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Attempts to Increase the Yield of Influenza Virus
from Stored Infected Allantoic Fluids*
N. VEERARAGHAVAN, M.B.,B.S., D.Sc.' & T. SREEVALSAN, M.Sc.2

The deposit or precipitate formed after storage at - 20°C of allantoic fluids infected
with influenza virus contains a considerable amount of the virus. It has been found that by
treatment of this material, after thawing, with sodium chloride and subsequent purification
o.f the treated fluid, all the virus originally present can be recovered, thus ensuring against
loss of virus and irregular titration results. The authors describe in detail the method
developed, which should prove useful in large-scale production of influenza vaccine when
the material has to be stored in the deep-freeze for some time.

INTRODUCTION

Virus-infected allantoic fluids which have been
stored at -20°C for some time and then thawed
may show a fine precipitate or coarse deposit, the
amount being dependent to some extent on the
period of storage and the frequency of freezing and
thawing. The presence of the precipitate seems to be
associated with a fall in the haemagglutinin titre of
the supematant fluid. On investigation these
precipitates have been found to contain considerable
amounts of virus. Sometimes the virus content
of the precipitate exceeds that of the superna-
tant, thus accounting for the irregular results on
titration.

Studies were undertaken to recover the virus
present in such fine precipitates and coarse deposits.
It has been found possible to recover all the virus by
using appropriate concentrations of sodium chloride.
The method employed for the recovery with sodium
chloride and for the purification of fluids treated
with sodium chloride are briefly summarized below.
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production sponsored and financially assisted by the Govern-
ment of India.
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MATERIALS AND METHODS
Virus
Five antigenically representative strains were

selected for the study. They were: (a) PR8 (type A),
(b) FM1 (type Al), (c) PAR (non-avid A2),
(d) Gilbert (avid A2) at low (second) egg passage
(LEP) and high (12th) egg passage (HEP) levels, and
(e) Crawley (type B).

Infected allantoic fluids
These were prepared according to the method

described by Veeraraghavan & Sreevalsan.1 They
were stored at -20°C for various periods and used.

Sodium chloride treatment
Virus pools were mixed with equal volumes of

double the desired final concentration of sodium
chloride (NaCl) in distilled water, blended in a chilled
Waring blendor, kept at 4°C for 90 minutes and then
centrifuged at 3000 r.p.m. for 5 minutes. The super-
natant constituted the treated fluid.

In some experiments, the deposit alone was
treated instead of the whole pool. For this the pool
was centrifuged at 3000 r.p.m. for 5 minutes and the
deposit homogenized in a chilled Waring blendor
with NaCl solution of the desired concentration in a
volume equal to one-tenth that of the original pool.
The mixture was kept at 4°C for 90 minutes and then
centrifuged again at 3000 r.p.m. for 5 minutes. The

1 See the article on page 695 of this issue
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TABLE I
EFFECT OF VIRUS STORAGE ON HAEMAGGLUTININ TITRES

HA titres on storage after:

Virus I month 2-3 months 6-8 months 1 year

Pool Supernatant Pool Supernatant Pool Supernatant Pool Supernatant

PR8 192 128 256 128 128 64 256 128

FM1 96 64 96 24 96 24 256 96

PAR 512 384 768 384 768 512

Gilbert (LEP) 192 96 512 384 128 64 384 256

Gilbert (HEP) 2 048 1 536 1 536 768 3 072 1 536

Crawley 256 256 384 192 256 128 128 64

upernatant was collected and the precipitate dis-
carded.

Concentration and purification procedures
The high-speed centrifugation, red cell adsorption,

methanol precipitation, aluminium phosphate (two
cycles) and zinc hydroxide methods employed for the
concentration and purification of the viruses were
the same as those described by Veeraraghavan &
Sreevalsan.1
The efficacy of the methods was assessed on the

basis of haemagglutinin (HA) and virus titres and
total nitrogen values as described in the paper cited
above.

RESULTS

Effect ofstorage

Haemagglutinin titres. Pools of infected allantoic
fluids of different strains of virus, stored at -20°C,
were taken out at various intervals and thawed, and
the haemagglutinin titres of the pools after mixing
and of the supematants after centrifugation were
deterniined. The results of one experiment are
presented in Table 1.

It was found that there was a fall in titre in the
supernatants clarified by centrifugation. This
appeared to be related to the period of storage.

Virus titres. The virus titres of some pools after a
month's storage were determined. The pools were
mixed in a blendor and then centrifuged at 3000

1 See the article on page 695 of this issue.

r.p.m. for 5 minutes. The virus titres of the mixed
pool as well as the supernatant after centrifugation
are given in Table 2.

It will be seen that there was a loss in the virus
titre in the supematant after centrifugation, indicat-
ing the possibility of the virus having settled with
the deposit.

Effect of different concentrations of NaCI

Action of NaCI on pools. The use of 0.14 M NaCl
solution buffered with sodium phosphate to pH 7.0
or of 0.01 M sodium citrate buffered to pH 7.4 in the
extraction of nucleic acids led us to investigate the
possibility of utilizing this method for the recovery
of influenza virus from the fine precipitate or deposit
in fluids stored at - 20°C. Preliminary experiments
showed that when NaCl solution buffered with

TABLE 2
EFFECT OF STORAGE ON VIRUS TITRE

Log TCID5o/ml after one month's
Virus storage

Pool Supernatant

PR8 6.17 5.63

FMI 5.17 4.83

PAR 6.83 6.38

Gilbert (LEP) 7.00 6.83

Gilbert (HEP) 7.17 6.50

Crawley 4.83 4.63
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TABLE 3
EFFECT OF VARIOUS CONCENTRATIONS OF SODIUM

CHLORIDE AND SODIUM CITRATE
ON HAEMAGGLUTINATION TITRES OF INFLUENZA

VIRUS POOLS

Final concentration of:
HA titre a

Sodium chloride Sodium citrate

0.10 M 0.01 M 192

0.14 M 0.01 M 192

0.50 M 0.01 M 256

1.50 M 0.01 M 256

0.14 M 0.02 M 192

0.14 M 0.04 M 192

0.14 M 0.08 M 192
0.14M 0.08M 192
0.14 M 0.10 M 192

a HA titre of original pool = 192.
HA titre of supernatant = 96.

sodium citrate was mixed with an equal volume of
virus pools, it was possible to recover some of the
virus. Therefore investigation was made of the
effect on the virus pools of various concentrations
of NaCl buffered with 0.01 M sodium citrate and
different concentrations of sodium citrate with a
final concentration of 0.14 M NaCl. The results of
one experiment are given in Table 3.

It was found that the results with higher con-
centrations of NaCl and 0.01 M sodium citrate were
better than those obtained with 0.14 M NaCl and
various concentrations of sodium citrate.

In view of the above finding the experiment was
repeated, using various concentrations of NaCl with
and without 0.01 M sodium citrate. The results are
presented in Table 4.
The data indicated that the increase in haemag-

glutinin titres was due to the action of NaCl alone
and that the addition of sodium citrate was not
necessary. It was also found that when NaCl alone
was used the best results were obtained when the
final concentration was either 1.25 M or 1.5 M.
The results of several experiments with infected

allantoic fluid pools of different strains of virus
indicated that NaCl in a final concentration of
1.25 M or 1.5 M increased the haemagglutinin titres
of the treated pools by about 50 %-100 %.

Experiments also showed that there was no dif-
ference in the haemagglutinin titres when the virus

was first blended in a Waring blendor and then
treated with NaCl or when NaCl was added first and
the mixture blended.

Action of NaCI on deposits. In order to determine
the effect of NaCl on deposits the virus pool was
centrifuged at 3000 r.p.m. for 5 minutes, the super-
natant removed and the deposit homogenized with
the same volume of 1.25 M NaCl. After keeping for
90 minutes at 4°C, the mixture was centrifuged and
the supernatant removed. The haemagglutinin (HA)
titres of the original pool after mixing, of the super-
natant after first centrifugation and of the treated
deposit were determined. The results of one experi-
ment were:

HA titre of pool . . . . . . . 128
HA titre of supernatant . . . . 96
HA titre of treated deposits . . 128

These results indicated the possibility that the
virus present in the deposit was dispersed into the
NaCl solution.

In order to determine the optimum concentration
of NaCl for treatment of deposits, 5-mil lots of a

TABLE 4
EFFECT OF SODIUM CHLORIDE ALONE AND WITH
SODIUM CITRATE ON HAEMAGGLUTININ TITRES

OF INFLUENZA VIRUS POOLS

Final concentration of:
HA titres b

Sodium chloride Sodium citrate a

0.10 M 0.01 M 64

0.50 M 0.01 M 96

1.00 M 0.01 M 96

1.25 M 0.01 M 96

1.50 M 0.01 M 128

1.75 M 0.01 M 96

2.00 M 0.01 M 96

0.10 M ... 64

0.50 M ... 96

1.00 M ... 96

1.25 M ... 128

1.50 M ... 128

1.75 M ... 96

2.00 M ... 96

a ... = Not added.
b HA titre of original pool = 64.
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TABLE 5
ACTION OF VARIOUS CONCENTRATIONS OF NaCI

ON DEPOSITS

Final concentration of NaCI HA titre

0.14 M 48

0.25 M 48

0.50 M 48

0.75 M 48

1.00 M 64

1.25 M 96

1.50 M 96

2.00 M 96

virus pool were centrifuged and the deposits treated
with 5 ml of different concentrations of NaCI solu-
tion. The haemagglutinin titres of the supematants
were determined. The results are presented in Table 5.
The data indicated that concentrations of NaCl of

from 1.25 M to 2.0 M gave good results.
Relative efficacy of the action of NaCl. In order to

determine whether the action ofNaCl on the deposits
was selective, four 50-ml lots of the same pool were

centrifuged and the deposits collected separately.
They were ground separately in 25 ml of, respectively,
(a) 0.85% NaCl; (b) 0.1 M phosphate buffer, pH 7.0;
(c) Hanks' balanced salt solution (BSS); and (d) 1.25
M NaCl. The mixtures were centrifuged and the
haemagglutinin titres of the supernatants determined.
The results are given in Table 6.
The finding suggested that NaCl had a selective

action on the virus present in the deposits.

TABLE 6
RELATIVE EFFICACY OF THE ACTION OF NaCI

Total HA recovered from deposits in:
Total HA Total HA

in in 0.1 M
original super- 0.85 % phosphate Hanks' 1.25 M
pool natant NaCI buffer BSS NaCI

pH 7.0

9 600 3 200 3 200 9 600 6 400 19 200

Another interesting observation was that the NaCl-
treated material, when stored, retained its original
titre of haemagglutinins. On prolonged storage,
some fine precipitate was formed and settled down
at the bottom but the clear supematant contained all
the haemagglutinins.

Method of haemagglutinin recovery from stored
infected pools

It was found that two methods could be used to
recover all the haemagglutinins from infected pools
containing deposits: either treatment of the pools
with an equal volume of 2.5 M NaCl to give a final
concentration of 1.25 M of the salt; or, secondly,
grinding the deposit separately in 1.25 M NaCl equal
to one-tenth the volume of the pool and adding it to
the supernatant of the pool. The haemagglutinin
titres of (a) the original pool, (b) the supematant after
centrifugation, (c) the deposit treated with 1.25 M
NaCl, (d) the mixture of supernatant and treated
deposit, and (e) the whole pool treated with 2.5 M
NaCl were determined. The results with represen-
tative strains are given in Table 7.

TABLE 7
HAEMAGGLUTININ TITRES OF NaCI-TREATED MATERIALS

HA/ml of:

Virus Original Supernatant Deposit treated Supernatant Pool treated
pool of pool with 1.25 M NaCI +of pool with

+deposit 2.5 M NaCI

PR8 1 024 768 3 072 1 536 1 024

FMI 2 048 1 536 12 288 4 096 3 072

PAR 2 048 1 536 12 288 3 072 3 072

Gilbert (LEP) 768 384 4 096 1 024 1 024

Gilbert (HEP) 3 072 2 048 16 384 4 096 3 200

Crawley 512 384 4 096 768 512
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TABLE 8

HAEMAGGLUTININ AND VIRUS TITRES OF NaCI-TREATED MATERIALS

Pool Supernatant of pool Deposit treated Supernatant of pool
Virus with 1.25 M NaCI + deposit

HA/ml [ log TCID5o HA/ml log TCIDso HA/ml log TCIDso HA/ml log TCID5o

PR8 1 024 6.83 768 6.63 3072 7.63 1 536 7.50

FMI 2 048 6.17 1 536 5.83 12 288 6.63 4 096 6.50

PAR 2 048 7.63 1 536 7.38 12 288 8.38 3 072 7.83

Gilbert (LEP) 768 7.50 384 7.17 4 096 8.17 1 024 7.83

Gilbert (HEP) 3 072 7.63 2 048 7.38 16 384 8.17 4 096 7.83

Crawley 512 5.83 384 5.63 4 096 6.38 768 6.17

The data showed that the results obtained by
treating the deposit with 1.25 M NaCl and adding it
to the supernatant were better than those obtained by
treating the pool with 2.5 M NaCl.

Haemagglutinin and virus titres of NaCI-treated
material

The haemagglutinin titres and TCID50 per ml of
(a) the blended pool, (b) the supematant of the pool
after centrifugation, (c) the deposit treated with one-
tenth the volume of 1.25 M NaCl, and (d) the
mixture of the supematant of the pool and the
NaCl-treated deposit were determined. The results
with different strains are given in Table 8.

It was found that with the strains tested the
haemagglutinin and virus content of the super-
natants were lower than those of the original pools
and that treated deposits yielded a considerable
amount of haemagglutinin and virus. Also, the
haemagglutinin and virus yields of the mixture of
supernatant and the treated deposit were greater
than those of the starting material in all cases. These
results further indicated that NaCi in the concentra-
tion used was not deleterious to the virus.

Recovery and purification of virus from NaCi-treated
material

Attempts were made to recover the virus from
pools treated with 1.25 M NaCl using ultracen-
trifugation, and the red cell adsorption, methanol
precipitation, aluminium phosphate and zinc hydrox-

ide methods. It was found that with the concentra-
tion of NaCl used all the above methods except that
employing zinc hydroxide gave very poor recovery
of haemagglutinins. With the zinc hydroxide
method the haemagglutinin recovery was good but
the virus titres of the resulting material as well as the
haemagglutinin content per mg of nitrogen were
very poor. Hence this method was considered
unsuitable.

In view of the above findings the NaCl concentra-
tion of the treated materials was brought to 0.85%
by dilution with distilled water and attempts were
made to purify the virus by different methods.
Preliminary experiments indicated that the haemag-
glutinin and virus recovery was good but the volume
of material to be processed was very large.

It was found that this difficulty could be circum-
vented by treating the deposit alone and adding the
treated material to the supematant of the pool. The
pool to be processed was centrifuged at 3000 r.p.m.
for 5 minutes and the supernatant was separated
out. The deposit was blended in a blendor with
1.25 M NaCl solution equal to one-tenth the volume
of the pool. It was kept at 4°C for 90 minutes and
then centrifuged at 3000 r.p.m. for 5 minutes. The
second supernatant was collected and added to the
supematant obtained by centrifugation of the
original pool. The resulting material could be
processed by any of the methods mentioned above.
The haemagglutinin recoveries, TCID50 titres and
the haemagglutinin and TCID50 per mg of nitrogen,
employing different methods with representative
strains, are given in Table 9.

3
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The data indicated that the relative merits of the
different methods of purification employed were
similar to those described by Veeraraghavan &
Sreevalsan,' who found that irrespective of the
method used there was some loss in the virus
recovered, the degree of loss depending on the strain
of virus and the method of purification. But, with
the use of NaCl treatment as suggested above, it
was possible to recover the entire haemagglutinin
and virus content.

DISCUSSION

The data presented indicate that the loss in
influenza virus titre after storage at - 20°C may be
due to the formation of fine precipitates or deposits
and is related to the period of storage. Stanley 2 has
shown that the virus could be purified by freezing
and thawing and extraction of the deposit with
phosphate buffer.
Our investigations showed that the haemagglutinin

and virus content of the deposits was considerable,
and that treatment with 1.25 M NaCl was selective
and superior to the other methods tried for recover-
ing the virus present in the deposit. The results
indicated that the virus recovery was better by
treating the deposit separately with 1.25 M NaCI
and adding it to the supernatant than by treating the
pool with NaCl in a final concentration of 1.25 M
NaCl. The total yield obtained by treatment of the
deposit with 1.25 M NaCl was 50 %-100%higher
with all the strains tested.

It was possible to purify the material (obtained by
treating the deposit and adding to the supernatant
of the pool) by the aluminium phosphate method
(two cycles), ultracentrifugation with and without
methanol precipitation and the red cell adsorption
method.

It was found by Veeraraghavan & Sreevalsan 1
that irrespective of the method employed there
was a loss in virus recovery, the degree of which
depended on the strain of virus and the method of
purification employed. But, with NaCl treatment
and subsequent purification by any one of the
methods suggested, this loss could be made good.
This should prove useful in large-scale production of
influenza vaccine where the material has to be stored
for some time.

See the article on page 695 of this issue.
Stanley, W. M. (1944) J. exp. Med., 79, 255.
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RItSUMIt

Lors de leur liquefaction apres une certaine periode de
sejour A - 20°C, les liquides allantoldiques infectes de
virus grippal pr6sentent soit un dep6t grossier, soit un fin
precipit6, dont l'importance varie selon le temps de
conservation et le nombre de lyophilisations et liquefac-
tions successives effectu6es. La pr6sence de ces dep6ts
coIncide avec une baisse du titre des h6magglutinines
du surnageant. En fait, on a reconnu a 1'examen
que ces precipit6s contiennent des quantites conside-
rables de virus, depassant meme parfois celles du sur-
nageant.

Les recherches entreprises en vue de recuperer ces
virus ont conduit a I'adoption de chlorure de sodium,
en concentration appropriee. Les auteurs decrivent la
methode qu'ils ont mise au point. Ils conseillent 1'emploi
d'une solution de NaCl 1,25M, suivi de la purification par
le phosphate d'aluminium (2 cycles), l'ultracentrifugation
avec ou sans m6thanol, la pr6cipitation et I'adsorption par
les erythrocytes. Les pertes devirus sont ainsi minimes.Cette
m6thode pr6sente de grands avantages pour la preparation
de vaccin antigrippal, lorsque le mat6riel doit etre con-
serve a basse temperature pendant un certain temps.


