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Detection of .1ieterella Infection in Wild Rodents, Insectivora and
Ixodes Ticks.

by Y, . O'suffay and 0. S. Bme1'ianova

Zhurnal Nikrbiologiia. 22 (6).1 67-71: 1951.

Listerellosis is a dlseas. ,o which man and various domestic and wild
anim- ls are subject.

During a massive . acteriological Investigation of wild animals and

ticks for the purpose of detecting tularemia infection, one of the author's

'Nleuf'ev's) attention was diverted to differAnt pathogenic causative agents
a ,:,.7 -.,ositive bacillus which now and then was isolated from dead or live
rodenta and insectivora, and in ono Instance wae detected In Ixodes ticks.

luring -the period from Noy 1946 through Sept 1948, six strains were isolated~
fonthe wild animals. For this, 21,243 wild animals were teoted (11,256 of

tnoe were field mice), In 13'8 one strain was isolated from ticks. In ad-

dition 5 more strains were isolated by a co-worker at the tularemia institute,

1% 'N. Glagolevala, who wcrked under our eupervision; in this. 5,879 wild ani-
ra18l were teeteo. (of these 4,721 were field mice). These strains were trans-
"erred -us and consequently we w~ere able to Investigate 12 sti-ins in all.O10 of these E',rains were tested somewhat in detail, and in 2 strains the
arnt ieonic properties were chiefly investigated. All the strains proved to be

completely Identical to the caueativ~ agent of lisaterellosis - Listeria mono-
cytogenes. For comparison we bad two t4 andard strains, Nos, 139 (rabbit) and

249 (mouse), which we received from Pr~'f. P. P. Sakharov.

Of the 12 ntrPlns that were investigated 9 were isolated from rodents,
of which 8 were field mice (Microtus arvalis) and one a water rat (Arvicola

terrestris), and. 2 Iroin insectivora, of which one was a water shrew (Neomys
fodiens) and one a coir.mon shrew :3orrex araneus); one strain was isolated

from pubescent ticks, Dermaceator pictus; 5 strains were Isolated from dead
animale and 6 from animals that were captured alive. The sick and dead ani-
mals were discovered both In winter and avnmer. These were more frequently

snorad3.c cases, but at timos group mu~rains were noted. In winter the ani-

male were chiefly taken from otraw stacks and in the summer from open sta-
tions. The greater number of fiaids of L monocytogeties (10 of 12) occurred in

I'Iand the winter of 1948/49, Evidently this is explained by the fact that
Guring thiis period of the inveettgationn they began to pay more attention to

clisterella Infection In the laboratory. Instead of a direct bacteriological
"vcsti:uio of thm organo of the procured animals, almost all the strains
w;ero recelved throuvh biological means by the utilization of a Wabinocula-
tio of the organs (spleens, lymphatic 4lIands, bone marrow in special caseeN
into a sensitive animal, white mouse or field mouse, with a subsequent bac-

teriological invest igation of the organs cf the animals that died (the meth-
od used for mass analypes for tularemia).

Field mice (H. arvalis) were used -*!the subinoculat ion more frequently
la those cases where the organs of wild, aul~als trhat had died were being



investigated. F'iret o17 all, the riold mnice were hvi4i in tho laboratory for
at least 2 weeks. This procedure, I~t. the aubinoculatior. of organs from the
dead field mice into fresh animals, permitteil arol.dlnS mistakta which mnay
develop when working wlth white mice that hai-e thoir own infetion:!; Strains
110- 1321, 2439 81 and 394 were ifiolated via the field mie

The field mice died in time perlods ranging from ?2 to 144 hsoure with
the follow~ng pathologic-anatomy chan -e; a dcnae infiltrtion with a nec-
rotic or su-ouurn-tiv8 focus in the infL - ted area; hypere;iia of the vessals in
the subcunt&sneoua cel1lrt-r tisse; ealargement of the liver with plural mi-
nute necrotic nodiules; enlargemeat of the suprareral vlerdr and spleen, but
without nodules; aistensioi of the si~all intestine in the beginning portions
(with a yellowish content). The white mice died within 120-240 hours and upoa
their autopsy, practically the same cagswere detectee as in the i6ield
mice, althoui~h there were not ab~ays nodules in th.o liver; In two micq, which
had died after 192 and 240 hours, the spleen was sharply enlarged A.nd covered
with numerous necrotic nodules that had never been noted in the field mice
Svinteov (1948) notes that in his tests, necrotic nodules of the liver ar'
spleen in white mice were noted in 50-60 % of the cases. A oulture from the
organs of the field mice and white mice that had died was easily obtainod on
a weakly alkaline meat-Dept one agar. In smear impressions from the organs
Lmonocytopenes was detectad In sufficiently large quantity; the bac"1li

were at times situated in the protoplasm of leliocytes. In 3 analyses (Nos.
153, 2026 and 3503) the infection only developed In a second subinorc 2ations
while the animals (white rice) of the first si.,.incalat ion were sacrificed
on the 10th day; in, their organs were detectei srall che-nges which testified
as to the presence of the infection: hyperemia of the vessels in the aub--
cutaneous cellular tissue, andi slngular necrotc nodules in the liver and
spleen eta, In these analutos 2 white mice and I field mouse of the secnd
sublnoculJtion diod after 96-192 hours, with changes as describe-' above, ard
from their organs were taken L. monocyto, eaes cultures.

Strain No. 27,53 was taken directly from a dead water rat by means of a.
sowing from the liver onto a meat-peptone agar. Witb~in 24 haurn a growth of
two .ausat~ve agents was diecovered, listeria monocytogenes and Erysipelo-
tarix rhusiopathiae, with a predominace of the former's colonies, The

i.rhusionathiae colonies were clearly dietinguished by their analler dimea-
cliong. 'Therefore, taa water rat died from a combination of listerellosis and
6-,&orystmelatoue infection. The rat's liver was sharply enlarged and threaded
with nu~ierous small necrotic nodules. The erieipelatous ir'fection was en-
countered rather frequently Orong the rodents in the locale being investigattd;
up to 30 % of the water raite were affected by it (Olsuflev and Dunaeva).

It is of particular importance to dwel on the condItions of iso~Ating
strain Yo. 449 from the ticks. 1,000 pubesceat ticks of various, degram of
blood satiation were colocted from cows that seemed to normal by exterior
&e)oearance. The ticks were uivided Into 10 Crolips. 100 to a grou- , arid :;ter
grinding with a physiological solut ion in a inortat they werti a,-,utan(,iously
injected, each group separately, into 10 guinea pigs. One guinea pig diod
on the 9th outki (24.-hour period- Tr note); upon Its autopsy the following
was discovered: at the place of infectiou in the inguinal reegina, an ezcyeted

.) cavity containing & turbid-gray viscous substance; the inguinal glands were
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ealar-ed to the size of peas, sharply hyperemiic; the vessels of the subcutaneous
I ular tiesue are eharply hyp .,remic; as to the abdomen, bezreath the skin

ie a smnall purulent -cas eous area which is connecte' 4, the foci's of inflama-
*.ion in the inrguinal region; the spleen is enlarged to twice its normal size,
chpcry colored, thiclKened, blood-filled, without nodules, very strongly en-
lar ' ;ed, of a light-vel low-clay color, compact, rather dry in the cross soe-
tion of the incision; lungs hyreremic; kidneys enlarged; sujprarenal glands x
sharp)ly vaLlarged and hyperemiz. Durin- the microscopy of the glands, liv'or and
-plaon, a small number of small, narrow bacilli was detected ir, every field
of 'visioa. Within 24 hours after a sowing from the spleen and liver onto a
meat-poptone agar, a profuse gro- of a pure culture of L. monocytogenes was
received.

.,o ause guinea pigs have co.:.parively little sensitivity to listerellosix,
one wust asvume that the ticks cotained a large quantity of the pathogen.

AOT.he characteristics of the strains that were Isolated. proved to be as
£cl1cws. The pathogen appears as a small rod, somewhat narrower and shorter

Zaan the ba±cilli of the intestina1-tyDmhouB group, but visibly larger than the
1xitiogen of the ertsinelatous infection. 'The bacillus ic weakly motile, does
not decolorize by Gram's mFethod, stains well with anil~ne dyes. In agar cul-
tU2aCIs it grows as straight, short ovoid rods, at times nearly cocci, which on
a smear form separately or in small heaps (in palisades). In a close grained
oy;g-yolk medium the bacilli grow Lo the eame dimensions as in agar. In that
tace listeria differs from erysipelothrix, which In an eegg-yolk medium will

~) gra'. in a form of .onger rods and thretade than in agar. In broth it will grow
in form of straight, short rods or Loccobacteria, which in L* smear culture are
forned separately , by pairs, or In small groups. and less frequently in short
c114ins. It is easily grown in common weakly alkaline nutritional mediums, 'Out
tbe growth received is not profuse. In a t"eat-peptone broth, after a 24 hour
iy~ith at 370. a weak uniform opacificat ion is noticed, which correlates
,-)proximnately to 400-500 mlllion microbic cells per cm3 (by the TsGINXI bac-
ter .al standard); a small sedimentation is formed on the bottom, which upon
sh.e'Aking rises from the bottom in a small queue; scum does not form and there

ino ringing of the containerls sides. On an agar slant, with a profuse inoo-
11lL'ion, the growth after 24 hours is in the form of a semi-transparent,gray-
ish cclored application of numerous small colonies fused together and partial-
ly Isolated only along the edges of the streak; the grotith ip seen well, by
the aaked eye. The 24 bqur old colonies In the dishes are emuil, c~rcular,
ft, with even edges, cemi-transparent, weakly cnromogenic In a passing light.
In. gelat.in after several sut~ki. (24-hour periods - Tr note) there was a growth
al:ng t~he piu-.cture in the form of small gCranules; later, by .?roximately the

p~th~yin some cases in the up:per portion of the puncture may appear small
clusterq of minute, toosntose threads going off perpendicularly from the punc-
ture, b~i' they never attain the sumptuosity that is characteristic for gelatin
culturesi. TPhe g;elatin does not liquefy. In a Clark culture medium, after a
9to >",ur goth at 37 0, the react. ii with methyl red is positive (reddening of
the mooiu;i,). Biochezical activity was carried out in 10 of our strains and
In the 2 etanidard etrains. All strains after a 24-hour growth at 370 decom-

g )o:coe and maltose to an acid, after 3-5 Butki (24-hour periods - Tlr
nce)- .toae, and after 10-27 sutki - sucrose and glycerol; mannitol and

dulcitvi were not fermented.



3y morphological, tinactorial, cultural an biochemical properties all
our Ptrains proved to be completely identical to each other and corresponded
in full to qtandard strains Noe. 139 and 249.

For the investigation of the strains' antigenic properties we resorted
to the agglutination reaction. By means of a five-fold immunization of rab-
bits with heat-killed cultures, aYtie-rams 'e -ece'M to ? of our strai, s
and to itandard strair No. 139. The titers of the serums amounted to 1:1,600-

-1:3,Zvv. 2Le iaults of the cross - ar' .;eee~. 1 .

All investigated strains proved to b3 serolog ily identical to each
other. The agglutination was completely clear - the. was a complete clarifi-
cation of the liquid end a precipitation of the clump to the bottom of the
test tube in the form of a clearly outlined umbrella; when shaken, the clump
rose from the bottom of the test tube in the form of minute strands of threads;
with a protracted nhakin- the threads broke up into a homogenous cloud. In to
sernis lower dilutions (1:50-1100) there was a sedimentation of one degree
or another and at times it was fullv dissolved. Apparently the antiserurs, to-
gether with the aSglutlninc, contair. d rather powerful bacteriolysins. Par-
ticularly the lysis was .-equeatly i ted in the tests of strain No. 1321 and
its serum; this made it difficult tc properly determine the terminal titers
of th3 agglutination. This btraln was partially dissolved even in the conLrol.
Possibly this was stipulated by agir- of the strain, or by the presence of a
bacteriophage. The strain was investigated 2- years after the isolation. Strains
_ o. 286 and 394 were agglutinated with antiserum No. 81 in a dilution of 1:1,600.
ipae to the fact that strain No 2753 was isolated from a water rat simulta-
neously with the strain E. rhneiopatixiae, there was prepared for the latter
a rabbit antiserum with a ti r of 1:1600. A cross-agglutination test showed
that even in a minimum dilution (1:50) the serums did not react with the
heterologous strains.

all of the isolated . rsins prove. to be ""thogenic for fi6ld mice. With
a cubcutaneouR injection of 0.1-0.2 cm of a 24-hour broth culture the mice
died after 4S-96 hours with changes ty'ical for lis'erelloois. Of particular
interecot are: the enlarged liver, withvit exception threzded with grayish-
yellowirr necrotic nodu)@s, - t enlar-ed suprarenal glr 8, which at times
were one-thlrd the length of the kidney. The changes were so characteristic
that the, infection of the mice began to be used by us in practice for diag-
nootic purposes in the preliminary in.etgation of the cultures being isolated.

(Table 1)

The dot;ree of sensitivity of the field mice and white mice to listorel-
losis was core accarately determined in special tests. The infection with
the three strains wns carried out subcutaneously shortly after their io-
lotion. The field mice infected were full grown, wfljih. 20-25 g.; tho white
mice weoi;hed 12-16 g. In all there were 29 fleld mice and 20 whtte nice in
the tests (table 2). The absolute lethal dooe for the field mice &nd white
mice equalled 100 million microbic cells. The greater portion of the 'male
died from 10 and I million cells, whereas xany animals survivod fror lOu toQ :0 thou.wand. In those anisnala which died from listerellosis t"Ih pathological-
j:,atomy &.nes were completely tupical for acute listerellosi., and the dtag-
nois in all caseg was substantiated by a positive bacterial microscopy and
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an isolation of a ,ir; .9ry culture. The disease in the field mice and white Oice
took a course in the form of Peoticemia. In 2hoee walte mice and field inice
which survivod, there was disvored a well erpresed immunuty, after two

ronths, to a control subcutaneoun J-'-ction wELh a viruen, etrain in a done
knowL to be letbhlo Tho strains proved bo be pathogenic for fabbits. After
Ln. L.,travenous injection of 0.5 cm3 of a 24-hour broth multure, the rabbits

diecd after 72 hours from acute listerellosis; in the liver was detected aIrcat quantity of yellowish necrotic oci.

(Table 2)

I. the pioces6 v. ; i_.i,.u, ui 6iiv kiereria strains we
cncountered the neces-ity of distinguishing them from the causative agent of
an erysineletdius infection, E. rhusiopathlae, to which they are very similar.
This proved to be particularly im-portnt in -onnection with the fact thqt we
very frequently isolated rhusiopathiae cultures from the wild rodents and

insectivora. We found that it is poscible to successfully differentiate be-
tw'ecn these two causative agents by a series of criteria which are pre-
sented in table 3. Our system is less detailed than the system propoled for
tho same parpose by Svintsov (1948). We do not include in the system i vor-
ification of the motility, upon which -^me authors insist. In the investiga-
tion :f the strains we were able to convince ouiselves that listeria has a
weak independent motility, usually expressod only in young cultutes. Erys"pe-
lothrix have no active motilhty, but due to their small size they are eub-
Octed to a rather intends Brownian movement in a suspended droplet. The dif-

rfrences weon the active potility of listeria and the paasive motility of
er--slpelothrix are not demonstrative and cannot be considered rela' ae. Orlova

(1948) relates that on farms affected by swine erysipehas she isolated strains
from sicic and dead gilts that were completely identical by biochemical and

cultural properties to the swine orysipelas pathogen, but which had a clear-

ly empres~ed motility in the cultures.

(Table 3)

Conclus ions

1. Lioterellosis was discovered in a natural state in field mice (Microtus
arvalis Pall.) - 8 finds, in a water rat (Arvicola terreetris L.) - one find,

In a wttcr shrew (Neomys fodiens Schrb.) - one find, and in a conmon shrew
(Sorex araneus L.) - one find. One strain of L monocytogenes was isolated
from pubescent ticks, Dermacentor pictus Ferm., thkon from healthy cows.

2. Al of the isolated strains, 'y morphologicalcultural, tinctorial,

biochemical and antigenic properties, were completely similar to each other
and fully corres" )nded to Listeria monocytogenes (Mur., Wb et Sw.).

). Te straing possessed an express pL:thogenicity for field mice, white
ice and. rabbits. For the first two types c' animals the minir.su lethl dose
a a siubcutaneous infection amounted to 10-100 thousand microbic cell.

4. The established phenomenon of natural incidenco of li-terellos stn
r ,d .- t and insectivora, which are widely sproad in uature, and e-lso in ticks,

i: reascz tae knowledgea concerning tne epizootology and epidemiology of thid

little Investigated disease.
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1 0 Footnotes

I. The field rortion of the investigations was fuifilled In a joint
expedition of the institute of Epidemiology and Microbiology, AMN, USSR -

the Moscow Antiplague Observation Station - the Moscow Institute of Blpi-
demiolog.y, Microbiology and Infectiouw Diseases imeni Mechnikov - and the
uentral Disinfection Institute at the Mikhnovskii Tularemia Station ( the
expeditionto suporvisor was Prof. N. G. Clsuf'ev).

2. In some cases by the 27th day, traces of acid appeared !a even these
two =-ctc " '' . -fain that the changes which occurred could be
acknowledged as a true fermentation.

©
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Table 1. The different dilutlone of antiserum which agtlutinated, in

t, cro -ggutination test, atrains of Liateria monocytogenes of differeat
origin.

o f No. of Antiserum
17 243 /_ 449. 7 1211 2o2k 2171 2?5i[

139 16ou 400 800 500 ~40 800 180 400

249 400 800 8C0 800 200 800 1600 200
81

C Z.. . 300,2 1 'o UO 200

123 400 1600 -00 800 100 800 500 800

243 800 1600 1600 800 200 .600 o00 .o 400

285 400 16001 800 500 400 1600 &)0 400

449 400 1600 400 1 00 800 1600 1600 400

1321 200 80 200 400 50 800 800 200

2026 800 800 1600 800 400 1600 800 400

2171 400 800 800 0 .400 800 1600 200

2,) 400 800 400 800 800 1600 3200 3200

350J 1600 16400' 10 1600 1 )o i0o 150 -6oo 800

ct -C--lutination was only tarccu into acco,;nt for four and three crosses.

... c ,2. SenSivity of field mice d white mice to liutereliosis with
• :uctrm infection.

r-r-in :y;po of No. of an- -oe of micrc*lc cell .
-_ -- - -~~~ -.

ao. 1ni-a1 1:.2 eated 1 000 1 2.0 1 00 1 =l a mn 1 0 rln

12 23 19 5 4g 4 3 43

2 34 32
i" w t nue - 4 4 -J 44

-10 >7 5 44

5 43 54 4, 3

-6 135 4 323
"-- r.'cet io:a S'.'bole

t : nl l ,~ied fro -- arn ou -tId1e  cause
- a:nizal suv i w.l

num.ers indicate the tizi,- of 3eath in 24 -nour periola.
7



Bai jii;:Icz.,e _ewnilse moncytogen:: qand --rye, pelo-

Ahi growth ling th stiea

- 1nt an t- _~trt -oon~ - - - - - - - -. r - - - - - - -
-Cyiteran ot-Lrateri hardlycvo-ne isibele h ith t~i-l~he e

peo e - ~ Stahy islwth thei seten itha moeiyg or oe s wirv h

an ~ ~ ~ ~ ~ ~ ~ ~ a en utre rd ra . 04 osareet f a 0.-. min or.

GrowthCro th na- n ikns-coes. Ythicknes s runnto in m ersn

Ac~ 2-or-oTe gertn2ow h pun tre ine glrowt ton the strealon

on s~nt wak- steaof n the nctur an h snrt rbnt~
ly akalie mot- atei folonies autroawhrlyvsil wt tenae

peptnetagar. oil vith i l whusit tihe eye c olo s Fite easly c

7' glucosked 6,7d seense trina rea downg s wrseih
&ate, latose euc anmrsemet i). 10 doe n-o

routhos oAam t- S a knot -lycol.ne Yuf oeshoo ts rini gy e rlen

Xton og elai .o'.e puncte ino diegarv' tyow o the picUuealr-
withre o a old cultures soedi). itsrentie len '(la rut

the pucura

Ant ~i prc lter latoes only wih antl irrdti a) Ith h oeolag
er SS oseogu an t iy erue. leant malr ose aand esom e ro

a_7:1utinate with antilloteria
cerume in snail dilutions.


