of the vassine, there was & vigorous sesalogis
glo

al responss in these

animole.  Virulent challenge with 121,090 P. pestis 155/P rewilted

lengurs.  Resistance to plegus
was indirectly reflected by 4he ronse protection indices, which were

inp of 642 of the

below 10, Hone of the lengurs wiih a ¥PT avove 0 sxevived,

A clindeal triel of the USP plagne veceive in 25 fmman volunteers
confirmed that this vaceine cnvses mitd loca) and systemic reactions
(Meyzr, 1970).  Single booster inocrdations of 0.2 al of the vaccine
resulted in a MFL below 10 in 657 of the vaccinated. Meyer (1970}
then concluded thab killed vaccines of 4he USP type sensitise homans
1o the extent that small, repeated boosier inoculations activate the

irmune mechanism.

Inosulation of the USP vaceime in Fragmys pro.d *s bo mon~toxdc by

the intraperitoneal route in doses of 2,300 million orgamismz. This

rodent spec;,es was also protected sgainst virnlent challenge both by
and % tion of the vecoine. A dower

protection rate was hovever cbiained in Praocys, nsing the USP killed

waced e, than by the live attenuated P. pestis stradns,

In Praomys differences in immnogenicity of Live and killed plague
Uslike the guinea pig, which shows &
vaeeines, Pragzys, ke the wuite mouse,
The ability of 1ive vaceines

wvaccines can be demonmstrated.

poor resporse to killed plague
responds to both live and Klled vaceines.
protection is probably attribotable

protective sntigens in ¥ive during multiplication and invasion of the

esis of
to confer greater o the gynile:

orgardsng.
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Pathological changes "
. pestis. Felloving Inooulation of ve ablenmated

e patbalogioal chunges observed in antpals wiioh died sfter vacat.

; nation with attemueted P, pestis vire matnly sharasteristic of
i - £

virulent plague infection. In Cercopithecus there was a aarked lang

davolvenent With bloodstalned fuld in the ploura) cavities. Tus
nplesns Were Tlabby and eongested, with & mmocyte yroliferation.
These changes vere als present iu the livers md kidneys snd fhere

‘wers gensrally wasees of P, pestis in 211 the $issues.

e These changes vere also seen in FPraovys, Investigation of the
developnent of these changes showed that at mn eariy stage there is

& praliferation of nononacleay levsscybes 4n the spletn dnd lengs,
which after 2k hours becomss sbundant in these and other tissues. In
eorparison, the early changes in Pracmys, after irfection with 2 vime

lent strain, were less marked bub polymorphontelesr leusorytes hecoms
sburdant after 45 bours dn the liver and splenic simces and the
slveolar walls of the lungs,

Despite severs pathological changes in the lungs of Praomyy after vac-
einabion with abtennated P, pestis, izolution of the bacilll was in-
frequent. In these zninels $he spleen and Iiver often appeared mormal.
Sindlar findings have been reported by Meysr {1950) wbe Tegularly fownd
mar¥ed luhg involvement in the sbsence of splecn sud Liver lestons 3m
partialty Lumme axinsis, dying from & challenge «dose After a prolonged
E Allpees,

rionsl: A that

Spront and Camlier (15h2) bad pr
gtaghrincoseus boxin domeses the prrencyma

Anjection of rabbids with
They thon roncluded thih pule

of %he lungs, bronehi snd by o foles . :
azh of toxaenia Iroma distant fotus

R " ~y damage may QOCUT 48 5.
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#ven in the absence of actual bacteraemia. Meyer (1950} suggented
that animals partislly dmmne to plogee are oble Yo withstand bk
4initidl onslanght of the thallenge infectivn for & few days, bub :
maltiplication ab the site and in the regionsl lymph noces vreates

a foons of bacilii vhich is capable of Libersting incressing aueyis

of toxin from $he disintegrated organisms. The toxin then embers the

blood stream and selectively affects pilmanary tissus

2 few initiel,
pulmonary focl of infection are established, These lesicny then prow

gress, because of local doxic action, %o confluent bronchoptensenie

pecrosis. Meyer (persomal commmication) hzs found that partislly

Swmne aningle Gying from & Yarge challenge dose afber a protracted

11Iness are apt to show secondary crbolic pnewsonic plagie in the

sbsence of spleen or liver lesions, as & result of fibrin Tarmatisn

11 the cepillaries dawaged by the toxine, TP the patiologlodl changes
4n the ungs of Praomys can be attribatatle to the action of cireulating

toxing it 18 Likely thab these are libersted frem foci of midtiplication
sueh ay the regional Lymph uodes, rather thzn by the formation of sencn~
Gavy ebols, z» denth aewdly oconrved vithin 3 ~ 6 dys after inoodle-
lon with the abbemated straln ' P pestis was ot lsolated fron the

lungs of all cases vith pulrONIy P he ot bed R §

 uy Altiz and Sargalta (1970) may de the nost Jmnrtant.

e e of Proonys (Nastonye) patalensis o @ test suinil

for plepme ¥atTives,
Standardised propedurss have been adopted for the eviluation of the e

<1 s B
illed secine (feyer, 1970) aod BT attiine vacrine {Fxbbn, Tiskiar
2z dheils, 1988). Sandler stewdordl. * %ethods oTe 1OV required Tof

Tive attenuated vascines and SEHES 1oz e ees pab Poraard by Heyer

{pimsopsl. commnicataba} apd Arygoo and Cnerdurier {19863, Thes¢

i e TR il ¥
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mice, bub Meyer also suggests the use of guinearples for @ Sest of
parmlespress and immnogenic efl'lcm:y;

workexs agree that the immmnogenic efficacy should be tested in white

He 4lso' states thek before

the vactine 15 used for human inocwlalion, detailed stadied shiuld be

conduoted on 2t least one species of subhuman primate highly FUSCH -

3ble to nlague.  Res.ct findisgs by Burrows and O4llett (1971) have

that @ fwoes of Yo g

2 in guis

Aige bub tu uite mioe.

ssoketes from Brazil had attemmated

"he host-specificity

At o se Srolaten wuo fonnd to %o deverndned by a mirdtior 1 requires

wmerd, ELA ine.  Yoese authors then stressed thet s demonstration

oY novg:

wiiwd o

it ol nou assure 19k sater for man.

adeit; o a bactertil ats towards a prosused sensitive

Taw sotd s7bal wer's oublined in Grds chelis reveals the valne of vring

Jor Japag

an: ‘pritliogenicity of the vacuisw &4

G W $inem 2be mouse Praomys (Mastomge) mtalenals as 2 test aninel
w1 nbtemvated plagos ¥ooined,  Patk the JI——Y
-aly van be delérivided In this

suipal ypecies, freeding colowles i _ionyd heve been established in

vany pacts of the worls, incluilay ctustsdes \hers plagie vaccines are

made sugh a8 the sastore Uit

figwever, e very Wigh susceptl

of this rodent prondiii its impartatics to hyp
Gven in well controlied ¢ ratories there 18
If Bl o shoudd batore

for exparimenbal use.

alwige the possinility of animals escapings
{hey would pravide &no:

S stebdished in the wild,

W vreapstie pb:
for sther experimental

live plrgue vaccines shoald Vherel

plagtie vaccines are produced.

- iz ond thus increase the danger
nipale which would be of W)
ore be extended in wuntries whe?re

Other endemic rodentd #auh me mehly

$ed States of Anericy, Fritalp and Yraics

pility to plagee »of sentdomastdc habits

erénzotiie plague areas

Sy vadk betwesn wiad

The search

-n investigating




susceptible to plagee and udsptable to the Laboratery waj react
i
similarly to Pree.”

Stanvard procedares may then be adopted
using these animiis'for tonting the immanogenic afficacy and hasm-

lessnass of the vaccines and wsing wnite mice and guinea pigs a8
controls.
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GRAPTER 12,

i Sumary and Conclusions,

The search for improved plague vaccines ard move sultsble experimmt»i
anizals than in use at prasent, warvanted the Investigation of live
and killed Vaceines Sn a laboratory adapted €id rodent speoies
(Pracmys (Mastomys) napalensis) found suitable for plague invastiga-
tions in South Africa,

An attenuated EV76 Pagbeurella pastis strain from Madagascar had been

passaged through iren treated guites plgs ard designated EVS1f,  Fol~
lowing subcutansous inoculation into vervet monkeys (Qorcopithesus
aethiops) in doges betwe . 200 million and 201 viable baofili, thils

attenvated EVSLL B pestis strajn invades the body and causes death in

L

26% of the inoculated animals. The strain had also been found %o be

‘pathogenic in langur monkeys and o cause local reactions in man. It

stimlated ng and mouse pr in vervets

and protected 70% against a suboutanecus challengé inoculation of 8,770

wirulent P, pestis 170 days after Faceination.

The EVSIE gtrain ia not pritogendin in guinsa pips and confers a high

rate of protection on these animals,

1In Praomys (Mastonys) patalensig the EVSL strain vas pathogenic in
Doses over 10,000 viable-

high doses following subcutaneous inoculation.
i ddes and p d 2 high perw

bacilli stimulated

centage of these animals against a secutansans challenge inoculation of

virelent P. pestiss This vatoine sbrain way not pathogenic in white

puh the protection rate wae sintlsy

to that of Praomys.

i
i
i
H
i
i
i
1
“i rilce by subcutaneous 4noculation,
{

T -




A5 the passage of the EVIE strain threugh dvan treated goines pigs
wonld sedect those bacilli which are only P-, the charachor Tor which

en the ity of the

2. pestls strain
EVSML in lsboratery animals Le likely to be 2 reflention of the avail-

bility of dron in ¥¥e, Judging frcm the pathogericity of the ptrain,
#he availability of 1ron is probably Mich in vervet monkeya, i which
even dow doses of e vacoine miltiply and cause mrtality. Tn
Prapmye the evallability of iren is probatly dow, as only ligh doses

of the vasrine vause mortalily ax® ow doses are mon-fmmnogenic.
Cuinea pige are intermediate ox evew very low doses of e vaosine Zon-
fer good protection ageinst virdlest chalienge, The response of man
to the EVSLS strain appears fo resenble Preomys mors closely then
verves or guinea Pigs, as in man high doses of the vaocine souse

reactions and low doses do not stimilate serclogical antibodies.

Lyophilisation hes an adverse effect on the sttemated TG strain
as an agar-grevn culture caused higher morbiity in Fraomys and con-
Terred greater protestion against a virslent challenge snocuwlation
han the lyophilised preparation.

& Praouys with tle TF3IL strela wes shea by

Subouteneous noovlaticn of
t reslt in rapid extensive dsvanion

bacteriologicel culture techiques
of the tissnes and this was folloved by a ropid clearing of srpaniems
from the body. The extent of savasion by the sizsin therefore appeard
40 be more important i establishing dmmnity in Praomys than the dura-
tion of persistence in the tissues, ss the latter was very shori.

enes by irulent plague back
ysd initially bub later grpeared 4o foliow
3n aovively tmmnized Propuys luscie

N 311 intreduged subeu-
Tavasion of the tle:

taneouely in Praoys was grls;

‘the ‘sane route as in vhits uics.
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2
ated with viralent P, pestis, the dstrivution of becilld resembled

an attenuated strain in normal sntmads, but differed quatitaiively
and the rate of spread throaghout the body was more gradus). The

dnration of survival of virelent P, pestis in the tissues of Smuste
Praomys wes «lsc longer.  This vould b of epidemiologleal fmpor-

tance, as it is a possible method of persistance o1 plague in neture.

Single intracutaneous inoculations of the EVSLY strain in Praomys
resulted in the administration of ondy low doses of the vsecine.
Toese were nonpathogenic and resulted in similar rates of protection
against a virwient challenge duse as subcutaneous inocilations of

the vaccine, Intracutaneous inoculation of Preowys thevefors did
not result in localisation of the vaccine strain to the site and trus
prevent exposure of antigen to cells responsible for the production
ot immonity, as has been suggected in man.

Investigation of the original EV76 veccine strain matntained ab the
nsbitut Pasteur, Paris, showed that this strain is also pathogeniv
in Praomys by subcntansous inconlabion of hgh doses, bub nob in
“hite mice. The highest dose conferred better protection agalust
virulent challenge inoculabion than the FVSLE strain, bub the protec
Hon of the lower doses was cinilar, The TVT6 {Faris) strain was
180 shovm 4o have deteriorated during lysphilisation. It s sug-
(1947) of preserving bcteria in dried

gested that the method of Stamp

gelatin pellets is @ pobter method than 1yephilisation for the preser-

vabion of tne antigenic structore and visbLity of 1ive atvenvated

2. pestis vacrines.

The gross and microscopic pathological ghanges Lollowing 1poemlation

3! t chal-
of these live abtenssied strains and the changes afterivirulent

R T T e S

()
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lenge inoculation are déseribed,

The immunily of Pracnys against s virdlent of i
‘boosted by “wo subo-lethal doses of 1w§mu,:1;:?r::;:§a::;m
et ot by swll or intermediate doses.  This Agx'ee; with the B
findings in human volunteers, in which swall doses of this vaccine
4id not booster the serologioal response in men previously immunised
with the USP killed vacoine. The mass of antigen imcculated is
Yherefore important as only large deses of live attenuated vaccine
are capable of sufficlently stimlating the imunelopically compe-
tont cells responsible for the production of a high level of protace
tion against virulent challenge.

fho EVSLL wtrain was shom $o be invasive an pathogenic in Preonys,

nob only by i lation, bit glss vhen wla

the oral. route, It is unlikely therefore that this route of admini-
gtration of live atienuated plegue vaccises will be used in humans.

The pathological changss and probably ¥oute of {ovasion folisving the
orsl administration in Praomys ere deseribed and disoussed. A nigh
‘raté of protection against & subswianesis chellenge {roculation of

virulent P. pestis was obtained by oral adnintstration of the wescing.
This protection was ‘woosted by a wrbtutanecis imnlat&w? of the

vaceine given stmultaneossly to the orsl dose,

In Praonys the atvenusted P. pesiis straln TjiwideJ was nonpathogenis

by subcutancous incewiation. I stimadated haenzgstubinating anti~

imnity agadist 2 pubgdtandous
the size of the

bodles and confersed a bigh Jevel of
challenge of viculent P pastis, 8 proportion to
o tomnity was achlaved Wi
) strains than by twe inoculations

mbiia-
waneine desa. Slightly bette: th & combine

tion of the Tjinidef and §v7b (Paris
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the
of the same sirain, The 4w straine lack diffevent =ingle Yirnlence
factors and together provide the thres Amportent determinants in

Ammnity to plague.  The antigenio mako-up of ‘the vacoine strain is

therefore of impordance 4n Smminity 4o plagae.  Vurther Anvestiga~
tion of the corbined use of these two Vaccides togethe:r or sequentially
may tead to trials in Iaan volunteors,

The important role of the antigenic structure of vaccine atrains and

the F1 antigen in partiwdar, in Lmunity to plagus was also shown

by i i of the i H23 P, pestiv strain
in Praomys. This stresn was pathogeiic in high doses, buth did not
proboct against & viralent F. pesiis itcoulabion. The absence of

veiema in the lungs and subcutaneous tissuss in vacoination deaths

in fatal non-pigmented 123 infections, in contrast to the EVSLS aod

V16 {Paris) i %4 i to be to the absence

of FL antigen, bub the rale of FL in ¢alema formation is obscurs,

High dosos of the US? killed plague vaosine have no apperent adverse
effents on Praomys nnd fmmnity ic established in this rodent by sub-

¥ and 1 incculation of tho vaccine. The .

mnmity esteblished agalnst vivalent P, pestis challenge inorulabion

was lower than thab achisved by the live attenusted vecoines and even

‘veprated inoculation of high doges of killed vacoine could ndt protect

a1l animals against the chullenge snoculation.

The soltimamsate nouse Fragmys (tagtomys) natalenste was shown 0 be

deity and ioldy of dive

of valie in ing the pa

atlanusted plagee vacvines and this may lead to

move cttensive use of

¢ allue L
this or obher laboratory adapied oseeptible wild vodents Lor ev:

ating plague vaccines.
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