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niKc\. s JOLn\A1,2,305-312 (1959)

Virological Studies on Measles Virus

I. isolation of Measles Virus Using FL Cells and
jinmunological Properties of the Isolated Agents

KUMAO TOYosHiMA, MICHiAKi TAKA}{ASHi, SEICHiRO HATA,
NOBUHARU KUNITA AND YosHioMi OKUNo

Sui\INiARY

Two rigcnis WPIc 1501nicc1 11'0m Ihroat washings of incasles I, atieiiis in FL C U . O I
incm. I, alllCLI Toyoshiii:a strain. was Id, 111ificd as Ihe air"111 of I, ICaslcs b\ ' I ' , I I
1110rj)hologicai silldics.

Titc cliffci, nc, Ii, Iw"ei, Edmonstoil 511 alit alld this strain collld not I, c <1.1, ctec1 11y jin-
in 11nological aiTd I\'lopatliogcnic;11 I, lopci'tics.

DC1m'!111, nI o1 Firo!og)', R, Fed, 'ch litJtiii, te 101 MICi o6 Ihl
DJr, mer, Of nitn Uni: '11/1j, , 0, nk"

(Ratei, .,, I for 1,1161icntion, Decenibe, ' 75, 1959)

INT'RODUCT'10N

Scvcial IepoiIs ITavc IJecn publishcd on 111c isolation or incasles viius .' u
I'llmai'y cultui. es of \, ajious tissues (Cohen ,/ u/., 1955; Rucklc. 1957; Rucklc d
Rogei's, 1957; BCCli and volt Magnus, 1958; Mutai, 1959) since Ihc fiist sacccssful
ISOlatioiT IJy Endei's and PCcblcs (195+). Altcmpts 10 isolate this vii'us in H L , d
Hep-2 cultui'es \\'CTC Linsuccessful (Bech and voil it, lagnus, 1958).

\'Iany allcmpts hacl heelT made in ou:' laboratoi'y to is o1atc measles ' '
monke\, s an <1 in emlJi. yonaicd cg;:s (T'anIguchi ,! (!/.. 195+ a, 1954 b and 1956), bui
it \\as I'nthei. dimcult to Idcntify and mailTtain the iso1atcd aryenis.

T'Ilc Incscnt stud\, Is concerned \\ illT the isolation or incasles \, 11 us us' TIT . , -
blished lissuc cullui. e cells or F1, SII. all} and the jinmunolo, ,ical ). I' I h
ISOlaiCd agent.

\IATERl. \LS .\\I> A1ET'HODS

I. SIec!111,111 101' hold!10n

Sui'a or throat washiilgs of incaslcs liaricnis \VCrc collectcr1 5110rtly bclorc o
on 5.1 o1 rasi}. washings arc ccntriftigcd twice at about 2000 r, 111 1012() In I I .
a IC\\, hours all. r the:I colicction. 0.2 or 0.3 111I of Ihc ntaterials wer, 110c I I d
itIncs containing FL culls.

L. 7I*,", fullu, , ceil*

Esta!, lish, cl It limitii aiTinion I',!15 of FL strain were Lisecl for. the is o1atioil and Ihc
till'at 10n

\junkc}' kidney cells WEre lirej, ared I, \ Yotinger's methor1 (1954-) for fluorescent I lib rl\.
SIa, illng.

Slide cell cultui"s \VCrc lirepareLl for' 1110rpholotrlca1 o115er\ ;1110ns
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3. Medium

For growth medium of FL cells Earle's balanced salt solution containing 0.5 per cent
used For maintenanceIactalbiimine hydrolysatc (LE) with 15 per cent ox serum was

medium LE willt 3 per cent ox scrum was used

4. Seritm

Sera ironi measles patients at variotis stages and .Tont children who ITad n0 1st on' o
measles were collectrd for. seralogical tests. .\nti-EClmonston ITUnian serum was prepare in
this laboratory (Okuno at al. , unpublished data) and anti-Ednionston monkey serum was
kindly given by Dr. A, Tatstimoto and Dr. Mutai (Tlle Institute for Infectious Diseases. Tokyo
University). All sera were heated at 56'C for. 30 minutcs and storcd at -_O C.

5 .We'lle. , ,Irus

Edmonston strain kindly given by Dr. A1atsumoto and Dr. \jutai was used.
Titration : TclD" was determined as 10/10ws. Ten fold serial dilutions of the material

were pi'CDared. Three tiibes of FL cells were in DCulated T'specti\. ely w!th O. _ in o eac
dilticnt and allcr one hour's incubation at 37 C. one n, I of maintenance medium was a er
to each tul, e. Maintenance medium was changed several times during the observatioit perio .
After two weeks' ohser\. ation, Ihc TclD, , was calculated 13:1 Reed and 111uench s method.

6. Are"trailzat, on t"t

Diluents were added with equalSerial two fold dilutions of setunT were prepared
volLimes of the isolated agent containing about 100 TclD, /nlI. XIIxtiiics were placed in an
ice bath for one hour, then three tissues per each dilutioi, were In octi ate wit ._ in o
the mixture. The antibody titer is expressed as the highest serum dilution w IC s owe
complete neutralization of the agent alter two weeks observation

7. Complement fixation Ie, I

The test was performed according to Koimer s method.
Infected tissLic cultures were frozen \vhei, maximum cyto!ogical changes appeare an

sensitized ox TCLl cells werestored at -20'C for. the CF-test. As the hemolytic system
employed

8. Fixation unr! ., ta, it:rig

Slides fixed willl Bouin's fixati\ e weic stained with I, emittoxylin anti cosin
with methanol were stained with Giemsa's 5,111tion

9. Fluo, eJcent drillbody Ie, ,1:11cy u,

Tht! indirect Incthod described by Wcller and Coons (195+) was employed try!it; anti-
EdmonstoiT human serum and anti-human-globulin rabbit irumun, seriim conjugate wit t
H tinr, scein-1501hIOCyanate.

Specificity o1 Ihe staining was CStablished as follows: I). L. ninfcctcd culturecl cels re-
Yealed no fluorcscencc by Ihe 115ual treatment. 11). ',\hen anti-Edmonsioi, burniii was TclJ ace
by actite I, base serum of measles, no fluorescenc, vras \-151hlc in the inICcie cc s. iii). in
case when the conjugated alitibody was applied directly for. the infectcd culls, n0 1stinct
fluores:'cnce COLIld lie seen

TOYOSHIMA, TAKAHASHl, HATA KUNITA A\D OKU\O

I. 1501"/ioi! of' Ihe dgeii!r

7 sera and 12 \\ashings wei'a collected from 15 I)alients. One serum and 7
\\'ashings showed cytopathogenic errccts 7 to 16 days after the first Inocu ations.
\\!ITen cytopatho!Tenic cfTects became evident, cell-fluid suspensions were made an
0.2 in I of each sample \\ as Inoculated in duplicatc into ne\\' tissue cultures. Tubes

RESULTS

Those fixed
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which failed to sho\\' any cytological chan, ,e \\. ere passed to ne\\ cultui. es at the
16th day of the hist Iiassages. Few samples showed cytopathogenic effects in con-
secutive passages. I\Itei. several passages no obvious cytological chanues could be
seen within the obsei. vation I, eriod. 10 pail'ed tubes, \\, hiclT had represented no
prominent cytological change, werc treated \\, ith EDTA, and the cells were
I. eruoved nom the tubes at the end or the observation period. After a brief cen-
trifugation at 500 I. pm, cells or each pair \\ eie resuspended in 3 in! or mainten-
ance medium and cultivated in three tubes at 37'C.

Table I. Passages of the agents which showed cyfopofhogenicily in the first inoculations

Passages
Specimens

No. Moleriol

?*

4

W

5

W

6

W

7

+

{-

+

+ , Cyiopolhic changes preseni Wi!houl cylopoihic chonge
W : Throoi washings B , Serum

T ^ Treaied wiih EDTA and passed 10 nexi passage
* , Toyoshim. sir. in

5 and 6 specimens were collected 51mulioneously from one pollen!

Artci' 2 and 3 days or cullivation, conspicuous cytolo, ,ICal chanpcs \\ere ob-
sei\. ecl in all tubcs or I\\. o samples. 8 orbci samples sho\\cd cylologicalPO

changcs \\Ithin the I\\0 \\. ccks' obsci'vatioi, I)ciiod anti in consecutive passagc \\1111
the ticatmcnt dcsci'Ibccl above. One or the I\\'o I, OSitivc samples, named Toyo-
shima strain, sho\\'ed SII'Ikin;; cytopatho;:enic effects \\'ithiiT a re\\' days artei. the
subsequent inoculatioiT Into nc\\ I. 'I. cultures. 'LCID, !I of this alieni at thc 7th
I>assa, c in IfL cells \\as 1011-:110.2 InI

2. 1111/1/11!1,104, d! Iiio/iei/!,, ill To I^, Jhii}!(I \/!will

a. ;\',!11 Jul!. dimii If. ;/

Foul ITUmail sera \\'e!'c uscd foi' I, cultalizaiion tests. 'I'hc^ were collected 11'0m
all acute I, hasc measles, a con\, alesccnt I, hasc incaslcs, a child havin!, n0 1,1510i. y
of 111Is cliseases ancl a convRlcscent IJllase of a. casc or me aslcs of expel'linental
Infectioi} <Edinonstoii strain)

As sho\\'it in Tanlc 2 To\, OShima snailT \\'as ncutra. 11zed I, y convalescent sei'urn
and anti-Edmonsion sei'urn ancl not by, acute phase o1' uninfected sera

W

8

14

2

B

+

+

W

3

L

W

+

.)

+

+

+

W

4

J

+

-T

+

5

.?

-T

.)

.?

-T

-T

-T

,-

6

') T

-T

T

.)

-T

-T

-T

7

+

') T

-T

+

+

-T

+

-T
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Table 2. Neutralization of Toyoshimo strain with human sera

48 TclD, "/a diluiion of the agent was inccul. led

b. Complement ITa/foil IeJ/

Complement fixing antigen of Toyoshima strain and of Edmonston strain
were tested with one convalescent and one anti-Edmonstoii monkey sera. As sho\\ n
in Table 3 a and b, considerable similarity was observed bet\\, een the strains.

Se rum

Titer

Convalesceni

x 64

Table 3 a. Comparison of CF-antigenicify of Edmonsfon und Toyoshima strains
with convalescent hum an serum'*.

Edmonsion siroin

Serum dilution '

Antigen dilulion

An Ii-Edmonston

X 64

2

Uninfecied and

ACUle phase

4

+

8

16

32

20

<x4

'Antigen
control

I +

40

+

~'~ Serum dilution 20 40
^ --^-^-

A. tiger dil. Ii. . ,, _ _

80

+

+

+

I60

+

iserum coniroll

+

+

+

2

320

+

4

+

+

+

8

640

+

16

Toyoshimo sirain

+

Antigen
co nir o1

32

1280

T

+

+

+

+

80

Serum 17 doys alter Ihe onsei of rash

L

320160

iserum controll

+

+

+

T

~r

,.

640

+

-.-

1280

+
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Table 3 b. Comparison of CF. antigenicity of Edmonsfon and To OShima sir '
with a nti-Ed monsf on monkey serum.

Edmonsion siroin

20 40
^

".. Serum dilulion
,._,;I'm , , ,

A nilge n dilulioi"\..
~~~~~~ "I--^^----^--^-- -- -

2

4

8

16

10

Antigen
co nirol

32

-L

Serum di!ulion

An!19en dilulion

L

.-.

80 160

iserum controll

,-

+

?

T

4

4.

8

+

10

320

16

309

Toyoshimo siroin

20 40

'The cori'elatioit bet\VCeii the development of CF-antibudics to 'To ,OSI ' ;
SII'allT and the days artei' 111e onset or disease was studicd (F1, . I). I\s 111c at I'-
gens of Ihc tests, pooled I. T, cells infectcd \\illl To OShima SII'alli \\ citi .d ,
three fold dilutioil artci. F1. cezin, , and Iha\\intr. CF-antibodics \\. ci. c I. I d I I
a re\\. days allci' the onset or Ihc I. ash, and 16 to 20 da ,s artci Ihc onsct I Ih .
disease the litei' of antibodies reached their maximum. \o CIE-antibody co Id I .
detected in chicc samplcs collectcd 1,010re and at thc onset of the lash. Sei. at E.
nine cnildi. en \\. ho had n0 I11stor\' o11hc disease \\CTe tested. 'I'he hacl no I. t" -
table CF-antibod},, \\ith onc cxccption.

C. IMO!/)frolo. g, ^ :

FL cells infected \\'itIT Toyoshima SII'ain sho\\'ed reinai'kable c to Jilth I ,,' , I
changes \\'illl giant cell formation. (}'Ig. 2). Cytoplasmic inclusion bodies \\'ci'c
I earlily detectable in hematoxylin-eosin stained pi'GPai'allons ( F1. ,. 3 ). In 11'anuclcai.
inclusioi. bodics \\ eie also detected (Fig. 3). Botll inclusions \\ci. c cosino )hillc and
reulgen Ilegati\'e and TITeir characteristics \\'ci'e cjuite similai to Ihc desci'1,110 I
Binck ,/ ,,/. (1959). ' ' '

,.

Antigen
co nirol

32

+

L

640

+

+

80 160

iserum coniroll

+

+

+

T

L

320

-F

+

640

.-.

".
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Fig. I. CF-antibody liters of sera collected of various days offer onset of disease.

640

320

160

80

.
o

.

.

>
.
o
,

C

40

.

.

20

<

o00.0

10

.

.

.

12
.... ..
.... .

.

with Gicmsa's staining cytoplasmic Gosinophilic masses were observed (Fig. 4).
'1'1}cy sccmcd to cori'espond to cytoplasmic inclusions by hematoxylin-eosin stain,
since inclusions wei. c simultaneously detected by both staining methods

d. F1!!Diet, 'rill '11/1i/10,111 J/aji!ing

A monkey kidney ccll culturc inkcted \\'ith Toyoshima strain \\'as examined
by Ihc fluoi. escent antibody method. At an eai. Iy stage of infection, a compact
IOUiid form or I>11/11ani fluorescence \\ as visible beside the nucleus. Distinct fluo-

resccncc apj)carcd I)oth in the nucleus and cytoplasm at a later stage as sho\\'n
11T Fig. 5.

un Nuded

1-359

.

13 16 18 20

DISCUSSION

Sevci'al leiioi'15 It avc been published on the isolation of rocasles virus using
vai'IOUs primary cullui'CS. Attempts to use HeLa cclls and Hep-2 for' Isolation havc
licei\ unsucccssful (BCCh and von A{agrius, 1958). \either in our laboratoi'y sac-
cccded its isolation LISing HeLa cells. Recently \\'e were informecl in a personal
coinmunicatioit o1 the successuful isolation of incasles \, 11'us using FL cells Iiy Di'
Mutai. In oui. exjic!linent, two agents could be Isolated using FL cells from throat
wasliiilps or acute I)hasc measles palicnts. \o agent could bc established from
sei'uru samplcs. 11T some cases of unsuccessful Isolations, cytopathological changes
and a IC\\, cytoplasmic inclusion-like bodies could be observed in thc 1st or Ihc
2ncl passage. suggcsting that FL cclls might be Infectecl with the agent from LITc
patient, but its adaptation to this cell might be rather dimcult. The ITUmber o1
samj, ICs \\, hich showed cytopathic changes clecreascd remarkably in early passagcs.
Evci} in the succcssful cases, thc changes in the cells were oncc indistinctive and
Ihc I)I'CScncc of the agcnt could not be expected. \ine tissue cultures sho\\. ing

.

.

o

o-a

._. Parred sera

26

PCIred ,er.

Do ys o1!91 o. 3ei o1 di, e. .e

40



little cytopathic changes \\, etc suspended IJy EDTr\ and at 3 and + days allci'
seeding, I'emai'kablc cytopathic changcs \\. CTC observed in two samples. 'The o1hci's
did not sho\\ any change dui'ing aiT observatioil PCriod of in o1'c than I\\. o wecks.
From this result it is considci. ed that in old tissue culturc, the cell number is so
Iargc and multiplication of virus is so slow that cytopathic changes aie it at'dly
detectable. \\'hen cclls in such a condition arc scedcd anc\v, the \, 11'us multiplica-
lion becomes active \\, ith jestorcd cell metabolism. This presumption is suppoited
by the fact desci'Ib. <1 in Ihc folio\\'ing article (T'oyoshiina 21 ill. , 1959).

Thouglt efforts Ilad been madc to isolate the virus \\ ill\ FL cclls in oui. iano-
I'at o1'y rot a re\\' months herot'c the PICSent expel'linent, no cytupaihic cltangc \\ as
obsci'VCd cvcn in thc I SI inoculation. T'he prescnt study sho\\. s that many SPCci-
merits collected in thc pandemic p. 110d of measles sho\\'cd cytopaihic changes in
the it' cal'lier passages, while only onc of SPCcimcns to\\'ai'ds Ihc cnd or Ihc I)all-
dcmy induced cytopathic changcs in the 1st Inoculation.

Antibody 10 Toyoshima SII'alll \\, as detcctcd in convalcsccnt sei'a anc1 1101 in
acute I)hase and uninFectcci ITUman sci'a Iiy Ihc ncuti'allzatioii test, cumj)ICmcni
fixation test o1' I)y Huoi'CSccnt aittibody stainiiTg. Thc CIOsc 1111ci'rclationshij) bci-
\\'ccil the development or antibodies and 11Tc days or Ihc discasc \\'as I)lovecl in Ihc
complement fixatioiT test. Only o11e case \\'as observcd \\hich had CF-antibody to
'Joyosliima sti. ain \\. ithout histoi. y of me aslcs. \.\'e Ilavc the samc oninioii o11 this
casc as that CICSciibccl I^, Black (1959).

Immunologically and cyiopaihologically reinai'kablc SImilai'111cs \\'CTC Ibuiicl
bel\\'Gen 111e lidmonstoii 511 ajil or incaslcs \, irus and the Toyoshima 511'ain.

\. IEASLES \;IRLS. ISOLATION

ACKNO\\'I, EDG\-TENT

we wislt 10 Ihaiik Doctois A1. ,'amurn. T. \Ishikawa. 1<. \'awliaia alit1 111aiiy I, I'm 11-
11.11ci's 101 tit, ii killcl I, elp in collecting samples
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Fig. 2. CFC of FL cells infected with Toyoshimo strain. H-E stain XIOO.

\

Fig. 3. A giant cell conoining both infranucleor @1nd cytoplasmic inclusion bodies in

FL cell culture infected with Toyoshimo strain. H-E strain. XI, 000
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Fig. 4. A cell bearing cytoplasmic QOSinophilic mosses in FL cell culture
Giem, o'3 stdin. X 1,000

,
,

Fig. 5. Giant cells containing cyfoplosmic inclusion bodies in monkey kidney Ii
culture infected with Toyoshimo strain. H-E 510in X 40



Fig. 5. Monkey kidney cell cultures infected with Toyoshima strain. Indirect fluorescent

Gritibody staining with anti-Edmonslon human serum. X 200. Distinct fluorescence
was visible in nuclei of most cells and in cytoplasm of some cells




