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INTLERER 'I 200TIC CONSEL VALIOV or PLhGUh 1V ILS:IVVLTuRAT‘
' - WORKING HY“OTIE"” B

Iro1 lowing is o tr nslatloﬂ of a paperfby \ Bultuzard
Aarirl,'m. Bftekhari, M. Chamsa and@il.: 1. Mollaret, of
inst 1uuu rust;hr de Te JLP&H (“usucur Instxtut f Teaer n),

PR

.H.a. t-is
cefeasding for the past ten years, mhlcn muhes the presence of'rodcnts
Fusislant to the plague the key to the. long life ol 1nfect10n 1n31nve-
terate foei? v

o , .

On the one huﬁl, we ocl;eve thdu we heve ourselves established

rvoes, in anawvure as well es in the 1¢boratory, that: res1stuntkrodents
A 4

are incapable of Cana ving the infection in their: organisms:
percentaze of "chronie" forms among animals surv1v1n" cat the endfof an
chivootic outbrewnk being merely a phenow enon ' VLuhout E '
wnd "delayed relenses'" or "belated Eennrflxzatxon

0% being susceptible of implication as a "habitua
Seurces of low-grade patlnogenicity found 1n.naturc '
cpizooiic outhreal, whochi wmultiply "chronic””forﬁsf
sot insure future iafcection either. Wven the more m
hiwd assizned to these “Golou&ﬂh “odents (1), as- mer
Lleas that CGPVO*VL

secuence of tne ‘existence of the pla"uc. 1f thls consequenc
‘“hAavuuolo, and if it were proved that- there exist authenti A
Lo Poci where no resistiance to infection may. be demonsuruted mdn" any
abeiion of wny species of rodent, we would have to recognize that.
vevers i mesely wn cpizzobtic phaenomenon, and not the ne cessarykcondxtion




of which our reseurch in nature scomed to us to have furnished proof in
Kurdistan., We could, in facl; no longer deny, us we have been doing
for a -long time, that burrowing Sciuridae have the possibility of in-
suring by themsclves, in certuin burrows, u long life for infection.
These Sciuridue ure, in fact, typicully sadentery, great burrowers,
with deep, permanent burrows which are always occupied or reoccupied,
like the spermophile Citellus fulvus which we studied in Iran, those
"ground squirrels" (Citellus) and "prairie dogs" (Cvnomxs) so well ob-
served in the U.S.A., those "sousliks" (Citellus), und, above all,
those "souroks" (ggsmotu) whose habits rescarchers i:.. the USSR have
studied for so long, und have shown that they clear cut und reoccupy
burrows emptied by the plague. Now, if we believe that it is in the
life of the deep chawbers of the burrcws of these species, in inveter-
ate foci, that alone is to be sought the persistence of the plague ba-
cillus, it does not scem that in the many works accumulated in the past

any precise research has demonstruted a resistance characteristic of
tlme species. ; ’

Certainly, as early as 1910 iicCoy (17), who must, in our view,
be considered as having initiated the idea of resistunce and of its
epizoological importunce, drew attention to the fact that Citellus
captured in plague foci resisted experiusiental innoculation better than
those captured in regions where wild plaguc did not exist. K. F. Meyer
(18), in 1942, confirmed McCoy's observations on Citellus beecheyi, but
his work was difficult to interpret becuuse oif the differences in sus-
ceptibility which he observed between males, females and young. We
ourselves, in systematic experimentution by innoculation of cultures of
ground up infected organs, or by flea bite, which we carried out on
Citellus fulvus captured in the heart of the focus of Kurdistan, have
been able to observe their extreme susceptibility to infection. It is
true that these Citellus came from two.populations which we have kept
under observation since 1950 (2), and in which we have never observed
the existence of inlection.

On the other hand, Tinker and Alechina in the USSR apparently
demonstrated iu 1955 the difference in susceplibility between two popu-
lations of the smell souslik Citellus pymaacus. This work, which ap-
peared in un untraceable publication (22), is known to us only by the
critique made of it by Lévi ond his collaborutors (15), who reproach
those authors for the "non-simultaneity of tieir experiments and cer-
tain other errors." This is, no doubt, why Lévi on lhis part, resumed,
along with Valkov, Minkov and Novikova, the series ol experiments on
Citellus pygmacus captured in the saume region where he had just demon-~
strated a difference in susceptibility between various ppulations of
Meriones mweridianus. The results of Lévi and iis collaborators are
known to us only through a short résumé presented at the Tenth Confer-
ence on parasitological problems and diseases of natural focality, in
October 1959 (14). The authors write: "In simultaneous experiments
there was studied the susceptibility to plague of various populations
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of smull sousliks on territories with an epizoological past and with
difie ering ecological characteristics. Thnse experiments have shown !
tuat small sousliks cajtured in the past LNste:  this expression "in
the past" cannot be trunslated dany wore clearly: does it refer to Ci—
vellus kept in cuptivity for a long time? (trunslator s note)] in the
endemic region ncar tae village of Zuvetnoe [ Noie: north of Elista, on
the right bunk ol the Volgza (tr¢uslator s note)] were ten times wmore
resistunt than tue sousliks caplured in tue sovkioz of Tchernozemelsk
tNote:  south of Llistu, on the righat bhank of the Vol&u (translator's
note)] and on the leflt bank of the Volga (Dosanr)"L\ote' we again
thank our bibliogrupher, Mae. M. Chirzadi, {or aer tr&nslatxons, which 3
iier profound knowledge of the subject wales particularly valuable].

i These results suggest that liis resistance to infection may j

| doubtless ulso be found in other L luces where tihe interaction of tihe ]

| species concerned and the natural conditions will have given the sous- E

liks (und cven the warwots, on which there is still research to be ‘
done) the function ol tie conservation of the plague in their burrows. !
And we think we cun state that where proof will be found that this re-~ '
sistunce does not exist among these species, the reason is that other
rodents musl be responsible for the couservation of the inflection, as i
is doubtless the case in this zone of Dosang studied by Lévi and his '
coilluborators, where the small souslik is susceptible, but where Merio-

. nes meridianus shows a high level of resistance. It is, wmoreover, cer-
tainly not to be ruled out that several species may take part on the ’
same spot in conserving the infection under the condition -- a neces~-

. sary one, in our view -- thuat tiey dig or frequent or reoccupy the deep
burrows which are the reservoirs of infection. This is indisputably
the case in Kurdistan with the [ield mouse Microtus irani and the small
hamster Cricetulus misratorius, which are perpetual usurpers of the A \
burrows of meriones, as soon as the latter are no longer there to de-
fend thuem. It cunnot be ruled out that this wight also be the cas
with a number of other species, and to restrict ourselves only to M1cro- \ _
tus and Cricetulus, for example Microtus brandti, whose possible resis- - .
lonce in the USSK has been Lknown since the researches of Lekreneva (6), . i
Swirnova and Vassyukhina (21) and Chtchekounova (7§, and whose ‘infec- v
tion has just been found in nature by Kovaleva (12) in marmot territory .
in Bayan-Khongor in western Mongoliu; with Microtus uregalis, whose in- '
fection, alrcady known in Tian-Chan, has heen conlirmed by Lavrentiev \
and Polouliakh (13), to be precise among Microtus established in the
sweepings of marmot burrows; with Cricetulus barabensis, known for its
resistance to the plague in Trunsbaikalie since the work of Von’Jettmar
(8) (9), the research on which by Soviet authors, commented on by Rall
(20) have shown natural infection in Manchuria; finally, in the United
States, with Microtus californicus, the resistance of which has been
known since the worik ol McCoy (16), who experimented on aniwals cap-

; tured in nature in the environs of San Francisco and showed at the same

time the extreme susceptibility of Citellus beecheyi capturcd at the
same place; this Microtus has recently been found infected in the same
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region by Kurtman and his collaborators (11), who have also demon-—

strated differcnces ol receptivity in this rodent between neighboring
populations.

) The resistance to infection of certain populations of rodents in
inveterate foci does uppear, thercfore, to be considered us an ineluct-
able consequence of the presence of the plague. But can this conse-
quence be at the same time the necessary condition of which we continue,
on the evidence of our ohservations in nature, to say that it is the
key to long life of infection? DProlonged observution over a period of
fifteen ycars in the field has shown us the rupid disappearance of
"dead" burrows, of whatever kind, a disappearance which is more rapid
than the rzpopulation of the territory by rodents. The entrances of the
: "deud" burrows on the meriones 3. vinosradovi and M. tristrami und of
1 the other species burrowing in cultivated land disuppeur in a few weeks,
§ or, at the most, a lew months, under the auction of plowing, the passing
or grazing of cattle (particularly sheep and goats), or merely of wind
and weather. The entrances of the permanent burrows of M. persicus on
hillsides or in hecaps of stones, end those of M. libycus in- salty, un-
cultivated land are not subjected to the sume causes of rapid destruc-
tion; nevertheless, the wind and its curgoes of dust and storus gener-
ally cause them to disappear from one summer to the next when these bur-
rows are no longer inhabited. Therefore, the only ones rewaining open
after an epizootic outbreak are the inhabited burrows: those of rodentis
; (or those reoccupied by rodents) which huve survived extermination by

plague, that is to say, those oi the rodents (or those reoccupied by the
. rodents) which are resistant. The conservation of the plague bacillus
. in the earth of the burrows must be able to occur at least temporarily
M (without prejudice to the influence of difiercnt soils, their pli, etc.)
everywhere, as one of us has dewonstrated (16) by isoluting this bacil-
lus from relatively shallow burrows of M. vinogradovi. But all unoccu-
pied burrows are doomed without delay to disuppear; the enormous reser-—
voir of plague which they contain is thus rupidly und definitively
buried. In fact, it could not be maintained that, whatever ihe ruate of
reproduction of rodents at the apogee of reproduction, und whatever the
density of "dead" burrows during the preceding cpizootic outbreak, the :-
new arrivals have much chance of encountering, as they dig their bur-
rows, the tunnels and chambers of their predecessors, which, moreover,
would long ago have collapsed under the action of plowing and weather.
A special instinct would be necessury, which observations within the
ares we have been observing for five years have never shown us.

¢ ok - s

It is, therefore, certainly only in burrows wihich will continue
to be inhabited during the inter-—epizootic period thut susceptible ro-
dents will be able to encounter aguin infected soil (which has no ef-
fect on resistant rodents inhabitiig such burrows), when the push of

. their reproduction will bring them again into contact with tie popula-
tions of these resistant rodents. It seews probable, according to ob-
servations made in nature, that tiie conservation of the germ during
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the long duration oi the inter-cpizootic periods cun only occur in the
lurgc‘permuncnt Lwrrows, the deepest ones, which provide the most sta-—
ble @1croclim¢tc: that is, in Xurdistun, the burrows of M. persicus
and M. libycus. In fuct, it is in these burrows that, when:the current
eplzootic outbreuk is over and the disappeurance of tue plague among
the rodeuts und their fleas will huve again been proved, that we shall
huve Lo seek the presence ol infection in' the soil of the deep chawbers
where we wlready know that we ougihit vo I'ind, mingled with the litter of
the surviving wmerioues, the debris ol.the deud meriones. e

L,
)

Alow are we to picture to ourselves the cycle of this telluric
plugue? It uppears thatl our previous rescarches in the region studied
unknowingly showed its mechanism. At the close of un epizootic out=
break, 95 percent of the burrows uuve been subjected to infection: it
is cusy to sce this in the populations of ihe susceptible rodents,
among which residuael "islands" which escape tlie plague are rare and
scatiered. ilowever, in populations ol resistunt rodents, although the
potency ¢l contamination, further reinforced by the hecutombs of sus-—
cepiible rodents infiltrating those populations, has overcome the re-
sistunce of many rodents which died of the infection, sowe of the bur-
rows continue to be inhubited by the surviving ones, of which our cur-
rent estimates fix-the nuuber at more than 30 percent. Even. belore the
end of the epizootic outbreak, as soon as ils violence begins to falter,
the "deud" burrows begin to be reoccupied by the resistant survivors,
and subsequently, under the influence of the rapid multiplication of
these rodents, all those "dead" burrows which have not disappeared will
be reoccupied by these survivors or their descendants. 'In at leust one
chuaber of each of these burrows uare heaped up the cadavers of the ani-
mals killed by the epizootic outbreak. It is beyond doubt that the
ilague bacillus could not be systematically conserved in all. these bur-
rows; the l'ev researches which have bcen made in the field, or the ex-

periments which we are pursuing in our climutized dark room seem to show

that this conservation is far from being the rule. No matter how rare
this conservation wmuy be, however, it is is the thousands that burrows
which are reservoirs of plague must be aumbered.

Meanwhile, it is from the very small number of susceptible ro- |\
dents spared by the epizootic flood tide that the repopulation of their
territory begins. lowever, their prolificity more or less quickly \
leads to enormous multiplication, in accordance with alwaysivisible
climatic conditions, sometimes after more than two years, as shown by
our most recent observation. We think thut we have clearly dewon-
stroted (4) that this wultiplication pushes these susceptible rodents
to invade the microfoci of resistunt rodents pushing them back towards
tile center of their population arcas. It is at tie end of the last
spring of the inter-epizootic period, at the tiwme when reproduction
.wchieves its maximum, and when the young ones are cheerfully: seeking
their own establishments, that there occurs the contact between sus-
ceptible rodents und the plague in the burrows, and we huve been able
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to prove experimentually that it must be sullicient for one of these ro-
dents to cxglore an infected burrow for

einated (19 only au few woments to he contu-
winute :

« Since the phenomenon occurs aut the sume time nt’ihe le—
vel ol wauny microfoci, it explains the particular aspect of thé,uppeur-
unce of tiue plague which we were able to ohserve in the "mesofocus"
which we are continuing to study (0).  In this mesofocus, the &&jor

role in the conservation of tiie plugue fulls to the burrows ofilicriones
persicus, because of their numerical superiority.  In relaunchiig the
infection, the major, if not tue only role is that of Meriones”tristrami
=~ the most mobile, and wost auducious, the most competitive, and the
lirst to enter the territory of . Persicus under the iwpulse of repro-
duction; this M. tristrami is at the same tiwe ‘the most susceptible,
subject to extraordiunurily rich septicemia, bul it ulso has the fewest
fleus. Moreover, this merion's wobility carries it from ihe irifected
burrows ol M. persicus to the populations ol M. vinograudovi, and it ap-
pears thet it unleashes the plague at tie some time in the two fiabitats.
The M. vinogrudovi, very unumerous, established in lurge populations,
rich in fleas, very susceptible to infection, will launch the epizootic
process; the M. persicus, in small groups ol burrows, less densc and
wore scattered, will, lurgely because of their resistunce, becosme in-
fected more slowly, but will ulso couserve it longer in the same places.

What wmay be the importance of this telluric plague? Vhen we de-
fined the burrowing plague as "a wajor mode, susceptlible of beings re-—
gairded as a habituul wode of contamination in nature" (19), we wore cer-
tainly not thinking of questioning Simond's discovery and the clussic
cycle of rodent-fleu-rodent. We could not imagine, and still less claim,
that the plague bacillus is a saprophyte of the soil, from which it
emerges to cencounter, through an accidentul cycle, “epizootic chunce"
and more accidentully still "epideaic chunce"; neither are we close to
going back to the ancestral concept of plague coming from cemeteries by
disinterring corpses. ilowever, we recognize Lwo possibilities of exis-~
tence for the plague. One through the classic cycle vertebrate-[lea~—
vertebrute, the instability of which we believe all researchers are
agreed upon, cven if this instability way, as we wrote concerning tem-—
porary foci (1), maintain equilibrium of infection for more than u half
century. The otuer by conservation in the soil, whose duration in' na-
ture we do not know, but which way be longer and wmore stable than we
iwagine: sixteen months in a laboratory jar certuinly indicates much
longer periods in burrows. The two wodes follow one upon the other,
aond are interlinked [ see Note], und in our opinion only the fauct of .
their being interlinked can create longevity of plague. In inveterate
foci, one cannot exist without the other: il the enoruwous mortality of
the epizootic outbreak did not periodically "recharge" the plague re-
serve of the burrows, the infection would sooner or later die outj; if
the plague reserve in the ground did not exist, the rodent-flea-rodent
cycle would be broken, as always happens sooner or later in tewporary
foci.

-6 -
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Chas led us, little by little, tu t': following woriking hypolhesis.

PR R b ot 2 g R PR

Nature's action has, tucrefore, created that "safe
the concept of which is due,
Dlunc, au concept which wve

ty reserve"
indisputably, in our opinion,‘ito Georges
uavc 50 often discussé with hiinyun

Strict parasitiswm, that is, in whxcu the parasite cannot live ouiside
its hosls or vectors, is onlty the wost evolved forn of thut*mode of
life; the further we go down the scale of living bLeings, tnc rarer pa-
ra31txsm is:  at the level of mushroous, buctexla, and v1ruses, it bo=
coues the exceplion. It is possible, therefore, that the best known
cycles of strict paurasitism, which uppeur to us to be complete, way
only, in reality, be a phase ol the iruc cycle, in which an extra-
purasitory stuge might exist. This stege would be characterized by ex-—
trume resistunce irn nature, and by consicerable reproduction und "waste"
waich is alwuays found whenever the danger ol chance intervenes in the
continuity of tane cycle. This stage ought to be systematically sought
for even in cycles in which its existence does not appear necessary; in
wccordance with phylogenic logic, this research ought to deal with the
precise milieu in which it muy be supposed that the being lived free be-
fore adupting to parasitic life. i

So for as the plague is corncerncd, we abandoned thié”éoncept long
ugo; our researches have bhrought us back to it. The waste ‘of means in
inveterate foci is obvious, doubtless because the role of chance is
greater there. We can define this role of chance: we¢ have said that in
the overwhelming majority of infected burrows it appears wore than pro-
bable that only a limited pumber will conserve plague; the visits to or
usurpations oi these burrows by susceptible rodents will, even during
the peak of pullulation, be a certain, bur rare, occurrence;. finally,
even in infected burrows, it is quite certain thut®the chance of conta-
mination of these visitors or usurpers do not egual those we achieved
in our experimental jars. Consequently, the cnormous waste of the means
em;loyed will result in a small nuwsber of successes; that, in fact, is
ve;y precisely the picture shown us by the outbreak of plague in 1962

D). ¢ o

Are these working hypotheses, the guidelines of our future re-
secarches, applicable elsewherce than in the foei where we gét the founda-
tions for them? According to all probability: yes. To our knowledge
there exists nowvhere in the world an inveterate ‘focus where there are
not one or more sedentury species with deep burrows, burrows ‘more or
less frequented by other species. As an exampe, we shall g;ve only the
single one which ve learned about by ourselves: “thut of ‘the region to
the eust of the Caspian Sea, part ol the vast central Asian. focus, ac~
cording to current Soviet terminology, the southern part of which we
have studied in Iran (Gorgan-Dach Boroun regiorn), without, moreover,
fiuding the plague, which, howeyver, used to be know in those- regions.
There Meriones libycus is certairly much more susceptible (as is proved
by the history ol the so-called Turkoman epizootic ocutbreak in 1953-55)
than Rhoubomys opimus, as the Soviet wsuthors observed during the same
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epizootic outbreuk, and us we were able Lo sco experimentally on the M.
libycus and Rhombomvs of Dach Boroun. Yo ow, i{ Rbombomys dig deep, per—
wanent burrows on hillsicdes, while M. lanCUs arc cstablished in shal-
low burrows on flat, low-lying lund, the Lbrmlnﬂllﬂ" of the species
is such that traps set in front of Lhonoomvs burrows often yxeld more

M. lxbxcus than Rhonbomys.

The extreme flexibility of neture's means in the face of every
kind of condition must, during the course ol uges, have vermitted the
establishment of all the possible cowbinations between sedentury spec—
ies with fixed burrows und non-scdentury species. llere we must use the
vord sedentary in its narrowest sensze, and apply it only to rodents in-
habiting the sume burrows for many gencrations. In Kurdistan, for ex—
ample, the M. vinogrudovi and i. tristrami, which, however, cannot be
termed non-scdentury, constantly change tie location of their burrows
under the combined influence of plowing and ol tlhe plaguc, and it is to
these constant changes that we think we can attribute the conservation
ol' their susceptibility {to infection, since they are subjected-only to
periodic, brutanl assaults, and not the_ continuous and doubtless aoder-—
ate pressure exercised by telluric 1niect1on.

This proposition, however, does not huve a converse, und the ex-
istence somewhere of wild rodents with permanent, depp burrows is not
sufficient for inveiecration of the plague: too many factors are in-
volved, including primarily climatic factors, for the comservation of
the plapgue in - burrows to be considered a universal phenomenon. iIn In-
dia, for example, wheire we have given prool oi tlic resistance of the
jumping mouse Tatera indica (ulthouwh ils resistance is moderate LSJ,
that is, genetically speaking, limited to &4 low percentage of the ani-
mals captured), it scems improbuble that this mode of persistence of
infection can be & factor, in spite of the great depth of the burrows
of' this species and its sedentary nature. JMoreover, the inter-epizootic
intervals or off-seasons are extreuely short, not exceeding tle approxi-
wately four montis of the rodents' est1v¢t10n, and the [lea, Xenogsylla
astia stands this estivation perfectly well; moreover, infection mani-
festly does not become inveterate in this. typc of focus ¢nymhere, which
has allowed us, in spite of the long, uninterrunted hxstory of plague
in the Ganges valley, to put forwuard tiie view that that was not on in-
stance of an inveterate focus, and to lorecust the disappearance of in-
fection from thut region, a disappearance which has now tuken place.

Consequently, research into resistance to the plague among ro-
dent populations with permanent burrows in inveterate foci, or among
species frequenting those burrows, secms to us to meintain all its in-
terest. This reseurch is not yet easy: in the hands of the same ex-
perimenters, results vary with the identical techniques, according to
the sources used, as, for example, Lévi and his collaborators, tell us
in their work on the receptivity of Citellus nyrmaeus (14)
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dobelieve taet diiffieulties ol this type wuybe reso
< e wource Wil low | adhogenicity, like the sourcesl'Kit. 15¢

o ave didready scat o several ol our co"rcb).ondcxxts
avCusserily using tae delicate technique we employ: (bltcs

cents ), Lhis sours pe:A,us reprocuceable results by fall
vieaiesdy percniucee... by and subcutaneously, unucr'equ¢l con
N u:@ deasity ol "a““cusion, and can show, 1nce it ki

Codae wue U BUSCopa L, an)y resistunce to ul;wno no matte
Yo beacest of LLls rescearch inbo resistunce te Lhelp ‘
Soaenes 6f vach fveus scems to us Lo consist in Lbes ﬂOhS*bll'“
uuzibwglon ur the invoLLrutu cit aractﬂr of a iocns3

e chacacter is linted to the 0unservutlon oI tne“

Iv seems, in Jact, that simple wethods such’as
Wowsoaittiseptie liquids, for cxam-le, mxnht “ermxt an’
woolioon ke iuiection at the stuge wh
Lo, wne also most velnerable.

EERER N )
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