
mUmls. Viruieot =bril=e . ath 131,coo p. g u .  BS/P r««aw

was indirectly reflected by the rotae protection indices, uhich Here 
below 10. Hone of the langurs with a MPI above in siasi-rea.

A clinical trial of the USP plague vaeeice in 25 human volunteers 
confirmed that this vaccine causes idle local and systemic reactions 
(Key-.r, 1970). Single booster inocD.ations of 0.2 nl of the vaccine 
resulted in a HPI 'below 10 in 65? of the vaccinated. Meyer (1970) 
then concluded that killed vaccines of the BSP type sensitise hraans 
to the extent that small, repeated booster inoculations activate the 
immune mechanism.

Inoculation of the USP vaccine in Fracnys pro - -i “j be con-toxic by 
the intraperitoneal route in doses of 2,100 million organisms. This 
rodent species was also protected against virulent challenge both by 
sobcutaneous and intraperitoneal inoculation of the vaccine, k loner 
protection rate tras however obtained in Praorgg, os^S the USP killed 
Vaccine, than by the live attenuated P. pestis strains.

In Praowys differences in immogenicity of live and killed plague 
vaccines can be doenstrated. M i n  “  ednea ,tE, »hi='n *
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spleens were flabby and congested, vith a aonocyte proUfcraUrai.
Hhese changes were also present 0:1 the livers and kidneys cad there 
■serti generally aaases of P. pestle in ell the tisanes.

These changes were also seen in Praoiiys. Investigation of the 
development of these changes shoKcd that at an early stage there Is 
a proliferation uf Mommaltar leuemcjrtee In the splsen and lungs, 
rtiich after 21i hours becomes exbundant in these and other tissues.- In 
eosperieon, the early changes in Praenys, after Ijifection ti.th a •viru­
lent strain, were less marked bub polyrarphonocle'.T leoeocytes become 
aburdant after li5 bcurs in the liver and spl̂ clc sinuses and the 

alveolar "Halls of the lungs,

Respite severe pathological changes in the lungs of fraaĵ s after vec- 
claation with attenuated P. peatis, isolntion oT the bacilli vas in­
frequent. In these antosls the spleen wd 2iver often speared no»=l.

illness.



even In the absence -of actual baeteraeraia. Meyer (19#) suggested 
that sniaals partially imnone to plague are able %o ulthEtand tH 
Initial onslaught of the challenge infection for a few dayy, but 
jnaitiplicatioa at the site and in the regional lymph nodes creates 
a focus of bacilli vhich is capable of liberating increasing sswi.i. 
of toxin from the disintegrated organisms. The toxin then enters the 
blood stream and selectively affects pttinonary tissue ia/x a few initial 
pulmonary foci of infection are establiehed. Ibeae lesi-?xis then pro- 
grass, because of local toxic action, to coefluent brouchop'.’etisaoiiit 
uecrosis. Meyer (.personal co»Kanicatit®) has found that partially 
iMWne animals Hying from a large challenge dose after a protracted 
illneei- are apt to shot; secondary embolic pneimonio plsgue in the 
absence of spleen or liver lesions, as a result of fibrin formation 
in the capiHaripx damaged by the toxins. H  the pathological changes 
in the lungs of Praomys can be attributable to the action of circulating 

it is likely that these are liberated from foci of raultdplicatiea 
such ,S the regional Ijnph nodes, rather *-te» W  r m t i m  «t «»™-

•toy -plp.pae i?r.Ct-UiS8« ______ ___ ___ — —-------------



workers agree that the immunogenic efficacy should be tested in white 
Eice, but Meyer also suggests the use of guineapiga for a te.-A of 
harmlesBness and immunogenic efficacy. He idso states that before 
the vaccine is used for human inoculation, detailed studies should be 
conducted on at least one species of iubhuman priieate highly #ncw.f. 
fcibls to plague,. Rcŝ .t by Burrows and Oiliett (1971) have
'-h;.ra thal a r-f %  ■' u, Violates from Brazil had attenuated
,'.v.» in guif.ii i; g# out r,u v .ite mice, "‘he host-specificity 

r.- , ■i iola+ifb wtiO itiuol to >3 devemined by a nutrltior -1 reiyire- 
jnert, '-"bese autiioni tJten stressed tfiat a demonstratian
o» nony.'i.,-; •" licit, a bacteriil towards a presumed sensitive
a:imil ka* 1,01 Mmuf* im for nan.

?.ie iital «MV outlined in tfis aar.ii reveals tho valne of wing
\3iO .Viv f£a£‘tR..xts mouse Praomys ('tfastoiTfiO t̂aleggls as s test antoal 
j0,. mg ,>iv- attenuated pla,5ti> '"'O'ii/e.i, Lhe Imnunogonicity
anfi- jĵf-iiogeiiicit'jr »;!" the vacvV̂ t- si'-ti.n can bi dptertdrt&i In tliii

mmjr pai'ts of to. rorM, ineMiffi .-lunTJleu *«re pl»s~ v.ecii.™ «m



susceptible to plague and adaptable to the labofatory nay react 
similarly to totf- j'S. Standard procedures may then be adopted 
using these animals for testing the Immunogenic efficacy and harm­
lessness of the vaccines and using white mice and guinea pigs as 
controls.



CHAPTER 12.

Summary and Conclualnn*.

The search for improved plague vaccines a?d more suitable Mperimentol 
animals than in use at present, warranted the investigation of live 
and killed vaccines in a laboratory adapted said rodent species 
(Praomys (Mastomys) natalensis) found suitable for plague investiga­
tions in South Africa.

An attenuated EV76 Pasteurella pestis strain from Madagascar had been 
passaged through iron treated guinea pigs and designated EVSlf ■ Fol­
lowing subcutaneous inoculation into vervei monkeys (Cercopitheuus 
aethiops) in doses betwe . 100 million and 101 viable bacilli, this 
attenuated BV5lf P. pestis strain invades the body and causes death in 
26# of the inoculated animals. The strain had also been found to be
pathogenic in langur monkeys and to cause local reactions in man. It 
stimulated haemagglutinattog and mouse protecting antibodies in vervets 
and protected 70# against a subcutaneous challenge inoculation of 8,770 
virulent P. pestis 170 days after vaccination.

The EVSlf strain is not prihogendo in guinea pigs and confers a high 
rate of protection on these animals. “

In Praomys (Kastonys) natalensis the EVSlf strain vas pathogenic in 
high doses foHoHing subcutaneous inoculation. hoses over 10,000 viable- 

bWlll W W 1 . W  w q iwl-w #  -d . W  P—
cenfcage of these aniriis against a sabcntaneou challenge inoculation of 
virulent ?. hsstis. Ibis vaccin. strain uas not patbogenio in ubite

to that of Praomys,



igc of the IV76 strair 
t those bacilli which

rfsility of iron in vrvc, Judgine frcro the pathoE 
the availability of iron is probably high in verve 
ê en lew doses of the vaccine multiply and cause j 
Praomys the availability of iron is probably low, 
of the vaccine cause mortality as* low doses are i 
Guinea pigs are intermediate as even vary low dosi

in which

for good protection 
to the £ff$lf strain

c u ltu re  cau

► Praowysv i th  th e  W Slf s t r a in  was shown h j

3 followed by a rapid clearing of organisms 
fc of invasion by the strain tiier ere apP, 

toblishing i®amity in j^BSES ̂  tie dnri 
tissues, ss the latter was very short.
v ir u le n t  p lsgM  b a c i lU  introduced  snhou-

in whit#



an attenuated strain In norml «ni«la, tat ailtmi
and the rat. of spread throughout the body was .ore grndaal. The

Praomys was also longer. This cô ia be of epidemiological ijcpor- 
tance, as it is a possible method of persistence .if plague In nature.

Single intracutaneous inoculations of the EV5lf strait) in Praomys 
resulted in the administration of only low doses of the vaccine.
Taese were ncnpathogenic and resulted in similar rates of protection 
against a virulent challenge dose as subcutaneous inoculations of 
the vaccine. Intracutaneous inoculation of Praomys tiievefore did 
not result in localisation of the vaccine strain to the site and ti us 
prevent exposure of antigen to cells responsible for the production 
pf immunity, as has been suggested in nan.

Investigation of the original EV76 vaccine strain maintained at the 
Institut Pasteur, Paris, showed that this strain is also pathogenic 
in praomys by subcutaneous incoulation of high doses, but not in 
vhita mice. The highest dose conferred better protection against

P. pestis vacrlnes.

: z : = r = r . - = :
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lenge inoculation are described.

The isaminity o£ Pramgg against » virulent challenge inoculation was 
boosted by -mo sub-lethal doses of lyophiUsed EV76 (Paris) vaccine, 
but not by small or intermediate doses. This agrees with t* 
findings in hiuian volunteers, in which small doses of this vaccine 
did not booster the serological response in men previously immunised 
with the TOP killed vaccine. The mass of antigen inoculated is 
therefore important as only large doses of live attenuated vaccine 
are capable of sufficiently stimulating the iuwanologically compe­
tent cells responsible for the production of a high level of protec­
tion against virulent challenge.

The BV$lf strain was shown to be invasive and pathogenic in Praowye, 
not only by subcutaneous inoculation, but alar when ̂ ministered via 
the oral Mute. It is unlikely therefore that this route of admini­
stration of live attenuated plague vaccines will be used in Mm * .
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may lead to trials in hA'M volunteers.

Bw important role of the antigenic structure of vaccine strains and 
the EL antigen in parti® Jar, in Immunity to plague vas also atom 
by .investigation of the non-pigmented XZ] attenuated p. pestic strain 
in Praonys. This strain was pathogenic in high doses, bat did not 
protect against a virulent 2* peatis inoculation. The absence of 
oedema in the lungs and subcutaneous tissues in vaccination deaths 
in fatal non-pigmented M23 infections, in contrast to the E75lf and 
S716 (Paris) infections, is suggested to be attributable to the absence 
of FI antigen, but the role of EL in oedema formation is obscure.

High dosos of the US? tolled plague vaccine have no apparent adverse 
effects on Praonys nnd immunity is established in this rodent by sub­
cutaneous and intraperitoneal inoculation of ths vaccine. The 
immunity established against virulent P. pesto challenge inoculation 
Has lower than that achieved by ths live attended vaccines and even 
repeated iaacalatim of high doses of killed vaccine could not proteot 
all against the challenge inoculation.

d . — .

ating plague vaccines.
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