
 

Introduction

 

In most industrialized countries programs for the
control of influenza are based on use of killed
vaccines. Usually these vaccines are recommended
by public health authorities to protect medical risk
groups considered most vulnerable from the severest
complications of influenza infection, with the intent
to reduce influenza-pneumonia hospitalizations or
deaths during influenza outbreaks and epidemics.
Medical risk groups typically include the elderly, and
those with chronic heart or lung disease. Killed
influenza vaccines are also safe and potentially
beneficial for virtually any adult or child, down to
about 6 months of age. They are often also used, for
example, among the military or essential community
workers, to maintain their performance during
epidemic periods. Usage by other healthy people
occurs to varying, but usually limited extents, based
on individual desires to avoid the normal suffering

and disruption of activities resulting from typical
influenza illness. 

In contrast to the above situation, prevention of
influenza in the former USSR, and continuing in
Russia today, is almost exclusively based on use of
live attenuated influenza vaccines. Various methods
of attenuation have been tried, but based on clinical
trials with various competing candidates, the one
method that has become accepted over time as being
safe and effective is that of using cold-adapted
viruses [1, 2]. Such viruses have been licensed and
used in the former USSR for prevention efforts in
some kindergartens, schools, work-places, and
military groups, and are still produced and used in
Russia but at much lower levels than when the USSR
existed (Table 1, personal communication, G. Alex-
androva, Institute of Experimental Medicine, St
Petersburg). They have not been used for protection
of medical risk groups.

While large-scale vaccination of particular groups
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Abstract. It is now more than 30 years since the first
cold-adapted influenza viruses were developed in
Russia as potential live, attenuated vaccines. In the
past 15–20 years considerable experience has been
gained from Russian and joint Russian-US laboratory
and clinical studies with type A monovalent and
bivalent vaccines prepared with genetic reassortant
viruses derived from one of these cold-adapted
viruses in particular, A/Leningrad/134/57. More
recent experiences include use of trivalent cold-
adapted vaccines with a type B component. The
overall high level of safety of individual and
combined vaccines in pre-school and school-aged
children, with illness reductions in open field trials
equivalent to that seen with inactivated vaccines, is
such as to suggest that practical measures might now
be justified to facilitate expansion of the use of these
vaccines to other countries. It is proposed that further

Key words: Influenza control, Review article, Russia, Vaccines

Abbreviations: HA = hemagglutinin; NA = neuraminidase

experimentation with the Russian cold-adapted live
attenuated vaccines should be focused on issues that
will relate to the public health perspective, i.e. selec-
tion of the single best candidiate type A and B
vaccines for intense study using as criteria their
potential for meeting licensing requirements outside
Russia, and documenting the clinical protective
efficacy of a single vaccine dose compared to two
doses as studied until now. Resolution of these issues
is important to ensure that costs for future live
vaccine production, control, and utilization will be
kept at lowest levels so that expanded use of live
vaccines will have maximum cost-benefit and afford-
ability. To guide those interested in these issues,
examples are given of populations for whom a
licensed live cold-adapted vaccine might be consid-
ered, together with indications of extra data needed
to fully validate each suggested use.



in the population against influenza has been consid-
ered as a way to potentially dampen overall spread
of influenza in the community, prevention of epi-
demics through such means does not seem achiev-
able. Rather, incremental improvements in control of
influenza will be expected through enhancement of
the efficacy, acceptability, affordability and utiliza-
tion of vaccines or antiviral agents. Efforts to develop
new types of vaccines with better efficacy are indeed
continually being undertaken. However, it would
appear that in the short and medium term, the best
ways to improve the level of influenza control are
increasing overall availability and utilization of
existing forms of both killed and live vaccines. In
this context, obtaining licensure in new countries for
live vaccines such as the cold-adapted strains devel-
oped in Russia would be expected to stimulate invest-
ment in new production facilities. The resulting
increased supply of vaccines could help maintain an
affordable supply of influenza vaccines, particularly
as live influenza vaccines should be amenable to
relatively economical production in leucosis free
chicken eggs, where they usually grow to high
enough titer not to require purification and concen-
tration before use.

Whereas Russia is presently the only country pro-
ducing live attenuated vaccines against influenza,

long term research has also been conducted in the
USA with cold-adapted strains developed there. The
US experience up to about 1980 was included in an
earlier review [2], together with information about
the Russian cold-adapted vaccines. 

Since that review was prepared, Russian scientists,
both independently and in cooperation with US
scientists, have greatly extended the knowledge about
the molecular and clinical properties of their cold-
adapted vaccines. Publications in peer-reviewed
English language journals, and presentations at inter-
national scientific conferences, have enabled scien-
tists from many countries to learn about the Russian
vaccines, and to consider whether they might be of
use in other locations. Accordingly, this updated
review has been written in an attempt to provide a
critical assessment of the current knowledge about
the cold-adapted live influenza vaccines developed
in Russia. It is intended to be of use to public health
scientists and national medical experts in different
countries who are not necessarily experts in influenza
or its control, and to guide them about some key
issues concerning the performance of the vaccines
which would need consideration if their countries
have an interest in utilizing the cold-adapted vaccines
developed in Russia. 

The scope of this review does not include cold-
adapted vaccines developed in the USA, which are
yet to be licensed for use. Side-by-side comparisons
of the live vaccines developed in Russia and in the
USA in their most current stage of development and
formulation are highly desirable. Available labora-
tory and clinical data, however, has for many years
indicated close similarities in their properties and
performance. 

Issues specifically related to requirements for
licensure of the vaccines in countries other than
Russia are also not addressed in this review. Such
questions are dependent on interpretations by public
officials and their advisors whether data provided by
manufacturers meet national or regional regulations.
However, the critique of laboratory and clinical data
presented here is intended to promote highly focused
studies which will collect information needed by
regulatory officials in documenting reproducibility
of vaccine preparation and performance, including
safety, under circumstances most relevant to ways
live influenza vaccines might actually be used during
inter-pandemic or pandemic situations.

General background to the issues in influenza
control

Human influenza disease is caused by viruses that
initially infect and replicate in the upper respiratory
tract, from where they sometimes spread to the lungs.
The defense mechanisms against infection include
antibodies which react with the two proteins on the
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Table 1.  Manufacture of cold-adapted, live influenza
vaccines in the former USSR and Russia

Years Vaccine Manufacturing Quantity/year
components location (doses 

 

× 106)

1977– monovalent, Odessa 50a

1983 A(H1N1) or
A(H3N2)

1984– bivalent Odessa 10b, c

1988 A(H1N1)+
A(H3N2)

1989– monovalent St Petersburg 02b

1993 A(H1N1), Irkutsk 04c

A(H3N2),0
Bd

1993– trivalent St Petersburg 02b

1997 A(H1N1)+ Irkutsk 04c

A(H3N2)+
Bd

a Vaccines for healthy adults > 15 years old were prepared
with type A reassortants derived from 17 × passaged
A/Leningrad/134/57. For children vaccines at this time
were prepared with non-cold adapted strains.
b Vaccines for adults were prepared as before.
c Vaccines for healthy children 3–15 years old were
prepared with type A reassortants derived from 47 ×
passaged A/Leningrad/134/57.
d Parents of type B vaccine components have differed
between adult and children’s vaccines until recently when
only B/USSR/69/60 has been used.



outside of the virus (hemagglutinin or ‘HA’ and
neuraminidase or ‘NA’) and inhibit respectively the
viruses ability to attach to cells or to spread from cell
to cell. Such antibodies are produced in the tissues
of the respiratory tract itself (local IgA antibody), as
well as at other sites in the body (humoral IgM and
IgG antibodies): humoral IgG antibodies diffuse into
the respiratory tract.

The exact contribution of any cellular immune
response in the overall host defense against influenza
may not yet be fully understood. It appears that
cytotoxic T-cells specific for a number of influenza
antigens, including those conserved between virus
sub-types or strains (see below), can destroy those
cells in the body where the virus is replicating. This
could help reduce the total amount of virus produced
and transmitted by an infected person, and also help
bring infection to an end. Consistent with this,
extended duration of replication of the virus tends
to occur in immuno-suppressed persons. However,
it remains to be proven whether there is an epidemi-
ologically important correlation between protection
against influenza infection or disease and level of
cytotoxic T-cells, independently of local or humoral
immunity. On theoretical grounds live vaccines
which can invoke local, humoral and cellular immune
responses should offer better overall protection than
killed, inactivated vaccines administered intra-mus-
cularly, since the killed vaccines are incapable of
invoking true local or cellular immunity.

There are two genera of influenza viruses, type A
and type B, and within the type A genus two different
antigenic subtypes presently circulate in man.
Therefore, to be fully protected against influenza one
needs high levels of immunity to HA and if possible
NA antigens of two currently circulating type A
viruses and one type B virus. Because influenza
viruses mutate in the genes which specify the HA and
NA antigens (resulting in different strains of virus
within each type or sub-type), and because the
concentration of specific antibodies formed in
response to infection or immunization decreases over
time, the population as a whole does not normally
develop life-long immunity against influenza disease
as we do individually to many other infectious
agents. In childhood, we are nearly all infected with
at least one influenza virus of each prevalent type and
subtype, but through a combination of declining
levels of antibody over time, and the change from
year to year of the predominant strain, we experience
repeated influenza infections and illnesses at irreg-
ular intervals throughout life. 

Illnesses have a wide spectrum of symptoms
ranging from mild upper respiratory infections to
fulminant pneumonia and death. In any individual,
long intervals may occur between influenza illnesses
with symptoms more troubling than mild upper
respiratory disease, due to specific or non-specific
defense mechanisms. However, eventually a more

severe illness often occurs as a result of a major
change in antigenic composition of the virus. 

Exact estimates of the attack rate of influenza per
year are complicated by the fact that extremely few
infections are laboratory confirmed, and the clinical
diagnosis usually has poor specificity. In geograph-
ical areas where the virus causes seasonal epidemics
(i.e during winter in temperate climates) intensive
laboratory investigations of acute respiratory illness
cases with ‘classical combination of symptoms’ such
as rapid onset of fever, cough and muscle aches,
indicate that during an epidemic period a large
majority of patients seeking medical attention for
acute illness with the above symptoms are in fact
suffering from influenza. Such illnesses usually have
a low rate of complications and are self-limiting.
Nevertheless, because sharp epidemics of influenza
may affect 10–20% of the population in any one area
within a few weeks, they often have dramatic impacts
on society through interference with work, school
and provision of services, as well as the large demand
they create for medical services.

Some persons who would be considered to be in
general good health experience complications such
as secondary bacterial pneumonia or viral pneumonia
and may require hospitalization. Occasionally the
outcome is fatal in such previously healthy persons.
Statistically these events may be hard to observe and
quantitate against the normal background of hospi-
talizations and deaths, except in unusual situations;
the great pandemic of 1918 is the outstanding
example. In that case the harshest effects of the
disease were often seen in young adults, and it is
estimated that about 20 million people died world-
wide, many of them young adults in the prime of life.

Except for that episode, and perhaps occasional
other aberrations that are less clearly documented,
the most serious medical impact of influenza infec-
tions can be more readily seen during epidemic
periods in persons who have high risk conditions.
Increased rates of hospitalization and mortality that
are statistically significant occur in two population
groups during many influenza epidemics, particularly
those caused by type A (H3N2) viruses. One group
is the population with underlying medical problems
which decrease the ability to cope with the physio-
logic stress of infection (e.g. in those with poor
function of heart or lungs), or to mount a good
defense against infection. Hospitalization may occur
because of acute influenza, secondary infections such
as bacterial pneumonia, or general deterioration in
the chronic condition. Diseases such as cystic
fibrosis, asthma, diabetes etc may contribute to these
problems.

The other major risk group who suffer severe com-
plications in terms of rate of hospitalization or excess
mortality are the elderly. Rates of complications
begin to increase in ‘late middle age’. While 65 years
is often used as a convenient cut-off, there is no
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absolute age at which risk increases. In general, the
older the individual the greater the relative risk of
complications, so that as life-expectancy increases so
too may the burden of influenza. Part of the increased
risk in the elderly is due to their higher rates of
pre-existing medical conditions, and part may be due
to decreased defense mechanisms in the absence of
recognized pre-existing specific organ dysfunctions.

In addition to a general desire to improve the
quality of life and prevent unnecessary suffering,
efforts to control influenza then are affected by a
number of aspects:
• The desire to prevent excess mortality in the

elderly, particularly when many elderly persons
play important roles within the family or commu-
nity;

• The desire to reduce the costs of medical care by
preventing hospitalizations of those with high risk
conditions, including the elderly as well as
younger adults or children with chronic medical
conditions;

• The desire to prevent loss of productive activities
such as in manufacturing, education or govern-
ment support services.

The usefulness of control measures such as vaccina-
tion, whether with traditional inactivated vaccines
or live attenuated vaccines, needs to be judged
against whichever of these objectives is most
relevant. Different societies may have different
cultural or other backgrounds within which such
judgements will be made, and as mentioned above
the impact of influenza is often most clearly seen in
temperate regions: in tropical climates the epidemi-
ology of influenza may be more diffuse, with either
multiple epidemic periods or an almost year round
occurrence. Recognition of the impact of influenza
may therefore be less in locations where sharp epi-
demics do not regularly occur, or have not been
documented by studies with good laboratory support.

Advantages in pursuing strategies involving
cold-adapted live vaccines

The greatest single problem to use of vaccines against
influenza is the continual antigenic variation in
strains. Determining the recommended formulation
of each year’s vaccine depends on international
surveillance efforts, coupled with laboratory analysis,
to identify new variants and characterize whether any
sub-set of new strains exists which differs sufficiently
from earlier strains to warrant a change in the
vaccine. If so, new seed stocks suitable for produc-
tion must be prepared, as well as reagents to quality
control vaccines made with the new strains. Often
there are subtle differences between strains that
necessitate modifications to vaccine production or
testing methods.

These are time-consuming requirements, resulting

in a minimum delay of at least about 6 months
between detection of a new variant through surveil-
lance programs and the first availability of vaccines
which incorporate that strain. In the case of inacti-
vated vaccines, there is normally a poor immune
response the first time they are administered to
persons never previously exposed to influenza virus
of the same type or sub-type. Thus, two doses of
inactivated vaccine are often recommended for young
children the first time they are vaccinated, to
maximize the chance they will respond satisfactorily.
A similar situation would probably exist for older
children and adults in the rare, but critical, situations
associated with a pandemic: i.e. because the
pandemic strain would be ‘new’, older children and
adults would respond to vaccine like young children
do under normal circumstances, and would need two
doses of inactivated vaccine to mount an acceptable
immune response. 

As described more fully below, live cold-adapted
vaccines are prepared through methods that could
provide high levels of reproducibility in their genetic
and biologic properties from year to year. In terms of
clinical performance, which has been tested so far
only in inter-pandemic periods, these vaccines differ
from inactivated vaccines in having the highest rate
of infection and immunization in children who lack
any pre-existing immunity that might neutralize the
live vaccine inoculum. In a pandemic situation, when
most of the population lacks pre-existing immunity,
a single dose of live vaccine could be considerably
more effective than a single dose of inactivated
vaccine for potentially all age groups. This would
greatly increase the potential to effectively vaccinate
large numbers of persons with live vaccine before the
peak of a pandemic occured. 

The corollary to this is that in more usual inter-
pandemic situations, older children and adults may
be relatively resistant to infection with live vaccine
due to their pre-existing immunity, unless there is a
large difference between the vaccine strain and prior
strains.

Taking into account present information on the
differing parameters for ‘success’ with live and inac-
tivated vaccines, the conclusion may be reached that
it is desirable to have the ability to choose either live
or killed vaccines (or their combination). This should
enable more cost-beneficial recommendations to be
made for different individuals or populations,
according to the epidemiologic circumstances, than
when only one vaccine or the other is available.

For the future, two related, and important ques-
tions, will need to be addressed to better understand
the strengths and weaknesses of live influenza
vaccines. Firstly it needs to be established whether
persons who have enough residual immunity from
exposure to earlier strains to block infection by the
new attenuated vaccine will also have enough
immunity to protect against wild-type virus in an
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epidemic situation. Secondly controlled data is desir-
able whether live vaccines themselves will create
broader, more long-lasting immunity against future
variants than is obtained with killed vaccines. Use
of live cold-adapted vaccines for some potentially
important target populations, e.g. healthy pre-school
children in day care centers and kindergartens, need
not await such information; however, in the event that
answers to both the above questions prove favorable
to the live vaccines, this could greatly increase the
possibility they could be recommended for use in
place of killed vaccine by high risk children or
healthy adolescents and adults during inter-pandemic
periods.

Biology and genetics of Russian cold-adapted
live attenuated reassortant influenza vaccines

Even in today’s world of molecular biology and engi-
neered modifications to genes, with rare exceptions
the vaccines widely used to control infectious
diseases are ‘traditional’. They are prepared either by
using non-infectious antigens produced by ‘wild’
strains of micro-organisms, or by using live micro-
organisms that have been attenuated through non-
specific procedures in the laboratory (primarily by
growing them in hosts or artificial media which
results in loss of virulence). The basis for loss of
virulence is not usually known. In all these cases,
once a suitable candidate has been produced for
vaccine production, it may be used ‘forever’, as the
infectious agent against which it works does not
normally change. Clearly this approach is not
possible for influenza, as vaccines must be continu-
ally updated to protect against newer strains which
arise almost annually.

Therefore, the strategy for preparation of live
vaccines against influenza has been built around a
two phase process. The first phase requires the devel-
opment of so-called ‘master strains’ of attenuated
vaccines. Once satisfactory ‘master strains’ exist, this
phase would rarely be repeated on account of the
extremely large development and testing efforts
required. The second phase is the genetic transfer of
the attenuation properties from the older ‘master
strains’ to newer variants isolated from recent epi-
demics. This phase would be continually repeated in
a reproducible manner as necessary to update the
vaccine. As described below, modern molecular
biological techniques now allow the full genetic
characterization of reassortant vaccine candidates to
be determined with great precision in relatively short
times. Hence the procedures for validating the repro-
ducible genetic properties of reassortant cold adapted
vaccines can be built into the development, produc-
tion and licensing steps, in addition to biological and
clinical characterization of the vaccines. 

Development of the Russian live attenuated

‘master strains’ began with much the same traditional
approach as for most other already used live
vaccines. This involved repeated passage in the
laboratory host system (chicken eggs) of an initial
virus believed to represent the ‘wild-type’, with
the view to selection of a less virulent form.
A.A. Smorodintsev and G. Alexandrova were the key
Russian scientists who developed the cold-adapted
‘master strains’. This work was performed in
Leningrad (whose name reverted to St Petersburg
after the dissolution of the USSR). Wild type virus
isolates were passaged in embryonated eggs at
successively lower temperatures, compared to that
normally used for their replication in the laboratory.
Ultimately, viruses were produced which grew well
at the temperature of 25 °C, whereas the parent virus
hardly grows at all at such a temperature. (The cold-
adapted viruses have a second temperature marker,
i.e. they grow less well than the wild type parent at
slightly elevated temperatures of 39 °C.) 

For the type A viruses, there are presently two
‘master strains’. The first, is called the ‘17×
passaged’ variant of A/Leningrad/134/57, which was
initially developed for use in adults. Specific proce-
dures for its development have been previously
reviewed [2]. The second Russian ‘master strain’ is
the ‘47× passaged’ variant of the same parent, which
received an extra 30 passages at low temperatures
in the laboratory. This strain was developed to
prepare reassortant vaccines [e.g. reference 3] which
have been used up to this time only for children
< 16 years old. The genetic, biological and clinical
differences between the 17× and 47× passaged
vaccinal strains appear rather slight, but true side-by-
side clinical comparisons of vaccines obtained from
the two variants are lacking. These need to be
organized in sero-negative and sero-positive adults
and children before it will be possible to draw firm
conclusions whether in fact there are meaningful
differences between these two vaccinal strains
in clinical performance. However, utilization of
resources for such trials could hinder the collection
of data to address key points relevant to the prac-
tical utilization of cold-adapted vaccines, such as are
suggested in the appendix.

Several type B cold-adapted master strains were
also developed over the years in Leningrad. The one
that has been adopted for preparation of most
vaccines used recently in Russia is the B/USSR/60/69
strain. Peer-reviewed reports in the English language
literature of the preparation and laboratory properties
of vaccines derived from this master strain are
lacking. An earlier cold-adapted type B virus
(B/Leningrad/14/55) has also been used in some
vaccines [4]. Clinical studies with vaccines derived
from both of these viruses are reported below. 

Because the genes of influenza viruses exist on
eight separate pieces of nucleic acid, when host cells
are co-infected with two different viruses of the same
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genus, and multiply, new viruses assemble and are
released which will contain different combinations of
genes. These are called ‘genetic reassortants’. In
theory 256 (28) possible different combinations might
arise. However, cold-adaptation of influenza viruses
provides a ‘permissive’ biological property that
allows positive selection to be applied to obtain
‘new’ viruses with the desired properties. Thus, in
the case of live cold-adapted vaccine production,
antibodies are used to select for reassortants which
contain the HA and NA antigens of the new epidemic
parent strain, and the growth temperature of 25 °C
is used to select for reassortants with other genes
from the cold-adapted parent. 

Researchers in the USA first demonstrated the
feasibility for this when making experimental cold-
adapted reassortant type A vaccine candidates. The
vast majority of clones recovered from mixed infec-
tions where selective measures were used as
described above were found to have only the HA and
NA genes from the wild-type virus, but the other 6
genes from the cold-adapted parent (‘6–2’ gene
composition). This work was originally performed by
comparisons of the mobility of individual nucleic
acid segments during gel electrophoresis, but is now
possible by application of polymerase chain reaction
methods, using primer oligonucleotides specific for
known sequences present in the genes of the cold-
adapted vaccinal strain. Russian investigators, in
collaboration with the US scientists, have used the
same methods and found the same results with their
type A reassortant cold-adapted viruses over a
number of years now (1, 2, 3 and Table 2). In all
cases but two the type A reaasortant cold adapted
vaccines have the ‘6–2’ gene composition. The
exceptions had a single extra gene derived from the
wild-type rather than the cold-adapted parent. Thus,
a key problem in the continual updating of live
attenuated vaccines (ensuring they contain the
antigens of contemporary strains, but the attenuation
properties of previously characterized ‘master
strains’), appears to have been solved. More infor-
mation would be helpful for type B strains, but it
has also proved possible now on the four occasions
attempted to prepare ‘6–2’ gene reassortants from a
type B cold-adapted master strain (Table 3).

It must be stated that neither in the USA nor in
Russia has it been possible to undertake the most
exacting control experiment, and show that the
clinical properties of the reassortant viruses are not
partially or completely the result of growth passages
after the mixed infection used to produce them. This
would require human clinical trials to be done in
parallel with the cold-adapted ‘master strains’ and the
reassortant viruses every time a new reassortant is
produced. 

Such experiments are not feasible. For example,
the type A wild-type strains selected for attenuation
in both the USA and Russia were initially isolated

during the so-called ‘Asian influenza’ period that
occurred from 1957 to 1968. These viruses contain
surface antigens of the H2N2 sub-type. Virtually all
persons born after this period lack immunity to at
least the H2 hemagglutinin antigen. Thus, ethically
it would be considered too great a risk to humanity
to conduct clinical trials of an influenza virus which
has disappeared, but which if it ‘escaped’ from the
study participants might have the potential to re-
introduce the H2 hemagglutinin into circulation. For
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Table 2. Reassortant viruses derived from A/Leningrad/
134/57 cold-adapted parents

Wild-type parent Cold-adapted parenta

17× 47×

A/Khabarovsk (USSR)/1/77 
(H1N1) Yb Nc

A/Leningrad/322/79 (H1N1)d N Y
A/Chile/1/83 (H1N1) Y Y
A/Taiwan/1/86 (H1N1) N Y
A/Texas/3/91 (H1N1) Y Y
A/Leningrad/82/76 (H3N2)e Y Y
A/Bangkok/1/79 (H3N2) Y Y
A/Philippines/2/87 (H3N2) Y Y
A/Sichuan/2/87 (H3N2) N Y
A/Zakharpartje/354/89 (H3N2)f N Y
A/Beijing/32/92 (H3N2) Y Y
A/Shangdong/9/93 (H3N2) Y Y
A/Johannesburg/33/94 (H3N2) Y Y
A/Nanking/13/95 (H3N2) N Y

a 17 and 47 = the number of cold-adaptation passages of
the parent attenuated viruses. The 47× passaged virus has
been used to make vaccines only for those 3–15 years old,
and the 17× passaged virus has been used to make vaccine
for young adults, with occasional studies in schoolchildren
or the elderly.
b Y = reassortant prepared by the team directed by A.A.
Smorodintsev or G. Alexandrova. All these reassortants
except that prepared with A/Leningrad/322/79 (H1N1) are
believed to contain the 6 genes coding for proteins other
than hemagglutinin and neuraminidase from the cold-
adapted parent (personal communication, L. Rudenko).
The A/Leningrad/322/79 reassortant is believed to contain
in addition to the HA and NA one of the wild-type poly-
merase polypeptides [1, 4, 9]. 
c N = not prepared by the team directed by A.A.
Smorodintsev or G. Alexandrova. However, in the case
of the 17× passaged A/Leningrad/134/57 cold-adapted
parent, reassortants of A/Leningrad/92/89 (H1N1) (similar
to A/Taiwan/1/86) and A/Zakharpartje/354/89 (H3N2)
were prepared and used in a clinical study in school-
children by the All-Union Institute for Influenza research,
Leningrad. The (H3N2) reassortant contained the nucleo-
protein gene of the wild-type parent (personal communi-
cation, A. Klimov).
d Similar to A/Brazil/11/78 (H1N1). 
e Similar to A/Victoria/3/75 (H3N2).
f Similar to A/Shanghai/16/89 (H3N2).



type B viruses, the slower rate of antigenic change
over time, and lack of sub-types, makes it difficult to
find populations without pre-existing immunity even
to earlier strains. 

Hence, our understanding of the performance of
the Russian (and US) live cold-adapted influenza
virus vaccines is based on a situation that actually
lacks what would be a normal scientific control. We
must assume, without being able to directly prove
it, that the properties of new attenuated strains
derived by genetic mixing with the parent ‘master
strains’ depend on their genetic composition, not on
changes brought about in the laboratory during the
procedures for preparing genetically mixed viruses
or growing them afterwards. To some extent this
interpretation is supported by animal model studies.

Ferrets are highly susceptible to infection with
influenza viruses, and exhibit symptoms including
febrile response much like in man. The US-derived
cold-adapted master strains are highly attenuated in
studies using ferrets, as are their reassortants. To date
only a single study of the Russian cold-adapted
viruses in ferrets has been reported, with the cold-
adapted type B/Leningrad/14/55 virus. This virus was
in fact more virulent in ferrets than US candidate type
B cold-adapted vaccines [4]. It would be helpful if
the later type B cold-adapted virus developed in
Russia which is now used to make vaccines
(B/USSR/69/60) could be tested in ferrets, along with
the type A ‘master strains’. 

One study of the type A candidate vaccines has
been published (in Russian), where mice and
hamsters were used. This suggested that the ‘47×
passaged’ type A master strain might be more atten-
uated than the ‘17× passaged’ version [5]. Ferrets
would probably be a more informative model.

Genetic sequencing techniques have been applied
to the cold adapted A/Leningrad/134/57 viruses
strains [6]. Eleven amino acid changes were deduced
in the internal proteins (excluding the HA and NA)
of the ‘47× passaged’ master strain, with at least one
mutation in each protein. The ‘17× passaged’ master
strain lacks any amino acid change at all in one of
its internal proteins, and lacks two other amino acid
changes found in the ‘47× passaged’ strain.

Numerous reassortant viruses have been checked and
in virtually every case the mutations in the non-HA
non-NA genes of the cold-adapted parent have been
identified in the reassortants, without evidence for
new ones appearing during the selection process.
Genetic stability during replication in man will be
described below. Sequencing of the type B cold-
adapted B/USSR/60/69 strain is well advanced
(personal communication, A. Klimov, Centers for
Disease Control and Prevention, Atlanta, GA,
USA).

In summary, therefore, the Russian master strains
of live attenuated influenza being considered here
were adapted from wild-type strains by biological
means. They were grown in a standard laboratory
host, the chicken embryo, at successively lower
temperatures in an attempt to empirically select and
identify variants with reduced virulence. Once such
a variant had been identified for both the type A and
B genera, routine procedures were applied to transfer
by genetic reassortment the HA and NA genes from
wild-type epidemic strains into progeny viruses
which virtually always received all of the other 6
genes from the cold-adapted parent.

Such ‘6–2’ reassortant viruses retain the proper-
ties of growing well at 25 °C and poorly at 39 °C as
is the case with their attenuated parent, but contain
the surface antigens of new epidemic strains. The
final proof of their adequacy as vaccines depends on
clinical testing in a variety of situations.

Clinical studies of Russian cold-adapted live
virus vaccines

General considerations

The potential complexity of undertaking clinical
studies of live attenuated influenza vaccines is very
large, taking into account the number of parameters
that ideally should be evaluated:
• determination of safety and efficacy at different

doses of virus infectivity;
• determination of optimum number of doses and

intervals between them;
• effect of different methods of administration, such

as nasal drops vs nasal spray with defined particle
size range;

• verification of uniformity of clinical characteris-
tics with new reassortant strains from the same
attenuated parent but different wild type parents;

• evaluation of behavior in persons of different ages
and immunological backgrounds (most older
children and adults will have varying levels of
immunity to different types and subtypes of
influenza based on their prior infections);

• consistency of behavior when different reassortant
strains are simultaneously administered as bivalent
or trivalent vaccines;
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Table 3. Reassortant viruses prepared from B/USSR/60/69
cold-adapted parent 

Wild-type parent Populations vaccinated

Adults Children

B/USSR/3/87 No Yes
B/Beijing/203/89 Yes Yes
B/Panama/45/90 Yes Yes
B/Harbin/60 /95 Na Na

a N = newly prepared, expected to be suitable for adults
and children.



• duration of immunity and breadth of immunity
against new antigenic variants and the need for
annual re-immunization of target populations.

The organization of clinical trials to address these
issues is expensive, logistically difficult, and often
also is difficult on ethical grounds if adequate control
subjects are to be included, particularly when seeking
information about vulnerable groups such as the
very young, old and those with chronic disease.
Investigators do indeed face a challenge in setting
priorities for which types of trial to conduct, and it
is not surprising that the above questions have yet
to be fully answered. In the case of the Russian live
vaccines, these were licensed in the former USSR
only for use in healthy school children and working
age adults. 

Until 1995, approval of each new vaccine strain
for production depended on clinical trials of a test
batch of each freshly grown, non-lyophilized, mono-
valent vaccine demonstrating the following, using
> 7.0 log10 median egg infectious doses of type A,
or > 6.5 log10 median egg infectious doses of type B
virus, administered in a total of 0.5 or 1 ml of
intranasal spray to healthy persons > 15 years old
(in the case of the ‘17× passaged’ vaccine), and in
healthy children 3–15 years (in the case of the ‘47×
passaged’ vaccine): 
• seroconversion rates of > 70% against type A

vaccine strain and > 60% against type B vaccine
strain, measured by hemagglutination inhibition
test, in at least 20 seronegative individuals;

• absolute frequency of vaccine recipients experi-
encing fever > 37.5 °C in conjunction with an
upper respiratory symptom within 5 days after
vaccination being no greater than 2% higher than
for a comparable control group receiving a
placebo. Groups of approximately 100 or more
were studied for reactogenicity. Serologic status
of the subjects is not always documented.

Beginning in 1995, the data needed to approve
production has been modified, based on about 10
yeras of experience with type A vaccines, and to
reflect concerns of parents about permitting sera to
be collected from children. Thus, the new require-
ments for approval for production exclude the need
for immunogenicity testing of type A components in
adults or children, and require immunogenicity
testing of type B components only for vaccines
prepared for adults. It should be noted that testing
multi-valent vaccines before approval for production
of individual components has not been required.
Clinical testing of production lots of mono-valent
vaccines (mixed together at time of use to create
bi-valent or tri-valent vaccines), or newer pre-mixed
multi-valent, lyophilized, vaccines has occured in
some cases only in special trials.

The approach until 1995 of requiring clinical data
on immunogenicity before approving production
differs from ways vaccines in other countries are

approved: it is more usual that licensing of vaccines
is based on their antigen content or infectivity titre
being equivalent to that found safe and effective in
controlled clinical trials. Absolute ‘pass/fail’ require-
ments for clinical performance are not usually
defined for vaccines.

As a result of the way in which the live influenza
vaccines were licensed and used in Russia, there is
considerable and often convincing data about their
performance in healthy pre-school and school-age
children and working adults, but little about the ‘risk
groups’ who are normally the ones targeted for pro-
tection against influenza in most other countries.
Licensing outside Russia will naturally require these
gaps in experience to be filled in. Also, data will be
needed that relates to the actual patterns of use that
might be recommended in practice, which again may
be affected by different objectives than existed in
Russia when the vaccines were developed and
licensed there. 

The information from trials of Russian cold
adapted live influenza vaccines with healthy persons
that are relevant to the topics raised above is
summarized immediately below, and in following
sections on the reassortant vaccines. In drawing
conclusions from this information, areas where future
efforts might be concentrated are considered. Missing
information is identified, or new directions for studies
suggested, to help improve the practical contribution
the live vaccines might make to influenza control.

Dosage. Russian vaccines have been used at essen-
tially ‘maximum strength’. In pre-production studies
fresh egg fluids are used, and their titres have ranged
from 7.0 to 8.75 log10 median egg infectious doses
(L. Rudenko, personal communication). During the
production process after approval for manufacture,
egg harvests have been freeze-dried, without dilution
except for mixing with equal volumes of other strains
in the recent tri-valent vaccines. When not mixed
before lyophilization, individual components of bi-
or tri-valent vaccines were reconstituted with sterile
water and then mixed with each other in equal
proportions at the time of use. Where possible to
organize this, the dose of such lyophilized vaccines
administered in clinical trials has been determined by
measurement of infectivity in samples taken at the
time of reconstitution. 

Number of doses. Most studies use two doses of live
vaccine, at intervals of two, three or four weeks.
Some exceptions have occured recently only in the
case of research studies using reassortants of the 17×
passaged A/Leningrad/134/47 cold-adapted parent. It
may be hypothesized that two doses will increase the
number who are protected (i.e. experimental efficacy)
but in routine practice the extra medical encounter
for a second dose may not occur, resulting in lower
overall effectiveness in a population in ‘real life’
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situations compared to that seen in the controlled
studies.

Method of administration. For studies of cold-
adapted vaccines in Russia, vaccines have been
administered by nasal spray, which is well suited for
large scale immunization campaigns, and in early
studies was felt to provide higher rates of serologic
response than use of nasal drops (L. Rudenko,
personal communication). Vaccinees are requested to
keep their head still for about 1 minute after admin-
istration of spray, and to try and retain liquid in their
nostrils by ‘sniffing’ if necessary. The sprays used
are not believed to produce particles of a size which
travel to the lower respiratory tract. Nasal drops,
while offering advantages in terms of defining the
site of deposition of virus, are potentially less accept-
able for some individuals as they require that the
head be held still for several minutes. Published
reports comparing the two administration methods
are not available.

Evaluation in different populations. Russian scien-
tists concerned with control of influenza have empha-
sized over the years a number of different goals in
their work. An early interest (dating back to the
1940s) was the goal of protecting the working age
population, and various live vaccines have been
studied or used to this end [reviewed in 1]. The need
for vaccines that were very highly attenuated and
could be used safely in children (approximately less
than 12 year old) has also been a long-term theme
of studies in Russia. From 1962–1973 almost 40,000
such children were studied in eight trials [1]. Some
trials [2] involved the A/Leningrad/134/57 cold-
adapted parent virus (presumed to be the ‘17×
passaged’ variant). The development of the 47×
passaged A/Leningrad/134/57 cold-adapted parent
and reassortants derived from it led to trials in
1981–1983 of safety and immunogenicity of bi-valent
type A vaccine in children from 3–15 year old [7,
8]. Additional clinical trials of bivalent vaccines
derived from the 47× passaged parent type A virus
included epidemiological efficacy determination in
children 3–6 year old in kindergartens and 7–15 year
old in schools located in Kaliningrad, Russia [8],
school-aged children in Moscow [9, 10], pre-school
or school-aged children in St Petersburg, Russia,
Alma-ata, Kazakhstan, and Havana, Cuba [11], and
school aged children and their school-teacher
contacts in Novgorod, Russia [12]. Several studies in
children involved type B vaccine alone or combined
with type A vaccines [11–13]. Renewed studies of
vaccines containing type A strains derived from the
17× passaged ‘master strain’, with a type B strain,
have involved school children in Vologda, Russia
[14] and healthy elderly persons in long term resi-
dential institutions in St Petersburg, Russia [15]. 

Consistency of behaviour of different cold-adapted
reassortants and mixtures of strains. This is described
below.

Duration and breadth of immunity. Reports of sys-
tematic studies with cold-adapted viruses have not
yet appeared.
Reassortant vaccines derived from ‘17× passaged’
A/Leningrad/134/57

Clinical trials of reassortant vaccines derived from
the A/Leningrad/134/57 ‘17× passaged’ parent are
reported to have been done beginning with those
deriving HA and NA surface antigens from 1972
epidemic strains [reviewed in 2]. All told, ten
‘clones’ of reassortants prepared with five different
wild-type isolates from 1972–1977 were evaluated in
young adults with low or no detectable pre-existing
antibodies to the vaccine strain. Results were not
reported for placebo recipients, but the overall inci-
dence of febrile reactions (2/305) does not appear
remarkable. Personal communication of unpublished
studies organized by the Institute of Experimental
Medicine, St Petersburg, has been recently provided
by L. Rudenko for more recently prepared reassor-
tant vaccines derived from the 17× passaged
A/Leningrad/134/57 cold adapted strain. These
include pre-production vaccines prepared with type
A (H3N2) strains A/Philippines/2/82, A/Beijing/
32/92, A/Shangdong/9/93, A/Johannesburg/33/94,
and A/Shangdong/4/95. In adults < 25 year old, the
reactogenicity index was always 0–1, and serocon-
version occured in 65/87 (75%) of initially sero-
negative 20–22 year old adults immunized with 2
doses of the A/Philippines/2/82 vaccine, the last of
the H3N2 reassortant vaccines for which immuno-
genicity data in this age group has been obtained. In
initially seronegative healthy adults > 65 year old,
the A/Beijing/32/92 reassortant produced a serologic
rise in 6/16 (38%) of subjects, the A/Shangdong/9/93
reassortant produced a response in 10/22 (46%) of
subjects, and the A/Johannesburg/33/94 reassortant
produced a response in 4/14 (29%) of subjects. The
type A (H1N1) reassortant, A/Chile/1/83, was tested
in seronegative adults 18–20 years and induced a
serologic response in 41/48 (85%) of subjects, while
another reassortant, A/Texas/3/91 (H1N1), was tested
in healthy seronegative adults > 65 years and and
induced a response in 10/16 (63%) subjects. 

The Institute for Influenza in St Petersburg orga-
nized a separate study [14] of an experimental
vaccine they developed using the 17× passaged
A/Leningrad/134/57 parent and the wild type strains
A/Zakarpatje/354/89 (H3N2) and A/Leningrad/92/89
(H1N1). This study was performed in Vologda,
Russia among 9–12 year old children in 1991/1992,
with participation from the USA. A third, type B
virus, was used that was derived from a different
cold-adapted master strain, B/Leningrad/14/55, than

599



that used in most of the other studies with cold-
adapted type B vaccines in children described below.

Only one dose of vaccine was administered. A
double-blind placebo controlled design was adopted.
Fever occurred in 5/200 (2.5%) of live vaccine recip-
ients, compared with 1/100 (1%) of those given
intranasal placebo (uninfected egg fluid). Sore throat
or runny nose was reported by about 10% of live
vaccine recipients, and was not reported to differ for
the recipients of placebo. These safety data were not
analyzed according to pre-existing antibody status.

Antibody responses in seronegative volunteers
were 79, 83 and 31% respectively for type A (H3N2)
subtype, type A (H1N1) subtype and type B viruses
respectively, compared to 21, 9 and 15% reported for
recipients of placebo (the rises in the placebo group
not being statistically significant). The incidence of
antibody responses was only 39, 41 and 7% (varying
according to the antigen tested) in children with
pre-existing antibody, who comprised from about
65–85% of the total number of children studied,
according to antigen tested.

During an epidemic of influenza type A (H3N2)
viruses which occurred shortly after vaccination was
complete, there was a 9.7% rate of absenteeism
(18/187) from school for influenza like illness in the
placebo group vs 5.1% (10/196) among those
receiving live vaccine, i.e. about 50% protective
efficacy using absenteeism as the end-point. The
efficacy data were not analyzed separately for cohorts
who possessed or who lacked antibody prior to
immunization, to compare vaccine efficacy with
those originally possessing antibody.

Most recently, preliminary findings have been
presented on a joint US-Russian study of ‘17×
passaged’ A/Leningrad/134/57-derived type A
vaccines in combination with type B cold-adapted
vaccine in the elderly living in St Petersburg nursing
homes [15]. (The type B component in this case is
derived from B/USSR/60/69.) A variety of alterna-
tive combinations of live and killed vaccines were
compared. Reactogenicity of live vaccines was low,
and provisional analysis of laboratory findings
indicates that any combination of live vaccine and
inactivated vaccine stimulated more comprehensive
immunity with both IgA and IgG antibody produc-
tion than either vaccine by itself. See above for
findings with live vaccine alone.

Reassortant vaccines derived from ‘47× passaged’
A/Leningrad/47/134 and cold-adapted type B virus

No results from human volunteer trials with the ‘47×
passaged’ A/Leningrad/134/57 master virus have
been identified in the English literature. However,
about 13 reassortant viruses have been derived so
far for vaccine purposes (Table 2), and tests of
several reported in English-language journals. The
first such reports are for monovalent and bivalent

vaccines containing reassortants of A/Bangkok/1/79
(H3N2) and A/Leningrad/322/79 (H1N1).* A study
of safety and immunogenicity was conducted in the
winter of 1980–81 [7]. Febrile reactions to the two
reassortants in sero-negative children 3–6 year old
were 2/136 (1.5%) and 2/111 (1.8%), compared with
rates of 1.1% and 2.9% in placebo recipients.
Antibody responses following two vaccine doses
were 75–94% in 3–6 year old children with low pre-
existing antibody, but only 12–30% in children with
higher pre-existing antibody. Results were similar in
older children. Thus the results are consistent that the
actual factor determining frequency of antibody
response to challenge with the cold-adapted live
vaccine is pre-existing immunity, not age. When
vaccines were combined before administration to
make a bivalent preparation, rates of fevers > 37.5 °C
were again extremely low (2/161 in seronegative
3–15 year old children given vaccine vs 1/72 placebo
recipients). Immunogenicity was similar to when
vaccines were given as monovalent preparations. 

A much larger study of the same vaccines in
bivalent form was organized in Kaliningrad, Russia,
in the winter of 1982–83 [8]. Of 153 known
seronegative children 3–15 year old, only one child
exhibited a post-vaccination febrile response
> 37.5 °C. Serologic tests showed 19/21 (91%)
children lacking antibody to the H1N1 vaccine com-
ponent, and 49/64 (80%) of children lacking antibody
to the H3N2 vaccine component exhibited 4-fold
antibody responses respectively. Whereas those with
low levels of pre-existing antibody to the H1N1 com-
ponent had a similar high rate of seroconversion, in
the case of the H3N2 component pre-existing
antibody reduced the rate of response to vaccine from
80 to 22% (7/33).

All told about 30,000 children (5,500 3–6 year old,
the remainder 7–15 year old) were enrolled in the
study into equal sized groups receiving two doses of
bivalent vaccine or placebo. These were monitored
for broad indices of safety and effectiveness of the
vaccine. For the 5 days after the first dose of vaccine
or placebo, symptoms such as influenza illness,
bronchitis or tonsilitis were extremely low, with no
significant increases related to vaccine, based on
school records of visits by children to a doctor.
During the winter, when a 6 week epidemic of H1N1
and H3N2 viruses closely related to the vaccinal
strains occured, there was an approximately 50%
reduction in incidence of influenza and acute respi-
ratory disease symptoms in vaccinated 3–6 year olds
and 7–15 year olds compared to the placebo group.
Results for individual kindergartens, where > 60% of
children received two vaccine doses, showed the
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* The A/Leningrad/322/79 strain is very closely related
antigenically to the international reference strain
A/Brazil/11/78.



protective effect to be consistent in 15 locations
(unpublished data provided by Dr G. Alexandrova,
Institute of Experimental Medicine, St Petersburg,
Figure 1).

The vaccine developers from St Petersburg have
organized or participated in numerous other clinical
trials with later reassortant type A viruses derived
from the 47× passaged A/Leningrad/134/57 parent
cold adapted strain. H1N1 vaccines contained
A/Chile/1/83 or A/Taiwan/1/86-like antigens. In
seronegative 3–14 year old children these vaccines
induced antibody responses in 60/83 (72%) and 38/42
(91%) of subjects after two doses of monovalent
vaccine in studies in St Petersburg, Russia, respec-
tively (unpublished results provided by L. Rudenko).
In those with pre-existing antibody responses were
detected in 23/51 (45%) and 22/59 (37%), respec-
tively. The A/Taiwan/1/86 vaccine was also tested
in Havana, Cuba [11]. As a monovalent or trivalent
vaccine antibody responses in seronegative children
5–14 year old were 25/41 (61%) and 39/49 (63%),
respectively. Data have not been obtained for
seropositive subjects. The A/Taiwan/1/86 reassortant
was also included as a component of a trivalent
vaccine in the joint US-USSR study in Novgorod,
where 49/59 (83%) of seronegative 7–14 year old
children seroconverted after two vaccine doses (12
and below).

Later H3N2 reassortant type A vaccines derived
from the 47× passaged A/Leningrad/134/57 parent
cold-adapted strain for which clinical data has
been made available include A/Philippines/2/82,
A/Sichuan/2/87, and an A/Shanghai/16/89-like strain,
A/Zakhapartje/354/89 (personal communication, L.

Rudenko). Immunogenicity of two doses of the
A/Philippines/2/82 vaccine was studied in a total of
118 3–14 year old seronegative children, using pre-
production vaccine in St Petersburg and lyophilized,
manufactured, vaccine in Kaliningrad. Seroconver-
sion rates in 3 studies were 16/33 (49%), 49/65 (75%)
and 16/20 (80%), for a total of 81/118 (69%).

A much lower serologic response rate of 15/48
(31%) was found for seronegative school children
given two doses of the lyophilised A/Philipppines/
2/82 vaccine in a joint US-USSR study in Moscow
[10]. 

The A/Sichuan/2/87 vaccine resulted in 31/44
(70%) seronegative 3–14 year old children serocon-
verting in one study of pre-production vaccine in St
Petersburg (unpublished results provided by L.
Rudenko), and 22/39 (56%) seronegative 7–14 year
old children responded in the study with lyophilized
manufactured vaccine tested in Novgorod [12]. Rates
of serologic response were much lower in sero-
positive children, at 2/25 (8%) and 9/56 (16%)
respectively.

The most recent H3N2 vaccine for which immuno-
genicity trials have been conducted in children is
the A/Zakhapartje/354/89 strain. A pre-production
vaccine tested in St Petersburg induced antibody in
62/83 (75%) of seronegative 3–14 year old children
(unpublished data provided by L. Rudenko). When
tested in Havana, Cuba, as a monovalent vaccine or
a trivalent vaccine, 33/45 (73%) and 30/43 (70%) of
seronegative 5–14 year old children seroconverted
respectively [11].

Other clinical data on the reassortant type A
vaccines and type B vaccines was obtained from
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Figure 1. Efficacy of cold-adapted inluenza vaccine in reducing influenza-like illness among 3–6 year old children in
kindergartens, Kalinigrad, 1982–1983. The study is described in reference 8. No less than 60% of children in each
kindergarten received two doses of live cold-adapted influenza vaccine before winter. Others received placebo. Open
bars indicate rates of reporting influenza-like illness in vaccinated children, shaded bars in children receiving placebo.
The method for selection of those receiving coded vaccine or egg fluid placebo involved use of random numbers and
stratified sampling. Figure provided by G. Alexandrova, Institute of Experimental Medicine, St Petersburg.



trials in Alma-ata, Kazakhstan and in Havana, Cuba
[11]. For example, in these studies: 
• Groups of initially about 150 children 3–6 years

and 7–14 years who received either vaccine or
placebo on each of 3 successive years were
studied, with no reported increase in short-term
reactogenicity upon revaccination.

• Longer term medical records were studied for over
1000 vaccinees and placebo recipients, and no
sequelae were found over 6 months after vacci-
nation.

• Transmissibility was tested in one study by
swabbing the noses of kindergarten children over
the course of a week after vaccination. Whereas
11 of 22 vaccinees had virus isolated from their
nasal swabs, none of the swabs taken from 18
infants who were in the placebo group yielded
virus. Isolates from vaccinees were analyzed with
molecular biological methods and reported to
retain the mutations known to be in the vaccine.

• Antibody response to two doses of type B vaccine
in children was 44% when included in a tri-valent
vaccine, about 10% lower than when used a mono-
valent preparation. No statistical analysis of this
difference was reported. 

Epidemiologic efficacy was monitored in Alma-ata
and Havana through review of school medical
records. Few procedural details are provided, nor is
complete statistical analysis provided. Results from
Alma-ata are consistent with those in the alternate
series of studies conducted cooperatively with US
scientists (see below), in reporting about a one third
reduction in the incidence of influenza-like illness
in two successive epidemic seasons in the Alma-ata
study.

Similar protective efficacy was reported for the
study in Havana, including both influenza type
A(H1N1), A(H3N2) viruses, and for the type B
vaccine component tested there singly or as part of
a trivalent preparation. The report of the study in
Havana is, however, difficult to comprehend. Disease
and virus surveillance were carried out from January
to December in a 12 month period. Quarterly sero-
logic results were used to establish the periods when
different virus strains were prevalent, but the methods
for controlling for errors in these data are unknown.
(Non-specific results are quite possible due to
intrinsic test variability, as well as the fact that some-
times infection with one strain of influenza results
in false concomitant rise in antibody to another
strain.) Thus, confirmation of what viruses were
occurring each month by other methods, as well as
comparison with neighboring countries, is desirable
to substantiate the information reported that influenza
was occurring in Havana for at least 9 months, as
opposed to seasonal epidemics which are normal in
the caribbean (personal experience). 

Other limitations apply to the methodology of the
studies in Kaliningrad, Alma-ata and Havana [11].

Use of physiological solution as placebo, as opposed
to the vaccine-containing egg fluid, could have
reduced the blinding of the studies through differ-
ences in their appearance (although in very large
studies involving large numbers of staff and assis-
tants this may not be a practical issue). Febrile
responses in the studies (as in earlier studies in
Kaliningrad or St Petersburg) were probably
measured by the axillary route, which is less sensi-
tive than the oral route. Use of school medical
records to define illnesses, without any laboratory
confirmation, may introduce biases when the occur-
rence of influenza in the community is known to
school staff. 

Cooperative studies between US and Russian
scientists of Russian live cold-adapted vaccines in
school-aged children has occurred since the mid-
1980s, in parallel with cooperation in studies of the
genetic and laboratory properties of the master strains
and their reassortants. The continuous interactions
between investigators in the USA and Russia
(including on-site observation of procedures during
trials) helped communications about procedures. As
a result of these inputs, placebos were changed from
water or salt solution to egg fluid, on at least some
occasions temperatures were taken orally, and labo-
ratory confirmation of infection was incorporated
into at least subsets of those studied.

Over the period from 1987 to 1991 a series of four
cooperative trials were conducted. They began with
immunogenicity testing of candidate reassortant type
A vaccines in about 100 Moscow school children [9],
a similar type of study with a reassortant vaccine
derived from cold adapted B/Leningrad/14/55 [13],
a placebo-controlled study of epidemiologic efficacy
of the A/Philippines/2/87 (H3N2) reassortant
described above, which involved about 300 Moscow
school children [10], and finally, the placebo con-
trolled multi-year study in about 15,000 school-
children in Novgorod, Russia [12]. In the latter study
about 4,500 children received live bi-valent type A
vaccine in the first year, and in the second year of
this study a tri-valent vaccine incorporating influenza
B virus (derived from cold-adapted B/USSR/60/69)
was included, the first major study of such a tri-valent
combination live cold-adapted influenza vaccine.

The key findings from these cooperative studies
and the studies organized without participation of US
scientists may be summarized as follows:
• There have been minimal reports of clinically sig-

nificant reactions to the live vaccines, and none
have been mathematically significant compared to
reports from placebo groups.

• Immunogenicity results with type A or B vaccines
are nearly always strongly affected by the pre-
existing antibody titer. Averaging results from 20
groups of children without pre-existing antibody
to the vaccine strain, two doses of live type A
vaccine induces an antibody response in 69% of
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subjects. Seventeen of the studies included data
for children with pre-existing antibody, and then
two doses of vaccine induced a rise in antibody
titer in only 32% of subjects (Table 4). In five
groups of children data for immune response after
a single dose of vaccine showed an effect of
vaccination for 49% of children, compared to 74%
of children receiving two doses in the same
studies. In fact, studies involving A/Philippines/
2/87 (H3N2) vaccine may show low immuno-
genicity for the first dose due to loss of potency
of the vaccine lot used during storage prior to the
study, and this also may explain the poor results
in reference 10 (A. Kendal and A. Slepushkin,

Institute of Virology, Moscow, unpublished obser-
vations).

• Vaccine efficacy in the face of natural epidemics
is routinely seen at statistically significant levels
compared to results with placebo. In studies with
US scientific participation, reported efficacies for
7–10 year old children had confidence intervals
from 22–37%, for 11–14 year old children from
14–45%, and for 8–15 year old children from
8–65%. One major study by Russian investiga-
tors reported efficacies of 52% for 3–6 year old
or 7–14 year old children [8], and another study
efficacies of 29 or 36% in two different seasons
[11]. In these open field trials, despite efforts to
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Table 4. Effect of number of doses or of pre-existing antibody on immune response to Russian cold adapted vaccines

Reference Virusa Age Responseb Response Response Response
(ca parent) (years) 2 doses in 2 doses in 1 dose in 1 dose 

seroneg seropos seroneg seropos

pc: A/Philippines test A/Len (47) 03–14 80 nd 25 nd
pc: A/Philippines test A/Len (47) 03–14 49 nd 24 nd
pc: A/Sichuan test A/Len (47) 03–14 71 08 nd nd
pc: A/Zakharpartje test A/Len (47) 03–14 nd nd 75 52
7 A/Len (47) 07–15 81 31 61 23
7 A/Len (47) 07–15 86 37 61 27
7 A/Len (47) 03–15 93 63 nd nd
7 A/Len (47) 03–15 77 21 nd nd
7 A/Len (47) 03–15 83 27 nd nd
7 A/Len (47) 03–15 73 54 nd nd
8 A/Len (47) 03–15 91 93 nd nd
8 A/Len (47) 03–15 80 22 nd nd
8 A/Len (47) 03–15 83 27 nd nd
8 A/Len (47) 03–15 73 54 nd nd
9 A/Len (47) 08–11 68 17d nd nd
10 A/Len (47) 08–15 31 10 00c 00c

12 A/Len (47) 07–14 56 16 nd nd
12 A/Len (47) 07–14 83 42 nd nd
12 A/Len (47) 07–14 64 16 nd nd
12 A/Len (47) 07–14 51 09 nd nd
12 B/USSR/60 07–14 43 05 nd nd
13 B/Len/55 08–15 58 36 39 17
14 A/Len (17) 09–12 00e 00e 79 33f

14 A/Len (17) 09–12 00e 00e 83 40f

14 B/Len/55 09–12 00e 00e 31 07f

pc: A/Chile test A/Len (17) 18–20 85 52 nd nd

a A/Len = A/Leningrad/134/57. The number of cold-adaptation passages, 17 or 47, is shown in parentheses. B/Len/55
and B/USSR/60 were separately derived cold adapted parents. In some studies multiple strains of reassortants (e.g. type
A H1N1 or H3N2) were used, or the report covers a multiple year study. Individual results are given for each of these
instances under the same report.
b Numbers represent percentage in group with 4 fold antibody response, based on hemagglutination inhibition testing;
seroneg = antibody titer < 20 before immunization with first dose of vaccine; seropos = antibody titer greater or equal
to 20 at time of first immunization. Data are taken from published references, except pc = personal communication from
L. Rudenko, Institute of Experimental Medicine, St Petersburg, together with the abbreviated name of the pre-produc-
tion test vaccine. Nd = not done.
c Not specifically reported, but stated that response with second dose was 30% greater than with single dose.
d Calculated by subtracting data for seronegative group from data for entire group, for a seropositive group of only 6 in
whom 1 had an antibody rise in a hemagglutination inhibition test.
e Only one dose administered.
f Calculated as for footnote b, but numbers were larger in each group.



maintain specificity in the analysis, there will
normally be a lower estimate of efficacy than
actually occurs due to occurrence of non-influenza
related illnesses over the period of observation. 

• When compared with a single dose of inactivated
vaccine given by injection, live vaccines offer the
advantage of eliminating the soreness or swelling
around the injection site, without substituting trou-
blesome respiratory symptoms. (This was also
found in the study in Vologda school children
using the ‘17× passaged’ A/Leningrad/134/57-
derived reassortant vaccine, in comparison with
US-manufactured split killed virus vaccine, refer-
ence 14.) However, it has been important in these
comparisons to ensure that killed vaccines were
administered intra-muscularly, rather than sub-
cutaneously, to prevent undue reactions.

• In the large field trial in Novgorod [12], rates of
influenza among school-teachers or unvaccinated
children in schools where live vaccine was used
were lower than in schools where inactivated
vaccine or placebo was used. This indicated that
only live vaccine had the ability to decrease the
transmission of influenza virus among those who
were in close contact with them, in this study.

Genetic stability

Because of the well known ability of influenza
viruses to mutate easily in a variety of properties,
concern about the stability of live attenuated variants
is natural. As the actual genetic basis of attenuation
is not itself known, evidence for genetic stability is
indirect. Biological markers such as cold-adaptation
and temperature sensitivity have been used to
compare re-isolates from vaccinated subjects with the
inoculum. More precise analysis has been made
possible by the availability of the gene sequence
for the parent and attenuated cold adapted
A/Leningrad/134/57 viruses [6], and application of
techniques to rapidly search for the presence of
absence of known mutations in isolates from human
volunteer studies [16]. 

Results of such work have recently been summa-
rized [17, 18]. One study was of viruses re-isolated
from the large clinical trial in school children in
Novgorod, using type A viruses derived from the
‘47× passaged’ A/Leningrad/134/57 strain, described
above. Eleven isolates from asymptomatic vaccinated
children all retained the mutations of the vaccinal
strain [17]. The second study was of 13 viruses re-
isolated from asymptomatic school-children in the
Vologda study, who were immunized with vaccine
derived form the 17× passaged A/Leningrad/134/57
strain, also described above.

Here the laboratory findings are more complex,
but show that in fact the original vaccine strain was
probably not genetically ‘pure’, but contained a

mixture of two versions of one gene, which coded
for the viral nucleoprotein: one version is like the
wild type parent, and the other is like that of the
‘47× passaged’ A/Leningrad/134/57 virus, i.e. even
by the 17th passage at low temperatures the mutation
had occurred, but had not yet totally displaced all
original versions of this gene. Hence, during repli-
cation some progeny virus contained the wild-type
version of this gene, while others had the ‘cold-
adapted’ version. Evidence was presented for a
similar phenomenon with another gene, that codes
for the M1 and M2 proteins, and possibly also for the
gene coding for the non-structural proteins [18].

The third set of data were also obtained from a
study with reassortant viruses whose parent was the
‘17× passaged’ A/Leningrad/134/57 virus, in this
case elderly residents of nursing homes in St
Petersburg, described above. Sixteen isolates from
two study seasons were evaluated. None of the
marker mutations were lost or modified, but there
was again evidence for heterogeneity in the cold-
adapted parent virus and of its reassortants used for
vaccination. Thus, some of the re-isolates differed
in the sequence of the gene coding for the M proteins
[18]. These genetic findings do not appear to be
associated with increased pathogenicity in any of the
above cases.

Conclusions

The strengths of the Russian live attenuated vaccines
appear to be their low reactogenicity and their
excellent ability to induce immune response in
seronegative children. In terms of safety and accep-
tance, they avoid local reactions at the site of needle
insertion and vaccine deposition which occurs with
traditional inactivated vaccines, and have insignifi-
cant rates of induction of systemic or troublesome
respiratory symptoms in vaccinees. The caveat to
these observations is that in most studies only quite
small numbers of known sero-negative volunteers
have been tested, international cooperative studies
involving pre-school children have not been orga-
nized except in Havana, Cuba, and high risk children
have not been tested. In terms of immunogenicity and
protective effects in school settings, evidence exists
that when used in a high percentage of school
children the cold-adapted vaccines not only provided
individual protection, but appear to diminish the
overall spread of virus to adult teachers or non-
immunized classmates. This is consistent with US
studies showing that live influenza vaccines are
rather effective at reducing infection and consequent
virus shedding, whereas inactivated vaccines may
prevent illness, but leave vaccinees susceptible to
sub-clinical or mild infections that permit virus
replication to still occur to some extent.

At this time it is unclear whether two doses of the
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Russian live attenuated vaccines will be needed to
produce results that are acceptable in general practice
outside Russia. Unlike killed vaccines, live influenza
vaccine has a better outcome in terms of serological
response in unprimed children. It might be argued
therefore that a single dose of such a vaccine might
be cost-effective for protecting a population of
children in general, while use of two doses is
reserved for maximizing protection in high risk
children, at least on the first occasion they seek vac-
cination against influenza. Similarly, if a pandemic
of influenza occurs in the future, live vaccines could
offer a great benefit if they have high infectivity and
immunogenicity in most of the population with only
a single dose, and reduce spread of a new pandemic
strain in ‘closed’ communities, even though ideally
two doses would be desired for maximum protection
of individuals.

In summary, therefore, to address issues of prac-
ticality and efficacy of use of live vaccines in coun-
tries outside Russia it does seem important that
answers be found to the following two questions:

1. Will a single dose of live vaccine provide an
acceptable level of protection in unprimed or previ-
ously primed young children, even if not the
maximum protection that can be obtained with a
further dose? If so, there is little doubt the live
vaccine would be a preferred choice for most parents
to select for their children who they wish to protect
from influenza, due to elimination of the need for
an injection with needle and syringe. It is possible
that simplicity of use would encourage widespread
vaccination of high risk or other children. In the
general population, older children and adults would
normally have higher rates of pre-existing immunity
due to greater exposure over time to natural influenza
infections. Current data on the use of a single vaccine
dose is very limited. In the studies which appear most
reliable, i.e. reference 7, antibody response rates were
about 60% to one dose in seronegative children vs
81–86% after two doses. 

2. Will those who show no detectable immune
response to the attenuated vaccine (i.e. those with
enough pre-existing immunity to be protected against
a weakened, attenuated, vaccine virus) also be pro-
tected against infection against wild type virus which
could, conceivably, be better able than a vaccine
strain to overcome low levels of immunity? If such
‘break-through’ of wild virus did not occur, or only
caused mild uncomplicated illnesses, then live
vaccine could be seen as fulfilling the role of
immunizing those who need protection, while failing
to boost immunity in those with pre-existing anti-
bodies. However, unless convincing proof of this is
seen, reliance on the live vaccine as the sole source
of protection in older children or in adults (particu-
larly those with high risk conditions) may not be
possible. In this case the major role for the live
vaccine in persons other than young children during

inter-pandemic periods might be as an adjunct to
inactivated vaccine, particularly to increase protec-
tion among high risk persons. Preliminary data from
US studies in the elderly have suggested such a
possibility, and the investigations presently underway
in St Petersburg on this point should provide further
leads.

Based on the available evidence, therefore, an
initial very useful role for the vaccines derived
from ‘47× passaged’ A/Leningrad/134/47 and
B/USSR/60/69 vaccine appears to be the protection
of young children with high risk medical conditions.
Protection of healthy children in day care centers,
kindergartens or primary schools also may be sup-
portable in the near term, based on the fact that such
children are at high ‘epidemiological risk’ to become
infected with influenza and spread it to their families.
Possibly two doses of live vaccine would be needed
the first year such children are immunized, but it may
be quite impractical to recommend two doses in
subsequent years (which would also contrast with
existing recommendations for a single dose of killed
vaccine in primed children). Reports that influenza
vaccination can reduce incidence of otitis media in
young children adds to the benefit for such
approaches, particularly in an era when antibiotic-
resistance of bacteria complicates treatment of this
condition. 

A final question to settle is whether there should
be a role for the ‘17× passaged’ A/Leningrad/
134/47 strain. In one study a single dose did appears
to produce useful immunity and protection in school-
age children. The same may hold true in the elderly,
when combined with inactivated vaccine. However,
it has not been proven in side-by-side studies that
there are meaningful differences in its performance
from the ‘47× passaged’ vaccine. The latter master
strain was developed to provide a more attenuated
strain for children, and has not been tested in other
groups. It is highly desirable to avoid unnecessary
efforts at producing, controlling and distributing two
closely related cold-adapted vaccines which would
increase cost, and potentially cause confusion among
users.

Therefore, the issue of whether A/Leningrad/
134/57 at the 17th or 47th cold adaptation passage
level can be used for both adults and children needs
to be resolved in the shortest time possible, avoiding
further confusion and dilution of effort that occurs as
a result of efforts to seek the ‘perfect vaccine’ for
each age group. Meantime, both the greater experi-
ence with, and the higher genetic purity of, the
‘47× passaged’ A/Leningrad/134/47 indicate this
should be the vaccine of first choice in continued
development.

Likewise, firm agreement on which type B master
strain will be used to prepare ressortant vaccine
strains for use in tri-valent vaccines must be made,
to avoid confusion in interpreting studies where the
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Table 5. Key unanswered questions or missing information about Russian cold-adapted vaccines needed to support
their use outside Russia in pre-school or school-age children

A. Questions related to the cold adapted ‘master strains’ of 47× passaged A/Leningrad/134/57 and B/USSR/60/69

1. What is the margin of safety (reactogenicity) and effectiveness (immunogenicity) of such vaccines when adminis-
tered at maximum possible dose to sero-negative or sero-positive healthy school-aged children? This would help
ensure there are minimal risks, as well as possible opportunities to increase performance, in the event that materials
available for manufacturing and quality control outside Russia result in higher titer vaccines than have been normally
evaluated. Higher infectiousness without loss of safety might further argue against the need to consider using two
doses of vaccine.

2. Are the pathogenicity and immunogenicity in the ferret animal model constant for reassortant cold-adapted vaccines
derived with different wild-type strains and the 47× passaged cold-adapted master strains of A/Leningrad/134/57 or
the B/USSR/60/69 master strains, and do the reassortant vaccines resemble the cold-adapted parent viruses? This
would provide confidence in the reproducibility of the methods for laboratory preparation of reaasortant vaccines,
and facilitate rapid licensing of new reassortant vaccines each time they were needed.

3. What is the reactogenicity of reassortant cold-adapted vaccines derived from 47× passaged A/Leningrad/134/57 and
B/USSR/60/69 ‘master viruses’ compared to blinded placebo control when administered to large numbers of sero-
negative healthy or high risk children of pre-school and school age? This would enhance confidence that prior reports
of safety data are not biased by lack of adequate sample sizes for those most susceptible to infection and illness from
the vaccine. It is possible that mega-analysis of data from prior trials could initially provide this information for
healthy pre-school or school age children, but in general only small numbers of children have been observed whose
actual antibody status at the time of administering vaccine was known.

4. During efficacy studies, what is the attack rate (laboratory confirmed infection and illness with laboratory confirmed
infection) in previously unimmunized school age and pre-school children receiving a single dose of live vaccine, inac-
tivated vaccine or placebo, when analyzed according to the participants antibody levels to the vaccine strain prior to
immunization? This would provide information on the clinical efficacy of a single dose of vaccine, and determine
whether those with low levels of pre-existing antibody reactive with the live vaccine do not respond to immuniza-
tion with live vaccine, but remain susceptible to infection and illness during an epidemic. Control groups given a
single dose of killed vaccine would be useful to help evaluate the advantages and disadvantages of live vaccine in
persons with low levels of pre-existing immunity.

B. Questions specifically relating to use of vaccine derived by reaasortment with cold-adapted B/USSR/60/69

1. What are the details of preparation of this ‘master strain’, and what are its biological properties? Such information
is presently lacking in the English language literature.

Table 6. Questions specifically relating to the nature of the 17× passaged cold adapted ‘master strain’ of
A/Leningrad/134/57

1. What is the genetic purity of the 17× passaged A/Leningrad/134/57 cold-adapted ‘master strain’? If it actually contains
mixtures of nucleoprotein or matrix protein genes then prior data relating to properties of reassortant viruses derived
from it could not be assured to be reproducible with new reassortants.

2. Are then any significant differences in pathogenicity or immunogenicity of reassortant viruses deriving all 6 non-
HA, non-NA genes from 17× and 47× passaged A/Leningrad/134/57 cold-adapted ‘master strains’ in the ferret animal
model, and during sequential passage from ferret to ferret is there any selection for sub-populations of the 17× passaged
strain which contain non-mutated nucleoprotein or matrix protein genes? If so, this would suggest that the 17× passaged
strain may be less attenuated on account of a sub-population of wild-type genes carried in an inadequately cloned
population.

3. Are there any differences in clinical properties of reassortant vacines developed from the same wild-type strain but
using 17× and 47× passaged cold adapted A/Leningrad/134/57 master strains, where each reassortant derives all 6
genes for internal proteins from the cold-adapted parent and each of these genes contains a mutation compared to
wild-type A/Leningrad/134/57? If there are no significant differences, this would also indicate that co-development
of the 17× passaged cold adapted ‘master strain’ does not offer vaccines with clinically significant differences from
the 47× passaged ‘master strain’ except when related to lack of genetic purity of the 17× passaged ‘master strain’.
This would probably be incompatible with licensure of vaccines derived from the 17× passaged ‘master strain’.



derivation of this component varies. Development of
both type A and type B vaccines (and their bivalent
or tri-valent mixtures) should benefit from studies
with the ferret animal model system to verify atten-
uation, immunogenicity and protective efficacy, as an
adjunct to studies in man.

Key specific questions remaining to be identified
about the vaccines are summarized in Tables 5 and
6. Some of the data needs are then expressed in rela-
tionship to the ways vaccines might be considered
for different populations (Appendix 1).

Appendix:  Proposals for potential uses of
Russian cold-adapted live influenza vaccines 
and identification of additional data needs to
support such uses

1. In pre-school and school-age children with high 
1. risk medical conditions

Proposed utilization: As recommended by medical
and public health authorities, annual provision of a
single dose of live vaccine, but requiring two doses
during the first year a child is vaccinated, with an
interval of about 3 weeks or more between doses.

Rationale: An increase of about 20% would be
expected in the numbers of those protected as a result
of a second dose on the first occasion vaccinated. The
extra cost and other burdens of arranging to deliver
a second dose of vaccine is most likely to be accept-
able for children with high risk medical conditions
for which they are receiving regular specialist
medical care. 

Date required: Safety and efficacy of two doses has
been reported in a number of studies by Russian and
joint Russian-US studies of healthy children, but
pre-school children have been studied by Russian
investigators alone. Confirmation of vaccine eficacy
is desirable in groups of healthy pre-school children,
together with data on vaccine safety in high risk
pre-school children. This would allow vaccine to be
recommended for the high risk group as an alterna-
tive to killed vaccine. In defining high risk groups,
it is expected that certain groups can already be
defined for which the medical community supports
the need to protect against influenza. Children with
congenital heart disease, cystic fibrosis etc would be
examples. However, there may be divided opinions
about inclusion of some other conditions as ‘high
risk’, for example reactive airway disease. Before
implementing studies, therefore, a consensus should
be reached with leading pediatricians experienced in
respiratory viral infections, and their colleagues who
treat young children with reactive airway disease,
hemaglobinopathies, immune disorders, metabolic
disorders etc. The most helpful medical criteria
should be used to identify pediatric patients as being

at high risk of severe complications from influenza.
Studies with an appropriate mix of pre-school

children should run for a minimum of two years: in
the first year children should receive two vaccine
doses, in the second year only one. Safety data should
be analyzed separately for children with and without
pre-existing immunity to influenza strains in the
vaccines, to increase sensitivity of identifying reac-
tions. Protective efficacy should also be analyzed
according to pre-existing immunity at the time of
initial enrollment into the study, and if possible
before the second year, to verify whether there are
differences in effectiveness among the two groups
which would suggest live vaccine may be less
suitable than inactivated vaccine in populations
where pre-existing immunity is common. This is
because such pre-existing immunity drastically
reduces the frequency of immunological response to
live vaccine, and could leave high risk children inad-
equately protected against virulent epidemic strains
of virus.

2. In healthy pre-school and school-age children 

Proposed utilization: As desired by parents and as
supported by operators of day-care centers for
children, kindergartens, etc., a single dose of vaccine
could be offered routinely each year, to reduce impact
of influenza among children and to reduce the dis-
ruption in society when working parents must take
time to care for ill children. Due to the high fre-
quency of non-influenza respiratory or other illnesses
in children of this age group, parents would require
education in advance of vaccine use that occurrence
of such illnesses in their children after vaccination
can not be attributed to the vaccine. Keeping records
for each child showing the regular occurrence of ill-
nesses throughout the year might be desirable to
assist this educational component for parents.

Rationale: While a single dose of live vaccine does
have lower immunogenicity than two doses, never-
theless the highest rates of responses to the live
vaccine occur with the first dose given to children
with no pre-existing immunity; thus the greatest cost-
benefit of vaccination of healthy children will occur
with use of only a single dose. It is the apparent
ability of the attenuated vaccine to induce immunity
in > 60% of recipients with low or no pre-existing
immunity with a single dose that represents the
greatest medical advantage of the live vaccine over
inactivated vaccine. Together with its relative ease of
administration and lack of injection-related reactions,
the medical benefit expected from a single dose adds
important credibility to the concept that populations
of healthy children could benefit from this vaccine
who would not accept injections of killed vaccine.

Data required: A minimum 1 year study of the above
approach. Part of the needed data, i.e. efficacy in pre-
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school children, could be obtained by inclusion of a
one dose cohort in the first year of the study defined
in case 1 above. All results (reactogenicity, immuno-
genicity and effectiveness in preventing morbidity)
should be determined according to pre-existing
immunity in all or most of the study participants, and
sample sizes set accordingly. A secondary objective
would be to show lowering of impact on parents of
children in the study.

3. In healthy adolescents and working age adults

Proposed utilization: As desired by school and
college officials, employers, sports teams or other
community groups of individuals who are inter-
dependent on each other, a single dose annually to
reduce the risk of illness and disruption of activities.

Rationale: Similar overall to case 2 above. However,
the frequency of pre-existing immunity to influenza
will often be higher in adolescents and adults than
in young children, and the cost-benefit of vaccina-
tion may be considerably lower except in years when
major antigenic change occurs in an epidemic strain.

Data required: For healthy persons, as in case 2
above, with the additional desirable objective of
documenting reduction in absences of employees
from work during epidemic periods.

4. In adolescents and working age adults with 
1. high risk medical conditions, and in the elderly

Proposed utilization: As recommended by public
health and medical authorities, a single dose of live
vaccine at the same time as a single injection of
inactivated vaccine, in an effort to increase overall
protection of those at highest risk of serious compli-
cations from influenza. This would particularly
include those residing in institutions as opposed to in
their own homes.

Rationale: Whereas inactivated influenza vaccine
provides worthwhile levels of protection, there
remains considerable room for improvement. The
effectiveness of the current inactivated vaccines
probably decreases with advanced age of recipients,
primarily because of diminished immune response
and, particularly for those in institutions, because of
increased exposures to virus during epidemic periods
when outbreaks occur. Induction of herd immunity
within institutions appears possible and is desirable
to reduce the potential for outbreaks to occur among
the high risk residents. 

Data required: Documentation of the practical ability
to administer live vaccine to high risk adults in a way
that is acceptable to them and their care-giver, in
conjunction with inactivated vaccine, and where
adverse events are shown not to occur at statistically
significant rates, including in those with low pre-

existing antibody. Documentation of immune
response rates and effectiveness should also be
analyzed according to prior vaccination history and
pre-existing immunity levels. For example, high risk
adults presently using inactivated vaccine may have
higher levels of pre-existing immunity than the
general population, and lower responses to live
attenuated vaccine. Thus ‘switching’ such persons
from inactivated to live vaccine could be unaccept-
able, and study design should allow this question to
be adressed. 
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