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METHOD OF INCREASING HEMAGGLUTINATING AND INFECTIVE ACTIVITY OF ARBOR 
VIRUSES IN TISSUE CULTURE 

Voprosy Virusologii  (Problems In Virology) A.I. Rezepovt, 
(?) V.D. Neustroyev, 
Pages 618-623 T.A.  Salagova* 

At present    we know of preparation of hemagglutlnating and 
complement fixing antigens of a number of arbor viruses the medium 
for    which were different forms of tissue cultures  [,  6,  8-10],    In 
particular antigen of tick-borne encephalitis virus  for RIHA [reaction 
of inhibition of hemagglutlnation] was obtained in a culture of both 
priamry and transferable cells  [1,  5].      To prepare Japanese »ncephalltis 
antigen we used primary cells of chick embryo fibroblasts and a culture 
of sheep embryo kidneys  [2-4].    However,  the hemagglutlnating activity 
of RHA  [reaction of hemagglutlnation] preparations was lower than the 
activity of antigens obtained from mouse brain and en the average 
corresponded to 1:128-1:236 dilutions. 

In order to obtain diagnosticums with greater activity different 
methods have been proposed to concentrate the antigens. V.S. Kokorev  [9] 
using the method of open evaporation of part of the culture medium 
obtained    tick-borne encephalitis  diagnostician that agglutinate goose 
erythrocytes  in dilutions up  to 1:40,000.     There are also known methods 
of  concentrating hemagglutinins  using    calcium phosphate columns or 
cellophane bags   [7,   11], 

The above-mentioned methods    for concentration are unsuitable in 
production for the purpose of obtaining large volumes of a preparation. 
Our ob jective was  to develop a simpler and more convenient method of 
concentrating antigens  that  could be used in production. 

*Moscow Scientific Research  Institute of Viral Preparations 
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Material and Method 

In these tests we used group A and B viruses, according to the 
Casals classification.    Slndbis and Chikungunya were chosen from group A 
and West Nile and tick-borne encephalitis: Sofia (isolated in the Far 
East),    Khipr (Isolated in Czechoslovakia) and No 1691 (lsoalted In the 
Urals) strains were selected from group B. 

To Infect    separating flasks a brain virus-containing suspension 
was prepared In a dilution of 102 and it was centrifuged at 2,000 rpm 
[revolutions per minute]  for 20 minutes.    Depending on the size of the 
flasks   0.2 to 2 ml [milliliters] of virus-containing suspension was 
decanted in each.    For accumulation of virus and hemagglutlnins the flasks 
with tissue culture were placed In an Incubator at 37°. 

Infectivity titer of the viruses was determined by their cytopathic 
effect on a transferable culture of swine embryo kidney cells (SPEV-44). 
Each dilution of virus in a dosage of 0.1 ml was decanted Into four test 
tubes with tissue culture having a solid monolayer of cells.    The tubes 
were Incubated at 37° and inspected dally under a microscope to detect 
auy cytopathic effect.    Final consideration of the results of titrating 
tick-borne encephalitis and West Nile viruses was performed on the 6th-7th 
day,  for Chikungunya virus on the 5th day.        Titration was performed by 
the method of Seed and Muench.      In the case of total degeneration of the 
cells the cytopathic activity of the virus was rated as +,  lack of 
degeneration as -, mild destruction as +-. 

In order to obtain hemagglutlnins of tick-borne encephalitis, 
West Nile and Chikungunya viruses three-day cultures of transferable SPEV- 
44 cells and mouse inebryo Hbroblaats, MDE-14, were used in the test.    From 
the primary cultures we used chick embryo fibroblasts  (FKE) which were 
infected with Sindbia virus.    FKE, SPEV-44 and MED-14 tissues were cul- 
tivated in Sous or Povltskaya flasks, on the basis of 4*106-4*10c cells 
per ml of nutrient medium.    Medium No i99 tdth 10% ox serum served as the 
growth medium.        The flasks with cell cultures were placed in an 
incubator at 37°.    Prior to infecting the cultures with virus the 
nutrient medium was poured off and replaced with medium No 199 with 2.5-5% 
cattle serum. 

Rats weighing 150-200 grams were immunized intraperitoneally with 2 
2 ml of antigen, three times at 7-day intervals.    Three weeks later the 
animals were exsanguinated and the serum was examined In the RIHA   for 
presence of antibodies.      First nonspecific inhibitors of agglutination 
were removed with a 0.5% susoeusion of kaolin in accordance with the 
current standard method. 

Hemagglutinating activity of the viruses was determin ,d in the RHA 
which was run In a volume of 0.8 ml (0.4 ml of an-igen 4 0.4 ml erythro- 
cytes).    The RIHA was run with the same volume (0.2 ml serum, 0.2 al anti- 
gen, and 0.4 ml erythrocytes).      In the reactions we used an 0.5% suspen- 
sion of goose erythrocytes.    The suspension was prepared on buffer 
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solutions, pH 6.2 for tick-born«    encephalitis virus, pH 6.4 for West 
Mile encephalitis virus, and pH 5.6-5.8 for Chikungunya and Sindbis viruses. 
Erythrocytes were precipated at 4° in the reactions with tick-borne 
encephalitis and West Nila virus, and at 18" for Chikungunya and Sindbis 
viruses. 1 

Results | 
1 

Efforts to increase production        of tick-borne encephalitis j 
virus hemagglutinins    began by increasing the infective virus dosage | 
and decreasing the volume of maintenance medium in which the hemagglu- 
tinins accumulated as well as by changing the quantity of cells in the 
flasks. 

In a series of experiments that determined the relation between 
infective dosage and hemagglutinating activity it was demonstrated 
that infection of the flasks vith virus in dilutions of 1:100 to 1:100,000 
did not affect hemagglutinating activity of the diagnostician for tick- 
borne encephalitis virus.    A drop in hemagglutininttiter could only 
be observed after introducing a very small infective dose. 

It must be noted that a 2-4-fold decrease in hemagglutinating 
activity occurred against a background of total degeneration of the 
cells, however,    it was also possible to detect a sharp decrease in 
hemagglutinln titer    in the presence of an inadequate cytopathic effect 
of the virus.    Cell infection with virus in a dilution of 1:10    was not 
performed because    we did not want to introduce any significant amount of 
mouse brain tissue in the culture antigens.    Thus,    the    method involving 
increase in quantity of virus in the inoculum for the purpose of 
increasing hemagglutlnin production turned out  to be unsuitable 

p (Figure 1). 

jjk In the next experiments we decreased the quantity of maintenance 
H medium and used the same dose of virus  for Infection.    As seen in 
§|-• Figure 2,  a three-fold decrease in quantity of medium led to an 

eight-fold increase in hemagglutinln titer.    Therefore in subsequent 
I tests with different arbor viruses      an    amount of maintenance medium 
if UittL would cover the cells with a thin layer of liquid    was added to 
L the flasks with tissue cultures.    Thus,  iu the Rous  flasks no more than 
W: 50-60 ml of medium No 199 was used. 
ft 
tin addition to concentrating hemagglutinins by reducing the 

amount of maintenance medium, we    tried to obtain more active diagnostician 
§by Increasing the quantity of hemagglutinins in the same volume of 
maintenance medium.    For this, immediately after appearance of the first 
signs of cytopathic    effect from tick-borne encephalitis, West Nile and 
Chikungunya viruses  in SPEV-44 cells  (4th day for the first two viruses 
and first for Chikungunya)  the entire nutrient medium from the flasks 
along with the cells suspended    in it were decanted into new flasks with 
the tissue culture from which nutrient liquid was first removed,  i.e. 
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Figure 1.    Relation of hemagplutinin titer to virus dosage used 
'  * to Infect a cell culture 

Legend: 
U) cytopathic effect of virus rated as + 

PTA) hemagglutinatlon 
+-) vagus cytopathic effect 
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Figure 2.    Relation of hemagglutinin titer to volume of 
maintenance medium 

Legend: 
a) volumes 

the first decanting of virus-containing culture    fluid was performed. 
The cell cultures thus infected (first passage of the virus) were 
kept in an incubator until signs of cytopathic effect appeared. 
Similarly the virus-containing fluid was    decanted a second time and a 
second passage of the virus into flasks with tissue cultures was per- 
formed.    The Table gives the results of experiments on virus concentration 
by means of successive passages. 
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Relation of hemagglutinating activity to number of passages 
in tissue culture 
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Legend: 
a) virus 
b) tissue culture 
u) passage 
d) basic 
e) Sof«in 
f) Khipr 
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1 

1:256           j           1:511 
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g) West Nile 
h) Chikungunya 
i)  Sindbis 
j)  SPEV-4A 
k) MED-14 
1)  FKE 

1:20« 
1 

Mote: in the numerator — hemagglutinating activity of the virus; 
in the denominator — day of appearance of marked cytopathic effect; 
dash indicates test was not performed. 

An Increase in hemagglutinating activity was noted in all of :h* 
viruses studied both after the first and second successive passage. 
Regardless of the initial titer, there was a 4-16-fold rise In hevagglu- 
tlnin titer. It must be noted that in the case of a high level of 
hemagglutlnlns following Initial infection, the hemagglutinating activity 
cf virus-contslning culture fluid after the second passage corresponded 

- 5 - 



to the activity of antigens prepared from mouse brain.    Further passages 
of the virus led to a decrease In hamRgglut lasting activity and total 
disappearance of hemagglutinin» by the 6rh-7th passage. 

Along with an Increase in hemagglutinating activity of tick-borne, 
encephalitis, West Nile and Chikungunya viruses «re also observed a rise 
in Infective tlter which, however, was   found only after the first passage. 
In the second passage, In spite of the Increase lr quantity of hemaggluti- 
nins (Figure 3), the infective tlter of the virus usually diminished. 
This suggests that upon Initial infection and in the first passage 
using the above-described method nutrient components, the quantity and 
composition of which are sufficient to maintain vital activity, reach 
the   virus-producing cells.     As the number of passages increases 
there is accumulation of products of cellular metabolism which have an 
adverse effect on hemagglutinin production.    Apparently, maximum accumu- 
lation of hemagglutlnins occurs at a time when satisfactory conditions 
prevail for cellular vital activity.    Presumably these conditions corres- 
pond to the second passage.    The reason for a discrepancy       between 
hemagglutinin dynamics and infectious tlter in the second passage is 
prbably related to the fact that the infective titer is determined by 
the quantity lof living virus within s given segment of time, while the 
hemagglutinin level is related f> the sum total of living rod dead viral 
particles. 
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Figure 3. Relation of Infective and antigenlc activity of tick- 
borne encephalitis (a) and West Nile encephalitis 'b) 
viruses to number of virus passages in tissue culture 

Legend: 
1) infective activity of virus 
2) antigenlc activity of virus 

(serun titers In RIHA) 
c) CPDS8 Milliliter 

d) RIHA 
e) mala 
f) ...th passage 
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An Increase In hemagglutinln production after the first passage 
In tissue culture was also observed upon infecting MED-14 cells with 
different strains of tick-borne encephalitis virus and IKE «ells with 
Slndbis virus (see Table). 

It is interesting to note that «hen performing the successive 
passages the time of appearance of viral cytopathic effect   varied. 
After the flrar. aid second passage of West Nile and tick-borne encephalitis 
viruses degeneration generally occurred sooner.    Thus,   *.*hile tick-borne 
encephalitis virus upon initial infection induced cellular destruction on 
the fourth day, >»ad the first pasaage it induced it on the 2nd djiy, and 
after the second passage on the first or second day.      He failed to observe 
acceleration of the cytopathic effect of Slndbis and Chikungunya viruses 
since even upon initial infection the cellular monolayer was destroyed 
within 24 hours.    Perhaps acceleration of the cytopathic effect of these 
viruses was measured in hours. 

In subsequent experiments a study wes made of the antigenic activity 
of the virus-containing culture fluid from different passages.    In RIHA 
tests with rat sere the titer of antihemagglutnlne obtained afttsr Immuni- 
zation with culture fluid from the firat passage was 2-4 times higher 
(see Figure 3), in animals immunised with fluid from the second passage 
it was the seme as the titer in serum obtained after Immunization with 
the initial material.      The increase In antigenic activity of virus- 
containing fluid at the level of the first passage corresponded to the 
increment in quantity of infective virus. 

This method of enriching culture fluid with hemagglutlnlns by 
means» of successive passages is offered for production of cultural hemag- 
glutinating diagnosticum of tick-borne encephalitis virus and a number of 
group A arbor viruses.    The activity of preparations obtained by this 
method is within dilutions of 1:512-1:2,048. 

Conclusions 

1. A relation was established between hemagglutinating activity 
of a numbsr of arbor viruses and volume of tiasue culture maintenance 
aediusi. 

2. A method is proposed to increase hemagglutinating activity of 
viruses by enriching the culture fluid with hemagglutlnlns by means of 
several consecutive passages. 

3. It was demonstrated that this method can also increase the 
infective and antigenic activity of viruses. 
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From this study, the authors reached the following conclusions: 
(1) A relation was established between heoagglutinating activity of a 
number of arbor viruses and volume of tissue culture fcaintenar.ee medium« 
(2) a method is proposed to increase hemagglutiusHng activity of viruses 
by rf.rich.ing the culture fluid with heoagglutinating by seans of several 
consecutive passagesr and (3) it was demonstrated that this method can 
also increase the infective and antigenic activity of viruses. 
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