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Cultivation of yellow fever virus inm Laman explants, -

by C. Hallaver. ' S

archiv f.d. Gesamte Virusforschung 9, 428-441 (1959).

In 1932, Haagen and Tneijer '(9) were the first to grow yellcw 1eyer L

virus (nmnc‘x geuwroiropic sirsin) in cover glass and flask .cultures.ofi
emoryonal chicken tissue., The sustained passage of this virus sﬁrafn an. - By
vitro diad not lead to a significant viral transmutation (Haagen 7,: Lloyd, L
Theiler and Ricei 14). Cul tivation of the paniropic-virus strain , .- =
(asibd stmln) in embryonil chiciken tissue failed (iaagen 8), but was. -
later °"ccessﬁxllj carried out by « ncehmnav'y culture pessagze in-ex=- .
: ‘ plants of embryonal mouse tissue (Lloyd, Theiler and Ricei 14). A number- -
E of viral mutants (17 =, 17 AT, 17 D) were isolated by continuous cultiva= - -
E ’ tion of this virus strein in expisnved mouse and chicken tissue, all of - - =
‘ vinicn were marked by strongly reduced viscerotropy and, part.gally (17 D) 3
by decreased neurotropy {14,16).

i

PN

The animal explants (mouse, chicken, monkey) used by Theiler and -
coworkers are not suited for primary isolation or initial cu,_tivation of @

unmodified, pantropic virus. The production of culture strains is best

‘ achieved in explants of emoryonal Itouse bra.:'.‘n, stra.ins adapted w this ]
C) tissue may then be maintained in explants of different types (e:nbmnal -
N mouse and ¢hicken tissue) (15). : 5

Theiler (15) grew two pantropic virus sirsins (French viscerotropic S
. and J.S.S5. strain) in sustained passages in vitro, utilizing thé.same . .
passage and explantation techm.ques as those known from the transfom tion. .-
; of the asiti strzin into 17 D. The desired goal, the producfion ofa , .- =~ .
B virus mutant opfimal for mnmmzsu;on, was not reached, howeyer: The N
immunogenic strzin 17 D, marked by a high-grade mitigation .of -its nacero- :
tv-op:.c and nesurotropic prwertw es, therefore renresents a uns.que mitent -
which has not been reproduced to date, and for ihose genosis the i‘acr.ors ;
orev:oasly held to be sssential {sustained culture in e.ibryonal chicken ¥
| tissue withcut brain and spinal cord) can hardly be held responsible (15). ..

ra

.~ LT

g It seemed dnbirable, in view of these c.:.rcu:nstances, to test. the - st
] i behavior of yeliow fever v:."us in human .Lssue'emldn‘cs, with emphasis
on the guestion whether such such explants are as suitable or more .

; sulta.ole for the demonstretion cf viscerotropic and neurotropic or

i - moaified virus strains; as well as for the evaluation of immune ‘sera,
as the ouse test. The expacted feasibility of growing yellow fever
viras in itissue cxplanis of iis natural host ~1s0 o;.fere" increased, i
o interest with respect to tne cuestion concerrning the stab:...,ltj of' strain -~ °

" 3.7 2 on one mnd, and tne matation of the omg;ml .8ibi strain on the:- :
ser. a preliminary report {10} on this investigation, in 'orogress : LT
> over three years, has already been published.
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: a.) Strain 1’[ D of dilferent origin (‘.ellcme,
st eur, Paris; Troperinstitut Amsterdanm).

traa.n (Rodfei'e ler Instltute s rfew Yom,

-

ere: con\.ucued orndorﬁmn*l" vith carc;no.;.t
and: ®3ip* and XB. To a lesser e,.tedt., the

'Ger_xeve f“ -‘Zdrwch'" Detroit~b and two strzins of
ue '(axm:. n, Iq.cney) were_ tested for their fexsibility

<,

-
L. .

In %he 1m.t1a... ;;rox't.h and the maintenance of Hela
wnose comoos:.t...on nas alreacy veen descnbea \14)

10.0t o “Penicillin ‘ 560 Ufecc
10.0 - -Streptomyecin - 509/ cc
*10 o -  Kystatin (Squibb) - 100 Ufcc.
L70:0 - pH o 7.3 t0 7.5

S “Four fully srom e@hnts
virus (ciluted with riutrient)-

r 16 fp 20: hours at; 37°C..” Subsequently
-changed:daily anQ virus: passage was carried out at the

ma:cunal cztopathogemc effect (usualijr on the 5th to the 7th day
) o pre ervat:.on, -all viral saiples were ad;usted to

v-“zo"c or lyophyhzed .oce

'The macro..oonicall,,' and mcroscop:.c..l_.y
ogenic effect :permitted the determination of the 503
or the cultwre (KID5p), computed according to Reed and ~
: AL penocn.c mtevvals the :mi'ec ity of tie passage virus was
‘fést d- smultaneously by intracerebral mectlon o“ mce (l; mice _per.

didw tlon, .03 ce volume -of injecti on)

-

Serolog:.cal :J.uentlﬁcation- of the cultureu virus: sll cultivated
strains were teaneu for specificity at intervals of 30 to 50 .
ssages. ror this purpose, 100 to 1,000 tissue culture coses of passage
‘ ms were comomed at equal varts with & aﬂuued (1.10) T nl:ey nyper-
;cncc.tecz
60 mnuues at wroom temoerature (20°¢) and uhen trans*qla.ltua to

ts. The specz.x.c.:.t,{ of the virus-antibedy rea.ct:.on vas esva.blz.sned
the 122':1;':5.1'.10:1 oi‘ cybona.mogenic eff‘ecu. s,
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of veld taur i’mmr imrune ser:z in e&nmis£
neutra 1 i .o tiner [ 50) of the ‘.vai_..m.e sera (l exch of -a«]
imaune scren froa ..on.,e '3 and m.ce, 2 hwan immne scr.—z) a3 a
awerm:. 2ot Ly irnibilion on explunis. Serws dilutions (1:20 fo-
repared -;::. nuirient were micea with a co"xs""zt, positiveljt '
gen_v cose ol virus (100 XIJsy) ana lﬂS'Ol,..leu ‘x Tour explant
after staaing ab roon Laig radre (20°C) for &0 mirutess In SOie CaSes
a econstant seri.. Wilatlon (-.,ZC 7 was teSuLh for yiopathogenic 1nhib1twn
aguinst caiibrated anounls of virus (1071 to 10-0). )

Test ”esul.ﬁ.

L gL

Table 1 gzives 2 perspective o.. Lhe t pes of e.m.am and the numbe
o p.Ssipes during which the v.rious jalloz 1’ aver sirains were. n..n.nua.ined.

2

Taror cell strains Helz and ‘.B showed ot ..u.l suitability - for
sustsined cultivation. lo difliculiies .cere encountered in the gro fth
of 211 virus strains (17 U, Prench neurocropic, ..sibi) in these e"olants,
anc the infection titers oblained from the initial culturcs corres .3onded.
t0 velues estabiished in mouse tests =— at ..east as far as the non-
visceroiropic strains are c¢oncerncd. Invest i:,a.t:.ono, ‘eeoec:.a_lj tne
guartitative evaluation of virus, were therefore limited primarily tc L
virus strains preserved in these cellular subsirates. ;

Bal

W
Wk

T -

The carcinoma cell straan Detroit-6 nroved inferior in the cuiuvaticn
of yellow fever virus, in spite of Twarriant growth in vitro; primary
cultivution of the pantropic strain ..sibi failed and the transnhn tation
of viral passage strains (17 D, asili) from Hela and KB e&pl.nts y::.elded
sirongiy fluctvating virus u:.ters ano. thereby impeded sustained passage.
Similar experiences were geined esriier in work with this cell stra:x.n*
and classic chicken cholera. virus (13) 4 : :

amion.

Bern) was suspendeo., however, since the mfectlon titers. of ’me various

culiure passages revealed considerable fiuctuations and the cytooatho

effect irequently wes unduly protracted and :meomoleue, causing the

explants to retain chronic infection for weeks, without notéwcrthy -

cellular 1n3ury and only scant viral rmli 1pl:.cat10n. The tendency of thé -

utilized asmiotic strain to.latent, chronic infection s e.coressed also.

in the cultivation of classic and a.‘.;yplcal fowl cholera virus (13,..1) :

:lo immediate answer cun be offered to the question whether this behavior

is due to the mixed cel.x.u}.ar nature of a...m.ota.c explanis or-an effect of .

the massive viral doszge to vhich these explants were invariably subgectea. >
Attempts to grow yel.o;-‘ i‘ever virus (strain 17 D) ina n:'sssave coll

trein (JB) of the humn lhdney were comoletely unseii sil:.ctory. After

is cell sirain nad proved to.be just as unsuitadle for the culiivation

ciissic chicken cholera viras (13) 5 the tesis were linited to 10 |

ssaces, especially since this cell strain geve sigs of a.ssual changcs

33 cating contamination with a “foamy agmt.“ -
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Vo nommpa L opane s Jagesn -

SR

“ foup: X op' ylized :.muno'femc sr,ra.ins 17 D ana tuo
! ci mfect:.ct.s rouse ora:.ns) to

c}_q;omﬁw, tion oi’ virus a_rea.cxy in :.m.t:.al
ustained passage. ‘of all virus strains failed
No. d:.s.,m:...auties vere found

respect w- tne the of cywmxt’io-

Y \ apne... in massi vely
IDcp. 202 5.0 to 6.0) 3 d..ys p.i. at the earliest and
..in less heavily infected cultures (ID5O log
nly, the necrotization of tissue mezkes rapid
the nutm.ent mec:.um becoms burb:.a due to massive
ering to
S on the anpearance of “moth-eaten“ t:.ssue. Judging fron
nange: of the,pnenol red :u*dlcawr, the celluler metabolism
ten»s:.i'le" c,.a':.no the phase of n..;;n virus propagatior in
tm.s act:.v:.ty is frequently arreated within

e 3/11‘115:-.
pa,ssa.ﬂe ptra.ns in m.lm.m.on tests with yellox«t fever mxmme sera.

5

;,Degree of nm.s propagation. _ The 1ngect1v1ty titers der.wed from
eLa céll wplants lie beween 3.07 ard 10¢ r the e:mlaat and- the white

doses are

vt

- L

oi’ 7C1J.Ow i’ever stra:.ns (i?

Lu - ar

.

ee: Virus. straa.ns Mere‘ mamt(.:.ned by sx.stamed passage throuc,n
fa Strain KB (I:a e)

‘:> voaw

5:b).-37 D materdam) 2 sbart:.n;, mtenal' lyoph}[hzed }x:mmnogenlc
inidcuTimy charze- 9f3/lp,' EEA o ,

> 2
. E - N

s . te.rt:.nb matenal* l:}ophy]ized 'monkey

b 5,

The: € ceptz.onal su:.uab:..a.tv of the KB strain for the demonst.ra.hon
>ye]lo ever virus was expressed in the great nmm*'y sensitivity of
3 rd +h., startmo strains, the h:.sn :.r'f‘ecnluty of 'bne
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L e R 4 »

woca:.,-. YLTus 3na tae &t=iilve o
explants and mouse brein tests.

the crropntho zalc effect is easity seen ‘,a(.roscom.caj.ly :m.the .
turbidity of ths miurient «nd io. ensuing tissueal defects (“p]aques“) > e
and aleo ricroscoplen.l . L. contrast to dels cell explants, tne: |, |
celivler aetuboiis. ic *ex.cr.‘_'.;; _:;msewec. up to foial nﬂstrucuon ‘oi’
the expluniea tissuz, Lo Loporiiar Jdflereinces were found in ‘n}*e cy‘bo
putiogenic ellecs of strairs 1 o and paniropic sirein ABLbE. o

Crroncloical Pro_rus gion and cegree of Virus propagation. - The
course ol virus rulifilizavion wes evaluated durin, certain pzssages ,z.n
daily withirayn cell-fres :*»ds.a.; of ine gane ehglu.xts z2n wvell as by. - ..
dedly trootrent (rege.ved freescing oo thawing) of 2 complste culture fron.
2 sexies of c3....v.z‘j.';;am:ohzs?!.;y anc iagenti cally inrected explants from. ’me l.»"
to ithe 10th day p.i. The deteruinution o? mfect:v:.tj '/«.s carne\. ouu in
four expiants per virus «ilution. Titreiion resulis are 14

. 45 is eviuent, dezonsiration of ‘Avims in the first 2 to 3 aajs p.i. -
is possible only in decomposed "cis-ue, unda here om.y in relztively smll
amouni.s; the *‘xon-cel..tﬂ.ar medium is stdil free of virus in this early
phnzse. of infection. } . - - ;.

- - i

. The culmiration point of vi iral pron..gat::.on for stra:..x 17 D dies
petween the 4th ana mh day p.i. 2nd coincides cnronologically with the.
first demorstruation of an Lﬂtense cybopét wgenic effect {clou.c,:mo of the
medium, ‘.ppear'mce of placgues). The virus titer drops steadily with
inereasing tissue aestmcy:.on, surviving ang *ams-fom cells as a
rule are aosent ron the &th to the 10th day p.i. .

. The Asiti strein (ljounyhzed viras after 3 and 5 ye‘.rs oi' .
nreservuta.on) > in comparison with 17 D virus, showed a cytopathogenic. . -
effect protracted by 3 i 4 aays during tae first three culture paasage.. T
ang aestreyed the exol.;nteu tissue only namally ith formetion of small.
{0.5 to. 1.0 mm), round, sharply defined’placies, so that the explants
ireque*rblj showed large areas of vital cells 10 to 12 days p.i. Virus -
n*‘onagaun.on was also delayed chronologlcdlly -—- Xeeping pace iih s.nor...y
advaacing tissue destruciion —-- and showed a slightly pronounced bussab i
on the 6th or 7th day p.i. In later culture pdssages tie. asibi strain
behaved exzeily like the 17 D straa.ns, both with respect to the r.;p:.m.i;y’
and conpleteness of “the cytonamo genic effect and the 1eve1 of the :
;mi'ec’r.:.v:."r titer.

The infectivity titers (iilgy) for each of tie three virus passage
sireins determined in 40 culiure passages, are listed in Table 3. °
Comparative virus vitration 4n the explant and the nouse test. The
cegree to which the infectivity titers of exalanr,s and mouse Lesis |
coincide, was determined both for the initial virus and fhe culture.
wo..;sase virus of strains 17 D and ..siti. 7The coaparetive evalustion ‘
generally vas ccnczuctea sz.zmlzaneously by tranb*l_.nu‘.o viral dilutions

- »
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= =

t (u 11 by decial Suiers, occisionally by

, roll qutx_“es each (0.25 cc 1o 2.25 ce pedium) end
3_ce intracerebrally), ubsvrv.;tion wis coniinued for
e case of culures, ana 20 days in the case of rice.
..i'iw onta..’z"d 2re reproduced :!.n Tarle 1;..

s n:ere rnne_te"" nroveu to PO35E5S the same .:ensfcfm.‘by
oral rouse test, making them muitubie for the initi
tration.of 17 D strains (dw well as the neurvironic Dakur strain).
”: 813 f}pparenulj is not valid for tho original .eibi struin
wphylizeﬁ monkey. viius aftér 5% years preservation); at wny rm.e,

gst-yiclded.q h,.gner (mz 2.5 logyo) infectivity titer thin

ng znother evaluau..on of Iresnly pirepared monkey seris,
i::.ter, a.:.mm. n still estent, was conslderably lover

,obta:.r'ed froz ‘Lﬂe "ulture passage virus of bom zq b (-ordon)

Exceptions were found only in the case oJ. 4 Zexs

‘ s.of the ssitd strain (13th, 30th and 3bth paesa:-e ), shose

Anfe v:.tv titers were. considerably lower in the mouse test {oy 1.3 to
;m the emhnt mese t:.ter d::..;fp:epc s nroo..b,..y are

d 1n this Cdoe, and nhe wouse r.es*b titration was curried out
f’ber eonsen tion for 10 E7) 15 days 2 -20°C.

The-extraie dzscrepancy in nters {30z 6.3/1og l.O.a:qulam./muse)
or ‘hno cultu'e v:.rus of st"'a.n .L’7 D (msr.erda.m) in rhe second

passages, In spite of ‘rhat, ihe mi‘ect:.v::nj for
jﬁu strain was maintained tiroughout the entire passage
.!.c,nt:?, as. de.nonstmteq by‘mracerebral tests of mmmlty,

and mouse tests. Such laten'ly :.mmm.z:.ng ini‘ect:.ons were
‘mce :ui connection uith the remzining viral stran.ns

~pa§;h¢osen.c1 - for mice after 99 iela and .;l;»x@ p..;sa,,es and ehec’ced a
atently :.mmmmv infection. -7 )
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Cf a totul of 12 tests wiih 4 immme sera (2 byperlmaune seral
Jonieys anu iee, ene 2 husy. ser: affer imounizaiion with 17 D), the
Yoo Rl 7 - PRI N s . P 1o ;
nejority (o tesis) were sized ol uetemaining the sermna «dlution (3:20
to 1:2560) capabie of .ewtr.lizing & constent ampunt of virus (100 $o-
1000 (Ius0, struin 17 u); o smaller mwber (4 tests) served fo és- - -
tablisn the viral concersrution wicse cytopatno_enic effeet was i
1tbiteu by & coastant semd «imison (1:10 te 1220). The neubralizing
effect of Tue L.omne Sefe.. .uo evelualed pot only on the basis of the °
suporession of ¢/ uogiiLu zicity, but 2130 oy negative demonsiration of
virae in the ex>l.oni wie in the cerebral ouse test. oL

Hoth .etnows ol cvelustion perciifted the estimetion of an ilmmme
seram's effleacy and yicliew reprouucille seuirslizeiion titers and
indces, 25 oroved in 2 nu ber of perwllel observetions. Ihe
standarcizotion of antibody titretion is explanis as well as com- |
paretive testing with tie custo.ary .ethods of neutrulization in the
mouse test, rust await furiher investigation. .

intefion of the culiwre vires. Tae cultural vepavier of 2ll
viruses re.ciped unc.angec Dy sustidned passage torcu_n Hela and X3
ex:lanbs. Similarly, the pethogenicity of str=in 17 U {Loadon) for
dce renzinea constant during 141 iela~iB passages and that of sirain
Asibi for LO K passeges, both with respect to the titer (I3 ) and -

the «verage lethal tire {¥). On ile olser band, strein 17 U Acsterdam)

vecume apalnozenie for mice after a few passages tarough XB explaints and
$3 [ L&) v

retained teis cheracieristic during the entire culiture passzge. IThe
inZectivity or the iwrmmizing eapzeity for mice, on the otker hand, yes
almost completely retzined by this cuitwre virus sirain, 2s already
noted., : :

A

.

Passage virus strzins 17 D london (99/L0 HeIa~XB passages), 17 D -
smsterdem (39 KB passages) and .sidi {36 KB passages) were used in ibe

testinz of pathozenicity Tfor monkeys (Ji. rhesus). ifithout anticip:iing
=3 & o & =2

tpe results of rests now in progress, it seems certain that susiained
passage tarough buwan tissve explants did not lead %o reactivation of

_+viscerotropic nropertiss in the 17 D strains, and that the Asibi strain
vas deprivec of its orizinal viscerotropy.

7y

I3

Discussion of test resuits.

In 1956, zZagle, l-ie;:.b:'el, ftowe and Huebner (B)Aattempted ‘bo.gpow'
yelioyw fever virns (%) in explents of the KB cell strain. Viral
propegetion in cortinuous culture p2ssages could noi be demonsiratead,

er tne Lhih X3 passage, strein 17 D (Tondon)
ha
2 (

»3

(*) Zowever, aft
vehzved 1lize strein 17 .msterdam) in the xouse test; cf. preceding
-~ - - .
Zoot acte. . .o

(3%) The publication does not 1ist the virus strain.




B % ~fr.33:5..ov'erw effect w.s observed in the
2y culiure: fﬁ‘t.\an y} 5%k and 7th day p.i., and virus wes
frated 1o the Secund cull ?" 28 RSSRge (c.lmo.z‘,n in the reletively
amotnf of Aoy 2.5 1u5~) 5 2 resuli :oha according to our own
) corr"sopnd 1o bhe bgaavior p:l‘ ¢ paniropic virus.

;_(‘23 régeqtls cutivated strein 17 I successfull; in

F .st*oﬁ..;.ze" cn“"‘ st.2ins of human conjunciiv.l and

ssigs. Lo Lixdin s taet the cylupathogenic efrect in

soues Pes & protr: ietsd or Ancoaplete course \apbema_x)

;a.lzo‘;etber {conjuactiva) 5 auu thet inf-ched explants
pulse virus Zor soueg time. agrees extensively with

‘bs‘e'rlrg.ti ﬂs Lof Zog pon.. or of yel.o;. iever nms in bhumn

*ions,and m.ral ’OI‘OD&;;::.L:LO“I cons,&stevxtlj leac.a to
the exolant, The a.mum"t.,.on t‘za.;. neo;).n.as‘blc

; 3.1;11.,1 of yeLow fever vﬁrus i‘or a tzansg;...nyaole moase
oma.: as nots.d by *11'1'&1&;’ mﬁ TiacCaldwe (5), nosw appl:.cable also to

~e§6ﬁnnts i.s capa‘ble of repldclnb The mouse 'Les:h, has not been clam. ied

§¢ .~ ‘The presént stidies and those of Doberty (2) elready gustlf,f
1 %g.ssumph.on that tissue explants 3611 £inG beneficial application in

110w, i‘e:rer m.agnos;x.s and resef_réh similarly to otber types of virus.

] Ine Spanges 4n par-hooemc:.ty suffered by verious strains of virus
EeH "“:;:n'r susteined . p2SSage are Anteresting from several points of view.

of all 4t 35 noteworthy that.one 17 D strain (smsterdam) A
le el;v dost 4is. patmgemdt;r arter a few culture passa.c'es hmugh

e

:é.;g@'}g.qus &w), fifiie the other strein (London) preserved its
5, original, degree of px t»o emm:by for mice after 141 Hela-KB passages
. ‘.@*\",Q:n:aﬁonofawer 25 jears (see the suppl &..ent:zl i‘oo ,noi:e on ;p. 6)a

xm &na mvervent,xmm“y of the parem.a;L ‘sr:,.ms, camot be ex-—
3.2 85> E‘.t'.mQ 4s gontrpl tests wa’i:h 2dditional 17 D st*a_ns are un-
m:z.lunle. On the other hand, th&csnceptmn of viral mmtaiion due to
he type 6F exo.t.e.ntaa iissue Afi woich ¥irus growth is :init tiabed, is
ﬂcll fourded. ipfarently Fhe ﬁelectloa of virus particles o.ec:m;\.n°
=xpe ltimste qualiiy of the pdssage virus takes place a.‘.reaay in tne
:.m:.t“ &l cn:m es (cf. nelhuer and Kmmuer, ;.3). :

N kS
Py — _

-

SR (,,) “Inanpa*em. and Immnizing infections of mi%e cerebr 211y dn-
o *oczs:'.atea xdth 17 3D mns Zave been dewonsireied by Fox (6) and, r-;centl,{,
ibrv ﬁo,;.l:.er et al, \..,, Sucn behavior izs :.ndem.nae nt of the infeciive
n c.os_ge, ,no;:exh, apd es";nall,,r of the cual:."’v of certain ixmunogenic
sm.,a.n.- A7 3}" dow, 17 43;. . 17 D strsins completely apethogeric for
LHACE: - {1:1 the sepse of the vwiral variant described) appurently have not
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I: educed from tentetive sesults of pathogenicify-dests
with ronkeys, thet stredn 17 I bed not lost ivs original quality after = °
more than 145 pessoges throush auman explants. . reversion to Lhe WERCCL D~
ropic foru, suck as the one apparenily echlievee by Findisy and Slarie ol
b onkey iver passuge of the French neurotropic sir:in, comldmof be  mots
aemonsiraloy and vas not b2 expected 2 priori. - fue loss of ¥iscerotropy - -
shown by the oupbropic .sili sirain is n Leworthy beceuse At proved dthe
incependence of this :ubabtion from the species-specific origin of he.
cxolimhed tissue, .e. it taxes slece also in Iissue explents of toe” )
nagural host, (#)u— sxperiments now in progress are aimed «t estoblishing.
the degree of' Bftenuvetion of the .sibi sirzin induced by sustained "
passage through' 2B explanis. T X

e

S0

AN Tables. . ' :
Teble 1. Cultivetion of yellow fever virus in auman exsiznts. :
Anzayhl Passugen - nwber of vassazes, Siemm ~ srrein. hensch - human., -
ifiere ~ kidney. abzveigung ~ branch, ’

faple 2. Virus propagation (log KI250) in XB explants sin relation

WY e oy 14
4
)

o

and o

io time {days p.i.) Teg - day. -Zellfreies ledium ein wund derselben T
Huitur - cell~-free rediuvm of ihe same sulare, Toiad Kuliur (Medtium &

Gewebe - toial culiure (medium & Tissue). Virus im 2ellfreien Medium
nicat nachweistar ~ no virus in eell-Pfree saedivm, ’

Ieble 3. ZInfectivity diter (logig XTDs50) of yellow fever streins
pessed througza XB explants. Impfstamm ~ Awmmogenic sirain. Nicot -
geprueft -~ pnof tested. Hach 37 jaehriger Zonservierung ~ after
preservation for 3% years. :

Table L. Comparetive titration of yellow fever strains 17 D and .
2sibi An KB expilants and in cerebral monse fesis. ausgangsvirus - R i
rarentzl virus., Zaml in Kleamwern - fipure in brackets. Recentes | ] T
A£ffenserum nach 5 Tagen ~ recent uonkey serum aiter 5 days. Iagerung ’ i
beil ~80°C ~ siorage at —80°C. ¥irusproben pach 10— bis A5taegiger -
Kopservierung bei —20°C ~ wirns samples afier preservefion at -20°0C for
10-15 days. : - ‘

.-

{#) Tiis conclusion applies 2lso to the production of apathogenic
maiznbs of classic ane atypical fowWl cholera virns (33,12,13"). k 2
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