which
result.

LIVE INFLUENZA VACCINE

During the past 20 years in the USSR active
immunization against influenza has been performed
by direct administration into the upper respiratory
tract of a live attenuated vaccine, a method first
proposed by the author in 1937. The present allan-
toic vaccine includes strains of groups A2 and B,
selected from among the antigenic variants now
prevalent.
The essential advantage of a live vaccine is its

ability to produce asymptomatic immunizing infec-
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tion of the respiratory tract, similar to the subclinical
form of influenza often encountered during an epi-
demic period among naturally infected adults and
children. Just as in natural subclinical infection,
asymptomatic vaccine infection stimulates not only
general, but also local humoral immunity, because
of the appearance of antibodies in the secretions of
the respiratory passages. The immunogenic activity
of live vaccine, following triple administration of
large doses of the preparation, is characterized by
the appearance of virus-neutralizing antibodies and
of antihaemagglutinins in the blood of 70%-80%
of susceptible people, with an average of a 6-fold-
8-fold increase in antibodies among adults and of
l0-fold-12-fold increase among children. Although
the level of antibodies in the blood may be noticeably
lower in people receiving live vaccine than in those
inoculated with the current killed vaccine with
adjuvant, live vaccine is more regularly followed by
the appearance of higher levels of influenza anti-
bodies in the nasal passages.
Another important method for the evaluation of

vaccine strains, or of a live vaccine, is to test the
resistance of previously vaccinated persons to re-
peated administration of homologous or hetero-
logous strains of the same serological subtype into
the respiratory tract. The criterion of resistance can
be the frequency and severity of clinical reactions
after administration of a sufficiently virulent strain,
or the index of reproduction of the challenge virus,
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determined by the frequency of virus isolation from
nasopharyngeal secretions, 2-4 days after immuni-
zation.

In laboratory investigations of live influenza vac-
cine the selection and periodical replacement of
vaccine strains, the technology of the production
and control of the preparation, and the way in
which it is used are all most important considerations.

SELECTION OF VACCINE STRAINS

Because of the inevitable natural variation in the
antigenic and biological properties of influenza virus,
new influenza vaccines must be developed at inter-
vals of 4-6 years. The task of preparing a new vac-
cine is very different for killed and live vaccines.
In the first case one virus simply replaces another.
In the second case it is necessary to prepare com-
pletely new vaccine strains, harmless strains that
are highly immunogenic for man.
The proponents of live influenza vaccines must, at

intervals of 4-6 years, develop entirely new prepara-
tions for both serological types. Our laboratory
performed this task for serotype A in 1936, 1940,
1949, 1955, 1957, 1962, 1965 and 1969, i.e., a total of
8 times, and 6 times for serotype B, in 1941, 1947,
1952,1955, 1962 and 1969. In addition, when develop-
ment of the basic adult vaccine is completed,
further-attenuated strains must immediately be pre-
pared for the children's variant. In the USSR the
work is undertaken by specialized laboratories in
the All-Union Research Institute of Influenza, the
Ivanovskij Institute of Virology and the Moscow
Institute of Viral Preparations.
The live vaccine must contain the specific strains

of types A and B that were prevalent in the USSR
and other countries during the previous influenza
outbreak. There is no need to introduce into the
vaccine any new variants of epidemic strains if they
do not differ from the current vaccine strains by
1: 8 or more in cross-inhibition titrations with homo-
logous sera.
The appearance of completely new variants of

influenza virus in several countries is a signal to
begin converting them rapidly into vaccine strains.
This was well demonstrated in 1947, when the
Al virus appeared, in 1957 for the A2 virus, and
in 1968 for virus A2/Hong Kong. Under such cir-
cumstances it is extremely important to obtain
information rapidly and to obtain the appropriate
viruses from the Regional Influenza Centres of the
World Health Organization so that the long and

complicated conversion into vaccine strains can
begin. Until new strains are developed it is some-
times reasonable to continue production of the old
vaccine, if the agent of the new epidemic has a
similar antigenic structure, as was the case, for
example, with the A2/Hong Kong virus in 1969.
For the production of live vaccine in the USSR

no more than 2 strains of each type are used. In the
present vaccine, type A is produced from strain
A2/Hong Kong and the older A2 strain of 1967.
Type B is represented by viruses isolated in 1962
and 1967. For live as well as for killed vaccines it
would be worth while to study the possibility of com-
bining all the earlier known types of influenza A
and B in order to stimulate the widest possible
spectrum of antibodies already present from earlier
years, and to maintain and increase their titres by
periodic booster immunizations.
The usual method for attenuating laboratory

strains is by passage through developing chick
embryos at temperatures of 32°C-34°C. The num-
ber of passages necessary for attenuation cannot be
predicted; sometimes 6 or 8 passages have sufficed
to eliminate virulence, or sometimes 30 passages are
necessary as we found for strains of the A2/Hong
Kong virus. Consequently there are large differences
in the periods required for attenuation; these have
varied from 3 to 9 months or even 12 months with
different strains.
The development of harmless and immunogenic

vaccine strains cannot proceed without the many
volunteers required for the necessary tests, because
there is no laboratory method which replaces direct
trial on human subjects. All laboratory tests must
be verified in man, as has already been well demon-
strated in the development of live vaccines against
measles, mumps and rubella. Even during the devel-
opment of live vaccines against poliomyelitis, mon-
keys served only as a test for substantiating aviru-
lence, and were completely worthless for characteriz-
ing the immunogenic activity of live polioviruses.

Zilova in our laboratory (unpublished data) has
found that organ cultures of human embryo trachea
are not suitable for the differentiation of freshly
isolated strains of Hong Kong influenza virus, known
to be highly virulent for man, from harmless vaccine
strains. Organ cultures have proved useful in a
number of cases, however, for the prolonged main-
tenance and even enhancement, in laboratory strains,
of virulence for man, and of the associated repro-
ductive capacity in human tissues and of immuno-
genic activity.
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Tests of sensitivity of strains to thermolabile
:-inhibitors of human serum or tests of changes
produced in the phagocytic activities of human
macrophages exposed to strains of different virulence
may be more promising methods of preliminary
laboratory evaluation of the virulence for man of
vaccine strains.
At the present time the most conclusive test of the

avirulence of vaccine strains is vaccination of suscep-
tible people: among these people no more than 2% of
febrile reactions is permissible. This procedure also
serves as a test of the immunogenic activity of the
strains; an assessment of immunogenicity is possible
only by direct observation of antibody rises in blood
and in secretions of the nasal cavity in human subjects.
The current practice in the USSR provides for

coded trials of candidate vaccine strains on groups
of 40 seronegative adult volunteers, with clinical
follow-up of temperatures and catarrhal symptoms
that develop during the next 7 days; in addition
the ability of the strains to multiply in, and to be
isolated from, secretions of the nasopharynx in
2-4 days is investigated, and the antibody rise in
the blood (which must be found in no less than 50%
of the subjects vaccinated after triple inoculation at
intervals of 2 weeks) is verified.

Because vaccine strains that are harmless for
adults and adolescents (>13 years of age) often
elicit clinical reactions among children, the severity
of reaction increasing progressively with decreasing
age, it is essential that children be inoculated with
further-attenuated vaccine strains. To obtain these
strains the standard strains that have been approved
for the basic vaccine for adults are subjected to
additional passages through developing chick em-
bryos. A total of 20-30, or more, passages is
performed at temperatures of 26°C-28°C, until the
viruses have lost their reactogenic properties for
children from 1 to 6 years of age and older. The
immunogenic activity of the special variant in chil-
dren is higher than that of standard vaccine in adults.

Because of the existing rigid restrictions on the
permissible reactogenicity of live influenza vaccines
administered by the respiratory route, vaccine strains
attenuated to the maximum must be used. Reproduc-
tion of these strains in the nasopharynx among highly
susceptible people can take place only after adminis-
tration of relatively massive doses of virus, consisting
of 100 000 EID50-500 000 EID50 for both types A
and B.
Because a single intranasal immunization is not

very effective, triple administration of the live di-

valent vaccine is recommended. Under the conditions
of mass immunization roughly 70% of participants
complete the full triple vaccination, and 30% receive
only 2 immunizations. According to the data of
Slepuskin (unpublished) the results of triple immuni-
zation with intervals of 2 weeks differ very little
from those of double immunization with an interval
of 1 month.
For production of live influenza vaccine, I believe

that ordinary fertile eggs may be used in place of
the much scarcer and more expensive leucosis-free
eggs. Observation of a group of 40 000 children in
Leningrad for 10 years who had been inoculated
subcutaneously with live mumps vaccine prepared in
eggs showed the same number of cases of leukaemia
as an equivalent control group who did not receive
injections of the vaccine prepared in eggs.

EFFECTIVENESS OF LIVE INFLUENZA VACCINE

ASSESSED BY EPIDEMIOLOGICAL OBSERVATIONS

The epidemiological effectiveness of live influenza
vaccine has been studied for the last 15 years by
observations of homogeneous and comparable popu-
lation groups in the USSR during influenza A and B
outbreaks. Some of these were coded observations
organized as " blind" studies.
Some of the published material is difficult to

interpret because of low morbidity in the control
groups, in which situation the percentage of other
illnesses often considerably exceeds the percentage
of influenza cases. Some of the experiments were
initiated in periods when an epidemic had already
started, when the effects of active immunization
were concealed by natural clinical and subclinical
infections and confused by a second protective
mechanism, the induction of interferon. Some of
the experiments were conducted with complete immu-
nization of fixed population groups (factories and
small cities), their morbidity being compared with
that of other similar but non-immunized groups;
these studies are open to objection because of the
well-known variability of influenza morbidity in
different groups of people.
However, where vaccinations were performed a-

favourable times, with an effective series of preparat
tions that was specific for the epidemics which
followed, with properly selected groups of internal
controls and sufficiently high morbidity in the con-
trol groups, decreased morbidity was observed regu-
larly among those vaccinated, with indices of effective-
ness of 1.5 to 3 or 4.
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In the Smolensk district, 3-year coded trials, orga-

nized by the Ivanovskij Institute of Virology, of a

live vaccine also showed a reliable decrease in
morbidity among vaccinated subjects, with indices
of effectiveness of 1.5-3. A children's variant of live
influenza vaccine was also effective in 1962, 1965
and 1967 in Leningrad.
Even in the less favourable epidemiological situa-

tion, where the preparation used is not completely
specific for the agent of the epidemic, as was the
case with A2/Hong Kong in 1969, the live influenza
vaccine can still prove effective.

Indices of effectiveness of live vaccines are usually
much higher when there is regular serological diag-
nosis of febrile illnesses among the vaccinated and
control groups.

The effectiveness of the live vaccine has been
clearer when vaccination has included the major part
of an experimental group, because of a smaller
reservoir of virus among the non-vaccinated persons.

As it is difficult to prevent influenza by vaccination,
because vaccination has only a limited and variable
level of effectiveness, it is advisable to consider any

project for influenza prophylaxis as complex in
character. The control of influenza should be based
on the intensive use of vaccination, supplementing
its effects with other, unquestionably effective special
prophylactic measures, such as chemoprophylaxis
with amantadine, interferon induction and sero-
prophylaxis. In this way the additive effects of
active immunization and supplementary prophylaxis
will yield results unattainable by each method alone.
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