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[-Following is tne translation o1f an article by Ai. Si
iiovokhatskiy and L. A. Mishin, institute of Virology ,
imeni D. I. ivanovskogo, aDU JS , ivoscowv, published'
in the Russian-language periodicJl voprosy Virusoloiii
(±roblems of Virology), o 5, 1968 .p. 6-6--b 71
was submittad on 20 Nov 1967. /

The missions of practical virology require the further study
and development of simple and sufficiently effective methods tor The
cultivation of viruses. These requirements are answered to a! known
degree by the method, developed after the discovery of the principle
of fermentation dispbrsion of tissue, of cultivation of viruses in
suspensions of trypsinized cells L, 7, 11, 147. Suspensions! of
primarily trypsinized fibroblasts of chick embryos were used with
success for tue cultivation of viruses of fowl plague, tick-borne
encephalitis, Newcastle disease, vesicular stomatitis, Aueski, vaccine,
and equine encephalomyelitis _/2, 15, 147.

We studied the peculiarities of multiplication of virus in
suspension on a model of VBE - fibroblasts of chick embryos, Using
a unit, which was developed in our institute, for the deep cultiva-
tion of cells. This unit makes it possible to aerate the culture
with a mixture of air with a set percentage of carbon dioxide:*

iaterials and i.ethods

The cells, fibroblasts of chick embryos (FCE), we.e obtained
with the help of the conventional metnod of trypsinization from
10-11 day old chick embryos. as a rule the cells were diluted in
a medium of the following composition: 0.5% solution of lactalbuinin
hydrolyzate (45%), medium No 199 (45 o), heated bovine serum
and 100 AU/ml each of penicillin and streptomycin.

We used the virus of Venezuelan equine encephalomyeliti6 (V;)
which had preliminarily undergone a number of passages in monolayer
cultures of fibroblasts of chick embryos.

The culture was infected by means of introduction into ,the

prepared cellular suspension of specific amounts of an approppiate
dilution of virus-containing fluid in Hanks solution. In thel tests
for studying the dynamics of accumulation of virus we used tn follow-
ing method: the suspension of cells was centrifuged for 10 n nutes
at 1600 rpm, the supernatant fluid was removed, and the cells were
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FiC~ure 2. Main arrangement of' the unit for deep cult ivation;-

resuseended in virus-containing fluid. &"tter contiact for 30'minutesat 370 the cells were again precipitated by centrifuging, was~edthree times with Hlanks solution, adiltdnfrsntrie~t maedium,
up to the required density, A sample taken at this moment we~s
ta'9:en as 0 hours.

In taie wiork we used the semi-autoyaatic sytem for suspensioncultivation of cells of the batch type (Fig. 1) The main arranae-
ment of the unit is shown in Fig* 2.

The culture vessels ware beakers (1) maade from molybedn umglass which were equipped with a connecting piece with a tap f'ordecantation of suspension and a fluoroplastic cover with coriroctin,pieces, two of which serve for switching in the eirculatincg systenm
of aerations and the third for the sterile admission of fresk4
nutrient medium from vessel 5,
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For mixing the suspension a floating paddle magnetic stirrer
made from molybdenum glass is used. The lifting force of the[
szphurical "loat presses the upper end of tue stirrer shaft to a
conical screw mounted in the center of the cover which fulfilLs
tao role nf a thruot bearing. To tao lower portiun of thoe flbat
is welded a frronaagnetic rod wiiich is armored with glass. Thie
stirrer is evolved from a standard magnetic driving gear, while
both rotation and centering of tae lower end of the stirrer rela-
tive to the vessel is ensured by the magnetic field. A distinctive
feature of t:7e stirrer is tfe absence of rubbing parts in the
liqula with effective mixing, which is conditioned by the presence
of t - paddles. For aeration of tiie suspension a h' ?metic circu-
latinr sys tema of tao closed type is used. It ensures the contin-
uous flow of sterile air, with a set concentration of CO2 over the
surface of the suspension. Circulation of the gaseous mixture is
ensured by an air micropump (4) with a regulatable capacity from
0.1 to 2 1/main. The retuired concentration of C02 is ensured by
an apdaratus of automatic regulation, the pickup of which is
included in the aeration system. ?reliminary establishment of the
reqaired percentage of C02 is done with the help of a special; reg-
ulator within limits from 1 to lU/. All the elements of the'
apparatus are calculated for prolonged continuous operation.

Cultivation was carried out for the most part in a volu~me of
500-700 ml. The sus.ension was mixed by various metnods: by a mag-
net placed in the bottom of the vessel (stirrer system), by ai magnet
suspended on a chain (spinner system), and by a paddle stirrer. if
in tiie tests a unit for deep cultivation was used, then the rate of
rotation of the stirrer varied from 180 to 250 rpm. The culture was
aerated continuously wIta air or a mixture of air and carbon dioxide
in sot proportions with a rate of flow of gaseous mixture under the
culture of 400 ml/min. The temperature was maintained constantly
at around 370. Samples were taken after specific intervals o time,

. ot the suspension was determined by a change in the color !of the
.enol red indicator, and in necessary cases data were controlled

by pctentiometric indices. The amount of cells in 1 ml was calculated
in a Goryayev chamber., Living and dead cells were differentated
by susceptibility to staining with Trypan Blue.

Results

For the purpose of determining the required in-itial parameters
a nuifber of preliminary investigations were carried out. The, results
of a study of the survival of FCI cells in suspension showed ithat
under tho selected conditions a sufficiently high density and via-
bility of the culture w~s ereserved for the first l:- days (Fig. 3).
Already in several hours after the onset of cultivation the cells
had rounded off, and by 6 hours began to oonglomerate, initially
by 4-6-8 cells and then more, so that by 18-24 hours up to 50/j of
the cells were found in aggregates, the viability of which corresponded
to the viability of the culture as a whole. By this time large
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Fig. 3. Dynamics of changes in Fig. 4. Dynamics of change' in the
the population of FCE cells in a pH under various conditionsi of
suspension in noninfected and aeration.
VEe virus infected culture. Noninfected culture: I - aeration
Noninfected culture: 1 - total with air, 2 - air and 1.5% 002;
of cells, 2 - living, infected infected culture:. 3 - aeration with
culture; 3 - total of cells, air, 4 - air and 1.5% 002; O -

4 - liging. absenae of aeration; 6 - variable
(a) 10 cells/ml; (b) days. regimen of aeration. I

(c) hours.

solitary light cells were revealed in the culture. Formation! of
aggregates did not drop even with the intensive mixing of the paddle
stirrer at a rate of rotation of 250-270 rpm. On trie 4-5th day
of cultivation the aggregates were disintegrated -.s a result of the
death of a portion of their component cells. At this same tike
solitary cells began to degenerate.

Throughout the entire experiment a settling was nozed o a
considerable amount of cells on the walls of the culture vessel along
the edge of the meniscus. The rate of formation and density bf this
cell ring always corresponded to the viability of the culture.

The change in the pH of the FOE culture at a density of! 3.5 * 10
cells in 1 ml and aeration with air with 1.5% C02 is shown in' Figure
4 (curves 1 and 2). Blowing through of a raixture of air with 1..'
C02 did not protect the culture from acidulation, and aerationa with
aii at a rate of flow of 400 ml/min maintained the pH within bfitimum
limits.

The stab."ty of the virus at 370 in the medium usod under con-
ditions of oonstan" mixing was compared with the stability of, tho
virus in an immobile cell-less medium, The results of the experiment
are shown in Fig, 5, Inactivation of the virus during mixing takes
place considerably more rapidly. While in the immobile riedium at 370

5.
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FiC. 5. Dynamics of inactivation Lcurle 6. Dynamics of accumulation
Of V.L.z virus in an irmobile medium of V~virus in a suspen ion cul-
(1) and with mixing (2). ture of iCr; cel.ls (density of pop-
Legend (both figures): (a) - ulation 3 * l0u cells in2. ml)
.FU/mi'; C's) - hours, at a maultiplicity of inf . ction. of

0.00002 i'FU/cell (1) and 2 PFU
cell (2).

in 24 hours the infectinG capacity of virus is reduced by .- 1J.9,

in 24 hours with constant mixing it was reduced by 2.5-3.5 l'G.

i.n a comarison of ite various methods of mixinc; it turned out
that whrln usinG the spinner syst~m or the paddle stirrer the -level
of virus was approximately the s-;n.e. As a rule the stirrer cizilture
yielded less of an output of vi~rus. I

Dynamics of multipliction of VU' virus in a suspension., of
cells. For studying the dynamics of accuiaulaion of virut two

parallel cultures (density of population 2.5 * 10 cells in 1 ml)
were infected with a multiplicity of infection of 2 and 0.00002 ?FU/
cell (Fig. 6). A lowering of the infecting capacity of virus! a
noted in the first 3 hours, then the isolation of virus increasd
aimost exponentially from 4 to 9-10 hours in the case of a igh
multiplicity of infection and from 6 to 22-24 hours with low', nul i-
plicity. The maximum titers in the pirst case comprised 44 l0
FU/ra, and in the second - 2.1-. 1v PFU/ml. In both cases tr n 48
hours an expressed lowering was noted in the titers of nfectnG
capacity of the virus.

The acceler ted loierin in the amount of clls in the nfected
cpature appe Ard in 24 hours aftr th inoculation of virus, iowover,
z.i viability of the cells beGan to drop muich earlier and at c~onsid-
ur, bly ,.oro expressed tenpos. Figure 2 shows tile dynamics oil ciiange
in a culture after infection with a massive dos of virus. .O ro-

latos, existing for a long time in an infectd culture# disinterated
.nd died already by 24-32 hours. The cell rin on the wall of the
vessl was weakly expressed and easily disinteGratqdo ChanGds caused
in a culture by infection of virus with low mltiplicity, di ered
only by the greater lenGthiness in timeI

6.
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Table 1

Multiplication of the 'T 2 virus in suspensions of chick e ,bryo
fibroblasts during various concentrations of cells and a various
multiplicity of infection.

Ko..,.t- IIOC). CTI'H.o=b . YJT.HP D,, y
pa-o e- "I , p

Tok 6 1 I141K1L4NI * 01*a AI C RO 3
(V MAI A A) I in OLIcemnca) 24 aca

I ! 2,55. 107
0,000001 3.I07

2 "5 5.10'
0,00005 2,.I0'

5 0,1 3,7 10"
0,00001 810'

7 0,4 1.10'
0,0004 1.10'

10 2 2,7. 10'
0,0001 4,4.101

Hey: (a) Concentration of coils (in million/rml); (b) i"ultiplicity
of infection (in PFU/cells); (c) Titer of virus (in FU/ml) after
24 hours.

Idlultiplication of V virus in suspended cultures of FC;
cells of various density. The concentration of cells varied from
1 to 10 e l0 cells in 1 rl. In each experiment we studied the
multiplication of virus with a multiplicity of infection differing
by 4-5 orders.', The data obtained are cited in Table 1. The best
results were achieved with moderate densities of cell population
of 2-7 . 106 cells in 1 al. Under th(.so conditions the virus
accumulated up to titers of 8 - 108-2 * lO 9 ?FU/J in 24 nours.
The titers of virus at a low multiplicity of infection continually
turned out to be higher than during infection with a massive dose.

Comparison of productivity of VMi virus under various condi-
tions of cultivation. Table 2 shows the maximum titorsobtained in
a number of tests for a Given concentration of cells for 1 ml -

medium, of accumulation during the ap.)lication of the roller, sus-
pension, and stationary cultivation. Sterxain2 fro~m the data cited
the approximate harvest of virus per 1 cell was calculated. It
turned out that the lowest was during its incubation in suspension,
and the highest was in monolayer stationary culturus. Durin6 I any
method of cultivation the rreatest productive capacity of virus vis
noted at a concentration of 1.5-3 • lO cells in 1 iLa of iediwua of
accumulation.

p:I of the susponsion durinG various conditions of aeration of
the culture. Figure 3 shows the results of measurements of p:1 of
the suspension in various periods of cultivation of both infotod
cells and those not infected with virus. In the described series

7.



Tabloo 2

cutvat o- v-, viu 1o coil (FCL--) undier various condition3 off

o MAh~C T11?p1A O)I714n.o, yJtmnoagu Pe3 24 4ac a pyICa (a CPCAmeto~ (a hOL"A , S OEPlimoa)

CUa11oi1aPaeUA Mono0CA0of 0.3 4.10 1O 3330,5 7.104 1400()0.8 1.3-100 1625 1748
0 1,5 4.10' 2633

am 1.0 7.6-106 760Poi.wp1,5 9.100 600
3.0 6.5.100 2166 12810 ~ 50 8.10' 1600

2.0 2.1-100 1050
C Q5,0 8.100. 160c &I,3I'11 7,0 1-101' 143 34910:0 A 4.100 44

IKey () Typo Off cultivation; (b) Density off cells Der I. m.n. 106;(OT - u titers in 24 hours (in I ?U/l )(d avs iu(in ??-'-U/cell); (e) Aiverage; (f) Stationar; monolayer; (G) Roller;(h) Su -pension.

off toszs the dons- ty off population comprised 3 . 106 cells ina 1 ml#1U.)t21c'ty or A'notio- - 2 O~FUI call, andi mixin, and aeration worei Corif rmty wit'h tao rog~xlon described above, '.1iile tbLow
~i;~i of )taura air±t '=aintaireci the ~ioff a noninfocted suspensl on'1:ido 0.ti'unlimts(1)p the presence off l.5 . of C02 in ai -rasous:ix.a-Lxr quizl rp',dly led to a iuvorl.n;o a t #in Lne aswico off aeration an 'AnffoctoL culturv ulroady in sovorallium- .).-oducod imtonsivo aCi''dulation of the maediizi (6). In -,io QasoOff blowvii' tdirou,:,h off puz'o cors t:o- an inffcctec. cultur'L ( i) tile*of' taio susdons."on in the coreo or fIncubation increased1 1 ly by O. 04 h hs "l;&.L~acrovwth kfn the isola..~ o2 v-rus was coniaoted withi a rnoticoas)le acidulation off thle~~ .~ub-oquently as a result or the@ douth of colls t.io ison a quite ;-i:il lovol. 31oviin throuch off a 1.5,4 CO.,*do:j UzLon soweiwat docroasod uie initial alk- i!"ation off %iaclur,.), (drn ,4rolon-ed cultivation ttio 1-4 a rdcQ o68C.:n~cin trio concentration off carbon dioxide 4.n the asoous ~tr60 0'. CO02 during tho first 6 hours. air up to 24 hours, aLnd, "f ftartaer. aintolzfCeOAof the culturo rtas necoo..ry, .p C02 , made it pp33ibleto maintain the pH in satisfactory li.riia without ahArp fluctuations*



Discussion

The multiplication on VI. viruL in susension3 of try :inlzcd
10C' cells is subordinated to the s jo cnor_. *.rinci)los wich are
characteristic for Its devolo;-,cnt iii -. onola-yrcr cultures of t;ese
cells. The use of a suspension culture -.akes it possible to
achieve a considerable econormy of ti,;o, nutrient xaedia, an labor
excndLture. Since the -roatest density and viability of cell
populution is noted in the first hours of cultiwtion, t.en tis
method can be used with -re-t success for the incubatioin of viruses
with a short cycle of development. .y multiplying tae virus con-
siderably speeds up tao death of the culture and curtails tlic process
of survival of cells to several hours. The nigher the multiplicity
of infection the more significant this is.

The influence of multiplicity of infection on the maxi:nia
titers of virus apparently has the same mechanism which .;-as noted
by us for roller cultures, but less expressed. It is necessary to

add that with a low multiplicity of infection the cells in 10-14
hours are able to become somewhat adapted to existence in a sus-
pension and increase the production of virus. A certain incre.se
in tlie yiold of virus following infection with srAll doses in sus-

pensions of trypsinized cells has been described for the virus of

fowl plague (6) and poliomyelitis 7. As a rule for suspension
cultures a considerable scattering of data and a certain inconstancy
of results are characteristic for surviving cells.

The fact that, based on yield of virus for 1 cell, suspension

cultures give in considerably to the method of monolayer cultures

has been noted many times by many authors on various cell and virus

models [5, 7, 8, 10, 13, 14, 137. From our point of view it is
insufficient to explain this phenomoncn just by the pnysiolo'sical
state of cells in suspension, thus conditioning a lesser production
of virus by each cell. In suspensions of onlok fibroblasts oven
when using a large mltiplioit of infection a considerable amount
of noninfocted cells romain / On the other hand destruction of
the virus in a suspension proceeds very intensively. Finally, tho
method of cultivation of viruses in su3pOnsioM of trypsinized cells
is not near as d6velo. ed as teo method of their multiplication in
monolayer cul ;urcs,

One of toi most important factors w:nich determine tie succoss
of suspension cultivation is the maintenance of o_.t4i.u p , valuo3.
Acidulation of the medium sharply speeds up th-, death of viro1os,
meanwhile a shift. of pH to the acid side increases by 2-4 ti:e4
the activity of inhibitors of bovine serum. A correct ro,-Inr.n of
aeration makes it dossible to simply and effectively rogula te "ao
reaction of the mediuA, Thera is Interest in the nature of tho
curve for onAnge of pH durinG aeration of a culture with alr (soe
Fig. 3, curve 3), which is apparently eonnected with tne cycle of

.. .. . .. . .. ._ ... . , , , ,, .. - .. ..



reproduction of thne virus. The initial ove:alhalinity of the medium
was probably conditicn "d by tne active removal, by the stream of
air, of the volatile ;roducts of cell metabolism (CO2 in particular)
which wore formed as a result of the activation of energy processos
of t,-.o cells under the influence of virus infoction. A subsequent
lovorin- o- hI,. takes jlace due to th -:reator accu:mulation of ion-
volatile acid substances, it is :inl.y cleir liberation vihich! ham-
.prs ti:e maintenance of pH by the :retaod of aeration with high; con-
centrations of cells,

We ?roose the follouinL optir: u etod for the accelerated and
economical obtaining of VL virus in the uz.it for deep cultivation.
2C- cells, obtained b, means of trypsLnizaton of 10-11 day chick
embryos are washed once with ianks solution, they are diluted in a
mixture of medium !o 199 and 0.5 solution of lactalbunin hydrolyzate
(1:1) to a density of 3-3.5 • l0' cells in 1 .l, and 5 -- 7 of' heated
bovine serwu and antibiotics (100 ,U/ml each of penicillin and strepto-
mnycin) are added. The suspension of cells is placed in a culture
vessel and the virus is introduced on the basis of l0-4 and 10 "

?i-U/coll. The temperature of incubation is set at 370C, rate of ro-
tation of the stirrer is around 200 rpm, tand flow of gaseous mixture
is 400 ml/mln; the pH is mintained by the corresponding regimen of
aeration, which is selictod dopendin3 on conditions; gassing for 24
hours with l.ebS Co or -assinL for the first 6 hours with 3.5-4,,
CO O with subsoqueni blowin" trouCh o2 air for up to 24 hou;:s. During
cultivation in closed voss-ls w1ithout aoration (spinner system for
oxanple) it is necessary to select the correct ratio of liquid and
gaseous phases (1:10-1:20) or to use cottom plugs, add soda ,period-
ically, etc. in 24 hours the culture is re.ovod and the suspension
contri .ugod at 6,000 g for 5 min. Infectious titers of virus and
supernatant liquid reach 101 27U/ml. The entire process of produc-
tion of virus occupios 26-28 hours.

C onclus ions

1. The unit for deep cultivation can be used succossfully for
t.Ae .ltiplicatton of viruses in a suspension of trypsinized cells.

2. it h 4 Adononstrated tat the effeot'venoss of repro-
ductLon of virus is determined by the :wlziplicity of infootion, con-
aontration of cells in the susP.son, and tn- reim~n of aeration.

. 0,pti=mt zecimoloaical conditIons have aoon dovelo.ped for
t.o Accelerated obtainin; of lare quantities of a representative of
.roup ., arbova'uses.- the VL. virus.
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