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BIKE\. s JocnNAi. 2,313-320 (1959)

11.

Virological Studies on Measles Virus

Growth of Toyoshima Strain in Four Established
Cell Lines

KUMAO TOYosHiMA, SEICHiRO HATA, MICHiAKi TAKAHASHi,
NOBUHARu 1<UNITA AND YosHioMi OKUNo

SUNl\. I. \RY

Tile ni"asles \11'115. isolated allci CStaiiiishc(I in F1, culls, I'cadily "rcw ill Ihre. different
kinds o1 establishccl cc11 11n, s o1 I1111nai) origin (HCLa. h"I, alit ancl coltjiincti\'al) \vli, n large
1110Culn \\, etc 115cd.

TITe "arliest ajipearance of CF-antigcii in F1, cclis was 2-1 hoiirs after inoculation. whirlt
is canicr Ihan Iha! 1.1'CTiously rcportecl by Blac1{ ( 1959 ). lit FL cells cytopathic than, ,e and
cytoplasi, tic inclusion bodies \VCI'c also obscr\', d as early as 2.1 110urs allci in ICction anti in-
tmnuclcar in11usioii I'Ddics weic IJrcsciit 2 days after infoction

111 o1h"I cclls '10/1athic changc rippcared a 11/11e iaicr anti Ih, two Iyj)"s of inclusions
wei'c I, o1 so casily deter'led as in FL CPIls. 110wc\'cr. in }Tcl. ;I CPIls cyioplasniic inclusicn
bodies \VCI', oilsei\ccl with o111 clinicLilt}' 3 clays allcr in ICciioii

J'hc sriscejiii1,1111\. of tli, Ihrc, c. 11 1111cs to Ih. \irus. nowc\ cr were 2 to 3 log Linits
lowci' Inari that of F1, cells in illc 1st I, assauch. 'I'hi; 5115ccpiibili!y of 11upatic trills clid 1101
c\cccc1 111at of FL cclls tinring a I, w jinssarrcs of \iius ill it unittic c, 11 line

D c#n rillie, 11 o1 Firologj, , R, J, nrc!I In Jin^I, 10 I riftc! obin!
DiJ, "$eJ, 0, ak, I Uni, ,nitj. , Qink, I

(R, c, lied 10, pub!!cation, Dace, lib, r 15,1959)

I\T'ROD UC'1'10\

AdaptaiioiT or laboi'atDry sti'ains or incaslcs \, 11'us 10 continuous celllincs \\as
accomplished \\'ItIT somc dimculty. 'Lhc appearance or cyiopatho, , cnic effect of
Edmonsion SII'ain IJasscd in human amnioi} cultui'es, rcquiied + to 5 da in
a KB cell Iinc (DCkking and MCCaithy, 1956) and much 10n, ,ci' PCIiod in o1hei.
cell lines (Bin. ck ,/. rr/.. 1959). On the o1hci' Ilaild Edmonston 511'aim all'ead ad-
aptecl to a Hep-2 cultui'c in'c\\' ICadily in the FL SII'ain (Frankel and \\'est, 1958)
and in o1hci' ITUmaiT o1 SImiail cell lines (Gii'ardi, 1957). 'I'he vii'us yields and
thc cytopa. Ihic changcs \\'eic diffeicnt in eac11 \'11'us-ccll system. 111 some s stem s
higll vii. us yields cJulrl lie obtaincd (Blac1< ,/. ,11. . 1956; Mutai, 1959i.

J'o select cell 511'A1ns suitable 101' virus ,, To\\th and 101' vi!'us 1111'allon, foul
established cell 11ncs \\'ere tested for the 11 sensitivity and vii'us \, 1.1d using a sti'ain
isolated in our laboi'at o1\'.

I. 1.1r!, J

T'or OShima siraiiT of IT, easles \ irus was t!sed at lotli 11nssage in FL cells

A1. \TERIALS A\D ATETHODS
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was isolated and "slablishcd in FL cc!is (Toy OShima at n1. , 1959)

2. 7'1"ite cull", e cell,

A hiimait amnion cell line (FL sirai!,). }!eLa culls. a hepatic ccll line (Chai, g, 195-1)
and a conjtinctiva! cell line (Chang. 195+) were 115ed. The last two lines were kindly gi\. cil
to Lis by Dr. Yamada (\. I. H. Japan)

3. ,V, of!I'm

LF. witlt 15 net cent ox sei\11n for th. g. 0. v h o1 calls and L1, ,.,/11h 3lier cent ox serum
for. inc maintenance incdi\Im were lised

T'OYOSHIXiA. HAT'A, TAKAHASHl, KUNITA A xi) 01<UNO

+. 7'111'nilon

T'he ritethod d, srril, ecl in the I, reced!rig inner wits employed. Lnlc*s other\\, Ise specificd.
111bcs of FL cells were LISed

5. In/ec!!, n it-jin ,! mrge ;nor"INm

I'llbcs con!aining itearly I X 10'1 cells and I inI of growth 11Tedium were pr. -
pared. .\iter Tenioving the growth incditini. I inI of \'iriis \, rcre addccl to each tube and
incubated for. one hoiir at 37'C. Fluicl was decanted and the culture was washed 3 times
with , it, I of 1,110sphatc bufferecl saline (PBS ). theIT I nil of maintenance niediuin was add"d
and the ILibes were reinciibatcd. The muditiii, was changct. on the 4th clay after infectioit

fluids were,\t the aupointcd time. a I)air o1 tubes w. re centrifuged and the supernatant
pooled. Then. I nil of maintenance mediui. \ I, CT tube was added to eaclt Iube. Tiley were
SIoi'ed at -20'C. Immediately heroie titr. tion. Ihe ituid from I)airs of tubes containi:Ig
infected cells was ntixed

The Hilld o1 slide cell CLIlturcs wei'c replacetl by an eqLial voliime of virus sample to 11\e
After one hour's inctibatioiT 111e slides were washed and reincLibatecl heroiegrowll\ media

in DTPhological obser\'ajions

6. In/, c!10n rell/! a filial! in DC"funi

0.2 in I of the virus saniple was in octilated Into a ItIbc. I nlI of mallttenancc mediunl was
added to cacll tube after one hour's incubation

The I, ,ediunT was changed at 2 to + day Intel\, als

I. Conip!, nien! fixation te, !

KOImcr's I, lethod was croployecl for. Ihc test

8. Fix"!,'on 11n, / Jinining

Slid"s were fixccl with Bonin's fixaiivc and slainecl wiih ITema!owlin ancl Gosi!}

9. FDTrl Ir, '11/1, n,

After washing with PBS (Ca nild \Ig free), 0.02 I, cr cent El)'I, \ in PBS (Ca anti \Ig
ite, ) was addecl to Ih, '11/1/1rcs and aficr 20 n, jutitcs' incubation at 37 C, CLIls were clis-
,CTS:'c! \..'::h 511*,:1. <

I . Gi 0!"!11 41" Ihe 1'1ii{., ill FL rcll. ,

Samplcs \\, ere collected at + houi' Intervals lintil ?+ hours after 11Tfcction, and
at one day intervals thereaftcr (Fig. I).

The earliest rise of virus titer was obser\, ed 20 houi. s artci. inoculation in cells
and the maximum liters werc detected 2 to + days after Inoculation. The virus
titer in the supei. natant \\*s lower Ihail In the cells and its increase could Ilot
be detected until the 3rd day of incubation.

RESULTS
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Fig. I. Growth curve of measles virus established in FL cells
in the some cell line
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CF-anti;;cil \\as round 11, cclls first as cal. I^ as 2+ houis artci inICction, and
ICacllcd a maximum at 111c 31'cl day, keepiil!: a constant 111.1' theICaftci until 11}c
611t driy. 'The appcai'ancc or Cl'-ailIi, ,cn in fluid dclaycd and the maximum
titci' \\as also 10\\, CT

'Thc cytojJatliogcnic effect \\1111 few giant cells \\as hist clctectcd at 24/10uis.
and I)ccamc clcai' 2 days artci' inkction. Cclls IJe, ,all. to clccicasc in Ilumbel' at
11Tc 3rd <1a\, and I. elati\. c small numb. I. or cclls includin, , initi, , giant cells \\. ci. c
seen artei' + days.

Cytoplasinic inclusion IJoclics \\ CTC delcctccl iiT thc slaincd I, re iai'allons at 24
houis, ancl clcail\. sccn 2 days artci' inICction. In11'anuclcai' inclusioi, 1.0dies \\'cic
IOUnd in the 3. 'd clay. Artci that, Ihc 11uinl)ei' or inclusion-I)calln, , ITUclci 'n-
Ci'Cased gladually.

2. Colii/,!!I'. 1011 ,!/ ;I'ill. I 41nic//! ill 1,111 fly, In!/ IIJJi!, 1111/11!r. , (IL r, /11. H, Li! I'll. \. 1/4/'11't
r, /11 din full/'lint'/11/11 r, //J) Iii/?,/, of it. 11/1 n idler. 1110,1111/1/1 of Ih, I, 'L tell 11"Jrr(/ 11i!!\

Pail'cd tissues \\'cie 11'01cn at 8 and 2+ houis artci' infectioi\ and then at onc
day Intel'vals. 'rill'at 10n, \\'CTC made on total infected culluics includiiT , cells ai}d
fluid (Fir. 2 ).

An Incrcasc in \11'us litcr was o1, sci'vecl at 24 hours and the maximum 11/01.
\\'as obtained 3 da\. s after infectioi} in all + cultures. The ap ,eai. ancc of CF-anIi, ,en
\\'as ITrsi detectccl in F1, cclls 2+ hours artei. infection and in the 3 other cells

16 24 H, ,

CF . Cyfopolhic change

IN : Infranucleor inculusion body
+ : Detectable
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Fig. 2. Growth of measles virus established in FL cells
in FL, HeLo, conjunctival and he potic cells
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after 2 days. \early cqual maximum tilei. s of virus were obtained in all + cell
lines. At the eai. lier stages, the liter of \, Irus was a little ITighei. in FL cells than
in the 3 0thei. s.

A cytopathogenic effect appeared earliest and most clearly in FL CG s ( Ig.
4) and \\. as dctectable in the 3 other cells one or t\\. o days later than in FL3,

cells.

Both cytoplasmic and intranuclear inclusion bodies were present in all thc
lines 3 days after infection. In HeIa cells cytoplasmic Inclusioil bodies appeared
first after 2 days, and one day later, Intranuclea^ inclusioiT bodies could be seen
and the cytoplasmic inclusion bodies increased in their I}umber. Indusioil bodies
in he patic and conjunctival cells could IJe observed \\. he Il they werc seeiT in thc
HeLa cells, thougll they appeared in re\\. er cells. (Fig. 5-11)

3. Stiff, /)!ibili4), of Ihe I null, 1111/1/1tJ 10 :. Ii'IIJ lidJred ill I'L 1,111
Tel} fold serial dilutions cf virus samples halves led frcm FL cells \\'ere inoculated

in triplicate into tissue culture cells or + different kinds or cell lines.
eai'lierThe ?. ppearance of cytopatl!ic change at all dilutions \\. as a re\\, days

in FL cells thait in the 3 other cell 11ncs.

As sho\\, n in Table I, thc maximum virus dilution \\ hich caused inuclT
cytopathic change \\'ithiiT 2 \\, reks was also 2 10 310g units higher in FL cells
than in the thi'CG other cell lines, and ITUmber or cultures sho\\ing cytopathic
change did not increase 111 the ITCXI two days.

+. Sellnl I'd, $"g, of ;'ill!* I'!! 11, /, nilr fellJ
\!irus established in FL cells \\. as Incculated and I>asscd I\\Ice in he pailc cells

(Table 2a)
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MEASLES, GROWTH AND GELl, SUSCEPTIBILITY

Table I. Susceptibility of FL, HeLa, conjunctival and he patic cells to
FL passaged virus.

^ Call^ne I
, ,I:\ IVirus cliluiion '- I

I O--

I O-"

I O-'I

FL

I O-"

\;;

I HeLo

I O-"

a: 11:

The susceptibility of he pailc cells to FL established and he patic ccll I}asscd
virus was compared with that of F1, cells using tubes of each type of cells infected
with 5 steps of ten-fold dilution of the viruses up to 10.7 in triplicate. The virus
passed once in FL cells after single passage in he patic cells was tested' for. its
susceptibility in both cell lines. (Table 2b) The susceptibility of he panc cells 10
measles virus infection did not exceed that or FL cells during these passages.

I O-r

Resulis ore expressed OS CP POSiiive tubes per 101.1 Iubes. Susceptibiliiy of cell
line is expressed as TclD"o of virus in each cell line/TclD, o of the some virus
in FL cells

Susceplibilily

4:1

*;;

Conjunctival

\;;

I!;;

4:1

11:1

\;;

He palic

,!;,

It

I!;,
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*;;

I O ~"

,!;,

4:1

I!;,

FLi0 '''111TglD. " Cm FL) * ,, , _103'' I'D, 0 <in FD__ to ,passed in he palic cells passed in he palic cells "

101'5 TclD. " Cm FL) 10 I ,"' ' ' ' ' "~" ~^ -FL I 11 H pi FL 'passed in H cells

5. ED Tr1 17en/?neii/

Virus passed once in he patic cells was diluted in two steps at about the
minimum required for infection and each dilution was inoculated in culturcs or
FL cells and of ITepatii: cells in triplicate.

After two weeks neither FL cells nor he patic cells showed cytopathic chanoe at
h h'h. d'I .A hl ", 0- ,the higher dilution. At the lower dilution, althou, 'h FL cells showed much changes,

one of three he patic cell cultures only exhibited a slight change, ancl the other
two showed so little change that the presence of virus was dubious. Cells were
dispersed by EDTA teatment in cultures in triplicate except for. the Ihrec FL
cultures in which remarkable cytopathic changes were observed. After mild
centrifugation the cells in each culture were resuspended in a double volume or
maintenance medium to the volume of preceding culture fluid and seeded into tubes
11T duplicate.

*:.

I!;;

...

I 0~ 2- s

It

*

11:1

Table 2 a. Passages of the virus

'!;,

-"."



318 T'OYOSHIMA, HATA, TAKAHASHl. KUNIT. \ A\D OKUNO

Table 2 b. Susceptibility of FL and he patic cells in various passages.

---- -^- I^^ ^---^--^I--^ ----:^^ ^
Cell line

Virus dilulion '\,

10-= ":. ":. I ":. ,:. I ;,:. I \:. I *;. 44
--_- ----------I_ ---^I ^-^^-^--^^-;-^--I- ~ ~

10-* *:. I ":. ":. ":. ";. ^ ,:- , \ I %
----- ---- - -- -^ ----- ----.- --------- --

10-' "'. =:. ":. ":. *:. ":. ,.. ,..
-------- -- -----.. ------^- ^ -^- - --^ ----- -

10-, a:. I 11;. ";. I:. I *;! *::
- ----

^ 4*I!;: 11:1I 0-11

FL I Hp
I 151 Poss. ,

10-' I I O-l ,I 10-".'10-- uSusceplibiliiy

Resulls ore expessed OS CF POSiiive Iubes per iotal tubes Susceptibility is expressed
OS TclD:Iu of virus in he palic cells/TclD, u of virus in FL cells

Cytopathic changc became cvident 2 clays after this 11'eatment in the pair of
tubcs containiii, , hcpatic cells \\. hich had sho\\, n a slight change, and 6 days artei.
in Ihc I\\'o I)all'es or he patic cell tubes from the cullurcs \\, hiclt had I'GPi. esented
doubtful cytopathic changes. The three remaining paires of Iul>es or he patic cells
and all pails of FL cell tubes showed ITo cvidencc of virus multiplicatioi, duiing
obsci'vatioiT 1<11' Iui'ther eight days

Table 3. The effect of EOTA treatment

\, Observoiionl

Cell

I O-'

FL Hp
2nd Poss

,!**;;
--- -- -

11:1'!:^

it I HP I
I3rd Pass. I

,!;,

FL

lit

Hp

,!;,

,!*

...
"..

Oiluiion

,!;,

*;:

.----

4:1

I :.
...

lowe r

,!*

^

,!;,

~.,~

FL

higher

I51

Hp

T~

+
+

FL

+

2nd

.-

.,

.>

Disiinci CP change
Litile CP change
D!Hicult 10 determine whether + or -

NO CP change
Days o11er EOTA Ireolmeni

.)

none

,/

,/

Hp

T. + 2doysF
T. + 6doys
T. + 6d. ys

: T. -
T. -

T. -
- -^

T. -

T. -

T. -



DISCUSSIO\

.-\Ithough an incl'case of \, 11'us in FL cclls \\as obscivcd 20 110uis '11/1'I'
in FCCtioi\ \\'1111 a Iai'gc inoculum, Ihc cal'liest o1'appcai'ance pi'0;:Cny \, 11'us \\as

uricci'lain since the I'cmaining \'11'us 111.1' \\as its l}I, ,IT as 10'1 'I'GII>;loanci \\'ashin, ,.
\\'Ilcn in o1'<1 Ihorou!, h \\ ashinp pel'101'med the I>Topoi'lion o1 infracd cells
\\'as onc in ten, as delcimincd by titration or Ihc 11vin, , cells susj)cnsi()n. 11T this
casc, the initial 1'1sc o1 \, 11'us litei' could be obsei'VCCI only 4110ui's iaici' limit that
in Ihc fiist exporinlcnt. '1'his \\'as 1:10babl\, I). cause or the diffci'cncc or 1110culuiii
size, \\hicl\ \\'as 10 limes largei 1111hc hist cxpci'jinciii. 'Lhciiif!ICtiviiy o1'111c \. 11us
\\'as ITi;:heI' in inc cells Inait ill culluic fluid in cacl, case.

CF-;in11;:cil in infected I'L cclls \\ as delcctcc12+ hours allci' illlcctioit ;111<I ill
tills timc cytopathic ch:ingcs \\'Ith giant cell 101'mallon \VCrc also o1, scivcc1 1110u, ,I\
not clistinct. \'ci\, re\\' cytoplasmic inclusion bodics coulcl be round artci' 24 110ui's
antl in11nnuclcai' Inclusions \\'ci'c sccn allci' 2 days. ,\F1ci' 310 + clays o1'11/11. ciion,
cclls \\'cie appal'cully 1:111iiig tiff nom tile \\alls or Ihc tubcs.

T'hc callicsi appcaiancc or CF-anti. ,cil and c\, 1010, ,ICal chini, ,c is 11,111ci Inari
pie\. IOUsly I'epoitcd thinck, 1959) and LITis 511g;;CSt a 511'1kiii;{ allinity o11his 511'alit
to 1'1, cells.

J'11c susccpiihilii\. o1 o1hci' cell 11ncs to \, 11'Lis ISOlatcd alitl listalilislicd in I'T,
cclls \\ci'c 2 to 310;; units 10\\ci than 11Tat or I, 'L cells, ill spilti 111' Ihti incl innt
ncai'Iy 111e same \, 11'us yiclcl could IJc obtained in all ccll jincs incluclin, , I. ^, cclls
\\'lieil cytopathic changes \\'ci'c maximal. 'Lhc dclay ill appcai'ancc oI CF-anti, ,cn,
Ihc maximum injectivc 111.1 ancl the cytopaihic chan, ,CS in Iht. 1111'cc ccll jincs
o1hci 111ai, I'T, cclls. \\ ci'c supj)OScdl\, clue 10 a diffci'cncc I, ct\\cull Ihcii susccjiiibi-
lily to the \-,!us

Cytoplasmic Inclusion 110dics \\'ci'c sccii in ruinti\ c small 1,111poi'titiiis 111
conjuilCLIval, Ilcpaiic and I-1.1, a cells o11 tllc 31'cl clay artci' intrctioii, 11nd ill ;! iaiuc
plopoi'lion or I-1.1, a cclls 3 clays allci' innction. In11'ailuclcai iilclusitiii nodics
coulcl Ii. obsci'\'cd in till or Ihc 1111'cc cc11 11ncs Iiut \\'ci'c it\\' ill nLiitil)ci'. 'I'hc
cliffcicnccs or in o1'pholo;;IC;11 changc in 11, c vai'IOUs cell 1111CS Iiiuduciii!: 1/1/'11}' 111c
same \11'us yielc1 11as IJccn <11scusscd I;y Macl< ,/ n!. (1959)

Sei'inI I)assa;;c or \'11'us \\ as Iici'101'inccl using Ihc I\cpatic ccll Iinc Iiccaiisc ill
111is line snO\\'cd Ih{: 111;:he 51 scnsiti\. 11y 10 the \, ii'us and inc most <11stinct cyio jaillIC
changcs in unstainccl cultuics of 111c Ihicc cc11 11ncs testcd. I)uiiii, , Ihi'cc sei'iai
pa. ssa!;CS or \. Irus 11T hcpatic cclls, Ihc susccj>libility \\ as a 11/11c 10\\'ci' ill ITcj)atic
cells Ihai\ in 171, cclls. Thci'c is a slight possibility that 111c susccj)111)11itv ini, ,ht
incl'casc if obsci'\. ations had continued ovci' a 10n, ,CT poliod. occasionally Ilc Jailc
ccll ct!11uics infocte(I \\1111 vei'y small amounts or inc virus snO\\'cd so jiltlc c, to-
pathic changc that the I, ICscncc or the \, irus \\'as doubted even I)y calci'ul ohsci'-
vation \\ith a light in ICi'OScopc. Such cells showed I'emai'kablc cytopathic chan rcs
\\ithin several days artei' tieatmcnt \\illT EDTA. This suppoi'is the su, ,UCStions
mentioned abo\. e ancl it suggests that the isolation in tissue culluic cclls min^I lit
incl'eascd by using EDTA.

XIEASLES, GRO\\'T}I .\\D GELl, SLSCEPTIBILIT'Y
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Fig. 3. CPC in FL cells 2 days after infection.
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Fig. 4 Remarkable CFC in FL cells 4 days offer infection. X

100.
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Fig. 5. FL cells 2 days offer infection. H-E stain. X400.

it : cytoplasmic inclusion body.
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Fig. 6. FL cells 3 doy, offer infection. H-E stdin. X 400.
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Fig. 7. FL cells 6 days offer infection. H-E 310in. x 400.

.

,,,.

Fig. 8. HeLo cells 2 doy, offer infection. H-E 310in, x 400.
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Fig. 9. HeLa cells 3 days after infection. H-E slain.
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Fig. 10. He potic cells 3 days offer infection. H. E stain.
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Fig. 11. Conjunctival cells 4 days after infection. H-E stain. x400.




