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Concentration of the Virus of Russian Spring-Summer Encephalitis
(RSSE) by Ultrafiltration Through an Agar Ultrafilter

by V. R. OBUHOVA and L. B. MEKLER, D. I. Ivanovskij Institute of Virology,
USSR Academy ofMedical Science, Moscow, USSR

In order to obtain the antigens for the complement-
fixation and haemagglutination-inhibition reactions,
the virus of Russian spring-summer encephalitis
(RSSE) should be concentrated, since it is present
in tissue fluid in but small amounts (5.0-5.5 log LD50
and 1: 128-1: 512 in haemagglutination activity).
The present report describes a method whereby such
concentration can be performed by ultrafiltration
through agar ultrafilters fixed to a solid matrix.0
This method has been used by one of the authors
(LBM) for the concentration and purification of
the viruses of influenza, parainfluenza and measles b
as well as for the concentration of the RSSE virus.
As compared with other methods for the con-

centration of viruses, including ultracentrifugation,
ultrafiltration through Cellophane filters under
vacuum,c, d under pressure,e, f or in a centrifuge,9
or dehydration with the use of Sephadex,h the
method described below has the advantages of
increasing the filtration rate, making possible the
processing of large volumes of virus-containing fluid
(as much as 1 litre or even more in a single operation),
and the concomitant elimination of protein molecules
that are smaller than the virus particle. Furthermore,
the method is simple and relatively inexpensive.

Materials and methods
Viruses. Three strains of RSSE virus were used,

as follows: strain 31, which was isolated in tissue
a Flint, D. A. & Forbes, 0. C. (1959) Manufact. Chem.,

30, 493.
b Mekler, L. B., Frizuk, S. G., Demidova, S. A. &

Naumova, V. C. (1965) Acta Virol. (In press).
c Aronson, T. (1957) Scand. J. clin. Med., 9, 95.
d Kochi, J. (1961) Chem. Listy, 55, 1229.
e Laussen, H. H. (1955) Acta Pharmacol. Toxicol., 11,

353.
f Franek, F. (1961) Chem. Listy, 55, 1080.
g Gendon, Ju. Z., Lorin, B. D. (1957) Lab. Delo, 11, 45
h Flodin, P. (1962) Dextran gels and their applications

in gelfiltration, Uppsala, Pharmacia.

culture by Gaidamovid and his co-workers i from a
blood sample taken from a patient and maintained
in tissue culture; and strains 144 and 145, which
were isolated by Cirkin J in the Krasnoyarsk
region of eastern Siberia in 1962 and passaged five
times in mice.

Tissue culture. Primary chick-embryo culture was
grown for 2448 hours in Hanks' balanced saline
solution, with the addition of 10% bovine serum
and antibiotics, after which the culture was inocu-
lated with the virus. Parker's medium 199 was used
as the maintenance medium, and the fluid from the
infected cultures was harvested on the third or
fourth day after inoculation and centrifuged for
30 minutes at 2500-3000 rev/min to remove the
cells.
Immune sera. Immune sera were obtained by the

immunization of rabbits and white rats. The rabbits
were given 10-ml doses of a 10% suspension of
infected mouse brain. These injections were given
alternately, intramuscularly and intra-abdominally,
weekly for five weeks. The rats received 2 ml of
the infected tissue culture material intramuscularly
and 1 ml intracardially one week later.

Haemagglutination and haemagglutination-inhibi-
tion reactions. These tests were performed with
goose red blood cells on polystyrene plates.k, I

Borate buffer (pH 9) was used as the diluent for
both the antigen and the antiserum. All sera were
treated with kaolin for the elimination of inhibi-
tors.k, I

i Gaidamovi6, S. Ja., Titova, N. G., Dorofeyeva, Ju. I.
& Medveda, G. I. (1964) Vop. Virus, 3, 346.

J Gaidamovic, S. Ja. & Cirkin, Ju. M. (1964) Acta Virol.,
8, 243.

k Clarke, D. N. & Casals, J. (1958) Amer. J. trop. Med.
Hyg., 7, 561.

I Ananyan, S. A. & Pivanova, G. P. (1960) Vop. med.
Virus., 6, 16.
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268 NOTES

SCHEMATIC REPRESENTATION OF AN APPARATUS FOR
THE CONCENTRATION OF VIRUSES, USING AN AGAR

ULTRAFILTER

Infectivity titrations. The median lethal dose
(log LD50) was determined intracerebrally in mice,
in the usual manner.

Agar ultrafilters. The agar ultrafilters that were
used in the concentration process described herein
are prepared as follows: A Chamberland 13 filter
is immersed in an 0.2% solution of agar in distilled
water at 90°C-95°C until it is saturated with agar
(that is, about 20-30 seconds), removed from the
solution, and allowed to dry at 37°C for 18 hours.
This method of preparing agar ultrafilters has been
described in detail elsewhere.a, b

The filtration apparatus. The ultrafiltration appa-
ratus in which the agar ultrafilter is used is repre-
sented schematically in the accompanying figure.
The tissue culture fluid, which contains the virus at
low concentration, is placed in the uppermost
vessel (A), whence it flows downard, under negative
pressure from an oil or water pump, into vessel B,
which contains the prepared agar ultrafilter, mounted
in the stopper of the receiving vessel of a Seitz
filter (C). The virus is concentrated on or above the
surface of the filter in vessel B, and the ultrafiltrate
descends into vessel C. Vessel D contains silica gel
and is connected to the oil or water pump that pro-
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CONCENTRATION OF RSSE VIRUS BY ULTRAFILTRATION 269

vides the negative pressure. The relationship between
the volume of the concentrate and the volume of the
space between the filter and the walls of vessel B
indicates the degree of concentration of the virus.

After the removal of the concentrate from
vessel B, a large amount of the virus concentrate
and haemagglutinin will remain on the walls of the
filter. This material may be recovered by adding
Parker's medium 199 to vessel B, which is then
incubated for several hours at 4°C. The eluted
material that is recovered in this manner may be
added to the virus concentrate.
With this procedure, ultrafiltration is performed

at about 13°C or 14°C. The speed of filtration
ranges from 100 ml to 150 ml per hour. It should
be noted that the apparatus is entirely self-contained,
thus ensuring the sterility of the process.

Results and discussion

One of the authors (VRO) had used dialysis
against concentrated sucrose solution for the
concentration of RSSE virus.m This process was
unacceptably slow (only 0.1 ml/cm2/hour) and was
accompanied by the saturation of the solution with
sucrose. Likar and his co-workers n have described
the ultrafiltration of viruses under vacuum through
a Cellophane membrane (Ultrafilter 6300, LKB,
Sweden), and were able to attain tenfold to one
hundredfold elevations in the concentration of
haemagglutinin. However, the hydrophobic proper-
ties of Cellophane have kept the rate of filtration
to only 0.5 ml/cm2/hour. The use of hydrophilic
polymers in the preparation of membranes permits
increases in the filtration rates.0° p, q
With the use of agar filters for the concentration

of viruses, it has been shown that, by changing the
concentration of the agar, one can produce an
ultrafilter that not only ensures the concentration
of the virus, but eliminates proteins whose molecules
are smaller than those of the virus particles.b In
other words, ultrafilters of this type retain the virus
particles but permit the protein molecules to pass.

m Gaidamovic, S. Ja. & Obuhova, V. R. (1965) Vop.
Virus No. 3, p. 362.

n Likar, M., Buckley, S. M. & Clarke, D. H. (1962)
Virology, 18, 647.

o Tovarnizkij, V. I. & Glucarev, G. P. (1951) [Ultra-
filters and ultrafiltration], Moscow, Medgiz, page 14.

P Bechold, H. (1906) Z. Koll., 1, 107.
q Bechold, H. (1907) Z. Biokim., 6, 379.

The accompanying table summarizes the results of
eight different attempts to concentrate RSSE virus
and its haemagglutinin with the use of agar filters.
Inspection of this table reveals that, in each of the
eight experiments, the concentration of the haem-
agglutinins was greatly increased, with recovery
being more than 1000% in four instances. In one
experiment (No. 3), the haemagglutinin partially
passed through the filter.
The same phenomenon of the increase in the

recovery of haemagglutinins has been encountered
in the ultrafiltration of allantoic fluid that has been
inoculated with influenza virus.b It is not yet clear
whether this phenomenon is associated with the
elimination of inhibitors during the process of
ultrafiltration or with this disruption of the virus
particles and the liberation of haemagglutinins.
By means of chromatography, Smith & Holt r

have been able to separate the haemagglutinins of
arboviruses of the A and B groups into two classes,
infectious and non-infectious. These investigators
have suggested that the non-infectious haemagglutin-
ins are either the precursors or the products of
the degradation of virus particles. (Similar data
have been reported by Gaidamovic & Duan Suang
Myou.8) In either case, it would appear that the
haemagglutinin particle cannot be larger than the
infectious virus particle. The data presented in the
table are consistent with this hypothesis. Indeed,
in most of our experiments (No. 2, 4, 6, 7 and 8 in
the table), we have found that increases in the
concentration of haemagglutinin were associated
with increases in the concentration of infectious
virus. The presence of infectious virus in ultra-
filtrates in which no haemagglutinins could be
detected (as occurred in experiments 2, 4, 5 and 8)
may be attributable to the low sensitivity of the
haemagglutinin reaction.
One haemagglutinin unit appears to correspond

to 103 LD50. In experiment 3, it was found that the
ultrafiltrate, which had an infectious titre of 102
LD50, contained haemagglutinins. In this case,
however, there may have been a partial loss of
activity, although this method of concentration
usually ensures a good preservation of infectivity.

r Smith, C. E. A. & Holt, D. (1961) Bull. Wid Hlth Org.,
24, 749.

8 Gaidamovic, S. Ja. & Duan Suang Myou (1963) Acta
Virol., 7, 377.


