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Detection of Listerelle Infection in Wild Rodente, Insectivora aad ¢
Ixodes Ticke. t%‘

N !
Yy ¥ U. Olsuf'ev and O, S. Ewmsl'ianova

IListerellosis is a dlsease vo which man and various domestic and wild
anizzle are subject,

During a messive tacteriological investigation of wild animsls and
ticks for the purvose of detecting tularemia infection, one of the authoer's
‘0lsuflevis) attention was diverted to : differant pathogenic cavsative agent,
a grar-~positive bacilius which now and then was 1solated from dead or live
rodents and insectivora, and in ono instance was detected in Ixodes ticks,
suring the period from Nov 1946 through Sept 1948, six etrains wera isolated
saom the wild salmale. For this, 21,243 wild animels were tested (11,256 of
tnoes were field mice). In 1558 one strain was isolsted from ticke, In ad-
dition § more strains were isolated by & co-worker at the tularezia inst itute,
P. N. Glagolevala, who werked under our supervision; in this, 5,879 wild sni=-
ncla were teetea (of these 4,721 were field mice). These strains were trans-
sorred - . us and consequently we were able to investigate 12 sty=ins in all,
10 of these s.rains were teested somewhat in detail, ard in 2 etrains the
antigenic properties were chisfly investigated. All the strains proved to be
completely identical to the causativ- agent of listerellosis - lListeria mono~
eytogenes. ror comparison we bad tws standerd strains, Nos, 139 (raddbit) and
249 (gouse), which we received from Pruof. P. P. Sakharov.

Of the 12 streins that were investigated 9 were isclated from rcdeats,
of which 8 were field mice (Mjcrotus arvalis) and one & water rat (Arvicola
terrestris), and 2 from insectivora, of which one was a water shrow (Neomys
fodiens) and on® & comumon ehreow ‘sorrex araneus); one strain was isolated
froa pubescent ticks, Dermacentor plctus; S straing were lgolated from dead
anirals end 6 from animale that were captured alive. The sick and dead ani-
mals were discovercd both in winter and summer, Theee were more frequently
snoradic cases, but at times group murrains were noted, In winter the ani-
mels were chiefly taken frow otraw stacke and in the suamer from open sta-
tions. The greater number of fiunde of L monocytogenes (10 of 12) occurred in
1548 and the winter of 1948/49. Evidently this is explained by the fact that
curing this period of the iaventigations they began to pay more attention to
the listerella infeotion in the iadoratory. Instead of a direct bacteriological
toveaticution of the organs of the procured animals, almost ell the straina
were received through biological means by the utilizstion of a subinocula-
tion of the organe {(spleens, lymphatic ;lands, bone marrow in special casas)
into & sensitive animal, white mouse or field moure, With a subeequent bac-
teriological investigation of the organs of the animals that died (the meth-
od used for mase analyees for tularemiu).

Field mice (M. arvalis) were used - the subinoculation more frequently
in those cases where the organe of wild sniwals that had died were being -




O

investigated. Flret of all, the field mice ware helid in the laboratory for
at least 2 weeka, This procedurs, i.s. the aublposulatior of organs {rom the
dead fisld mice into fresh animals, permitied avoiding mistakes which way
develop when working with white mige that have thelyr own infections. Strains
No. 1321, 243, 81 and 39% wers iyolated via the fiald wice,

The field mice died in time periods ranging from 72 to 144 haurs with
the following vathologic~anatomy changzas; & dense infiliraiicn with & nec-
rotic or suppurctive focus in the infucied area; hypesreslis of the vesgsals Sz
the subcutensous asllvlar tissue; ealargement of the liver with plural mi~
nute necrotic nodules; enlargemeat of the suprarenal glende and apleean, dut
without nodules; distension of the suall intestine in the deglauning portions
(with 2 yellowish content). The white mice died within 120-240 houra and upon
their autopsy, practically the same changes were dstected as ian the {ield
mice, although there were not alvays acdules in the liver; in twe mlce, which
had died after 192 and 240 hours, the apleen wag sharply eslarged and covered
with aumerous necrctic nodules that hai never heen noted ia the field mica.
Svintsov (1948) notes that 1n his tesis, necrotic nodules of the liver ar”
spleen in waite mice were noted in 50-60 $ of the casea. A culture from the
organg of the field mice and white mice that had died was easlly obtainsd on
& waakly alkaline meat-pevtone agar, In smear impressions froa the organs
e monocytogenas was deteated in sufflciently laree quantlity; the bacilli
were at times situated in the protovlasm of leuxvcytes. In 3 mnslyees (Nos.
153, 2026 and 3503) the iafsctlon only developsd In & second subinccmiation,
while the animals (white mice) of the first sudincculation were sacrificed
on the 10th day; in their organs vere detsctei small chenges which teatified
as to the pregsence of ths infection: hyperemls af ths vessels in the sube
cutaneous cellular tissue, and siagular necrotic nodules in the liver asnd
gpleen eto. In these snaluses 2 white mice snd 1 field mouse of the gecond
subinocul~tion disd arter 96-192 hours, with changee as descride” above, and
from their organs wore taken L. monocyto -enes cultures.

Strain No. 2753 was taken directly from a dead watsr rel by means of &
sowing from the liver onto & mest-peptone agar, Within 24 hours a growth of
two causative agsnts was dlacoversd, Listeria monocytogenes and Erysipelo-
tarix rhvsiopathiee, with s predominance of the former's colonies. The
Z. rhusiovathise colonies were clearly distingulghed by their smaller dimen-
sions. Therefore, tas water rat diad from a combination of listerellosis and
g erysivelatous infection. The rat's liver was sharply ealarged snd threaded
with numerous small nsecrotic nodules, The erislipelatous infaction was en-
count ered rather froquently émong the rodents in the locale belng iavestigated;
up to 30 % of the water rate were affectad by 1t {(Olsuf'ev and Dunsasva),

It 18 of particular importance to dwelliun the condliticns of i{solating
strain Xo. 445 from the ticks. 1,000 pubeszent ticks of various degresg of
blood satiation were coilected from cows that seemed to mormsl by exterior
anpearance. The ticks were aivided into 15 groups. 100 to & grouy, and sfter
grinding with a physiological solution in & mortat they were svbeutansouasly
injJected, each group sevarately, into 10 guinea pigs. Ons gulnea pig died
on the 9th sutki (24-hour period- Tr note); upon its autopsy the following
wag dlecovered: at the place of infectlon in the inguinal region, an encysted
cavity containing a turdid-gray viscous sudbstance; the inguinal glands wers




R

enlarged to the size of peas, sharply hyperemic; the vesgels of the gubcutansous
zellular tissue are gharply hypuremic; as to ¢the abdomen, bernezath the skin

ie a fsmall purulent-caseous aree which is connecte’ *5 the focvs of inflama-
tion In the inguinal reglon; the spleen is eniarged to twice its normal slze,
cherry colored, thickened, blood-fiiled, without nodules, very strongly en-
lerged, of & lighi-vellow-clay color, compact, rather dry in the crose ssce
tion of the incislon: lungs hyneremic; kidneys enlsrged; suprarenal glands x
gharply eularged esand hyperemic. During the microscopy of the glands, liver and
#plecn, & snall number of small, narrow bacilli was detected in every field

of vieion, Within 24 hours after a sowing from the spleea and liver onto a
mest-poptone agar, & profuse grov’  of a pure culture of L. monocytogenes was
received.,

Jecause gulnee pige have corotaratively little sensitivity to listerelilostis,
one must assume tha2t the ticks contained a large guantity of the pathogen.

# “ne charscteristics of the strains that were isolated proved to be as
fcllows. The pathogen appears as a saall rod, somewhat narrower and shorter
tnan the bdbacilli of the intestinal-typhous group, but visibly larger than the
pusiogen of the erysivelatous infection. “he bacillus i¢ weakly motile, does
neh decolorize by Gram's method, staing well with aniline dyes. In agar cul-
tures it grows as straight, short ovold rods, at times nearly cocci, vhich on
o smear form separately or in ssmall heaps (in palisades). In a close grained
ozz~yolk medium the bacilli grow io the eeme dimensions as in agar., In that
the llsteria differs from erysipelothrix, which in an egg-yolk medium will
gros in a form of _onger rods and thresds than in agar. In broth it will grow
in form of straight, short rods or coccobacteria, which in e smear culture are
{ormed separately , by pairs, or ia small groups, and less frequently in short
ciaines., I ie easily grown in comuon weakly alkaline nutritional mediums, but
the growth received is not profuse. In a meat-peptonse broth, after a 24 hour
ciewth et 37°, a weak uniform opacification is noticed, which correlates
aoproximately to 400-500 m'llion microbic cells per cm) (by the TsGNKI bac-
terinl stenderd); a small sedimentation s formed on the bottom, which upon
shaking rices from the bottom in a small qusue; scum does not form and there
{5 no ringing of the containers sides. On an agar slant, with a profuse inoc=
uletion, the growth after 24 hours is in the form of a semi-transparent,gray-
ish colored anwplication of numerous emall colonies fused together and partéal-
ly isoluted only along the edgea of the etreak; the grotvth i» sesn well by

the neked eye. The 24 PJqur old colonies in the dishes are asmuil, c¢'rcular,
1%, with even edges, semi-transpareat, weakly cnromogenic in a passing light.
In zeiatin after several sutki (24-hour periods - Tr note) thers was & growth
alzng the puncture in the form of small g'ranules; later, by . proximately the
“0th day. in some cases in the upper portion of the puncture may appear small
clusters of minute, tomentose threads going off perpendicularly from the punc-
ture, but they never attain the sumptuosity that 1s characteristic for gelatin
cultures, The gelatin doos not liquefy. In a Clark culture medium, after a

9¢ rour growth st 3?0. the react. n with methyl red is positive (reddening of
the mediws), Biochemical activity was carried out in 10 of our strains and

in the 2 standard etrains. All etrains after a 2:4~hour growth at 37° decom-
poged giucoae and maltose to an acid, after 3-5 sutki (24-hour periode - Tr
Date) - l?giouo, and after 10-27 sutki - sucrose and glycerol: mannitol end
dulcitoey '~ were not fermented.
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<:> 3y morpoological, tinctorial, sultural an Ybiochemical properties all
our etrains proved tc be completaly identical to each other and correspoaded
iz full to =tandard straine Nos. 135 and 249.

] For the inveetigation of the straine' antigenic oroperties we resoried

‘ to the agglutination reacticn., By means of a five-fcld immunizetion of rab~
bite with heat-killsd cultures, antiLarums vewe rezeived to 7 of ocur strvalus
and to atandard strair No., 139. The titers of the serums amounted to 1:1,600-

> S ] -
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All investigated strains proved to b3 seroloz’!  1lly identical to each
other. The agglutination was completely clear - the. was a complete clarifi-
catioa of the liquid #nd s precipnitation of the clump to the bottom of the
test tude in the form of a clearly ovtlined umdbrella; when shaken, the clump
rose from the bottom of the test tube in the form of minute strands of threads;
with & protracted shaking the threads broke up into a homogenous cloud., Ia te
geruxns lower dilutions (1:50-1:100) *here was a sedimentatioz of one degree
or another and at times it was fullv disgolved. Apparently the antiserurs, to-
gether with the aggiutining, contair 4 rather powerful tacteriolysins. Par-
ticularly the lysis wes .requeatly : sted in the tests of strain No. 1321 end
its serum; this made it difficult tc properly deterwmine the terminal titers
; of tho agslutinstion. This wtrain wes partielly dissolved even in the conirol.

! Pogsibly this was stipulated by agirg of the strain, or by the presence of a

| bacteriophage. The strain was investigated 2k years after the isolation. Strains
' Yo, 286 and 394 were agglutinated with antiserum Yo, 81 in & dilution of 1:1,600.
; (:) Jus to the fact that strain No 2753 was isolated from a water rat simulta-

: neously with the strain I, rbusiopatiiiae, there was prepared for the latter

a rabbit santiserum with & ti1v r of 1:1600, A& cross-agglutination test ehowed
that evea in @ winimum dilution (1:50) the serums did not react with the
heterologous strains.

| ? 411l of the ieolated nwirains pr0ve§ to be Luthogenic for filecld mlice. With

! a2 cubcutaneous injection of 0.1-0,2 cm’ of a 24-hnsur broth culture the mice
died ufter 45-96 hours with changes ty: ical for liglerellosis. Of particular
intereat ure: the aplarged liver, withouit exception threzded with grayigh-
yellowish necrotic nodules, o1 enlur;ed suprarenal gl: 8, which at times
were one-third the length of the xidney. The changes were so characteristic
that the infecticn of the mice began to be used by us in practice for diag-
postic purposes in the vreliminary inv.stigation of the culturee being isolated.

! (Table 1)

? The degree of sensitivity of the field mice and white mice to ligtorel-
\ loais was more accurately deterained in gpecial teats. The infection with

the three strains was carried out subcutanecusly shortly after their [so-
‘ letion, Tho field mice infected were full grown, weishing; 20-25 g. the white
j mice wefghed 12-16 g. In all there wera 29 field mice and 20 white nice fn
* tha tosts (tatle 2), The adsclute lethal dose for tho field mice and white
niice cqualled 100 million microbic cells. The greater portion of the ‘rale
died {rom 10 and ) oilllon cells, whereas many animals survived froe luv to
10 thoueand, In those animalse which dled from listerellosis t"he pathclogical-
anatomy cLanges were complstely tuplcal for acute listerellosis, and the diag-
nosis in &ll cases was substastiated by & positive bacterial microscopy and

O
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an isolation of a rrissry culture, The dissese in the field mice and white gice
took & coursge in tae form of sevticenis. In ;hose waite nice and field mice'
which survived, there was dis.~vored a well erpressdd immunuty, after two
canths, to & control subcuteneous irfaztion welh & viruieny etrain in e dose
known to be lethal, Taz strains proved bo be pathogen'c for fabbits, Atter

ca latravenous injection of 0.5 emd of a 24-hour broth culture, the rabbits
died after 72 hours from scute listerellosis; in the liver was detscted &

sreet quantity of yellowish necrotic ioci. .

[Table 2)

In the vrocess ol [.oloviva wuu suveouigel ol 0L Lae¢ llcteria straing we
encounterad the neces:ity of distinsuishing them from the causative agent of
an eryesipeletdus infection, E. rhusiopathiae, to which they are very similar.
This proved to be particularly importaet in connection with the fact that we
very frequently isolated rhusiopathiae cuitures from the wild rodents end
irsectivora, ¥e found that it is voselble to successfully differentiate be-
tw een these two causative agents by a series of criteria which are Pro-
sented in table 3, OQur system is lass detailed than the gystem propnnsd for
tho same parpose by Svintsov (1948). We do not include in the system 1 ver-
ification of the motility, upon which ~~me authers insist, In the investiga-
tionof the strains we were able to convince ourgelves that listeria has &2
veald independent motility, usuclly expressed only in young cvltutes, Erye!pé-
lothrix have no active motility, tut due to thoir small size they are sub-
Jocted to a rother intende brownian movement in a susvended droplet, The dife
fdrences “eon the active potility of lieteria and the rassive motility of .
errsipelothrix are pot demonstrative and cannot te consldered rells’ie. Orlova
(1948) relates that on forms affected by swine erysipelas she isclated strains
from gick and dead gilts that were completely identical by blochemicel and
cultural properties to the swine orysipelas pathogen, bdut which had & clear-
ly eapresszed motility in the cultures.

(Table 13)
Conclusions

1. Listerellosis wes diacovered in & nztural state in field mice (Microtue
arvalis Pall.) - 8 finde, in & water rat (Arvicola terreetris L.) - one find,
in a woter shrev (Neomys fodiens Schrb.) - onse find, and in a8 coamon shrew
(Sorex araneus L.) - one find. Cne strain of L monocytogeres was isolated
from pudbescent ticke, Permacentor pictus Eerm,, thken from healtby cows.

2, &11 of the isolated strains, Ly morphological,cultural, tinctorial,
tiochemicel and antigenic properties, were completely similar to each other
end fully corres-onded to Listeria monocytogenes (Mur., Wb et Sw,).

3. Tne strains possessed an exprers p.thogenicity for field mice, white
ice and radbdite. Yor the first two types ¢ animols the minitus lethal dosz
in a subcutaneous infection amounted to 10-100 thousand microbic cell.

%, The estedlighed phenomenon of natural 1nciddnce of listerellos s tn
rodents znd insectivors, which are widely sproad §n uature, snd elso in ticks,
increuscs the knowledge concerning tne eplzootology and epideriology of thid
little investigated discass. -
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Footnotes

l. The fileld wortion of the investigations was fulfilled in & jolnt
oxpouition of the institute of EZpidemiology and Microvlolosy, AMN, USSR -
the Moscow Antiplague Observation Station - the Moscow Institute of Bpi-
dexiology, Microblology and Infectiouw Diseases imeni Mechnikov - and the
Central Tisinfection Inetitute at the Mikhnowvsikii Tularemia Station ( the
expedition's suporvisor was Prof, N. G. Clsuf'ev).

2. In some cases by the 27th day, traces of acld appeared ia even these
two aivondle, tut L4 42 smecevtain that the cbanges which occurred could Ye
acknowlecged as a true ferzentation,
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Tuvle 1. The different dilutione of antiserum which agglutinated, in
tae cross-agglutination test, strains of Listerie monocytogenes of different
origin,

7

20. of _ . _ _ No, of Antiserum _ _ _ _ _ _ _ . _ . . - -

stratn_/ 133/ _ 81/ _2w3_/ WW9_ . 1321/ 2026 2121 2253/ _ _

139 180u | LOO ' 800 | 800 L0 800 800 iuoo

245 4OO 80O | 80O £00 200 80O  1€00 200

81

SL Sev 0oo 800 ool 100 Cul U0 200

153 400 1600 800 800 100 €00 800 800

243 £30 1600 1600 830 200 1400 100C 40O

285 460 1500, 800 200 400 1600 €90 400

449 4060 1600 %00 1500 300 1600 1600 400

1321 . 200 80C 200 400 50 800 800 200

2026 800 80D - 1600 800 400 1500 800 400

2171 400 800 800 800 kDO 1800 1600 200

2753 400 800  LJ0 800 800 1600 3200 3200

3503 16800 1500 1600 , 100 1800 11400 1300 800
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Tavle 3. Baslic
rhusicpathiae,

torix

B T .

_Listeris_manccytogenes

Criteria

Horphology from
as 3gar culture

& 24-hour growth
on a slant, weak-
ly alkaline moat-
peptone agar,

!

srowth oun a ceat-
pentons gelatin
sultvre with a
puncture,

srmantation of
cartohydrates,

leaction of we-
thyl red on &

D PR PR,
vidIs O

nifferences betwzrn Listeria monocytogenes

T T N e

Y
Straigkt, short ovoid
rods of & 9.3-0,5 mi-
cron thicknees.

The growth aloog the
streak and the sepa-
rate colonies are ea-~
s{ly visidble with the
naked saye.

Saall knots - colonies
alorn,, “he puncture; ia
0ld cultures scmstimes
iu the upoer portion

of the puncture are
small flurfy outgrowths.

within 24 hours 1t
treeks down to acids
glucose and raltose,
iater, lactose, suc-
roge and Jlycerol,

Positive (reddening of
the culture medium,.

arplurinates only with
hozologous aatliseruss,

o

and Zrysipelo=

-.——_—._——___n-—-_

Cften the Tore or leaa curvod
rods are of a 0,1-0.3 micron

thickness (arprox, two times

narrower than liateria.

The erowth zlong the sireak
and the sevarate colonise ~re
hardly visible with the nuked
eye (L coloniea are easily
gesn in a ﬂeﬁnifyirg glzcs with

an enlar )

zerment of T 10 and core,.

Fluffy offshoots running verpean-
dicularly to the du.cture eloag
{ts entire length (lamp drush).

Within 2443 pours it Ybrears liac-
tose and [lucoee to gz acild. Sone
straine breax Qown sucrose .vari-
ant muriseptica), It does not
ferzent maltose and glycerol,

Nepative (yellowins of the cul-
ture medium;,

s
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]
ot
o1
.
e
3
o
It
]
@
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‘ homolngous
ant {eeruze and some atreins

a ltvtinate with antilisterie
gerumg n szall dilutions.




