VORTD HSALTH.ORGAUIZATION . - - - ORGANISATION HOUIALZ
| R Db LA SAm

EXPSRT COIIIITEE OF SHALLPOX T Smallpow/up/16 ~
’ S ’ 13 Jaauary 196l

Geneva, Ur-20 January 196k

A COMPAKISOJ OF THE PROPIRTLSS OF VACCLITA VIAUS STAALIS
CUS.LD I{‘OR PRODUCTIO."{ Id VAH_EOUS COUITHLSS
by
S. S, Marennikova and H. H. Maltceva

of the Inatmtute for isearch oa Viral L’reparatlon.,,
- Hoscow ’

e

Inbtreduction

i"& has beea shown (Fenner, 1958;_ K_rag-—mzderseﬁ, —meubl_:‘.shed data;
Marennikova et al., 1962) that the properties of the smallpox vaccines issued
in differvent countries also differ. . Thase differences may be due wo ine
properties of the strains used as well as to special features of f,hs:z
production proéess. In view of tuis, 1t was decided to make a comparative

study of the productiou strains of vacecinia virus used in different couatries.

Materials and Methods

»

The following strains were sekcted for study:

The S strain - a third-gencration lapinized vaceine of the
Institute for uesearch on Viral ireparatioas, Ilioscow;

the R strain of the Lister lastitute, slstree, ingland;
~the D strain of the State ‘Serun mst:.tuuc , Copenhagen, Jenmarl;

the & and I straias fron "OIintchs m.th a tropical clamw
(Ecuador aad Indoacsia); and’ :

the C strain used in the uh:mg..»e Zcoplos .opublic.d

# The sbra as used for the productlm of vacc:mc in Dcm*xal Ik, .quador axd
Zagland were kiadly SupﬂliOu by or . !\rag-Andorse'z and br e, urab, anw Lhe ‘

——

Indonesian stram by Professor Lmajtno. -
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For cowpwrison, use was nade in the*éaéxperﬁncnts of the LOVPOX virus in the
foxw of a strain obta;nud from Professor Gispen (Ho. 58) aAd of two mibanks
icolated from the Brmghton strain and,suppl¢cd by Profesuor Dowaie,

Dried smallpox vaccines (in the formxof the commercial product) or sezd
lymph obtained from the countrics and institutes listed abeve, served as
naterial for jsolation of the strqln.  The strains were investigated after ong
passage in chick embryos. This madéﬂit possible to discount the e=ffect.cf 2
number of side factors (thé presence ‘of various preservatives or accidental
atteauation) and thus to place all~stéa£ns on an equal footing before the
begianning of the experimeats. SRR |

Chick embryos were infected in the chorio-allantoic mombrane \LAJ) by
‘the neshod of Westwood et al (1957), and incubated for 18 hours at 39°C.
The nature and size of the pocks were stuaaed in nembranes. with botwen
5 and 20 pocks on tiem. To detors 2 the pathogenlclty of the vicuses for
chick ombryos, the embryos were infected on the CAH and in thu allantoic
cavity and incubated for three to seven dajs at 35 c.

Pathogenicity for rabbltS‘was testgd in animals of the Chipchillé bread,
weighing 2.0 - 2.5 kg, by injection’of the virus into the bfain'or the tesles,
by intradermal injcction,usiqg the Groth method, and bf'application te the
_ scarified skin. White mice woighing six t6 seven grams were infected intra-
~cerebrally and intraﬁenously andISucklinﬂ mice intranasally. ~In éamparative
assays on rabbits, white mice .aad chick embryos, practically equal doses of
virus were used (lO5 and 107 pock-fornlng units per 0.1 ml). = In uvery case
in which an animal died, the speclfic1ty of tne process was confirmed by

1qo1at¢on of the virus from the organs and its mdentlflcablon."

 The heat-stablllty of the mat"rlals examlned was teoupd bj keoplxn
liquid chorlo—allant010 cultures of the virus at tcmneraturus of 37 C and
hl G.  The act1V1tyrof the heated cnltures Was detnrﬂlned b; uboequeac
titratjon ian a nmonolaycr tissue éuiture of chick flbroblasts. _7Thn o
hamnagglntlnatlon test was performed w1th a volumc of 1 ml contalqv:~ four
ac~1un1natkng unitsof“tne v1ruo and a one per cent suspea31on of ck:c

errthroevtes hishly sensltlve to vacclnia v1rus.



The nature oi’ fhe cytopathié ei‘faéi vés7 stﬁdied'in' a. noﬂoli}ér "c:u‘ltura
of hwran. émbryo myoda srmal tissue s us:mg 1den1.3 cal doses (1000 LGDSO) of
the viruses. The cytological mvestlgatlons uere based on thc nlate method .
(Marennikova et al 1959) Plaque—form:mg capacity was tested :m a cultmo
of chick. i‘J.broblasts with auar overlay‘ prenared by the tec}m1que oi‘
Portnrf:eld & 15.11130’1 (1960) S T

Rpsalts

W
It Was established that all the test strams of vaccmz.a virus hhen

applied to the CAl caused a generallaed mfec’o:.on of the chlcl’ enbrvo , leading
to its death on the t.hird or fifth daj after inoculat.x.cn. A s:u'n.lgr picture -
vas observed when various straias of vacc:.m.a virus were mtroaucea 3ﬂu0 the
allantoic cavity. Jhe*x the cowpox virus vas mtroduced J.nto tae allm‘oo.tc
cavity J:L caused s*nec:i.f‘lc chzm'res, na:.nly at tie s:.te of moculatn.m, it as

a rule did’ not lcad to the death of the embryo. Of the t.hree gtra:ms '
iaves tigated, one vas corpletely nonnathogem.e and the other two caused the
death of less ’cuan 50 per cent of the mi‘ected emoryos.

The nature of the lesions on 'Lhe CAd were studied hB ‘hours after
infoctlon. - Examination showed noteworthy differcnces between the strains s
co'xolstmg, in the first place, of d:i‘fere'xces in the ‘nature o,, the pocks
+that were fcrmed Altogcther, at leasi, three basic types of leslon can be
.Lden‘blfled in vaccinia virus st.rams. N contmuoug wh:.te 108101‘15, d:.ffu.ae \

.;urface 1esions and an mternedxatc type. .

In this resnec’o the strains exammed can be dz.vided mto two group.).

(1) strains leading to the foma 1on of prac‘ulcally onlj one type of
- pocle;

- (2) strains. that cause the formation of two or turee t,q,cs oi‘ pock -
“the white, surface aad mtcmedlaw types. S
Th° qumtltauive relatlonqhips be Lween the va.rlous tJIJBS of ")oci' and
their d:u*onsa.ous in the case of the differeat strams stud.md are g:.veq in
Table 1. . : B

Investn.ga’c.xovxs of haemagglutmatmg activ:e.ty (1' ig. 1) rc.vcalod ihat Lbe o
vaccinia. virus strains poqsoss dlffering degrues of ability to i‘o:'m
hacmauglutmi.ns. Tho highest mdlcos t:ere given by strams S I a.nl C. In
one of the cowpox stra:ms no abz.l:.ty ’60 agglutlnato chick erythroqbw was :
found, while the tuo other stra:.ns pcssoss mly shg,h'b hacmagglutmatmr capacn.ty'.;



BRI
Tho results of tes ting the pathovenlclty of thc e straing for ubi%e mica
and rabbits when adnlnlstered by dxifercnt routes are glven in Tables 2 aml 3.

As will be seen, p:it‘logenicity for these species oi‘: animals variusv
consmdera‘o vy in the. diii‘erent. strains. . In particular, there are straine thab
are pathogenic for ravbits aad white miée when administered‘intracerobrall;r |
and others that are aon-pathoge'xic by this route. The strains differ also
in the nature of the reaction i‘ollowing mtraaemal administration, tho
pathomnlcmtj after mtranasal adm.nistratn.on to suchl:mv mice and in othor

partn.culars .

In the nature of their cytopathic caffect (CrE), all strains excent the
I strain showed a qulte similar picture. The couWpox virus differed in the
nature of its CPB. All strains of tlie vaceinia virus caused tne formation
of xlorogﬁnecuo and granular cytoplasmic. mclus:\.ons (Guarn:.er:x. boale.))
produced intranuclear iaclusions in small numbers aad failed to lprodyme the

eosinophil inclusions typical.ofl cownox (Table ).

- Vhen plaque~forming capacity was sr,udn.ed (Table h) 5 it was established
that strajus R, £ and D vhich proved genetically homogeneous vihen tested in
chick, enbryos, ,formed only transparent plaques ("negative colonies" with a ‘
marked lytic centre), wihile strains C and ¢ produced a mixture of transparent
and reticulated plaques (in which the lytic ceatre was practically absent),

and the I strain produced only reticulated Iilaques. - The cowpox virus -

Strain 58 and the red mutant - produced;plaqu;es of rathor pceuliar apuearance,
which differed co;zsidarably' from the plaques formed by {'hc‘ wnite rmbaat of m,
coupox virus aad by the various strains of 'uaccn.nla virus. T’xe reticulalted
zone in these plaques occupied a uentral pos:.t:.oq with the zone of lysic forming
a narrow border round it. Wo esseatial diffgrcuces in the sz.ze of tie plagues
formed by vacciaia virus were discovered except in the casc of the I strain,

which produced smaller plaque.,, with a na:cmun dn.amet.nr of 3 to 3. 5 r.

. Inve tigation of heat~resi. gtancc shom,d d:.fferences in this respect
also (Figs 2 and 3). Thus, it was iouad~ that mmg the strains of m.cc:.aia
virus studied strains & and 1 pogses ed the g,reatcst hea‘c-roslsta“ce. 1t
is an mtere.,tl.lg f.‘ac'b i at both the hi{;nly hoat-rcsn.stan‘b stra::.as cor\e .{‘ron

+roniecal conntries. ‘ _" P
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" dhen antigcnic‘stfucture was‘exaﬁined by Gispen‘s method of docubla
diffuvsion into é@a?'gel with vacciaia antiscrim (195)), it was fouad Pliat all
the strains form at least three prcﬁxpltatlon zones, of winch uUU are sajer.
e numﬁer of minor zoncs varied in bhe dirfereat strains from ons tO'upA‘u.

The largest number of prec1p1tatlcnlzones was found in strains 5 and B,

A feature of the cowpox virus was the abscnes of one of the main

precipitation zones when it uasrtested with vaceinia antisgrum. . Tlids amees
i T ) .

*

with Gispents findings.

When the capacity to form-antihacmagglutininé was tested it was found
that all strains of the vaceinia virus (and the cowpox virus) caused the
formation of antlnaematglublnlnb in the sera of irmunized rabbits. The

»

‘iqtcnslty of antlhaennanglutlnzn fornatlon differed {Table 5).

‘"he immunogenicity of the strains was tested in rabbits by the method

~

proposed by Soloviev and ﬁastjukova in 1956: intradermal immunisation of

-10 .
) of virus-containing waterial

rabuits with varicus dilutions (10 to 10
and subseQuent intracerebral chal 1cn e with neurovaccinia virus. . In additien,
a modification of this method proposed by us was used; instead qf boinp niven
an “intradermal inoculation, the enimals wore immunizad on the siin, previously

scarified with scven lenpgthwise and seven crosswise scarlfxv Sons on Aan arsa

of 2.% cm?, with an 1dent1cal doue (3 5x 10S pock-forming units).

The figures in Table S show that all the strains examjnpd pouu s mavked

immunogenicity. .

In vimw of the fact that the stability of the main biological properties 
of the virus is of essential importance when the value of a preduction strain
is to be assessed, this feature was COﬂpared in all the straln of vacecinia
virus examined. For this purposs, . one of the techniques used was serial
‘passages in chick embryos. After smx congecutbive passaves the P"ln nenetic
‘characters of the strains were aua;n checked. It was found Lydb strains S,

g, I and C had kept their propcrtl o rmore or less uncna¢~oa, exeept for a
certain increase ia pathogenicity fcr ‘rabbits after intrademal ;‘ﬂinistration,
and an increase in hacmaﬂnlutlnatlng act1v1tj, obviously die to the growth of

mrfecﬁlve txtrc during t.ese pasuapes.“ it is notcuoruhf that one of these

- R - - - s .
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to robbits, remained so despite the increaqe in 1nfect1ve tltre gue to
.passafing,, The Lister Institute straln acquired, as a result ef tre
vassages, the nvoperty of causing fatal encephalltls when admlnzstcred
1ntraccrebra11y to rabblts and nice° : In contrast to this, the E strain,
vhich i5 very similar to the R straln,,rgtained 1t3'nonapatnogeniczty
for “oth species qf animal when adminéstered intracerebrallybaftcr fhpcé"
pacsages.  Its pathcgehicity on intrgnasél‘administrationupb suckling

mice shoved an inconsideravle increase,
Conclusions

Ihe findings from tﬁése'tests suééest that the gquestion of the
criteriza for selecting production strﬁins must be raised. -~Tﬂe resudls
of 6ur1experiments show that the prbﬁerties of strains may be'associated
in different combinations and that iﬁ the long run the selection of a

strain mast be based on a'combination of optimum characters. °

According to our data, the E"stxain;is of the greatest interest in

its caxbination of properties, 7Ihdééd, it conbiﬁés’nbnetic hoaogeneity,

low pathogenicity for animals wvhen admlnlstered bj different routes, hish’
antigenic and immmogenic potercy, sbability of genetic character° and,
finally, neat-re51stance, in vhich ip is only slightly inferior to the
Indonesian strain,‘ﬁhile surpassing;éll‘the testo The R strain is closs

to it in a number of properties, slthough it is inferier in the first.

Thé'D vtfain, the last of the genetically -homogeneous strair 13 reminiscent

o in Ltu prop°rt1es of the white mutant oi the Soviet vacclnla vxrusa

The research carrlsd out dlso shcued the existence of clear-cut
_olfferences bﬁtween all the va001n1a virus strains studied and the COUPOX

virus o
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Figure 3
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TABIS 2. PATHOGIJICITY FOR VIITSE IMICE
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