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Foreword

The presgent celiention of articics on particularly danger-
oug infecticus diseases and infeotious diseases with natubal fo-
calization is designed for scientific workers and practical ,
specinlists of the epidemic~control gervice,

The collection is being published in accordance with the
decigion of the Hinistry of Health USSR by way of an exchange of
exparience and exchange of aclentific achievements, In ifthe
results of research work of pligue-control inutitutionr and;the
fSepartments of particulaply dongerdus infectivom CIHERESS Of the
republic, ray-and-ebiasiyzanitary-cpidemiological ctrticns
Bee podng-publigked, fra !, N A S P

The trends and contents _of _Lthe articles-being-published —
ary “esfermined by probilems af, epidemiology’, epizootelogy, diag-
nogis, therapy., microbiology “and immunology, pathogene=zisz, speci-
iz aud goneral zenitary prophylaxig of plague, chelera, tularom=
ia, bricoiicsis, sothrax and problems of improving production of
bacterisis for these infectious diseases.

In %him collection light is also ng thrown on the results ,
of the gtudy 2f othar particularly dangero infectious diseases ;
and infactious Jiseases with natural foealt tion and sowe prob- :
lems of wedicai mnology and paragitoloegy. :

The pudlicntion of the results of research and the latest |
achievements on thaze problems will assist epidemic-~control in- 3
stitutsons of ihe Bavigt Union in theis work of solving probliens .
marked out by the Jfucrse of the CC CPSU and Council of Kinisters
- USSR dated 14 Janwvarw 1880, "Concerning “sasures for tha Further
Improvement ¢f Medical Care and Safegusrding the Hesith of the
Population of the Jav¥g,™ : ‘

-

-

-




EPIDIMIOLOGY AL EFIZO0TOLOGY

) ﬁlague fp*zeatlcs amone House #ize in the Lower ileaches of
1 ‘ the Ural River iu 1958-1959

18 ‘B, K. Fanyuk. B, ka Osolinker (deccasec), A. A, Lalazarov, N, L.
i Gerphkovich, L, Yu. Ziskind, M. V. Zubova, R, V. Kovaleva, K. Ya.
] ‘Lavasidis, A. V. Laskina, Yo. G. Mishchenko, E. V., Molodovskaya,
. A,'V. Popov, G. B, Postnikov Ye. V. Prwsbarova, A. G. Radchenko,
g A, Ve, Starikov T. I, mabunina

ALty

(Gur'yev, Saratov, Moznow) ,

On i0 May 1858, 'on the left bank of the Ural River, 30
kile&e*erg to the southwest of the settlemcent of 1Iskine and 30~ |
iﬂﬁ kilomptere to the southeast of Gur'yev Z5 house mice {(Mus mug- -
ci¥lox) were caught, from one of which on 12 May a culture of the S
plagu@ nicrobe was isolated. :

An sstensive episootological investigation made after this
ashowsd thkiat on ithe banks of the Ural River, in its floodplain and
i dalta region there was a marked increase in the census of house
nice and that an active plague epizmocotic was occurring among them
over & larg2 territory on the left bank. In the second bhalf of
Bsptenbe® plague-infected house mice and meadow voles (Microtus
Rrvalis) were slso found on the right bank near the Ural Rivmr. ‘
i ‘ The epigzootic among mice lasted until May 1959, The las \
i ‘gultures of ?%a plague microbe were isolated from a houss mouse
cavght on IO 2pril and from fleas caught in the nest of the house
moude on 18 April, Howaver, in the spring of 1959, plague appeared
an the z2ight bank in cnionies of dwarf susliks (Citellus pygmaeus)
: ia thae form of a briaf (¥asy~June) local epizootic.

The 18L5-1969 egiﬁaotiv was distinguished by a number of
iaﬁer@w?img charagterigticos, in connection with which it deserves
dotdiled desoviption, particularly since velatively few papers
‘hgve baen written on the plague problem in small mouse-like ro-
gents in the 1iteraturs.

4 v —h— et res
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Material and Method

411 intormation about the 1958~1855 epizootic was ccllected, .
ay and large, during the course of practical activity of the Gur'-
yev Piamuewwontroﬁ Btation, its sections and epidemic-control
detschments,

N Epizocteiogical 1nvestigatiansof the region of the increasag
ﬁousa census &l different times were made by the following ocirgani-
Jgationg,

1, The gentral Iabaratary of the Guvr'yev Plague»Contrel
Station {all year round}, 2. The Yamanka mection of the Gur'yev

gtttiﬁn (a1} year rsund) 3, The Iskine enidemic~control

TN e T 1T
.
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detachment of the Zentral Cbservation Plague-Control Station
(April 1958-June 1959). 4. The Orlik epidemic-contrel detach-
ment of the Yamanka section (October-December 1958 and April-
June 1958). 5. The epidemnic-contrul detachment of the Yamanka
section in 4he settlement of Kurlys (April-June 1859), 6. The
railroad car laboratory of the Kazalinsk Railroad Plague-Control
Station (April-December 1852 and spring 1959),

The places from which the field material was taken for
bacteriological examination were divided tervitorially as equally
as possible, However, the degree to which various sections were
investizated was different. Mice and volss were caught with
"Hero'" traps, using the trap-night method which made it possible
to count the animals obtained for the bacteriological laboratories
with consideration of their census. For a single test a line of
50 traps set at 5-meter intervals was counted. <Such lines were
arranged 1-3 kilometers or more from one another., However, ca
four of the sectioms with areas of 25 or 50 square kilometers
("Kirpichnyy Zavod," "Bol'shoy Mokryy,' "Gogol'skiy," and "Bezymy-
annyy"), which were investigated more regularly and completely,
the spaces between the lines of traps amounted to only 0.5 kilo-
meter. Other rodents (susliks, sand rats and jirds) were caught
with leg trapse.

The ectoparasites of the mice were obtained by combing them
out of the animals caught in the laboratory and by means of dig-
ging ur the holes for the purpose of taking the nests out, and
the ectoparasites of susliks, sand rats and jirds were obtained,
in additicn ¢o combing, by the "strip" method from th2 openings
of the holes.

i.iver and snrleen (and sometimes lung) tissue as well as
blood were plated out on Hottinger's agar (dry medium) from each
animal b~ing investigated. Biological tests were performed on
white mice us‘ng a group of no more than 15 animals of the same
specics caught in the same place, 1Individual biological tests
wore performed on animals found dead. Depending on the size of
the coilection from one spot and from rodents of the same species
rctoparasites were jnvestigated by mz2ang of group or individual
cultures on agar. The group included different nuambers of fleas,
but, as a rule, no more than 50, The cultures isclated ware ideu-
tified in accordance with instructions., The wirulence of the .
plague micrcbe was determined, by and large, on freshly isolated
strains.

From May 1938 to June 1959, £1.190 animals (of these 31,804
were house mice and 2,120 were meadow voles) aud 158,134 ectopar-
asites (including 16,349 fleas of mouse~iik2 rodents) were inveg-
tigated bacterioclogically in the region of the epizootic and ad-
jacent areas,

Conditions under Which the Epizootice {ceurred

The 1858-1959 epizootic among house mice occurred in

3
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connection with 2 marized increcasce in their cinsus over a large
territory of the flondolain and upper vrart of the delta of the
Ural River, which had not been observad in the past 29 years.

The census of house mice in deseris around Lhe lcwer
reaches of the Ural tiver is very low, UsU-liy their oumbsre
are almo small Jn the floodplain and delta of the Ural River,
although these habitats are characterized by distinct featrvcs
of azopaltiy. At the same time, in different varieties of habi-
tats of the floodplain and delta house wnice are always encount-
ered@ Among these varieties are: extensive growths uf reeds and
shorz pigweed (Atriplex littoralis) on areas of the sea bottom
exposed by regression of the Casvian Sea, places with beggar weed
along the dry or, at times,water-filled eriks /shallow channels
in the river delta/, the ruins of old buildings, gardens, planta-
tiocps and similar places. However, even here the populatlon of
house mice 1s not very coastant, because they die during the
floods of the Ural River, and along the coast of the Caspian Sea
they die from the driving winds coming from the sea,

A marked increase in the census of house mice in 1958 was
brought about by 2 number of factors and primarily by the unusu-
ally high spring flood of the Ural River in 1957, which exceeded
the average level for the previous seven years by more than two
times. The high water in the spring went far beyond its usual
limits, flooding a tremendous territory in the lower reaches of
the river, from Novobogatinsk in the west to Rakusha in the cast,
and penetrated deeply into the deserts of a number of places.

The higher up alcng the course of the river, the narrower the
flood zone became, and at the level of the village of Kulagino
?ractigally none of the floods went beyond the floodplain proper
Fig 1).

In 1957, the flood caused the death of rodents en massc,

A few mice were preserved only on the unflooded grlvyjibw
elongated elevations from erosion and deposition in river valleys?
islands and other elevations, on trees,and in varicus buildings,
or were displaced to the desert.

Apparently, there was active reproduction of the mice after
the floocd (no observations were made), bacause over the entire
flooded area after the water receded an abundant plant cover dev-
elcped with a large quantity of fruit, which furnished the mice
with rich food sunplies and good shelter from predatory birds.
The dry autumn of 1957 and the very mild winter of 1957/58, with
a large quintity of food stored until the spring, contributed to

good survival of the mice under autumn-winter conditions, and the
low flood level in 1858 killed only a very few rodents. Finally,
the abundance of precipitation in the spring and beginzing of the
summer in 1858 were responsible for new good vegotation and fruit-
bearing of nmany plants, s a result of which the food supply for
the mice was renewad.




In the final analysis, in May-June 1358 the house mice
census rezched a high level over a large territory. In calculat-
ing it by the method of trap-nights not uncommonly from 25-30 to
60 percent of the traps had mice in them, Naturally, as a result
of the mosaic distribution of vegetation groupings, caused by
the mesozone topography of the floodplain and the degree of irri-
gation during the flood, there was also a mosaic distribution of
mouse colonies of different densities territorially.

The mouse census was the lowest (0-4 percent trap catch)
on the elevations which had not been flooded in 1957 and which
preserved their cesert appearance in 1958.

Along with the increase in the mouse census in 1958 there
was a considerable increase in the number of mouse fleas. The
average monthly abundance index of fleas in the hair of house
mice in the delta near Gur'yev amounted to 0.64 in May 1958 and
2.0 in September, whereas in previous years it did not exceed
0.3 and fregquently it was much less.

The problem of how plague penetrated into the mouvse popu-
lation of the floodplain can be solved only in retrospect. How-
ever, the existing indirect data are very convincing,

In the Ural-Emba Desert, which is adjacent to the flood
zone on the east, in 1957 and 1958 a plague epizootic occurred
among colonies of great sand rats, Rhombomys opimus (sece Fig 1).
fince the areas with a high mouse census came right up to the
desert, it was easy for the mice to establish contact with the
great sand rats, particularly on the elevated desert areas which
remained like islands in the actual ilood zone. On such "islands,"
sometimes quite large, colonies of the great sand rat, meridional
jird (Meriones meridianus) and crested jird (M. tamariscinus)
remained, contact between which ard the mice increased with the
increase of the census of the latter.

In this connection, it should be mentioned that a plague
microbe culture was isolated from a great sand rat caught on 20
June 1958 in the flood zone on a griv /See previous note on this/
left wnflooded in 1987 at the Sokol Channel near the Cogol'skiy™
natural landmark (see Fig 1). True, in this rase two suppositions
are equally probable: either the sand rat was infected from mice
;in the spring or summer of 1958 or, conversely, in the colonies
of sand rats on this griv the plague pathogen had appeared even
before the 1957 flood, However, in both cases, this fact speaks
for the existence of contact between mice and sand rats. The
findings of mouse fleas (Ceratophyllus mokrzeckyi, Leptopsylla
taschenbergi) on great sand rats in places where they have colon-
1es together with mice and of great sand rat fleas (Xenopsylla
skriabini, X, conformis, Ceratophyllus lasviceps, Rhadinopsylla
cednstis) on mice is evidence of close contact between the animals.

The problem of thc time that plague penetrated into the
mouse population is interesting. Suppositionally, we can mention
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three periods: the time of the cr2st of the flood in the spring
of 1957, the autuma-winter season of 1957/58 and the spring of
1558,

It may be assumed that at the first of thes> times contact
batween mice and sand rats was very cluse, since mice which had
been displacad by the flood ‘nto the desert and onto the islands
and which became homeless tempourarily formed their colonies
directly in the great sand rat holes. However, the plague patho-
gen could hardly establish itself in the mouse population at
that time, because after the water receded their colonies were
very much thinned out and, naturally, with a very small number of
fieas.

The second and third periods are more probable. The cen-
suses of mice and their fleas at this time increased aprreciably,
and the more extensive migrations of the mice late in the autumn
and early in the spring cculd have provided the necessary degree
of contact with sand rats for the infection. The absence of
data in the literature conceraning the rate of spread of epizoot-~
ies in mouse colonies makes difficult the more exact solution of
the problem which we bave posed.

Development of the Epizootic

The generalized statistical material characterizing the
development of the epizcootic after it was detected is shown in
Table 1 and on Fig 2, It includes data not on al: the animals
investigated but only on those which were caughkt on the left kank
and thereby only within limits of the southern, largest area of
distribution of the epizootic, which we called the "main region
of the epizootic." Almost the entire 1857 f£lood zone was inves-
‘tigated, although to different degrees, but with a negative re-
sult over its major portion,

The indices showing infection of mice presented in Table
1 and Fig 2 do not completely depict the natural dynamics of the
epizootic for the following reasons,

First of all, as one of the preventive measures against
possible infection of people, following the d=tection of the
epizootic, extensive mouse extermination was undertaken with
poisoned grain bait (rye containing 8 percent zinc phosphide).
From 4 June to 24 D3cember 1958 an area of 418,900 hectares was
treated on both sides of the Ural River in the region of the in=-
creased mouse census using airplanes, Places with the highest
mouge censuses, where quite a lavTge pumber of rodents remained
after the baits had been spread out once as well as the greater
portion of the "main regiou of the epizootic" were treated two-
three times during this period. 1In all, with consideration of
the repetitions, 805,900 hectares were treated. The effective-
ness of ccntrol amointed, on the average, to about 82 percent
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Tadvle 1
Degree to Which House Mice and Other Species of Animals were Infected
with Plague on the Left Bank in the "Main Region of the Epizcctic

(1958-1959)
i Y O LR —
M 7
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- ) 3/Mapr 37 -— - 3 40 ) 0) 0,75
¢ - | %~
(,»)Anpm 78 13 3 44 | 122 | (082 | (1.28) | o068
. 1 0 7 0 T
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*The culture was isolated from a crested Jird caught in a great
sard rat colony in the vicinity of the village of Kamynin.

**The culture was isolated from 11 shrews (Crocidura sp.), caught
in the Gogol'skiy Natural Landwark. /Table 1, continued next page/
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/Table 1, continued from previons page/

1. month; 2. animals investizated and culturcs of plague microbe
isolated (in the denoninator); 3. percentage of iniection; 4.
house mice; 5. great sand rats; 6. "small'sand rats /Jirds/;

7. other speciss; O. total; Y., totai of all species; 10. by
direct calculation; 11, adjusted; 12. Aoril; 13. May; 14. June; :

15, July; 18, Augzust; 17. September; 1&, Gctober; 19, November; ;
20. December; 21. January; 22, February; 23. March. '

&

-

' \
@ %" , " \
L .

a wma 4 a1 & un Y
vy 158 1959¢

Fig 2. Change in the percentage infaction of mice in the "main
region of the epizootic.”

1. degree of infecticn, %.
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and varied in different 5,000-3",000~hectare 'squares” from 79 to
9¢ percent. Only in two squares did it amount to iust 48.5 and
57.2 percent. Simultaneovusly, in the reg.on of increased census
of the rodents deratization and disinfestation (of fleas) were
carried ovt three times in all inhabited places, and all of %the
numerous haystacks were treated once by means of scattering
poisoned bait over a strip of 1.5-2 meters around each stack.

In the final analysis, the mouse census was reduced both in the
field (2-4 percent trap catch in October as against 20-30 percent
io May~-June) and in the inhabited places (1-5 percent as against
10-20 percent)., Such a thinning-out of the popnlation density
of the mice must have exerted scme effect on the natural course
of the epizootic. Secondly, a certain influence on the course
of the epizootic could have been exerted by the gathering of hay
which took place in June-July and which caused a partial remi-
gration of mice from the exposed meadows to the haystacks and
places with untouched vegetation.

It is entirelily probable that increase in the rate of in-
fection of mice in the summer was caused specifically by the
migrations which were brought about by the hay harvesting and
that the reduction from August to September was caused by the
remote effect of control measures.

The mouse control measures, particularly those accomplished
once, could not bring about a rapid extinction of the epizootic,
since it was not accompanied by disinfestation of the rodent
holes in the field. If we consider that an average of only about
82 percent rodencs died as the result of the utilization of poi-
soned bait and almost all fleas living in the holes were preserved
and that the mobility of animals in connection with the hay harv-
esting was increased, the increase in the rate of infection under
these conditions must te considered expected. UHowever, at the
beginning of autumn, as a result of repeated mouse extermination,
their census hegan to decrease, and the epizootic temporarily
went into a decline.

Late autumn and early spring rises in the rate of infec-
tion of mice (November-January)can be explained by partial recowry of
the mouse census as the result of their reproductiopn (from May
to feptember 1958 the average monthly percentage of gravid fe-
male house mice ranged from 19 to 34; in October it was equal to
5; in November, 3.5) and autumn migrations caused by a cold spell.

Beginning with January, with the subsequent steady reduc-
tion in the rodent .census the epizootic steadily went into a ‘
decline, criefly, now, under the influence of naturali factors
(the relatively severce winter of 1958/59, the presence of preda-
tors, etc.)

The conclusion which we drew that extermination of the
rodeants alone (without disinfestation of their holes) failed to
lead to a rapid cessation of the epizooctic is well illustrated
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by the results of the investigation of a sinzle enizootic arca
which we called "Kirpichoyy Zavod" (Fig 3}. This section, 23
square kilometers in arca, was investigated most recularly. In
June 19458, plague was first found on it. In July, 27 cultures of
t he plague microbe warn isolated from micc and their fleas
caught in this area. On 16-18 July in this secticn poison bait
was scattered; howzver, in lugust 21 cultures were again obtained
from this so2ction, in connection with wbich on 22-23 august the
csection was treated again, which led to a sharp reduction in

the mouse census. In all, on the 226 trap lines (4,300 trap-~
nights) in the next two months only 78 mice were caught, among
which none was found to be plague-infected. No plague microbe
cultures were isolated in September~Octoher either from the exam-
ination of 244 fleas (including 63 fleas from 21 nests). How-
ever, the infected fleas were apparently preserved, because
after the recovery of the rodent census which began by November
plague was activated among them again. In November (from 17 to
30 November) on this section a plague-infected mouse was found,
and four cultures were isolated from fleas. On 24-27 November
poison bait was scattered about the section the third time, andg
on 12 December here the last plague-infected mouse was caught,
Subsequently, despite regular investigation of this area, it has
heen impossible to find plague on it.

Additional data on the course of the epizocotic can be ob-
tained from Table 2, in which the results of investigation of
mouse fleas in the main region are given.

mwo facts should be noted which follow from the Table:

a) the high percentage of positive plague samples in bacteriolo-
gical examination of mouse fleas speaks for their great part in
the development of ‘the epizootic and b) with increase in the
number of fleas in the sample when groups of them are investigated for
plague (bottom line on the right) the frequency with which posi-
tive results are obtained increases. )

Aside from fleas caught on the bodies and in the nests of
house mice, a bacteriological investigation was made of fleas
from the holes and hair oy other rodents as well as ixodial and
gamasid ticks and, in very small numbers, lice of the rodents.

In all, from May 1958 to June 1959, 1,260 samples of all these
ectoparasites were examined from the main region of the epizootic
by means of group cultures, and 14 cultures of the plague microbe
were isolated. A.ong them were: three cultures isolated in June
1958 from fleas taken from great sand rats; one in May 1958 from
fleas taken from a meridional jird; one in October 1958 from
f1eas combed from a water vole (Arvicola terrestris); two in
Novembsr 1952 from fleas taken from shrews (Crocidura sp.); cne
in June 195" from ixodial ticks (nymphs of Hyalomma); three in

. September, October and November 1958 from gamasid ticks taken in

511 four cases from house mice; and finally, two cultures in June

10
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Plague infection of Fleas from Hair of House Mice and From Their

Tahle 2

Nests in the Main Region of the Epizootic (1958-1959)
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1. year and month; 2. sampies with different numbers of fileas

from hair investigated and cultures isolated (in the dsnominator):
3. number of fleas in the sample; 4. total samples; 5. rate of
infection; 6, average; 7. samples from nests investigated and cual-~
tures isolated (in the denominator); 8. May; 9., June; 10, July;
11, Aug.; 12, Sept.; 13. Oct.; 14, Nov.; 15, Dec.; 16. Jan.;

17, Feb,; 18, April; 19, total and average,
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of 1959 from fleas caught in the nests of the yellow suslik
(Citellus fulvus) and one in the same month {rom lice taken from
the same rodent.

Theretfore, the findings of infected ectoparasites un ani-
mals of different species, thz2 high porrcentage of positive sam-~
ples in the investigations of mouse fleas, the involvement of
other mammals in the epizootic--crestoed jirds, shrews and, in
the Chkalovo focus, also meadow voles--attest to thae fact that
in 1952 the prlaguc cpizootic was active aaong house mice. At
the same time, the relatively low rate of infectiovn of animals oy
months (0.25-~1.83) would appear to comtradict this conclusion.,

This may be explained by the fact that in summarizing the
raterial by months in Table 1, we artificially rediced somewhat
the infection rate, because in the number of mice investigated
those animals are included which were caught in the main region
of the epizootic but in sections of it in which plague could not
be detected even once. Therefore, in Table 3, we have presented
a random sampling o0f the results of investigation of mice by day
iz July and August 1958, when the epizootic was most active pric -
to the avtumn recession. The raandom sampling was made up from
materials collected on the epizootic area "Kirpichnyy Zavod"
described above. On the sare day only a part of this section
.wasg covered, and the mice caught each day may be regarded as a
relatively objective sample of the popvlation,

from Table 3 it is seen that the infection of house mice
in various population samples not uncommonly is considerably
higher than the average for the month for the entire main region
and reaches 6-8 percent. Therefore, the conclusion that the epi-
zootic was quite intense among mice in 1958-1959 can be consid-
ered correct,

In accordance with the mosaic distribution of mouse colon-
ies the areas included in the epizootic were, to a certain degree,
distributed mosaically also., 1In addition, the epizootic moved,
which is seen from a diagram of the investigation oFf epizootic
sect:ron "Tyndyk" with an area of 50 sguare kilometers (Fig 4).

In the investigation of this section from June to Nuve.ber
not a single plague microbe culture was found, Since the section
was in a region with a high mouse census they were exterminated
on it three times (20-22 July, 25-28 Aupust and 23 September 1958).
Therefore, to a certain degree the plague epizootic detected on
it in Decombei 1956 during the investigation of this section was
unexpected; five cultures were isolated from mice and 13 from
their fleas. In this section plague was found among the mice
until April 1959, Here in June 1859 plague-infected ectoparasi cs
of the yellow suslik were collected, about which we have written
above. There is reason to believe that the epizootic on the
"Tyndyk" section occurred later than in the adjacent areas,

12
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Table 3

Infection Rate of House Mice in Various Population Sampvles
("Kirpichnyy Zavod” Section in the Main Region of the Epizoctic,

1958)
Hucao wecxn. fizess o fipouent
;)D‘““ n‘:‘:ﬁ;‘“ PR sapm’::umm sm:;w l;a;:i.;t;;c‘n
> 2 W & L
! woan 9 12 ! 8,3 2 8
3,k 4 3 65 53 "
7, 3 | 30 188 0
8 82 8 6,1 334 5
9 ., 47 0 01 !
100 28 2 Qs 162 4
17 . §9 5 58 46 ¢
dasiyer] 52 2 28 78 2
5 5 57 i 1.3 166 ]
7 o 94 i 1.4 151 2
12, 45 1 22 65 )
4 . 17 1 8.4 35 0
18 ° 37 3 &1 87 0
19 v 94 4 42 149 !
s ., 47 § 21 67 i

Note. The days on which not a single plague microbe
culture was isolated are not included in the Table,.
1. date; 2, number cf mice investigated; 3. cultures isolated;
4. infection rate; 5. ecotoparasites investigated; 6. cultures
isolated; 7, July; 8. dugust.

Spread of the Epizootic outside the Limits of the Area where it
Began

Arising at the junction between the degert and the Ural
River Valley, the epizootic among mice spread to the west, into
the danths of the floodplain, apparently by means of a relay
transmission of the plague pathogen frcm hole to hole. It is
entirely probable that thic process was accelerated by the mi-
grations of the rodents themselves, A certain part could also
have been played by predatore, carrying infeated fleas. By this
method the epizootic r ached the boundaries of its area of dig-
tribution on the left bank, going specifically to the Ural River.
Of the greatest interest are cases in which small focl of the
epizootic were detected far outside the main area of distribation,
including the right bank of the river.

There is reason to consider the Ural Rivexr an obstaclie on
the route of advance u{ plague, preventing the everyday crossing
of rodents and therefore plazue pathogens from one shore to the
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other (on hisvorical ov particulariy ~eologicai time seales

such a crogsiny could have been made repcutedly). Tris permiiied
us to regard the Volga~Ural and Transural natural plazue foci,
including the Ural-kmba section, relatively indepecasdent (B. X.
Fenyuk, 1951, 1958).

twettally, to this point the epizootic of plague had cccurred
only in the colonies of its main reservoirs (the dwarf suslik,
great sand rat and meridioaal jird) with the involvement of rela-
tively few secundary reservoirs (jerboas, red~tailed éﬁcriones
erythrourus/ and crested jlirds, etc.); not a single case of cross-
ing of the epizootic over the Ural River was noted. Such a cross-
ing was prevented not ounly by the river itself but also by the
broad floodplain in manv places, in which colonies of the main
plague reservoirs were encosntered only sporadically and into
which apparently plague did not penetrate.

The occurrence of an enizovotic in the floodplain itself
in 1958 awong colonies of house mice multiplying in lacee numbers
brought plague right up te the Ural River, as a result of which
an absolutely unusuxl situation was created. Under these condi-
tions, it was much easier for the plague pathogen to cross {rom
the left bank of the river o the right and to take root in the
right bank area, where the mouse census was also narkedly
increased,

Plague-infected mice or their fleas could have been carried
over the Ural River by large birds (short-eared owls, marsh hawks,
sea-gulls, and kites). The possibility that the mice were carried
over the river on boats with freight on a ferry at the village of
vamanka or on wessels travelling up and down the river is antirely
probable, Os the ferry, specifically, motor vehicles loaded with
hay were transported from the left to the right bank of the Ural
River,

Tne first local focus of the imported epizootic was found
on the right bank of the Ural River at the village of Chkalovo
(see Fig 1). The extensive environs of the village boegan, to be
investigated in May 1958; however, until September plaguc was not
found here (Table 4}, The epizootic detected in September was
acute but over a very Jimited territory. Possibly, the extermina-
rion of mice, conducted or this area of the floodplain on 14~16
stober, prevented its zreater territorial spread. The epizootic
wag maintained a2t its starting place until December 195¢,

The second such focus wis detected in October 1958 in the
rogion of Zelenyy Settlement (see Fig 1). On 12 October here a
rlagre~infected house mouse was caught, and at the end of October
& lonal epizootic was found in the fourth, fifth (the village of
Kurlys) and gixth Caucasian villages, located opposite Zelenyy
on the left bank, approximately 100 kilomsters to the north of
the sorthern boundary of the main region of the epizootic.
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Table 4
Results of Investigation of Focus of Epizootic near Settlement

of Chkalovo (Right Banx of Ural River) in 1958-1959

'uccnlouuoé) Buleacno xyanryp ua s ;:m‘:‘;m@; §
e [ TGPE &0 @ By |G

i 2 X ':'g o S r s a pi 2% s ;
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. 1958 :. |
Maa (o B| -~ | =1t o |-~ ~]-1o -
Housl 3 . ] - | -~ v - -1 -]0 o | =
Hoa/z 264 2 - |- 0 0! - - |0 0y --

- Cewnq:g sl g lumalof ol 1] 7] 0lo 'eel on
Oxsrlps(e) | 832 | 44 | 132 2 4 v 2 0| u5 0 1.5
Hosbps(ss) | 173 | 36 102 13 1 0 17 1 0.8 0 |} ie7
Dexadps¢t) '| 133 | 26 6| — 0 i Pl -1 0 {(38)(167)

1959 2,
fusape (0 | M| 2] -] ~ 1} 0 - = -
%nglbc—\ o 0
wons ((5) | 81 {238 | 28 | 29 01 0 0
Note, Mainly fleas and gamasid ticks taken from house

mice and meadow voles were investigated; in addition, from Febru-
ary to June 1959, an investigation was made of fleas taken from
the meridional and crosted jirds and from the dwarf suslik,

Key: 1. month; 2. investigated; 3. cultures isolated from;

4. infection rate; 5, house mice; 6. meadow voles; 7. flea speci-
mens; 8. specimens of gamasid ticks; 9. percentage of flea speci-
mens positive; 10. Xay; 11l. June; 12, July; 13. September;

14, October; 15, Novomber; 16. December; 17, January; 18. Febru-
ary-June,

During October-December on the territories of these Cau-
casian villages 6341 rodents and 460 ectoparasites were caught
and investigated; from these 19 cultures of the plague microbe
were isolated (seven,from house mice; four, from meadow voles;
one, from a crested jird; and seven,from mouse fleas). A4s the
result of the investigatioun during these months in the settlement
of Zelenyy and its environs a negative result was obtained on the
right bank (767 rodents and 340 ectoparasites).

The last plague microbe culture was isolated in the left
bank region of thigs focus on 12 December 1958. 1In the spring-
summer season of 1959 here a bacteriological investigation of
608 rodents and 1,223 ectoparasites on the right bank and 333 o
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rodents and 135 ectoparasitaos oun the loft ban™ (wheore theve had
been almost no mice in 1959) was made with a4 neoat:ve result.,
The origin of the focis in the sctilement of Zelenvy is
not sO0 clear as that in the settlement of Ch%alovo. The 1o€t
bank floodplain in the arcua between the northern ep:zootic
pojnts ip the main region and the focus opposite tha settlement
of Zelenyy were not so cumpletely investivated as to gaarantere
the impossibility of missing lucal epizvotics if they were
present there. However, a diffuse epizootic could not have been
missed, and the possibility of a relay transmission of plague
from the main region of the epizootic to the settlement of
Zelenyy must be rejected. There is practically no basis fur the
belief that this focus wus of local origin. Therefore, it
remains for us to conclude that it was created as the result of
distant importation of plague from the south, most likely along

the river. _
Tne only plague-infected mouse caught in the settlement

of Zelenyy could have appeared therc as the result of importa-
tion from the sorth or, most likely, from an epizootic focus On
the onposite banlkt of the Ural River.

A focus of a local ¢pizootic among dwarf susliks on the
right bank of the Ural River, on the shore of the Chernay2a
Rivulet, detected in 1959 (Fig 5), deserves great attention,
After the detection of the first plague-~infected suslik on 18
May, this place was subj:2cted to a careifual investigation. In
May-July 1959 1,882 rodents were caught here (including !,G87
dwarf susliks), 3,751 fleas and 3,049 ixodial and gamasid ticks.
In all, 18 plague microbe cultures were isolated.

The evizootic was recorded only in May-June (the last
culture was on 15 June), although in July 133 rodents, 243 fleas
and 392 ticks were investigated. The locality was extensively
studied, but it was possible to detect an epizootic on only a
localjzed territory, The species variety of ectoparasites in-
fected with plague during this epizootic was characteristic.

In 1659, on tha rigcht bank of the Ural fiver plague-~
infected mice werc not found; however, it may be assumed that
the 2pizootic auwon< susliks on the Chernaya Rivalet oceurred as
the result of passagce of plazue to them from mice, most lakely
from the Chkalove focus of 1938,

Suslik colonies of different population densities are
found on the entirc terr:tory between the Volc¢a-~-Ural Sande angd
the Ural diver, with the cxcerntion of the southernmost part.

In 1940, in this rerioa (opposite Yamanka) a diffuse plague epi-
zo0tic swmouldered among the susliks (P. Ye. Nayden, 1959). How-
ever, there is no reason to helieve that the local 1959 epnizooties
on the Chernaya Rivulet was simply the end of an :ndependent
epizootic among dwarf susliks in 1958 in more northerly rcgions.
This entire region ad been studied by the Yamanka Plague-Conirol
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Sectjon in the spring-summer season of 19538 and quite atlentively in
previous years, but constantly with a negative result,

Finally, it must be mentioned that on 23 May 1959 the
only plague microbe culture from a meridional jird, caught 18
May at the Karabatyr natural landmark, located approximately 140
kilometers from the Ural Rjiver, that is, at a great distance
from the epizootic among the mice and susliks (see Fig 5), was
isolated through a biological test (on a house mouse),

We do not have the opportunity here to go into detail about
this case, although it is exceedingly interesting, since no signs
of plague had been recorded in the Volga-Ural Sands since 1953.
We should like to note only that we have not found sufficient
arguments for confidently considering plague in the Karabatyr
imported from the region of the epizootic among mice nor for re-
garding it unreservedly as a sporadic cage of plague among jirds
in non-epizootic years, that is, for assuming the hypothesis that
the plague microbe culture isolated from the Jird was of iocal
origin. Possibly, further investigation of the Volga-Ural Sands
will throw light on this problem.

Additional Information

During the entire period of the epizootic 233 plague
microbe cultures were isolated in its main region and in the foci
in the settlement of Chkalovo, opposite the settlement of Zelenyy
and on Chernaya Rivulet. The distribution of these cultures
according to the objects from which they were isolated and accord-
ing to foci is shown in Table 5.

From Table 5 it is seen that interspecies contact during
this epizootic was intense, which is explained by the involvement
of several species of animals in it. The folluwing findings are
most interesting: a) infected mouse fleas Ceratophyllus mokrzec=-
kyi in the holes of the dwarf suslik, on shrews, and on the water
vole; b) plague-infected suslik ticks, Rhipicephalus schulzei, on
jerboas (Allactagulus acontion); c¢) infected jerboa fleas, Mesop-
sylla tuschkan, in the holes of the dwarf susliks; d) plague-in=-
fected fleas in the holes of the yellow suslik and plague~infected
lice in the hair of this rodent.

During the 1958-1959 epizootic for the first time plague
microbe cultures were isolated from mouse fleas, Leptopsylla tas-
chenbergi, and gamasid ticks, Laelaps algericus and Eulaelaps
kolpakovae. The first two findings have already beea described
in the literature (R. V. Kovaleva and N. L. Gershkovich, 1959;

\. V. Rumyantseva and M. R. Netsengevich, 1960).

It should be no*ed that 11 plague microbe cultures were
isolated frum mice caught in human dwellings (one in the settle-
ment of Zelenyy; two, in the village of Kurlys; one, in the sixth
village; the others, in solitary structures in the floodplain).
The presence of plague~infected house mice in settlements as well
as in haystacks (five cultures of mice and one from voles)
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Distribution of Plague Microbe Cultures on its Reservoirs and Vectors in
Varjious Foci of the 1958-1959 Epizootic
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Pty

], species of animals; 2. places the animals were caught; 3, cunl=~
tures isolated; 4. main region; 5. Chkalovo focus; 6. Zelenyy
focus; 7. fucus from Chernaya Rivulet; 8., mammals; 9. hous: '
mouse; 10, meadow vole; 11, great sand rat; 12, crested iird;
13. dwarf suslik; 14. shrew; 15. field, stacks and structures;
16, field and stacks; 17. field; 18, fleas; 19. hair of house
mice; 20. hair of shrews; 21, hair of the water vole; 22. nests
of house mice; 23. holes of dwarf susliks; 24, hair of great
sand rats; 25. hair of meridional jirds; 246. holes of dwarf
susliks; 27. hair of dwarf susliks; 28, holes of yellow susliks;
29, ticksz; 39. hair of jerboa; 31. lice; 32. rodent lice; 33.
total; 34. hair of yellow susliks.

shadd s,

contributed to increasing the endemicity of the epizootic. How-
ever, prophylactic measures taken by the Gur'yev Plague-Control
Station and chiefly the regular disinfestation and deratization
of various structures, vaccination of the population and exten-~
sive sanitary propaganda as well as rodent extermination in the
field, which lowered the autumn concentration of mice in build-
ings, made it possible to prevent cases of plague among people.

Plague microbe cultures isolated during the cepizootic
described were fully typical with respect to their morphological,
cultural and biochemical characteristics and were glycerin-posi-
tive varieties. 4l1 the cultures were lysed by plague bacterio-
phage.

Study of the virulence of 30 strains jsolated durjng vari-
ous periods of the epizootic from mice (17), meadow voles (v,
crested jirds (2), fleas (8) and gamasid ticks (2 strains) showed
that they were all highly virulent. The MLD for white mice and
guinea pigs was equal to 10 microbes in the great majority of
strains. There were only two exceptions: a) in strain 252 iso-
lated 17 July 1958 from a house mouse the MLD was 100 microbes
for white mice, and b) in strain 7073 isolated from a house
mouse 18 August 1859 the MLD for guinea pig was set arbitrarily
at 100,000 microbes because a dose of 100 microbes did not cause
death of a single guinea pig, but doses of 1000 and 10,000
microbes were not tested.

Characteristics of the 1958-1959 Epizootic

The most characteristic feature of the 1958~1959 epizootic ;
was the fact that it reached a high degree of development as early. I
as the spring-summer season, whereas all epizootics described in '
the literature among sr1l] mouse-~like rodents were found and pos-
sibly also began in the autumn, that is, during the period when
the censuses of these rodents usually reach their yearly maximum;
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in the spring and summer 1anfected mice and vo.es werc ¢ncount-
ered only sporadically, and thercby rarely, during epizootics
among the main reservoirs of plague (V. N. Fedorov, 1944; B, X.
Fenyuk, 1948; V. N, Fedorov and others, 1935; Yu, M, Rall',
1858).

This example shows that inteonse and diffusc epizootics
of plague among small mouse-~like rodents can vuccur in the natur-
al focus in any season of the year if the census of animals and
their fleas reaches a high level uand if their mobility is suffi-
ciently great to assure the necessary contact with the md in
reservoirs, )

The second charactecristic can be considered the develop-
mant of the epizootic in azonxzl habitats: the floodplain and
delta of the Ural River., Although they lie in the resion of
natural plague foci they cannot in any way be considered enzootic
for this infectious disease., A combination of conditions was
needed, such as a marked increase in the census of mice and
their fleas and the movement of the evizootic among great sand
rats right up to the floodplain so that the epizootic nenetrate
into the mouse population and assume the nature of an independent
phenomenon,

In this characteristic the cpizootic cf 1958-1959 imitated
the characteristics of epizootics among mice and voles in 1937~
1938 in the Volga-Akhtubinsk floodplain as well as in 1945 among
the reeds of the delta portioa of the Volga in Dengizskiy Rayon
of Gur'yevskaya Oblast (B. K. Fenyuk and others, 1959).

Very characteristic of the 1953-1959 epizootic was the
fact that it went far outside of its main area of distribution
and overcame such an obstacle as the Ural River, rthis fact con-
firms the relative nature of such obstacles, although it does not
deny their significance in those cases where the epizootics do
not go outside their biotopes, colonized by the main plague reser-
voirs.,

The 1958-1959 epizootic showed the fact that plague could
pass from a population of such secondary reservoirs as mice and
voles te a population of the main reservoirss (susliks), and thereby
into an inactive part of the natural focus at that time,

Experience in the study of the epizuotic among mice in
1958~1989 as well as the 1937-1938 epizootic mentioned above per-
mits us tO emphasize the nced for a more careful epizootological
investigation of mice and voles in azonal habitats and oases in
the desert and semideserti region in those cases where the census
oY these rodents is increased.
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The Problem of Variation of the Plague Microbe in the Course of an Bpizootic
N. Ya. Yeremitskiy and N. A. Yeremitskaya
Aral'sk

The factual material for the present report was constituted by the re-
sults of a study of plague microbe cultures isolated con the territory of the
central part of the Aral Sea region of Kara Kumy in 1956-1959. One hundred
thirty-one strains of plague microbe were studied; LT from great sand rats;
four, from meridional jirds [ﬁériones meridionali§7; one from crested jirds
[Heriones tamariscinus/; one, from jerboas [Scirtopoda telum/; one, from gray
hamsters [Cricetulus wigratorius/; and 77 from fleas. The work was done at
the central laboratory of the Aral Sea Plague-Control Station (1956-1957) and
the Shaken epidemic-control detachment (1958-1959).

The Epizootic Circumstances

In making up the brief epizootolsgicsal characterization of the terri-
tory studied, the material of the phyicians A. Kh. Arslanova, A. 1. Volosivets
and O. Ye. Tatsiy was used in addition to our »wn. )

In the central paert of the Aral Ses region of Kara Kumy the plague
nicrobe wvas isolated for .the first time in 1953 from rodents and their ecto-
perasites. Beginning with this year, playue epizootics were recorded in this
region annually. In 1956, four small local foci of epizootics were found, in
which five epizootic points were demonstrated: the Kaydaul and Bes-Tyube
Mountain. From these points 16 plague wicrobe strains were isolated: seven
from great send rats; one, from a meridional jird; eight, from fleas.

In 1957, epizootics were recorded in five separate local areas, in
which 18 epizootic points were demonsirated and 64 cultures of plague microbe
isolsted, including 37 from great sand rats, one from crested jirds and 26
cultures from fleas. The epizootics were noted throughout the warm period of
the year, from April to November. The course of the plague infection in ro-
dents vas distinguished by considerable acuteness: in 26.5 percent of the
great sand rats sick with plapue bacteriemias was noted; a culture was isolated
from the rodents in the majority of cases by means of direct seeding of the
organs on agar plates; the growth of the plague microbe was profuse in 50 per-
cent of the cases.

Ia 1958, epizootics covered a large territory, as a result of which a
confluence of certain separate epizootic regions occurred. During the year
25 epizootic points were demonstrated and 838 plague microbe cultures isolsted:
60 from great sand rats; five from meridional jirds; one from crested jirds;
two from jerboas; one from the Siberian polecat /Mustela eversmauni/; oune

wom house mice; and 13 from fleas., Despite the more extensive spread of the
epizootics {n 1958 than in 1957 the plague microbe was found in the blood of

great sand rats sick with plague in only two cases; great sand rats were en-

countered with signs of chronic plague.

In 1959, the =pizootic assumed an even wore d{ffuse nature. On a
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smaller texritory 18 epizootic points were demonstrated, from which 107 plague
microbe cultures were obtained: 31 from great sand rats; five from meridion-
al jirds; one from gray hamsters; 70 cultures from fleas. The nature of the
disease in the great sand rats in 1959 was relatively benign; not a single
case of bacteriemia was recorded; the plague microbe was obtained from 16
sand rats only by & biological test; from 15 sand rats the culture was iso-
lated from only one organ, liver or spleen.

In autumn 1959 10 cultures of the plague microbe were isolated which
were affected by bacteriophage: five from rodents and five from fleas.
From all the cultures plague bacteriophage was obtained without difficulty.

In conclusion it should be pointed out that in 1956-1959 in the cen-
tral part of the Aral Sea region of Kara Kumy every year two seasonal rises
in plague epizootic activity were noted among rodents: in May-June and in
September-October. A4s a whole, the epizootic activity of the part of the
natural plague focus studied increased beginaing with 1956 and resched the
maximum in 1959.

. Microbiological Studies

In the study of plague microbe cultires the main attention was given
to the worphology of growth on 801lid and liquid nutrient wmedia » the relation-
ship to plague bacteriophage, ac well as biochemical and viruleat properties,

The growth morphology was studied on agar and Hottinger's bouillon at
a pH of 7.1-7.2. As a growth stimulant hemolyzed blood was added to the agar
in a proportion of L:1000. Considerable variegation of the colony morphoicgy
was noted, but at the same time in the msjority of strains it was typlecal oy
the R variant of the plague microbe. Medium-sized and small dark brown colou™
ies were observed with elevated centers, granular, somewhat dryish, with an
uneven festooned margin; many with a delicate peripheral zone. Trabeculated
colonies vere encountered in the form of a "gaisy" or “sunflower" [the text
actually reads "sunflower seeds" which is apparently an erro;], colonies with
an indented center and a ridge along the periphery were encountered. In
other cases signs characteristic of OR and OS variants of the plague microbe
vere noted: colonies with a bright yellow color » With slight granulation,
with a flat surface, thinned-out smoot. ed margins, and, in addition, absolute-
ly achromogenic colonies, flat, smooth, with thinned-out wavy or smooth mar-
gins.

In the majority of cases the growth of the strains studied on Hotting-
er's bouillon was typical: the bouilloa remsined clear; on the boittom a
flocculent precipitate was noted. Growth was also noted on the side of the
test-tube and clumps were seen suspended in the iouillon. Some strains gave
a slight turbidification of the bouillon and a flocculent precipitate on the -
bottouw. It should be noted that dissociative changes of the strains studied
were distinguiehed by instability, as a rule, and after two o three subcul-
tures the strains acquired the morphology characteristic of the R variant.

Strains of the plague microbe with sigas of dissociation began to be
isolated in 1958-1959. In 1956-1957 no such strains were found. In 1958,
Tive dissoclative strains were isolated; in 1959, seven; they were obtained
from great sand rats and meridional jirds as well as from fleas.
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Two strains (103 and 434) with signs of dissociation, iscleted in
1959, were very much affected by bacteriophage. Sirain 103 was isolated iu
September from Ceratophyllus laeviceps fleas. In the native cultures of the
fleas three medium-sized colonies grew out which were of mucoid consistency,
aclromogenic, with a smooth surface and even margin; later, they were com-
pletely lysed. The culture was preserved through a subculture made on solid
medium containing antiphage serum. Straiv 43% was isolated in October from
a meridional jird. In native cultures it gave a profuse growth of medium~
sized yellowisi colonies with a delicete smooth granulation, without a
peripheral zon:. BEight cultures affected by plague bacteriophage, icolated
at the same t.me, showed the growth morphology typical of the R variant. From
all 10 cultures involved by bacteriophage, as stated above, plague bvacierio-
phage was obtained.

All the cultures studied, not excepting those involved by phage, were
readily lysed by plague and peeudotuberculosos bacteriophage.

Fermentative activity with respect to glucose, lactose, sucrose, mal-
tose, mannitol, glycerin and rhamnose was studied in 131 strains of the plague
microbe. For this purpose, media witn the carbohydrates and polyatomic alco-
hols uentioned were utilized which were prepared in semiliquid agar. The
strains studlied possessed the fermentative activity typical of the plague mi-
crobe; on the second-third day they split glyecerin, glucose, maltose and mamn-
tol to acid but did not ferment sucrose, lactose or rhamnose. All the strains
studied were glycerin~ positive varieties of the plague microve. Various
cells of the same strains broke down glycerin at different rates; 16 cells of
10 cultures did not decompose it for as long &s 15 days (meximum observation
period). None of the 15 sirains studied showed positive nitrification or de-
nitrification tests, ‘

The virulent characteristics were studied in 57 strains. Strains with
typical wmorphology were studied by random selection; strains with signs of
dissociation were &ll checked. The virulence was aslsc checked in all strains
involved by bacteriophage. The virulent characteristics were studied on white
mice, which were injected subcutaneously with 10, 100 and 1,000,000 microbes
(three-four mice for each dose).

The cultures in which the virulent characteristics were studied were
isolated in different seasons--from May to November 1956-1959--from great
sand rats, meridional and crested jirds as well as from Xenopsylla skriabini,
Ceratophyl.lus laeviceps, .Coptppsylla lamellifer, Rhadinopsylla cedesatis fleas.
Ir rodents various forms of the course of plague infection were noted, from a
disseminated acute plague to chronic plague, in which {he plague microbe was
isolated only from the contents of dense encapsulated abscesses.

The results of the experiment showed that all of the strains studied
possessed a high degree of virulence, On subcutaneous injection of 100 mi~
crobes,white mice died oan the third-seventh day. At autopsy pathological
changes were noted characteristic of the disseminated form of plague. Cul-
tures of the parenchymutous organs and blood on nutrient wedia showed the pro-
fuse growth of the plague microve.

) Therefore, no differences were noted {n the virulent characteristics
of the cultures isolated in differen” periods of the epizoctlc activity of the
focus from rodents with different courses of the plague infection, from fleas
or cultures with signs of dissociatican and markedly affected by bacteriophage.
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For the purpose of clarifying the minimum lethal dose of the cultures
stud led white mice were infected subcutaneously with 10 uicroves, utilizing
three-four mice for each culture. The experiments showed that the great
majority of cultures caused the death of all exparimentsl white mice in this
dose. In the animals which diéd a& cheracteristic pathological plcture vas
observed, and cultures from their organs and blood showed the profuse growth
of the plague microbe. However, when mice were infected with 10 cultures
isolated in 1958-1959 the dose of 10 microbes did not kill all the animals:
one or two mice in each group survived; cultures of the organs of the mice
which died showed the growth of the plague microbe but not in all cases,and,
as a rule, this growth was weager. Therefore, in this respect we were able
to establish a certain difference between the virulent properties of the vari-
ous strains.

Awong 10 strains in which & certain reduction of virulence was noted,
tiree were very much affected by bacteriophage and one strain dissociated;
the other six were worphologically the same as the other strains studied which
showed a higher degree cf virulence. . It should be noted that in the seven
strains affected by bacteriophage no reducticn of virulence was noted, and
the minimum lethal dose of these strains for white mice was equal to 10 mi-
crobes,

Discussion of the Results Obtained

The results of the studies showed that plague microbe cultures isolated
from nature on the territory of the central part of the Aral Sea region of
Kara Kumy in 1956-1959 possessed marked growth polymorphism on agar. Similar
results were obtained by V. M. Tumanskiy (1943), G. N. Lenskaya (1546) M. N.
Sokolova (1959) M. F. Bondarenko (1959), L. M. Osadchaya (1960) and others.
Tais fect is of great {mportance for the disgnosis of the plague microbe, and
it should be taken into consideration in the practice of investigation work.

The polymorphism of plague microbe colonies in a number of cases de-
pends on the dose of the culture used for streaking and the quality of the
nutrient wedium. However, frequently, on the same series of agar and with
the same profuseness of growth the freshly isolasted strains are very much dif-
ferent Irom one another in thelr colony worphology. The variability of the
colonies of freshly isolated cultuwres is apparently caused by the extensive
variety of conditions under which the plague microbe exists in nature. Thus,
under conditions of an active epizootic, the plague microbe, entering the
bodies c¢f various species of rodents and ectoparssites, must adapt itself to
changing habitat conditjons. In cultivating a plague microbe isolated from
an animal on nutrient media, the condiiions of its habitat change even more,
and it sgain must adapt tc them, and since the criginal condition of the
cultures varies, this sddaptation occurs differently, having an effect on the
f'ine structwre of the colonies. Standardization of the living conditions in
the subsequent subcultiwres on synthetic autrient media leads to a relative
uniformity of the colony worphology.

Despite the pronounced polymorphism of the colonies the majority of
the cultures studisd in 1956-1959 can be considered typical strains of the
plague microbe. They all showed the growth morphology on nutrient media which
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was typical of the R varlant, were readily lysed by plague and pseudotuber-
culosis bacteriophages, had the typical biochemical activity ol the plague
microbe and possessed a high degree of virulence. However, in 1958-1959

rore than 20 strains of the plague misrove with signs of variation were iso-
lated., The majority of them dissociated; 10 strains were affected by bacter-
iophage (which was isolated from them subseguently); some strains showed re-
duced virulence,

The experience of studying natural plague foci in the USSR shows that
at various stages of development of epizootics the virulence of the plague
microbe changes. As a rule, during the period of the course of active epi-
zootics various cultures with reduced virulence begin to be suppressed. Sub-
sequently, during the period of reduction of epizootic activity tne number
of these cultures increases. Such data are presented by Ya. Ye. Puanskiy
(1958-1960), A. A. Levina and B. K. Fenyuk (1959), N. M. Sokolova (1959),

M. F. Bondarenko (1959), and L. M. Osadchaya (1960).

In the study of plague epizootics in the Aral Sea region of Kara Kumy
for four yesrs no plague microbe cultures with relatively low virulence were
isolated. However, this materjal shows oaly an apparent contradiction to the
data in the literature, because the work was done in a period coinciding with
an increased eplizootic activity of the focus. In this respect, in the Aral
region it was apparently possible to detect only the beginning of the process
of reduction of the virulence of the plague microbe in nature, which was ob-
served in 1958-1959. Seasonal variations in the intensity of the epizootics,
according to data obtained in the Aral region, do not reflect on the virulence
of the plague microbe. The same results were obtained by R. V. Kovaleva,A. V.
Rumyauotssva, T. N. Ponomareva, and others (1959) in the northeast Caspian region.

In this connection the study of the virulence of the plague microbe in
the bodies of animals sick with chronic plague is of great significance. 1In
the literature there is mentioned (V. N, Lobanov and V. N. Fedorov, 1938; N.
M. Sokolova, 1959 and others) that in the body of the rodents sick with
chronic plague the plague microbe shows a reduction of its virulent character-
istics. Reduction of the virulence of the plague microbe in the bodies of ani-
mals with species resistence to plague has been observed experimentally by Ya.
L. Semenova (1958). In 1958-1959 in the Aral region four rodents were
found sick with clronic plague with dense encapsulated abscesses. However,
the virulence of all cultures isolated thereby was very high: the CLD for
vhite mice was equal to 10 microbes. The same results were obtained by N. A.
Pletneva (1958), R. V. Kovaleva, A. V. Rumyantseva and others (1959) under
natural condicions and by L. B. Adimov (1959) under experimestal conditions.

The fact deserves attention that the 10 cultures affected by bacterio-
phage which were isolated in the Aral region showed a high degree of virulence:
+he CLD for white mice was equal to 10-100 microbes.

Therefore, in the Aral Sea region of Xara Kumy in 1956-1959 signs of
variastion of the plague microbe were observed under natural conditions. The
variation was superficial, because no warked changes were noted in the main
hereditary characteristics. By 1959 the eplzootic had beccme less ecute and,
in all probability, hed gone into a decline along a declining curve. This
ind{cates the frequency with which cultures definitely affected by bacterio-
phage were isolated, which on cultmj%‘showed plaques; Lt also indicates the
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record of pathological clanges characteristic of plague in animals cultures
from which showed no growth.

Conclusions

1., On the territory of the Aral Sea region of Kara Kumy a continent-
al race of the plague microbe which ferments glycerin is widespread.

2. Strains of the plague microbe isolated in 1956-1959 in the Aral
region were distinguished by marked polymorphism of the colonies in the
native cultures on sgar plates.

3. The great majority of the plague microbe strains isolated in 1956-
1959 in the Aral region of Kara Kumy show great virulence. Their CLD for
white mice is equal to 10 microbes. )

4., Under the natural conditions of the Aral region in 1958-1959 signs
of variation of the plague microbe were cbserved, expressed in a dissociation
in the native cultures, involvement by bacteriophage and a relative reduction
of virulence. Dissociation of the cultures was not always accompanied by a
reduction of virulence, just as reduction of virulence was not always associ-
ated with dissociation.

5. Iu the bodies of rodents sick with chronic plague, the plague
microbe did not lose its high degree of virulence. Seasonal variations in
the activity of the plague epizooticshad no effect on the virulent character-
istics of the plague wicrohe. Some bacterjiophage-affected cultures also
maintained & vexry high degree of virulence.

6. The cell composition of plague microbe cultures isolated in 1959
from nature in the Aral region of Kara Kumy was inhomogeneous with respect to
glycerin. Various cells of the same strains decomposed glycerin at different

rates; some strains did not break down giycerin for as long as 15 days (the
observation period).
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*/Srednyaya’ means“middld‘or fcentral® but "Srednyaya Aziya'
does not mean "Central Asia"; it is equivalent to our term 'Middle East,"
but since the latter, as ordinarily used, does not include Russia the
tern is translated "Southwest Asia." Central Asia, the area around Mongolia
and Lake Baikal 4in Siberis, is rendered 4in Russian by "Tsentral'naya Aziya.ﬂ7
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Activity of Plague Transmission by Certain Species of Fleas

A. A. Flegontova and L. S. Malafeyeva ’
(saratov)

Study of the comparative activities of different species ol fleas in
their transmission of plague is of considerable epizootological interest.

As is well known, in rodents--plague reservoirs--usually several species of
fleas axrs parasitic simultaneously. Thereby, on the specles of rodents in
different localities, now one species, now others are more numerous. The
fact that there is s seasonal replacement of some species of fleas by others
is also well known. UnScubtedly, data on the comparative activities of dif-
ferent species of fleas as vectors of plague will assist in explaining vari-
ous problems of the dynamics of the epizootic process.

The idea that different species of fleas are different in their activ-
ity in transmission of plague has been expressed by investigators repestedly,
almost since the fact was established that fleas are the main vectors of
plague from a sick rodent to a healthy one.

In the study of the present problem the determination of the criteria
which would make it possible to carry cut a comparative evaluation of <the
activities of different species of fleas as plague vectors is very important.

Ore of the authors of the present article (A. A. Flegontova, 1951),
after ccnfirming the observations of Bacot and Martin (191%4) on consider-
able material to the effect that infection of a warm-blooded animal with
plague can be accomplished only by a flea in whose gizzard a "bloek” of plague
microbes has been formed, concluded that the "ability of fleas of a certain
species to be active plague vectors is determined by the duration of preser-
vation of vlague microbes in their bodies, the actual frequency with which
the "block"is created in them, the pericd for which it is maintained, and the
lifespans of the "fleas with the blocks."

We used mainly these criteria for characterizing the flea species which
ve stdied as plague vectors.

The aim of our work was the study of the activity of thre. species of
fleas of the geanus Ceratophyllus in the transmission of plague: C. fasciatus
(rat flea), C. tesquorum (suslik flea) and C. lseviceps (sand rat flea). In
addition, for the purpose of comparison with the species of fleas indicated
above we made & study of the activity of the rat flea Xemopsylla cheopis
and the suslik flea Neopsylla setcsa in the transmission of plague.

In the Literature the information on the activity of fleas of the genus
Ceratophyllus in the transmission of plague is quite limited,

In the preseat work, we made an attempt to study the infectious pover
of the fleas when they are kept under different temperature conditions.

During tbe course of the investigation it was made clear tha¢ the genus
to w..lch the fleas belong does not determine their activity as plague vectors.
Ia carrying out work of this kind a study should be made of the comparative
cafectious capacities of different species of fieas parasitic on the same
species of rodents.
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. Method of Work

: The.wethod of our.experiments awounted to the following. Ve infected
tbe flgas by hering them feed on plague-infected agonel white mice during
the per{6d of (nterise Bacterlomia (no less than 60 microbes in every field
of the blood smesr). After the infective feeding {leas which bad sucked un-
t1l their etomachs were completely filled {determined by means of microscop-
fc examination) were used in the experiment. Fleas which were not complete-
1y satiated wexre not used.

Groups of flees infected by this method were kept at temperatures of
270, 200, 10° and 5° and a relative humidity of 80-90 percent.

Pegularly, after every two-three days the fleas were fed up on heal-
thy white mice. Afier each feeding the flees were examined under the micrc-
scope, thereby cont.nuously observing the conditicns of their digestive
tracts. Fleas in which the "plague block™had been created iu the gizzard
were separated from the general mass of fleas and kept at the same temperature.
Death of a vwhite mouse after a group of fleas in which gizzard "blocks" had
been found on microscopic examination had fed on it constituted a partial
check on the actual occurrence of the bloek.,

All fleas which died and were killed during the experiment were sub-
Jected to batieriologicel exsuination by means of an individual culture on
agar plates. All the mice which died vere also studied bacteriologically.

Resultz of the Experirents and Discussion of Them

The results of the work done are shown in Tebles L and 2, In Table 1
the criteria are given which we used for the evaluation of different species
of fleas as plaguz vestors. In Teble 2 the period needed for the formation
of the plague "blork™in different species of fleas i3 shoun.

Rat ¥leas X. Cheopis and C. Fasciatus

As is seen from Table 1, X. cheopts kept at 20° eliminated the plague
alrobe in only & wery small number of cases (8 percent of the total number
o{ lnfected fleas). In a ¢onsiderable group of the fleas which had not
riiminated the plague microbe e hlock of plrazue microbes was formed in the giz-
&xd. We observed the formation of the "plodd™ {n 60-70 percent and, in various
experiments, 80 perceant of the toital number of iuincted fleas.

The process of "blocking' in X, cheopis proceeds at a rapid rate. From
Teble 2 {4 is seen thet in varicus fles indleiduels of the group of plague
microbes thebloek was created in the gizzars &3 eurl - 55 the third day af'ter
tbe infective feeding. It was formed in s scuih in /5 of all the infected
fless, and only in 1/6 did the "blocking" prowess .irz ous for longer. periods.

-Taus, ve wure able to cbserve the formstion of the "tlodk™in the X. cheopis

on the Tdnd day after infection, and the meXimim uims %he plague microbe was

preserved -in the body of this species of flza in nm axperiments was equel o

85 days.
The data presented are evidance to the efrect tb»t a considersble number
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Table 1

Vector Efficiency of Different Species of Fleas in Plague as a Function of
the Temperature at which They are Kept

Koanvectso

. o ORI él ST i =
. AR O L ISR I VI
& (2 & 8 Ao 5;:; de¥s= 53 | i3
- gtg Y 55 = 227, - 2.
mees PR TOT G 8| b | o
-, = F ¥ ke
: 13k § Eigz’-‘ £x23 | 23 | 2xd
L %£ » * L %5 53 to?l g :vg
% lmlelns] = 103 K-
o
C. fasciatus I | 12¢ | — - &7 72 87
5 | 1 0.8 4 87 9 87
| ) h
X. cheopis 120 | 400 | 208 | 670 18 85 8 85
ol | wal i | i | 8] %
2 | 44 10, 15 - 95
C. tesquorum 10 | 690 | 70 10, 46 236 41 2.!6:
5 | 26| 55 | 186 33 192 2 192
% 233 9? ;ﬁ? 23 3‘3 P P
¢ . . ] 97
N. setosa | ™) 1| 13] 1w 51 13 58
i 51w 17162 16 8 21 8t
20 | 600 | 96 16,0 14 65 42 65
C. laeviceps 10 | 383 ) 77 | 160 15 84 36 84
18 42 4 9.5 10 49 $ 50

1. species of flea; 2. temperatuwre; 3. number of infected fleas; 4. number of
fleas with'blocks "; 5. number; 6. maximum lifespans of "blocked" fleas, days;
7. maximum period of preservation of plague microbes in fleas, days; 8. fleas

wanich have eliminated plague microbe, %; 9. maximum survival of fless, days.

of X.cheopis fleas becomes capable of transmitting plague to a healthy saimal
in quite short & time after the infection. In our experiments all mice on
which the "blocked'fleas {fed died of disseminated plague. Therefore, what has
been presented above permits us to put the flea X. cheopis in the group of
very efficient plague vectors.

Different activity indices in plague transmission were obtained for
another species of rat flea, C. fascistus. The majority of fleas of this
cpecies readily eliminates the plague microbe at all ambient temperatures,
cven a temperature &3 low as 5°. It should stated that a temperature of 27°
was very unfavorabtle for both the fleas themselves and for the existence of
the plague microbe in their bodies. At this teuperature C. faseiatus
lived a waximum of 17 days, during which all fleas used in the experiment
oliminated tae plague microbe. At a lower temperature (20°, 1C° ar 5°) the
lifespans of the fleas were prolonged to 87-103 days, but the number of fleas
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which eliminated the plague microbe was high, as before (72-90 percent).

We observed the foramation of the "block" in C. fasciatus only at 20°
and then in a small number of infected fleas (1l.5 percent). At 27 and 10°
the "block" did not form in any case, and at 5° a "block" was formed on the
78th day after infective feeding in only one out of 121 infected fleas Lut
the flea was unable to produce infection in a white mouse.

These figures indicate that in the population of C. fasciatus there
cannot be simultaneocusly a large number of {leas capable of infecting their
hosts with plague as exists in X. cheopis. Therefore, if for any reason
X. cheopis is excluded from the epizootic process and only C. fasciatus
remaing the epizootic must sssume a more sluggish courssz.

In contrast to the previous views presented above, M. Balthazard and
coauthors (19568) showed that in India there are no inderendent foci of rat
plague but the natural focalization of this disease is provided for by oue
of the apecies ¢  lerge gerbils, Tatera indica. The plsgue penetrates
secondarily into the rat population. In places where tnhe plague microbe
encounters an active spreader of the infection, the flea X. cheopis, after
entering the rat population, vcry active epizootics break cut among the rats.
If plegue penetrates into a rat populstion where the main species of flea
parasitic on rats is C. fasciatus such active epizootics cannot deveiop.

The inability »f C. fasciatus fleasto form a plague "block" under
low temperature conditions and the inability of a considerable aumber of the
fleas to eliminate the plague microbe brings to naught the role of this flea
as 8 plague vector in temperate latitudes.

Suslik Fleas C. Tesquorum asnd N. Setosa

In experiments on the study of the infectious sctivity of C. tesquorum
the effect of the ambient temperature was very clearly demonstrated on the
process of elimination of the plague microbe by infected fleas. While at
270 in our experiments rore than 85 percent of the infected fleas eliminated
the plague microbes, within limits of L0-20° the number dropped to half
{about 40 percent), and at 5°, a total of only 2 percent of the fleas. These
figures are evidence to the effect that uader conditions of low temperature
the fleas of this species eliminate the plague microbe much more slowly.

As far as the formation of a "block"” in C. tesquorum is concerned, here
an exceedingly !interesting detail was demonstrated: in fleas of this species
the "block"” occurs when they are kept under low temperature ceorditions (5 and
10%). As is seen from Table 1, the formation of the "block” at 5° was twice
as frequent as at 200, We are inclined to explain this phenomenon by the
fact that the lifespan of infected C., tesquorum fleas was twice as great at
50 g5 at 200,

Tne ability of the fleas of this species to form “"blocks" of plague
micrcbes at low temperatures in combination with the long-term survival of
the infected fleas at such temperatures gives C. tesquorum importance in the
long-term preservation of the plague microbe pathogen in nature. This is
evidenced also by cases iz which the "block" was formed in them five-seven
months after the infective fecding and cases in which the animals on which
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these "blocked" lieas led diled of plaguc.
Although the freguency with witich the uslock” s Torne o in U.
[ATP)

u in our experiments was comparatively lov (frow 1.3 to 23.4 percent depend-
fog on the ambieal vemperoture), the lifespass of the 'olocs™ [leas uere ~on-
sideravle, from 15 to 5 Gays, whereby they did not depead on the temperature
conditions. Iv should alsc be noted Jhatl Lhe plague micrgbe survived .u the
bodies of fleas as long as 235 days atv 10%; 192 days at 5 . We do not con-
sider these periods the maximua.

It snould ve noted that the indices of these experiments alone, with-
out consideration of ecological characteristics of the fleces, cannotl complete-
ly characterize the infective power of one specirs or anotaer of {leas. L.
Kertman {1957) believes tiaat for the purpose of characierizing one species or
another of fleas as 8 plague vector it is necessary vo take iat. consideration
the experimental data on the infectivility of the fleas as well as the daira
of field observations: the wotal flea census and infection rate with the
plague microbe in natuxre. )

If we compare the experimental data which we obtaineu on the inifvctive
capacity of two species of suslik fleas, it is seen that the percentage of
"plock" formation in N. setosa at 20° is three times greater than in C. tes-
quorum (see Table 1). However, this does not mean that the flea C. tesgquorum
must be put in the category of inefficient vectors of the plague nicrobe (sec,
for example, C. fasciatus).

Epizootological data make it possible for us to believe ilni both of
these species of suslik fleas are active vectors of the plague microbe, but
in each of these species, because of its ecological characteristics, paritici-
pation in the epizootic process in nature is manifested in different seasons.

The relationship between the intensity of summer epizoctics of plague
in susliks and the index of abundance of fleas on these rodents is well
known (V. I. Kuzenkov, 1940). N. S. licvokreshchenova (1960) points out that
the index of abundance of C. tesquorum in suslik holes in epizoctic areas is
apprec iably greater than in non-epizooti: sreas. C. vesquorum fleas can, )
during the season in which they occur in lerge numbers, account for the
active transmission of the plague microbe to the population of duarf susliks.
At the same time, the ability of fleas of this species for maintaining the
plague microbe in their bodies for a long time and forming a8 "vlock™ in
remote periods after the infection gives us the basis for ascribing a place
of no little importance tec C. tesquorum in "carrying" the infectious disease
{rom one epizootic season of the year 45 the next.

Lsg aor-

H. setosa fleas are the maln and predominant species of Tleas inhabit-
tng suslik nestvs (70-0u perceat). The maximum number of tnesc fleas is
observed in the spring and then in the autumn-winter (X. G. Ioff, 194l).
However, during the summer per:iod these fleas remain the predoninant oaes in

the suslik nests {(A. A. Flegontova, 1937).

The formation of the "plague block" in N. setosa kept at 27° .s curi-
ous; it is not observed at this temperature either in C. tesqucrum or other
species of the genus Ceratophyllus (C. fasciatus, C. laeviceps). The rfre-
quency of cases in waich the "block" is formed in H. setosa was the greatest
at 20Y, At this temperature, 46 percent of the total number of infected fleas
eliminates the plague microbe. At low temperature (5°) the cumber of cases in
which the fieas climinate the plague microbe is cut in balf (21 percent).
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The greatest census of N. setosa is observed early in the spring.
During this period they can provide for the spread of the so called esrly
spring epizootics among the susliks. With increase in the census of C.
tesquorum the role of vector of the plague microbe begins to be played by
fleas of this species. In the zxperiments of A. A. Flegontova (1951) the
plague microbe was preserved in the body of N. setosa as long as 142 days
(not the maximum period)}, and "blocked" fleas of this species lived as long
as 23 days. In the present experiments we were also able to observe the
formation of & blockin N. setosa in such remote periods after the infection
as 51 days (at 5°) and 8% days {at 20°). The very fact that the block is
formed in N. setosa at low temperatures, which correspond approximately to
the temperature of the nest in the winter perlod, gives us the basis for
considering the participation of N. setosa fleas proved in the long-term
preservation of the plague microbe in nature.

The ability of C. tesquorum and N. setosa for feeding on hibernating
susliks (I. G. Ioff, 1941; A. A. Flegontova, 1951) creates conditions for
the reproduction and preservation of the plague microbe in the bodies of
fleas in the winter, With the delayed prococs of digestion in fleas under
low temperature conditions (5-100) observed in the winter in suslik nests s
the fleas 72 not require frequent feeding, and the flea thereby survives much
longer than at high temperatures. All this creates the possibility of slow
reproduction of the plague microbe and the formation of a "block" in the fleas
in the remote periods after the infection.

Therefore, suslik fleas C. tesquorum and N. setosa can preserve the
plague pathogen in their bodies for a long time under experiumentcl conditions
at low ambient temperatures and can cause the death of rodents susceptible to
plague in the remote pericds after their becoming infected and, therefore,
can be responsible for the "carriage" of plague in.ection in nature from one
epizootic season te the next. The conclusions from our experiments are corro-
borated by the data of epizootological investigation. Thus, V. M. Tumanskiy ané
1. M. Polyak (1931) found plague-infected N. Setosa and Ctenophthalmus pollex
fleas in a suslik's nest in November, five months after an epizootic among
susliks had stopped. I. S. Tinker and P. N. Stupniiskiy(1932) found plague-
infected N. setosa in & suslik's nest in February, thet is, eigh*t montha after
the past year's epizootic among susliks and on the eve of their awakering
from hibernation and the beginuning of a new epizootic season.

What has been stated asbove on the two species of suslik fleas, C.
tesquorum and N. setosa, confirms the fact that for the purpose of evaluating
vhe epizootolegical activity of fleas experimental data alone are inacequate.
It is necessary to take into consideration also a number of factors assoclated
with the ecological characteristics of the vectors themselves and those of
their hosts. With respect to the frequency with which the blodsis formed und-
er experimental conditions C. tesquorum fleas showed themdelves to be less
active plague vectors than did N. setosa. However, if we consider the ecolog-
ical characteristics of these two species as well as the epizootological data,
great epizootological significance should be ascribed to both,
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C. laeviceps Fless

In our experiments the {reguency with which the blockwas forumed in
infected C. laeviceps at temperatures of 10 sad 20° was the same. At 59 the
number of "blocked" fleas decreased by more than 12 times compared with their
nuzber at L0 and 20°., Evalusting these figwes, cousideration should be givea
to the blological characteristics of C. laeviceps and their nosts.

The main and, in a number of cases, the only hosts of the flea C.
laeviceps are non-hibernating rodents, various species of sand ratvs, for
which spring-summer and autumn-winter epizootics are charact~ristics. Wnile
during the season of the spring-summer epizootics various species of the
fleas of the genus Xenopsylla {conformis, gerbilli, skriabini, minax and
others) predominate, during the season of the autumn-winter epizootics, in a
rumber of places the predominate species is the rlea C. laeviceps. In addi-
tion, fleas of the genus Xenopsylle are inactive during the autumn-winter
season in a number of cases.

According to the data of A. A. Flegontova (19%0) and S. A.Kclpakova
(l9hh), seasonal variations of the census in the case of C. laeviceps are
wmuch less pronounced than in X. conformis. Thereby, in the summer months
the C. laeviceps census is the least for the year; in the winter months, the
greatest., S. A. Kolpakova noted & quite active migration of C. laeviceps
fleas from their holes, even in the very cold season.

The parasitiswm of C. laeviceps fleas during the entire year and
increase in their census in the autumn-winter as well as the year-round ac-
tivity of the host to this species of flea are the ecological factors which
are responsible for the participation of these fleas in the spread of infec-
tion during autumn-winter epizooties.

Since experimentally C. laeviceps is capable of forming the "block"
with an ambient temperature of 10° or even 59, it is entirely possible thet
this flea plays the exclusive part in the autumn-winter epizootics among
some species of sand rats. Caser in which the "block” is formed 2% monwhs
after an infective feeding attest wo the considerable part played by C.
laeviceps in the winter.

Therefore, on the basis of epizootological observations it may be con-
cluded that the spring-summer plague epizootics among sand ~. 1. ;this includes
the great sand rat and the 31rd§7 are brought about by varicus species of
fleaz of the genus Xenopsylla, a sharp rise in the census of which is aoted
specifically during this period.

Autumn-winter epizootics are conditioned by C. lseviceps fleas. They
apparently participate in maintaining the infection during the winter and
account for various sporadic cases among rodents at this time.

Here, it is fitting Lo point out that aside from C. laeviceps, fleas of
the genus Coptopsylls which experimentally are very active plague vectors
(A. A. Flegontova, 1957), participate in the autumn-winter epizootics among
sand rats (great sand rats, meridional jirds and others).

In conclusion, one very important fact, in our opinion, should be noted.
The long stay of the plague microbe in the organism of the flea under labora-
tory conditions did not at all change the virulence of the strain, which
remained stable,

-
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During the course of the present work the virulence of the original
plague microbe culture of the 708 strain and then of the same culture which

had been in the bodies of C, tesguorum fleas for seven months at temperatures .

of 5 and 10° and in the bodies of N. setosa for 3z months at 5° was checked
on guinea pigs. In checking this virulence infecting doses of from 1 to
10,000 microbes were used. As the result of titration of these cultures it
was determined that a subculture of this strain, passaged through the bodies
of fleas, remained virulent. Guinea pigs infected with this subculture died
in a period of four to six days (1 CLD of the subculture of this strain is
equal to 10 microbes).

Conclusions

The wmost complete and most accurate idea of the role of fleas in the
epizootology of plague can be gained only with consideration of the results
of experimental study of the infectious power of fleas cf a given species
and field study of their ecology. This principle is readily coufirmed by
the results which ve obtained for two species of rat fleas (X. cheopis and
C. fasciztus) and two species of suslik fleas (C. tesquorum and N. setosa).

The rat flea C. fasciatus is a much less active plague vector than X.
cheopis. This fact, along with the ecological characteristics of C. fascia-
tus fleas, leads tc the fact that they are incapable of waintaining acute
agtive epizootics among rats in temperate latitudes.

Of the two species of suslik fleas, C. tesquorum and N. setosa, the
former species proved to be less effective as a plague vector than the
latter under experimental conditions. The data of epizootology in zombina-
tion with the ecological characteristics of these fleas permit us to conside
er both C. tesquorum and N. setosa active vectors of the plague microbe
during acute epizootics.

C. tesquorum fleas, at the low temperatures of the suslik nest during
the cold season (5-10°), ave capable of preserving plague microbes in their
bodies for a long time (236 days), forming a plague "block" at such tempera-
tures and causing the death of animals fram plague in remote periods after
they themselves have been infected (203 days).

The capacity of long mreservation of the plague pathogen and the
“block” formation at low temperatures is also shown by N. setosa (84 days).

On the basis of these data, it may be considered that suslik fleas
C. tesquorum and N. setosa can "carry" the infection from one epizootic
season to the next.

C. laeviceps fleas, parasitic cn non-hibernating rodents and ; ina
nuzber of places, the predominant species in the autumn-winter, experimentally
showed themselves to be quite effective plague vectors, capable of forming a
"block" at low ambient temperatures (5-10°). Considering this fact, it is
possible to ascribe an exclusive role in autumn-winter epfzootics to a flea
of this species in various cases in a fully substantiated manner. Cases in
which the "dlock" is formed 2: months after the infective feeding of fleas
permit us to suppose that C. lacviceps perticipates also in maintaining the
infection in the winter and is responsible for sporadic cases among rodents
at <his time.

The long stay of the plague microbe in the bodies of C. tesquorun fleas
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(seven. months at temperatures of % and 10Y) and the buiies or . setosa (3.
months at & temperature of 5%) kept under laboratory conditions did not alter
the virulence of the plague microbe.
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Changes in the Landscapes anu feosens for Tng Onirt ln the Boundarice of
the Plague Epizootic in the .oriheast and bast Caspian Reglons

A. A. Lavrovskiy
(Saratov)

kxtensive materisl published at preseat in the Soviet ana foreigu
presses on plague eplzootology snows in all evideace vaat this infectious
disease with navural focalization is characterized by periods of certain
rises and falls in its activity, occurring both in time and space. This is
responsible for the need for making further studies in the field of terri-
torial differentiation of the less well studied plague foci.

Among such relatively poorly studied territories in this respect is

the extersive northeastern portion of the Caspian Plain, lying within limits of

Makatskiy and Zhilokosinskiy Reyons of Gur'yevskeya Ovblast (the Embinsk angd
Transembinsk Plains).

It is not by chance that in receant papers ¢l B. K. Fenyuk (1958) and
Yu. M, Rall' (1958) the indistinctness of the relations between the T:ans-
ural natural plague focus and the plain southwest Asian plague focus is em-
phasized. Undoubtedly, this erasure of boundaries and difficulty of differ-
entiation of these foc! is caused by the absence of natural ovstacles to the
dispersal and settlement of the main reservoirs of the plague microbe in the
territory, which was particularly well confirmed in recent decades, when a
shift occurred in the boundaries of the plegue epizootic in the northeast
and east Caspian regions against the background of a change in the areas of
distribution of certain species of rodents.

We shall dwell specifically on this interesting and practically import-
ant process in owr comnmunication, attempting to detect the rules and regula-
tions underlying the shift in the boundsries of epizootics in & number of

maritime regions of Gur‘'yevskaya Oblast.

Modern Regression of the Caspian Sea and the Penetration of Rodeats into
Areas of Dry Land Exposed by the Receding Sea

Periodic variations in the level of the Caspian Sea occurring over
many years and centuries and the phenomena of new formation or disappearance
of dry land associated wiih it constitute characteristic features of this
salt lake-sea, the largest on earth.

An extensive literature nas accumulated on this problem, in which the
reasons and the degree of veriation of the Caspian Sea ace analyzed in deteil
from geological and historical aspects, not excluding the very recent period,

Without being able to dwell on these problems in detail and referring
those interested to the special literature, we should like to note only some
characteristics of the modern regression of the Caspian Sea.

Shortly after the last peak of the so called neocaspian transgression
(the end of the 18th century-beginning of the 19th centuwry) a long period
of regression of the sea occurred, which is coatinuing even now. However,
this most recent history of the regressing Caspisn Sea has been interrupted
repeatedly by phases of stabilization or even temporary rises, noted by
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many investigators even in the past century. Therefore, the rhythm of the
Caspian Sea during the present-day regression can be depicted graphically

in the form of & gradually declining curve with many peaks (A. V. Shnitaikov,
1956). A particulsrly sharp drop in this curve was noted from 1929 to 1957
when the level of the Casplan Sea dropped by more than 2.4 meters literally
before our eyes, being at the lowest levels for the past 40O years (28 weters
below sea level). The result of this regressicn wis a reduction of the

water table of the Caspian See by 30,000 square kilometers and a2 reduction

of the extent of its coastal strip by more than 600 kilometers.

There was an apprecieble reduction in the size of the shallow water
ar=a in the northern and northeastern parts of the Caspian Sea, where in
the shortest time it regressed from its previous shores a distance of tens
of kilometers, exposing the broadest areas of dry land (Fig l).

The vegetation formed on these young territories has undergone differ-
ent stages of development in accordance with the local conditions, Thus, on
the north shore, where the freshening influence of the Volga, Ural amd, to
some degree the Euba Rivers, is expressed, on the dry strip (which not uncom~
monly reaches widths as of 30-40 kilometers) mixed vegetation groupings of
the hairgrass-Russian thistle and of the Russian thistle type were formed
with the predominance of anaguals, in places forming thick areas of weeds,

At the same time, bushes, represented by varilous species of the genus Tamarix,
have become widespread here.

An inseparavle element in the landscape of this area of the cocast are
Baer's hillocks [gandy ridges, well developed on the north shore of the
Cospian Sea; the widths of these ridges are from 200 to 400 wmeters; their
lengths, from several 100's of meters to 7-8 kilometers/, many of which even
recently have been represented by the most complicated archipelagos of sea
islands or have risen like caps amid the inaccessible meritime marshes. In
this respect, the extensive region of Baer's hillocks, called the Tentyak-Son
vetween the Ural and Emba Rivers is particularly noteworthy in this respect.
This is what A. L. Polenov and T. Deminskiy (1907) wrote about these unigue
pleces: "In going from Zhilaya Kosa to Guriyev it is necessary to travel
sometimes 300-400 versts /a verst is about a kq£7 in order to circumvent the
extwensive quag areas. These latter, located along the ses and sticking out
to the north like tongues, are impassable in either spring or summer. It is
necessary to go around them far to the norti almost to the Uil and then sgain
drop down to the south in the direction of Gurfyev. In these impassable
places which are profusely overgrown with bulrushes nome rest on the shore
in the winter."

Later, with the regression of the Caspian, the Teatyak-Sor natural
landmark lost its counnection with the sea and, graduelly drying up, was con-
verted ianto s very complicated labyrinth from the alternation of Baer's §
hillocks and detritus-covered depressicns, from time to time filled with
water from the Saglz River, and then only in the springtime. The result of
these processes was the active accumulatinn of sslt in the former bay-depres-
sions, the extinction of the rcec¢ associations and the vigorous incarporation
of halophytes, which developed particularly luxuricusly on the cumulative
snell-sand alluvia rimming the bases of the hillocks like a border.

Tne evolution of the landscanes on the areas of dry laund from which

41




gty

s

fodie. = e st N e

>

WS Ao . -

the sea ™id receded, lylng Lo tiwe sSoula oo She iln, rogeculy L0 soatuinan
uifferent routes. The absence of a river dre.uage in ivhis part of he

const and the high degrec of selt n the cxposcd bottom bring about a nuriial
or complete elimination not only ol ra:rgrass-reed combinations bdut also
transitional plant g-oupings (of meso- and Xervhalophytic types), so charac-
teristic of dried~up territories in the norinern part of the Zaspian Sea,
from the spectrum of ohytoswer »ses created. For this reasonphytccecenoses of
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vhe halophy.ic tyr with a yredominance o perennial bushes cnd subsnrubs

occupied the leading position on vhe east coast. Here, Helocnemium strobilanum hus
become particularly widespread, being located along the margins of the

numercus small deprassions and along the periphery of dried-up bays (lertvyy
Kultuk, Kaydek }; niter bushes, characteristics of accumulations of g pseous

gray sa.d along the Seashore, nave also become couon.

Changes occurring in the appearance of the maritime landscapes have
predetermined the possibility of acutive settlement of various animals in the
maritime region. However, in various sreas along the coast processes of
disperssl and settlement of rodents have not occurred at the same rate and
have been qualitatively different, which has been determined, on the the one
hand . by the species spectrum of animals from the original shnore, the place
from where the immigration started, and, on the other hand, by the type of
vegetation creaved on areas of dry iand exposed by regression of the sca.
Thus, for example, in the area between %the Urel and Emba Rivers, where there
has been an appreciable influence fron the freshening effect of the Ural
River and, as a result of this, where mixed plant groupings or annuals have
developed well on a broad coastal strip, the following rules and regulations
for the distribution of rcdents are observed.

The Tirst strip from the sea (widsh of 1 to 4 xilometers), occupied by
hygrophytic vegetation and periodically flooded even when there are light
driving winds, cannot, for practical purposes, be inhabited by rodents, bve-
cause the damp oozy botittom of the coast and the proximity of subsoil water
are linmiting factors even for the moisture-loving forms of life.

Trree~-four kilometers from tne seacoast or 30 kilometers from the
main shore (the second strip with vegetstiorn of the hygrohalophytic tyme),
on areas of dry iand which are much les: often flooded and in the canebrakes
the gray vole and the house mouse appeared, first in very small numbers and
tten in sppreciable numbers, whereby, a: has been noted by I. I. Khudyakov,
P. Ye. Nayden @aa R. V. Gintlis, the {irst mouse-holes were found on those
areas where the drop in the level of ground water approaches 100 centimeters,
In the winter vime, in this strip, not w.commonly the gray hare Zfepus euro-
paeus/ and, of the group of carnivorous animals, the Siberian polecat [ﬁusnelu
eversmanni/, the fox and tatar-fox, are fownd along this s‘rip.

Five-six kilometers from the sea-coast, or 25 kilomevers froum the msin
shor 2, with the appearance of the glasswort, scepueed and alkaligrass among
the plant groupings (th.rd strip), colonies of crested jirds and then merid-
fonal Jjirdsare encountered sporesdically; the colonies of these animals occur
here ex.liusively on elevated companents of the microterrain, which entirely
rccently cousisted of sand bars in the sea, islands or shelves.

Even farther from tne water's edge, on a broad strip occupied oy mixed
groupings of saltvworts, privrezhnitsa *, tamarisks and sea lavenders, not

# transliterated from Russian
h2

ot iidad®

e a aam s at— ao A

e




o M it

e ot s

uncoumonly forming a closely knit bush-grass covering, the population dens-
ity of the rodents increases considevably. This part of the dry land (fowril
strip), exceedingly rarely flooded (only with the strongest driving winds or
stormy overflows of the Ural River), can be called the optimum zone for
colonies of nouse mice, meridional and crested jirds. We noted a particu-
larly high census of these species along the edges of drainage canals, which
in many places broke through the maritime lowlands, near winter cawps aband-
oned by shepherds as well as in old ostozh'ye* surrounded by low embankments
and overgrown with dense weeds. The constant abundance of rodents in such
places attracts predators here. As the main shcre is approached, with the
appearance of Halocnemiumin the plant groupings (fifth strip)with vegetation
of the xerohalophytic type, the colonies of the gray vole disappear and

there is an appreciable reduction in the census of house mice; however, the
total species spectrum 2 rodents is full because of the inclusion of usw
representatives of steppe and desert fauna in it: the dwarf and, less often,
yellow susliks, jerboas and sometimes mole voles /Ellobius talpinus7.

On the mein shore, corresponding to the level at which the waters of
the Caspian Sea were in 1930, colonies of the great sand rat appeaer together
with fully formed phytocoenoses of the desert type (at the Gogol'stiy land-
mark, Rakusha and Zhilaya Kosa), and the groupings of the animals now include
a complete set of species characteristic of desert landscapes.

Therefore, irn the area beiween the Ural and Euvba rivers the broad
coastal strip of dry land which emerged from under the water can be regarded
as an optimum zoun2 Tor the dispersal and settlement of house mice and crested
jirds; here, in the presence of good food and protective conditions almost
every year a relatively high and stable census of these species is noted
(A. A. Lavrovekiy, 1959).

We observed a somewhat different picture of dispersal and settlement
of rodents con the east bank of the Caspian Sea (from the lower reaches of
the Emba River to the coastal strip of Buzacni and Mangyshlak inclusive),
where on the extensive territories of recently exposed sea bottom a solonchak
Gesert has formed with the characteristic vegetation of a halophytic type on
it. On these places on the coast mainly the great sand rat appears, which
penetrates from the main shore toward the receding se2 for tens of kilometers
in places. Thus, on the section of the cocastline between Karaton and Prorva,
solitary colonies of the great sand rat were found at a distance of 10-15
kilometers from the main shore in an extremely uniform locality with very
ccecasional Halocnamhimbushes and annuel Russian thistles. Moreover, in the -
rezican of the Mertvyy Kultuk natwrsl landmark this sand rat settled the former
islands of Bulnskiye, Lebyazh’i and Pustymnye, at present located in the
center of a tremendous salina a distance of more thaag 30 kilometers frown the
nain shore.

After the great sand ret and sometimes at the same time, the red-tailed
jird penetrates into the new greas of dry land, whereby the colonies of the
great sand rat nol uncommoaly are unique outposts for the colonization of other
roents in these places. As we have ascertained, the dispersal and settlement
“f sand rats in this territory asccurs actively and rzpidly; however, the
er'uals do not always succeed !n taking & firm hold in the new places. It is
sulfficient to present the folloving characteristic example. In the spring

[ *transliterated from Russian; zossibly means hayrick]
L3

BRI P ksl

we,
PRI

PR AN




T S R

FEIRT NTWOV,

of 1957 we had the opportunity of lavestigating a small islund (with eu arfen
of about 1.5 mectare), whica had recently appeared in the northwestern part
of the Buzachi Peninsula. Jeparaued from the Buruachuk Soad Bar by an arca
of 5 kilometers of almost varren salina and a small shallow-water narrow,
this {sland was found to be alresdy inhgbited Ly the houso mousa and tha
red-talled jird. Fresh mousc-holes were located under clumps of very oceca-
sional tamarisk plants, ard an innhabited colony of red-tailed jirds occupied
the central highest part of the island with holes going down into the layer
of finely broken shells, permeated by cane rhizomes ané the abundant Turce-
forcia here. 1t is perfectly obvious that the rodents were able to penetrate
here only from Burunchukskaya Kosa lghnd ba£7 quring the time when the out-
going tidal winds were drying the snallow water narrow. The next year, the
colony of red-tailed jirds was not found on this island.

The meridional jird, yeilow suslik and sometimes the house mouse
follow the great sand rat and red-tailed jirds into the soloachax region
along the coast; we found these rodents for the first time at a distance of
8-10 kilometers from the main shore in places where ashen Zﬁhis rnay be an
error for eolovyye, which means wind deposit§7 deposits of dust-likc sands
are observed with a more heterogeneous vegetation, represented by Atriplex
verrucifera and soleonchak wormwood shrubs in addition to the main plants, Halocnemiuzx
strobilanum and annual Russian thistles.

At a distance of 4-5 kilometers from the main shore we found dwarf
susliks (the southern boundary of distribution of the dwarf suslik on the
east coast of the Caspian Sea goes 15 kilometers to the south of the Karatoa
natuwra. landwmark. Then, the boundary of the area of distribution of tuis
species turns to the east and ends within the limits of Ustyurt) and solitary
specimens of jerboas, and in the transitional zone before the main shore (on
a strip 1-1.5 kilometer wide), cut through by a multitude of beds of dried-up
channels with strips of stunted cane preserved in some places (very recently
in these areas of the coast the water vole lived, which was pointed out by
A. M. Koloscv in 1935, and which was confirmed by our findings of the skulls
of this vole near the village of Karatcn), house mice were found in consider-
able numbers.

We found particularly nigh population densities in colonies of sand
rats and susliks as well as the most complete species spectrum rodents on
the elevated areas corresponding to the previous coastal sirip and the
islandz of Boyardy, with the r'ins of Kazakh earthen huts and fishing villages
scattered everywhere.

Comperative daia on the census ané disposition of the rodents in vari-
ous places along the coast, including areas of dry land which recently
emerged from under the water, are given in Table 1.

These in their most genecral outlines represent the picture of coloni-
zation of different areas of the Caspian Sea-Coast dy rodenvs. An essential
influence on these prccesses is exerted by winds which occur periodically on
the Caspian Sea, "moryany" /driving winds frow the sea/, in which the water,
graduslly coming onto the lowland shore, displaces the rodents from the areas
of dry land which they colonized. During strong, stormy morysny, when the
tide water comes in precipitously, no. only a displacement but alsc a mass
extermination of the rodents in the flooued zone iu obscrved.
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[Table 1, continued frum previous page/ 29. Russian thistle-Halocnembus-pig-
weed; 30. cane-Russian thistle, along the channel bed; 31. main shore, worm-
wood-Helocnarium with ephemeral synusia; 32. coast of Buzachi Peninsula

(Cape Burunchuk); 33. islets with cene and Russian thistle; 3h. salina with-
out vegetation; 35. sand-seashell ridge (former islands); 36. weed-overgrown
saline;Halocnemjum; 37. the edge of the saline and main shore; wormwood-Halo=
cnemium ; 38. coast of the southern part of Mangyshlak (Sarzha natural land-
mark); 39. sand dunes along the sea-shore; 40. edge of salina; tamarisk

wild sage,Halocnemiwm; 41. boundary between the salina and mein shore;
tamarisk-Halocnemium;42. main shore, hilly landscape.

As an example we can point to a spring moryan in 1946, as a result of
which on the north shore of the Caspian Sea the weter came right up to the
fishing villages of Bol'shoy Molkriy, Gogol'skiy, Rakusha, and Zhilaya Kosa
which had been abandoned many years ago, that is, it flooded a strip of 20-
25 kilometers which had previously been perfectly dry. The autumn mpryan of
1952 is particularly memorable; at that time, under the force of z southwest-
erly hurricane wind, which raged for several days, tremendous masses of
water were dashed against the shore and flooded extensive areas of the desert.

A similar effect on coastal fauna is exerted by the stormy spring
overflows of rivers feeding the Caspian Sea. Thus, for example, in 1942, the
flood water of the Ural River coming from the shores flooded a tremendous
area in the lower reaches of this river, causing the death of the rodents
living there (I. M. Mamontov, 1957). The same thing was repeated in the
spring of 1957, at which time extensive lowland areas of the sea-coast which
prior to that time had been solidly colonized by the house mouse, meridional
and crested jirds, were covered with water from the overflow of the Ural and
Emba Rivers. Any elevation, small islet, and sometimes haystacks or the
ruins of Kazakh mud huts served as shelter for the animals trying to save
themselves from the oncoming water. Natwrally, under these conditions the
concentraticn of rodents on localized areas of dry land, just as at the Junc~
tion vetween the main shore and the flood zone, was unusually great, whereby
in parallel with the increase in the populetion oensity of the rodents there
was ean increasc in the degree >f interspecies and intraspecies contact among
their populations

After the water recedes on territories which hed been flooded, the
plant cover, as a rule, develops particularly luxuriously, and the excellent
fcod advantages of these areas attract mice and sand rats here from nearby
unflcoded places. The new influx of the immigrant rodents and intense mul-
tiplication of them under optimum conditions lead to the fact that at the

erd of the year, or at most, two years, the biocoenoses are fully restored
here.

Dispersal and Settlement of Certain Rodents and Change of their Areas of
Distribution in the Northeast Caospilan Region

Analyzing the history of formation of the fauna of the Caspian low-

lands, we automaticaliy direct ottention to the close connection existing
between the occurrence of "waves of migration" among the animals and the .
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time at which marked changes occur in the natural landscapes.

It is eaéy to see “nat such "waves" were inevitably synchrcrized with
the repeatedly occurring var alions of the Caspisn Dea ard served as the
cause of a change in the boundarles of the areas of' distribution of many
species of animals. .

Many investigators have directed attention to the leading part played
by wistions in the sea level in the evolution of areas of distribution of
{ 2iwals. Thus, K. K. Vereshchagin and I. M. Gromov (1952) believe that
d.. .ag vhe periods of regressions of the Pleistocene Caspian and in the
subsequent xerothermal phase of the Holocene the active migration of
desert faunal coubinations, probably including such rodents as the yellow
suslik and the great sand rat, occurred from east to west. D. M. Shteynterg
(1954), analyzing the reasons for the discontinuity of the areas of disiri-
but ion of a number of animals in the area between the Volga and Ural Rivers,
connected these characteristics with the direct influence of variations in
the level of the Caspian Sea in the late Tertiary. However, the method of
retrospective analysis, to which not uncommonly investigators rescri, is nou
always capable of bringing us closer to the understanding of ali the various,
complicated and not uncommonly controversial processes cccurring in the
Caspian Plain. At the present time, when we are the witnesses of the next
deep regression of the Caspian Sea, it would be particularly unforgivable to
overlook this noteworthy "experiment of nature," which puts the most inter-
esting factual meterial into the nasndsg of investigators.

Undoubtedly, uany wodern species of animals, including rodents of
interest to us, possess great potentiality for dispersal and settlement
which, hovever, is realized only when certain favorable con.ltions occur.

An infinite number of examples confirming this coaclusion could be given:

the vigorous dispersal and settlement of the dwarf suslik in the Precaucasus;
the advance of the gray hare into western regicns of Siberia and Kazakhstan;
the expansion of the area of distribution of the Dagestan hamster into the
Don and Stavropol' steppes; periodic penetrations of the tarbagan anG hoofed
Jird Zﬁeriones unguiculatu§7 into the Transbaikal from the Mongolian People's
Republic, and others.

Specifically such favoreble conditions for the dispersal aad settle-
ment of desert forms of rodents were created in recent “ecades in the Caspian
Lowlands, where fcollowing the drop in the level of the sea new extensive
areas of dry land of the arid type appearca, and marked changes occurred in
the maritime landscapes in the direction of desert formation.

In the northeast and east Caspian the tendency toward dispersal and
settlement was demonctrated in the most clearcut manner among the group of
sand rats. A number of Pactors contributed t¢ the successful migrations of
these animals: 1) the sufficiently high degree of mobility of the sand rats
and the broad range of their adaptations; 2) the diseppearance of previously
existing obstacles to dispersal and settlement as the result of drying of
rivers and lakes, gulfs and ccastal marshes witli the gradual transiormaticn
of them into a multitude of saline depressions; 3; the sppesrance of aew
optimum habitats for the rodents--the exposed light-textured bottoms of sea
littceals (alluvial sand, shell-covered shoals), the luxurious development
of Russian thistle-psammophyte vegetation near the salinas and in the sand
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dunes; b4) farning sctivity of wan, who after explcring the commercial stocks B
of the most valuable types of raw material along the sea, constructed irri- £

gation channels, oil pipelines and dams here, laid down dirt roads and
narrow-gauge railroad lines. >

Of particularly great zoogeographic and epizootological interest is
the process cf restoraticn of the previcus area of distribution of the
great sand rat, being observed at the present time in the area between the
Emba and Ural rivers. In this connection, the original studies of paleo-
zoologists working at Mangyshlak (I. M. Growov and V. A. Fokanov, 1959) and
in the lower reaches of the Ural River (N. K. Vereshchagin and I. M. Gromov,
1952; I. M. Gromov, 1957) should be noted; accord ing to them, the regression
of the Khvalynsk Sea, which marks the beginning of drying of the climate ard
desert formation in the landscapes of the Caspian region, serves as the
cause of migration of desert forms of rodents (great sand rat, meridional
Jird, jerboa [Scirtopoda telum/) to the north of present-day boundar ies
(Fig 2). Later, apparently in connection with the change in the landscape
in the direction of a certain mesophyllic nature of the vegetation, the
Pleistocene expansions were replaced vy a period of dying-out and recession
of these species toward the southeast. Undoubtedly, such variations in the
areas of distribution could have occurred in the Holocene also, against the
background of change in the climate and repeated variations of the Casplan
Sea.

We find interesting data on historical changes in the area of dis-
trivution of the great sand rat in the work of A. N. Formozov (1938), who,
after analyzing ir detail the problem of the reasons for the extinction of
certain rodents in Kazakhstan (the yellow lemming, great sand rat, mole vole, :
steppe cony), concluded that the reduction of the areas of distribution in !
species of central Asiatic origin is associated with a deterioration of )
conditions for their existence as the result of a change in climatic factors.

In his work, A. N. Formozov, referring to A. M. Kolosov (1935a, 1935b),

pointed out that the most northwesterly point at which the great sand rat

was Tound was the Koschagyl natural landmark, located on the left oank of

tne Emba River, 100 kilometers from the sea. (A. M. Kolosov, who mede his
investigations in the lower reaches of the Emba River in 1935, points out

that he found hair and teeth of 2 great sand rat in the Dzhil'dybay natural

landmark (near Fakat), one casc, and in the Uzungach natural landwari,one case;

in addition he wentions the Bek-Beke Sands, where apparently the great .

sand rat was encountered at that time, At the same time, in contradic-

vion with these data, A. M. Kolosov writes in his conclusion that the . .
northern boundary of the area of distribution of this species probably
passes along the left bank of the Euba River, in the region of Koschagyl,
where a single great sand rat was caught).

Furthner observaticns in the change of the distribution of the great
sand rat showed that in recenv decades a process of restoratinn of the area
ol distridbution of this species is being realized in the northwest Caspian.
¥hile N. A. Boorinskiy andé others (1944), like A. N. Formozov, drew the
nortnwestern boundary of the arca of disteibution of the great sand rat
along the left bank of the Evba River, B. S. Vinogradov and I. M. Gromov

1952) noted that at this time the great sand rat was beirg encountered in
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the environs of the sevilewent ol Rotusha, woich is L0 kllonclers tou tie
west of the Eriba River,

The boundary of the avea of distribulion of the great suond rat was
studied in greater deteil vy zoolegists of the Gur'yev Staticn. Thus,

I. I. Khudyakov, ‘. Ye. Nayden and R. V. Gintlis, studyiang the mariviue
section of the a-ea between the Ural and BEmba rivers in 1951, found iis
colonles 15-20 kilcmeters to the west of Rakusha Settlement, and in the

last seven-eight years the great sand rat was found in ihe environs of

Gur ‘yev, (3-10 kilometers to the east of the Ural Floodplsin, opposite the
settlement of Yamankhalinkz, 18 Xilometers to the nortb of Dossor Settlement,
6 kilcmeters to the south of the Makat Railrcad Station; in the Sagizmeshita
Natural Landmark on tae right bank of the Sggiz R.ver zud, finally, in tle
Kaynar Fatural Landmark according to reports and personal owumunications of
the zoologists of the Gur'yev Station.

Therefore, the northern voundary of dist: :butrion of the great sand
rat in the aree between the Jral and Emba rivers at the present time is
approximately at a latitude of &7° 607,

Accordiug o the material of Ye. P. Bondar' (1950), 4. S. Burdelov
and M. N. Leont'veva (1956), S- NIi. Varshavskiy and M. N. Shilov (1956),

M. I. Ispagilov (1957), M. U. Shilov (1957), in the eastern pari of the area
of distridution, including the Betpak-Delu Desert and the northern BRalkhash
area, the great sand rat, as a rule, does not cross 47° north lavitude any-
where; only in the region of Zharkamys, Chelkar and Irgiz (the northern
Aral regton) is sn extensive precjecticn delineated which almosv apprcaches
the 46th parailel.

At the present time, apparently, it may ve considered that the great
sand rat in the area between the Ural and Emba rivers has reached or almost
reached its rubicon, which coincides with the landscape boundary of ihis
species, tne uworthern margin of the desert zone.

Let us concentrate on certsin details in the dispersal and settlement
of tiue great sand rat in the northeast and east Claspien region. Of particuler
inverest in this respect is *he Tentynk-Sor Natural Landmark. As has already
been mentiornsd, LO-50 years agd> this extensive natural landmark with an ares
of wore than 200,000 hectares represcented a very complicated system of gulfs
of the Caspian Sea with an infinite nuwber of islands rising above the
marshy impassable plain. Hot a single naturalist visited these places pre-
viouely, and we do not know what rodenits ilived on Beer's hillocks in Tentyak-
Sor at that time; we can juige this only indirectly from the cuwrrent composi-
tion of the rodent fauna on the territory of interest %o us. (On Baer's
hillocks in Tentyak-Sor we caught several species of rodents: the greai sand
rat und meridional jird, dwarf suslik, jerbvoa zleactagulus acontiog7,
Scirtopoda telum, small alaclaga /Allactaga elate§7, mole vole, ané house
mouse. Therefore, at the present time, the basic rodent fauna living here
is represented by desert farms. Unfortunately, ve couid not ccllernt bony
remains of extinct animals in Tmtyak-Sor wita the ex:epilon of fragments of
a hair seal's skull found in the merine deposits).After the gulfs dried and
changed to a system of salinas, fmwmigrant.rodents from ad jacent desert areas,
including the great sand rat, couid enter here easily.

The Tentyek-Sor natursl lendmarl, which we vigited twice (1955 and 1958),
vwas constantly densely inhahited by great sand rats. It sas herd to find any
Baer's killocks from which “his rodert was absent; they clearly oreferred set-
tling On sand-shell alluvia at baces o! the hillocks, where fussian thistle g ey
particularly weil. The inhati'ed colonies Tairly often fused junto solid cheins
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rimming the salinas and were sometimes found on the slopes and even peaks of
the hillocks with numerous jerboa and dwarf suslik holes.

Therefore, after penetrating into the Tentyak-Sor region, tha great
sand r¢ undoubtedly entered an area of optimum conditions. (The possibil-
ity has not been ruled out that during the period when the Caspian was at a
higher level, when the depressions between the hillocks in this natural
landmark were filled with water, the great sand rat could have survived ca
some of the hillocks of Tentyak-Sor. However, even with this supposition
the genersl ideas about the restoration of the area of distribution and
repid increase in the census of this species in the area between the Ural
and Fubs rivers are not substantially changed.) Represented here by a very
vigorous and sctively multiplying population, it colonized its territery
rapidly, and in the last two years, aft¢er settling the maritime region for a
distance of 6-8 kilometers from the main shore, came into very close contact
with populations of house mice, meridiorsl and crested jirds.

We have studied in detisil the process of dicpersal apd settlement of
the great sand rat in the direction of the receding sea in the Zhilaya Kosa
and Atrau natural landmarke (Fig 3). Thersby, it should be noted that 1958
was 2 year of active multiplication of this spectes of sand rat and was char-
acterized by a particularly high degree of mobility of the great sand rats
not only in *he area between the Emba and Ural rivers but also in other parts
of the area of distribution, which, for example, was well shown by S. N.
Marin (1959) for the territory of the Aral Sea region of Xara Kumy.

The change in the ares of distribution of the red-tailed jird in the
Caspian region i{s of the same grest interest. However, it should not be
overlooked that data published in the literature on the northwest boundary
of distribution of the red-tailed jird in the Caspian region suffer from
great inasccuracies. Even in such a capital work &s the classifier of mammals
of the USSR (Bobrinskiy and coauthors, 194k4), we find a statement that the
red-tailed jird lives in the lower reaches of the Ural River, which was
clearly errcnecus for that time; the same error was unfortunately repeated in
the summary by A. V. Arenas'yev and coauthors (1953).

As a matter of fact. according to material of the Gur'yev Plague-Con-
trol Station, the northern bousdary of the area of distribution of the red-
tailed jird quite rec¢ntly weut along the northern fringe of western Ustyurt
and the Mertviy Kultuk salina. Nevertheiess, I. I. Khudyskov, P. K. Nayden
and R, V. Gintlis caught this rodent (and in no small numbers) in the vicinity
of the village of Karaton (30 kilumeters to the south of the Emba River) and
in the adjacent areas along the sea-coast. In 1957, red-tailed Jirds were
caught directly on the left vank of the Ewba River in the Baybet natural lande-
mark, and in 1953 the red-vailed jirds not uncommonly were caught in the
traps on the rignht bank of this river, opposite the Baybet landmark just
mentioned (R. V. Kovaleva and coauthors, 1959; A. A. Lavrovskiy, 1959). Fiun-.
ally, which is perticularly important, two red-tailed jirds were caught in
colunies of great sand rats in the vegion of the Lorsek Siettlement, located
15 kilometers to the west of the Emba River.

Therefore, the teadency ioward dispersal anc settlement of this desgor
species in the north along the coast of the Caspian Sea is beyond doubt. The
latter fact is confirmed particularly by tne studies of A. M. Kolosov (1935),
who was unable to find the red-tsiled jird in the lower reaches of the Emba
Rjver either on the left or right banks of this river. (A. M. Kolosov exame
ined more than 2000 fox and tatar-fox excretions collected in the Emba and
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Trsnsembs TNeserts. In no case were bony remnanis of the red-tailes jird
found).

We do not heve the opportunity here “o g5 into cetails about the dis-
versal and settlement of other rodents in the northeast and east Caspian
reg.on (the yellow and dwar( susliks, meridional and cresied jirds, jerboas
and house mice) particularly since this hss already been mentioned in gener-
al outlines in the previous chapter, It should be noted only thet among the
species listed, in contrast to the great send rat and red-tailed jird, the
processes of dispersal and settlement in this part of the Caspian Plain did
not sutstentially change the boundaries of the areas of distribution. (Iv
snould be noted that while the regression of the Caspian Sea consiituied
an impetus for dispersal and setilement of desert forms of rodents, the
steppe and more moisture-loving Torms, conversely, showed reductiouns in their
numbers and in g number of places disappeared under the conditions of increase
in the dryness of the climale in the meritime strip. For example, the common
hamster /fricetus cricetus/ and the steppe lemming /lagurus lagurus/ stopped
being found in the lower reaches of the Fumba River; the Norway brown rat and
water vole, stopped being found in the section of the coast between the Ural
and the Emba River, etc.).

Characteristics of the Shift of the Boundarles of Plague Epirootics in the
Northeast and East Caspian Reglons

In the last decade plague has penetrated into regions where previoasly
it was entirely unknown (for example, the southern regions of ihe area between
the Fmbe and Ural rivers, the Tentyak-Sor Natural Landmark end the vicinity
of Gur'yev) in the northesst and esst Caspian regions ageinst the background
of genersl activation of plague epizootics. In & number of cases active epi-
zootics occurred on the territories which as far as we remember were under
the waters of the Caspian Sea or even "yesterday" represented a system of
shoals, sand bars or islends in the sea (see Fig 2). Such 2 rapid spread of
the plague infection into areas of dry land recenily formed can be cerrecily
uvnderstood in the light of those changes in the landscapes and dispersels and
settlements of the number of animals in the Cespian region which they caused,
about which we have spoken in detail in the first sections of this article,

As an i{llustration of this thesis we are analyzing daza ou the dynamics
of the plague epirootics in certain maritime regions of Gu: 'yevskays Oblast.

First of all, we should like to dwell on events occurring in the Buzachi
Peninsula., As is well known, plague evizootics among greast sand rats and
other rodents in this part of the Caspian Plain were first established in 1926
(A. X. Ignattyev, 1927; S. M. Nikanorov, 1927). It is imporiant to note that
during those years the area and outlines of the coastal strip of Buzachi were
absolutely different: extensive shallow-water areas of the gulfs at that
tive separated 8 group of islands of the Kirel' Archipelago, covered by csaune
slong the shores, Naturally, the sand rats could uot get onto these islands
at that time,

The second cycle in the epizootic wave, demonstrated on Buzachi Penin-
sula, was in 1948, when on the bvackground of a merked increase in the census
of great sand rats here an acute diffuse epizootic was noted with the
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involvement of a large group of animals in it: great sand rats end rod-
tailed jirds, house mice, foxes and camels (N. P, Arkhangel'skaya and co-
authors, 1957: reports of the Gur'yev Siation). 1In the 22 years which have
elapsed since the first events on Bu-achi, the maritime landscepes of the
peninsule neve chunged beyond recognition: extensive sea strazits have dried
up, canebrakes hiave Adisappeared, and numerous islends inciluded in the Kirel!
Archipelago (Dolginskiye, Orta-Espinskiye, Burunchukskiye) have joined the
continent., This entire territory, at the time of the occurrence of epizootics
in Bu-achi, was alresdy colonized by rofents and fleas which had come there
from continental territory. Thereby, as was shown, the populetion deunsity

of the sand rats, 1ike the flees census in the holes and on the rodents them-
selves in these new territories, was unusually high {the average population
density of great sand rais per hectare was 23: the maximum was 70; the average
flea index per rodent was 60).

The first cultures of the plague microbe from great sand rats and red-
tailed jirds in the waritime regions (the Put'k Kommunirmu Kolkhoz of the
Orta-Espinskiy Rural Soviet) were obtained 17 and 22 June 1948. Subsequently,
over the course of a year or this territory alone 20 cultures were isolated
(including one from a camel in the Xerezhan-Bas Natural Landmark). As on the
old continental areas of Bu-achi Peninsula, the epizootic here was very active,
so that the need erose for conducting extermination operations with repeated
baiting of sand rats on the same areas on which the epizcotics had remained
in the most stable manner. The work was done meinly elong the coastal strip
{from the former Cape Dolgiy to the Burunchuk Send Ber, & distance of more
than 50 kilometers), where on the marine sand-shell slluvia a particularly
high rodent and flea census was noted.

The epirootics on Buvachi, including the regions ai.ug the sea, of
which we have just spoken (the Orta-Espiaskiye "focus"), lasted through 1951.
However, by the avtumn of that year they took on & very focal nature and
gradually subsided (P. I. Shamanek, 1959).

In Zhilokosinskiy Rayon of Gur'yevskaya Oblast (the Transemva Plain),
the epivzootic among greast sand rats was demonstrated for the first time also
in the spring of 1943 (Amangel‘'dinskiy Village Soviet) 70-80 kilometers from
the sea-shore. In 1950, the plague epi-zootic was also found on the iert bank
of the Embe River (the sand srea of Kara Kumy, vicinity of the Kozc™agzyl,
Yultsary and Tyuisi Naturel lendmsrks} a considersble distance from the
ccastal strip. However, in 1051 the epi-ontic was activated here and spread
in northerly and northwesterly directions (N. P. Arkhangel‘skaym and others,
1957). Tt occurred particularly acutely in the vicinity of the village of
Teren-O-ek, lori<ed in the region of the receding Caspian (the former islends
of Boyerdy) and on the right bank of the Emba River in the Kortr - region
(a section bordering on ibe Tentyak-Sor natural boundary). In the latter
cese, the epirootic occurred on young colonies of the great sand rat, which,
as has already been menticned, probsbly penetrated into this region after
the regression of the Caspian and the dryiang o” “he moutn of the Emba.

Tn subsequent years, 1052-195h4, epirootics were recorded ouly in the
left-bank regions of 7hilokosinskiy Rayon and showed a "tendency towerd
moving" towsrd the esst and ncrtheast in the direction of Aktyubinskaya
Oblast. liowever, in the autumn of 1956 the plague microbe culiures were
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again oblained “ror —rea san ritg ov o olems notne 2rla2 f ouees o
Fmba and Ural rivers. As shown o inves [,'atlcns o7 epllemic-conirol ‘etuch-

ments o the Gur'yev Sigiion, epi-ootics occurred in the vicinity of the
Kcmsomol 'sk, Bek-Beke, Sagi-~, Koshkar oil {ields, that is, they penetrated
into the Tentysk~Sor Natural Landmark, densely inhabited by grest sand rats
(1t may be supposed that the epizootic process in these places had bveen
oceurring continously since 1951, when a culture of the plague microbe was
first obtained from grest saud rats caught in the vicinity of Korsak on the
right bank of the Emba River).

In 1957, the boundaries of the epiroorics in the area between the Emba
and Ural rivers were appreciably expeuded., Aside from the old "points”
cultures were also isolated in the central poriion of this wn::ural landmark
(the Tentyak-Sor oil exploration srea), wherevy, aside from great sand rais
weridional jirds were involved in the epizcotic process.

The epi-ootic situation vecame particularly complicated in the area
between the Ural and Euba rivers in the spring-summer of 1958. An acutie
diffuse plague epizootic was recorded over tremendous territory, including
Gur'yevskiy, Makatskiy and Zhilokosinskiy rayons. By comparison with 1997,
the center of the epizootic appsrently shifted to the southwestern portion
of Tentysk-Sor, from where it spread rapidly in the Airection of Gur'yev,
reaching its nearest environs, while in the south it Jipped toward the mari-
time plain, represented by young landscapes formed at the site of the receding
Caspian. In the zone along the sea an epi-.otic was rscorded over & broad
strip inhabited by sand rats and house wice; the cultures here were isolated
on & section of the ccast from the village of Rakush: in the east to the
Bol 'shoy Mokryy and Kamynin landmarks in the west.

A characteristic feature of the 1953 erizootic in the area between
the Ural end Embs rivers was the mass involvement of hcuse mice in it
{R. V. Kovaleva and others, 1959a: B. K. Fenyuk and others, 1959). Infection
of other rodents, not counting great sand rats, was thereby very slight
(solitary meridional jirds and one Scirtopods telun). The absence of specific
disease among the colonies of the dwarf suslik, despite the high census and
close contacts between these animsls and great sand rats, attracted pariicular
attention; this applied also to places where the epizootics were occurring
very actively.

As far as the penetration of plague epi-ootics into the maritime plain
was concerned, this process was not 2 chance phenomenon against the backpround
of the 1957-1953 events: it was prepared for by the entire previous history
and perticularly by such a gualitative change in the maritime faunel comcina-
tions as the sppearance of & new component in them, the great sand rat.

The iumediate Impetus which put into wovement the epizootic process in
the region along the sea consisted of storwy spring overflows of the Ural and
Emba rivers in 1957. As the result of flooding of large territories along
the ses, the rodents displaced from these places in colossal numbers concen~
trated on the elevated componeuts of the terrain: along the fringe of the
main shore with its ubiguitous Kazakh mud uuts, on islands, on sand-shell
alluvie and along the edges of canals, specifically in these places the closest
contact was made between house mice, meridional and crested jirds, on the one
hand, and great sand rats on the other. As early as afier the recession of
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the flood wave and spprecieble thinning-out of the rodent population we
found 2 mass of food rewains, an infinite number of tracks and vhele heaps
of droppinge lelt by house mice and ssud rats in the colonies of the graat
sand rats. Neturally, under these conditicns, interspecies and iatraspecies
contacts, just like the mutual exchange of psrasites, was unusually extensive
among the rodeats., Thus, for example, in hous2 mice, ceught in large aume
bers, not only i{n the mouse trsps but elso in the leg traps r~t at the
inhabited snd empty holes of the great sand rats, not uncommonly specific
great sand :at fleas (Xenopsylla scrisbini) were found. We have no doudbt
that specifically at the junction of the main shore and the lowland areas
along the ses (the region of the ruins-of Kazakh mud huts) in the summer of
1956 the plague pathogen penetrated into the population of house mice from
the great sand rats. ’

As the result of deaths from flonds and probably as & result of epi-
zootics the census of meridional and crested jirdas [previously guite high)
dropped to a minimum by 1958 in the region slong the sea. The great sand
rats, which had settled only cn the elevated perts of the terrain and were
more resistant to plague, were preserved in these places in appreciadle
numbers: in 1958, they multiplied actively and vigorously dispersed and
settled in the direction of the receding ses, wbereby in the new colonies
arising on the sand~-shell alluvie, a large number of fiees was observed.

House mice whicn survived the floods on islends and on the main shore
rapidly multiplied under the optimum conditions of the post-flood period,
and in 1958 they again colonized the biotopes along the sea, The high census
of them with considerable "infection" by the specific fleas Ceratophyllus
mokrzeckyl snd Leptopsylls taschenbergi contributed to extensive dissemina-
tion of the plague infectfon on the terr-itory between the Ural and Exba
rivers (R. V. Kovaleva sand N. L. Gershkovich, 1960).

Conclusions

In most general outlines we have analyzed the rules ard regulations of
the evolution of meritime landscepes and the reasons for the displacement of
the boundaries of plague epizootics in the northeast and zast Caapisn regioms,
where the recession of the sea occurred very guickly, as a result of which
new extensive areas of dry land of the arid type appesred, on which processes
of the formetion of biocoenoses occurred according to the general schema
described gbove. : .

On the east coast of the Cespian Ses in recent decades e tendency ha
been defined toward dispersal end settlement of some of the desert aniumels
(chiefly the grest sand ret snd red-teiled jird) in the north and northwest.
After dispersing and settling in the ares between the Ural and Emba rivers,
the great sand rat made great changes in the structure of the biocoenoses of
this pert of the Caspian Plain and essentially determined the rules and regu-
lations of occurrence and of the course of the plague epizootics here.

Now, we can consider with adequate basis that the boundsries of the
southwest Asian desert focus and its northwestern part have been exteaded
here appreciably in recent cecades., Iun other words, regions unfavorable for
plegue within the limits of the Ural and Euba rivers (to the north
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approximately to the L%th parailel) rho:ild epparenily be rerar'c e o p.rl
of this extensive plain foens.

As far as the epl-cotological prornosis for the terrilory of iniersst
to us is concerned, et the vresent dey il is bveing delinested Irom an unigv-
oreble aspeet, In this connection, the need is rising for Turtner careful
study snd planning of extensive investigations not only on tre terrilory
between the Ural and Fmba rivers bit also in the wmaritime regions lying to
the wast of the wmouth of the Ural River, where in recent yesrz a bigh census
of houss mice, meridionel and crested jirds has 8lso been noted.
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Material oia the Ecology of Three Species of Great Send Rst Fleas
from a8 Comparative Aspect B

N. S. Novnkreshchenova
(Saratov)

Among the fleas paresitic on the great sund rat, the most numercus
are representatives of the genus Xenopsylla. Th® main part in the irenswis-
sion of plague among great sand rat populations is ascribed to fleas <I this
geaus (M. A . Mikulin, 1951; N. F. Darskaya, 1955 snd others).

In connection with the epizootological significance of these fleas
the study of their ecology is pariicularly essentfial. A number of the ecoleg-
ical characteristica of great sand rat fleas were demonstruted im their in-
vestigations by O. A. Fedina and P. I. Shirancwich (1950), M. A. Mikulin and
P. I. Skiranovich (1950}, M. A. Mikulin {1951), %. F. Darskays (1955), and
A. F. Dudnikova (1960), but the ecolugy of these parasites has been inade-
quately studied, and there i{s very liitle information in the literature on
some species, like, for example, X. skriabini.

In the present work we are presenting material on the ecology of three
species of great sand rat fleas of the genus Xenopsylla: X. skrisbini; X.
gerbilli gerbilli and X. hirtipes.

We set before ocurselves the task of presenting our data from a zom-
parative aspect, utilizing the comparative perasitologicel method (V. N.
Beklem:ishev, 1645). Accordicg to the basic principle of this method, it BRY
be conclided that underlying the ecologicgl differences beitween blood-sucking
arthropeds are their different degrees of attachwent to the bodies of thefr
hosts, whichin turn sre based on different charscters of their frood relations.

Depending on the degree of attachment to the host, we compared various
species of flees with one another es well as sand ral fless of the genus
Xenopsylla as & whole with fless of the dwarf suslik, which are very wuch
different in their ecology from great nand rat fless.

We attempred to establisy the degree of relstionship between various
species of fleas snd their hoste guantitatively, using a3 the usin oriterion
the date of the disiribution of fleas betuesn the host and it3 hole.

It should be noted thet in essence I. G. Ioff (L94L) zave us tae idea
for the comperative parasitelogical sppresch to the study ol fles scology,
proposing e divisicn of them into "hair fleus" 2nd "nest fless™ and others.

In working cut his classification for Xenopsyllas on grest sand rats,
I.G. Toff limited himeclf to the ifes thwmt they apparently belong to the
category of "nalr fleas.”

Material and Mathod

Ye made the study of the ecology of X. skriabini fless in 1953~1954
while workiag at the Gur'yev Plague Control Station of Zhilokoainskiy Rayon
in Guwr'yevsizaya Oblast. In owxr collections from this region X. skristini
axounted to 33-99 percent of ell great cand rat fleas.

We eunllected material on the zcology of X. gerbilli gerbilll and X,




nirtipes n 1656-1357 during work .o the comprehensive expediv.os of the
"Mikxrov" lastitute and the Turkmen Plague-Control Station. The scientific
directors of the expedition were BR. K. Fenyuk and A. A. Flegontova. The
place gf our work was a coupsratively small area of large sand dunes. Here
X. gerbilli and X. hirtipes were encountered together and constituted 87-99
percent of the fleas which we collected from the great sand rats and their
holes.

lgualy, the collections of fleas from hosts and from their holes were
conducted in the spring (March-May) snd autumn (Septewber-November). Only in
1954 were the observations made in the summer period as well.

During this work an investligetion was made of more than 3000 sand rats
ané more than 125,000 of their hoies. Thereby, about 94,000 fleas of the
geanus Xenopsylla were collected, Psrasitological investigation was conducted
simultaneously with a count of the census of the hosts and the density of
their holes.

The gwrest sand rat holes were investigated mainly by the strip method,
that {8, the fleas were collected from the entrance /that is, until the hole
b@nd§7of the noles. Subseguently, for couvenience, we shall call the entrance
to the holes s uwply "holes." We were able to dig up the holes in only 18
colonies.

The indices of sburndance on & single object and the "indices of abund-
ance per hectare" constituted the indices of the flea censuses on the sand
rets and in thelr holee. Ve obtained the latter index by multiplying the
{adex of sbhundance of th~ flems on the sand rats or in the holes by the density
of the sand rats or deasity of the heles. Utilizing data obtained from digring
up the holes, we were able ig various cases to calculate the lnGax of the
“totul abundance per hectare” (Ioff, 1949), which represenis the w:tal number
of fleas ip the holes and on the sand rats. Part of this total (“integral”)
index, the part which applied %o ssnd rats, characterizes tie degree of rela-
tionship between the fleas of tais species and the hosts.

In the study of the feeding scvivity of fleas we determined the degree
to wvhich their intestines were filled and calculated the percentage of individ-
uals which had vlood-filled stomachs (Ioff's alimentary index of vector activ-
ity, 1949},

The multiplication of Tlees was characierized by three indices: 1) the
number of females with resdily visible eggs; 2) the number of young which had
just come out of the flea cocoons with very clear chitinous integument; 3) a
reletive increase in thz number of msles in the population as an iadex of
the existence of mass aat~L.cg (I. F. Zhovtyy end B. I. Peshkov, 1958; N. S.
Novokreshchencva, 1950} .

Distri:ution of Flaenss betysen Sand Rets and Holes

Our material, confirwiug the Qonciuaions of N. F. Darskaya (1955),
show that & decisiva influence on the distribution of fleas between the sand
rats and their holea is exerted by the census and activity of the sand rats,
which 1% directly expressed in the numbey of inhabited and uninhabited colonies.
In comparing the averege nuubers pf X, skriabini on sand rats and in
their holes (gecaleulating the numbers for one hectare) in May 1953 it is seen
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that during this pericd approximately the fame numbe. of {leas were counted
on the sand rats 2s {n the hcles (Table i). Ia 1954, tunse relationships
vere different: in the holes tw.-three time~ more fleess were found thano on
the sand rats. We can associate this relative increase il the number of fleas in
the holes in the spricg only with the mass deaths of sand rats in the winter of
1953-1954 and early spring of 1954 and the large number (up to £0 percent)

of uninhabited colonies resulting from this with numerous fleas at the open-
ings of the holes, which amigrated here in search of a host. The number of
fleas in these colonies in the spring was 10-15 times greater than in the un-
inhsbited holes. We also cbserved a8 large number of fleas in the entrances
of the holes in the empty colonies in areas from which the sand ratsz had been
eliminated by means of poisoned bait. The indices of abundance in the holes
here in June, July and August were two, eight and 14 times greater than the
correspond ing monthly indices for the territory where ro rodent extermination
wvas conducted and where inhabited colonies predominated. We aoted & high
census (index of abundance amounted to five per hole) in the entrances of the
holes of uninhabited colonies even at the beginning of November, vwhen the
frosts begin, and the index of abundance in the holes of inhabited coloaies
amounted to a total of 0.03. It should be noted that the highest Tlea census in
the uninhabited colonies was observed in the first few wonths after desth
of the rodents. In the col)nies in which there wers no rodeants for more than
a yeer we did not find eny fleas at all.

We made a study of the distribution of X. gerbilii and X. hirtipes
tetween the sand rats and holes on territory with a relatively high and stable
ceasus of sand rats, where practically no empty colonies were encountered.
Here, the absence of uninhabited colonies also had 2 high degree of influence
on the natwrz of the flea distribution: in the holes (their entrances) three-
seven times fewer fleas were encountered tran on the sand rats (Table 2).

Based on these dats, it is difficult to agree with M. A. Mikulin’s
opinion {1951) that the distribution of fleas is in no vay conhected with tie
census of the hosts and is conditioued by entirely different factors, mainly
by temperature changes.

In the nests of the great sand rats in the spring and summer we found,
as dig O. A. Fedina and P. I. Shiranovich {1350), very few fleas. Thus, of the
10 inhabitable colonies dug up in May 1953, we found nests in only five,
whereby in three nests there were no fleas at all, and in two, three X.
skriabini individuals were found.

dmong the food plants which we found by digging up these 10 colonies
we discovered appreciably more X. skriabini fleas than in the nests. However,
in the summer their number was also low =nd did not exceed seven individuals
per food compartment. )

In May 1953, through digging up the colonies we were sble to calculats
ithe index of total abundance for X. skriobini; this figure represented the
total number of X. skriabini on sand rats, fo the food coupartuments of the
holeg and in the nests when recalculated per hectare, Xts value awounted to
256, whereby k4.6 percent of this number applied to sand rats themselves.
Assuming that the number of fleas present per host gives an arbitrary ides of
the totel time which the fleas of a given species spend on the host, it may
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Distatoution of X, sirisvini Fless betwoen Saad Rats and Their Holes
(Gur tyevskaya Cblast, Zhilokosinskiy Rayon)

OGeresotane C{ Vittacke ebuane 6»«:1@ \@f‘"““";’(',”';:r vaex
Nars dfcagacsavns -

) ’ néc;u&uox n?' é;.“L,:'y“' ;;x nope qu:".,,:::' . : 120pax
1953 .

Map Ui 147 2184 128 1.1 130 93

Wous " 7Y, 120 1 689 73 0.8 79 &9

Cenralps 642 3388 4.6 0.4 45 36

Oxrabps <. 1382 4658 94 0,25 105 23

Hoabpy &) 169 1762 5,0 0,03 - —
195¢ 2.

Man & 82 4538 180 37 75 252

Hiome (D 165 | 12306 5.2 2.2 80 154

Koas 120 10083 12,4 1.0 il 72

Aaryer[jp | 784 128 04 104 30

lIn the iavestigation of the holes the fleas were collected from the
entranse. The index of abundance of the fleas per hectare on the sand rats
or in the holes was obtained by multiplying the indices of abundance on
rodents oxr in the holes by the density of the rcdeats or holes.

Key: 1. date of investigation; 2. aumber examined; 3. indices of abundance
of fless; U, index of abundance of fleas per hectare'; 5. sand rats; 6. Loles;
7. per zand rat; 8. in one hole; . on tne send rats; 10. in the holes;

1, May; 12. June; 13. September; 4. Octcher; 15. November; 16. July;

T+ Avgust. .
be stated that X. skriabini fleas in the spring (in May) spend about half of
their tiwe on the great sand rat.

For X. gerbilli and X. hirtipes we have at our disposal 'similar data
for the autumn period. In Ontober 1957 we dug up eight colonies, without
finding a nest thereby. The fleas were concentrated in the supplies of feod
plants, which filled extensive passages of the holes in the center of the
colonies. The index of tctal abundaace for X. gerbilli amounted to 203 and
the part of it which applied to sand rats amounted to 54.1 percent. For X.
Lirtipes these indices were equal respectively, to 122 and 41.8 percent.
Hence, it follows that X. gerbilli in the mutumn (in October) spends approxi-
mately half of its time on its host; X. hirtipes, somewhat less, shoving a
lesser degree of attachment to the host than the first species.

In sccordsnce with the comparative parasitologicsl methed, we compared
this weterial with similar data which we ha3d obtained frouw fieas of the duarf

1
i
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Table 2

Distribution of Fleas between Sand Rats and Holes
(Iolotanskiy Rayon of Maryyskaya Oblast)

Cosacionan0 X. gardilll X, hictipes

R lfwu:u 00x ' oBie KAI2ECH Chue
Rsts oScaeaomauns | pec. (3 aun’ Gaox D ‘6}‘? e ao @a:: ‘a""m
wamox | MOP .' 1) i 2 <& (101
© B | OGN B| mi B .
wanxy CNIN iy SBENEX
I
i85 2, !

Mﬂpf - - - - - — o o — -—
u_u-Anpca_ - o] -lozmi ~ |40 - [oos| —] 8
(M2 — {2258 — 02t — | s | —~ |01 | — | 18
,s Centabps 7 |220] 411019 57 28 104 [ 0I5 S5 § &

Oxuﬁps 25 (33401 521081 72| & ;46 y 018} 58 | 28
,‘,’,énosopb 28 |2240| 33| 028 12 o021 90| 3] 15

1957 ¢
g 25 (240! 88| 019) 123§ 28 ! 58 |ou1} 82 | ¢
' A 32 (W0 119} 026 166 | 39 | 83 | 0,i5] 74
5“) 44 | 28560 | 953[ 0181 133 | 27 | 33 | L0 | 4 H
1 Cem'ﬁcpb 8 (42341 69| 004, 08 6 |31 | 0231 43 4
 Quralps 28 181921 729 010] 110 15 1 37 1008 8 12
(T2 HonGp» — i) - ] 0021 - 3 - 100! — ; 3
1-10. Same sg for Table 1. 13. March; 4. April; 15. May; 16. Septemnber;

17. Cctober; 18. Novewber.

suslik (M. S. Nocvokreshchenova, 1960). Thereby, the much greater degres of
attachment of X. skriebini, X. gerbilli and X. hirtipes to their hosis was
demonstrated not only by compariscn with a typical nest flea Hecpsyllas sefoss
but also by comparison with Ceratophyllus tesguorum fieas which £re conrected
with tae suslik to a graat degree. During the period of its active exigtence
the 2earf susliks had on their bodies from 3 to & perc.nt of the total number
of F. setcsa and from 12 to 20 percent of C. tesqucrum. Therefore, the degree
of connection of sand rsi fleas of the genus Xenopsylls with their bost is
approximately two-three times greater then that for C. %esquorum and 10-12
times greater than for N. setosa.

Differences in the distribution of male snd fewsle rodent fleas between
their hosts and holes were noted by I. G. Toff (19%1) and M. A. Mikulin (1951).
I. G. Ioff wrote that in the hair of male rodents there sre fewer fleas, as
a rule, then ir the hole, M. A. ¥ikulin, based on his ouxn data os the distri-
bution of fleas of great sand rate, believed that in rodent fleas these rela-
tionships were the opposite. At the same time, both authors considered the
disteibution characteristics of flazes of different sexes common to all rodent
fleaz rather than 5 species characteristic.

The @istrldution of male and femsie fleas has species specificity and
depends on the degree of attachment of the given species to the host (Tadle 3).
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As is evident from Teble 3, with increase in the degree of attachment
to the host there is an increase in the relative number of male fleass en-
countered on the body surfaces of the rodents compared with their numbers in
the holes. For example, in June 1949 male N, setosa fleas were present in
the collections from the susliks to the extent of 16 percent; from the holes,
40 percent; In the sand rat flea X. hirtipes, distinguished by much greater
attachment to t“e host, males amounted to 30-68 percent cf the collections
from the sand rats, and from ll to 22 percent in the collections from the
holes.

Feeding and Reproductive Characteristics of Sand Rat Fleas

The high degree of feeding activity of great sand rat fleas in nature
was demonstrated through a study of their "alimentery index." On the aver-
age, according to owr data, in sand rat flea populations individuals with
blood-filled stomachs were encountered in a smaller percentage of cases than
among dwarf suslik fleas. This is in agreement with the greater attachment
of the sand rat fleas to the body of the host, as a result of which, as was
shown above, they spend comparatively more time on the host, being subject
to & greater degree to the c.fect of the body temperature of the host, which
is =2levated by comparison with the environment. Becsuse of this, the grast
sand rat fleas are distinguished by more frequeat feeding and more rapid
digestion of blood (N. F. Darskaya, 1955; K. K. Murzakhmetova, 1958).

The great degree of attachment of sand rat fleas to their hosts is also
expressed in the distribution of fleas with blood-filled stomachs. While
among suslik fleas such individuals are encountered in the holes and on the
hosts in approximately the same numbers (N. S. Novokreshchenova, 1960), in
the sand rat fleas individuals with blood-filled stomachs are encountered in
nuch higher percentages on the hosts than in their holes (Tables 4 and 5).

The feeding characteristics of fleas which we noted are closely coanected
with the nature of their reproduction., In accordance with the greater connection
with the host and with greater feeding activity, great sand rat flea females
with eggs are encountered on the body of the host in larger numbers than in
the holes. In September 1956 all X. gerbilli females taken from the sand
rats had eggs. In the spring and autumn of 1957 the percentage of females
with eggs of this species on the sand rats amounted to 38-86 percent, whereas
in the holes (in the entrance) the percentage was only 2-16. For dwarf sus-
1ik fleas these relationships were the opposite: the main mass of fleas with
eggs were encountered in the holes.

As is seen from Table L, in Gur'yevskaya Oblast iz the autumn of 1953,
ir the X. skriabini population there were no females with eggs. This was in
sgreement with their lesser feeding activity during this period, because
individuels with blocd-filled stomachs owing to the delayed rate of digestion
of blood were considerably more numerous than in the spring and summer.

There was a8 predominance of young fleas with very much developed fat bodies.
Tnerefore, the autumn population of X. skriabini fed and reproduced less ac-
tively than the summer population, showing characteristics of adaptation to
the winter period. Similar differences between spring and autumn populations
of X. conformis have bveen noted in Dagestan by N. F. Darskeya and others
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Table 4
Codpano S.mx;: (?T" :;:S:u; 3:2‘:;’;:‘;"“”“ ﬂ:" CaMOK C NAUAMK
Data obcaeaoudiins 0‘ » pry I
I. ¢ necwanox he uop ‘3.3“:‘::‘- “# Hopax @&”.,'m:‘::; l m.)a nopax
- ] T T
1933 2. ; ; i '
& Maii 1384 2424 | 221 153 160 75
i o 873 137 19,0 14,2 213 50
D Cenradpn 238 1283 430 21.8 0 0
/5QKTROpPL 7576 1 081 2838 210 0 0
(3} tosbpt 854 63 29,8 19,0 0 0
. 1954 2. X
(W Mait 1477 17931 79 1.0 222 26
1Z1ou1b 871 l 7619 6.3 1,0 10,6 0,6
1, hoas 1497 10555 56 1,2 16 007
T5ARrycT 922 l 3841 | 39 2.6 | 9.6 0.06

1. date of examination; 2. fleas collected; 3. percent of fleas with blood-
filled stomachs; 4. percent of females with eggs; 5. from the sand rats;
6. from the holes; 7. on the sand rats; 8. in the holes; 9. May; 10, June;
1l. September; 12. October; 13. Novemver; lk. July; 15. August.

(1957).

Different relationships exist between the spring and autumn populations
of X. gerbilli and X. hirtipes fleas in Maryyskaya Oblast of TuSSR. The
feeding activity of these species in the spring and autumn is approximately
the same (Table 5). 1In accordance with this, the spring and autumn popula-
tions reproduced actively and females with eggs were encountered in the sawme
pumbers in the spring and autumn.

In observations of the reproduction of X. skrimbini we determined that
two periods of msss hatching occwrred in them: in June-July and September-
November (Table 6). As is seen from Teble 6, in these months the basic
hatching index (the number of young which had just come out of the flea cocooas
and vhich had vary clear chitin) showed the greatest value.

In addition, we made special observations of the times and intensity
of summer hatching of X. skriabini on four groups of cclonies lccated in four
places. Hatching occurred ip all colonies. idowever, the largest number of
young flses was observed in different groups of colonies at different tiwes,
from 20 June to 26 July, 1954. The uumber of young fleas during the period
of summer hatching increased in verious groups of colonies by 5.5-37 times.

Mass summer hatching is apparently characteristic of the majority of
representatives of the genus Xenopsylls, which are parasitic on great sand
rats (N. P. Derskays, 1955; A. F. Dudnikova, 1960).

We did not make sny summer observations of X. gerbilli or X. hirtipes
fleas and recorded only the sutumn (Qctober-November) hatching of these fleas
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Table 6

Intensity of Hatching of Fleas in Holes of Great Sand Rots

'IC20 HuAsnuo sunA0AUMENICR acX (8 %) KO yoeu Ga0Xau B HOPIX
‘2 no*  Aam
Messs @Y Fyphenties odascny { “ ¥ Mapusicxan abasets
Q‘/; X. skefabind X. geebittl X. hictipes
R | 1 1956 1957 R T
Mapr & | - - 10 - 17
Aapeas & ~ - ¢ 0.1 0 0
Maft i 05 03 1.9 1.7 0 1,0
Hown - 2.7 -~ N — —
Hicss O/ - §,0 - — - -
Awrser - - 25 -~ - - -
Centadps 50 15.7 50 86 46
Ourabps 35 - 485 21,1 N6 5,7
o380k (. 590 - 530 26,6 217 20,0
1. month; 2. number of recently nstched fleas in % of all the Tleas {n the
holes by years; 3. Gur'yeveksyx Oblast; 4. Moryyskays Oblast; 5. March;

6. April; 7. May; 8. Juse; 9. July; 10. August; Ll. September; 12. October;

1.30 Novembesr,

{zes Tahle 5).

We judged thn gpresence of wess hatching, in addition, by the relastive
fncresse io the number of msles. 4s is seen from Tebdble 3 and 6, it accompanied
the inwosnse {n the number of young flsas.

Copyscteristics of Change in the Census of Great Sand Rat Fless

Previocusly, we showsd that the mein factey influencing the change In
the Juerf suslik fles geopsus is the census of thoir hosts (K. §. Hovokresh-
chduove, 18905,
’ Jur materisl on great sand rat fleas 2130 show these rules and regula-
tions.
In ths great sand rats thewsslves the raunge of varistion in the census
is -grastar than amdng suslika. Io verious ymars, the 2arly spring depressions
{u ths cenzus of sand Tats are particularly great, giving rise to great spring
Bigessions of flese o the holes of the nests, |

< A&s we have slresdy wentlioned, in the 2pring of 195k, in Zhilokosinskiy
Rayon of Quwr'yevskays Oblest specificslly these conditions were created.
Thereby, great differsncss were found in the nature of the ch-nges in the
i3t leer of sbundsnce per object and the indices of sbundance of the flsas
px bsotsre in connection with the fact that the sand rat census increased
shavply fvom the spring to the summer. The indices of abundsnce of X. skria-
‘picl on the send 7zls gad in the holes psr hectare in May amd June 195k weve
apEruxizsdely the same, whersas the index of sbundance of fleas per sand rat

P
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or hole in June was 3% times less then the index in May as the result of the
marked increase iu the nuzber of sand rats in June over the rumber in May.
Therefore, on the average, there came to be fewer fleas per sand rat.

_ The degree of change in the indices of abundance of the fleas on the
great sand rat per hectare to & great degree fails to.correspond to changss
in the indices of abundsnce per object, whereby this does occur for fleas
of the dwarf suslik. Ia other words, changes in the host census have a
much greaier influence on the great sand rat flea ceasus which are wore
attached to their hosts than the dwarf suslik fleas.

The great degree of connection between Xenopsylla fleas &nd thsir
hosts is demonstrated s2lso through a comparison of the wonthly indices of
the censusss of these fleas on rodents and in the holes. For example,

: despite the fact that in June-July 1954 a mass hatching of X. skriabini
occurred, the number of fleas in the holes did not increase from the spring
to the summer, whereas this index on the sand rats themselves increased oy

. 27 times in July from the figure for June. This occurred because the newly
hatched fieas, which need frequent feeding, very rapidly migrated to the s
sand rats, which at this time had inhabited the majority of vacant colonles.
Nevertheless, in the suslik C, tesquorum fleas mass summer hatching leads to
an increase in the figures for the June census not only on the susliks dbut in
their holes and nests, which is entirely natural if we ccasider the compera-
tivaly lesser degree of relationship between these fleas and the hosts.

Conclusions :
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Study of the ecology of three species of fleas of the great sand rat,
X. skriabini, X. gerbilli gerbilli and X. hirtipes, by means of ths compara-
tive parasitological method showed that the degree of their relationship
with the host exerts e determinative effect un the nature of the basic ecolog-
ical characteristics of each species. In cther words, the ecological charac-
teristics of distribution, feeding activity, reproduction, change in census
studied demonstrate the specific degree of attachment to the host for 2ach
species of flea.
With increase in the degree of attachment of the fleas to the host's
i body there is an increase in the fraction foumd on the host in the total i
tndex of total abundsnce per hectare. The male fleas, liks females with
i . eggs and individuals with blood-filled stomachs,are encountersd in larger
EJ. numbers in the hair of the rodents than in the entrances to the holas.
Sand ret fless are attusched to their hosts to a greater degres then
suslik fleas. This ls conditioned by different modes of life ¢f their hostz.
- The dwarf suslik spends most of the time in its nest, where the fless are
: given the constaat opportunity of eancountering the host. The great sand rats
are more mobile and spend considerably less time in the nest. In accordancs
with this, great sand &t fleas are more attached to their hosts, feed more
often, their migratory activity i2 greater, an changes in the bost cenaus
; have & greater effect on them than on dwarf suslik fleas.
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8 A

Oxygen Consuuption by Suslik Fleas as a FPhyniological Test of Their Vitality

K. I. Kondrashkina end A. ¥, Dubnikova
{Baratov)

Study of the range of adaptive properties of f£leas to environmenial
conditions is necessary to our incrensing owr knowledge of the ecology of
these insects, the vectcrs of the pathogens of arthropod-borpe diseases.

Among the physicel conditions of the environment the “emperature is
oue of the most imporient factors determining the direction and level of
vital yrocesses {(I. V. Kozhenchikov, 1937; N. I. Kalabukhov, 1933, 1956; R. S.
Ushatinskaya, 1657; Suith, 1958).

Change in the rate of oxygen coasumption depending on the enviroumental
temperature iz 8 gensral priceiple for iasects., However, it Is well known
that the level of gas exchange at the same aumbient temperature in insects
living under varicus conditions is differect. This is brought about chiefly
by the fact that various species of insecis have edapted themselves differ-
ently to survival under unfavorable conditicue during the year, Thus, in
insects sdapted to liviang under conditions of reduced temperature usually
a depression of multipiication is observed ln the summer and relatively low
oxygen consumpvion is characteristic of them, Other lnsects have, dwring
the course of evolution, worked out a certain capacity of existence within
& bread temperature range. Such animals are characterized by a relatively
nigh level of gas exchange, even when cooled.

Our task included the study of the effect of changes in the ambient
temarature conditions on the viability of adult suslik fleas Ceratophyllus
tepuuerum and Neopsylle setosa. As an index of the metabolic rate in the
fless at éiffsvent temperatures we selected the rate with which they consumed
axygen, teing guided by the well known principle tbat species of insects
adapted te living st 8 relatively low temperature possess certain gas exchange
cheractacisiles (I. V. Kozhanchikov, 1939; R. S. Ushatinskaya, 1957).

Haterial and Methods
)

He ohtamned the fless for the experiments from the nursery of the
parasitolcgy iabaratery of the "Mikrob"Institute. They all were the progeny
of fleas bred 1 ihe laboratory from individusls caught in the Volgs-Ural
Sands. In the fiszz the degree of oxygen consumptlon was determined by 2
?e;geg proposed Ty B. Fielsen (193E) in the V. G. Shakubazov modification

1952).

The Ileas were put jutc & Yag mede of silk mesh {1 x 129 centimeters)
and then euclosed in glass uvuntginars--microvespirometers with a volume of
200 to 220 micrcliters (Fig .}. 7The open exnd of the microcespirometer aover
was connected with & vubder tube to 8 calibrated micropipat,which was perdizlly
filled with colored apricot oil. A plece of cotton moistened with 5 percent
potassium hydrexide solution for absarptioun of the carbon dioxide given off
by the {leas was pluead on the dottowm of the expanded portion of the wmicro-
respirometer. ¥or uvetter szesling of the apparatus the microrespivometer cover
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and the ead of the rubber tube were smeared with vaseline. The hooks of
the main part »f the wicrorespircmeicy and of the cover were counnected »
means of rubber bands.

For the purpose of assuring stebility of the ambient temperature in
the microrespirometers they were immcrsed in a water bath under the control
of twe thermonmeters.

From five to 50 satiated or unfed fleas of a certain species and <sex
werea put into one microrespirometer. Thereby, we did not find any appreciable
difference in the rate of oxygen consumption per milligram of body weight
depending on the number of fleas usad in the experiment. However, for the
purpoae of cbtsining more accurate experimental deta the majority of expsri-
ments weres performed with 20 fless in each. The carbon dioxide given off by
the flcse was gbsorbved with potassium hydroxide. The quantity of oxygen
consumed by the fleas was recorded by the wovement (drawing in) of the oil
column in the calibrated pipet. Each experiment, perforzed at temperatures
from -5 to 300 lssted ususlly three hours. At higher temperatures we, were
forced to reduce the duratioan of the experiment to one-two hours and even to
30 ninutes becaues of the fnerease in ges exchange of the insects at a high
Veupersture and the limited volume of the wicropipet. Before the experiment
the flese placed in the bay were weighed on a torsion balance. The quantity
of oxygen consumed was calculated in microliters (1 microliter = 0.001 cc)
per willigram of body weight with the use of a correction fesctor for the
herosetric pressure (reduction to 760 millimeters of mercwry znd 0°). In
these caleulstions & correction was also introduced for the change in the oxy-
gen volume in the control container, which was kept under the ssme conditions
but without fleas. At different temperatures 248 experiwents with 9,495 fleas
of the twc species studied were performed.

Results of the Lavegtigation

In setting ahbout the present studies, we started with the premise that
the greatest parasitic activity of C. tesquorum and N. setoss in nature comes
about at different parieds. Thus, N. setosa fleas, parasitic on susliiks,are
found en masse in the spring. By summar their census falls off sherply, and
thea by autumn, with reduction of the subient temperature, their s€asus in
the holes increases again. In connection with this, N. Setoss [leat are cus-
tomarily called winter fleas or, wore accurately, early spring and autumn-
winter fleas (I. G. Ioff, 19:1). C. tesguorum fleas sre perasitic or susliks
from the time they swaken from their winter sleep to the time they go into
hivernation, whick constituved the besis for calling them summer or spring-
surmer fleas (I. G. Joff, 19%1).

Congidering that the nature of gas exchange csn constitute an lndex of
the degree of adaptation of the insects to life under certain teamperature
conditions, we hoped that a study of oxygen comsumptioa 2y fleas under chang-
ing ambieny teuperature ccnditiors would assist in understending the physicing~
ieal nature ol tnis adapration.

The rate of oxygen consumption by fiezs, C, tesgquorum and K. setosa,
zncxe§ses with the incremse in the tewperature to a certain degres (gee the
Table).
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Rate of Oxygen Consumption by C. tesguorum and N. setosa Fleas
under different Ambient Teuperatures

U Hogpedacune Kucaopoan daoxani (s w1 ve | seca o 1 dasc)
L TUNR T NG NpsE TEMIBCPATY P
“,'.'J\ e~ COcTONIE HT0N .. . ame -—— e e -
¢ (.‘2; l.'.iu'mlzovl-zs'.; &5,
Ceratophyllus tesquorum
S Uakopuaenne(®) 0,137 0,159 1047 LISS) 14251 2875, 3320 0488
AMER ) | Tosoanwe (1 | 0,043 0275| 0,738} 1474 | 1,517 x,swi 2,196 | 0,432
o ‘ { Hakopwaemnwe | 0,100( 0243 1.040| 2083| 2,121 4592 4318 1410
-AMIL i | Fotoanme 0,082] 6313] 0.71u| 1,833] 1,833 | 1,954 3348 1,189
Neopayiin  setesa
B Hacopuaennse 0054, 03511 06251 0929| 1037 17891 1926 0270
Auxn | Foaoanue , 0082, 0341 0.594! 0.734) 0,398 | 0436 1591| —
C 1 HaxopuaetHie 0066 0,352| 0,967 1.267| 1,107 0,808 3,180 1,287
AN Tosomae 1 0098 0330 v,854| 1,103 1,058| 2.859| 21221 -
Note. A generally accepted correction (reduction of the gas volume in

the coutainer to 0° and 760 millimeters of mercury) was made in the calcula-

tions for the oxygen consumed.
female was 0.859 milligram;

The average weight of a satiated C. tesguorun
of a satiated male, 0.463 milligram; of an unfed

female, 0.496 milligram; of an unfed male, O.443 milligram; of a satiated
N. setoss female, 0.715 milligram; of a satiated male, 0.465 milligram; of an
unfed female, 0.491 milligram; of an unfed male, 0.375 milligram.

Key: 1. aex; 2. physiological condition of the flea; 3. oxygen consumption
by fleas (in microliters per milligram of weight in one huwr) at a temperature
of; . females; 5. wales; 6. satiated; 7. unfed.

These rules and regulations were expressed distinctly in both females
end males, in satiated as well as unfed individusis. However, increase in
the gas exchange activity and in the relaticaship to the temperature was dif-
ferent in both species of fleas. ¥irst of all, a greater range of variation
in the rate of oxygen consumption is noted in C. tesquorum fleas than in N.
setosa. With increase in the temperature from O to 35° the rate of oxygen
consumption in satiated C. tesquorum females increases froum 0.15%9 to 3.320
microliters; in satiated N. setosa females, only from 2.61 to 1.926 micro-
liters; in satiated C. tesquorum males, from 0.243 to 4.318 microliters; in
. setosa males, from 0.352 to 3.180 microliters (Fig 2). Greater changes
in the gas exchange level are noted in unfed C, tesquorum fleas.

In unfed N. setosa fleas (particulerly females) the reaction to eleva-
tion of the tewperature is lesgs disiinctly expressed, or, wore accurately, it
is of a different nature.

If we compare the figures for the rate of oxygen consumption by flers
at each of the temperatures tested, they are considerably higher, as a rule,
n C. tesquorum fleas. At a temperature of ~50 the fleas of both speciss
are in & torpid state. IUnder these conditicuns, apparenily only tha basal
revabolism {% maintained, conditicned by the functioning of internal orgaus.
The basal metabolism in C. tesquorum fleas {8, 8s a rule, scmewhat higher
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"than in N. setosa.

With =levation of the temperature to 0O the rate of oxygen consumption
in N. setosa fleas increasces by 5-5.6 times whereas in C. tesquorum this
inerease i{s only by 1.1-3.8 times. N. setosa fless, more celd-loving, become
active to & certain degree even at this relatively low temperzture, whereas
in C. tesquorum fleas the gas exchange a%t O° in a number of cases remains 8t
the same level at which it was at -5°. In connection with this, the rate of
oxygen consumption at 3° in N. setosa fleas is much greater than in C. tesquor-
uie

Approximately the same degree of jump iu the rate of gas exchange in
C. tesquorum fleas was observed with increase in the temperature to 100,

This jump was perticularly apprecieble in satiated fleas (see Fig 2). Thus,
oxygen consumpiion at 10° in satiated C. tesguorum females is 6.5 times
greater than at CO; in satiated males, only 4.3 times greater. In N. setose
fleas it increases, respectively by only 1.7 and 2.7 times.

t 8 temperature of 20° the activity of metabolic processes increases
in C. tesquorum and N. setosa; however, once again, mcre actively in the form-
er. Subsequently, the figure for oxygen consumption in C. tesquorum increases
steadily,even with subsequent rise of the temperature to 35Y. Only at LOo
does it fall off sharply with signs of respiratory paralysis and shock. 1In
N. setosa flees in various groups of experiments {unfed femsles and satiated
males), even at 25-300 a certain depression of metabolism is observed; at 35°
excitation, as it were, recurs and oxygen consumption is increased. How-
ever, after an hour's stay at 35 and %00 the majority of N. setosa fleas dies.

Discussion of the Investigation Material

On the basis of the data which we have obtained coucerning the rate of
oxygen consumption by C. tesquorum and N. setosa fleas under different temper-
ature conditions the conclusion way be drawn that the temperature optimum for
these two species of fleas is different. N. setosa fleas adapted themselves
to living at a relatively low temperature. For this species of flea a temp-
arature over 20° is unfavorable. Such a conclusion is in complete agreement
with the mreviously establishzsd idee thst this species is en autum-winter
and early-spring species, and with the principle stated by N. I. Kalabukhov
(1933) ard I. V. Kozhzachikov (1$39) that the metabolic level is more stable
with cooling and, conversely, that it is suppressed with elevation of the
temperature in insects adapted to living under low temperature conditlons.

Our conclusions are in complete agreement also with the materizl of N. S.
Novokxreshchenova, who observed a depression cf the reprcduction of N. setosa
fleas in the summer, and, finally with the data of many other investigators

(V. I. Kuzenkov, 1929; M. M. Tikhomirova, M. V. Zagorskays and B. V. Il'ian,
1935; S. A. Kolpakova, N. P. Lippert, 1937; K. I. Kondrashkina, 1959 and
others) attesting to a sharp reduction in the census of fleas of this species
during the summer. However, it should be noted *hat the cause of the hole
nide of Llife and in a number of cases by virtue of particularly favorable
conditions (in years with & humid cool summer) a certain part of the population
of sdult N. setosa fleas can survive throughout the summer.

The high level of oxygen consumption by C. tesquorum fleas and the
steady increase {n its rate as s function of the elevation of temperature from
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-5 to 35° characterizes this specles of flea as adapted to existence under
conditions of considerable temperature variations. The results of our ex-
periments are also confirmed by datas which have been obtained in nature

(v. I. Kuzenkov, 1929; M. M. Tikhomirova, M. V. Zagorskaya and B. V. Il'in,
1935; S. A. Kolpakova and N. P. Lippert, 1937, and others). These investi-
gators found C. tesquorum fleas in the nests of dwarf susiiks, not only in
the suzmer but also in February as well as in the late autuan, in October-
Novenber .

Similar data were alspo ottained by N. F. Lapina and A. D. Luk'yanova,
who showed that C. tesquorum fleas swvive better than N. setosa fleas
under conditions of considerable temperature variations. Ian their experi-
ments . tesquorum fleces lived much longer than N. setosa fleas not only at
high temperstures but also at low temperatures.

The =resistance of adult C. tesquorum fleas to low temperstures is
euphssized even more by thair capacity of reproducing after being kept for
a8 long tvime at low temperature. In our experiments C. tesquorum fleas kept
at -5° for a month multiplied after this just as successfully as N. setosa
{leas.

Taerefore, the idea that C. tesquorum is a spring-summer flea or par-
ticularly a summer species is erroneous, in owr opinion. The fact that
adult C. tesquorum fleas were found in nests in February as well as in Octo-
ber-November cannot be regarded as a chance phenomenon as is indicated dy
I. G, Toff (1941). An analysis of dats in the literature on this subject,
our experimental da:ia as well as new supplementary waterial presented in the
work of N. S. Novokreshchenova (1960) and by N. F. Lapina and A. D, Luk'yan=
ova permit us to consider this phenomenon a regular oune,

The relationship between the metabolic rate and the sex of a fiea is
of scme interest. In almost all experiments males consumed much more axy-
gen per unit of body weight than the females. More active oxygen consumption
by males is apparently associated with their greater activity, chiefly wilh
their greater movement. At & temperature of -59, when the fleas lose the
power of movement and the metabolic level is determined only by its basal
portion, these differences in the respiratory rates of males and females are
slight.

The more active oxygen consumption by satiated than unfed C. tesquorum
fleas noted in experiments with high temperatures is associated with an
increased energy expenditure under these conditions for digestive processes.

Conclusions

1, The ambient temperature is an essential factor in determining the
level of oxygen consumption in C. tesgquorum and N. setosa fleas. The higher
the ambient teuperature the more actively oxygen consumption occurs i{n them.

2. A lower level of oxygen consumption at temperatures above 20° in
N. setosa fleas than in C. tesquorum is evidence of the adaptation of this
species of flea to life under conditions with a relatively low temperature.
These data are in couplete agreemsnt with the recently established idea that
these insects are early-spring and autumn-winter species. )

3. Under the same temperature conditions {. tesquorum fleas consumed
much more oxygen, as & rule, than N. sctosa fleas. Thereby, a steady
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increase in the rate of oxygen cunsumption by C. tesquorum flees was Jbcerved
when the temperature changed within limits of from -5 to 35%. These data
permit us to conclude that adult C. tesquorum fleas adapted themsclves to
life not only under conditions of nigh summer temperatures but also under
conditions of low winter temperatures.

L. Oxygen consumption in the males of both specles of fleas is higher
than in females, which is aspparently associated with their greater movement.

9. At high temperatures satiated C. tesquorum fleas consume more Oxy-
gen than unfed fleas. The increased energy expenditure in satiated fless at
high temperatures is apparently associated with an incresse in the digestive
process under these conditions.
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TREATMENT AND PATHOGEN3SIS

Treatment and Prophylaxis of Experimental Plague with Monomycin, Neomycin and
Antibiotics of the Tetracycli.ne Series

G. N. Lenskaya, Ye. I. Smirnova, N. R. Ivanov, A. P. Yermilov, M. V. Zubova,
S. K. Gizzatullina, A. F. Mel'nikova, G. K. Kovalev, N. P. Arkhangel 'skaya
!Saratov)

In 1954-1955, D. C. Savoatin, G. N. Lenskaya and others at the "Mik-
rob"” Institute determined the high degree of therapeutic effectiveness of
colimycin and mycerin for the treatment of bubonic and pneumonic plague in
guinea pigs (D. G. Savostin and others, see the present collection). The
results of the experiments were reported in December 1955 at the interinsti-
tute scientific conference of plague-control institutions at Saratov. The
high degree of therapeutic activity of colimycin and mycerin for the treat-
went of bubonic and pneumonic plague wade it possible for the authors to
recommend these preperations, equal in their effectiveness to streptomycin,
for the treatment cf human plague. Similar results were obtained experiment-
ally by G. A. Zakharova (1960) for colimycin in the treatment of bubonic and
preumonic plague in guinea pigs and by Ye. N. Aleshine, L. N. Makarovskaya,
I.S. Tinker and Z. D. Khakhina (1959) for colimycin and mycerin in the treat-
wment of experimental bubonic plague. However, whean treatment with colimycin
and mycerin in daily doses which when recalculated came close to being the
doses prescribed for man in the treatment of pneumonic plague, was given late
the percentage of animals which recovered decrisased, according to the data of
the "Mikrob" Institute.

As far as entibiotics of the tetracycline series are concerned, the
good therapeutic effect of which for experimental plague was pointed out by
L. N. Makarovskaya (1955), L. N. Makarovskaya and others (1959, 1960) as well
as some foreign authars (Sokhey and Habbu, 1952 and others), it is hard %o
share the opinion of these specialists. The situation is that for the crz2a-
tion of a therapeutic concentrstion of the preparations in the bodies of
white mice L. N. Makarovskaya and coauthors used biomycin [;ureomyci§7,
terramycin and tetracycline in daily doses of as much as 20 milligrams for
oral administration and as much as 2 milligrans for intramuscular injections.
Only such tremendous doses of the preparations assured a good therapeutic
effect for the treatment of white mice infected subcutandously with the plague
pa*hogen; smller doses were not very effective or were entirely !neffective.
In recalculating these doses for a person's wefght this amouats to as much as
60 grams a day when the preparations are given by mouth and as much as 6 grams
a day fur subcutaneous injection. It goes witimout saying that such doses are
absolutely inacceptable for man.

Acccrding to the data of Sokhey and Hebbu, for the successful treatment
ol plague in white mice with the use of aureomycin it is necessary to escribe
£ in a dose of 6 milligrams per day by mouth, which when converted to a per-
son's weight amounts to 18 grams a day and is also an impractical dose.
Finally, we determined the fact (see below) that a considerable percentage of
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white wice infected with bubonic or pneumonic plague can be cured by subcu-
tancous injection of the soluble preparations of aureomycin and terramycin
qply when doses of no less than 1-1.5 milligram a day are prescribed. Ccn-
verting this to a person's weight, it amounts to 3-4.5 grams of the prepera-
tion a day by subcutanecus injection, whereas, according to pharmacopoleal
data, the highest daily dose of sureomycin or terramycin for man is 2 grams
a day. The treatment of white mice with doses satisfying these requirements
was {neffective,

Therefore, according to these data, preparations of the tetracycline
series are hard to recommend as substitutes for streptomycin in the treatment
of plague In people. True, K. Ramachasdran (1952) and G. Girard (1953) tried
to treat bubonic plague in people with aureomycin and terramycin and noted a
positive result with a dose of 2.5-7.5 grams a day. However, their observa-
tions are not particularly numerous. In addition, they said nothing about the
toxic side effects of the preparations themselves on the human body, which
undoubtedly did oceur.

Of the group of other antibictics Sckhey and Habbu used chloromycetin
for the emergency prophylaxis of plague in experiments on white mice. The
treatment was effective when such doses were prescribed which when converted
to a person's weight were equal to 1k grams a day (336 willigrams for a
seven-day course of treatment of a white mouse), which certiinly cannot be
appliceble to treatment of people. In our experiments the use of therapeutic
doses of chloromycetin was absolutely ineffective.

' As fer as the observations of L. N. Makarovskaya, Ye. N. Aleshina and
Ye. N. Lazareva (1960) concersing the high degree of therapeutic effectiveness
of the dibenzylethylenediamine salt of chlorotecracycline are concerned, these
data require clarification and chiefly with respect to the dosage and treatment
plans. The authors injected 3 milligrams of the preparation into white mice
intramuscularly in e single dose, repeating this injection three-fow times
at two-day intervale. Therefore, it would be necessary to administer Q granms
of the preparation in a single dose to a person in asccordance with his weight
for the purpose of creating the necessary therapeutic concentration. The
authors do not mention whether such dosage satisfies pharmacopoieal require-
wents, failing to axplain alsc why they consider it possible, in spite of
generally accepted treatment principles with antidbiotics, to use a two-da¥
interval between the separate ‘njections. Is & large depot created from the
fnjection of the dibenzylethylenediamine salt of chlorotetracycline,or sre the
positive treastment results conditioned by the exceptional tolerance of white
mice to preparations cf the vetracycline series and do these doses assure a
therapeutic concentration of it ia the blood for two days? In addition, death
of the control (infected but untreated) animals 5z days after infection is
evidence of the inadequate acuteness of the experiment, which undoubtedly leads
%0 an overestimation in the results.

Therefore, at the present time there is only one effective and completely
tested agent for the treatment of plague in people, streptomycin, and there are
colimycin apd mycerin, which are eguivalent to it in therapeutic effect and in
the degreeof taxicity experimentally. All this causes us to continue our search

T . .for nev effective and leas toxic antibiotics.

With this aim in view, for the treatment of experimental plagus in
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guniea pigs we tested the Soviet antibiotic monomycin which has been com-
pletely characterized in the literature, both with respect to the cultures
producing it and the technology of production of the preparation and with
respect to the determination of its interralationship with antibiotics of
the neomycvin-kanamycin group as well as its pharmacological characteristics,
including toxicity and propixvlactic and therapeutic preoperties for a number
of infectious diseases experimentally and clinically [Ebnomycin is preduced
by Actinomyces circulatus var. monomyciq£7 (Gauze and others, 1960; V. A.
Shorin and others, 1960; S. D. Yudintsev and I. A. Kunrat, 1960; V. A. Shorin
and others, 1960; V. S. Muraveyskaya, 1960; M. G. Brazhnikova and others,
1960; I. P. Belova, 1960; N. S. Pevzner, 1960; S. P. Shapovalova, 1960; M. G.
Rufanov and others, 1960; I. &. Kunrat, 1961; L. P. Ivanitskaya, 1961; V. A.
Shorin and others, 1961; T. P. Vertogradova, 1961; Ye. I. Tsvetkova, 1961).

The foreign antibiotic neomycin, which was given a positive appraisal
by Meyer (1952),was also tried out.

In this work data are being presented on the testing of antibjotics
of the tetracycline series.

The Testing of Monomycin

Monomycin was tested on guinea pigs. Streptomycin, which is the stand-
ard for the experimental treatment of bubonic and pneumonic plague in lsbora-
tory animals, served as the control of the therapeutic effectiveness.

The experiments were performed under acute conditions with the use of
a massive infecting dose of a virulent strain of the plague microbe (1000 CLD).
The guinea pigs were infected endotracheally with this dose, &s a result of
which they developed primary pneumonic plague.

Treatment of various groups of animals was begun eight, 24, 48 and 56
hours after infection, that is, in the incubation period (eight hows), in
the initial stage of the disease {24 hours), and then in the phase of dissem-
iration of the infectious frocess with clearly expressed bacteriemia and foci
of inflammation in the liver and spleen (48 hours) and, finally, in the pre-
agonal state, the phas: of acute sepsis (56 howrs).

Fach serles of experimeats was accompanied by an appropriate control.
The control {infected but untreated) guinea pigs in all experiments died in
100 percent of the cas:s with average lifespans from 3.4 to 3.8 days, that is,
in the usual period for endotracheal infection with such a massive dose of a
virulent strain of plague microbe,

The treatment ol various groups of infected animalsc was conduected with
different daily doses of monomycin and streptomycin: 12, 18 and 24 milligrams
8 day. Ine course of treatment was equsl to seven days; the intervals between
injections were eight hours. It should be noted that the comperative treat-
ment of pneumcnic plague with monomycin and streptomycin in guinea pigs was
conducted four separate times. Each time the same results were noted, which
wade it possible to combine the data obtained from the treatment of 480 guinea
vigs into Table 1.

As is seen from Teble 1, monomycin proved to be a very effective prep-
aration, similar in its therapeutic effectiveness to streptomycin and, there-
fore, to colimycin and myeceérin (the bactericidal activity of thege antibviotics
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as well as their therapeutic effectiveness are practically equivalent).
Even with dosages of 12 milligrams e day the percentage of guinea pigs cured
with this antibiotic was not much different from the percentage cured by
streptomycin. AL the same time, the following attracts attention.

In a daily dose of 12 milligrams monomycin is somewhat inferior thera-
poutically to streptomycin. 'Thus, while at the beginning of treatment with
both antibiotics practically the same results were obtained eight hours
after the infection, in experiments in which treatment was given 24, 48 and
56 hows after the infection, that is, during the period in which dissemin-
stion of the infection developed and é¢uring the phase of sepsis, the number
¢f auipals cured with morouycin was 20-33.3 percent less than the number
cured from the use of streptomycin.

With lncresse of the daily dose to 18 milligrams the difference between
the therapeutic effects of monomycin and streptomycin was practically erased. *
For propanylaxis this dose mroved to be equally effective for both antibiotics.

In groups in which treatment was begun late, 48 and 56 hours after the infec~

tion, the therapeutic effectiveness of wonowycin was inferior to that of .
streptomycin by a total of 6.7-8.0 percent. Therefore, with increase of the
daily dose to 18 milligrams the effect of these satiblotics can be considered
the same.

Wtth & daily dose of 24 willigrams, both under prophylactic conditions
and during treatment tegun 2k hours after infection, monomycin and strepiomy-
cin also gave the same or almost the same therapeutic effect. In groups in
which treatment was begun in the phase of acute dissemination and sepsis
(48 and 56 hours after the infection), the advantage of monomycin over strep-
tomycin came out clzarly. Thus, in treatment dw ing the phase of acute dis~
semination with the use of monomycin 26,7 percent more guinea pigs wers cured
than with streptomycin; duwring the phase of sepsis, 13.3 percent more.

Such results were brought about by the lower degree of toxicity of
monouycin than of streptomycin, which in a daily dosage of 24 wmilligrams
reduces the percentage of guinea pigs cured, as has been pointed out above.
The toxic effect of this dose of streptomycin, superimposed on the toxicosis
produced in the guinees pigs by dissemination of the plague infection, causes
a detericration in the condition of the animels, as the result of which the
percentage of guinea pigs which recover 1is reduced (D. G. Savostin, G. N.
Lenskaya and others, 1961). The therapeutic effect of mononycin used in this
dose is increased. Therefore, the lower toxicity of monomycin permits
_increasing its dally dose for the trestment of pneumonic plague in guinea ;
pigs to 24 milliigrams, and, by the same token, makes it possible to increase '
its therapeutic effect considerably.

. Similar results in the treatment of bubonic plague in guinea pigs with

- mosomyein were obtained by C. A. Zakharova (see the pressgt collection). In
*tmse experiments, just ‘as in the treatment of pneuwonic plague, the advant-
age of monomycin was shown particularly when treatment was begun late (72-96
hours after infection).

The results obtalned permit us to consider menowycin a full-scale sub-
stitute for streptomycin, particularly under conditions where the treatment
of plague has been begun late.
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Table 1

Comparative Therspeutic Effectivcness of Monouycin and Streptumyclin in
Pneumonic Plague in Guinea Figs
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1, preparation; 2, number of guinea pigs surviving (in %) when treatment vas
begun after: 3. hours; b daily dose of 12 milligrams; 5. streptomycin;
6. wonomycin; 7. daily dose of 18 milligrams; 8. daily dose of 24 milligraus.
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Testing of Neomyctia

The therspewtic and prophylactic effectiveness of neomycin was also
wied cet in experiments cn guinea pigs. They were infected by the endotra-
cheal method--ir one series of experiments with a dose of 40O CLD of a viru-
lent strain of the plague microve; in another series, with 1000 CLD. In both
the firat and secound series of experiments death of the control untreated
apnimals occurred in 100 percent of the cases from 3.3 to 3.9 days after infec-
tion.

The therapeutic erfectiveness of neomycin was coupared with the thera-
reutic effectiveness of siveptouycin and wmycerin under the same experimental
xonditions. The therapeutic preparations were given to the animals subcutan-
gously thrae times s day with an eight~hour interval between the injections
fur seven days. The ¢ally dose of each preparation was equal to 18 milligrams.
e inisetion of the praparatios was begun 12 hours after the infection (pro-
rhylexis), or 24, 48 or 56 howrs after the infection (treatment).

The resulte of the experiments cbtained from the treatment of 280 guinea
pige (22 in esch experimental group) are shown in Table 2; 16 control guinea
pigs died after three days.

As {s seen from Toble 2, the therapeutic effectiveness of neomycin is
almost equivalent to that of streptomycin. True, with prophylaxis begun 12
hours after infection as well as when treatment I& begun in the early stage
of the ¢isease, that iz, 24 hows after infection, sowe advantage of strepto-
mycin is seen: under these conditions, among the animels treated with
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Table 2

Comparative Therapeutic Effectiveness of Neomycin, Streptomycin and Mycerin
in Pneumonic Plague in Guinea Pigs
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1. preparation; 2. number of swviving guinea pigs (in %) when treatment was
begun after: 3. hours; 4. neomycin; 5. mycerin; 6. streptomycin.

streptomyein 10-20 percent more survived than after treatment with neomycin.
However, in more neglected cases of the disease, that is, when treatment was
begun 48 and 56 hours after infection, no such difference was noted. The
effectiveness of mycerin in all experiments, when it was used for prophylact-
ic purposes or for treatment of pneumonic plague in guinea pigs, was practi-
cally the same as that of neomycin, which was to be expected, because neomy-
cin, colimycin and mycerin belong to the same group of antibiotics. Of the
88 guinea pigs treated with neomycin 63 survived; of the same number treated
with mycerin, 61.

Testing of Antiblotics of the Tetracycline Series

The antibictics aureomycin, terramycin and tetracycline have been
tested for the experimental treatment of plague and, in addition, have been
tested abroad for the treatment of people sick with plague.

It has been shown that the oral administration of these antibiotics
far the treatment of experimentel bubonic and pneumonic plague in doses per-
mitted by the pharmacopoiea is ineffective (D. G. Savostin, Ye. I. Korobkova
and others, 1958; Ye, V. Buntin and G. A. Zakharova, 1958; L. N. Makarovskays,
1955; Ye. L. Semenova, A. L. Kartashova, 1957).

Considering the high degree of toxicity of preparations of the tetra-
cycline series observed experimentally and clinically (M. Kh. Lepper and
others, 1953; G. Ya. Kivman and A. M. Khsritonova, 1957; I. V. Isupov and V.
K. Klochkova, see article in the present collection) and the fact that the
highest daily dose for man should not exceed 2 grams a day according to the
pharmacopoiea, it was decided to check these preparations for the trestment
and emergency prophylaxis of bubonic.and pneumonic plague in white mice with
the use of tolerance therapeutic doses. )

In the experiments 4,685 animals were used. As a standard of thera-
peutic effectiveness, &3 in all previous experiments, the therapeutic effect-
iveness of streptomycin was used. The following daily dosages were adminis-
tered: O.4-0,7-1-1.5 milligram. When converted to & person's weight this
amounte to l.2-2.1-3-4.5 grams a day. The first two doses do not exceed the
daily doses provided by the pharmacopolea; the other two are over the limit
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of the therapeutic tolerance doses. These extra high doses were used pw-
posely in the experiments with the aim of a mcre accurate evaluation of the
treatment results with these antibiotics. The preparations were injected
subcutaneously three times a day at eignt-hour intervals for seven days.

The bubonic form of plague in whiie mice was produced by subcutaneous
infection; the pneumonic form, by intranasal infection. For the infection
massive doses of a virulent strain of plague microbe were used: for subcu-
taneous infection, from 2CC to 1000 CLD; for intranasal infection, 25,000,000
and 50,000,000 microbes. This quantity for subcutaneous injection amounts
to 100,000 and 200,000 CLD. It does not seem possible to determine one
CLD for intranasal administration or to work with a smaller number of CLD's
by this method of infection because of the marked reduction of the nuamber of
microbes in the infecting dose from the encounter with antagonistic microbes--
common inhabitants of  the respiratory tract (ow observations)--and because
of the protective function of ciliated epithelium of this tract (Smith P. N.,
McCamich J., 1957).

Before veginning the emergency prophylaxis and treatment experiment,
the time of onset of the iafectious process and dissemination of the plague
pathogen in white mice was determined for both methods of infection. It was
determined that in both cases 12 hours after infection the bacteriological
signs of' the disease are absent in white mice. Twenty-four hours after sub-
cutanecus infection a distinct process is observed in the regional lymph nodes
and, in various cases, dissemination of the ianfection is seen. After intra-
nasal iafection at this time the disease vathogen can ve isclated from the
regional lymph nodes, irom the lungs,and in some of the animals at this time,
Just as after subcutaneous fnfection, dissemination of the infection is noted.
Thirty-six and 48 hours after infection by either method a severe disseminated
form of plague develops in the great majority of animals, and in many cases
there is sepsis. In connection with this, the administration of the anti-~
biotics 12 hours after infection was considered prophylactic. The use of the
preparations 24, 36 and 48 hours after infection was considered treatment.
Thereby, it stould be emphasized once again that the majority of sick mice
vere in the phase of acute dissemination and sepsis by the beginning of treat-
ment.

Death of the control (infected but untreated) white mice occurred in
all experiments from 2.4 to 3.1 days after subcutaneous or intranasal infec-
tion. However, jt should be noted that avout 8 percent of the white mice in
the control group also survived in special experiments, repeated many times,
Tor the determination of dissemination of the infection, which should be
teken into coneideration in evalueting the results of the experiment. 1In
connaction with the existence of mice resistant to infection, the percentage
of animals cured twns out to be too high by cowparison with data obtained
in the experiments on guinea pigs.

The data of the experiments are summsrized in Table 3.

An snalysis of these data makes it possible to state confidently that
streptomycin in any of the dosages tested turned out to be, as always, the
most effective in experiments of emergency prophylaxis as well as for the
treatment of both clinical forms of plague. The comparatively low survival
of white mice after treatment of bubonic plague with these antibiotics is
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Table 3

Treatment and Prophylaxis of Bubonic and Pneumonic Plague in White
Mice with Antibiotics of the Tetracycline Series cnd Streptomycin
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1. daily dose of antibictics, milligrams; 2. number of surviving mice (in %)
in the case of treatmeat with; 3. auwreomycin; 4. terramycin; 5. tetracycline;
6. streptomycin; 7. prophylaxis of bubonic plague; 8. treatment of bubonic
plague; 9. prophylaxis of pneumonic plague; 10. treatment of pneumonic plague;
1ll. not treated; 12. the same.

explained by the fact that the majority of sick animals was, as bas been stated
above, in a state of very severe dissemination of the pathogen and sepsis at
the beginning of treatment. Under these experiumental conditions this percent-
age of recovery after streptomycin treatment f{s the usual one for guinea pigs.
At the same time, in comparing these data with data cbtained from the treat-
ment of animals under the same experimental conditions with tetracycline, the
complcte ineffectiveness of this antibiotic is distinctly demonstrated. :
As far as aureomycin and terramycin are concerned, for the evaluation
of their therapeutic effectiveness a more detalled asnalysis of the resulis
cotained from the use of different doses is needed, because when the dats of
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Tsule 3 are considered as g whole Tor the tlotal number of animais cured, re-
gardless of the dose of the preparation, the incorrect conclusion can be
drawn that thesec antibiotics are effective for boun cases of emergeacy pro-
phylaxis and ireatment of both clinical forms of plague. liowever, comparing
the results of treatment according to dcsages, the insdequacy of aureomycin
and terramycin comes out distinctly, and the advantage of strepitomycin is
cleerly seen when doses are used yernitted by the pharmacopoiea. This is
very clearly seen from Table 4, in which the results of treatment of 2,386
white mi~e with daily doses of O.4 milligrem-0.7 milligram (1.2-2.1 grams
for man) are summarized and frow Table 5, which depicts the data when daily
doses of 1-1.5 milligran (3.0-4%.5 grams for man) were used for the treatment
of 2,272 wnite mice.
Table & Table 5
Treatment and Prophylaxis of Bubonic Treatment and Provhylaxis of Bubcnic
and Pneumonic Plague .n White liice and Pneumonic Plague in White Mice
with Antibiotics of the Tetracycline with Antibioties of the Teiracycline
Series and Streptomycin (Daily Doses Series and Streptomycin (Daily Doses
of Antibiotics 0.4-0.7 ug) of Antibiotics 1-1.5 mg)
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1. number of surviving mice (in @)
when treated with; 2. aureomycin;
3. terramycin; U4. tetracycline;

5. streptomycin; 6. prophylaxis of
oubonic plague; 7. treataent of
bubonic plague; 8. prophjlaxis of
pneumon ic plague; Q. treatment of
prneumonic plaguel 10. not treated.
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Analyz ing the data of Tables 4 and 5, it should be nouted that aureo-
mycin, and, with greater reservation, terramycin in therapeutic doses can be
prescribed only for the emergency prophylexis and only in bubonic plague.

The use of these preparations for the treatment of bubonic plague is less
efficient, and in pneumonic plague both these antibiotics are absolutely in-
effective under these conditions both with respect to the absolute percentage
of positive results and by comparison with the results of streptomycin treat-
ment. Good results in the prophylaxis and treatment of bubonic plague in
white mice and satisfactory results for pneumonic plague can be obtained
only when daily doses are prescrited which are very much greater than the
doses permitted by the pharmacopoeia aud, therefore, are toxic for man. For
practical purposes, this mekes very doubtful the expediency of utilizing
terramycin and aureomycin for the treatmeat of plague.

Coaclusiouns

1. The antibiotic monomycin is, in its therapeutic effectiveness, just
as valuable & preparation for the treatment of plague as streptomycin, coli-
mycin and mycerin.

2. The lower degree of toxicity of monomycin than that of streptomycin,
colimycin and mycerin permits prescridbing it in higher daily doses, which
contributes to an increase in the number of persons recovering in case of
delayed treatment of plague.

3. Therapeutic effectiveness of neomycin for the treatment of pneumon-
ic plague in guinea pigs is, for practical purposes, equivalent to the thera-
peutic effectiveness of sireptomycin and mycerin.

L. Of the antibiotics of the tetracycline series the aniibiotic tetra-
cycline cannot be recommended in therapeutic doses for purposes of emergency
prophylaxis or treatment of plague because of its ineffectiveness exper iment-
ally.

L P SO VSO

The antibiotic aureomycin and, less successfully, terramycin can be
used only with the aim of emergency prophylaxis of bubonic plague. Both
preparations are relatively ineftfective for the treatment of bubonic plague,
and for emergency prophylaxis and treatment of pneumonic plague they ere
entirely ineffective.
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Treatment of Bubonic and Pneumonic Plague in Guinea Pigs
with Colimycin and Mycerin

D. G. Savostin (deceased), G. N. Lenskaya, Ye. I. Karobkova, V. M. Tumanskiy,
A. M. Autonov, B. N. Ivanovskiy, N. K. Vereninova (deceased), V. N. Kuznetsova,
L. &, Uvola, Yu. I. Smirnova, A. P. Yashchuk
(Saratov)

In the preéssnt work, done in 1954-1955, the group of authors set before
themselver the task of studying the effectiveness of colimycin and mycerin in
the experimental treatment of bubonic and pneumonic plague with the aim of
supplemsnting the set of agents for curing this infectious disease.

The experiments on aniwals were preceded by a study of the direct
action of the preparations on the plague microbe in test-tube experiments as
vell as a test of the toxicity and determination of the tolerance dose for
guinea pigs in the case of colimycin and mycerin by comparison with strepto-
wycin.

It had been determined by previous experimeats that streptomycin in a
concentration of 50 micrograms per cc after six hours completely suppresses
the growth of all straius of the plague microbe used in the experiment.
Compared with it, the bactericidal activity of colimycin and mycerin in the
saxe concentration was higher: colimycin killed all the plague microbes in
the concentration used for these experiments (100,000,000 microbes) in five
hours; mycerin, in fowr hows (Table 1). Experiments for checking toxicity
showed that colimycin and mycerin, like streptomycin, when adwinistered for
a month in a daily dose of 24 milligrams were readily tolerated by healthy
gunies pigs. Recalculating for human weight, this dose is equal to 4.8 grams,
that is, i3 close to the daily dose of streptomycin which has now been set in
exiscing instructions on the treatment of patients with plague and emergency
prophylaxis of those who have bezn ia contact with them and which is pre-
scribed for the treatment of primary pneumonic plague (5-6 grams a day).

. After determining the degree of toxicity of these preparations e wvumber
of experiments were performed for the treatment of bubonic arnd pneumonic
plague in guinea pigs with colimycin and mycerin.

In the first experiment the therapeutic effect of streptomycin was
taken as the standard of therapeutic effectiveness, whereby guines pigs in-
fected sudbcutsneously with 10 CLD of a virulent strain of plague microbe snd
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The Action of Streptomycln, Colimycin and Mycerin on the Plague Microbe in
Test~Tube Experiments ’
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Arbitrary designations: 444+ solid growth; ++4, from 2000 to 500
colonies; ++, from 500 to 100 colonies; 4, less than 100 colonies; -, no
growth.

Key: 1. antibiotic; 2. concentration, micrograms per cc; 3. growth of the
culture on agar plates, hours after plating out of experimental test-tubes;
L. hours; 5. streptomycin; 6. colimycin; 7. mycerin.

treated for 10 days with streptomycin should survive in 80 percent of the
cases. Treatment was begun an hour after the i{nfection. The antibiotics
were injected subcutaneously into the guinea pigs at four-howr intervals six
times a day. The daily dose of each antibiotic was equal to 12 milligrams
which when converted to human weight is equal to 2.4 grams, that is, the dose
; pruvided for by instructions for streptomycin treatment of uncomplicated

' bubonic plague (Table 2).

In these experiments the high degree of effectiveness of colimycin and
uwycer in was also determined; these were not iaferior to streptomycin. Thus,
after infection, when treatment was begun after 48 hours 100 percent of the
animals were cured with streptomycin and mycerin; 90 percent, by colimycin.
When administered T2 hours after infection streptomycin cured 90 percent;

! colimycin, 100 percent; mycerin, 80 percent of the guinea pigs. All the con-
« trol gulnea pigs died with an average of lifespan of 6.4 days.

In evaluating the results of tle given experiment the idea arose that
when treatment was begun late possibly the high degree of effectiveness was
achieved through the use of too high a daily dose of the therapeutic prepara~
tions, equal to 4.8 grams when converted to human weight, which is used for
the treatment of pneumonic plague. In comnection with this, in the next
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Table 2

Compar ative Therapeutic Effectiveness of Colimycin, Mycerin and Streptomycin
: in Bubonic Plague of Guinea Plgs

Cytos Hneso DHMKHILNX eBHKOK (9 %)
"""."" l::;.:‘.f- Ly NPu NAUsAL ACUCHHN ueDed
/2’ ur 1 _w:(ﬂ 24 usca l 48 uacos | 72 wace
-

3apaxaloh4}u doaa 10 DCl

Cvpenrouuu_ug@ 12 100 - - =
Koauunuun’y 12 100 — - —
Muuepunis 12 6) - — -
Crpenvoununy o/ 24 - 100 - -
Koausmnuns G 2¢ - i 90 - -
Muuepusn (9/‘« 24 -— ‘ 90 - -
Sapaxamuas dosa 100 JCI
Crpentouxunn 12 - i - - 80
Koanumumun _7 12 -y - - 80
Muuepnn 5 12 - 4 = - 70
Crpenroustiny 24 - - 100 90
Koausxwun 2 - ' - 90 100
Muuepun 24 - - 100 80

Note. The course of treatment was 10 days; the interval between in-
Jjection of the preparations was four hours.

Key: 1, preparation; 2. daily dose of the preparation, willigrams; 3. number
of surviving guinea pigs (in %) when treatment was begun after; 4, howrs;

5. infecting dose, 10 CLD; 6. streptomycin; 7. colimycin; 8. mycerin; 9. in-
fecting dose of 100 CLD.

experiment the daily doses of all three antibiotics were again cut in half,
to 12 milligrams. Treatment of the guinea pigs was begun- 72 hours after subdb-
cutaneous infection with 100 CLD of a virulent plague microbe culture and was
given for 10 days at four-hour intervals. Despite such rigid experimental
cond itions for treatment with streptomycin and colimycin,80 percent of the
guinea pigs survived; when treated with mycerin, 70 percent survived.

Therefore, colimycin and mycerin, like streptomycin, were exceedingly
effective preparations in the treaiment of bubonic plague, and this included
treatment begun late.

In subsequent experimeats the therapeutic effectiveness of colimycin
and mycerin were tested for the experimental treatment of pneumonic plague in
guinea pigs. The guinea pigs were infected intratracheally with 100 and 1000
CLD of a viruleant strain of the plague microbe. (Since it is impossible
accurately to determine 1 CLD in the intratracheal method of infection with a
very small number of microbes because of lack of standardization of the method
(the presence of antagonists in the common microflora of the trachea and lungs),
the nuwber of microbes which killed the guinea pigs in 100 percent of the cases
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by subcutaneous infection was taken as 1 CLD. For the strain of plague

microbe used in experiments for treatment of pneumonic plague 1 CLD by sub-
cuteneous infection was equal to 50 microbes). The treatment was given for

10 days at four-hour intervals. Daily doses of the preparations in the first
experiment (after infection with 100 CLD) were equal to 24 milligrams; in
subsequent experiments (after infection with 1000 CLD), 24 milligrams in one
series; 12 milligrams in another. Treatment was begun 24 hoixrs after iafec-
tion, that is, befare the onset of dissemination, 48 hours after the infection--
during the period of development of the dissemination--and 72 hours after
infectlon--during the phase of acute dissemivation and sepsis (Table 3).

:
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Table 3

Comparative Therapeutic Effectiveness of Colimycin, Mycerin amd Streptomycin
in Pneumonic Plague in Guinea Pigs

Uncao SUMUSENE CRMNOK
Tipenspar Cy:c;wn 2038 ‘ {» % upu/uum MENENNT WPEI
! @ | M wld’ l 48 wacoe ] 72 we

@&pazunm dasa 100 DC!

@C NTOMMUMH 24 - 90 -

Kmununu 2¢ — 80 -

(&Mnuepns 24 - 0 -
anqwaouas dosa 1000 DCI

Crpentoununy ;& | 2 - 100 20

Kmnuunuqf 3 i 24 — 80 40

Crpemounueu & 12 90 95 30

Koawusnuwu (2 12 80 90 k)

Muuepus ¢ i 12 80 90 20

Note. Course of treatment, 10 days; interval between injections of
the preparations, 4 howrs.

Key: 1. preparation; 2. daily dose of the preparation; 3. number of guinea
pigs surviving (in %) when treatment was begun after; 4. hours; 5. infecting

dose of 100 CLD; 6. streptomycin; 7. colimycin; 8. mycerin; 9. infecting dose
of 1000 CLD.

As is seen from Table 3, in a tase of intratracheal infection of
guinea pigs with 100 CLD of a virulent strain of the plague microbe and when
treatment was begun 48 howrs after infection with daily doses of 24 milli-
graus, all three antibiotics gave the same good therapeutic effect: strepto-
nycin cured 90 percent; colimycin, 80 perceat; mycerin, 70 percent of the
guinea pigs. The same good result was obtained when the infecting dose was
increased to 1000 CLD and treatmen. was given with the same daily doses of
the preparations 48 howrs after infection: streptomycin assured recovery of
100 percent; colimycin, 80 percent of the animals. When treatment vas begun
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T2 howrs after infegtior, that is, during the period of acute dissemination
and sepsis, streptomycin cured 30 percent; colimycin, 40 percent of the ani-
mals (mycerin treatment was not used in this experiment). The control
gugmea pigs died in 100 percent of the cases with an average lifespan of

3.6 days.

The third series of experiments was performed under even more unfavor-
able conditions. Aside from the increase in the infecting dose of the viru-
lent strain of plague microbe from 100 to 1000 CLD, the daily dose of thera-
peutic preparations was reduced from 24 to 12 milligrams. Treatment of vari-
ous groups of infected guinea pigs was begun 24, 48 and 72 hours after the
infection.

As is seen from Table 3, under these experimental conditions when
treatment was begun 24 howrs after infection, streptomycin cured 90 percent;
colimycin and mycerin, 80 percent of the animals each. When the preparations
vere injected 48 howrs after infection, sireptomycin assured the recovery of
95 percent; colimycin and mycerin, 90 percent of the animals. Finally, when
treatwent was begun after T2 howrs, that is, essentially in the preagonal
and agonal states, streptomycin and colimycin cured 30 percent; mycerin, 20
perceat of the animals.

Therefore, the results obtained show that in the treatment of pneumonic
plague, like its bubonic form, colimycin &nd mycerin are not inferior in
their therapeutic activity to streptomycin.

After the study of the therapeutic effectiveness of colimycin and my-
cerin for the treatment of bubonic and pneumonic plague under the conditions
described above, the significance of the length of the intervals between the
separate injections of the preparations was checked in a new series of experi-
ments., The guinea pigs were infected intratracheally with 1000 CLD of a viru-
lent cultwe of the plague microbe and treated with the preparations tested
far 10 days, injecting the antibiotics subcutaneously in a dose of 24 milli-
gravs a day in equal parts in some groups at four-hour intervals; in others,
at six-howr intervals; in still others, at eight-howr intervals. Treatment
vas begun 48 and 72 howrs after the infection (Tsble 4).

From Table L it is seen that guinea pigs treated with streptomycin and
colimyein begun 48 hours after infection survived in 80-90 perceant of the
cases when four-hour fntervals were observed as well as when they were injected
with these preparations at six- and eight-howr intervals. In the case of
treatment begun 72 hours after infection, regardless of the length of the inter-
val between injectiomsof the preparations, 10 to 30 and 4O percent of the
sick guinee pigs survived. .

In the last series of experiments orientative investigations were made
Tor determining the effectiveness of the combined action of streptomycin and
colimycin for the treatment of pneumonic plague in guinea pigs. The animals
were infected intratracheally with 1000 CLD of a virulent strain of the plague
microbe and treatment was begun 43 hours after the infection. The course of
treatment lasted 10 days; the daily dose of the preparations was equal to 24
milligrams. One group was treated with streptomycin alone; another group,
with colimycin alone; a third group was treated with a mixture of streptomycin
and colimycin, each used in half of the regular dose; the fourth group wvas
treated alternately with streptomycin and colimycin (using full doses for
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Table 4

Effect of the Intervals between the Injection of the Separate Doses of
Antibiotics on the Effectiveness of Treatment of Pneumonic Plague

in Guinea Pigs

HHCI0 BMXUBLINE

Hurepass CuNOK (8 %  Bpn
Cyvounas MeLLy C,: } wavaae devenus epes
L NF, N .u:;t:‘uen. =
U C;{ L) um@ 72 wsce
Jesenue xo. T
4 4 80 30
24 6 90 8]
24 8 80 10
©Jlmua CTPERTOMUYUNOM
24 4 90 30
24 8 8u 40

1. daily dose, ug; 2. interval between injections, hours; 3. number of
guinea pigs surviving (in %) when treatment was begun after:; L. hours;
5. treatment with colimycin; 6. treatment with streptomycin.

Table 5

Effectiveness of Combination of "treptomycin and Colimycin for Treatment of

Pneumonic Plague in Guinea Pigs

- . Pacosas G Cwew .
. 33, BHXHBULY
G o | E | Ty
Crpentosiuni é ‘ 8 ‘ )
Kogummuunu (" 8 90
CrpenToMNuUus K '~ 4
n?:auuunun (cuecs) 4 80
CrpentoMiusn H xoau(z - -
MuuHi (100NEPEAHO) 8 70

1. pt-paration; 2. dose, mg;, 3. number of guinea pi3s swrviving, %; 4. strep-
tomyein; 5. colimycin; 6. streptomycin and colimycin (mixture); 7. streptomy-

cin and colimycin (alternately).

ecach injection). The intervals between the injections of the preparations

vere equal to eight hours (Teble 5).

From the data presented in Teble 5 it is seen that with the combination

9%

o -




[l T D B | AR R

B R s e Ao o e

of such preparations as sireptomycin and colimycin tlhere is a reduction In
the therapeutic effectiveness of each. Thus, in the case of treatment with
streptomyein or colimycin alone 90 percent of the guinea pigs swrvived;
among those treated with a mixture of thesc preparations, 80 percent sur-
vived; when streptomycin and colimycin were used alternately, 7O percent of
the animals survived.

Conclusions

1. Colimycin and mycerin are complete substitutes for streptomycin
for the treatment of bubonic and pneumonic plaguec in guinea pigs, assuring
80-100 percent recovery of the animals infected by subcutaneous or intra-
tracheal methods.

2. For a favorasble treatuent result the early employrent of the anti-
biotics is important, no wore “han 48 hours after infection. Iowever, even
when treatment is begun later (72 hours after infection) colimycin and mycer-
in (like streptomycin) protect up to 30-40 percent of the infected animals
against death.

3. The therapeutic dose of colimycin and mycerin for guinea pigs is
equal to 24 milligrams a day. Reduction of the daily dose to 12 milligrams
does not reduce the therapeutic effect of these preparations. These doses
of the antibiotics are nontoxic for healthy guinea pigs.

L, The therapeutic effectiveness of colimycin and mycerin is the same
when the preparations are given to the guinea pigs every four hours or when
used at six~-howr or eight-hour intervals.

5. The high therapeutic effectiveness of colimycin and mycerin in the
treatuent of bubonic and pneumonic plague in guinea pigs makes it possible
to recomend them for treatment and emergency prophylaxis of plague on a par
with streptouycin.

Therapeutic Properties of Monomycin in Bubonic Plague in Guinea Pigs

G. A. Zakharova
(Saratov)

In a previocus work the hign therapeutic effectiveness of colimycin
for the treatment of experimental bubonic and pneumonic plague in guinea pigs
was indicated.

In June 1959 we made experimental observations on treatment of bubonic
plague in gulnea pigs with another antibiotic, monomycin. This antibictic is
8 white powder, readily soluble in water.

In the preliminary experiment the toxicity of monoumycin for guinea
pigs was determined.

For this purpose 30 guinea pigs were used which were divided into three
groups of 10 each. All animals were injected with monomycin three times a
day at eight-howr intervals for 10 days. Guinea pigs of the first group were
given 12 milligrams of the preparation a day; animls of the second group, 18
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milligrems a day; animals of the third group, 24 milligrams a day (Taeble 1l).
Table 1

Toxicity of Monomycin for Guinea Pigs

77) Home Cyrowar, 5003 Kasnvectao Yreao
@ r,yuu' L@.”“p;.' we |(3) musormu, D BUMNSEAX

Y »rpyam conion, %
1 12 10 100
2 i8 10 100
3 p 2 10 10

1, number of group; 2. daily dose of the preparation, mg; 3. number of ani-
wals in the group; 4. number of surviving guinea pigs, %

As is seen from Table 1, in the experiment on determination of toxicivy
all the animals survived regardless of the doses of the preparstion used.

Ne weight reduction of the guinea pigs was noted throughout the experiment;
the animals were active and eagerly ate the food given.

The relatively low toxicity of monomycin for guinea pigs made it pos-
sible for us to proceed with performing the main experiment on treatment of
bubonic plague with this preparation.

For this, 90 guinea pigs were used in the experiuent which were divided
into nine groupe of 10 guinea pigs each. The animals of eight groups were
treated; the ninth group served as a control.

The animals were infected subcutaneously with a 2h-hour culture of the
plague microbe (strain 708) in a quantity of 200 CLD (1 CLD is equal to 50
microbes). As a standard preparation fo~ the treatment of plague streptomy-
cin was used in our experiment. The therapeutic 2i-hour doses of monomycin
and streptomycin were equal to 18 milligrams; the antiblotics were givern to
the guinea pigs three times a day at eight~hour intervals for seven days.

The experimental groups of guinea pigs differed with respect to the
time treatment of the plague-infected animals was begun; the treatment plan
was the same for the groups when streptomycin cr monomycin was used. The
interval between infection and the beginning of treatment in the first and
second groups was equal to 24 hours; in the third and fourth groups, 48 hours;
in the fifth and sixth, 72 hours; in the seventh and eighth groups, 96 hours.
The results of the experiment are shown in Table 2.

As is seen from Table 2, guiuzea pigs of the control group all died with
an average lifespan of 4.5 days; in the first group of auimsls, treated with
wmonowycin 24 hours after iniection, one cf the guinea pigs died at the begin-
ning of the second day after infection. DNo plague microbe culture was isolated
from it. The other animals of this group remained alive. )

Awong the guinea pigs of the second group, treated with streptoumycin
(the treatmeat was also begun 2k hours after infection), two animals died on

the 10th and 15th deys after infection; a plague microbe culture was isolated
from each.
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Table 2

Therapeutic Propecties of Monomycin Compared with Streptomycin for the
Treatment of Bubonic Plague

Havaro Cpeanis npo- o
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7 MoHomuuuu 96 wacos 5,3 10
8 E(eremounum« 9% . 57 0
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WHBOTHBIE) ﬁ) - 4.5 0

1. number of the group; 2. antibiotic; 3. time after ianfection that treatment
was begun; 4. average lifespan of animals which died, days; 5. number of
guinea pigs surviving, %; 6. wonouwycin; 7. streptomycin; 8. control (untreat-
ed animals); 9. howrs.

The esrly death of a guinea pig in the first group compared with the
time of deat®: of the controls (untreated) permits us to suppose that its
death di¢ net occur from plague but was more probably associated with unfavor-
able ftransporiztion conditions (high temperature replaccd by a considerable
cold spell, ete.) two days before the experiment. ‘

Therefore, on the basis of the data obtained we can say ihat when
treatment of experimental bubcanic plague in guinea pigs is begun ezrly with
mononycin recovery is noted, apparently in all experimental animals, whereas
streptomysin under the seme conditions assures the survival of eight ouf of
10. This indiestes the great efrfeciiveness of monomycin (for the treatment
of bubonic plague).

Irn the third group of guinea pigs, treated with monomycin 48 hours
after infection, nll the animals survived; in the fouwrth group of animals,
treated with streptomycis usder the ssme conditions, one animal died on the
13th day after infection. & plague wi-cobz cullure was isolated from this
guinee pig.

Recovery of sll the anisels of the *hird group treated with monomycin
48 hours after infection, just as {n the animls of the first group, treated
24 hours after the infection, once again ¢crochosstes the conclusion of the
high degree of effectiveness of the smatitisi-.c for bubonic plague when it is
given in the initiel stege of ¢he disce=e,

" Among the guines pigs of the Uifth groun, treated with monomycin T2
howrs after infection, five animals ¢ieC wiih an osverage lifesgan of fivc days.
A plague microbe culture was isolated fiow all the animals. From the sissi:
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group of arimals, {reated at the same time with streptomycin, seven guinea L
pigs died with an average lifespan of 10.7 days. A plague micrebe culture :
was [solated from all the aniu«ls which died. Death of the animals in these

groups began even before the beginning of treatment (one in each group), aud

this indicates that treatment of the animals was essentially begun duwring

the period of scute dissemination of the pathogen of the infectious disease

and in the preagonai stage and, despite this, the use of monomycin made it

possible to prolong the lives of part of the treated animals ané to cure the

disease in half of the experimental animals. In this case monomycin proved

to be somewhat more effective than streptomycin, because the latter brought

about the cure of only a third of the experimental animals under these condi-

tions.

In the seventh and eighth groups of animals, treated 96 hours after
infection, that is, in the agonel stage, because the msjority of guinea pigs
had died by this time (respectively, seven and eight), the results were the
following. In the seventh group, of monomycin-treated guinea pigs two died
with an average lifespan of 5.3 dsys; a plague microbe culture was isolated
from voth. 1In the eighth group both streptomycin-treated guinea pigs died
with an average lifespan of 5.7 days, with isolation of a plague miorobe
culture. Therefore, asccording to the dsta obtained, despite the fact that
treatment of the guinea pigs was begun in the preagonal period, one of the
guinea plge was cured with monomycin. This once again indicates the effect-
iveness of this preparation for the treatmeant of experimental bubonic plague
even when it Is used late. In this cese also monomycin was somewhat more
effective than streptomycin.

Conclusions

1. Monomycin is characterized by a low degree of toxicity when>given
to guinea pigs parenterally.

2. Monomycin is highly effective for the treatment of experimental
bubonic plague in guinea pigs in cases where treatment is begun early (24 and
L8 hours from the onset of the discase).

3. Monomycin leads to the cure of experimental bubonic plague during
the period of dissemination and sepsis in half of the guinea pigs treatud.

L. Monomycin contributes to the recovery of & certain percentage of the
animals even when treated in the preagounal and agonel . stages of bubonic '
plague. . :

5. Mononyein, according to the data of our experiment, is more effect~
ive for the treatuent of experimental bubonic plague than streptomycin.

Therapeutic and Prophylactic Effects of Terramycin in Experimental Plague in
White Mice

I. G. Lalazarova
(saratov)

There is comparatively little information on the treatment of plague with
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terramycin in the literature. Thus, McCrumb, Larson end Meyer (1953)
established the fact that terramycin, along with other antibiotics, can give

a therapeutic effect when it is used in experimental plague of mice. The
successful use of terramycin for pneumonic plague is reported by Girard (1953);
Mercier and McCrumb, (1953)and others.

With the aim of obtaining 8 more complete idea of the effect of terra-
wmycin cn the course of plague infection in animals we performed exper iments
on white mice. In these experiments the intention was to study the follow-
ing: 1) the course of the plague infection in white wice when treated with
terramycin depending on the time at which treatment was begun after the
infection and the size of the dose of the antibiotic; 2) the presence of
immunity io animals surviving during the experiment; 3) change of the plague
microbe cultures isoleted from animals which died and which had been treated
with terramycin.

For the purpose of solving the first problem 186 white mice of the
same age, weighing 17-19 grams, were used. All aniwals were infected with a
suspension of a virulent culture of the plague microbe 231 in a dose of 100 CLD
(100,000 wicrobes) subcutaneously ianto the left thigh. After the infection
the animals were divided, depending on the time at which treatment was begun
after the infection and the dose of the antibiotic, into 1l groups of 16 mice
each in the experimental groups and 26 in the control group.

For treatment of the animals crystalline terramycin hydrochloride was
used with an activity of 819 units per milligram. The solution of the prepar-
sticn was repared in distilled water. Terramycin was injected intramuscular-
ly into the right thigh three times a day for seven days. For the purpose of
judgiug the stage of the infectious process in which the animals were before
the beginning of treatment, simultaneously with the first injection of anti-
biotic into two successive groups of animals we sacrificed two mice of the
control group. From the organs of these mice, the site of injection of the
culture and the blood cultures and smear-impressions were made on solid
nutrient media. .

In addition, blood was seeded on Hottinger's bouillon (Table 1).

In mice killed one, eight, 16 and 24 hours after infection the culture
was isolated only from the injection site; in mice killed after 48 hours the
culture could be isolated from the injection site and a lytph node from one
mouse; from all organs and blood, in another. Therefore, in mice killed prior
to 24 hours, dissemination of the plague pathogen was not observed; it occurred
only by 48 hours after the infection.

From Table 1 it is seen that the use of a cultwre in a dose of 100 CLD
gave 8 100 percent wortality of the control animals in three-four days. 1In
the treated animals comparisou of the results by groups showed that the best
survival and average life span figures for the animals which died were obtained
when treatwent was begun early after the infection. Thus, in the second
group of animals whose treatment was begun an hour after infection, with a
daily dose of antibiotic equal to 1 milligram one out of 16 mice died (6.2
percent) with an average lifespan of 13 days, whereas in the ninth and 10th
groups of animals, treatment of which was begun 48 huurs after the infection,
death occurred; on the average, in 75-87.5 percent with an average lifespan
of those which died equal to 4.9-5.5 days. Treatment begun eight, 16 and 2%
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Table 1

Terramycin Treatment of White Mice Infected with Plague Microbe, Strain 231

navsas yToNsan
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1 1 0.5 8 8 500 12,1
2 1 1,0 1 15 63 180
3 8 05 4 12 250 132
4 8 1,0 3 13 188 140
5 16 05 4 12 25,0 105
6 16 10 ] 10 375 130
7 24 05 4 12 250 9,
8 24 1.0 2 14 12,5
9 48 08 4 2 875 49
10 48 ' 10 12 4 780 55
n Kourpoas~/
{ueaeuenne
wapoTNME) - 14 - 1000 27

1, number of group; 2. time of beginning trestment after infection, howrs;
3. daily dose of antibiotic per mouse, mg; 4. number of animals which died;
5, number of eaimals which survived; 6. death of mice, %; 7. average Life-
spans of animals which survived, days; 8. control (untreated animals).

hours after the infecticn also gave better results, regardless of the dose
of the antibiotic, than when it was begun 48 hours after the infection.

Therefore, there is a correlation between the time at which treatment
is begun and the average lifespans of mice which died in the experiwmeat:
thus, where treatment was begun an hour after the infection using a dose of
1 milligram of terramycin a day the lifespan of the animals was equal to 13
days; with the same dose of antiblotic sand with treatment begun after eight
hours it was equal to 14 days; after 16 hours, to 13 days; after 24 hours,
8.5 days; after 48 hours, 5.5 days.

The use of the antibiotic in a dose of 1 milligram a day exerted a
better effect than when it was used in a dose of 0.5 milligram. A certain
relationship was also observed between the dose of the antibiotic and the
average lifespan of the animals which died: in all ceses, with the exzep-
tion of one where treatment was begun after 24 hours, it was greater in ani-
wals which received 1 milligram of terramycin a day. In the control nice,
dissected before the beginning of tresiment of the experimental animals, no
pathological changes were seer, with the exception of the animals killed 48
hours after the beginning of the infection. In the latter edema of the muscle
was observed at the injection site of the culticre and there was edema of the
subcutoneous tissue of the lower portion of +he abdomen; the regional
inguinal lymph nodes were enlsrged to the size 'of & millet grain. As has
been pointed out, in one of these mice the infectiocus process was in the
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stage of dissemination. In the control mice which died typical pathological
changes vwere found on dissecticn. In all the mice which died which had been
truted with terrauycin there were areas of necrosis at the injection site
of the culture. In the 10th group of the mice which died the culture could
be }aolated only from the ifnjection site of the pathogen, whereas in the
niath-group the culture was isolated from all organs and from the blood of
those vwhich died in the first six days of treatment; in those which died
after ‘'six days, the same but only from the injection site. In other groups
of -mice which died in the first four-six days of treatment the plague
miercbe culture was isolated in four animals: in two, only from the injection
site and in two, from all organs sad blood. From mice which died on the
fourth-12th day after the completion of treatment the culture was isolated
from all crgans and blood in all cases (26 out of 28), whereby in the 10th
and nioth groups death of all the animals which died (with the exception of
one in the niath group) occurred during treatment, whereas of the 32 mice of
the other groups a total of only four dled during the treatment; the other
28 died, as has been pointed out above, on the fourth-12th day after the
completion of treatment. Apparently, the seven-day period of treatment of
plague~infected mice with terramycin was not entirely adequate.

© . From the data presented the conclusion may be drawn that terrauycin
acts in vivo on the plague bacillus bacteriostatically, because despite the
treatment given, a plague microbe culture was isolated from all experimental
mice vhich died as well as from controls. In part of the subcultures the
biochenical and serological properties, virulence and resistance to terra-
nycm -wére checkrd, Five of the subcultures were isolated from experimental
antlllls (fron the first, third, sixth, eighth and ninth groups); one, from a
gutaea pig of the control group. On examination all cultures were found to
be identical; no difference was found between cultures of the plague microbe
obtained from the treated mice which died and the culture isolated from the
control mouse which died.

For the purpose of determining the effect of terramycin on the immun-
ity of white mice which had been infected with plague ia a dose of 100 CLD,
the animals surviving the experiment were infected at different times (from
38 to 53 days) after completion of the treatment with the same virulent cul-
ture in a dose of 200 CLD subcutaneously. The rice weighed 18-21 grams
(Table 2).

As i{s gseen from Table 2, in the ninth and 10th groups all animals suvr-
vived afier reinfection. In the seventh group 80 percent of the animals sur-
vived; in the first, third, f£ifth and sixth groups about 40 percent of the
wice, on the average, survived, in the eighth group, 16 perceant; in the
second, fourth and control groups all animals died.

The results o*’ the experiment indicate a certain relationship between
the strength of imunity and the time at which treatment is begun after
infection: the lster treatment was begun after infection the greater was
the fmmunity. A ceriain relationship could also be noted between the strength
of imun!f‘h;y and the dose of the antibiotic used for treatment. This is seen
froma conpariaon of the results of infection of mice from the seventh and
ei@:th as well as from the first, second, third and fourth groups of animals:
vithsaman‘bibzomc dose of 1 milligram a day the strength of the immunity was
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Table 2

Strength of the Immunity of White Mice Infected with the 231 Strain of
Plague Microbs and Surviving after Terramycin Treatment then Reinfected with
the Seme Strain

Nepoa Auns
accu’:l“ owsor-| Koawnecrso Cootsmne . | tncao | ca0 | Bususse- RPCAOLN, ¥TEIN-
Howep!  wuz apn asied, AGWSRHE 80 | mosmux | BHNNS. MaCTH HOCTh KM

rpysmi | DepesH suumemnx | noevopmere =neote .‘..“:’. sumed, HABWHK

3 sspamem, | necse sevtms | cepanenns, _mux p——rt » MUSOTIMX,
G @ | G ™ (O ) G. T
1 1 8 53 5 3 375 26
2 | 15 53 1] - - 28
3 8 12 53 7 L] 41,7 3.0
4 8 12 83 12 -— -— 33
5 16 10 53 8 4 400 3.5
6 13 10 53 ] 4 400 41
7 24 10 3 2 8 800 50
8 24 12 5?2 10 2 16,7 as
4 48 2 51 - 2 1000 -
10 ,4f © 48 4 51 - 4 1000 -
11 ] Koxrpoxs 14 - 14 - - 26

1. number of group; 2. time of beginning treatment of the animals after the
first infection, hours; 3. number of mice surviving after treatment; 4. per-
iod between the completicn of treatment gnd the reinfection, days; S. number
of animals which died; 6. number of animals which survived; 7. survival of
mice, %; 8. average lifespan of animals which died, days; 9. control.

less than in mice for whose treatment a dose of 0.5 milligram of the anti-
blotic was used a day. This phenomenon can apparently be explained by the
fact that when treatment of the anfmals is begun early with high doses of
the antibiotic the multiplication of the microbes in the body is delayed;
therefore, immunity is greater in the animals whose treatuent was begun
later. The average lifespan of animals which died in this experiment was
comparatively short and not much different {rom that in the control animals.

Conclusions

1. Terramycin possesses a pronounced therapeutic effect in the treat-
ment of plague in white mice begun in the first 2k hours after infection. A
terranmycin dose of L milligram a day gives a better therapeutic effect than
a dose of C.5 milligram 2 day. The lifespan of the animals which died was
greater with a dose of 1 milligrem then with a dose of 0.5 milligram a day.
The seven-day course of treatmeut of plague in white mice with the use of

terramycin in these doses is clearly inadequate. Under these conditions terra-

mycin acts ouly bacteriostatically on the plague bacillus in vivo.

2. Plague microbe cultures isolated from the white mice which died
which had been treated with terramycin were the same as the original cultures
in their properties. .

3. White mice which swvived plague infection because of treatwent of
them with terraumycin acquire immunity to this iufection. The:zaby, a
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relationship is noted between thne *ime at which terrawmycin treatment is be-
gun after infection with the plague microbe and the strength of immunity:
the later the treatment was begun the greater was the immunity. Immunity
was less in mice treated with terramycin in & dose of 1 milligram than in
those which received it in & dose of 0,5 milligrar a day.

L, Because of the bacteriostetic effect of terramycin on the plague
bacillus in the treatment of plague-infected animzis the best therapeutic
effect can be obtained when the antibiotic is used early (in the first 24
hours), in an increased dosage and with long-term treatment.
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Preventive and Therapeutic Properties of Gamma-Globulin of Antiplague Sera
Expressed as the PDgp

A. A. Trifonova, 1. I. Derteva, N. K. Sidorova, Ye. P. Denisova, and
L. A. Martens
(saratov)

A comparative study of the effectiveness of the gaumma-globulin frac-
tion and the corresponding native antiplague sera, which we made in previous
investigations, did not give distinct results (V. I. Kuznetsova, A. A. Tri-
fonova and others, 1960). The variation in the data cbtained is explained
by considerable individyal variaticns in sensitivity of experimental white
wmice to the plague wmicrobe, even within the limits of a group of animals of
the same weight and sex.

There is reason to belicve that in the study of the effectiveness of
one preparation or another on animals more reliable results are given by the
LDsp, which characterizes the change in the reaction of all animals investi-
gated, whereas the LDy or LDjgp characterize the extreme deviations in the
varfation of the organisms, which may be associated with random &ifferences
in single individuals.

A comparative study of ‘he prophylactic and therapeutic properties of
native antiplague serum and its gauma~-globulin fraction in the present in-
vestigation vas made by the somewhut wodified Sokhey method (Sokhey, 1932,1935);
Sokhey titrated antiplague sera on white mice in 8 dose which protected 50
percent of the experimental animals infected with a standard dose of a viru-
lent strain of plague microbe.

In the preseant work the results of a study of 1l series of native anti-
plague serum and its gamma-globulin fraction are presented. Three series of
antiplague serum were obtained as a result of immunization of horses intra-
vencusly; three, subcutaneously; three by the combined wmethod.
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The horses were immunized by the intravenous method gradually with ;;
increasing doses of a living avirulent culture of the plaguc microbe of the %2
EV, 1 and 17 strains (from 5,000,000,000 to 150,000,000,000 microbes); in
the subcutaneous wethod, with a filtrate of a virulent culture of the plague
microbe of the 708 strain (from 5 to 150 cc); by the combined method, through
the intravenous injectiorn of half of the dose of living avirulent culture
and subcutaneous injection of half of the dose of filtrate of the virulent
cultwe. All the sera contained 0.5 percent chloroform as a preservative.

Two series of seras were mixtures of the sera which had been obtained
in 1957 from different producers immunized by different methods six-nine
months before purification. In these two series the preservative was quino-
sol, added in a concentration of 0.05 percent. Normal horse serum preserved
with chloroform served as a control. The gamma-globulin fraction of the
serum was isolated by the method of alcohol precipitation in the cold. The
protein concentration in the purified preparaticns was always brought up to
- 10 percent.

The purity of the gamma-globulin fractions with respect to admixtures
of other proteins was checked by the method of paper electrophoresis, which
was conducted for 1% howrs in a veronal buffer at a pH of 8.6 at a voltage of
4 volts per centimeter of length and with a current of 0.46 ma per centimeter
of width of the paper strip. As it turned out, the gamma-globulin fraction
of all the purified series of antiplague serum was electrophoretically homo-
geneous.

The anaphylactogenic properties of 1l series of native antiplague serum
and its gamma-globulin fraction were checked by the method described in owr
previous work (V. I. Kuznetsova, A. A. Trifonova and others, 1960). The
gamma-globulin fraction produced a less pronounced anaphylactic xsaction in
the guinea plgs, as a rule, than the corresponding native serum.

The preventive and therapeutic properties of the preparations were
studied on white mice weighing 17-18 grams. Each dose of the native serum
(0.05, 0.1, 0.3 and 0.5 cc) and gamma-globulin fraction (0.01, 0.03, 0.05,
0.1, 0.3 and 0.5 cc) was tested on 12 white mice (six males and six females).
In the study of the preventive properties the native serum or its gamma-globu-
lin fraction was injected an hour before the animals were infected subcutan-
eously with 5 CLD (500 microbcs) of the plague microbe of strain 708. In the
study of therapeutic properties the injection of the animals with these

. prepara’. jons was begun afier 48 hours; the repeated injections of the serum

in the same group of mice were given 72, 96 and 120 hours after the infection.

At the time of deginning of treatment, that is, 48 hours after infection,
dissemination of the infection was observed in 70 percent of the experimental

mice. In the other animals the plague microbes were plated out only from the !
injection site of the culture and the regional lymph node. ,

Observations of white mice were made for 25 days. The experimental |
and control animals which died were examined bacteriologically by random !
selection. In ali cases a plague microbe culture was isolated.

The LD50 or, mare accurately, the PDsg (protective dose) of the prepar-
ations studied was calculated by the method of Reed and Muench separately far
males and females and together for both groups. )

The results of the study of the antiplague sera cbtained after the
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Pirst ccurse of immunization are shown in Tables 1l and 2,
Table 1

Preventive Properties of Native Antiplague Sera and Their Gamma-Globulin
Fractions Expressed as the PDsg

~ s {033, dammusoulsn 505 5’; é‘
“:;m:u' }:?::)E @ Bia  cusopotTxy Lé MNBOTHUK R3X J%g E z
O, &’f*' Feamox  [Lreasuos | vexu apyms | 2383
453 | Harusuas @ 0200 0,400 0,270 6
4 ot | Fammanan 0200 | oz | oo
aTusHas \ 0,27 ,
Buyrpusenuuf 1-T'806y AuH 0050 | 0,065 0,057 45
455 | Haruagas 0,220 0,220 020
1-Fa06yann 0,073 0,290 1,130 1.7
448 | Harusnag 0.1F0 0,230 0,190 4,5
450 | Hameron” 0% | 0% | s |
aTHBHAR . . ! .
Toaxouwut : -Taobyaun 0.180 | >0,500 >0,510
451 aTHoHAR >0,500 | >0,500 >0.500 1
1-Fao6yaun >0.500 | >0,500 >050
447 | Harnmuas 0,450 | >0,500 >0,500 1.6
/ -Fa06yaun 0,160 0,%0 0.318
KouGuunposan- 449 aTHBHAR 0,460 | >0,500 >0,500 75
i 1-Tro6yanu 0,050 0,076 0.067
‘ 452 | Harnsuan >0500 | >0500 >0,500 10
y-Taobyann 0,100 0,037 0,047
4 Harnsnas 0,500 | >0,5C0 >0,500
e wosonen | SETAR | 1 Taobyaun 0050 | 0,230 0.091
395400 aTHEHAR 0,190 0.240 0.210 21
7-laubyany 0,100 0,100 0.100
MAABKER Harusuas >0,500 | >0.500 >0.500 1
3 1-Taobyann >0500 | >0,500 >0,500

1, wethod of immunization; 2. number cf serum; 3. type of serum; %. dose
protecting 50% of the animals in the case of: 5. females; 6. males; 7. both;
8. concentration factor; 9. intravenous; 10. subcutaneous; ll. combined;

12, with quinosol; 13. normal; l4. native gamma-globulin,

As is seen from Table 1, for the uwajority of series iuvestigated Lhe
dose of gamma-~globulin protecting 50 percent of the animmls (FDsp) ranges
from 0.04 to 0.310; the PDgg of native serum ranges from 0.1G to more than
0.5. Thereby, the gamma-globulin fraction of antiplague serum in nine out
of 11l cases has preventive properties 1.7-10 times greater thsn the corres-
ponding native serum. For two series, 450 and LS1, it was impossible to
find any advantages of the purified preparations over the native preparatious,
decause in the doses investigated they did not protect the infected white mice
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Table 2

Therapeutic Properties of Antiplague Sera and Their Gamma-Globulin
Fractions Expressed as the PDgg

: =
Jloss, saupuanmas 50 x § -4
m.,f;’:'.?,‘.‘m '33'13? Bui cumoporan @ HHBOTHUX A% g‘,’ ;.‘-
) @“ hll N6 S couox Wcaumu Mex u apyrux 25t
453 | Harusnas 0,300 0,160 0.220 25 '
N atusHan X . A
_ Buyrpusennud y-l‘?&y:uu 0,088 0,095 0080
455 | Harturnas 0,350 03580 0,160 9
y-TaoSyann 0830 0,060 0,043
Harusuas <0050 | <0,050 < 0,050 S
( 448 ;i-raooyaun <8(2)(l)8 <33§8 <g.0%g
% aTuBHaR . <0, 5
Tloaxouunt 450 | 1-Facbvaun 000 | o160 | ooo | ¥
HarnsHas +.0,500 | >0.500 >0500
451 | y-Taobyann 0.440 0,400 0410 1
. 447 | Harumuasn 0,27 0.350 0,320 4
Cll y-FaobSyann 0,100 0.060 0.080
KouGumuponan- 449 | Harusuan 0,085 0.090 04190 1.5
Huit -Ta06y tun 0,033 0,063 0.050
452 arusHas <0,050 | <0.050 <0050 2
1-Fa06yaun 0,030 | <0.010 0,026
s 376-+420 | Harnsnas 0.085 | 0300 0,190 35
& -T206yauK 0033 | 0128 0,054
C xunoscaeu aTuBHad 0,093 0,360 0.240 3
3954400 | y-Taolyanu 0,070 0,130 0,067
Hopuaaunas Hatusnas >0500 | >0,500 >0.500 1
S 1-Ta06yann >0500 | >0,500 | >0,200

1-13. Sawme as for Table 1,

against death.

In the comparison of the PDgo's of the antiplague sera investigeted
it ls seen that in the present experiment sera obtained from horses immunized
with vaccine strains of the plague microbe intravenously were the best.

The difference between the preventive power of preparations in males
and females attracts attention. In the majority of cases (nine out of 11
series) the PDgg for females was less than for males. For series 451 these
rules and regulations could not be dewonstrated because of the poor quality
of the serum, which did not protect the animals {n the doses used. Serum
152, in which the PDso was less for males than for females, constituted an
exceptviou.

The results of the study of the therapeutic properties of the same 1l
series of sera are shown in Table 2,
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Ffrom Table 2 it is seen that the single dose which cures 50 perceunt
‘of the experimental animals of plague ranges from less than 0.0l to 0.09 for
ganm-globulin; frow less than 0.05 to 0.36 for native sera. The gamma-globu-
lin fraction has therapeutic properties which are ly~-nine times greater than
the corresponding native serum.

In the prerent experiment sera obtained as a result of immunization of
horses subcutaneously had the best therapeutic properties. Of the three sera
of this group only series 451 had weaker protective properties in experiments
on the study of the preventive and therapsutic properties, approaching normal
serum. The effectiveness of the antiplague sera obtained by subcutaneous

- and conbined methods of fmmunization in the experiments on the treatment of

plague was greater than that of the same sera used for prophylactic purposes.
Conversely, sera obtained by the method of intravenous ifmmunization were more
effective in experiments on the prevention of plague than in experiments on
treatment.

Sera prepared in 1957 six-nine months before purification and preserved
with quinosol vere not inferior in their protective characteristics to the
sera prepared by methods of subcutaneous and coubined iummunization, preserved
with chlorcform and purified immediately after bleeding.

Conclusions

1. The effectiveness of the gamma-globulin fraction of antiplague serum,
determined by the PD5p in experiments on the study of the preveative proper-
ties, ranges from 0.04 to 0.318, being greater than the preventive properties
of the corresponding native sers by 1.6-10 times.

2, In experiments on the study of therapeutic properties the Plgg's
of the gamma-globulin fraction of antiplague serum ranged from less than 0.01
to 0.09, being more effective than the corresponding native sera by 13-nine
times.

J« Antiplague sera obtained by the method of intravenous immunization
possessed more pronounced preventive properties; sera obtained by methods of

subcutaneous and combined immunization are more effective in experiments on
the treatment of animals.
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Antigenic Structure of Brucellas in Connection with tne Problem of Specific
Prophylaxis and Therapy

M. S. Drozhevkina
(Rostov-na-Donu)

The exteusive and successful utilization of vaccines for therapeutic
and prophylactic purposes in brucellosis is responsible for he need for fur-
ther perfection of the preparations used. It is well known that the quality
of the bacterisls depends to a considerablc degree on their utilization for
preparation of strains which are complete in an antigenic respect, the correct
selection of which is possible only on the basis of knowledge of the sntigenic
structure of the pathogen of this disease.

For a long time the idea was common that the brucellas had a relative-
ly simple antigenic structure. Thus, the preseace of 8 total of two sometic
antigens-~A and M--present in various mwoportions in various types of this
microorganism was geperslly accepted for the S farms of brucellas.

In recent years, s considerably more complicated antigenic structure
has been demonstrated in brucellas. Thus, Wolf and Dinger (1951), in a sirain
cf brucella isolated from a sick person, found a thermostable antigen account-
ing for the inagglutinability of this culture in the specific scrur. In 1954,
ve found an additional swrface somatic antigen i{n dissocisted 2%rsins of
brucellsas.

This antigen is similar in many properties to the Vi-antigen of microbes
of the colon group and we therefore called it the Vi-antigen of brucellas.

Its presence in cultures of brucellas is comfirmed by sgglutinin tests with
pure O~ and Vi-sera with tbe utilization of living end heat-killed antigens,
by the results of the test with vacteriophage, with the trypaflavine tesc,

by obtaining Vi-sera from rabbits through immurization of them with cultures
containing this antigen as well as by the prescace of the Vi-antibodies in

the sera of people and agricultursl animals sick with brucellosis. According
to our data, the majority of freshly isolated brucella cultures carry the Vi~
antigens It can also be preserved for a long time in museum cultures dut in
smaller quantities. A high content of the Vi-antigen in museum strsias of bru-
cellas is achieved through constant cultivetion of them on cosgulated egg yolk.
This antigen, like the Vi-antigen of microbes of the colon group, is very
lebile and (s readily desiroyed from the effect of various physical aad chemi-
cal antigens (M. S. Drozhevkina, 1956).

By weans of chemicel treatment of s mass of microbes of the B. meliten-
sis 512 strain in the V form by the somewhat mcdiffed Webster method, proposed
for the isolation of Vi-antigen from microbes of the colon group, the antigen
which we have described was isolsted i{n the pure form by A. M. Konnova, T. I.
Kharitonova and K. P. Frostetova (1559).

& study of the properties and chemical structure of this prepsration
made in cur laboratory by T. I. Kharitonova showed its specificity. Along
with great similarity there are also certain differeaces between the Vi-antigen
of brucellas and the Vi-satigen of B. ¢yphi abdouninslis. .

Depending on the content of Vi-antigen brucella cultures are in V, VW

.
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and W forms. In the study of the antigeanic structure of brucellas in differ-
ent forms *"e inhomcgen=ity of their somatic thermostable antigens was demon-
strated. along with entigens common to all forms of brucellas there are also
thermosta™le antigens specific for each form of brucells in a certain quanti-
ty. In addition, in the set of antigens of the V foru of brucellas there is
sa additional thermolabile antigen (Vi-antigen) which is completely absent
from the W forms (M. S. Drozheviina, 1954, 1956). Somewhat leter, Renoux

and Mohaffen (1955) described the presence of two additional somatic antigens,
r an’ Z. The r entigen was characteristic of the r forms of brucellas. The
Z antigen is a specific antigen of the New Zealand variety of brucellas aqd
is found iun a rough phuse also in B, meliteusis and B. abortus.

The papers of Bruce and Jones (1959}, Olitzki and D. Sulitzani (1958),
I. I. Dubrovskaya (1957, 1960), V. X. Antonova (1958) and others attest to
the existence of several antigens in brucellas. The possibility has not been
ruled out that all these investigators described the same accessory thermo-
labile surface somatic antigen characteristic of some of the straians of bru-
cvelles under different names.

These new data open up prospects for the study of the role of the vari-
ous antigenic complexes in the imnunogenesis of bruceilosis and determine tne
possibility of creating rore effective therapeutic aand prophylactic prepara-
tions.

In connection with what has been presented, owr task was the testing
of brucella vaccine prepared from brucella strains different in their anti-
genic structure. The vaccines were prepared from the B. meliteasis 512
strain in the V form, rich in the Vi-antigen, from the W form of the same
strain without the Vi-antigen, and from 2 mixture of them. The strains used
in the experiment were different not only in their content of Vi-antigen but
alsc had sowe components of the O antigen specific for each form.

In six unitypical experiments on 180 guinea pigs the preventive proper-
ties of vaccines prepared from these strains by different methods were itested.
The vaccine was injected subcutareously into the guinea pigs in three injec-
tions. The dose of vaccine for the first injection was equal to 500,000,000;
the second, 1,000,000,000; for the third, 2,000,000,000 microbes; the inter-
vals between the injections were 2qual to four-five days. Twenty-one days
at'ter the last injection all experimental and contr~l guinea pigs were’inf:cted
hy subcutanecus injection with 10 infecting doses of a strain of B. melitensis
535 (one infecting dose was equal to :wo microbes). The animals were dissected
and examined bacteriologically 30 days after the infection.

The summsrized results of the experiment are shown in Teble 1.

As is seen from Teble 1, all the vaccines made from brucellas possess-
ing the Vi-antigen by methods which spare this antigen possessed distinctly
expressed preventive properties., Thereby, the vaccines made from the V or W
forms separately did not completely guarantee againct infection of auimals
immunized with tnem. Vaccines made of & mixture of the V and W forms, par-
ticularly those which were made by methods which spare the Vi-antigen (acetone-
treated and irradiated), proved to be much better. These vacciues protected
all animals immunized with them against infection.

The following experiment was directed at clarifying the role of various
brucelia antigens isolated through chemical treatment of & mass of microbes
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Table 1

Degree to Which Brucellas Could be Plated out of Internal Organs of
Guinea Pigs Immunized with Vaccines Prepared from Strains of
Different Antigenic Structures 30 Days after their Infection with
10 Infecting Doses of B. melitensis 535

2

Ultauum, M3 KOTOPMX r °°P”'-‘"‘m All Cnupro- | AlicTumo- —
HPHFOTOMICKS uuumnu/ 7 peTan :‘;)3::?:’2 \L\nxuum /% sax C‘-:- ‘9163.\ i
Br, melitensis 512V 0 0.42 0,21 0.2] 0,10 0
Kv. melitensis S12W 0.5 0.14 003 0,35 015 0
gr. meutenszs S12V4-W G2l 0,03 0,07 0.10 0 0
OHTPOAD  (HEBAKLHHH-
£ POBaHHbIE KRBUTHEE) 0,42 0.53 0,42 050 0.46 0.46

1. strains from which the vaccine was prepared; 2. heat-killel; 3. formalin-
{zed; 4. AD vaccine; 5. alcohol; 6. acetone; 7. irradiated; 8. control {un-
vaccinated raimals).

of the B. melitensis 512 strain in the V form. For the purpose of extraction
of the Vi-antigen a method was used which had been proposed in the work by

A. M. Konnova, T. I. Kharitonova and N. P. Prostetova (1959). 1In general out-
lines it amounts to the following.

The extract obtained after itreatment of a mass of microbes with tri-
chloroacetic acid was dialyzed from the dialysate. After centrifugaticn and
separation of the insoluble precipitates, the Vi-antigen was precipitated by
means of uranyl acetate. The precipitate was dissolved in 2 percent citric
acid and dialyzed. Reprecipitation and solution were repeated four~five
times, until the end product was free of impurities giving a positive biuret
test. After separating the precipitate of the Vi-antigen from the centrifu-
gate the 0 antigen was precipitated with four volumes of alcohol.

Guinea pigs were immunized three times by subcutanecus injection of
the antigens diluted in a small quantity of physiological saline solution.
The dose of antigen for the first injection was 0.004 milligram; for the
second, 0,01 milligram; for the third, 0.05 miliigram. The irtervals between
the injections were equal to five days. Twenty-one days after the last injec~
tion the aniwals were infected with five infecting doses of B. melitensis 599
(one infecting Jdose was two microbes). Thirty days after the infection of
guinea pigs they were dissected, and a bacteriological exsuination was per-
formed (Table 2).

As is seen from Table 2, subcutaneous immunization of guinea pigs
three times with these antigens and subsequent infection of them with a viru-
lent culture of the B, melitensis type showed that separats immunization with
the Vi- and O antigens does not lead to compleie protection of the animals
against infection. It only restrains the dissemination of the process and the
seeding of the body with the pathogean. Much better resuits are given by
immunization of guinea pigs with the Vi- end O antigens simultaneously; how-
ever, this does not protect all the experimental animals against infection.

It is very possible thot this is connected with the loss of a certain
portion of the O antigens dur:ng the cowrse of chemical treatment of the muss
of microbes. Therefore, in the next experiment we tested the immunogenicity
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Table 2

Immunogenicity of Various Brucella Antigens Obtained by Chemical Treatment

G:\ Pe:yabu‘r 6nmpnoaormccxoro HCCICROBANHR
« .
£Q (2, AHNDATHYECKHE . - G
A . y3au S Ve I
mlm:m::uuua E-O ' (C] aG| &. & @ ] 4z P Q:’ @\G2|Te g |
uuuy::;luuu oz 'ié « E < §.¢ had % ] E - gl:’ ; 2] g <
D 53 |25 38 | 353 |33« 23233 |3 S| S 2|2 E]:
4 2% (B2 %2 | 883|xg3|fss|cay| sl 2| 5| 8| )¢
@ Vi-antures 4388 | + | — - —_ + + [+ l=] == =] =
. 98% | ] — —_— - + S I U N P e
{7 O-antiren 39|41 -1 - | - | = ==t Z1C
WOl — | — =+ ]+ == =]=
(9Vi+O0-anmm- 43951 — | — | &+ | — | - | = |+|=|~|=|=|Z=
reHy 396 Y —_ -— — I IO R I D e
A KoHTpoas S0 1 4 | 4 - -+ -+~ G+ |+ ] -] - -
Gg (Henumy- S187 | | =- - - 4 + |+ +]+]-- i +
HK3HPO- 593 | + | « | = |+ |+ |+ [F+]+|~-]-]4]|~
ARHHME)

1. antigen used for immunization; 2. No of guiuea pig; 3. results of
bacteriological examination; 4. lymph nodes; 5. right inguinal; 6. left
inguinal; 7. right axillary; 8. left axillary; 9. right paraaortic; 10. left
paraacriic; 1l. spleen; 12. liver; 13. lung; l4. blood; 15. bone merrow;

16. urine; 17. Vi-antigen; 18. O antigen; 19. Vi- plus O antigens; 20. con-
trol (nonimmunized).

of the vaccine made up of the Vi-antigen and e typical strain of brucellas killed
with acetone and heat. For this purpose the 3. melitensis 36L strain in the
¥ form was used, which, as we believe, should contaic & complete set of
somatic antigens in the killed form. va in the literature attesting %o the
high degree of immunogenicity of typhoid vaccine consisting of a combination
of Vi-antigen with acetone-drie¢ typhoid culture (A. de Barbieri and M.
Scaevols and ~thers, 1956) also constituted the basis for erforming this
experiment.

The guinea pigs were imnunized in the sawe way as in the grevious ex-
periment, with the difference only that a killed brucells culture was added
to the diluted Vi-antigen in the followirg quantities: 500,000,000 for the
first injection; 1,000,000,00C, for the seccond: and 2,000,000,000 microbes
for the third. .

Twenty-one days after the last irjection the immunized guinea pigs and
control animels were infected with five infecting doses of B. melitensis 599.
Dissaction and study of these animals 30 days after infection showed the
high degree cf ifmmunogenicity of the vaccine, which was made up of the Vi-
antigen and tho heat-killed culture. The vaccine wade up of & combination of
the Vi-antigen with the same culture but killed through the use of acetone
proved to be sowewhsc poorer (Table 3).
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Tavle 3
Preventive Properties of Brucella Vi Vaccine
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Zﬁible 3, continued from previous pagg] 1. antigen used for immunization;
2. pumber of guinea pig; 3. results of bacteriological examination; L. site
of infection; 5. lymph nodes; 6. rignt inguinal; 7. left inguinal; 8. right
axillary; 9. left axillary; 10. right parsaortic; ll. left paraaortic;

12. spleen; 13. liver; 14. lung; 15. blcod; 16. bone marrow; 17. urine;

18. first experiwent; 19. Vi-antigen plus B. melitensis 364 killed by heat;
20. Vi-antigen plus B. welitensis 304 killed through the use of acetoaqe;
21. control (nonirmunized); 22. control B. melitensis 364, killed by heat;
23, control, B. melitensis 364 killed by acetone; 24, second experiment.

After a year the experiment was repeated on a large number of animals.
Although there was a reduction in the virulence of the strain of B. melitensis
569 used for infection in this period of time, still clear-cut data were ob-
tained which were in complete agreeument with the results of the first experi-
ment {see Table 3). This time also injection of the vaccine made of the Vi~
gotigen and the heat-killed B. melitensis 364 culture protected all the guinea
pigs against brucellosis.

The dats obhained represent the basis for further experiments on the
testing of the therapeutic effectiveness of brucellosis Vi Vaccine as well as
the possibility of utilizing it for purposes of emergency prophylaxis of
rucellosis.

The second series of experiments was on the study of antibrucellosis
sera. Apparently, sera obtained from the immunization of animals with whole
antigens should possess the most effective therapeutic and prophylactic prop-
erties. With the aim of determining the effect of the antigen compositicn
on the quelity of the serum, we (M. S. Drozhevkina and T. I. Kharitonova,
1956) useé brucella strains which were different antigenically for the immuni-
zation of animals. Vi plus O serum obtained as a result of immunization of
the animals with strains of B. melitensis in the V and W forms was thne best.
This serum contained a more complete set of antibodies (0 and Vi). When
tested in vitro, it had a bactericidal effect and activated the phagocytic
activity of leukocytes. In experiments on animals the serum showed very
good preventive properties. Injection of jt three times contributed to
localization of bPrucellas at the primary complex with subsequent sterilizat:ion
of the brucellosis-infected animals. This determines the promise of studies
on the preparation and testing of such serum with the aim of emergency pro-
phylaxis anc possibly, therapy of brucellosis.

The factual waterial presented here only in a gereral form, accumulated
at the laboratories of our institute in the past five years, are evidence of
the great practical significance of the latest data on the antigeniec structure
of brucellas.

Study of the preventive propertie of the vaccines made from brucellas
strains of different antigenic structures as well as the Vi and O antigens
isolated showed that the effectiveness of brucellosis vaccine is conditioned
by the presence of O and Vi antigens {n it simultaneously and of 0 and Vi
antibodies in the serum,

The quality of the therapeutic brucellosis vaccine is directly related
to the proper selection of strains of brucellas and wethods of preparation of
it. The material vhich we obtained is evidence of the need for inciuding
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brucellas in the cormercicl strains along with the W and V forms. The com-

bination of them alone will assure the presence of a complete set Of antigeuns

characteristic of the brucellosis microbe. Therefore, study of the preventive "

properties of the vaccines made of brucellas strains of different antigenic e

structures as well as study of the isolated antigens indicates the great pert N

of surface-somatic antigen in the creation of immunity.
The quality of the therapeutic brucellosis vaccine and serum depends

on the proper selection of strains of brucellas and proper methods of pre-

paring them. The testing of the brucellosis vaccine and sera prepared by

the author is recommended for the therapy and emergency prophylaxis of bru-

cellosis.
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’ The Effect of Different Antibiotic Combinations on the Cultivation of
. Brucellass in Vitro .

N. B. Igonina .
(Saratov) i

: There are quite a number ol papers on treatwent of brucellosis with !
! different antibjotics, but <he authors' data are controversisl. f
Less controversiasl and more encowaging results have been ohtained by

& number of authors from the application of ccmbined antibiotic therapy.
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Thus, S. Ye. Shapiro (195k, 1.,55), Ye. A. Shayreva (1950), T. Ka. Nadzhim.d-
dinov (1956, 1957) and V. M. Madzhidov (1957) used streptomycic in comoina-
.don with synthomycin successfully clinicelly for the treatment of peatlents
with brucellosis. T. Kh. Nadzhimiddinov cbtained a good therapeutic effect
when biomycin aureomycig7 was added to the combinavioa of strepiomycin and
synthomycin /raceniec chloramphenico;7. However, the best results, in this
author's opinion, were obtained from the use of streptomycin with terramycin.
A good therapeutic effect from the use of streptomycin in combination with
terramycin was also obtained by Werner and Knight (1950), Herrell and Barber
€1952). Ye. A. Shyyreva (1956), I. N. Ivashurova (1957) and A. M. Yartseva

1958) recommend using streptonmycin in combination with aureouwycin for the
treatment of brucellosis.

M. Ye. Adamova (1957) reports the fair therapeutic etfect of syntho-
uycin in combination with oicmycin, A. M. Tselishchev (1956) obtained a
“"complete immediate effect” frow the clinical use of a combination of levo-
mycetin [iaevo-rotary chloramphenico£7 with strep*omycin or btiomycin and
streptomycin with simultansous administration of specific serum.

In experimenis on white mice Ye. I. Kaytrmazova and N. I. Givental’
(1957) showed the therapeutic effectiveness of a combination of antibiotics,
biomyecin with ecmoline [;ntibiotic from fish live£7 and terramycin with
ecmoline.

It should be noted that many authors consider it advisable for the
treatment of brucellosis to use antibiotics in combination with vaccine or
vitamins or all three ingredients in comcination (I. A. Chervinskiy, 1947;
A. F. Bilibin, 1957; A. M. Tselischev, 1956; A. M. Yartseva, 1956; M. Ye.
Adamova, 1957; I. L. Bogdanov, 1955, 1957; Z. V. Yermol'yeva and Ye. I. Kayt-
mazova, 1957; N. N. Ipatova, 1957; G. M. Marueshvili, 1957; S. Sh. Pinkus,
1957 and others). All authors recommend that the antibiotic therapy be
conducted in the acute septic or septic-metastatic period of the disease as
well as in the exacerbation phase of chronic brucellosis.

In the present work we set for owrselves the task of studying the
combined effect of the antibiotics culimycin, mycerin, streptomycin and
terramycin in various cowbinatlions and doses cn the brucellosis microbe under
test~fube conditions. The accomplishment of this task was dictated by the
fact that in the present work on the study of the action of thesc antiviotics
per se on brucellas (N. B. Igonina, 1960) a clearly expressed antibu~terial
activity of the first three antibiotics was obtained.

We used the antibiotics in the following comtinations: colimycin +
mycerin; colimycin + streptomycin; mycerin ¢4 sireptownycin; colimycin 4 terra-
mycin; wycerin 4 terramycir; streptomycin 4 terramycin.

The preparations were given in equal doses of 12.5, 6.25 and 3.12 gamsa
per cc. In selecting the doses we were guided by the fact that in the me-
vious experiments colimycin, mycerin and streptomycin used per se in doses
of 12,6 gemma per cc produced sterilization of the cultures, as a rule, after
2h howrs of contact with the culture; in smaller doses they exerted only a
bacteriostatic effect on the brucclias. We used terramycin ia higher concen-
trations (from 12.5 to 100 gamma per cc), because in the experiment smaller
doses of it exerted no bactericidel effect on the brucellas.

The experiments were performed with the seme series of liver bouillon
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and agar (pH of 6.9). A virulent strain of brucellosis microbe (487b)

vas secded in the bouillon in a quantity of 10,000,000 microbes per cc of
the medium, and aatibiotics were immediately added. Bomillon which did not
contain antibiotice in which the same number of microbes had been seeded as
in the experimental test-tubes served as a control. The cultures were incu-
bated at 37°. Material was plated out of all the test-tubes (in guantities
of 0.1 cc) on plates containing liver agar every day for five days. The ab-
sence of growth on agar plates vwas evidence of the loss of viability of the
brucella under the influence of antibiotics.

We compared the results of the present experiments with data obtained
in experiments on the study of the action of the antibiotics per se on a

. culture of brucellas under conditions which we have described in owr previous
report (N. B. Igonina, 1960).

From Table 1 it is seen that colimycin, mycerin and streptomycin used
in these combinations and doses comwpletely suppressed the growth of brucellas
after 24 howrs of contact with the culture. However, the bactericidal activ-
ity of coliuycin and mycerin in comwbination with terramycin was somewhat
reduced by comparison with the utilization of them by themselves. Thus, when
colimycin and mycerin were used by themselves in doses of 12.5 gamma per cec
the brucella cultures were sterilized as early as after 24 houwrs of contact,
while in combination with terramycin in doses from 50 to 12.5 gamma per cc
this occurred only on the second day. Streptomycin in a dose of 12.5 gamma
per cc in combination with terramycin, used in a dose of 25 gamma per cc,
also reduced the bactericidal activity from that in the basic experiments. s

We performed the subsequent experiments with the aim of determing the
time of occurrence of a complete bactericidal effect by the same combinations
of antibioties on the brucellosis microbe.

With this aim in view, we performed a series of experiments by the
same method, plating out the cultures (in a quantity of 0.1 cc) from the
experimental test-tubes (nto agar plates every two hours for a day as well as
after 48 and T2 hours (Te.ole 2??

From Table 2 it follows that &all antibiotic combinations in the first
few hours of contact with ‘he culture of brucellss exerted only a dacterio-
static effect; the bactericidal effect was observed after longer contact.

The bactericidal effect of colimycin in combination with mycerin in
doses of 12.5 gamma per cc each was expressed after 10-12 hours'exposure; in
N doses of 6.25 gauma per cc each, after 20 hours of exposure, and in doses of

3.12 gamwa per cc each, after a 2h-hour exposure. Let us recall that these
antibiotics per se in doses of 12.5 gamma per ce inhibited the growth of bru-
. cellas only after a 20-22-hour exposure.

Bactericidel activity of colimycin in combination with streptomycin,
using doses of 12,5 gamma per cc, was expressed after eight hours of exposure;
in 6.25 gamma per cc each, after 20 hours; and in doses of 3.12 gamma per cc
each, after 24 hours of exposure. These antiblotics per se in a dose of 12.5
gauma per cc each sterilized the cultures only after 18-22 hours of contact
with the culture. Therefore, through the combined application of antibiotics
toeir bactericidal characteristics were manifested much more quickly.

The bactericidal effectiveness of mycerin in combination with strepto~-
mycin was demonstrated almost at the same time as in the combination of
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mycerin with colimycin.

With the use of colimycin and mycerin in combination with terramycin
the bactericidal activity of the antibiotics included in the combination
was reduced by comparisonvwithwhen they were used perse. Vhile per se colimycin
in a dose of 12,5 gamma per cc had a bactericidal effect on the cultures of
brucellas after 22 howrs of contact, in combinaticu with terramycin (in a
dose of 50-12.5 gamma per cc) it did not show a bactericidal effect even in
48-72 hours. Mycerin per se in a dose of 12.5 gamma per cc sterilized the
cultures after 20 hours of contact, but in combination with terramycin in a
dose of 50-12.5 gamma per cc it showed a bactericidal effect only after two
or three days of contact.

In our experiments streptomycin was an exception; its bactericidal
activity in combination with terramycin in a dose of 100 gamma per cc was
considerably incressed coupared with its application per se. In these doses
streptomycin in combination wi.h terramycin sterilizes the cultwre of a bru-
celiosis microbe as early as after six-eight hours of contact. With reduc-
tion of the dose of terramycin in this combination the bactericidal effect of
streptomycin is reduced by comparison with its administration per se. There- :
fare, as our experiments showed, terramycin is apparently an antagonist of
colimycin and mycerin with respect to the antibacterial effect on brucelles.

In combinaticn with streptomycin terramycin (in a dose of 100 gamma per cc)
exerted a synergistic effect. Despite tne fact that after the use of terra-
mycin in cowbination with colimycin amd mycerin their sterilizing effect is
reduced, the bactericidal effect of terramycin in combination with these
antibiotics is increased, Thus, in a dose of 100 gauma per cc per se it
nanifested only a bacteriostaiic effect; in combination with colimycin or
mycerin this preparation showed bvactericidal activity after 24 howrs of expo-
sure. In combination with streptomycin this dose of terramycin sterilized
the cultures as early as after six-eight howrs of contact with the culture.

In the subsequent experiments we set before ourselves the aim of study-
ing the effect of dififerent combinations of colimycin, mycerin, streptomycin
and terramycin on a developing (two-day) bouillon culture of brucellas.

For this purpose subcultures from the cultures in the experimental
test-tubes were made on agar plates every day for five days. Antibiotics in
this experiment were used in the same combinat:.ons as in the first. Based
on owr previcns data, which showed that the antibacterial effect of the anti-
biotics with respect to a mature culture of dbrucelles is manifested wmuch less
vigorously than in the case of a young one, we used colimycin, mycerin and .
streptomycin in a somewhat greater concentration than in the previous experi- !
meats, 25 instead of 12.5 gamma per cc (Table 3).

From Table 3 it is seen that colimycin in combination with mycerin,
1sed in 2 concentration of 25 gamma pexr cc each, had a bactericidal effect {
on & culture of brucellas after two days of exposure, whereas per se they
sterilizadthe cultures oaly after four days of exposure.

Colimycin in combination with streptonycin and mycerin in combination
with ctreptomycin gave almostw tic same results in their sction on the brucellas.
Yrese antibiotics, used in Goses of 25 gamma per ce each, exerted a bacteri-
¢idal effa2ct on the second-third day of contact with the culture of brucellas;
in doscs of 12.5 gamma per cc, oa the fourth day, and in concentrations of
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6.25 and 3.12 gamma per cc, only on the fifth day.

Colimycin or mycerin in cowbination with terramycin, by contrast with
experiments in which they were used per se, not only failed to increase the
antibacterial properties but even decreased them: per se they had a bacteri-
cidsl effect after four days of contact; in combination with terrawycin,
after five days.

The bactericidal effect of streptomycin, used in combination with terra-
mycin,. increased appreciably. Thus, used in a dose of 12.5 gamma per nc it
did not per se show any bactericidsl effects for fcur days; in combination
with terramycin, on the other hand, where the dose of the latter was 100-5C
gamma pexr cc it had a bactericidal effect on brucellas after tihree days of
exposure,

Conclusions

1. In the study of the effect of a combination of antibiotics (coli-
mycin dmycerin, colimycin +streptomycin and mycerin 4streptomycin) on a devel-
oping bouillon culture of brucellas an increase weas found in the bactericidal
activity of these combinations compared with their utilization in the pure
form.

2. The bactericidal activity of colimycin or mycerin, used in comtin-
ation with terramycin and by contrast with their utllization per se, is re-
duced with respect to young vrucella cultures.

3. A terramycin concentration of 100 gamma per cc is synergistic for
streptomycin. The sterilizing effect of streptomycin in this case is increased
two-three vimes.

L, Colimycin, mycerin «nd streptomycin, used in diflerent combinations
and doses also showed a more ective antibacter ial effect on already developed
brucella individuals (two-day bouillo. culture). ’

2. The bactericidal effect of colimycin and mycerin when each was used
in combination with terramycin was reduced with respect to twe~day brucellia
cultures.

0. In an experiment with a8 two-day culture the bactericidal effect of
streptomycin, used in combination with terramycin (dose of 50-100 gamme per cc)
was increased by almost two times.
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Pathological Changes in the Organs of Dwarf Susliks Infected with Plague in
a State of Hibernatica

N. D. Imbrokhotova and V. N. Lobauov
{Ural'sk)

The course of plague iunfection in the bodies of dwarf susliks in &
state of hibernation may be of a lingering character. Pathological changes
occurring in this infectious process have been inedequately studied.

A. A. Churilina (1915), infecting dwarf susliks experimentally during
the period of their hibernation, concluded that under these conditions the
rodenis mentioned become sick with the '"chronic form of plague," the main
characteristics of which are the presence of tubercles in the parenchymatous
organs and cachexia. In addition, A. A. Churilina observed a "secondary
inflammatory procers" {n the lungs of 8 suslik which had died four months and
21 days after infection. Under the impression left by this work in the 1lit-
erature mention begzan to be wmade of the existence of a “chronic nodular" form
of plague in susliks,

Ya. Ye. Braul {1931) made & study of the nodules in the organs of
dwarf susliks, considering them most important and even the only sign of
"chronic plague" in these rodents. Ya. Ye. Braul had the organs of five sus-
liks, caught during a suumer plague epizootic. In the spleens and livers of
the animals which he investigated small grayish-white nodules were seen. On
histological exasmination it was found that they coasisted of spheroidal accumu-
lations of plague microbes surrounded by a belt of pclynuclear cells. The
author did not find any granulomas in the parenchymatous organs of susliks,
which are characteristic of chronic infections. In our opinion, the nodules
in the liver and spleen of susliks are not & sign of chronic plague, because
nany investigators have oovserved the same structures in their ocrgans in acute
and subacute forums of plague during epizootics among susliks (S. M. Nikanorov,
1925; V. M. Tumanskiy, 1947 and others).

The picture of the pathological changes in dwarf susliks which have
dled of plague during the spr ‘ng-summer erizootics, according to the data of
many suthors, is distinguished by great variety. I. S. Tinker (1940) believes
that in the first half of intense epizootics among these animals the septic
forn of plague predominates with a high mortality rate and with poorly
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expressed pathological changes in the orgaens. In the second half of ithe
epizootic enlargements of lymph nodes, primary buboes, signs of degeneration
of the liver,whose color consists of various shades of clay-yellow, are
encountered. At the same time, secondary lesions are encountered in the
lungs (areas of necrosis and pneumonin); enlargement of the spleen and
adhesions of it to surrounding tissue; "necrotic foci" in it. Toward the -
end of the epizootic there is an increase in the number of cases with a
benign course of plague, The course of the pathological process in plague
of dwarf susliks in vhe sutumn-winter has been little studied. Therefore,
histological studies of the organs of these animals infected with plague
while in a state of hibernation should be of significance for throwing
light on this subject.

Personal Chbservations

In the autumn-winter of 1949/50 we infected 109 dwarf susliks; 84 of
them were in a state of hibernation, and 25 had not gone into hibernaticn
yet. The animals were infected subcutaneously with a suspension of a two-
day cultuwre of the plague micrcbe, strain 586, in doses of 1000, 10,000 and
100,000 and 1,000,000 microbes in a volume of 0.5 cc of physiological saline
solution. The winimum lethal dose of this strain for the guinea pig was
equal to 1000 microbes. Of 109 animals 97 died at various pericds and 12
were killed after their spring awakening frcm hibernestion.

The organs of 59 susliks were studied histologically. In this group
there were 29 susliks from which plague microbe cultures had been isolated,

1l animals which had been killed and 19 which had died, from which the cul-
ture was not obtained.

The suslik orgsns were fixed in 10 percent formalin. The sentions were
stained with hematoxylin-eosin, picrofuchsin, for f£ibrin (by the Cockel method)
and for detection of microbes (by the Unna-Pappenheim method ).

Of 29 plague-infected susliks 15 died from four to 15 days after the
infection; almoet all of them had received large doses of the plague microbe
(100,000 and 1,000,000 microves). HNome of the 15 animals became sick while in
hibernation; scme were infected in a waking state and did not go into hiberna-
tion; others awakened from hibvernation after their infection. Cultures of
the organs and blood of these susliks showed good growth of the plague microbe
with the exception of two cases where no bacteriemia was observed.

Susliks which were in deep hibernation (including those infected in a
waking state which shortly afterwards went into nibernation) died of plague
after a longer period of time--from 27 to 250 days. In 1l of them dissemina-
tion of plague infection was observed in the winter as well as in the spring
af%er awakening (eight susliks).

In Table 1 the most important pathological changes observed in the
orgaug of the experimental susliks are rreseated with an indication of their
lifespans. With a lingering pathological process and subsequent exacerbation
of it the same macroscopically visible clanges were encountered in the organs
a8 in susliks with the acute disease which died in the early periods: 1injec-
tion »f the subcutaneous blood vessels, degeneration of the liver (the color
of i% was gray-yellow, brown-gray or brown-yellow and the tissue was flabby);
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hyperemit and grayish-white nodules in the splesu: from i80lst2d ncdules to
numerous 2nes, from the size of a dot tc & grain of nillet. Nodules were
encountered in the susliks nc Zooner than the llth dav after tha infecticn.
Cachexia and dense inflltrates at the injection aite were observed in tac
case of & lingering pathological prozess. In all cases patholeglceni changes
were noted ia the lungs: hyperemja, hemorrhages, areas of necrosis aund foci
of pneumonia. In four ceses adhesions of the lungs to the Jdiaphrags or
parietal pleura were observed in the plague-infected susliks, which in two
cases ware combined with areas of necrosis und lung abs-esses.

As far ss the pathological picture in the 33 animals waich died is
concernac, from which no sulture was obtained (of these the oxgans of 19
acimals were exsmined histologically), the following macroscopic changes
wvere obgerved: in 21 theve was wasting to the point of cachexia; in 13 de-
generative chsnges of the liver wers noted; in five, injestion of the subcu-
tareous bloud vessels; in 2ix, hyperemia cf the spleen; nodules in the liver
and spleen were noted in two susliks. In the lungs there were areas of
densification in three susliks and hyperemia in 13; in efght susliks adhe-
sions of tue lunge to the adjacent tissues were found (to the pleurs aund
diaphragm). In eight of the 11 susliks kilied no changes were observed in the

organs, and in only three of them was enlargement of the spleen and hyperemis :

of the lungs noted.

These changes in the crgans were in complete agreement with those
described above and were observed in susliks frowm which the plague culture
was obtained. However, in thzse cases the diagnosis was not corroborated -
either by culture or by bislogical test. i

Histological Studies

For convenieace of description of the results obtained we divided the
susliks investigated into three groups: 1) susliks frrcm which the plague
microbe culture was obtained; 2) susliks which died but in which the diagnosis
of plague could not be confirmed bacteriologically; 3) killed susliks with a
negative culture.

In the first group there were also 29 susliks, from which a cultere
was isolated. Of these li dled after a long hibernation. The results of
study of the organs of these animals are the following.

In the lungs of 12 animals pneumonia was found: in five susliks it
was confluent ¢r lobar; in seven, fooel. Thereby, in the alvecli an accumula-
tion of exudat: was seen, chiefly serous-hemorrhagic or hemorrhagic in tyme.
Along with plasma and red blocd cells,sloughed-off alveslar =»pithelial cells
and rneutropnils were seen in the majority of cases in larger or smaller nume
bers. Large accumulations of microbes were found in the lumina of the »inod
vessels, capillaries and alveoli and around the blood vessels and capill:ivies
Marked circulatory disorders were also noted in the form of stasis, exudation
of plasma, and irregular blood distribution. In the walls of the blood
vessels signs of necrosis and necrobiosis, inflammatory infiltrates and plasma
impregaation were observed. Around the blood vessels there were infiltrates’
consisting chiefly of wacrophages and lymphocytes.

In the liver in three of the ik susliks examinel areas of necrosis
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ware observed (in twe, multiple micronecrotic arz2as; in one, single macro-
scopic areas); ir one thore vere scattered miorcabscesses, and in 10, cloudy
swelling of the liver cells-

In the spleens of two animals there was hyperplasia; in two, areas of
narresis; in the other 10, no essential changes were found.

In ths kidneys of onz zuslik there were sbscesses; ta 13, cloudy
suellinz of the tubular epithalium.

Of the 15 susliks which Beconme sick in the waking state and died in
the pertod betwean the fourin and 1L5th day the following data were obtained.
In the lungs of seven susliks confluent and lobar pneumonia were found; in
foeur, bronchopneunonia. On histological examination pneumonia was demon-
strated characteristic of plxzgue, as in the animals described esbove in which
red blood cells were preduminant in the exudate; in two susliks there were
extsusive areas cf necrosis in the foci of pneumonia. In two animsals only
warked circulatory disorders were observed (congestion, stzsis) in the lungs
with perivascuiar inflammatory infiltrates; in one there was hemorrhage into
the lungs; in two there was interstitial pneumonia.

In the liver micronecrotic areas were observed in three susliks; there
were hemorrhages in one; productive nodules in cne. In 1l susliks there was
cloudy swelling of the Liver cells,

In the spleens of seven susliks there were areas of necrosis; in three,
hyperplasia; in five, nuc considerable changes were noted. In the kiéneys of
one suslik there were hemorrhages: in 11, cloudy swelling of the tubular epi-
theltium.

Therefore, in 29 susliks, which were in long-term hibernation as well
as those which-becawe sick in the waking state, changes typical of plague
were found in the organs. This was confirmed in every case by positive
results of culture (Table 2).

In the second group there were 19 susliks which died, from which the
plague wicrobe was not obigined.

In these susliks superficisl changes were noted,; chiefly in the form
of cloudy suelling of purenchymatous organs. In three foci of pneumonia
were observed but without ereas of necrocis, withoul accumulations of microbves
_ or deep-seated injuries to blowd vessels. On the tazis of this as well as
the negative results of cultures, it may be suppesed that in these animals the
poeumonia, apparently, was not of a plague nature.

The same may be said about killed suslils, which we put into the third
group. In all 11 susliks of this group, on histoiogical examination, no
changes charactaristic of plague or any deep-seated lesions in the orgens
were found.

Conclusions

1. In experimentsl susliks which d3ed of plague in the winter as well
as after suakening in the spring morphalogical changes were found characteris-
tic of scute plague.

2. We did not observe processes of a chronic natwre in the orgsns in
the fore of scars, euncapsulated abscessus, clestrizing granuloras, or others
ia any of ¢he experimentsl animals.

3. Yo susliks which died of plague the following most important
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fi‘&h‘l@ 1, continued Irom previous pugg;’ 2T7. hemorrhsges in the liver; 23. abs-
se88, In the liver; 29. abscess in the kidneys; 30. acute form of plague in
Sy eavly peiriod; 3L. no bacteriemia found; 32. dissemination of the infec-
tion iz the lste perlods; 33. total.

Table 2

Results of Mierobiological and Histological Study of Susliks from Which the
Flague Microbe Culture was Isolated
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30, no growth (the figures designate the number of colonies which grew

out; the crgans were not examined).

Key: 1. nusber of susiik; 2. infected in a state of; 3. Lifespan, days; b. re-
sults of the cultures (bectericlogical examinatigns: +ebundant growth of the
culture); 5. regjonal lycph nodes; 6. lungs; 7. mpleen; 8, liver; 9. blood;
+ 19, boue mrma;;&. wsults of histological e:m\:ﬁnatlons (histological exam-
~featfons: <+, predence of shanges); 12. brouchoprievtonia; 13. lobar or conflu-
sat potwonie; M. liver sbscess; 15, &rees of u¥zusis in the splewn; 16. areas
~of aecrosis in liver; 17. hemcrrhages in the Tiver; 15. absceases in the
¥tdnkys; 19. Wakjng; 20. hidernetion. 2L, total bases,
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changes were found: pneumonia, hemorrhages into tha lungs, areas of necro-
sis in the liver and spleen, liver abscesses, hemorrhuages of the liver,
kidneys and suprareanal glands.

At the same time, degenerative changes were observed in the internal
organs, chiefly in the form of cloudy swelling of the parenchymatous orgauns.

L, With respect to {requency and significence in the development of
the infection the main position was occupied by pneumonia. In our experi-
ments, in i2 cut of 29 susliks there was lovar or conf.uent pneumonia; in 11,
bronchopreumonia with vascular changes characteristic of plague, areas of
necrosis, and sccumulations of microbes.

5. In animals infected with plsgue and which died without bacteriolog-
ical confirmetion of the diagrosig, in the majority of cases only cloudy
swelling of the parenchymatous organs was found; in tiree susliks pneumonia
characteristic of plague was not found. .

6. Ou microbioiogical and morphological studies the same results were
obtained in cw experiments,

|
g
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Directed Variation of the Plague Microbe uader the Influence of Streptomycin
with the Alm of Obtaining Vaccine Strains

Z. Ye. Malinina
(Paratov)

Since the time of the discovery of the plague pathogen many facts
have been recorded indicatizg veriation of tne plague microbe (D. K. ZaYolot-
nyy, 1907; A. A. Bezsounova and G. N. Lenskaya, 1929; M. P. Pokrovskaya, 1935;
Ye. § Korobkova, i937; N. N. Zhukov-Verezhnikov, 1940; V. M. Tumanskiy,
1955).

At the present time, studies on the directed variation of the plage
microbe are acquiring great iwportance for the search for avirulent strains
possessing immunogenic properties.

The majority of vaccine strains of the plague microbe has reen found
by chance among museum cultures. Strains obtained under the influence of
various factors (temperature, aging, frequent subcultures) have not alvays
Justified themselves, because in the experiments conditions necessary for
the production of vaccine strains were not created in all cases.

To date, no reliable methods have been worked out for obitaining vaccine
strains with very good immunogenic properties from highly virulent cultures.

The subject of the present communication is the study of the possibil-
ity of obtaining living vsccines from virulent strains of the plague microbe
by means of directed variation of it under the influence of streptomyein.

The choice of strepicmycin as a factor in directed variation of the
plague microbe was not made by chance. In studies begun in 1950 it was de-
termined that this antibiotic, in its physicochemical prnperties and mechanism
of action, permits the experimenter to use it in any dosages (from the so
called bactericidal to growth-stimulating doses) depending on the purposes
and to obtain the necessary results in accordaunce with this. Our experimentcs
show that under the influence of streptomycin, depending on the method in
which the antiblotic {8 used, the following msy be obtained: 1) variants of
the ol:gue microbe resistant to streptomycin whichk have lost their virvlent
pro- tles; 2) streptomycip-resistant variants of the nlagus microbe with
the .awe virulent properties, and 3) streptomycin-dependent variantis which
regu ¢ the presence of stieptomycin in the wedium for their growth.

sheunges in the strutture of the colonies and cell morphology of the
plague nicrobe were first observed when the experiments were performed for
determining the sensitivity of the plague microbe to streptomyciu and for
deteruination of the nature of its effect. Thereby, the changes were record-
ed under test-tube conditions as well as in the bodies of animals treated
with streptomycin. When the plague aicrobe cultures which had been subjected
to the effect of strepiouycin were plated out from the test-tubes onto agey
plates & heterogeneous colony structure was observed (Fig 1). The colonies
were different in size, shave, markings and color. In smesrs prepared from
cultures of the altered together with the typical bipolar staining cells
a multitude of altered cells was noted in the forw of thick tortuous
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filaments (Fig 2).

During the course of the work we &lso observed dissociative variation.
By acting on the plague microbe culture with streptomycin, we were able to
produce dissociation of the culture into S and R variants (Fig 3).

On the basis of the observations which we made the conclusion may be
drawn that all strains of the plague microbe, after even brief contact with
streptomycin (for 20 hours), change the morphology of their colonies and
their cell structure. Despite the rapidity of occurrence and variety of
forms of the colonies, the changes recorded were unstable. Subcultwres of
the alterec colonies on media which did not contain the antibiotic quite
rapidly wer: converted into typical plague microbe colonies. The brevity of
existence of the altered colonies is understandable, The changes in the
colonies were observed only as long as a factor producing these changes--
gtrapiomye in--vas present in the cultwe. For the purpose of producing more
stenls hanges in the plague microbe the longer effect of the preparation is
neeacd. The latter found its expression in experiments on obtaining strepto-
mycineresistant variants of the plague microbe. For the purpose of obtaining
streptomycin-resistant variants of the plague misrobe from streptomycin-sens-
itive variants we used a somewhat modified method of passages of sensitive
cultures through media containing increasing streptomycin concentrations.

As the result of a comparatively small number (8-10) passages plague microbe
veriants vere cbtained whose resistance to streptomycin was increased by
10,000 tiwmes. Their initial sensitivity was equal to 1.5-3 units; after
pessages of the cultures they grew well in Hottinger's bouillon coutaining
15 willigrams of streptomycin. In the experiments L0 strains of plague
microbe were used which were different from one another in their cultural
characteristics, origin and virulence. Among the strains there were aviru-
lent strains, those with moderate virulence and highly virulent strains -
vwhich killed the guinea pigs when they were injected with 10-100 microbes,

At the time of their formation streptomycin-resistant variants were
very much different from the initial strains in the cell morphology and
colony structure. When they were subsequently kept on media containing
streptomycin or media without it the worphological characteristics of the
variantg were the same as the wmaternal cultuwre. The variants resistant to
streptomycin show a slower growth rate than the sensitive cultures only in
the Tirst generstions. Both in the sensitive cultures ard in the streptomy-
cin-registant strains the minimum inoculation dose needed to produce a cul-
ture was almost the same. .

Analyzing the material showing differences in biochemical activity
between seasitive and resistant cultures, the absence of any principles’
in this regpect should be emphasized in the resistant plague microbe cultures.
In some strains, ae the result of adaptation to streptomycin, we could note
an incregse in biochemical activity (strain 709); in others, a decrease of
it wvas observed (strain 565); and in still others, the biochemical activity
did not change at all.

The stireptomycin-resistant cultures and the sensitive variants showed
the same relationship to bacteriophage. Cultures sensiti': and resistant
to streplomycin were lysad in the sawe titers by both plague and pseudotuber-
culosis bacteriophages. Nor did we observe any differences in the
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serological properties of the streptomycin-resistant and sensitive cultures.
During the course of study of the comwarative activity of oxidation-reduction
systems in streptomycin-adaepted and sensitive cultures of the plague microbe
we noted that cultures resistant to streptomycin more rapidly reduce wethyl-
ene bluc than the sensilive cultures. The results of the experiments give

us the basis for supposing that the change of the streptomycin-sensitive
cultures of the plague microbe into streptomycin-resistant cultures is
apparently associated with the activation of the system of dehydrogenases.
The results of experiments on the determination of the oxidation-reduction
capacity of cultures sensitive and resistant to streptomycin in the presence
of streptomycin introduced additionally into the experiment as well as spe-
cially performed experiments on the dehydration of glucose by resistant andg
sensitive cultures under relatively anaerobic conditions speak for this idea.

We gtudied the stability of acquired resistance to streptomycin by the
method of passages of resistant cultures through media which d id not contain
streptomycin, by the method of passaging resistant cultures through the bodies
of sensitive animals as well as by the preservation of resistant cultures for
six-seven years on media which did not contain the antibiotic. The dsta
obtained show that even repeated (from 25 to 50) subcultures of the strepto-
mycin-resistaut cultures on wedia without the antibiotic did not lead tp a
reduction in the resistance of the culture to streptomycin. It was impossible
to note any reduction in the resistance of resistant cultures even after pas-
sage 10 times through the bodies of guines pigs or wk‘te mice; keeping the
cultures for a long time (six-seven years) on media without streptomyc it also
failed to lead to a reduction in the resistance of the strains to the anti-
biotic.

The virulence of streptomycin~sensitive strains and their resistant
variants was studied on white mice. For the purpose of determining the
minimum lethal dose of various plague microbe cultures the method of biologi-
cal titration on animals was used (Table 1).

Table 1

The Virulence of Streptomycin-Resistant and Sensitive Cultures of the Plague
Microbe in an Experiment on White Mice

an @K “N":X:'Iﬁlf"")' w4BOT .u.":‘o.'?::-‘u’e:t::.
BUX | ygxpolumx TeA

7 YyscrehTeas @ 5 1000
704 Yerokiunn 5 100 000 050
08 Yyucrsnteas @ 5 (1w
u8 .Vcros"wanue@ 5 | 100000000
751 Yyrersirreaniine L) 1o
751 Yeronunsue S 16000 0CQ
565 Uy BOTHHTE 1BHUC 5 ET )
65 Ycrofunane $ 1000 (0L L00

1. strain; 2. relationship to streptomycin; 3. number of animals; 4. minimum
letksl dose, number of microbes; 5. sensitive; 6. resistant.
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4n analysis of the experimental data shows that the virulent proper-
ties of all the strains studjed decrease sharply cowpared with the virulence
of streptonycin-sensitive maternal cultures.

Even wore significant results were obtained from the testing of the
innocuousness of the resistant plague microbe cultures in experiments on
guinea yigs. All the streptomycin-resistant strains (709, 696, 819, 815,
806, 751, 807, 810, 813, 708) were found to be innocuous. Guinea pigs in-
fected subcutaneously with 15,000,000,000-20,000,000,000 microbes all sur-
vived,
' The iwmmunogenic properties of cultures of the streptomycin-resistant
TO9 strain were tested ou guines pigs. In the experiment 27 animals were
used which were divided into three groups. The first group of animels (nine)
was jmmunized with 1,000,000,000 microbes; the second group (eight), with
500,000,000; the third group (10), 250,000,000 microbes. At the end of 21
days after immunization all the animals were subjected to a control infection
with & highly virulent culture of the 708 strain (40O MLD). Five control
guinea pigs were infected with the same quautity of the culture.

Guinea pigs immunized with the streptomycin-resistant culture of the
709 strain all remained alive, whereas all the control animals died five-six
days after the infection (Table 2).

Table 2

The Immunogenic Properties of the Streptomycin-Resistant Variant of the
Plague Microbe of the 709 Strain

Huymeswpyn O] SWoowuse -@., P HX BOCAC J8paxenus

Mt A0s8 a3 (Dim) | mmsormux Q" aan ’w““
1 wmap, 400 9 0
500 man 400 8 0 g
250 ua 400 10 0 10
Koutpos 400 S S (—6- 0
AeH»Y 0

1. immunizing dose; 2. lL.fecting dose (MLD); 3. nuwber of animals; L. of
these, the number which following the infection. . .; 5. died; 6. survived;
7. billion: 8. million; 9. control; 10. fifth-sixth day.

Theretare, 100 percent survival of the immunized animals after admin-
istration of known high doses of a virulent plague culture attests to the

very g0od lwmmunogenic properties of the streptomycin-resistant variant, 709.

Conclusions

L. As the result of the gradual adaptation of it to streptomycin the
plegue uicrobe warkedly changes {ts metabolism. First there is a change in
‘its relationship <6 the antibiotic, a recrganization of the enzyme apperatus
of the microbe. In the streptomycin-resiztant varisnt the system of deby-
drogenases characterizing the anoxidative component of cell respiration is
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sctivated, there is a change in its blochemical activity and virulence
decreases sharply. The newly acquired properties are stably maintsined by
the plague microbe and are transmitted by heredity.

2. Streptomycin-resistant avirulent cultures maintain their immunc-
genic properties completely.

3. Streptomycin can be used as a factor in directed variation with
the aim of obtaining vaccine strains {avirulent and immunogenic) of the
plague microbe. Thereby, the avirulent strains are comparatively easily
obtained from highly virulent strains. This wethod has the advantage that
the avirulent strain is obtained in quite a short time.
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The Action of Mycerin on the Toxin and Toxin-Production of the Plague Microbe

V. A. Zaytsev
(Saratov)

According to data in the literature (A. F. Biltibin, 1958; G. P. Rudnev,
1959; K. V. Bunin, 1953; X. M. Lobvan, 1958; N. V. Vorotyatseva, 1353; K. I.
Kondrashkina, 1953 and others), with antiblotic treatment of some infectious
diseases a reduction of intoxication is noted. The mechanism of this phenou-
enon remsins unclarilled to date. A number of investigations (V. N. Derkach,
1956, 1957; V. A. Lyashchenko, 1960; N. F. Kalinichenko, 1955; M. K. Shche-
glova, 1953; L. P. Guseva, 1954; M. R. Nechayevskaya, 1955; Yu. V. Solov'yeva,
1947; S. M. Navashin, 1959; S. M. Navashin and A. I. Brauwde, 1959 and otm?s)
render the opinion that detoxication is conditioned in such cases by ihe
antitoxic capacity of tne cnilblotics. According to the data of other inves-
tigators (E. A. Gol'perin, 1950; P. R. Kolomeytsev and A. Ye. Nikitina, 1951;
A. N. Shneyerson, 1958; Ye. V. Caernokhvostova and others, 1957), it is the
result of a disorder in the production of bacterial toxins produced by
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antibiotics.

As 1p well known, in plaguethe intoxication of the organism developing
a8 the result of the propagation and oreakduwn of bacteria, is of a pronounced
nsture and together with the bacteriemia determines the entire sywptom com-
plex and outcome of the disease (G. P. Rudnev, 1938; Meyer and Jawetz, 1954).
The elimination of toxicosis in the treatwent of plague mitigates the course
and the severity of the disease. £ good antitoxic effeet is cxerted by
plague sexum, but :t is not very effective therapeutically. In the liters-
ture avatlable to us we Lave encountered only several papcers ou the study of
ths mechanism of action of antibiotics on the plague microbe toxia. Quan,
Chen and Meyer (1950) established the fact that chlorotetracycline, aurcouy-
c¢in and oxytetracycline, given prophactically four-12 hours before injection
of the plague microbe toxin, protect mice against death. Streptomycin, which |
in their experiments gave the greatest therapeutic effect, did not protect .

‘the mice sgainst lethal intoxication. According to the data of Ye. N. Alesh-
. ine and L. N. Haksrovskaya (1959), streptomycin possesses a certain iractivet-

ing effect against the plague toxin, whereby it is more pronounced than in
tte caze of biomycin.

In the papers of workers at the "Mikrob" Institute the antibiotic
mycerin /neowycin-like antibiotic/ was appraised highly far the treatment of
experimental plague in laboratory animals. However, some factors in the
wechanism of the therapesutic effect of the preparation have been inadequately
studied; specifically no study at all has been made of the effect of wycerin
on the plague microbe, toxi{n or toxin formetion. The aim of the present inves-
tigations was the study of some problems dealing with the effect of mycerin
ou the toxin and toxin formstion of the plague microbe.

First of all, in experiwents performed in vitro a study was made of
the inactivating effect of mycerin on the plague toxin.

The toxin wag obtained by a methud described by Ye. I. Korobkova (1957).
The avirulent EV strain was sesded on Hottinger's slant agar in watrasses (pil
of T.l) with O.4 percent glycine. The cultures were incubated at 28-30° for
two days. The slimy culture which grew out was carefully triturated in con-
densation water. The microte suspension obitained (180,000,000,000-
200,000,000,000 microbes per cc) was aspirated into test-tubes and put into a
refrigerator for three-four days, afiter which it was centrifuged. In the
yellowish, slightly opslescent supernatant fluid used as the toxin the minimum
lethal dose (MLD) was determined on white mice weighing 17-20 grams. One MLD
of the toxin in 0.l cc of physiological saline solution was mixed with differ-
ent doses of mycerin--1; 2 and 3 milligrams--dissolved in 0.1 cc of physiolog-
ical saline solution. In ail csases, with mixing of the mycerin and toxia
solutions a tuwrbidity appeared immediately; subseguently a precipitate ceme
down from it in the form of fine clumps. After a 30~-minute exposure at room
temperature (18+20°), a three- and 2U-hour exposwre at 289, these mixtures in
a volume of 0.2 cc were injected into white mice subcutaneously. In a sini-
lar way control solutions of the toxin and mycerin were prepared (the resuits
of the experiments are shown in Toble 1).

As is geen from Table 1, mycerin pousesses an appreciable detoxifying
effect which increases with increase of the dose of antibiotic, wheteby the
neutrslizing effect does not depend on the temperature or the pericd of
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Toeble L

Effect of Mycerin on 1 MLD of ithe Plague Microbe ToXin

@ Q‘le.\mb FrENOIRINI @ ‘@; o @emn npoe
Rosa unuepuus, wr (8 uacax) npu TRunEPATYPE :m‘:: nmxmx. %n:e:m
18-20° l 2 MUDCR] yuweR, wacut
1 05 10 8 38.6
2 05 10 5 382
3 . 05 10 4 205
Kourpoas (1 Dim 4 9 206
rom:um)l 05 3 lg 5 23
3 3 ] 2 2S5
onrpoas (1 Dim rox- 3 5 LY 18
CMKA
") 24 5 3 67
@K 3 24 5 2 28
on » ({ Dim rox-.
cu?a? ( ] $ 4 18

Note. The control animls (those which received only tnycerin)) all
survived.
1. dose of mycerin, wg; 2. duration of exposure (in hours) at a temrersture
of; 3. number of mice; 4. number of mice which died; 5. mean lifespen of
mice which Gled, hours; 6. control (1 MLD cf the toxin).

contact beiween mycerin and the toxin. Thus, with a dose of 3 wmilligrams of
mycerin and an exposure time of 2k hours at 28°, two of the five mice used in
the experiment Jied, whereas in the control group four out of five mice died;
the same relationships were noted after a dose of 3 milligrams of mycerin
under conditions in which the contact was at room temperature: of 10 mice
used in the experiment only fowr died, whereas in the control group nine out
of 10 mice died. In the analysis of the data the impression is gained that
the mean lifespan of the mice which died, which were given a mixture of the
toxin and mycerin, was somewhat greater taan in the control animals which
received the tcxin alone.

t the second stage of the investigations we performad experiments in
vivo vn the study of the Jetoxifying effect of mycerin with experimental ir-
toxication of the white mice with plague toxin. The experiments were per-
formed in the following way. One group of white mice received mycerin (3
willigrams once) and the toxin (1 MLD) simultaneously (in different parts of
the vody). Another group of whiite mice were given mycerin (1 gram) intra-
muscularly three hours after the injection of the toxin (1 MLD) and subse-
quently twice et six-hour intervals. The control mice received only the toxin.

It was deteruined tiaT mycerin, both after simultaneous injection with
the toxin and three howrs after injection of the toxin, exerted no detoxifying
effect. This is confirmed by the lifespans of the experimental aniwals,
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which were not mucis different from those of ihe controls (all the mice died

tn 21 bouwrs).
The suhsequent experiments were given aver to clavification of the

prophylactic effect of mycerin in experimental iufoxication in white mice.
With this «im {0 view, each experimental mouse was injected with 2 milligraws
of aycerin in a volume of 0.1 cc of physiological saline salutlon, The con-

- rol mice received the 0.1 cc of physiological saline soluticn only. After

two hours, both the experimsntal and control mice were given different Gilv-
tions of toxin {Tadble 2).

Table 2

Prophylactic Effect of Mycerin in Intoxication by the Plague Microbe

Tlozonutume sawmsn @ Kouvpaasius muum
: mth) ' O “ % HDOIOXMW. :Z‘;} gM £PeLHRY NPOSOA 5
RO [nagaunx | TRALNOCTE xNdNK Qemung] TOAWNOCTL W HoMi
BIWAT, YICM RIBWAT, 4ISH
0.006 ig ! 42 10 4 24
0012 10 5 p23 10 7 21
0023 16| 9 266 10 | 10 18
005 10 19 18 10 10 o

1. dose of toxin (ce); 2. experimentsl mice; 3. nuwber; 4. number which died;
5. average lifespun of those which died, howrs; 6. control mice.

. As followe from Table 2, mycerin shows a poorly expressed prophylactic
effect in {atoxication of white mice by the plague toxin. Thus, with a toxin
dose of 0.012 cc five out of 1O experimental mice died and seven out of 10
control mice djed; with a toxin dose of 0.006 one mouse out of 10 experimental
nice died; i{n the control group, &3 the result of the utilization of this
toxin dose fowr out of 10 mice died. In addition, in the experimentsl mice
a very slight facreasc in the lifespan was noted.

The effect of mycerin on toxin-production of the plague microbe was
studied in the following way.

The toxin was obtained by the method described above of Ye. I. Korob-
kova from cultures of the plague microbe (EV strain) grown out on a medium
containing a subbscteriostatic conceatration of mycerin (0.5 gauma ler cc).

A toxin ohtained from cultures grown out without the antibiotic served as a
control.
The number of bacteria participating in toxin production was determined
nephelometrically, by comparing the deasity of the bacterial suspension of the
plague wmicrobe culture grown out in the presence of wycerin with the density
of the bacterial suspension obtained from the wedium without the antibiotic.
The comparieon was wade in accordance with the optical standaxd and weasured
platings of the various dilutions (107, 10"9) on agar plates with subsequent

count of the colonies whichk grew ouk.
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Both nephelometrically end ty ucans ¢f counting the colonles {t was
Getermined that the tacterial suspension in the control group (130,000,000,000-
200,000,000,000) cortained tuice as many wicrobes es {n the experimsntal
group ($0,000,000,000-110,000,000,000). Therefcre, wycerin in this concen-
tration inhibited the growth and multipllication of the plague wmicrobve.’

With the aim of meking the conditions the ssme the eontrol bacterial
suspension was diluted two times with physiologieal saline solution before
ceotr fugatlon, that is, its density was brought up to the density of the
suspeusion in the experiment. After centrifugation; in experiments on white
mice the minimum lethal doses of the supsrnatant fluds obtained were determ-
ined (Todble 3).

: Tabie 3
Titration of Plague Microbe Toxin of EV Strain Grown Qut on Medium Containing
. Mycerin (0.5 gauma per cc) and Without It
L O) (&) Koxtpose
) £ wead
| o | 2K | 20| 2P| | g
0.1 2 2 ¢ 2 2
005 2 1 005 2 2
0.025 2 1 0.028 2 2
0.0i2 2 0 0012 2 B
€,006 2 0 0,006 2 2
0,003 2 0 0.003 4 i
0,0015 2 0 0,001 2 1
i

1. experiment; 2. control; 3. dose of toxin; 4. number of animels; 5. number
of orivals which died.

; A3 ic seen from Table 3; the minimum lethal dose {0.006 ce) of toxin
othuined frowm the plagne microbe grown cut ou medium without mycerin was 16.6
timey less tara the minimum lethal dose (0.1 ce) of toxin obteined from the

plagus sicrobe grown cut on medium with a subbactecriostatic coaceontration of

! nycerin.
; . Thereroes, it was determined by our experiments thaet mycerin suppresses
" the toxin-produr rg function of the plague microbe ftogether with an inhibvition

of its growti and wwropagation.
In concinsisl, we shouid point out ihe following. Ye. ”’. Chernckhvostova
: and others (1957) belicva thet antibiotics do not neutralize the bacterial
toxin. The difference Yetueen the wmortality of the animals ig the conirol
group (those which c2ceived toxin) and in the experimentel group {those which
received the toxin #d tho antibiotic) way depend, ia thair opluicn, on the
activation of sn infection with sxivanecns bacteris in the laboratory animsls
under the influence of tihe toxia which ususily occurs in & lsie manner; this
should eggravate the intoxicatinm ¢ ineresse the mortality of animuls in
the control group. If She 2siibiiv i ¢ uvsed supprenses this {wfection, a falze
impression may be galned about tix 4ffert of the antibiotie on intoxicetion.
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& cannot agree with this viewpoint, because in ow experiments the extrane-

‘ous flora ware not, as a rule, plated out from the organs of animals which

d1ed of the toxin or from the toxin and mycevin.
Conclusions

1, Mycerin in vitro possesses a poorly expressed capacity of neutroal-
izing the plague microbe toxin. .

2. 1In the treatment of experimental intoxication in white mice caused
by injection of the toxin mycerin proved to o ineffective,

3. Mycerin, given to white mice prophylactically (two hours before
injection of the toxin), shows @ slight protective effect against experimental
intoxication.

k. Subbaecteriostatic concentrations of wycerin inhibit the toxin y
eoduction by plague bscteris.

Biblicgraphy .

1. Alesnina Ye. N. and Makarovskaya L. N. The Effect of Strepicmycin and
Biomyein on the Plague Toxin in the Bodies of White Mice. Irudy
Rostovskogn~na-Donu Gosudarstvennogn Nauchno-issledcvatel.'skcgo Pro-
tivochumnogo Instituta (Transactiont of the Rostov-na-Donu State
Seientific Research Plague-Control Institute), 1959, vol XV, p 137.

2. Bilibin &. F. The Treatment of Patieuts with Dysentery. In the Book:

Knimioterapive infektsionnykh Bolezney (Chemotherapy of Infectious

Digcases). Medyir. Mogcow, 1958,

. Bunin X, V. Printsipy i Prektika Lecheniya Infektsionnykh Eol'nykhk {Prin-
eipies and Frackine of Treatment of Patients with Infectious Diseases).
Momeow, 1958,

k. Chsrnokhvostove Ye. V., Al°shteyn A. D., Shirman G. A. The Probhlem of the

Hechanisn of the Detoxicating Effect of Synthomycin and Levomynetin.
© Antibiotiki (Autibioties), 1957, 6.

5. Derkach V. W. Study of the Antitoxic Properties of Antibiotics. Communi~
eation I-VI. Sbornik Trudov Khar ‘kovskogo Nauchno-Issledovatel'skogo
Instituta Vaktsin J Syvorotok imen: Mechnikovs (Collection of Works
of the Khar 'kov Scientific Research Institute of Vaccines and Sera

- imeni Mechnikov), 1956, vol 23; 1957, vol 2k,

6. Gal'perin E. A. The Mechanism of Reduction of Intoxication in Scarlet
Fever. Trudy AMN 5SSR (Transactions of the Academy of Medical Sciences
UsSR), 1550, vol 8, no 1.

7. Gusevs L. P. fntibioticheskoye Deystviye Sintomitsina ns Tifo-Taratifyz-
oyve Bakteril (The Autidbiotic Iffect of Synthomycin ou Typhoid-Para- '

Tyrhoid Becteris). Author's Abstract of Candidate’s Dissertation.
: Savatov, 1954. .
8. Xalininchenko N. F. The Effect of Antibiotics on Toxins aud the Toxin-
‘ Producing Fumction. Sbornik Trudov Khar 'kovsiogo Nauchuo-Issledovatel'
‘sknso Tostituta Vaktsin | Syvorotok imen: Hechrihova, 1955, VOL 2L.

e e

9. Kolomeytzev P. K. and Nikitina A. Ye. Effect of Antiviotics on the
Pezic Function of Fathogenic Staphylococei. Trufy Ukrainskogo

L0

ik TR R SAGT Y R I IR L XN o i o=




iy -

10.

11.

13.
k.

5.

16.
i7.

18‘
19.

22.

-—- - TETARETE TE TR T v Le s
“W

Instituts Epidemiologii ! Mikroblologi! imeni Mechnikova (Transactions
of the Ukrainian Institute of Epidemiology and Microbiology imeni
Mechnikov), 1951, vol 13, p 101.

Kondrashkina K. I. Experience in the Use of Synthomycin for the Treat-
ment of Typhoid Fever. In the Book: XX Nauchnaya Sessiya Saratov-
skogo Cosudarstvennogo Meditsinskogo Instituta (The Twentieth Scien-
tific Seaslon of the Ssratov State Medical lastitute). Sarstov, 1953.

Korobkova Ye. I. The Effect of Glycocoll on the Plague Microve. Commun-
ication III. The Nature of the Plague Toxin and its Significance in
Acuive Irmunization, Zhurnal Mikrobiologii idemiologii i Immuno-
':)iologi ]1. (i’ﬁgrnal of Microbiology, Ep"":ui‘em‘E fology and imm ’unL"o'*o' fology),
1957, L1, .

Lovan K. M. The Treatment of Patients with Plague. In the Book: Khim-
foterapiya Infektsionnykh Bolezneg. ‘Medgiz. Moscow, 1958.

Lyashchenko V. 4. The Antibiotic ect of Levomycetin in Experiments.
Antiblotiki, 1960, 1.

Navashin S. M. The Effect of Tetracyclines on Toxicosis Produced by the
Yhole Antigen of Flexner Dysentery Bacteria. In the Bock: Antibiotiki.
Medgiz., Moscow, 1959. .

Navachin S. M. and Braude A. I. The Detoxicating Effect of Antibiotics
of the Tetracycline Group in Dysentery Intoxication. Byulleten' Eks-

erimental'noy Biologii i Meditsiny (Bulletin of Experimental Biology
ard Medicine), 1959, vol 8.

Nechayevskaya M. R. The Effect of Antibiotics on Pathogenic Clostridia
and Their Toxins. Sbornik Trudov Khar 'kovskogo Nauchno-Issledovatel'
skoge Instituta Vaktsin i Syvorotok imeni Mechnikova, 1955, vol 21.

RudnevBG. P. KlLinika Chumy (The Clinical Aspects of Plague). Rostizdat,
1038.

Rudnev G. P. Zoonozy (Znonoses). Medgiz. Moscow, 195G.

Shcheglova M. K. The Effect of Synthomycin on the Development of Toxi-
cosis in Experimental Animals Compared with the Effect of Penicillin.
In the Book: XX Nauchnaya Sessiya Saratovskogo Gosudarstvennogo
Med!ftsinskogo Instituta. Saratov, 1653.

Shneyerson A. H. Tne Effect of Antibiotics on Toxin Production by the
Dipnhtheria Bacillus. Antibiotiki, 1958, 2.

Solov'yeva Yu. V. Erythrin--4 New Antibiotic Substaonce of Animal Origin.
Communication II. The Action of Erythrin on the Diphtheria Toxin and
iphtheria Bacillus. Zhurnal Mikrobiologii, Epidemiclogii i Iwmuno~-
blologif, 1947, no 2. '
Vorotyntseva N. V. Lecheniye Dizenterii u Detey Khimioterapevticheskimi
Preparatam! (The Treatment of Dysentery in Children with Chewothera-
peutic Preparations). Author's Abstract of Candidste's Dissertation.

Moscow, 1953. ) _

Qudn S, F., Chen T. H. and Meyer K. F. Protective Action of Antibiotis..
Against the Toxin of Pasteurells Pestis in Mice. Froc. Soc. Exper.
B*Ol- ao bhd .y 1950 75’ 2 5“86

Heyer and Jawetz Quoted from the Book by Pollitzer. La Peste. Geneva,
195k, '

HMeyer DModern Therapy of Plague. JAMA, 1950, ik, 2, November 12, 982.

————r—

141

e e .

A W SBRCTRNER

. ) .

DRV LTy

g L ) b
A A

[T YPRR PN




The Effect of Sowe Human Body Tissues on the Properties of Cholera Vilriones
and Cholera Bacteriophages

0. M. Petrunina, N. V. Polyakova and L. V. lMakaridze
(saratov) .

The problem of increesing and stabilizing the specific properties of
pathogenic microbes reumains unsolved to date and is undoubtedly of current
importance. As s well known, when kept on synthetic nutrient media the
specific characteristics of many pathogenis microbes show a tendency toward
reduction (sometimes to the point of complete loss), which depends on the
nature of the microbes and the conditions under which they are kept. This
process is reversible at a certain stage. By using different methods of
cultivation, for example, passages through animals, it is sometimes possible
not only to restore but even increase such characteristics of pathogenic
microbes as virulence, immunogenicity and others.

Of the many methods proposed for this purpose cultivation and m