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Zroerizents] nirtorre !nfection with listeria of some epecies of animals.
vy V. L/ Panove = From the latoratory engaged in the study of the diceanas i
of swine, VIZV (:11-VUnion Institute of Experimental Veterinary Medicine) Sclens )

tific Sunecrvisor: Profeszor P, S. Solomitin.

Collented Yorze. aAll-Unloa Experirmentel Veterinary Institute., op. 95-105.
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Yo the nresent tive the reservolr of the listerellnsis nathogen in nature

hae nod Y%een sonelusively ostablished. Its pathg of penetration into an organ-~
fam and the wn2ricds of its retentiorn and excretion by eick ard coanvaleascent
animole are cruectinas ¢hat remain unclear.

Tre nujority cf investigators, while not rejecting the airdorne path, con-
sider tha orul path of infection as the more probebdle.

It fc nown that tre listerollosis ncthogen can remain viasdle for a loag
period in forego, manure and duat, retaining its pathogenic capacities.

& cace in lorway was descrided where a peasant,while cleaning sheep pens
“here sick snimels were located, was infected with limterellosis bty dust con-

talning the discese nathogon.

Dedie, E. {1955) on the basis of an exveriment on white mice, ceme to the
conclusion that the aspiration of an aerosol of listeria leads to the Aeath of

the animals froa a subacute sevnticonyeric nrocass,

The fact that an airborne infection is nore proteyle under pstural coa-

ditions and nlso the indications of soxe authors served as a premise for the
vl R R

inveotigation of this questiq;t;w - s

4 o J
We decided to find out in our-experiments the possibility of infecting
white mice, guinea pigs and young »igs ty the airborne route in comparison

with the other mathods of infection, anf/:%;§:§ablish the tizes of excretion

and rotention o7 the ipfectious material, -
. .

Yor the infectioa of the nice and guinea pizs we used strain No. 2 of
Lirterella monocytogenes, and for the infection of the young vigs, a mixture
of listeria straine (Nos. 2, 9, 34, 199 and 3501) which were isolated from
cswina, The culturee grew for 36 hours oz MPL at 37°C, were washed off with
IP3, and a dofinite concentration of microdic bodies established in 1 al of
MP3 accerding to the optic stendard.

Thne aerorol Inlectior of the mico and guiraa Pigs wvas made in a chandber
with a 20 1. canceity, ond the youzg pigs in a chamter with a 321 1. canecity
Cho chanbers were hermetically scaled znd had ovonings in the 05 for « spray-

inpg devico and for an air cuslet.

<ha diffusion wus rade vith a nedfcal izhaler, to which wag attached a force
Tumn of tho factory "leanirator," model Al-l, ¢iving an air ctreas at approk-
irotely threoc atnnzpharic nrescures.
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2ae size of the cerosolta narticles were deterained dy the I, I. Ilitin
and S, I, Eidelctnin rmetnod, I was found that upon diffuasion of the M¥3
(nil = 7.2), nparticles wre farmcd with sizes from 0.5 to 10 microns. Moreover,
the fleld of vicica i35 quantitztively nredoninated by the small narticles.
With a diffusicn of & ouysiolezisal solution of sodium chloride (pH - 7-7.3)
ths 0ize of the narticlen ranzce from 6 to 30 microns, &nd the field of visioa

13 precdonmireted Yy the lzrge narticles,

Thas white rice, pulnoa diz73 and youn; niga were placcd into the chonter
where tho dynu~ic uerotol waa created, The diffueion of the sussensinn of mi-
groten wee rade fractlonally. The density of the cloud wugs determined by the
brizhtnces of & roy of light vascing through the chaader,

For the zutantuncove and oral infections the sere cultures of listeria
were utilized thut were used for the airdorane infcction, and in tho seme con-
centrution. !

In the Luctariologizel investigatlon of the internal organs end cxcreta
from the anirals wihich died or were sacrificed, we made gowingas on M2PF3 zad
¥PPA with 1 2 slucose end 2 4 glycerol. Together with the usual cultures made
with a piretto, partions of the organe were placed into flasks aad large teot
tubes with the mediun, ard divided cultures on bacterial diches of a scuspernsion
of the orgens and exacreta were clego used. From small pleces of the liver,
spleon, lunge, lyanh noder snd braing of sacrificed young pigs was prepared e
sucpension in o nhraiological solution in a 1:2 dilution, which was injectoed
into the whito mirce sudbcutaneously in a 0.5 ml dose.

1, Exnerirents on the 2irborne infection of the white nmiza,

Exnerireat Uo. 1. An eryamination of the possidbilitr of airdorno iafection
of white mice in comnarison with subcutaneous and oral iafection.

Sirty white pice, weighing 13-20 g, were used in the given sxvperimess.
The mice wero divided into 3 groupe of 20 each.

The mice of the first groun.were placed for 30 miavies iato a chenter
vhere & culture of listeris, after u jJ6&-hour growth on P4, was diffvced; ths
waghing was done with ¥PB; the dencity of the guspension of microtes was 500
million bacteriecl todies in 1 ml. Tho diffusion was made fractionally - 1 to 2
minutes after every 4=5 minvtes. The mice of the sccond croup was infectold
gsubcutaneocusly with 0.2 ol of this same suspension of listeria. The mice of the
third groun wers iafected per ns; the culture was given with m=ilk with a cealcu-
lation of 0.5 aml of the listeria suspeasion for each mouce.

For sutstantiation of tha rsceived data this experimcz: wos repeated oa 51
white mice that weiched 18-20 g. each.

The data fror che exneriments are shown in tadles No. z=d 2.

It i3 cvident froa the cited tadles that a 52-aianute and a 15-ninute stay
in tho chuzber with an serosol in which : 1 or 0,5 £l of a 500-2111lca
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cusrension of listerella io diffused, constitutes a lethal dose for mice. The
lutter die in 90~1C0 % of the caces in veriodr of approxizately 5-7 days. The i
gerws vers Cetccted In &ll the investigated organs and excreta of the aaiemals,

in the subcmtancous injecticn of 0,2 ml of the same susvension of listeria the

nice dic in 55-70 5 of tho cases; the geras are alweys found in the brain and

in the otherorsane and excretz, elthoush rot in all of the deceased anirals.

Ine nice dic cfter lorger poriode, 13-22 days; the incubtation veriod is also

proloaged. (Tavle 1)

-

In the oril infcetion made by Teeding the guspension of listeria in the
1?3, which containz 500 million microbic todics mer 1 ml and ie mixed with
zilz, in & dose of 0.5 ml, the unimels died ia 25-55 5 of the cases. The germs
are alweys discovered in the brein, azd in isolatcd iastances ia the other

organc; the death of the enimele occurs within 9«11 days,

Zxperiment Yo. 2. For establishing the L:J, -d-53 cr.2 the psublotkal dose,
experinents were staged with exposurcs to izhalation of tae ligterellal suvs-
neaston of 5, 2, 1, 0.5 minutes and 15 esconds. The nlce vere not plceoed in the
cheaber, out wore located for tho Cesignated tize pariol ut an opening of the
chamber from which escazed a so0l saturated with listeric.

Tae results of the experimests aro shown ia tatle 3.

Tncse experinmental results indicate thet in the given case the death rate

of the mice from listerellal cérpsis a’ter a S50-minute inanlation of a 500~ t
nillion listerallal sugspension is 100 %5, a 2-miaute inhalatlon czuees 70%, &
1-niaute - €0 %, 2 0.5-minute ~ 40-50 % of the casee, vhereas in the sudcutaneous !
infection ceath occurs in 60 % of the cases, and i{a the l5-gecond exposure the
mice rcmaia alive.

(Table 2)

(Tatle 3)

e - ee

i3 geen, the white nice are extraomely sensitive ¢c listerolla infeciion
vith & nenetration of the nathogzens throush thoe rospiratory tracts. These data
becosc even more convinuing if the loas of tho gol is taken into coasiderzction,
The loee of sol in our eryperimonts exceeds 50%, becsuse a nrecivitation of the
acrcsolts particles occurs on the walle of the chamder, oa the animals, ia the
trunsmittal of the varticles through the rubder tube etc.

- -

The mice ar2 lc.s s~paftive to the cubcutanecus a2d oral infection ard die,
for the most part, not fron listcerellel gercis, Tt frea tho cevelonment of aa
sriliction of the ceatrul nervous sstem. Ctviously the npathosenecis i the
cirborne infection i3 differezt snun vitk the sudbcutaneous and oral.

Jor u chack or tha harrles ..o.c in ta: conizatioz of & 90l st contuining
iictosde, U3 white nice were List for a l-roul sericd ia & chaaber waere (0L
Ver ooffucode With shis, no diverpezees Irsa aorcnl were noted fa say of ik

leaninade

whe mojority of lavectigsctors conelder gulnea digc 22 a guitetle ladora-
Loy tyns for fhp investipgation of listerollozic, whereas, Zeelizer, Pallaske
wii Gugen poin /{hetr elisht recistazce to o subcutancous or oral infectios.
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Zeeliger writes that for tus reproduction of an infectloa in gninea pigs,
larger doscs are required than for other emall unirels., Farthor on he indicates
that an intravenous injection czuses a lethal dicease, whereas, in &n orzl in-
fection the animals rercin healthy. With an inatilletioa of live listeria iato
the cecnjunctival sac, the majority of the aaimals, after recovery from a locel
conjunctivitis, recovers, althovzh a vortion of thom may die.

The renroduction of keratc-conjunctivitlis in guinea nigs and ratbite is oze
of the mcthods of testing the pathogenicity of listeria,

In the literature easily avallable to us, thore is no infection of zulnea
pigs describved.

Ye arranged 2 exveriments {10 gulnea pigs in each; thelr live we gt wco
220-250 g each.) for a determinction of the pocsidility of infocting guinea
Pigs with airborne serme. The gulnee piss were infected according to the method
degceribed previously, They were placed into a chzmber where thev were kept for
a two-hour period. During this tize thore wos diffused 3 ml of a listerellal
suspersion of a 500-million concentration per 1 ml.

Toz sulnea pigs were iafected in the conjuzactival sac (2-3 droplets of
culture in one eye), and 5 subcutaneously with a dose of 3 ml of this sare lig-
terellel suspension.

In the arimAls infected by the aitdborne mothod, on the 2nd-3rd day there
was observed a refusal of food, a mucosal disckarge frox the nose, a guickered
breathing. Oa the 3rd-5th day all of the gulnea pigs dled.

Upon autonsy there was & strong hyperemia of the lungs, enlargecent and
blood filling of the liver. In some there were punctats grayish-white focuees
in the liver, the gpleen was pale,

In smear impressiéns from the liver, lungs end spleen were detected a
large aumber of gran-positive bvacilli,

A growth of Listerella monocytogenes vas detected in cultures from all %he
organs, urine , and the mucus frow the nssel cavity.

In the animale which were infected in the conjunctival cac, & stroaz lac-
rimation was noted on the 2nd-3rd 24-hour period; a purulent secretion was
discharged from the eyo, later, a complete closure of the eye fisevre, and on
the 7th or 8th 24~hour period - a corneal opacity. Sode animols refused fool
during the period of the strong developaent of tho conjunctivisie, Oa the 15th-
2Cth day the snixzals regained the ir health. Within 5«5 24=hour veriode after
the recovery the gulnea pigs were sacrificed and a tacteriological investigatioa
wade of thelir organs.

From 4he 5 guinea pige infectsd subcutancously, two died Jrox listercll.l
censic, three remained alive.

L3 a result of the tacteriologleal investipatioa it was cgtatlished thas
the guicea pigs infect®dd ia thms conjunctival sac may discharge the listarellocis

vathogen with thc’r urine uo to 40 2ié-hour periods and remaiz cerriers of lisg-
terollosis,
L
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Guinza »igs wre evtremsly sensitive to the eirtcrne infection and die
from lictcrellosic on tne 2rd-5th cay ia 100 % of the cases. Conversely, they
are glightly cepsitive to the sutcutazeous infection from vhich they die in
L0 % of the cases.

o a control in thece teets we uced three gulnes pigs which were kept for
torce nours in a chaoteor where a sterile addb waa diffuseld,

ot every investizctor hae teea sueccesful in ereating an induce? infzetinn
, .
ia ewinc.

D, 3411 (1927) injected intravezouzly a cvlture of listerie iato four
roung pigs. Ln increage ic thelr teampcraturc was noted aiter hwich the ani-

&als recovered,

q. Liecter . Schwarts iafected tvo vigs intracsrebrally with cul-
tures of a cheeo ci.zin of liateriz. One sninal dled within 48 hours; however,
t. culture of the diszeas P's rutllogen was not isoluted, The cther niz died with-
in tnrcc duys mnd frem the tissue of the orzgans was isolated a culture of lis-
teria, 7wo other mwiae, one of which wes infeeted by a sirngle intraneritoneal
injection, zal tho sther 1y 17 int-umcssonlar injections, were sacrificed when
they were la a cocrious condition. ittempts to isolute cultures of listeria fron
thels orpana were uacuccessful, but the histologilezl changes were characteristic

for liatcrellosis.

P, P, Sukhurov and 2, I. Sudotavais did not succeed in infecting & pig in-

<o

tremuscularly with a twofold injection of a cultute ol listeria ia 5-5 ml doses.

%, Crakam, T, Dunlun and . Levize (1950) infowns of a succeasful infection
throuzh the ocular conjunctiva of a singlo young piz, with & lethal result, &
culture of licteric was isolate froa the pig's organa.

2. Hubil: and Laznicka (1955) managed 40 produce intraceretral, neritoneal
and iatravenous ianfectlion.

In our experluentc 10 younz nibs, welrhiag 5-6 kg each aad 1 to 1.5 months
ol age, were sutjocted to Infection., Jor the iafection, virulent strains of lis-
terin isoleted from egwine were usod.

the first ewserinzal vigs No. 13 2ad 14 were placed into a 321 1. cap=-
2.5y chrmter ror 5 aours two days runnung. in this chaster was diffused a nixe

the straine ol 2 listerellal culture of a 2i=hour incutation oa {2a. The
~zhlngs vus made with Do) the deacity of the susncasion was 5 nilliard hacten-
21 bodisc mer nl. It wos diffused fractilonally, 30 =inuvtes each time with 15-20
minutc i{ntervals; in 211 30 ml of the culturs was difTused in the £ hours. Ia
tno chanter ouscrvition woo mulntalned ever ti¢ walsuls, after cach hour the
awnuer of roopiratory ~ovesieats ner alruvic wia calsulated 2ad the samnorTature
in 4nc chomxer noted, efore Placing the wiln2l indo the clunter wnd ziter ita
wisharawal ¢he ®ady tenrarzturo was chected, the aunter of ressiruior’ corvazents
znd 4he nulce caleulobtced, Durias tke 10th doy wfter the first inTeatioa, Blood,
urinc,Zoces and aaral mucus were rukea Ioc tacterioloznical reosoanz and investi-
_-vud according to the usual mothod. The data are reflected in tatles MNo, 4 & 5.
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(Tadble 4)

On tho followiag day afier the infection the aninals refugsed food, loy
down, turrowed into the teddinz litter, did not resjond to call; the respire
weg shallow, quicicened, of a bonc-abdominal type wiith moons. Udon asuaculistioz
of the chest cavity, moist rzlee and a cheepins sourd were sudidle, Oz tho 2ad
©22 5rd day this ccorndition continued, and from the rnasal cavity was excseied o
viscous yellowish mucus, the conjunctiva was hynerexzisz, Oa the Ltk dey the ani-
nals sluzelshly acesnted food, dut thalr condition was dcoressed; the rales
ceaped; nucus was dirchurged froz the nastl cavity in srall quantiiies. On the
5th end 6th day the aniTules besan to accedt food, their racovery hod %eszun.

vica 1
)
i
|
{

In the zecoad exnerimant, on two roung pigs of the same age and live weight
2s in the first, the infection wvas made by the method indicatod vreviously, but
the concentrction of bacterial bodise in 1 ml was increased to 20 milliard.

A8 B rRault of thie evmerirent one nig dled from listerellal sevsis on the
3rd day, the other recovered after a rerious Jllnees.

In the following exnerimcat, 4 ore-month-o0ld pigs were sudjected to infec-
tion by tha proviously desrcribed metlod., The animale recovered frowm the diseeseo
with diffisculty and remained elive, The bacteriological inveatigation of the
blood, urine, feces and nasal mucueg in the pigs of thege experiments are cna-
logous to the data recaived in the first experiment.

(Tavle 5)

In order to ~atablish the poseibility of an oral infection, pigs No. 15
and 3, age 1.5 aontha, received over a 5 day period 0,5 1, of a 24-hour-old
growih of a listerellal culture in broth.

During the two-month obdservation ovar then, an emaciation was noted; the
bristle was yellov, dull, dishevelad.

Tha blood ceruz was investigatcd for RA (agglutination reactioa ? -Tr note)
with the VIZV antizca in all aniznals three times oprior to infectioa zand every
5=-€ days after infection. Dy this we established thet the Ra apseered within
5-10 days after infection and wes nositive in a dilutic of 1:100, 1:200 during
the entire period of odbservation.

In order to deternine the contircusnce of the ligteria in the cr.zaisa, 8
oxperimental pige were killed at different time periods and thair organs subd-
Jected to bacteriologicel and biological investigation.

The results of the investigation are showa in tadle 6.

Iron the cited tadle it is ceen that ¢ dis remaline a car=ier of listeria
for ¢ long period (75 days), the pathogen is ioculized prisarily in the brain
and tho lunzs, which is neceasury to take ianto conalderation in a bacterio-
logical diagnosig of the sudject dlseage

(Table &)




Conclusions
’ .
1. White mice and gulnes pigs are extremely sensitive to listerellosis
in the airtorne method of infection and less sensitive {0 the sudcutanecous and
orzl methods. Where the causative agent is introduced per os or subcutaneously,
the majorivy of the mice die wita the clinical manifaetations of an affliction

of the ceairal rnervous eystenm,

2. Zxcretion of licteria by the sick =nd convelesceat guirea pigs occurs
through the nausal discharge, urine and fzces for a period of 40 24-hour periods,
and by pige up to the €th 25-hour period after infection.

3. PiLs become 111 with listerellosis upon their infection Bty an aerosol
and remain carriers of listeria as long ae 75 24-hour periods after recovery.

G. The frecueat detection of listeria in the brain tissve of the experi-
mentel animals, without a visible clinic of the disesse, 1.dicated a prolonged
carrylng, and the presence of a hidden form of the listorellal infection,urder
naturul conditions, that should be taken into consideration in a tacteriological
dlagnosis and in an anelysie of en enizootic and epidemiological situation.
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