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Live Tissue-Culture Influenza Vaccine*
V. V. RITOVA 1 & N. A. EVSTIGNEEVA

With a view to improving the quality of live influenza vaccines (previously passaged on
eggs) in the USSR, attempts were made to obtain vaccine strains of virus by recent tissue-
culture methods.

Strains ofA2 and B viruses obtainedfrom patients in influenza epidemics were isolated
on chick embryos and cultured by serial passage on monkey-kidney tissue or skin-muscle
tissue of human embryos; a variant strain was obtained by further passaging of tissue-
culture virus fluid through chick embryos. These strains all became gradually adapted to
the tissue-culture and were generally stabilized by the 10th to 13th passage.

Intranasal insufflation of the vaccine into volunteers resulted in twofold to eightfold
antibody increases in the great majority and gave rise to almost no reactions.

Lyophilization of the strains with sucrose-gelatin or calf serum ensured the stability of
the vaccines for periods ofup to six months.

The live tissue-culture influenza vaccine widely
used in the USSR has certain shortcomings, one of
which is that considerable fluctuations occur in the
incidence of reactions to the vaccine, even within the
same vaccine batch. At one time a ban was imposed
in the USSR on the passaging of vaccine strains with
the object of avoiding their degradation and loss of
immunogenic properties.2 This was done to obtain
more standard preparations (Zhdanov & Soloviev,
1952). It became evident from further observations
that, while this prevented the production of immuno-
genically weak vaccines, it failed to obviate the
fluctuations in the incidence of reactions. The
vaccine reactions depend not only on the heterogene-
ity of the immunological structure of groups of
vaccinated persons but also on the season of the year
during which the vaccine is administered: in summer
tests in volunteers demonstrated an almost complete
absence of reactions, but in autumn, when mass
vaccination campaigns are usually undertaken, the
same batches of vaccine produced reactions (Fade-
eva, 1953). We think that an explanation of this
phenomenon should be sought in the properties of the
vaccine strains. These strains are usually obtained
by selection from a series of successive passages
on chick embryos of those generations of virus which

* From the Vaccinoprophylaxis Laboratory, Institute of
Virology, USSR Academy of Medical Sciences, Moscow,
USSR (Director: Professor V. M. Zhdanov).

' Head of the Vaccinoprophylaxis Laboratory.
'Unpublished Instructions for the production of influenza

vaccines (1959).

have preserved their immunogenic properties but
lost much of their virulence.
When this method of selection is used, the mini-

mum immunogenic dose and the maximum tolerated
dose are close to each other. If these thresholds
could be spaced more widely, as was done when
developing the poliomyelitis vaccines, this alone
could solve the problem of creating a reaction-free
and at the same time immunogenic influenza vaccine.
During our search for a solution to this problem in
our laboratory we investigated the use of human
tissue cultures for the selection of avirulent immuno-
genic vaccine strains (Zakstelskaia & Ritova, 1953,
1954; Fadeeva & Darienko, 1953). This work
demonstrated that the tissue-culture/chick-embryo
variant of the vaccine proved effective when tested in
volunteers in a comprehensive epidemiological
experiment (Movsesyan, 1953; Samvelova, 1953)
and effected a greater decrease in the incidence of the
disease than the chick-embryo variant of the vaccine
(Zhdanov, 1954).

In the present investigation attempts were made to
obtain tissue-culture variants of vaccine strains of
influenza virus by the use of recent tissue-culture
methods.

MATERIALS AND METHODS

Tissue
Monkey kidney and skin-muscle tissue of human

embryos were used for tissue-culture. The tissue
was subjected to multistage treatment with 0.25%
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TABLE I
ADAPTATION OF INFLUENZA VIRUSES TO TISSUE CULTURES

rissue-culture No. of No. of passages of virus on tissue-culture(andsNo.eofubttle No. of -____ ____-____ ____(and No. of botles |experiments B/59 B/59inoculated) A2/57 A21590 A2l60 (lst strain) (2nd strain)

Monkey kidneys (529) 109 32 39 17 12 16

Skin-muscle tissue
from human
embryos (52) 28 - 8 - 10 -

trypsin solution at 37°C and shaken in an electro-
magnetic mixer for 5-10 minutes. The cellular sus-
pension thus obtained was then centrifuged. The
cells, in the form of a precipitate, were diluted in a
solution of lactalbumin hydrolysate (pH 7.6-7.8)
with 10% calf serum. The cells were counted in a
Goryaev's chamber and 250 000 cells were inoculated
in each ml of nutrient medium. The tissue was
cultivated in 1-litre bottles. Each bottle was filled
with 50 ml of the nutrient medium, containing
12 500 000 cells. The bottles were placed for four to
five days into an incubator at 35°C. The culture was
infected with the virus on the sixth day.
The allantoic culture cf the virus with a biological

titre of 10-8 was used for primary inoculation into
the tissue. Viruses A2 and B were taken with a titre
of 10 3 for infecting the tissue in the amount of 5 ml
per 50 ml of nutrient medium, so that primary
calculations demonstrated that 250 000 cells received
100 infectious units of the virus. The culture fluid,
undiluted and diluted to titres of 10-l and 10-2, was
used as passaging material for tissue-cultures. The
tissue infected with the virus was incubated in the
bottles in a fixed position at 35°C for four to five
days. After being infected the tissue was grown with
Medium 199, without serum.

Virus strains
The work was carried out with strains of the A2

and B groups of viruses. The following strains were
studied: A2/57, A2/59, A2/60, B/59 (lst strain) and
B/59 (2nd strain). All the above-mentioned influenza
virus strains were isolated from patients in our labo-
ratory during epidemic outbreaks of the disease.
Their biological and antigenic properties were
studied in great detail serologically and virologically.

Tissue-culture/chick-embryo variant strain
A 0.2-ml quantity of undiluted culture fluid of

infected cultures was inoculated into chick embryos

10-11 days old. These embryos were incubated at
37°C for 48 hours and the allantoic fluid was then
harvested. This fluid was checked for sterility and
infective and haemagglutinating activity by routine
tests and used as tissue-culture/chick-embryo
variant.

RESULTS

The scope of the work done in the field of the
adaptation of tissue variants of influenza virus strains
is evident from Table 1.
The antigenic structure of the influenza virus

showed no changes regardless of the number of
passages in monkey-kidney tissue-cultures or the
skin-muscle tissue-cultures of human embryos. In
the process of adaptation to tissue-culture the influ-
enza virus acquired certain new biological properties.
Firstly, when the culture fluid reached an infectious
titre of 10- to 10-6 influenza virus, cytopathogenic
action of the virus on the tissue-culture cells was
observed. Secondly, some influenza virus strains
isolated from patients and cultivated in chick
embryos had well-pronounced toxic properties when
white mice were infected intravenously but the strains
adapted to the monkey-kidney tissue-culture had
no such toxicity when similarly inoculated.

Haemagglutinin content and infective titres of
passaged strains
So as to compare the presence of haemagglutinins

in the culture suspension and in the allantoic fluid,
one-stage infection of chick embryos was effected
with the virus-containing culture suspension. In
Table 2 is shown the content of haemagglutinins in
the culture suspension and the allantoic fluid. As is
evident from the table, the haemagglutinin titres in
tissue-culture fluid are lower than in allantoic fluid.
There was no correlation between the titres in the
case of virus A2/60 but there was an indication of
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TABLE 2
HAEMAGGLUTININS AND INFECTIVE TITRES

OF INFLUENZA A2 VIRUS
IN MONKEY-KIDNEY TISSUE-CULTURES AND

IN ALLANTOIC FLUIDS

No. of Haemag- Haemag- Infective
ViEruais passages glutinsue glutinins titre of Cytopa-Vrstrai incutisure in virus thogenictissue- culure allantoic on chick action

cultures suspen- fluid embryossions

A2160 1 0 1:40 10 None

2 1:4 1:80 10-' None

5 1:8 1:40 10'5 Partial

8 1:16 1:40 10-7 Total

12 1: 8 1:80 10-' Total

16 1:64 1:80 10-' Total

B/59 1 1:32 1:40 10-2 None

2 0 1:40 10-4 None

4 1: 64 1: 640 10-' Total

9 1:64 1: 320 10-7 Total

13 1:32 1: 320 10-' Total

14 1:64 1: 320 10-7 Total

16 1: 256 1: 640 10-' Total

correspondence in the case of virus B fluid. The
haemagglutinin titres in the tissue suspensions were
several times lower than in the allantoic fluid, and
were sometimes zero, whereas when chick embryos
were infected with the same culture suspension,
haemagglutinins were present in average and high
titres even in the first passage.
The low levels of titres in the first passages of the

tissue-culture suspension may have been due to the
effect of adaptation of the virus to the tissue-culture
cells, but other explanations, such as fewer cells in
the tissue-cultures than in the egg or the formation
of incomplete virus, are also possible.

In Fig. 1 is shown the general course of virus culti-
vation in the monkey-kidney tissue-cultures. The
viruses used were A2/57, A2/60, B/59 (1st strain)
and B/59 (2nd strain). All four strains were passaged
six times after isolation in chick embryos. The
initial infective titre of the viruses was within the
range of 105-107. When introduced into tissue-
culture, three of the viruses under special study (A2/57
and 2 strains of B/59) showed a drop in titre of
two logarithms, and virus A2/60 showed a drop of
five logarithms in its infective titre in the first culture
passage. Later the titres sometimes increased and

FIG. I
ADAPTATION OF A2 AND B INFLUENZA VIRUSES

TO MONKEY-KIDNEY TISSUE-CULTURE

10

.

a 10c.1

Tissue-culture passage

- Strain A2/60
- Strain A2/57

1W0 2302

Strain B/59 (1st strain)
- Strain B/59 (2nd strain)

sometimes decreased. Strain B/59 (1st strain)
showed a decrease of its infective titre only in the
first passage, becoming stabilized on the third
passage. In all the other strains under study,
stabilization occurred only after 10-13 successive
passages in tissue cultures.

Fig. 2 shows the adaptation of the A2 andB viruses
to human embryo skin-muscle tissue-culture. It is

FIG. 2
ADAPTATION OF A2 AND B INFLUENZA VIRUSES TO
CULTURE ON SKIN-MUSCLE TISSUE OF HUMAN EMBRYO

- Strain A2
_._. Strain B/59
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evident from Fig. 1 and 2 that there is the same regu-

larity in the adaptation of the virus to skin-muscle
tissue-culture as to monkey-kidney tissue-culture.

Thus, influenza A2 virus strains preserved in chick
embryos, after being passaged through monkey-
kidney or human-embryo tissue-cultures, became
adapted to these tissue-cultures and in the process of
propagation became stabilized in one case as from
the third and more frequently as from the lOth-13th
passages. Adaptation to tissue-culture and stabili-
zation depend on the individual biological properties
of influenza virus strains.

Vaccinal properties ofA2 and B strains
During the past three years vaccines have been

prepared from the A2 and B influenza viruses pre-

dominantly circulating in the population. Therefore
we thought it necessary to study the vaccinal pro-

perties ofthe monkey-kidney tissue-culture and tissue-
culture/chick-embryo variants of these viruses before
commencing production of our vaccine. We also
sought to determine whether there was a difference
in infectivity or immunogenicity between the strains.
The observations were carried out on more than

100 volunteers. The vaccine was administered intra-
nasally by a special spray. The dose given was 0.5 ml
of monkey-kidney tissue-culture vaccine or of

tissue-culture/chick-embryo vaccine with infective
titres of 10-7 or 10-6.
Nasopharyngeal washings were taken from each

volunteer 2-3 and 4 days after vaccination. After
treatment the washings were inoculated into five
11-day-old chick embryos. After incubation for 72
hours at 35°C, the embryos were opened and the
presence or absence of virus was determined. The
presence of virus indicated that the volunteers had
been infected.

A2 strains. Table 3 shows the results of immuno-
genicity testing with the two types ofvaccine prepared
from virus A2. No reactions were observed in
either group of vaccinated individuals. The average
infectivity and immunogenicity were noted after
administration of both vaccines.
The virus was recovered from the mucous mem-

brane of the respiratory passages in all vaccinated
individuals within three to four days. Antibody
titre increased twofold to eightfold in 16 out of 20
vaccinated persons.

Since we had the tissue-culture variant ofA2 influ-
enza virus adapted to skin-muscle tissue of human
embryo, we also studied the properties of this parti-
cular variant when vaccinating volunteers. The
results are shown in Table 4. Among the 10 vaccin-

BLE 3

VIRUS MULTIPLICATION AND IMMUNOGENICITY OF MONKEY-KIDNEY TISSUE-CULTURE
AND TISSUE-CULTURE/CHICK-EMBRYO VARIANTS OF A2 INFLUENZA VIRUS

Monkey-kidney tissue-culture variant Tissue-culture/chick-embryo variant

Isolation of virus at Isolation of virus at
Volunteer indicated hours Coeffi- indicated hours CoentM-Nolunteer after insufflation cient of Reactions o. after nsufflation dent of Reactions

48 72 96 - increases l 48 72 96 increases

1 0 + + 2 None 1 0 + + 2 None

2 0 + 0 4 ,, 2 + + + 2 ,,

3 + + + 2 3 + + + 2

4 + + + 4 4 + + + 4

5 + + + 4 ,, 5 + + + 4

6 0 + + 0 ,, 6 + + + 0

7 + 0 + 2 ,, 7 + + + 4

8 + + + 0 ,, 8 + + + 8

9 0 + + 2 ,, 9 + + + 4

10 0 + + 2 ,, 10 + + + 0
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TABLE 4
VIRUS MULTIPLICATION AND IMMUNOGENICITY

OF SKIN-MUSCLE TISSUE-CULTURE OF A2 INFLUENZA
VIRUS

Isolation of virus
at indicated hours Coeffi-Volunteer after insufflation aent of Reactions

48 72 96 increases

1 0 + 0 8 None

2 0 + + 8 i

3 + + 0 0

4 0 + + 2

5 + + + 4 37.40 C
for 1 day

6 0 + + 0 None

7 0 + + 8

8 0 + 0 0 ..

9 + + + 2 to

10 + + + 2 o

ated volunteers, the only reaction was a slight rise
in temperature (to 37.4°C and lasting one day) in
one person.

It was found that the skin-muscle tissue-culture of
human embryo was suitable for the cultivation of
influenza virus. However, the technique of produc-
tion and control of such a vaccine is considerably
more complicated than is the case with the tissue-
culture variant prepared in monkey-kidney cells.

B strains. In Table 5 is shown the infectivity and
immunological activity of two variants of the B
vaccine in vaccinated volunteers. As is clear from
this table, virus was most frequently recovered 96
hours after vaccination was started; this was the
case with both vaccines. Twofold, fourfold or eight-
fold increases in antibody were observed in 17 out of
20 vaccinated volunteers.

It is evident from the material presented above
that the virus adapted to monkey-kidney tissue-
culture with one passage in chick embryos does not
change its immunogenic properties.

Stabilization of vaccine strains

Finally, we studied methods for the preservation
of the infectivity of the tissue-culture variants of the
strains. A number of substances, including calf
serum, sucrose-gelatin and sucrose, were used as

stabilizers.

TABLE 5

VIRUS MULTIPLICATION AND IMMUNOGENICITY OF MONKEY-KIDNEY TISSUE-CULTURE
AND TISSUE-CULTURE/CHICK-EMBRYO VARIANTS OF B INFLUENZA VIRUS

Monkey-kidney tissue-culture variant Tissue-culturelchick-embryo variant

Isolation of virus ' Isolation of virus
at Indicated hours Coefficient at indicated hours Coefficient

Volunteer after insufflation of Reactions Volunteer after insufflation of Reactions
No. antibody No. antibody

48 72 96 120 increases 48 72 96 120 increases

1 1 + + + + 2 None 1 0 0 + 0 2 None

2 0 0 + + 2 It 2 0 + + 0 2 I

3 + 0 + 0 4 It 3 0 0 + + 8 t

4 + 0 + 0 4 4t4 + 0 + 0 2 of

5 0 + 0 + 4 of 5 + + + + 2 f

6 + 0 + - 2 it 6 + + + 0 4 i

7 0 + + 0 0 to 7 + + + + 8 t

8 + + + 0 2 to 8 + + + 0 4 f

9 + + + 0 4 of 9 + 0 + NDa 0 o

10 + + + 0 4 of 10 0 0 + 0 0 37.20C on
3rd day

a ND - not done.
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TABLE 6
VIABILITY OF TISSUE-CULTURE VARIANTS OF INFLUENZA VIRUS STRAINS

IN THE PRESENCE OF STABILIZERS

Strain | Lyophilized Infective Infective titre after lyophilization
Strai Lyo withze titre before- -_ _-_with Iyophilization Immediately I month 3 months 6 monthslyophilization after after after after

A2/60 Cultural fluid 1Ov 10-, 10-2 0 0

Calf serum 10-' 10-' 10-' 10-5 10-l

Sucrose-gelatin 10-' 10-' 10-' 10-' 10-'

B/59 Cultural fluid 10-' 10-' 10-2 10-1 10-1

Calf serum 10-' 10-T 10-' 10-7 10-'

Sucrose-gelatin 10-' 10-7 10-7 10-' 10-'

Table 6 shows the results of preserving the tissue-
culture variants of the strains for different periods
of time in a lyophilized state.

It is evident that sucrose-gelatin proved the best

stabilizer for virus A2 and sucrose-gelatin and calf
serum were best for virus B. The infective titre of the
vaccines remained stable for six months, theirimmuno-
genic properties being fully preserved.

RtSUMt

Des etudes ont ete entreprises en URSS, en vue de la
production de vaccins contre la grippe - virus A2 et B
provenant de passages sur ceuf - sur culture de tissus
(rein de singe ou embryon humain). Les souches s'adap-
terent progressivement 'a ce milieu, avec une rapidite
variant d'une souche 'a l'autre; elles se stabiliserent au
iOe-13e passage sur culture de tissu. Le vaccin anti-A2
fut administre i des volontaires par instillation intra-
nasale. On retrouva le virus dans la muqueuse.nasale
3-4 jours plus tard. Le titre d'anticorps antigrippaux
augmenta de 2-8 fois chez 16 de 20 personnes vaccinees.
Quant au vaccin anti-B, on le recupera dans la muqueuse

nasale 96 heures apres son administration. Chez 17 de
20 vaccines, le titre d'anticorps augmenta de 2-8 fois.
Le virus adapte a la culture de rein de singe avec un
passage sur embryon de poulet ne subit aucune modifi-
cation de ses proprietes antigeniques. Bien que le tissu
d'embryon humain se prete a la culture du virus grippal,
la technique de culture sur ce milieu est plus compliquee
que sur rein de singe.
Apres avoir essaye divers stabilisants, les auteurs ont

choisi le saccharose-gelatine. Une fois lyophilise, le vaccin
ainsi stabilise garde ses proprietes immunogenes pendant
6 mois.
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