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nixi:\, s .I'm\A1,2,295-303 (1959)

Cultivation of Coxsackie Virus (Group A, Type 21
in Mouse Tissue Grafted to Chorioallantois

To SHIKAzu I, bJiTA, To sinn SUGAi AND Yosniovi OKUNo

D epd, 1111en! o1 I, ,1010g)., 771, ReJem, /I InJ!11"!e 101 A1^^, obi"! Dir, ,!f, $
O VIA, I Un I:,, I'llj. . 0, rift(!

I. Coxsackie \'itlis. Ci0111, A Type 2 an I)c suriall\. till11\'niptl o\, r long I, CTiods 11y
1110ciilating aduli incuse niriscl" tissue giniiecl to chick embryo chorioallantoic. meinI, ranc. An
"!;,; ridajiicCI Siraiit of tlic \ 11'11s wits oninin",! using this ritethod

'I CLIlii\'ajioit for a 1011ger nunocl was nior, possil, Ie willt the EK system (lising adult
mouse kidney. tissue graftetl in egg) Ihai, in the control Lising egg only. 1,111 at, egg adapted
straiit could not I, c obtaincd

3. The egg adnjiied siraii\ was I, 10\CLI by Ilcull'allzalion i'sts Lising immune setiiii\ 10 be
a Gionji A. Type 2 virus

I. Inletlerence tests showetl that a 1.05iii\. e result was obtainc(I \vheil the liter o1 the
Intel'tCTing virus (Coxsackic \. ITiis) was great, I than 105-0 A. iLD. at Ih, Iiiiic of innt. ,11aiioi,
Irr, SPCcii\-e of Ih" culliiic s}-siCi, I

5. Initcii\ity t'sis in 11, c adult mouse fail, t1 10 show any significant <11H'ercncc belw, en
Ih" origiiial anti 111, adajiiec! strain. nut in suckliiig I'm ,. inc adajiictl strain hacl a long. r
inc tiliatioii I, criod

6. \0 cyiojiaihn!!, nit ,truti wits dctcc!"r1 o1T I, -tells 11/11 a tr, PCI to I)Tolingatioi, o1 Ihc
adaptccl strain in L-c, 11 rilliui, s wits oilscr\., a

(R, c, it. ,,/ 107 1/1/61^^nilo!,, Daceiiib, r 15, 1959. )

SUA1\I:\RY

I\T'RODUCTIO\

\'ai'IOUs inVCstigatois 111 Inc I, ast 10 \. carslTave attemptcc1 10 adapt Coxsackie
vii'us to the cliick emhi'vo I)ui all it a\. c I)ccii unsucccssful alld cullivatioi\ ITas

succeed, d FDi. o111y 5-8 geneiaiions at Ihc most. naildorr and Sickles (19+91 ITavc
I'epoiIecl that cultivaii0, , o1' <110uj, :\, 'I'ypc I in cggs \\'as impossiblc, \\'hile
Codeniic and CUI. ncii (1952) stated that (;Touj, A. 'Lype 8 IEasion-10) \\. as
cultivated 101' 5 ;;cnciaiions by, inoclation on choiioallantoic membrane or the
developing chick Ginbi. yo (CANT). SITa\\ (1952) I. eported that Grouji A, 'Type 2
\\. as successfully cultivated for' 8 ;;crierallons in the yolk sac.

Huebner and Ranson I I950 ) Ilavc cultivated CIOup A, 'Type 2101 10 denei. at ions
in the yoll< sac and ICccntly Sugai (1958). one of the liresent authors. has
cultivated 010uj> A. 'Type 2 (Shida SII'ain) for 12 ryenerations under ceitain
conditions.

Group A, 'Type + (Minnesota-I) Coxsackie virus has I>een successfully cultivated
in tissue cultures of mouse embi. yo tissue by Slater and Syverton (1950), and in
flank culture <\0.503761st"ain) orchick eml)"yo titsue by Shin, (1952) while C"or*cll
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and Syverton (1955) and Sickles at a1. (1955) have investigated the cytopathogenic
effect of Group A and B virus on HeLa cells and monkey kidney and trypsinized
monkey testes cells rcspectively.

The technique for cultivation of tissues on the CAM have been reported by
Gameron and Oakley (1938) who successfully transplanted chick embryo liver
tissue to the CAM. Goodpasture (1938) has reported that human skin tissue
could g"ow on the CAM. Blank and Co"ie11 (1948) have used this technique and
serialIy cultivated herpes simplex and vaccinia viruses and Li, SchaefTer and
Nelson (1954) have cultivated poliovirus for long periods in monkey kidney and
monkey skin tissue grafted to CAM.

There are no reports however, on the adaptation or virus to eggs following
such cultivation methods as above

it was considered that if the tissue culture method and the cultivation of

CAN were combined and the tissues susceptible to virus were utilized
intermediate step in the cultivation, egg adapted Coxsackie virus (C-virus) could
be obtained. Studies were therefore conducted in an attempt to verify this
consideration. The results presented here show that the chick embryo adapted
C-virus could be obtained and serialIy cultivated for a long period \\, ithout leduction
in titer.

To SHIKAZU FullTA, To SHIJI SUGAI AND YOSHiOMI OKUNO

I. 17,7'"

Group A. Type 2, Shida strain isolated by Sugai (1958) from the stool of a SIIsp. c. c,
poliomyelitis IJatieiit

2. Suckling rut'ce

NA2 strain was lised within 3-+ days after birth

3. 11nmt, ite sei'I'm

Group A, Type 2 (TL 49190) supplied by 111e National Institiite of flealth of Japan

+. Ti'$3ue culture ?Jinierin! grafted to C, {M

a) TiJ$14e: Thigh muscle and kidney taken Ironi 4-5 week old
minced to 2-3 run, 2

by Cult"r, rugdi"
Hanks' solution
Bo\, Ine setunTExp. I
Chick embryo extract

Containing 100 11g/nil streptoiiiycin and 100 units/inI of penicillin
YLH soilttion 60%Exp. 2
Bovine serum 40%

YLH flanks' solution containing I per cent yeast extract and 0.5 per cent Iactal-
bumine

5. L-cell

MATERIALS AND METHODS

Maintained in o11r laboratory by stationary culture in 5 percent bovine serum-YLH
solution

6. '11/1r pusr@ge in de"eloping chick emb, j, or grafted reith "Jou$8 tiJ. ,"e

The kidney, and thigh muscles of adult mice were removed aseptically, cut up with
a scissor so tliat the pieces were ca 2 mm3 in size and washed se\. eral times with Hanks'

as an

mice (ddo strain),

60r,
307,
10%



SOILiiion. They were theit suspended in culture media and inoculated onto the CAM of
7 day eggs, about 10 pieces of tllcm being placed together with culttire niedia in each
egg throngh an artificial window (ca. 8-10 mm in diameter). T'lie window was closed
aseptically with cellophane and sealed with paramn and the eggs were incubated for 24 hours
at 37'C. The window was Ieopened. and 0.2 inI o1 C-virus material was dropped onto the
tissuc o11 tile CAI\{ ant! the window resealed. After incubation for 6 days at 37'C, the CAM
was excised and eniiilsified with an equal \'o111me of 11nnks' solution. After centrifugation
at 3000 rpn, for 20 niinutes, 0.2 inI of the supernatant was t'scd as an in aculum for serial
passage

Another ajiquot of the same material was diluted with physiological saline and back-
inociilated into suckling mice. The NILD*, was determinecl I, y the method of Reed and
A, incnch

The NILD-." of the control material (C-viiLis was in DC1ilated c!irectly to CAM without
tissue graft) was also IneasLired

7. A' '14/1 nilz"lion IF, !, "nil in!er/, rence left. ,

To asccrtaiiT whethcr the derived \irus was Group .\. Type 2 C-\ irus. the I, cutralizatioit
tests were lienorincd on experimental niaterial Exp. 2. E'11. TITc niaterial was serialIy
dilu, cd. ancl all equal \. o1ume of irumLine settim was added. ,\iter 2 ITours inclibatioi, at
37'C. 0.0+ inI allqLiots of the serum-virus mixiLire Inoculatccl intrapcitoneally Into 3
day old suckling in ICU. Noi'mai inotisc sertiin was used in the control exj, criment and the
neutralizing antil, DC1\. tiler was dctermined

As an illdcx for' tile c\. aluation of C-\'irus growlli in the cliick embryo, interference tests
will, runmps \. irtis ( Endeis strain ) ( SIIgai. 1958 I were conduciccl simtiltancously

T'o in\ CStigate any changes occurring with adaptation in the dov, loping eggs, the
nathogeniciiy riga!nst adult and suckling nticc and tile effect on I. -cells of Ihc adaj, tcd and
original strains of C-\. irus \\. ere compared

A 10 lier cent CUIulsion of the thigh muscle of infectetl niice in I, hysiological saline was
usecl for' serial I)assage o1 C-\. irus throughout tile experiments. For. inoculation of suckling
I, lice, noth in serial passage and back-Inoculation. a 0.03 inI in Drilluni was injected intra-
petitoncally

8. Experiment, it jin nth, !t In ice

'I'he I, at hogenicity of C-\. irus in 5 week o1cl niicc was exaniined. by in DCulatin, , five niicc
froln each group intracerebrally (0.03 In!) ancl intrapcritoneally (0.2 inI) with a 10
diluted In DCulum of niouse passaged 106-0 A1LD. ,, \. irLis or 106-0 E' 8111 \, irus of Exp. 2
and the animals were o1iser\. ed for 3 weeks

9. Expe, linent 1,111i L-cell

L-cells were distril, uted in short tunes and after 3 days in orulated with \, irus. One L-
ccll sheet was in DCulated with a 10~2 dilutecl in octilum of 107-0 MLD, ,, of thigh muscle
emiilsion infected with 11,0usc passaged \, itLis 1116-5 MLD, ," of CANT emulusion infected
with egg passaged \. irus (Exp. 2. E'17). The culttire media was removed every 24 hours and
back-inoculated in suckling mice and the nowih curve was determined. The cytopathogenic
effect of the C-\irus was checked for 14 days

To ascertain the reprodLicibility of the results. the exj)eriment was di\. ided into 2
In Part I, 60 per cent Hanks' solution, 30 I, er cent calf serum and 10 per cent chickDarts

serum was LISed as the culttire medium un to Ihe 10th tieneiation. whilc from the ele\enih
generatioil of Part I and in Part 2.60 lier cent YL}I ancl +O per cent call serum was used

COXSACKIE VIRUS CULTIVATION IN CHORIOALLANT'01S 297
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I. Dag/oning rhirA' rillb})0 '11/1ii. a/ion
The followinu abbi. eviations are used thi. ouuhout.

RESULTS
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E = Egg culture
EK=Adult triouse 1<1dney tissue culture on CAM
EM=Adult mouse muscle tissue culture on CAM

E'=Egg culture after 11 of 12 EM culture generations <\\, ithout tissue graft)

To SHIKAzu FullTA, To SHIJi SUGAi A\D YosHIOMT OKUNO

Hosi Range

Table I. Experiment I

Mice-Mice~Mice I 006 Thigh Suspension IMLD, "-7.241

Egg Cullure Aduli Mice Kidney Adult Mice Muscle
Tissue Cullure onTissue Culture on
ChorioollonioicChorioollonioic
Meinb ro neMeinbr. n e

Generation

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

5,75101

3.25

2.75

2.00

2.50

2.50

1.74

O . 74

0.74

o

575101

3.50

4.25

400

374

3.74

3.24

350

3.50

2.75

1.50

0.74

1.00

1.25

0.50

o

6.50 101

4.24

400

4.00

4.50

4.24

450

4.50

5.00

5.24

6.00

550 --> Egg Cullure Generation
450 1014.75

24244.59
3475475
44.75550

54.505.00
65.245.24
75005.00
85.506.00
96.006.24

106.506.24
116.50
126.24

7 day old chick embryo used Ihroughoui
101 ^ 50'. 6 leihol dose in suckling mice Ibock inoculation I

Host Range

Table 2. Experiment 2

Mice-. Mice~Mice I016 Thigh Suspension IMLD, u-7241

Adult Mice Muscle

Tissue Cullure on

Chorioollonloic

Meinbr. ne

G en e ration

2

3

Egg Cullure Aduli Mice Kidney
Tissue Cullure on

Chorioollonioic

Meinb rane

5.50 101

374

3.50

6.75

6.00 1.1

4.24

4.00

15

600 101

450

4.50
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4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

2.59

2.50

2.00

I. 50

1.24

1.00

O . 74

0.50

o

4.00

3.75

3.50

3.50

2.50

3.00

2.74

1.50

1.50

1.24

1.00

0.50

075

o

4.24

400

4.24

5.24

5.24

5.00

5.24

5.50 -'> Egg Cullure Generalion
5.00 4.50 101

3.594.24 2

5.00 4.50 3
4.75 475 4

5.245.50 5

6.00 5.75 6

6.24 5.74 7

6.50 6.00 8

6.247.00 9

6 50 650 10

7.24 11

6.50 12

6.75 13

a) A coinj)ajisoil of the 11, El\ and KM svstcms in Exp. I ;\lit1 2 sho\\. that
tllc 11Nl could lie sellall}, I, asscd 101' the 10n, ,CSt lime. In 111c E anc1 1:1\ systems,
Ihc NII, I)50 sho\\s a in'adual deci'case \\illt each successivc passa, ,c. in 11\p. I,
Ihc ML050 or Ihc 11 and El\ systems di'OPPed nom 105-75 and 106-0 Iespectively
to zel'0. CoinjJarisoiT o1' Ihc E ancl F1\ systems in Exp. I ant1 2 I'cvcalccl that
the El\. system could be I)assa, ,cd 10n, ,'ci. 'That is, in Exp. I, the NIL050 or E
becomes zel'o at Ihc tenth gcnci'allon \\ bel'cas that o1' 111<. is 102-75, and in 1.1xp
2.1hc Nil. DSU or E is 100-75 at lire ICntl} ,, cnciaiion coinpai. ccl to 102-74101. the 1:1\.

In fixp. I. the \{I'D50 or Ihc F1\ sysicm dioppcd 10 zel'o at Ihc sixtccnth
;!Cnci'at 1011 ;incl in Exp. 2, the ;\{L050 \\. as ICi. o at the sc\. CUIeciith ,, eneration.
11 \\'as thus obscivecl that Ihc \, 11'us titci' or Ihc E and El\ systems *, laduallv
deci'cascd. finally' liecomin;: zel'0, anti 1,1010n, ,ed serial I)assa, ,e was impossiblc

h) Thc \U"DSU o1' Ihc 11\I s\, stem droppccl fi'Qin 105-6 10 101-0 in Exp. I and
1101n 106-0 to 104-0 in Exp. I \\'jilt sciial jig. ssa, rcs in Ihc cliicl< cmbiyo. lint nom
Ihc 6-811t genci'allon, the litei' again 1'0sc 510\\ Iy and a rail'by, constailI Ie\'cl \\ as
maintainccl LITei'c anei' (\'IL050 105-5 -1065).

c) 'I'he I\\'elftll gel\ci'alloi} o1' Ihc ENl system in Exp. I and Ihc eleventh
genei'allon in Exp. 2 \\'ci'e in DCulated directly (\\'ithoui graft) to the CANl of a
developing chick eml)Iyo. The ICsulis SI}0\\ that \\hen TITc s\, 51ei\, changes <EM-,
E'). the ML050 fii'st di'OPPed 11'0m 105-5 10 10/24 in Exp. I and nom 105-5 to
103,311 in Exp. 2.1)ui theIT gi'adually rose again 11'0m the 5th-6th genei'ation and

7 day old chick embryos used Ihroughou!

101 : 50,11 leihol dose in suckling mice Ibock inccu!o110nl

neutralized by Type 2 An 115erum 110bie 31

299

6.50

6 74

17

20
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become 106-5 at the 10th generation in botll Exp. I and 2, and no drop \\'as noted
thereafter.

The results suorrest that the C-virus was adapted to the devloping chick embryo.e resu ts suggest t at I e -virus was a ap e o e ev oping c to em ryo.
Prior to this experiment, material or the EM system showing a drop in the

ML050 and then a trend to a rise (Exp. I, 5th generation, 104-5 NIL050, Exp.
2, seventh generation 105-24 ML050) was inDCulated in to a chick embryo but
the ML050 dropped suddenly showing that no adaptation occurred.

d) Neutralization tests
The results of ITeutralization tests are given in Table 3. As can be seen, the

neutralization antibody titer \\, as 3.5 showing clearly that the \, irus of the eleventh
generation of E' in Exp. 2, is Group A, Type 2, Coxsackie virus.

Table 3. Neutralization Test of Coxsackie Virus isee Table 2. *I

Serum jinousel

normal

Diluiion of Virus

irumu n e

I O ~,

I 0 ~11

10~'

Serum virus mixture incubated o1 37'C for 2 hours ; 0.04 in I

of the mixture inoculoied infraperiioneolly in 10 suckling mice

Table 4. Interference Test of Coxackie Virus and Mumps Virus

Mortality Role of
Suckling Mice

Experiment

I O ~"

10~'

I O~,

Exp. A

Control

3/3

3/3

1/3

Exp. B

Control

H. A. Titer

Exp. C

Control

2/3

013

013

MLD 30

2,

27

20

2:'

Exp. D

Control

Material of Exp. A : 1096 chorio. lionioic membrane ICAMl suspension of 12 general ion
o1 aduli mouse muscle tissue cullure on CAM IExp. 11

Material of Exp. B , 10% CAM suspension of 7 generation of egg culture after 11 EM
generation IExp. 21

Material of Exp. C ^ 10% CAM suspension of 9 generalion of egg culture IExp. 11
Material of Exp. D : 1096 CAM suspension o1 12 generalion of egg culture IExp. 21
InIerval of 1st ICOxsockie virusl and 2nd IMumps virusl virus^ 96 hours
site of in Ierference jest: allanioic cavity

6.74

Result

211

27

3.24

POSilive

27

27

POSiliv e

Original Titer of
Coxsackie Virus I-1091

negative

negolive

5.50

5.74

0.74

o
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e) Interference test

Table 4 shows tlle results of the Intel. forence tests. The 12th ,, enei. ation EM
in Exp. I and the 7th genei'at ion E' 5110\\'ed positive results \\'hile the 9th eneration
E in Exp. 2 showed negative results. Thc xiL050 of Ihc inoculum \\. as 105-5 101
12th genei'at1011 ENl in Exj, I, 105-7' for' thc 7th generation E' in Ex . 2 loon
101' the 9th gcnci'at10n E' in Exp. I and zero for' the 12th gcneration E in Ex .
2. In othcr \\. ords, a positive result \\. as obtained \\ hen the ML050 of the virus
\\. as gi. eatei than 105-0. This suggests that the 11Tterference IJheomenon is affected
by the xiL050 level and Ilot by the cultivation system. The results coincide \\'ith
those of Sugai (1958).

I) The overall mortality rate or the developiilg chick embryos was 15-20 per
cent and contamination by Fungus rcached as hit, Il as 30 I)er cent on Ihc 6th da .
Fungus-contaminated material \\ as not used 111 the stud}, jeeraidless of thc embr o.
2. E\/!e!jin, 111J ill Ih, rid!!// nil, / ,!!{Aji!!g In fir

The original and egg-adaj)tccl SII'ains \\'ere inoculated intracerebrally or
intrapcritoneally in 5 adult mice, and no appleaciable change was observed
during 3 \\'ccks.

Intrapeiitoneal inoculation in sucklin!, mice ho\\. evei. , resulted in infection
after an aveiage of 48 houi's incubatioiT in the case or the original strain and 84
hours \\, ith the egg-adapted strain.

11 calT IJc seen that Ihc Incubation lime is PIOlonged in the cg, , adapted sti'ain.
3. E. \/, ci'jin, 111J ill L-r, /A' r!11/1/1'e. I

L-cells \\. erc inoculated \\, ith the errg adapted and the o1.1ginal strains, and
culture fluid \\. as removed evei'y 24/10ui's, and back-inoculated into mice and
the growth curve was deleimined. 'The curve was compared to that of control

(cell-ITcc medium inoculatcd with the OIL, Inal strain).
As can lie seen in Table 5, the \, IL050 becomes zero 144 hours after inoculation

of the virus in thc control, whereas the NII, 050 arc 104-0 and 103-0 res ectivel
168 hours after inoculation of L-cells with the errg adapted aiTd ori 'in al strains.
The ML050721Tours artcr inoculation of virus, are 104-59 and 10.15 botlT showin

Table 5. Growth Curve of Coxsackie Virus IC Virus) in L Cell Culture

\ Moleriol of incculoiion
Mou se Egg Conlrol'. ,. in L Cell Culture

Passage C Passage C iconloined no
Viru s CellVirus ATime IHourl

400

301

24

48

72

120

I44

168

Original Titer

*

Moleriol of 17 General ion in Exp. 2 IEgg Cullure after I I EM Cullure Generation I

424

4.00

450

3.74

3.59

300

7.00

4.50

4.50

4.59

4.00

3.74

4.00

650

MLD, o1-1091

2.24

o

700
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Table 6. Subcul*ure Titer IMLD:;u) of Coxsackie Virus in L Cell Culture

G e n e Folio n

?

3

4

a ITigh litci'. 'I'hc optimum time for the L-cells was therefore 72 hours and after
4 successivc Iiassagcs, the viruses \\, ere back-inoculated in suckling mice and the
NIL050 \\. as incasured. As showi} in Table 6, the ML050 of the 4tlT generation
or Ihc two SII'ains werc 1040 and 102-5 respectively. The results sho\\. that there
is a ITend for Coxsackie virus to gro\-v in L-cclI, especially the egg adapted strain.
1<0 cytopathogcnic effect on the L-cell \\, as noted during a period or 14 days
\\'111} cithci' SII'ain.

Mouse Possoge
C Virus

Original Tiler

4.50

3.00

274

2.50

DISCUSSION

\\'ith impi'ovcmcnt in the tissue culture technique, It has become I, OSsible to
cultivatc somc strains of Coxsackie virus in tissue cultures of HeLa cells, human
cmhi. yo and monkcy kidn^, cclls but there has been little progi'ess in their
cullivatioil in embryonated eggs. \.\'e have heelT able 10 obtain an adapted strain
\\. hich call lie maintaincd ovcr a PI'o10nged period \\, ithout loss 11T titer by combining
the lissuc cullui'c inclhod and Ihe egg culture method. That is, Coxsackie viius
<0rouj) A, T'ypc 2) sensitive mouse muscle tissue was utilized as an intermediatc
110si in adapting the strain to the egg.

'Lhc niajor IJait or the mouse tissue, gi'artcd to the choi'10allantoic meinbi'anc
or Ihc chick embi'yo, is engulfed and absorbed by Ihc choricallanioic membrane
\\, ith lime, but a I, all I'cmains affording a incdium for the viius to start gro\\. Ing,
and the vii'us LITcii in supposed 10 sprea. d out to the acl. joining chorioallantoic
tissue. By TCPcatin;4 these processes, 11 may be that the vii'us is adapted to the
e. g. In o1hcr \\ o1'ds, it is possible to adapt a \, Irus to a non-susccptiblc ITost b\.egg. n o1 CT \\'o1' s, I I p , p , "
,Tradually altering the enviionincntal conditions. The I. e Is a close relationship
I)ct\\. ccn LITe \, irus ancl ITost <11OSI rangc) and if Ihc host is allcred, it may be
I)DSSil, IC 10 change 11Tc affinity or the virus to the tissue. 11 is bclievcd that this
may I)1'0vidc a suggestion on the I'elation ship between host and virus affinity.
J'he e, ,^ adaptcd strain may be used for' tl}e lireparation of a live avii'ulent
Coxsackic \, irus vaccine similar to the egg adaptcd vruses of measles, poliomyelitis
aiTcl inHuc"Ia \\'hicl\ arc no\\' being studied 11} OUT laboratory.

Egg Passage
C Virus

4.59

4.24

3.74

400

7.00

I Coinpaiab!e Dilution
Role to Original

Material

650

I O~,

I O ~"

10 ~'

I O~ 'I
I^
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