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Pathological anatomy of listeriosis, especially in the animzl. vy A

by G. Pallaske Vet-Pathological Inst. of the Karl Marx University, Leipz:ig.

Diocourse No. 5, Listeriosis, a symwosium at Giessen, Germany, 27~28 June
1957, pp 49-56. Supplement 1 to Zentrelblatt fur Veterinarmedizin, 1958.

One always expects assistance from pathological anatomy in the clarification
of the mature of a disease, no less of an infectious dlsease, applicable pri-~
marily to diagnostic with characterization of the anatomical changes, to the
localization uf the cbaages, to incidence in the verious animal species and ils
clinical aspects. Xn this connection pathological anatomy may frequently give
epidemiclogical pointers.

T .

Wh2t is the present s:.tua.tzo 1r'esr.rd to listeriosis? There is no doubt
anywore about I%¥ world-wide ulsseﬁirauwn a.uonb diverse animl species, about
its occurrence in men and thus about its s:.gm.f:.cance as zoonosis.

In respect to natural infections, listeriosis bas been abserved in rodents
such as the rabbit).mouse, guinez pig, rat, in nearly all domestic animrls like
the gheep, goat, cattle, swine, horse, chicken, sanary, dog, also in the fox,
mink, mountain-cock, etc.

The clinical and pathologlc—anatomcal findings have been considered next
to the bacteriologic and serologic ones in all,@nbl.catlons making then more
or less known, and_for this reason the demag', shall not be a systemtic pre-
sentation but 5% at temm'.’ to stress the characteristic, the commen and also the
divergent in the various animal soecies. [ )

~

The disease form accompanied by the well-Xnown, svident cent:ral nervous. .-
manifestations reveals rather an unspecific overall finding macroscopically,
unless catarrhal-purulent rhinitis and conjunctivitis are present. The lept
meninges may seem slightly thickened and turbid, the cerebral substance somea... -
moist. Focal lesions in the lepiomeninges and the cerebral substance ustally
cannot be determined with certainty macroscopically. Histologically, however,

In pore pronounced central nervous d:.stureances, distinct lesions are evideat
eitker in the form of leptomeningitis only, or more frequently as encephalitis
and also myelitis with involvement of the pia. The lesions of the lepto meninges
consist of moderate hyperemia, moderate edema and vascular, z2inly monocytic
infiltrates, rarely of granuloma-like formations. In the cerebral substeance
the lesions localize most distinctly in the cerzoral padunc'4e, especially pons
Varolii, medulla, corpora quamgemna, ¢ptic thalams and cov'paa striatun,
also cerebellum and spinal cord. The te-e':cenhalon ard paliiwm appsar little
disexsed or not at all. The more unspecific lesions consist of distinct vas-
cular, partly perivascrlar cell snfiltrates of the precapiliaries by a m2jority .
oL .onocytes amd isolsted leukocytes., These infiltrates nave the greatest
izilarity with the virus-caused Borna-encephalitis of sheep and rake éiiferen-
J.ul diagnosis difficuli for begimers. Honeve,., a d&ifferentiation from Tu
generaily succeeds by further observation of cerebral lesicns. In the e'x—
nuzerated cerebral sections there are mmltiple, initially small focal lesi
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wnich frequently tend toward fusion, resulting in alterations cver extended
areas. They ocsur in the white, but rore often in ihe gray substance. The
histogenesis of the fccal lesions can best be deteridned at fresh foci. Here,
under the effect of bacteria demonstrable singly or in groups or as a layer,
necrosis of the cerebral substance ensues, with severest chenges in the ganglion
cells and fibers and simitarecus infiltration by levkocyves which rapidly in-
AN crease and also succumb to necrobiosis. s distinct gliotic cell reaction in

the foci proper is lacking. However, in the remaining islends of cerebral sub-
E stance between the focal lesions an activation of glia cells is noted. accosrd-
ingly, ve are dealing here with the signs of an encephalitic reaction of a
purulent nature, usually with involverment of the leptomeninges. It points from
the start to a bacterial infection in contrast £o virus-caused encephalitides

of a non-purulent nature. The severe ard extensive lesions of the cerebral
substance proper generally allow an easy differentiation of listeria-encepnalitis
from Borna-encephalitis. Thes focal lesions in the cerebral substance, histo-
logically speaking, may not so much be characterized as true granuwlozma (with

few exceptions) than as purulent-necrotizing focal encephalitis. I was able %o

: E observe the beginning of recovery. at later histological examneztions primarily
& . smaller glictic foci without bacteria were found.

XY
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In the other form cf sheep listeriosis of gravid sheep, abortions, pre-
mature births or termiral births with weak newborn without nerveous disturba; cea
occupy the foreground. Pathological-anatomically speaking. the cecurrence of
metritis and retentio is frequently recorded, generally without evident illness
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on the part of the ewe, a reason for thne circumstarce that haxdly any certain
observations of the pathnlogic-anatomical nature of uterine lesions exist. The

Ayt
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3 fetuses are edemzlous or rummified. The pathogen may be cvitured from the

R organs, even from the zontents of the abomasum. The literatuce hardly mentions

anything about focal lssions in sheep fetuses. I shorld like to assume, now-

- ’ ever, proceeding from generzl experience, that here ton at least submiliary,

3 only histologically visible foci may exist, especially in the liver. Detailed

patnologic-analordical examinations of the uterus, as well as the mammary gland,

# fetuses, placenta are still laclding in sheep and absolutely mist be conducted
in the future along with bacteriologic tests. It is known that pregnant sheep

Ay

E will abort when infected intravenously or crally (Paterson, Gray et al.)
. . Septic forms of illness sesm to be rare in sheep, but have been observed
b in lambs with hepatic fuci. In one encephalitically afflicted lamb I found

necrotizing focal pneumcnia with strong cellular dem:rcation and massive listeria
. ir an apical lobe of the lung. I% is possible to create a septic disease pic~
- ture with mederate swelling of the spleen and miliary foci in the liver and

- 3 spleén by intravenous and also by intraceretral infection, especially in lambs.

LS 3

Bovire listeriosis also reveals an encephalitic and 2 mebritic form witi
e abortions and still births, reports on the latter being somewhat more frequent
B than the first. The pathclogic-anatomical changes of the encephalitic form
. correspond to those of shesp, as far 2s data is available; the reader is re-

P

ferred to them. The form ooeurs in calves as well as in acult eattle (L.Guerden
and A. Devos and others)., Sucalled recoveries with reteniion of postencephelitic
menilestations do occur. Gray and Hoore found hyzlinization in tne cerebral
substance a2nd cicatricial processes (see Pallaske in corneckion with sheep),
Since we lmow that in connection with the etioiogicaily inadequately understood
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O virulent catarrhal fever in cattle an encepnelitic reaction in the sense of
non-purulent encephalitis is f{requently noted histologically, pertinent reports
by Beller and Zeller conucerning demonstration of lasteria in the brain and in
crcup membranes of such arimls have a special significance; the question zust
be clarified further.

. e er——— e you,

L,2ct pathologic-anato.ical data on the changes in the genitel apparatus;
even when accompanied by abortion, in bovine listeriosis are very meaZer, since
the abortion is generally overcome witlout imoortani disturbances in the cow.
Thus, as in the case of sheep, we ustally speak of weiritis and endometritis,
accompanied by retentio, resp-ctively. Dedie observed r-ptic metritis ir con-
nection witn a listeric abortion leading to slaughiter, a cnaracterizition tend-
ing to indicate that waighty uterine affliction with sepsls may also occur here.
Similar data may be inferred from Ozzen's report. according to information re-
leased by sartwick and Renk in comnection with a case of listeriosis with still
birth and l:ter slaugiter, an ichorous exud:te and adherinz shreds of the amnion
were found in the cervix and the pregnant horn. In plecentomz, irregularly
formed disintegrating certers, partly with inflammstory demarcation, as well as
bacterial clois in the vessels dJere determined histologically. Tre after-birth

' was edematous and revealed dirty necrobiotic areas. Lesions in the memmary
gland were limited to (in places) scanty interstitial inflazmatory infiltrations.
Iisteria couid not be obtained from ii. Other organic lesions were also lacking.
On the other hand, rastitides wnose nature has not been characterized more
closely pathologic-anatomically, have been observed with findings of listeria.

iore vrecise pathologic-anatomical data exist on bovine fetuses. They
show in part subcutaneous edera, in part they also appear in a2 condition similar
to mummification, oprobably if they died some time prior to abortion. Since
bacteriologically the pathogen may be isolated from the mejority of organs,
pinhead~sized focal necroses may be fsund, especially in the Mver, less fre-
guently in the spleen, kidney and lung, =t times bacterial aggregations in the
vessels. accordingly, the fetus as a rule is involved in a septic general aif-
liction. sccording to Gray, similar septic disease pictures are observed in
infected, alumost fully developed calves born dead or with a low vitality. Here,
tao, bacterialiy caused hepatic necrosis ard gastroenteritis and throrboendo-
carditis may be determined. The hepatic necrosis occasionally seen here, vnich
extends cver entire lobar groups, in my opinion develops seccondarily due to
vasewlar thromoosis in the wake of vascular collapse of the bacterial necrosis
and also due to development of intimsl granuloma. also important are the find- !
ings of Rubarth end Woilarz who found miliary necrosis caused by listeria in i
'
|

o

the liver of 250 weaning calves in connection with bactericlogic meat examina-
tions, representing evidence for the probabiiity ol hish incicdeuace of listeria
in calves. Septic listeric disease may also be induced experimentally in calves.
In cattle listeriosis occasionally progresses with aboriicn and simltaneous
encephalitic manifestations (Smith, Reynolds and Bennett). No certain patholo-
gic-anatomical data exist to date on the “ull, especially on lesions in his

. genital apparatus.

4
t
|
Concerning listeriosis in goats, some reports are available, even thougn
. scanty. Encephalitic forms and those with loss of the kid occur, in which the
O abortion usually takes place in the last wonth without particular signs of dis-
: .ease in the sne-goat. However, septic necrotizing mebritis leading o death B
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has also been described.

In connection with swine listeriosis, primarily encephalitic forms with
tremor, coordinational disturbances, paresis, crarps (especially in young swiie,
we\f.ning sows and sucklings). Since inflammatory cerebral lesions occur in C
swine in connaction with plague, enzootic poiiomyelitis suun and due to otner, . ¥
&s yet not understood causes, listeriosis tzkes on differential diagnostic sig- b
nificance, In other cases it may progress in sentic forms with pneumonia and
septic dissemination of bacteria in the organs witn necrosis, especially of the
liver, spleen and Xidneys (Ryu).

Some cbservations also exist on listeriosis of the horse, in which encepha-
litic symotoms take the lead. Even in Borna-encephalitis listeria were several
times isolated from the cerebral substance. These cases require a recheck, how- :
ever, in view of the involvement of Borna virus. In addition, keratoconjuncti-
vitis and stomtitis were observed. Nothing is known of listeric disease with
Joss of tae foal. On the other hand, cases with septic symptoms in the foal
have been seen. It is said that horses cammot be infected artificially.

Few reports exist on canine listeriosis; they describe primarily central
nervous disturbances resembling distemper. Here, too, the significance of
listeria mist be clarified further, not only in relation to the socalled nervous
form of distemper, but to all forms of distemper. The same applies to distemper
of farm foxes and mink. Dogs and cats also are said to be non-infectible ex-
perimentaily; this claim nust be subjected to recheck, however. .

aside from that of sheep, listeriosis of the chicken became known eariiest.
Pathologic-anatomically the most pronounced signs are yellowish-wihile foci ard
nodules permeating the myocardium. « few times I found serofibrinous periczrd-
itis besides, so that the pericardium represented a flabby sack witn an amber-
vellow liquid. In some cases I was able to see, in addition to tae myocardial
lesions, miliary and submiliary necrotic foei in the liver and spleen, often
only histologically. Consequently we.are dealing with 2 subacute septic forn
of listeriosis in the chicken. In artificially infected chickens the same cop-
sps ~uous myocardial foei and miliary necrosis of the liver occur. The myocardial
foci prefer the left ventricle and the septum. Histologically minute and larger
foci tending toward confluence may te noted. In the most recent foci one can
still see the severe fibver damage up o necrosis imbedded in areas of naclear
debris of inflaumatory-reactive cells. In itne larger foci not even fibrous re-
mains can be seen anymore. They consist of cell aggregations whose character
cannot be determined in the center due to necrosis with nwclear pycnosis and
nuclear lysis. Farther out nacrobiosis, primarily of monocytic cells, predomi-
nates. Peripherally the reactive inflammation radiaies for varying distances
between the muscle fibers. Primarily histiocytic cells are found here, vwhich !

14
+ i
sometimes take a whorled position around the focus and occasicnally develop 2 i { H
few giant cells. Still further on the edge of the foci an inflammatury-edenzious b

R
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interstice mey encroach on the epicardium and mey lead to serofibrinous peri~
\carditis. iith their peripheral proliferating processes the foci reserble those
of a puliorum infection, in which he strong regressive alterations of listeriosis:
are missing, nowever. Few bacteria are found in the myocardial foci, more in
possibly existing organ necrosis. The central nervous system has not yet been
subjected to detailed examination. at times listeria may be isolated frem 2

!
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degenerate ovary <4nd as 2 bacterial accozzanying vhencmenon in other dieseases
of the chicken (leukosis, Newcastle cisease). In turkeys, ducks, gecessz, cana-
ries, mountain cocks, myocardial foci or septic findings have been detersined.
Pigeons are freguently said to react refractorily to infective attezpts. -

= s e

Concerning rodents, listeriosis researcn after all started with %hen
(#urray, ilebb and Swann). Even though rodents represent the primery test anixel,
enzootvic disease on test animal farms is almost unkmown, except for the outbreak
at Cambridge some time 2go. Cn the other hand, enzootic listeriosis has been
known for a long time to exist ameng stocks of rabbit bresders andé on radbit
farws, e.g. ameng chinchillas en Caradian 2nd Rorth armerican faras. In Germeny
there are reports by Traub, Schoop on angorra rebbits, by Xayer, Hellmann and
Taubrich on chinchillas., Clinically and pathologic-anatomically the encephalitic
and metrogenic forms vredominete. The latter often shows a septic character.

In the first case pathologic-anstomically a subacute purulent ueningoencephalitis
develops, according to Traub frequentiy with involvement of the middle ear.
According to my own experiences it may be duplicated by intracerebral infection,
and then also progresses sepvically with miliary foeci, uswvally in the liver.

A1l evidence points to the predisposing significance of pregnancy for infection.
In this case the metrogenic form is preferred, revealing in total agreexment
purnlent endometritis or metritis or pyometra vith peri- and parametritis, less
frequently endometiritis simplex. The fetuses zre dead, sometimes with coxmenc-
ing purulent fusion. abortions are rare. Generally septic xzetritis is involved,
a view supported by encroachment on the peritoneum and focal lesions, especially
in the liver and iddney. BHistologically the foci represent partly more necrosis,
-partly more necrotizing granulora.

The rabbit is also well svited as a laborztory animal. The intravenous
infection as a rule leads to gramlomatous sepsis. Following subcutaneous and
particularly submucous infection frequently severe local inflamratory swelling
ensues, parily with purulent fusion and strong disturbances of the general con-
dition (i. Osebold and T. Inouye); experimental keratoconjunctivitis may also
be effected (Murray).

Guinez pigs show a somewhat uncertain tehavior in infective attempts.
However, even here a generalized infection succeeds, with necrosis in the liver
and the adrenal glands, occasionally bacteria~containing necrosis of the
cardiac muscle as in the chicken.

Rats are often somewnat resistant. according to all experiences, wmice are
best suited as test animls, Of the diverse wethods the intraperitoneal in-
fection, according Yo Flamm, is the most successful, resulting in death within
6-8 days at the latest and revealing generalized disease symptoms. The liver
snows the formation of foci rmost distinctly, which in early death cases consist
of bacterial necrosis, in later deaths primarily of retothelial granuloma wpoor
in bacteria, with central necrosis. In addition there may ve :iliary necrotiz-
ing granwloma in the spleen, adrenal glandular necrosis, subepicardial myo-
cardial necrosis, pleural granmuloma .nd even weningoencephalitis. according to
tWebb the peritoneal exudate possibly Zorming after intraperitoneal infection
may be rich in ieukocytes and macrophages containing iisteria, and may aiso re~
vezl mesenterdc glands and changes in the reticulum. The same author also
mentions pulmonary foci of the character of hepatic necrosis in connection with

5 .
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rodents, also a few iant cells of the Langhans type pragocytic for listeria, 1
so that similarity exists with tubercular foci.

Ir rodents especially, other infectious diseases with miliery focal lesicns
in the liver and spleen vlay a differential-Giegnosivic role, «t least macro-
scopically. Tne Zrequent socalled pseudo-tuberculosis of rodents (Past. useudo-
tuberculosis), saimonellosis, tularemia und moniliosis need only be mentioned.
Pseudo-tuberculosis 2y be differentiated racroscopically by tine overall find- 1
ings vitnh frequently nodular and ulcerative intestinal lestions, distinet
swelling and alse necrosis of the rmesenteric lymphatic gland, histologically by
copious vacteria in the necrctic ceanters already visible by ordinary H3 staining.
Furthermore, there is no need to linger on the pathologic-anatomical ciffevential
diagnosis in detail, since the demonstrztion and diffe.entiation of listeria no

PN

longer c¢ffers any difficulties.

3If tne anima) forus of listeriosis in their totality are viewed fron the :
pathologic-anatomical standpoint, the rmitiform rorovid orocessss nevertheless ;
are dordnated by certain disease symptoms. as shown, they may entail forns }
that are meningo-enceph.zlitic, further -- metrogenic witi or witnout abortion, H
vrenzture births or birtns of mature young with low vitality, finally septic |
forns with focal lesions characterized by infectious granulormatiosis which may
be found in ail crgans, but particularly in the liver, spieen and kidney. These !
forms may be in competition in one animal species with regard vo their incidence, !
in others one or z2nother form predominates in the course of the disease.
Grossly one can say that the septic forms predominate in the small laboratory ;
animals, fetuses and young, the encephalitic and metrogenic forms in the larger |
[}
:
{

animals including rabbits. Cecncerning the diagnosis of these disease forws, no
very great difficulties are enccuntered even pathologic-anatomically, often
causing the pathologic-anatomical diagnosis (or at least a strong suspicion) to
precede the bacterial. Precisely patrological anatomy has been abie to show
that the nature of listeric changes in the various animsl species correspond

to those of mn, one is almost tempted to say in the smllest details, in a way
that is hardly known to exist in connection with any other cormon infectious
disease of man and beast. iithout going into details and without trying o
anticipate other reviewers, a comparefive observation will show this to apply
not only to the focal lestions so typical for this disease (which may occur in
the various species as purely proliferative granuloma, listerioma, or as so-
called resorptive granuloza with ceniral necrobiosis, or as wore or less non- '
reaciive necrosis, forms of focal alteration which may cdevelop side by side §
depending on differences in virulence, probably even more on aifferent indivi-
dual and special resistance cor disposition, duration of the discase with changes
in its course, and exosenically caused decréase in resistance) but also to its
organic localization and the observed progressive forms. I should like to

refer in this comection to one of the more recent publications of Dr. Eck,

the prosector of St. Ceorge, Leipzig, on fatal sncephalo-nyelitic cases of i
Puman listuriosis, some of which I was able teo eszaine =nd compare histolegically,
. and which completely agreed with the encephalitic listeriosis of sheep so well
known to me. These closely agreeing pathologic-enatondcal conditions in parti-
cular point £o5 2 similar susceptibility of’ zan and tc epidemiological comnections.

i
O Now pathological amatory is asked to furnish contributions to iha important | il
questions of pathogenesis and epideriology, aad justly so. Unforbuneiely nothing | i
; §
‘ 6 H 1
. 1
: ] E
l !
}
i
iz
- g e N T S ERER YT -

PRETSYT I




P e aden St s mp e g e I A T s e

further may be added on tne part of animal p.thology <boud the naturel infection
of differe-t species, for example, since ovvious redctions in the sense of pri-
wary effec » are lacking at the possible portzls of entry. Conjunctivitis,
rainitis, anginous processes may be menticned in this comnection. It shall be
the mission of pathology among others to examine histologicilly, more tnan here-
tofore, the possible forms of entry —— the nusophdaryngeal spice, tonsils, lungs,
lyupnatic glands und the lymphetic eoparatus of the alizenvary tract. The sane
aoplies, in view of the disversion, to rany enwometritides heretofore considered
unspecific, which cannot be attributed to brucellosis and other pathogens, to
avortions and also to unspecific mastitis of domestic animils, ir they can be
obtained.

The question of the role of listeric must a2lso be pursted in the case of
meire ‘enic pathologic-zncetorical lestions in tae genital appuratus of m-le
anim:ls, of newoorn animels with low vitclity, of Zorna-encephizlitis of horses .
and sheep and other diseases of the centrzl rervous system. In some sheep-Soraa
outbrezks sirmltaneous listeriosis has beea fourd. In co.ncciion wvith other
infectious diseases il has been shown again and azein that the questions of
latent, abortive and atypical forms witn secrevion, of germ corriers and ox-—
ternal dispersion may be ci.rilied further by exact patholozic-anatomical
examinavions.

- me ows ymermsca—— - -

Histologic examinations, es; :cizlly in thne arszs of sossible portuls of
entry, are necessur;” also for ihe testing of t.. signific.nce for uiverse
satho-enetic cuestions o7  ."i.inel infections wich macroscopiczlly inapsarent
lesions tut already with aistologicalliy visitle retethelicl reactions. we know
of 2 number of infe.tious wiseases that such macroscopic.lly latent retothelial
reactions already vepresent an expression of a viologiczl recipreecal efiect
between pathogen and vody, which already cause forration of ancibody and thus
serologic reactions, ard occasionally under changing eifecis are 2 preliminary
condition for the ..anifestation of disease.

- cimmt—t W Amonem— ot e

Considering the experiences of pathology I would «ssume that in listeriosis
the bacteria do not enter at some spot completely without reaction and without
difficulty enter the blood stream, bst that initially there is 3 retothelial
defense (even if weak) at the portal of eniry, leading to lyrphogenic rescrption
and finally to lympho-hematogenic metastatic dissamination in the body, unless
an injury allows direct entry into the blood., This process is dependent on
the reactional situation in the form of cranuloma or necrotizing granuloma or
necrosis. rindings of bacteria without focal lesions in the organs Irequently
ray be interpreted as a sign of terminal sepsis. The hematogenic mode of dis-
persal seens indicated by the dissemin.ted focal character and the vascular
connzctions found everjpiere. additional dispersion in the brain may take place
by way of the liquor, as in the case of plexal lesions. We assum: The dia-
placental =ode, i.e. via the parental and fetal placental capill.ries in con-
nection with the septic infection of animel fetuses, not escinding the
possidility of further infection by excretion into the armiotic fluid. T zlso
admit the possibility, in view of the freguent mention of endometritis and
metritis, of an infection of the amriotic fluid due to placental affliction,
considering the close anatomical proximivy of the placenta rmaterna to the
placenta fetalis.
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Pathogenetic.lly ny experizuces Iorce me to cunelude in:i e.iogenic facstors
== gross hygienic errors, one-sided (aluumin deficiency) or crass wlterations
in the diet, sudden changes in swrruundings, etc. may help in seking tioe in-
fection manifest.

The patholegy of animal listeriosis, as that of hwran listeriosis, still
leaves many guestions wnanswered, which coulu be of imsortence prim.rily wo
epidemiology. Only combined activity will produce progress, to whicn the
present symposium is ¢ promising iniroduction.
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