> . odP

TRANSLATLION N,

e

DDC AVAILABILITY NOTICE

Qualified requestors may obtain coples of this
Jocument from DDC,

open literat
public.

surchase this
pub it '

'*wx~wwtu Federal

“iﬂﬁg "~ ~f Commerce, Springfield, Va.

! ! e ("\ st
. R Yo “fl{\
D pace o L AL
: distituton i onanpied ~

AQV (L;?3;§;:7_3: ’;Z;é; KQ{?<r7mf, .
Jod Lglric b Fech febnan,

DPUAB L ) A Y,

Maper odiend by the

CLEARINGHOUSE
P bedenal Saente R T hevicaf
int

Tmation Speinghintd Vo JSI5T

=L SR N
DATE: L PES p




Mige Tr
L46
UEITED STATAS ARMY
CHEK¥ICAT CORPS BICLOGICAL LARORATORIBS
PFort Deirict Maryland

A Study of the Development of the Tick-Borne Bncephalitis Virus ip Human
and Animal Tigeus Jultures

by G. D. Zasukhina - the Institute of Virolegy in nasme of D, 1. Ivanovakiy
AMN USSR, Moscow,
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During the past 5-7 years the tissue-culture method hes acquirsd a greal
significancs in viroiogical iavestigztions, Now, ths importent characieristic
of aay virus is not cnly its pethogenicity for laboratory animals, but, also,
{to pathogenicity for tissues in vitro. It is known from the literature that
the tick-borne encephalitie virug propagates readily io chick-emdbryo tissue
cultures according to the Meytlaadov method (1-3), in eultures of human embry-
ende tiseues with plseme {4, 5), and in chick-emdbryo and Hela cell cultures
withoudt plsaems (6},

¥2 studled the adsptation, the intensity of growth, and the ability of the
tick-horpe encsphelitis virus to tnduce s aspecific cytopathogenic effect in
vitro, depending on the type of tiessue. In ocur study of the condition~ of the
virug's raproduction we used tissues of animals that are highly or elightly
susceptible to tick-borne encephslitle; slao uged were connective-tissue and
epithelian elements, both norwal ard malignsnt, and also embryonic or post-
natal tiesuse of humans and s.imals,

The experiments were conductsd with the strain %"Sof'in," which has bdesn
pagsed on in the ladoratory in white mice since 1937,

Plasma culturess were yprepared from the akin-muncle, lung and kidrney
tiesves of a human smbrye, from the skin-muscle tissue of white mice and rats,
and from the tissue of a chick embryo. Monkey and dog kidne; tissuas were
tryr inised. The lnoculation of the plssma culturee was wade 48-72 hours after
the explant; trymsinized cells and Hels cells were inoculated on the &th-7ih
day of growth after a eingle changs of the nutrient mediunsm. The tissue cul-
tures were grown in Bnder‘s medium, or in a medium coneisting of bovine amni-
otic fluid, 40 %, Hank's solution, 40 %, and inactivated bovine serum , 20 %.
In the inoculation of the cultures we were using medium No. 41 according t
Barski, Ender's mediuw, and medium No., 199.

¥y cultivation of the tick-borne encephslitis virus in the various tissue
cultursa we were avle to produce its regular propagstion. The pagsages in the
culture cortaining the akin-muscle tissue of a human embryo were carried out
40 times; in the kidney and lung tissue of the huma. smbryo, in the Hela cells,




and in the chick-embrye, white-mouse and rat tiesuee it was sarvied wut 5-7
times; and in the monkey and dog trypsinized cells it was carried out & iimes.

In tavle 1 are presented ths data from the fifth passage's viral titostlon,
by the method of intracerebral inoculaticn of white mice, in the cultures of the
various tissues,.

As 18 evident from the tuble the virua's msximum {iters were obssrved in
all of the tissues during the 3Jrd-Bth de~ of cultivation. The highest titer of
the v us wag received in the cultures of skin-muscle tissue of a huzmsn ambrys
and in the Hela cells (lg LDsy 6.3-6.5). The titer of (he virus dropped c¢a the
eighth day after imoculation, although the virug retained its visbility in the
tissue cultures relatively long. The virus was dstectsec up to 44 daye after
inoenlatlion into the cultures gf humr smdryonic skin-uscle tissue without
changse of the cultural fluide/ The virue was detect2d in the cultural fluid of
the Hela cells, where the medium was changed svery 3-4 days, on the 25th day
after inoculation. gg ths 40th passage the dilution of the rriginal viral
inoculum reached 107" ; the cumuletive titer in lg LDgg for the micg in an
intraceredral titration amounted to 200.32: ths cumlative titer &/ 3n lg
TTePDgo 1/ was 216.2. These data indicate an intense viral propagation in the
tissue culture. The lowsst viral titers were in the cultures of chick-embryo
lung tissue and white-mouse emdryonic skin-suscle tissue (the 1g D5 amcunted
to 3.0-4.0).

An expresced cytopathogenic effect waz registered in the culiursz of the
human emdbrvzcnic skin-muscle and kidney tissue. There was no cytopathogenic
action detected on the human lung tissue ip vitro. 4 cytopathogenic effect was
observed in the cultures of human skin-musclios tissue from the first pagsage.
The first indications of cellular deestruction could be noted within 1-2 days
with a low-power magnification of a microscope. Cemplete disintegration of the
tissue came later, on the 4-h-5th day. The incubation period of the cytopatho-
genic action was decreased to three days, according to the maasurs of passage.
The train susvpension that was used for the pasesage in the tissue cultures was
titrated in a parallel-test inoculation of tissue cultures and white mice. The
final results of the experiments in the tissue cultures wers read on the 1ith
day after inoculation, and in the mice - on the 21st day. The viral titere in
th$ tissue cultures and in the mice were approximately the same and amounted to
10/, later, ws conducted a comparative titration of the cultural filutd of the
12th passags (table 2).

It is evident from table 2 that the viral titers in the tissue cultures
somewhat exceeded the titere in the amice, but the pattern of the virus accum.-
latioa, with ite maximum relsass into the cultural fluid on the 3Ird-8th day,
persisted.

After the 28th peasage we observed the - aenomenon of the virus's asutointer-
ference. In the tissue culiures inoculatsd with the whole cuitural fluid the
cytopathogenic effect developad at later periods (7th day) and the cells weras
not completely destroyed (the inteneity of degeneration did not exceed { or i)/
In the tissue cultursa inoculated with ditlutions of the cultural ligquid, 1:100
to 1:1,000, an expressed cytopathogenic effect was registered on the third day
after inoculation (the intensity of degeneration was 5{1 or f/##).
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In b9 process of growing the tick-borne sncephalitis virus in the human
skin-tupcle tissue we detected that the virus's cytopaihogenic affect was not
induged if we used a cultural liquid that had been kept at r tamperature below
0% for the incculaticn instead of the native cultural fluid. 4 10-% vrain
gusvengion that had teen prepared on a serum medium lost its cell-disintegrating
ability after & two-week retention, although the propagation of the virus con-
tinuwsd. Bvidently the factors stipulating the destructive effect of the virus
of tne celis lower or lose their activity at a temperature below 0°C. With the
uge 0l a defrsated cultural liquid in the pagsage the cytopathogenic actien
of the wviros wag r3stored only after 3-5 passages.

The specificity o the virus’s cyteparuogenic effect was determined by
#xtiegeiehling 4% with ssrum from & patient suffering from tick-borne encepha-
litia. For thisg purpose, equal amounte of the cultural fluid from the 23rd
paszage and from a 10-% brain suspension (1,000 TTsPD50) wers mixed with equal
amounts of servim in dilutfon of 1:4-1:512, As a control we used mixtures of
squsl amounte of the viral suspsnsion and human whole serum (Control Fo. 1).
the +iral suspansion and a serum spscifically immune to Japanese encephalitis
(Control No. 2}, and 1,000 TTePDgy of the virus without serum (Control Ko. 3L
After the mixtures were retained zat room temperature for one hour they were
then introduced into tissue cultures, Tha results were read on the 3rd-5th
day after inoculaticn (tadle 3).

A cytopathogenic effect wag registered in all of the test tubes inoc-
alatedwith the mixture of the virve and the normal human serum and the mix-
ture of the virus and the serum immune to Japansse encephalitis, snd in the
test tubes inoculated with 1,000 TTePDSQ of the virus. The titers of the
serun conta’ining the brain and cultural antigen were practically the sume.
The s#run thal was taken from the mtient on the 5th and 15th day of the
disenage neutralized the virus in the white mice and in the tisaus cultures,
Both in thie wice and in the tissue cultures an incraase of antibodies was
noted by the 15th day of the disesss. The nutrient madium exers a great in-
fluence on the development of the virua's cytopathogenic effect,

It hae Gveen noted in our work (5) that medium No. 199 is not favorable
for the development of the tick-borne encephalitis virua's cytopathogenic
effect. Thie is possible due to the less intense reproduction of the virus
in ths tissue cultures containing thie medium (viral titers are 0,5-1.0 lg
Lbeg lowsr), The presence of a salt solution in the nutrisnt medium ex tes a
favorable iufluernce (Hanks, Earle or Tirode). With the use of Bnder's medium,
which doss not contain the salt solution, the cytopathogenic eftec. comes 1-2
deays la*ur and the cellular destruction is not always completa. Reissig Black
and Melaick explsein the delay In the cytopathogenic effect by the lack of
anino acids, particularly glutamine, as well ag by the lack of some salte in
the medium. Inactivetad horse serum is more favorable than cow serum fo- devel-
oping the cytopathogenic effect of the virus. The titere of cytopathogenicity
in the tissue cultures with the horse serv~ wers always higher than those with
Ve Cow ceru..

in the cultures containing the kidney tiasue of a human embryo, disinte-
gration of the fibro™lasta was obssrved with the same regulurity as in the




skin-muscle tiseus. But the epithelian cells, which comprise 30-50 % of an out-
growth of young cell~, were not destroysd by the virus.

The cytopathogenic action of the tick-borne encephalitis virus was noted
elao in the cultures containing the skin-muecle tissue of a white-r.t embryo.
Cellular disintegration, however, wag not registered in all of the pasnsges. The
cyiopathogenic effect was absent in the second and sixth passages of tne seven
conducted. The incubastion of the cytopathogenic effect amounted to 7-9 days and
was not lowered bty the degree of subinoculation. The titers :f the cytopatho-
genicity were lowv - an 1lg TTsPDgy of 2.0-2.95, whersas the titers of the same
cultural fluid in the mice reached an lg LDgy of 5.7. The virus's sytopathogenic
effect was suppressed in the presence of the srecific immune serum,

Bvaluat ion of Reaults

In the cultivation ol the tissues in vitro, all of the tissuas selected for
the test proved tc ts suscentible to the tick-boras encephalitis virus. The virus
adapted readily to all of the tissues tested and reproduced from the first pas~
sage. Viral propagaticn was cbserved in the cultures of tissues from snimale that
are highly and slightly susceptible to tick-torne en-aphalitis. White-rat and dog
tissues were used Aas tiie tiesues of animale that are weakly susceptible to tick-
borne encephalitis. In the gu&tures of skin-muscle tissue ¢f a white-rat smbryo
the viral titers reached 10-*‘/ and the virus displayed a cytopathogenic effect.
The cultures of skin-muscle tissue of mice, in spite of the high susceptibility
of mice to the tick-borne sncephalitis virus in vivo, proved to he a less sult-
able medium for the virus's propagation. The maximum viral titers achieved on
this tiggue were 10 . As is well known, the first stage in the virus's propa-
gaticn cycle is adeorption of the virus by the cell. Probably, one of the factors
of cellular susceptibility to the virus is the different ability of the cells
to adsorb the virur, whersupon this ability evidently differs in the same tissues
in vivo and in vitr-,

A comparatively wide spectrum of epithelian and connective t' ,ues from the
varloue animala proved to be suitable for tne propagation of the tick-borne
encephalitis virus. The cytopathcgenic effect, however, was noted only in the
cultures of fitrobtiasts from the skin-muscle and kidney tissues of the human
embryo and ths white rat. The virus acquired a high selectivity in the develop-
ment of the cytopathogenic effect on the t'ssuv 1in vitro. It was not re..stered
in the cultures ¢f human lung tissuse in spite of a preeminent growth of fibdro-
biaste, Evideatiy, the fibroblasts of the lung and ekin-muscle tissues, while
having & single morphological structure, differ in their metabolism in witro,
and lack the necessary conditions for the development of the mechanism stipulat-
ing the virus's cytopathogenic effect.

Of the tissues on which the virug did not show a cytopathogenic effact, a
strain of Hela cells proved to tc the mcat aeneitive to the tick-‘orne encephali-
tis virus. The viral titer in the cultural fluid on the Hela cells was Jjust as
high (lg LDgy of 6.5) as in the cultures of human skin-muscle tissue, on which a
cytopatnogenic e{fect was developed. The absence of the virus's cytopathogenic
effect on the Hela cells is explained, possibdly, by the epithelian origin of this
atrain. It is rnot clear whether the Hels celle! high sensitivity tc the viruz is
related to thelr origin from 8 malignant tumor.
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We did not preposs a comparative etudy of cultivation of the virus on
embryonic and postnatal tiasues of any sort of animal. Hasically, we used
embry-nic tissuse. The monkey and dog kidneys and the Hela cells were pcstnatal
tisguea, There was no relationship observed between the reproduction of the
virus and the age o the tissue., The viral titers in the culture ~f monkey
kidney t¢issue and in the culture of the chick embryo were adout the same.

Thua, the cytopathogenic sffect of the tick-‘orne encephalitis virus was
registered only in the connactive-tissue elements of the human embryo and the
wvhite rat. A cytopathogenic effect was not noted in a single tissue of epi-
thelian origin., The lung tissue of the human embryo, the fibrobvlasts of white
mice., which are highly ssnsitive in vivo to tick-btorne encephalitis, and the
fibrodlaste of the chick embryo proved to he unreesvonsive for the develcpmant
of the virus's cytopathogenic effect. The ability of the tiseue to produce the
cytopathogenlc dffect was unreiated to the degree of the animal's susceptibil-
ity to tick-borne encephalitis in vivo. Also, the intensity of the viral prop-
sgation did not show an effect on the cellular destruction. The Hela strain,
on which the virus reached high titers, preserved morphological stability
during the cult{ivation of the virus.

Conclusions

1. The tick-borne encephalitis virus is successfully reproduced in tisgue
cultures of the human embryo, Hela cells, mo.key and dog kidney tiseue, skin-
muscle tissue of white mice and rats, and in cultures of the various tisaues
<f the chick embryo.

2. The maximum viral titers in all of the tissue cultures are nbssrved

on the 3rd-8th day after inoculation.

3. The most intensive propegation of the virus is noted in the cultures
of the human skin-muscle tissue and the Hela cells.

4. A cytopathogenic effect is regietered ragulerly in the cultures of
human sein-suscle and kidney tissues on the 2nd-Lth day after inoculation,

5. The viral titers determinable sccording to the cytopathogenic effect
coincide with the titers on the aice.

6. The virus's cytopathogenic doaes not occur in the vresence of serum
from & tick-borne encephalitis patient.

7. A cytopathogenic effect is registered in some passages in cultures
of the embryonic skin-muscle ticsus of the white rat.

8. The virus'e cytopath.genic effect is not develops: 'n cultures of
human lung tissue, Hela cells, monkey and dog Xidney tiusue, skin-muscle
tissue of white mice, and tissues of the chick embryo.




Footnotes

l/ According to our observatlons an active virus was preserved in the cul-
tures of this type for a period of 35-44 days.

gj The cumulative titer represents the sum of the viral titers in the cul-
tural fluids of 40 consecutive passages.

2/ IT8PDgy ie the dose producing a cytopathogenic effect in 50 % of the
test tubes coﬁtaining the tissue cultures {(the titer of the virus in the testing
in the cultures of tissue).

&/ The calculation of the intensity of cellular degeneration was made by
the plue systeam.
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Table 1
The pattern cf the accumulation of the tick-borne encephalitie virus in
cultures of human and animal tissues (lg LD5g according to Reed and Me.sch).

Tisgue 0 —m e m = — e m e e e s = ==

L 2&?- ng _Q:h ifh 6th 8th 10th 12th
Human embryonic skin-muscls LT EY 6.3 6.0 60 L7 L0 40
Human emdbryonic kidney 4.5 4,5 4.5 4,0 3.7 3.5 -%+ -
Human embryonic lung L7 - 55 - 55 55 - -
Hela cells 6.5 6,5 6.5 6.0 5.5 S.,0 4.5 -
Monkey kidney* ko 6.0 - .0 4.5 4.0 4, -
Dog kidney* .0 5.0 5.0 5.0 4.0 3.0 - -
Yhite mouse embryonic skin-muscle Lo - 3.3 - 3.0 2.5 - -
Yhite rat embryonic skin-musclea b.s - 4.7 - 5.5 4.5 5.7 -
Chick emtryonic skin-muscle - 5.7 5.0 5.0 4.0 3.0 3.0 -
Chick embryonic heart - 6.0 5.5 5.5 5.0 4.0 - -
Chick embryonic lung 2.5 3.0 3.0 - 4.0 3.0 - -
Chick embryonic chorioallantoic 4,5 £,2 6.0 ¢,0 50 5.0 - -
* Material from the 4th passage
** Investigaticn not conducted

Table -

The data of the comparative titration of the tick-borne encephalitis
virus in cultures of human emtryonic skin-muscls tissue and on mice,

In the tissue cultures in .g TTePD¢y. . . 5.0 7.» 7.0 6,5 6.3 5.0 3.0

On mice in lg LDo. . . .0 7.5 £.7 6.5 6.0 S0 &0
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