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Cell culture as a substrate for the production of
influenza vaccines: Memorandum from a WHO
meeting*

Influenza has been a significant public health problem worldwide, with three pandemics during the past
century. Immunization is the most effective measure to control an influenza pandemic. Since rapid pro-
duction of large amounts of influenza vaccine depends on the availability of fertile hens' eggs to grow
the viruses, there is an urgent need for the development of alternative cell culture systems, which would
allow rapid scale-up of production in the event of a pandemic. This WHO meeting discussed the results
of studies from several laboratories on the cultivation of influenza viruses in stable cell lines, and made
recommendations for further work.

Introduction
During the past century, there have been three pan-
demics and many epidemics of influenza which have
caused considerable morbidity, mortality and social
disruption. Immunization is the most effective
measure for prevention and control of influenza, in
both pandemic and interpandemic periods. Several
features of influenza vaccine, however, set it apart
from most other vaccines; some of these features may
jeopardize influenza vaccine production, particu-
larly during a pandemic.

During interpandemic periods, annual evaluation
is needed to update the component vaccine strains
since circulating influenza viruses undergo relatively
rapid and unpredictable antigenic change. Because
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the vaccine is updated each year and because immu-
nity induced by the vaccine wanes, annual immu-
nization against influenza is recommended for indi-
viduals who are at increased risk of serious
complications from an attack of influenza. In some
countries, the number of individuals who are at
increased risk of complications is large and, there-
fore, vaccine companies must rapidly manufacture
sufficient doses of vaccine for use during only one
influenza season, which must be administered about
2-3 months before the season. At present, influenza
vaccines are produced in embryonated hens' eggs
and large numbers of high quality fertile hens' eggs
can only be obtained by careful advance planning,
which starts nearly a year before the vaccines will be
used. Unfortunately, flocks of chickens producing
these eggs are susceptible to disease and natural dis-
asters so that the supply of eggs can be uncertain,
even in the interpandemic period.

In the event of an influenza pandemic, a supply
of high quality fertile hens' eggs would be necessary
for any realistic prevention and control programme.
However, since pandemic strains of influenza virus
may appear and spread at any time, even before the
normal schedules for vaccine production, sufficient
quantities of high quality fertile hens' eggs may not
be readily available to produce specific vaccines.
Furthermore, there is likely to be a limited time peri-
od between the initial identification of the new pan-
demic strain and when large numbers of doses of
vaccine would be required for use in many countries
worldwide, a period that is unlikely to be sufficient
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to obtain enough fertile eggs to meet the demand for
vaccine.

Thus, there is an urgent need to develop alterna-
tive cell culture systems for influenza vaccine pro-
duction which, unlike fertile hens' eggs, would not
require planning a year in advance and would not be
affected by avian diseases. Such systems would have
a clear advantage during a pandemic situation since
there would be greater flexibility to start up and
increase vaccine production at short notice. Advan-
tages can also be identified for cell culture systems
during the interpandemic period, such as the possi-
bility of producing supplemental vaccine, should new
variants be detected after vaccine strain selection has
taken place, and having a better match with the cir-
culating viruses since egg-mediated changes in the
haemagglutinin would not occur.

The main aim of the consultation was to discuss
the possibility of using cell cultures as substrates for
the production of influenza vaccines and to analyse
the results from several laboratories on the cultiva-
tion of influenza viruses in stable cell lines.

Virus yields
Embryonated hens' eggs are traditionally considered
to be the system of choice for the production of large
quantities of human influenza viruses. The virus
yields in the cells lining the allantoic cavity are
higher than in monolayer cultures of susceptible
cells (including MDCK cells) if they are calculated
per unit volume, e.g., PFU/ml or HAU. However, if
the yields are calculated per cell (PFU/cell or
HAU/cell), the virus yields in culture fluids are of
the same order as in the hens' eggs.

Reduction of the volume of culture fluid per cell
might, therefore, increase the yield per unit volume
of influenza viruses in cell cultures. However, the
major glycoprotein of influenza virus, the haemag-
glutinin (HA), has to undergo proteolytic cleavage in
order to become fully functional. The HA of human
influenza viruses cannot be cleaved by intracellular
proteases during the processing. Thus, trypsin or a
trypsin-like enzyme in the culture fluid is mandatory
for the extracellular cleavage of HA.

Kaverin & Webster recently found that influenza
virus replication in several continuous cell-lines is
impaired by the rapid inactivation of trypsin in the
culture fluids (1). The level of accumulation of the
trypsin inhibitor varies in different cultures. In
Madin-Darby canine kidney (MDCK) cells it was
low and did not affect the multicycle growth of
influenza virus under normal conditions. The accu-
mulation of the inhibitor is inversely correlated with

the volume of culture fluid per cell, and also impairs
the extracellular cleavage of HA and abrogated mul-
ticycle influenza virus growth. The trypsin inhibitor
has not been characterized.

Results obtained by Professor Klenk's group in
the course of their studies of A/WSN/33 virus repro-
duction in MDBK cells (2) indicate that there may be
ways to achieve multicycle human influenza virus
growth without the use of proteases. Virus produced
in this system contains uncleaved HA; however,
virus reproduction proceeds in a multicycle fashion
without trypsin because the cleavage occurs during
entry of the virus into the endosome. These studies
(Kaverin & Klenk, unpublished) suggest that in some
sublines of MDCK cells this mechanism may be
operative with a range of human influenza virus
strains. The data presented suggest that multicycle
replication of human influenza viruses in cell culture
can be achieved without the use of extracellular pro-
teases. The use of cell lines with the ability for
"cleavage-on-entry" has promise in this respect.

Another participant, Dr A. Hay, considered the
genes and proteins of influenza viruses which can be
responsible for high-yield production of influenza
viruses in cell cultures. Influenza viruses differ
markedly in their ability to replicate in hens' eggs
and in cell culture. This in part reflects the properties
of the haemagglutinin (HA) and neuraminidase (NA)
surface components, and there are many instances of
the selection of mutations in the HA of human
influenza virus isolates adapted to growth in differ-
ent cellular environments, especially hens' eggs
which may affect antigenicity (3). Since it is impor-
tant that the antigenic properties of vaccine strains
do not differ significantly from those of the original
virus isolate, attention has focused on other genetic
factors which influence the yield of reassortant viruses.

Studies of high-growth reassortants of influenza
A viruses have shown that a combination of several
genes of the A/PR/8/34 master strain promotes opti-
mal growth. The nucleoprotein (NP) and polymerase
components, such as PB2, are important in determin-
ing host range and the ability of viruses to grow in
cells of avian or primate origin. Work over many
years has highlighted the importance of the M gene
(4). Recent experiments using chimaeric M genes
identified the matrix (MI) protein of the WSN strain
as responsible for conferring high growth on reassor-
tants with the A/Aichi/68 strain in eggs and MDCK
cells (5). On the other hand, the second product of
the M gene, the M2 protein, has been shown to be
important for the growth characteristics of virulent
avian influenza viruses in MDCK cells, emphasizing
the importance of complementarity between the M2
and HA proteins. In addition, various, largely
unidentified, cellular factors influence the replication
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of viruses, particularly at the levels of vRNA replica-
tion and splicing of the M and NS mRNAs.

One topic dealt with in Dr Webster's laboratory
was the immunological basis for the differences in
immunogenicity of egg-selected variants differing by
a single amino-acid change in the HA. Single amino-
acid substitutions at residue 156 (Glu-Lys) of the HA
of H3N2 influenza viruses were less immunogenic in
Balb/c mice than influenza virus with a change of
residue 186 (Ser-Ile) of MDCK-isolated virus from
the same clinical sample. Mice failed to induce
protective immunity with the 156 Lys HA variant
and showed a different isotype (IgM) distribution of
antibody-producing cell in the spleen as compared
with mice immunized with the 186 (Ile) variant
that induced IgG antibody-producing cells in the
lymph nodes draining the lung.

Another topic in Dr Webster's report dealt with
the utilization of Vero cells for the replication of
human influenza viruses. Vero cells were found to
support the primary isolation and replication of
human influenza A and B viruses, provided trypsin
was added at intervals after infection. Growth of
influenza viruses to Vero cell lines did not result in
antigenic or sequence changes in the HA protein and
the yields of virus (mg of protein) were comparable
to those in MDCK cells.

Dr Hannoun, another participant, presented data
of studies which were conducted at the Institut
Pasteur, Paris, to test several cell lines and evaluate
their ability for production of human influenza virus
in the preparation of influenza vaccine; BHK (hamster),
Vero (monkey), and MDCK (dog) cell lines were
investigated. Preliminary experiments to test the
media and conditions of culture were performed in
stationary plastic flasks, followed by spinner cultures
using different types of microcarriers for compari-
son. Finally, bioreactor systems in larger volumes
were studied with a continuous flow of fresh
medium and pH regulation. Trypsin was added to
the media during the production phase. Cultures of
Vero cells in Roux or spinner flasks revealed that
the entire process (biomass and virus production) had
to be performed in serum-free media (MDSS2) (6)
in order to obtain rapid high-yield virus production
(HA-titres of 256-512/ml after 7 days). The use of a
special medium, MDSS2, only during virus produc-
tion after biomass production in serum-containing
medium resulted in rather low yields (HA titres of
0-128/ml after 7 days).

As titres did not exceeed 128-512 HA units/ml
and there was a long delay between virus inoculation
and virus production in Vero cells, the MDCK cells,
generally used for isolating new virus strains, were
tested. After modification of the serum-free medium,
rapid and high-yield virus production was obtained

in perfusion reactor cultures of MDCK cells. The
highest yields were by MDCK cells which had been
grown for several passages without serum. Seed
virus was either egg-passaged material, a cell-
culture-adapted substrain, or freshly isolated virus
after only 1 or 2 passages in MDCK cells. Influenza
viruses from different types and subtypes have been
used with equally good results: A(H3N2), A(H3N8)
(equine) and B. Preliminary cultures in stationary
flasks have demonstrated the possibility of obtaining
high titres of virus, as measured by HA production
(as 256 to 512) HAU/ml, using freshly isolated
strains of types A(H3N2) and B (one or two cell
passages only from human samples) from the
1994-95 season, as well as using virus "adapted"
by serial cultivation on MDCK.

Thus, cell lines could be adapted to culture in
serum-free medium and large quantities of virus can
be produced, as measured by haemagglutinating
activity; trypsin is necessary for production. Further
modifications of the conditions of culture, optimiza-
tion of the composition of the medium, and adapta-
tion of viruses may further improve the yields and
fulfil production requirements.

Dr Kilboume's report focused on clone 1-5C-4,
derived by Sugiura & Kilboume (7) from human
conjunctival cell line originally propagated from a
normal conjunctival biopsy (8). Re-investigation of
this clone has confirmed its susceptibility to a variety
of influenza viruses; it is notably susceptible to
A/NWS/33 and its reassortants. Like MDCK cells,
clone 1-5C-4 will support the replication of recent
newly isolated strains of influenza A(H3N2) viruses.
Comparison of 1-5C-4 cells and MDCK cells dem-
onstrated that growth of new influenza virus isolates
was more rapid and the cytopathogenic effect (CPE)
was more extensive in MDCK cells. However, clone
1-5C-4 has some potential advantages and disadvan-
tages. Dr Kilboume believed that clone 1-5C-4
deserved further exploration as an altemative cultiva-
tion system for vaccine production, especially if it
can be shown that the transfer of genes from the
apparently pantropic NWS strain could produce
high-yield reassortants of the appropriate serotype.
He also noted that re-cloning and examination of
clonal variants may be useful when coupled with
optimal trypsin concentration.

As to the possibility of improving the yield of
human viruses in cell cultures in general, Dr Kil-
boume noted that high-yield donor viruses, perhaps
specific for each cell line will probably be required,
as is the case with the egg cultivation system. To
expedite selection of high-yield variants, correlation
of plaque size with virus yield should be sought in
any system. The NWS strain of influenza virus is a
pantropic virus which should be considered as a
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high-yield donor in cell systems. The unusual cyto-
pathogenic influenza B virus NS1 mutant (9) also
should be considered.

Equine influenza vaccine is being produced in
MDCK cells by the Fort Dodge Laboratories (Ms
J.M. Curran). Chick embryo vaccine production was
undesirable owing to questions of product purity,
potency, safety, reliability and cost. Egg inoculation
and allantoic fluid harvest are prone to contamina-
tion. It is impossible to test each egg for extraneous
virus, thus increasing the risk of contamination with
other agents. Significant variability has been encoun-
tered between individual lots of chick-embryo-
produced virus vaccine.

Production in a continuous cell line allows the
use of pretested raw materials and cell pools, as well
as the best sterile operating procedures. The harvest-
ed virus contains less extraneous protein and the
product is very homogeneous and consistent from lot
to lot. For production of equine influenza vaccine on
a MDCK cell line, the high-yield recombinant strain
A/Equi-2/Kentucky/81 (H3N8) was used and all pro-
duction was accomplished in bioreactor systems with
defined medium for cell replication. Conversion of
the influenza vaccine production system reduced
labour cost to 40% of that for the chick embryo pro-
cess and the potency of produced antigen was
improved by threefold. Contamination risks were
eliminated. The procedure substantially reduced the
carry-over of extraneous protein from the production
system into the vaccine. The MDCK line is therefore
a suitable substrate for the production of equine
influenza antigen.

Conclusions
Current production of licensed influenza virus vac-
cines is dependent upon growth of the virus in chick
embryos. This limitation to a single cultivation sys-
tem is undesirable for the following reasons.

(a) The supply of embryonated hens' eggs is
restricted to a limited time of year. This restricts
the manufacture of these vaccines which require
annual revision.

(b) Influenza viruses with pandemic potential may
emerge at any time of year, thus requiring the
immediate and continuous availability of viral
cultivation systems.

(c) There is evidence that influenza viruses pro-
duced in the chick embryo can differ antigenical-
ly from those in the human respiratory tract or in
mammalian cell cultures.

Rapid mass production of influenza vaccines
would be feasible if technology independent of egg
production could be adopted. Production of influenza
vaccine on cell lines appears promising and its
development should be pursued. On the basis of cur-
rent evidence, there are two continuous cell lines
which support influenza virus replication to levels
that are sufficient to be considered for vaccine pro-
duction. These are the Madin-Darby canine kidney
(MDCK) cells and an African green monkey kidney
(Vero) cells.

Recommendations
The following proposals were made to WHO.
(1) To investigate the establishment of an acceptable
reference MDCK cell line as was done with the Vero
cell line.
(2) To organize collaborative studies in order to:
- encourage investigation and testing of additional

cell lines for the replication of influenza viruses;
- develop conditions for optimal growth of cell

lines and optimal yield;
- investigate the yield of haemagglutinin of

influenza vaccine candidates in MDCK, Vero
and other cell lines, including low-passage cell-
culture isolates, but also viruses with high growth
potential which can be used as reassortant master
strains;

- examine the genetic and antigenic stability of
influenza vaccine candidates produced in cell
lines;

- examine, in animal and human studies, the safety
and immunogenicity of cell culture-derived
influenza vaccines.

(3) To establish consultation between international
and national regulatory authorities in order to:
- examine the specific requirements for culture of

influenza virus in MDCK, Vero and other cell
lines;

- explore the feasibility of obtaining cell-grown
isolates suitable for vaccine production;

- consider the need for specific reagents for vac-
cine standardization.
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