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DIFFERENCE IN PLAQUE SIZES OF JAPANESE ENCEPHALITIS

VIRUS STRAINS ON BHK21 CELLS AND CHICK EMBRYO CELLS"

To A10AK1 1<11\{URA, 1<AZUKII I\\IAI and bioBORU UEBA

\'ITLis Laboratory. , OSal<a Prefectural illstitute of Public Flealth, :\:akamichi, Hig"shin"ri-1<u,
Osaka

(Recei\, ed January. 6,1973)

UMAIARY The difference in the PIaquc SIzcs of Japanese Encephalitis \'irus (IE\')
strains on Bab\, Hamster Kidney (BHK21) cells and 10-day-old Chick Embryo

(CE) cells \\as studied with the folio\\. ing results : I) The difference in piaque size
of IE\' strains \\'as found to be reproduciblc and the piaque size, as a biological
characteristic, \\as stablc at thc 3rd-28th serial passage level in sucl<ling mouse
brain. 2) IE\' strains \\CTC dividcd into tlirec groups according to their piaqtic
SIzc on BHK21 cells, and designated as large tvpc (3.9 to 5.11nm diametei), inter-
mediate type (3.1 to 3.8 mm) and small type (2.1 to 3.0 Inin). 3) The difference
11\ PIaquc size was not related to the date of isolation of the \, Irus or the ITost

4) A correlation \\, as found between the pathogenicity, of IE\' on SLib-
cutaneous inoculation into 23-25 da}, old inICc and the PIaque size on BHK21
cells. Large tvpe strains \\ ei. c shown to be ITighl\, \, Irulent to young adult mice
5) Th, PI, qu. f. "ming chilities of IE\; chains on CE and on BHK21 cells **tie
compared but no correlation \\. as found bets'ccn the charactei'1st ICs of their PIaqLics
o1T these t\\'o differeiTt SPCcics of ITost cells
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IN'I'RODUCTIO\

it ITas beei\ noted that IE\: strains differ in
biological properties, sucl\ as their optimal pH
for. I, emagglutinatioii (Okuno at a1. , 1965),
11Tterfcron inducing ability, (Rokutanda, 1969)
and pathogenici^, in young adult mice on
extraneui al inoculation (1< akamura anti i<aka-
inura, 1963 : 0ya at a1. , 1963).

Among animal \, Iruscs, variability of PIaquc
size \\'as first reported 11T polio \, Irus strains

I A suntmar\. of tlTis \\on< \\its reportcd at the 20th
Altnu, 11 A. leeting of the Society' of Jap, nesc \'ITolo-
gists o1t \0\. enThe I', 1972.

by, Dubes (1956), \\ ho divided the strains into
small, intermediate and large PIaquc types.
\ariatioiT in PIaque size \\, ere also reported in
wild strains and stocl< virus strains of \\'estern

equine encephalitis virus and these strains
were also divided Into three on thegroups

basis of PIaque size q1arshall at a1. , 1962).
\\'itIT regard to variability of PIaqtie size of

IEV, it has been reported that a strain adapted
to mouse braiiT produced PIaques on CE cells
faster than \\, heIT passaged in hamster kidnev
cells and that the former PIaques were the
larger (Trioue et a1. , 1961). It \\as found that
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a strain attenuated by passage in hamster
kidney, cells produced smaller piaques than
the wild strain (Rohitayodhin and Hammon,
1962: Nagai and Hammon, 1964).

Recently, Yamagishi and Yoshioka (1971)
reported that the PIaque forming abilities of
the 1.1akayama-Yakken strain and IaGAr 01
strain on HeLa cells \\, ere different

This describes studies on whetherpaper

the difference in PIaque size of IE\! strains
on BHK21 cells is a stable biological property, .
The PIaque sizes of IE\' strains and their
PIaque forming abilities on 10-day-old chick
embrvo cells and BHK21 cells, were also
compared. Furthermore, the relationship
between the PIaque size of IE\' strains on
BHK21 cells and their pathogenicity to youno
adult mice \\, as examined

hydrolysate and 0,191 yeast extract) and 79, calf
A1T inoculum of 8 n\I of cell suspension at a

coiTcentratioit of 5I 105 cells!ntl per 76 mm petri
disl\ produced a monolayer in 48 hr at 37 C tinder
an atmosphere of 5% CO2 in air (CO, incubator)

Chicl< Erubr}'o cells \\. ere prepared b}' trypsiniza-
tioil of 10-day-old eviscerated erubr}'OS. CTo\\ th
meditim for CE cells consisted of 0.59. lastalbtimin
h}, drolysate, 0.002% phenol red in Earlc's balanced
salt solutioiT (BSS) \\, itit antibiotics and 59, calf

Cell suspension (8 inI, 3.5 \ 10" cellsjml)
was placed in 76 mm petri dishes. TITe dishes were
incubated at 37 C for. 241tr tinder nit atmosphere of
59, Co* in air

it, IATERIALS AND A1ETHODS

settinT

I. '11/1S St1"11/3

TV'ent}'-nine \\. 11d strains and 21aboratory strains
of IF\I \\ ere used. The\. \\ere isolated from inOS-

quito, ITUntan, rabbit and s\\ine, and some of them

^. ere kindly supplied by Dr. Oya, Natioital Institute
of I{ealtll of Japan

The IaGAr 01 straiit \\'as used at tile 9th passage
in suckling mouse brain and other ne\\'Iy Isolated
sti'ains at tlte 3rd-5tlt passage in suckling mouse
brain, tinless other\\ise mentioned. The passage

histor\ of tite Nakaran\a-NII{ straiit is not itno\\ n
in detail, but it \\'as passaged at least 29 times in
adult ntotise braii. nitd 6 tintes in suckling mouse
brain. All \'Iruses \\'ere prepared as 101, eruLilsions
of infected suckling rootise braiit in Tris-buffered
saili, e, pH 7.4, containing 0.28?,, bovine piasnta
albuntii. (BPA). The eruLilsions were centrifLiged
at 10,000 rpm for 60 nTiit in a refrigerated centrifuge
and tl\e super natants were stored at - 70 C as \ irus
StOCl<S

serum

3. Pinqii" nssnys

The \. 11'us \\ as diluted \\ itit the san\e buffer des-

scribed above and a 0.4 in. I allquot of an appropriate
dilution \\. as inoculated onto a n, on o1a\'er culture,
\\ hicli I, rid been \\, ashed once with phosphate buf-
fored saline. After an adsorptioi, period of 90 ntin
at 37 C in a CO, incubator, thc monola}. ers \\. ere
o\. erlaid \\ItIT 8 inI of first agar o\'erla}' nTedium,
composed of YLE-medium and agar (Difco)

\\'itit CE cells, after incLibatioi, for 2 da}. s at 37 C,
+ n. .I of second o\, erlay. litediLlin a \. OILime of 10-fold
concei, trated Earle's BSS, I \, o1ume of I: 1100

netitral red, 7.8 volumes of 1.25Q. agar and 0.2
voluntes of 7.59, , NaHCO3) \\. as added. Piaques
\\'ere counted and their size was measured 40-421\r

after the second overIa\.

For PIaque assay, o1, BHK21 cclls, the first and
second o\, erla}'s \\. ere done \\'itit tite sante medium

as for PIaque assay. on CE cells

2. T'ss!Ie ci!/!!firs

Stable cell lines and primar}. culture cells \\ere
prepared for' PIaqtie assays Lising tite procedures of
A1iles and AUStiit (1963) or Porterfield (1959)
Gro\\ tit medium for. BHK21 cells consisted of one

volume of Eagle's basal medium and one \. OILime of
YLE (Earle's BSS colttaining 0.5Ij lastalbuitTin

58

+. F1nq!,, colliJt and 111ensi!1,111, IIJ of PInqi, , dJhi, !e!ei

Virus \\'as dilLited to give 30-60 piaques per disl.
Tite size of PIaques \\. as measured \\'itIT a slide caliper
o1, at least 100 piaques of eaclt straiit. To avoid
error due to delay. in the time of in. easurement, the
piaqLies \\'ere photographed, and piaque COLIilts and
piaque size \\'ere measured o1t the photographs. The
diameter of piaques was measured in mm, approxi-
mating to the nearest 0.1 mitt. TITe sizes of PIaques
at the edge of petri dishes and of ILised piaqucs \\'ere
not measured

BIKE\ 10LR\A1 \!o1.16 No. 21973

5. I, 10,111nti'o11 Of y0!111g ridii/I 1111'ce

Young adLilt (23-25 day') mice \\ ETe inoculatcd
SLibcLitaneously \\, itI, 0.2 inI of TITLis suspensioi, \\'ith
a \. ITal concentration of about 1,4<10, -6.8 XIO*



FFUjml. After inoculation, mice were observed
daily for 20 days.

RESULTS

I. Differ errce between three IE, styat'"s 271
deanlopme"t of pinq"es on BHK27

Fig. I shows the development of PIaques of
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three IEV strains 3 to 9 days after inoculation
onto BHK21. The IaOAr-36370 strain
produced relatively large PIaques and the
IaOAr-410 69 strain produced small PIaques.
The difference in PIaque size increased with
time after virus inoculation, being 0.7 mm on
the 3rd day, 2.1 Inin on the 5th day and 4.3 mm
on the 7th day. Based on this result, in
following experiments PIaq. ues were measured
and counted on BHK21 cells 5 days after virus
inoculation.

Fig. 2 shows photographs of large and small

JaOAr-363-70
BHK21

."... . .."

' " ' "' "' *~. 34, ' !,;*%,. .,. *
... .. ...

..,~.,. " . . ""

'.. ' JaOAr-410-69
' BHK21

5cm

FIGURE 2. Pinq, ,CS trodi, cert by IEP stytti, is o, ,
BHK27 ce"s 5 days after illoc, ,!atio, ,.

o

PIaques formed on BHK21 by representative
strains.

2. Effect of BHK2/ cell density o" plague $213e
and qffici'e"cy of I'vectz'on

Volumes of 8 inI of BHK21 cell suspensions
at concentrations of 1.0 10' cells to 2.0 106

cells rin were implanted into petri dishes. As
shown in Table I, the IaOAr-36370 strain

KIMURA, T. at al. Pinqi, e size 171 IE, ' strains



TABLE I.

Concentra-
tion of

BH1< 21
cells

Effeci o1 BHK 21 cell conceit/milon on pinque $213e find e. fiicz'e"cj, of an/ecia'o71

1.0xlO'

2.5 x 105

5. 0 x 10,

I . O x 10"

2. 0 x 10"

IVlean

piaque Standard
deviationsize

(mm)

Nakayama-NIH

2.0

2. +

2.2

2.2

2.0

whiclt produced Iai'gc PIaqucs showed a slight
decrease in PIaquc size at a concentration of
1.0 XIO' cellsjml, hut thc strains producing
small PIaqucs did itot show any differencc in
piaque SIzc at tills ccll conccnti'at 10n. No
Significant difference in PIaquc SIzc Or cmCienCy
of Infection \\, as observed at initial cell concen-

ti'at ions of 2.5 x 103 to 2.0 x 10n!inI. In the
following experiments, BHK21 cell suspcn-
SIons were adjusted to a conccittration of
5 x 105 cellslml.

3. Repi'odi{ci'61/11y of pinqrre size, rind IC/nil'o11-
\hil> beltueeii lidsA'dge let!e/ 111 $11ch/ing 1110/1$e
him', I rind PIdque site on BHK2/ cells

The constancy, of 111c piaquc sizes of the
tl, rec IE\I strains tin BL11<21 was examincd.

0.4

0.4

O. +

0.4

0.4

pFU!in I

7.5 x 107

I. 3 x log

1.4XIOS

I. 5 x 10'

2 .I x 108

A'lean

PIaque Standard
de\, Iation

(mm)

I"OA, -410-69

size

2.4

2.8

2.4

2.3

2.2

0.4

05

o. +

0.4

0.4

FFUlml

9.5 X 107

I. 5 x 10'

I. 8 x 108

I. 6I 10s

I. 3 x 108

Nlean

PIaque Standard
deviationsize

(mm)

IaOAr-363-70

T. \ui. u 2. Repiodi, ct'6th11, of pinqiie $22e o1 IE, o71 BHK 21 cells at Ize0 o1' Ih, .ee pnssnue let^e/s
in SNCk/Ing 1110/1se 61ni"

No significant difference was found between
the mean valucs in three experiments or in the
scattering of \, alues (Table 2). 'Tlle constanc\,
of PIaquc SIzcs of the three strains during
passage in suckling mouse brain was also
examined In parallel expel'linents. As shown
in Tabic 2, the PIaque sizes of the strains were
stable, even at as higlT passage levels as the
26tl\ or 28tlt sellal passage, and the sizes were
highly reproducible in three experiments

4. F1'eq"e, Icy distilbiitt'0, I of the 111en, ! pinqii,
$12es o1/1!P slidi'11$ o11 BHK2/

Based on the ICproducibility of thc differcncc
in piaqtic size of IE\I strains on BHK21, the
frequency clistribution of the piaquc sizes of
31 strains of IE\I on BHK21 was studied

3.1

+. 2

+. 2

4.2

39

0.7

0.6

0.5

0.6

0.7

PFUlml

Strain

,. 4 ' '0s

2.2 x 10s

2.5 x IC,

2.5 x 108

2.8 x 105

InGAr 01

JarOA, -410-69

Passage
level

IaOAr-+04-68

9

28

Mean

piaquc

(mm)

I:xp. I

SIZC

.

60

2.6

26

Standard
deviation

11
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.

11

26

2.6

2.8

O. +

0.4

Mcan

PIaquC
SIIC

(mm)

Exp. 2

+. 7

4.3

+.+

0.4

0.5

2.5

2. +

Standard
deviation

0.5

0.6

0.6

2.8

2.4

0.5

0.5

NICan

piaquc
Size

(in in)

I;\p. 3

4.5

4.2

4.4

0.4

0.4

Standard
de\'jarioit

2.9

2.6

0.5

0.6

0.6

2.5

2.3

0.4

0.4

4.2

4.3

+. 3

0.4

0.4

0.6

0.5

0.7
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M
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FIGURE 3. Firqi, elfcJ, d, till'6/1/1011 o1 Incnii pinq, ,"
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Fig. 3 shows that IE\: strains can be divided
into three groups on the basis of the mean
diameter of their PIaques. In the group
producing large piaques (L type) PIaques are
3.9 to 5.1 innT In diameter, In the intermediate
group (!\'I type) they are 3.1 to 3.8 min and
in the small group (S type) they are 2.1 to
3.0 mm in diameter

5. Coinpni'!son of PInqiie sites of 71nii'oils slidiJis
As described above, IEY strains \\. ere clcai. Iy

divided into three groups on the basis of the
size of their PIaques o1\ BHK21. Next the
relation of the PIaquc sizes of the 31 strains
^, Ith the dates of their Isolation ancl the hosts

from \\, hich they \\, ere derived were examined.
S^, ine and rabbits, as decoy, animals, \\, ere also
sources of the virus. Results are summarized

in Fig. 4. There was no significant correla-
tion of PIaqtic size \\, it11 the source or date of
Isolation of the strains

DCD

o

XX XX x*

o

O. o0

.

1935

.

o

.

2.5 3.0 3.5 4.0 45 5.0

Mean piaque size (mm)

FIGURE +. Rc/,,!,'o11 o1 F1"q, ,e sit, s of IEP $11,111s
EC, 1/1 Ihrii' somees filld tintes of 1301ntioi, .. innsq!, 110,
., 111,111. X, pig nild I'"bbll

o

.O

X Xx

.

o

O o

.

6. Colic/'11/07i between PInqi, e $13e o71 B/IK2/
nild Drink"ce of IEP $11'rillis to j, o1/11g ridii/tillice

The relation between the virulence of the

strains to young adult mice and their PIaque
type on BHK21 \\, as examined. Ance (ddY)
of 23 to 25 days old \\, ere injected subcutanc-
ouslv with \, irus and tlien observed for 20 days.
The results are shown in Table 3. From the

mortal it Ies of the nTice \\, ithin 20 days aftei.
inoculation, the IE\i strains \\, ere approxi-
mately divided into three groups, and this
divisioiT \\, as correlated \\, it IT the PIaque types
on BHK21 except in the case of the IaGAr 01
strain. No mice died after inoculatioil of

>{akayama-NIH or IaOAr-109-64 and only
one of six nTice died after Inoculation \\, ith

the IaOAr-410-69 strain, so these strains
seemed to be weakl\, \, Irulent to mice. These

three strains \\, ere S type strains. Two of
seven nTice died when inoculated witlT the A, I

type st"ams laxA"-51670 and IaGA"-17-70,
so these strains seenT to be moderately \, irulent

The mortal it Ies \\, ith the L type strains were
fom. of six mice witlT straiiT IaOAr-404-68
and four of five mice \\. itIT strain IaOAr-363-70,
so these strains appear to be ITighly \, irulent

KIMURA, T. at al. Pinq!I, $13" 111 IEP slyn, ', Is 61



TABLE 3. Coll'elation beltceen PIaqtte sage of
IEP sti'nt'"s on BHK 21 cells and the 2'1. ?, 2'1w-
Ie"ce to 3,011"g adult "12'ce"

Strain

\aka\. am a-NIH

IaGAr in

IaOAr-109-64

IaOAr-+10-69

PIaque
type

laxAr-516-70

Days after inoculation

S

S

b

IaGAr-17-70

016 016 016 016 016

017 217 517 7/7
(2) (4) (7)

018 018 018 018 018

016 016 116 116 116
(1) (1) (1)

017 017 2/7 2/7 217
(1) (2) (2)

017 117 117 2/7 3/7
(1) (1) (2)

018 2/8 4/8 4/8 518
(1) (2) (3) (5)

1/6 316 316 316 416
(1) (2) (3) (3) (+)

015 +/5 4/5 415 515
(2) (4) (4) (4)

018 318 4/8 518 518
(1) (3) (5) (5)

8

IaOAr-I+7-66

S

S

11

IaOAr-404-68

M

to young adult mice. Moreover mice inocu-
lated witlT L type strains tended to develop

faster than those in DCulated withsymptoms
S type strains.

7. D!till'bartt'on lieq"errc!'es of playtte sines of
IEP stiffi'Ms o11 BHK21 and GE cells

Fig. 5 shows the distribution frequencies
of PIaque sizes of IE\I strains on two species
of host cells, BHK21 and CE. The ratios
of the mean piaque sizes on BHK21 to those on
CE cells of the IEV strains were compared.
The ratios for the Nakayama-NTH strain and
IaGAr 01 strain were 0.71 and 0.85, respec-
tively, both strains forming larger PIaques on
CE cells than on BHK21 cells. The ratio

for the IaOAr-4-10-69 strain \\, as approxi-
mately 1.0. The ratios for the IaOAr-363-70
and IaOAr-909-69 strains were highly being
2.15 and 2.05, re^pertiv, Iy (T, b1,4). Th,
data in Table 4 show no clear relation between

PIaque sizes on CE and on BHK21 cells.
Fig. 6 shows photographs of the piaques

produced by the representative strains,
Nakayama-NIH and IaOAT-363-70 on BHK21
and CE cells.

13

IaOAr-363-70

A, I

20

IaOH-05-66

M

" Denominator=number of mice inoculated. Nu-

me rator = number of mice sho\\ ing typical symptoms
plus number that died. Numbers in brackets Indi-
cate mice \vhiclt died from \, it al infection

L

L

L

TABI, E 4. Coinpni'aso" of PIOque sages and <61cz'e"cies of Infectt'on of Japanese errcep/In/11^^ Drills
stint'Ms on chick embrJ, o cells and BHK 21 cells

Strain

I\:aka\ am a-NTH

IaGAr on

IaOAr-+10-69

IaGAr-17-70

IaOAr-63-63

IE-Nile-441-69

I"OH-05-66

I, :*;A, -516-70

IaYAr-+58-70

IaOAr-909-69

IaOAr-363-70

XIean

PIaque
size

(mm)
(a)

CE cells

Standard
deviation

3.5

3.4

2.6

2.3

2.7

2.1

2.7

1.7

2.3

2.1

2.0

0.6

0.5

0.5

0.4

0.3

03

0.4

0.3

0.5

0.4

0.3

FFU/inI

62

I . I X 100

,. ' ' 108

5.3 x 108

63 x 108

2.3 x 10'

7.8 x log

5.3 x 10s

,. 0 ' '0s

5. 0 x 108

5. 0 x 10s

8.3 x 108

A'lean

PIaqUe

(mm)
(b)

BIKEX JOURNAL V01.16 No. 21973

BH1< 21 cells

size
Standard
deviation

2.5

2.9

2.6

33

4.1

3.8

5.0

3.4

4.6

4.3

4.3

O. +

0.4

0.4

0.5

0.6

0.5

0.5

0.6

0.5

0.5

0.6

PFUlml

1.4xlO'

8.7 x 108

6. 0 x 10'

8. 0 x 108

2.8 x 108

I . I x lo'

4.5 x 108

I. 2 x lo'

6.5 XIOB

9.5 ' 108

I. 3 x log

(b)I(")

O. 71

0.85

I. 00

I. 43

1.52

1.81

1.85

2.00

2.00

2.05

2.15
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FIGURE 5. F1. eqi, errcy drill'1'6"11'01is of PInq, ,e $113es of IEP stynii, s on GE cells inId BHK21 cells. I. , c/I'dt
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DISCUSSION

Previous reports on the morphology of PIaques
of animal viruses (Takemot0, 1969) show that
different strains formed in orphologically dif-
ferent PIaques. Dubes (1956) grouped polio
virus strains into three distinctly groups on the
basis of PIaque size. Moreover, Marshall re-

.
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ported that Western equine encephalitis virus
could be classified into 3 groups from their
PIaque sizes on 10-day-old chick embryo cells.

In the present experiments, BHK21 cells
were Implanted at a concentration o1 5 x 105
cells inI, and differences in PIaque size and
ef}ICiency of infection of IEV strains were
investigated 5 days after virus inoculation.
The PIaque sizes of the strains were also ex-



amined after 26-28 passages in suckling mouse
brain. Results showed that the PIaque sizes
w. ere fairly stable and reproducible in duplicate
tests (Tables I and 2). Thus the PIaque size
on BHK21 seems to be a characteristic, stable,
biological property, of strains of IEV.

Accordingly 31 strains of IE\' were examined
and \\, ere clearly divided into three groups on
the basis of their mean PIaque diameters (Large,
ATiddle and Small t}, pes). No correlation \\, as
observed between the PIaqtie size and the
sources or dates of \, irus isolation. However,
to confirm this a larder number of strains must
be isolated and examined

The correlation between piaque size and
virulence of various animal viruses has been

studied by many in VCstigators. Zarate and
Sch*re" (1969) rep. rt. d that tl"" pingu" ^in.
of \;enezuelan encephalitis \, Irus in primary
chick embryo cells \\, as not correlated \\, ith its
virulence to hamsters, mice or cotton rats.
\\!ith all the IE\; strains examined in this \\, ork,
except IaGAr 01, the PIaque size on BHK21
\\, as found to be correlated \\, ItIT thc \, irulencc

to mice, large type strains being more \, irulent
(T, b1" 3). Thus, re*ults rugg*, t that th.
PIaque size of IE\' strains on BHK21 may, be
considered as a measure of the \, Irulcnce of

IE\I to young adult mice. It 11as becn observcd
with \, arious animal viruses that rcductioi\ of

PIaque size is often associated witlT attenuation
of the virus, and this 11as also been reportecl foi
IE\I (In. us and 1< at. , 1963 ; N, gal and
Hammon, 1964). Some exceptions have also
been found (Takemot0, 1966). \\:e are now
studying the correlation between PIaqtie size
of IE\/ strains on BHK21 cells and attenuation
for young adult mice using the technique of

repeated passage in vitro and in vivo.
TITe distribution frequencies of PIaque sizes

of IE\' strains on t\^o species of host cells,
BHK21 cells and CE cells, were compared
(Fig. 5). Th* ruti. of th, monn playu, in*
on BHK21 cells to that on CE cells was less

than 1.0 \\, ith I*:akayama-NTH and IaGAT 01,
and more thaiT 1.0 \\, ith IaOAr-363-70 and
IaOAr-909-69. Similar results ITave been
reported on the piaques of S\140 virus strains
on two 1<inds of host cells, AGl\IK cells and
C\I-I cells (Takemot0, 1968). Tlie reason
for this phenolnenon is unknown. The factors
determining the PIaque size of IE\' strains on
BHK21 are also unki10\\. n. It seems that the

PIaque size of virus on some host cells is in-
fluenccd by the burst size and by one step
growth. Other factors \\, hich seem to be re-
lated to the piaque size are the sensitivity of
virus to interferon and culture conditions, such
as thc nature of the medium and temperature
of incubation of infected cells. There is some

evidence tliat a small PIaque variant of Semiiki
forest fever \, irus was more susceptible to
interferon and tended to produce more inter-
feron tlTai\ a large PIaque \, ariant (Finter, 196+).
and that a small PIaqtie \, ariant of Sindbis virus
was more susceptible to the action of interferon
than a large piaqtie variant (}.;agata ct a1. , 1967).
These I. esults indicate that the concentration of

interferon in infected cells may \\, ell influence
PIaque size. Studies on the factors influencing
PIaque Size are no\^ in progress.
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