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IETRCDUCTION

The method by which abortifacient agents trigger abortion ig not
clearly understood. OStudies have been undertaken to determine some of the
hormonal and clinical-pathological factors involved in normal parturition,
but the mechanism of normal parturition is not completely understood either.

Listeria monocvtogenes can cause abortion in late term ewes., The
primary lesion is a placentitis with placental necrosis, This study was
undertaken to relate some hormonal and clinical-pathological changes of

normal parturient ewes to ewes aborting due to Listeria monocytogenes.
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History

The first probable isolation of Listeria monocytogenes occurred in
1910 when Gustav Hulrers of Sweden isolated a bacterisz from the liver of g
rabbit. He called this organism Bacilluc hepatis. The cultures were not

15

retained so it was impossible to compare them with later i=olations -,

In 1926 Murray, Webb, and Swann isolated an organism in rabbits and guinea
pigs in England, This organism caused a generalized infection with a marked

mononuclear Jleukocytosis., They called the organism Bacterium monocytogenes “ -

A vear later Pirie isolated en organi=m in the Tiger River Disease of South
Africa., This organism caused focal liver necrosis in gerbils. He named

the organism lirterella hepatolytieca, but unon finding thzt the organism

was identical to Bacterium mononcvt~r-nes, the name was changed to Listerella

monocytogenes 33. In 1937 Gill isolated the same organicsm from Sheep and

named it Listerells ovics, 8. The term Listerella had been used for a

form of plant life so Firie prorosed the name Listeria monocytogenes which

is now used for Iisteria monocytozenes icolated from 31l species of

“ar

animals today ™,

Bacteriology

Listeria monocytogenes ir a emall gram poritive organism which

grows easily on most media under aerobic or microaerophilic conditions,
23

It produces acid but no gar from several carbohvdrates and is non-proteolytic .
The colonie< are very small and heta hemolytic, The organism is a cocco-
bacillus whieh is non-acid fact and non-svore forming. When cooled Listeria

M e e .

monocytogenes are motile, but at higher temperatures, they become sluggish 10.

Although it grows easily it i~ commonly difficult to isolate Listeria

1
monocytogenes from infected material. 1




Egidemio]ogz

Listeria monocytogenes has a world-wide distribution with the

1
possible exception of the trories 9. Isolations have been made in

nineteen countries in all of the continents and from at least 18 species.

These specied include members from the groups of birds, rodents, ungulates,

carnivores and primates 23. Some of the irdividual species include sheep 7,

2 ;
cattle 18, chickens (cited in 23), swine ~, foxes 4, chinchillas (cited in 23),

ferrets 25, raccoons 6, horses 12, and man 3’21. Outbreaks most commonly

occur in winter or early spring. The outbreaks are usually sporadic, but
: 1
up to 10% morbidity is possible 9.

Transmission

The method of transmission ic unknown, but it appears to be an

opportunist, and it also appears to be contarious to man 23. Although

Listeria monocytogenes is recistent in the enviroment, the moct probable

cauce of outbreaks is carrier animsle 19. It is not definitely known

if carriers or sick animals can spread the dicease to man, but non-elinical
carriers seem likely in both man and animale 11. There is a definite, but
poorly understood, relation-hip hetween silage feeding and the incidence

11,19
of Listeriosis in livestoek S

Pathogenesis

The pathogenesis of Ticteric infection is poorly understood, but
is thought to be different for diceace of the central nervous system than
for the reproductive gveten 11. The poccibility for the organism to reach
the brain via the trigeminil re~rve haz been shown ﬂ. Lesions in a goat

vere traced along the trigeminal rerve tn the brain stem after inoculation

of Listeria monocytogenes into the econjurctive. Cimilar rssults were reported




e

in rabbits «ftrr inoenla*ion intao the corjunctiv-,or Tir and in mice after

-~

inoendation of Arc ]l er o voog) muenn-, erinm~- in the Przin ~tom wvere similar

4
to the natural 1:-ionr in the brain °, An imrortant step in the pathogcnesis

of Tigteri:.. moronstorsma- zhoartiore iz eonzidered to be the rresence of the

organism in the amniotie flui®, Zrom ther-~ it run »rorez- t, the o1-centa

b éireet inviion an’ viz the fetzl biood gfter fetal evrosure by aspiration
20
or swvallowing i

Ve T |

The three main ivpes of direare sntities ceen tith Tisteriaz monocytorenes

inelvde uterine infectiomz 11ith ahowtions, serticemis with miliary visceral
. . 19,28 "

nerro~ic end enecephalitic = ’- 7, Clentra’ nervou= cvetem lerions can occur

in man, ecattle, sheer, 7oat- and gvins, Jeprticemias are <eer in man,

cattle, sheep, rrine, daoz, rute, .rd roients, Thera are reports of

_ 38
abortionz fue tn Tintarir monorrtocenac in mgn ettle, sheep and gosts 77,

In ruminants, sifn= cearv in the central nervous cystem infections vary
only in saverity, The z2ignz ineluwie mental econfucions, depreccion, head

pressing, paralysic nf ore or mor: meduallsrv centers and urilateral paralysis

=]

Q .
nf tha ceventh er=ni 1 nerye 1 ., wvewiztion nf the hea? to one cide and

Qg i
'38, The course of the isease in

eireling movemertc are alza ahsgervan
sheep usnally runs a feuw howrs to twro Jayr and in eattle from four to
1

fourteen davs, .

Grocs lesgiors are mot rruallv obzerved in the brain, Typical microseopic
: L 5
cuffing oeceurs- in the hrain, ', The lecions are most commonly present in
the brain stem, beinc mora cevere in the medulla nni rons and less severe

. 3 : 5 9,29 : "
in the thalamuc and uprer srinsl cenr? "'~ ', The histological arpearance

of the lesions are n?nsidernﬁ virtually pathognomonic for Listeriosis

a

A unilateral or kilateral meta-tatic surrsrative opthaimitis i cometimes.
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seen in ruminants with encephalidities. The evact rathogenesis of the lesions

!
is unknown 19”5. In ruminants, with the exception of the goat, the encepha-

5 ; 5 ; i 19,2
Jitic form is rzrely observe” in association with the abortion form s 1.
The septicemic form is seen most commonly in neonates, :gand in
; 1 . -
ruminants prrobably occurs only in neonater . The lesions seen are miligry
: 5 3 ; 19,21
necrotic foei in the liver an?d less freguently in other nrganc “
Variations of the disease entity in riminants are slight., Cattle
and sheep have similar types of Jesions with differences being largely
quantitative., Cattle tend to rave more chronic infections with small
central nervouc system lesiong. Central nervous system signs and abortions
21

both occur more commonly torether in goats, than in cattle and sheep "',

Species Effected

Listeriosis in swine is considered rare evcept perhars in the Soviet
Union, The most common form ic septiecemi:c in nennater rrith focal hepatic
necrosis or less frequently skin lesions sgirilar to pox "ay also appear 11.
Horses can abort, have septicemia with focal hepatic recrosis or less often

. 45
ghow central nervouc system sipns 77, ILicteriosis is considered rare in
dogs and eats 11. Toung chickens may succumb to Tisteriosis, but most
commonly the lesion 1 o muszive area of moocariial degenoration 11,
Ferrets can harbour the disease without showing elinical signs 25.

Over 1,000 cases have been vreported in man. Infarts and people
over 40, or people vith some dizabling condition are the most suscentible 11.
The breakdowm of the types »f svndrormes in man is; meningitis or encephalitis,
337%; gremlomatocis, 217 septicemia, 217; mononuclensis, 18%: and conjunc-—

cas 28 . ;
tivitis, 6% ©, Listeriosirc can interrupt -~regnancy in the human 11. During

the mononucleosis syndrome verirhsrl monoc;tes mav be increased by =zs
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much as 6,000 times with no changes in other leukocyte counts 2'. This

. . L
syndrome mimics, but is not true infectious mononucleosis of man o

Gross and Microscropic Lesions

Listeriosis ecan cause abortion in late gestation in eves. The eves

appear clinieall: roma’ 1?’;‘. Zwes in late gestation aborted 7-11 days

-

post intr-amniotie inoeidation ', Various deseristion: lave Leen made

of the grocs placerta] Jlesioncz.  These deseriptions include a 1light coloured
10 . ; 22 '

segmental appearance , white focal neecrosie of cotyledons ™", intercoty-

3 . ,
ledonary ulecerations of the chnrio-allantois 1’, and edema, thickening and

reddicsh-brown disecoloration of the intercotyledonary areas 10’22. Endometri-

1
tis was observed in other areas than the placentomes 3’30. The gross lesions

13

of the placenta are similar in both exrerimental and natural cases ~.
Histolngical changes of the placenta ineclude evtensive edema, diffuse

leukocyte infiltration, a vasculitis of the chorio-allantois and neerosis

and desquamation of the chorionic epithelium 13’31. Fibrinoié necrosis

and thrombosis of septal vessels at the feto-maternal interdigitation are
common, Some of the early changes seen in the zone where the maternal
caruncle and fetal cotyledoneconreet include hacteria in hemotomas near
hyalinized tips of villiaand neecrosis of the adjacent chorionic epithelium

with noutrophils and plasma cells, In advanced steres numerous bacteria
13

and zones of leulocytes ean he ceen .

2
The fetus may die in utero and be autolyzad 28 or may die shortly

36

after birth from listeric septicemia . Fetal livers sometimes show

712
miliary or submiliary, greyish-white foci 1"’6. About 75% of aborted

lambs have focal necrosic or granulomas 5. The livers have round borders,
1

o

are friable, and are yellowish-trown ',



o s}

In a semuentia] study of Ticterie zhortion in eves, it waz shoum
that 24 hours rost intrs—gmniotie infeetion there iz el-mdin~s ~F the amnietic
fluid, e’ema of the allarto-amrio-chorion and organisms in the amniotice
and chorionic epithelivr, Ihirty eir hours post-infection, the lamb dies
and post mortem autolvsis beginn, A reidish-trovn evudate is rresent

between the chorion and nterus and the uterur i ceparated from the allanto-

amnio-chorion in the intercotyle’~nary areas, with edems an? congestion,

i+

h

From 4£8-72 hours poct-infaertion fotzl hepgtic nenrosis mav sccur. At thie
same time the interdicifatin~ are-s ~f ths nlaeentormeg hemnmo necrotic and
thrombosic of the septal sessels oerurs. Tistsrie enlonies re-lzce the autolv-

tic chorionie epithelir, Jaleificatiom in the villar -esenchyme may occur
eX
alorg with progreccive suppuration
Lesiong in the ete s negr t2 Pe rrotricts” to hemmorrhaee in the
16 .2 G e e L
subcutic 7, skin 77, Turzs T

37

Iymrh nodes 7.

2N .
eniogmTinm y kidrey ynf mesenteric

.
uU.I!lTﬂ‘ZlI'V

listeria monorvtacence ir 2z £mall ~+=:n positive hacteria of world

wide distritution snrieriv s in o vrr mnendag Af enimgl L Jhe netkoad of

- transmiseion 1 not knowr, Mt carrier animilz and silage feering are
partially responsitle, The orcunism ic eargble of canszing central nervous
system syndroﬁes, gertigemin~, :nd sbortionn, Lwes sbhortint cue to Listeria
monocytogenes are clinical?r rorm 1 +ith the rredominznt lesiong neccurring
in the placentomer and rlacenta. On gros: exzmination, the rlacenta is
thickened, darkenc? ind nserstie, [Hri-lnzic.] chunres inelude edens.,
leukoeytes, varmulitis of the charic—allaintnic an? meerosic o the chorionie

epitheliurm, The aborted feti ermonly are autnivred and —=-v have miliaws



RUFLIENCES

1. Asahi, 0., Hosodz, T., and Akivamz, T.: Studisz on the mechanism

of infeection of the brain with Listeris monocvtocenes., Amer J Vet Res, 18,

(1957): 147-157.
2, Biester, H. E., and Cchuarte, 7. H.; J Inf Dis, 64, (1939): 125-144.
3, Burn, C. G.: Troc Soec Ixp Ciol Hed, 31, (1934):1095,
4. Cromwell, H. W., et al,: Science, 89, (1939): 292,
5. Dennis, S, li,: Terinatal lamb mortalities in Western Austrailia,
FRCVS Thesis, Royal Colleie of Veterinary Surceons, London (1966).
6., Gifford, R. ard Jungherr, E.: Cornell Vet, 37, (1947):39,
7. Gill, D, A.:"Cireling Dicease" of sheep in liew Zealand, New Zealand
Vet J, 87, (1931): 60-74.
8, Gill, D. A.: Aust Vet J, 13, (1937): 46,
9, Gitter, M.: Listeriosis in asnimals in Gréat Britain., Troc
3rd Int Symposium on Iisteriosis, Cilthoven, (1967): 201-210,
10, Gorrie, C. J. R.: Ovine Abortion in Vietoria. Aust Vet J, 38,
(1962): 138-142,

11, Gray, M. I. and YiVlenger, A, H.: Iisteriz monocvtogenes and

Listeric infections. Baet TLev, 30, (1966): 309-382,

12. Grini, O,: Norsk Vet Tidsskr, 3, (1943},

13, Hartley, U, J., and Kater, J., C.: TPerinatal disease conditions
of sheep in New Zealand. New Zealand Vet J, 12, (1964): 49-57.

14. Hughes, . L.: Iisteria as a camse of abortion and neonatal
mortality in sheep. Aust Vet J, 51, (1975): 97-99,

15, Hulpers, G.: Tefvernekros hoskanin orsgaad af en ej forut

beskrifuen bacterie. Svensk Veterinartidskrift,,16, (1911): 265,



10

16, Jeleff, ., Diurov, A,, ant Tomoff, T,.: iinige Untersuchungen
uber eyperimentel] hervnrverufenr jisterio-eaborte, Mh Jet lied, 19,
(1964): 773-773,

17. Jeleff, V., ard Djurov, A,: liorrhologische veranierungen det

o =

T um

Feten bel srontaner listerions irfektion Aer Tchafe, In: "Irobleme der
Listerince" Jympasivm, Teinzi~, 1968, edited by , Liebe, aond TN, Degen,
TLeipzig: Georpe Thieme (10A9); 223.230,

18, Jones, 7. ., an? Tittle, 2, B.: Arch Peth, 18, (1934): 580-581,

19, Jubh, K, V. T. 2n? Kennedy, T, C.: Tstholozy of Domestic Animals,
Academic Press, iiev York, 3Jan Franeisco, London [1972): A0N5-410.

20, Ladds, I, .: Seguential studirs on ovine [isteria =zbortion.
Phd, Thesis, ‘ancas State University (1970).

21, Lzdds, s Vs Derri-, Z. 1., Ejoku, 7. O,: Tatholorv of Listerie
infection in domestic animals, Vet Dulletin, 44, (1974): €7-74.

22, MacDonald, J. W.: An outbrenk of abnrtion due to Iisteria

monocytogenes in an experimental floeck of sheep, Aust Vet J, 43, (1967):
564567, '

23, lerchent, I. A.,, Packer, 7, A,: Veterinarv Bacteriology and
Virology. Iowa State !miverzity I'ress, Ames (1967),

24, Yolello, J. A., and Jensen, D.: lacental pathology IV: Placental

lesions of sheep exrerirentally infected with Tisteria monoevtogenes. Am

J Vet Tes, 25, (1964): 441-4/9,
25. MYorris, J. A. and lorman, . C.: J Dact, 59, (1950): 313,

26. Murray, . . D. et al.: J Path Bact, 29, (1926): 407-439,



T

27, liurray, . Ge J.: Uz stor of Lizterig, “lavelle iecallists

—

address, Trans Royal Soc Canada, 48, (1952).

28, lurray, E. G. De: A characterization of listeriosis in man and
animals, Canada Med Assn J, 72, (1955): 99,

29, Njoku, C, 0., Dennis, S5, M, and Cooper, R, F,: Listeric abortion
studies in sheep I: materno-fetal changes, Cornell Vet, 62, (1972):
608-627,

30, Njoku, C. 0., Dennis, 5., M.: Listeria abortion studies in
sheep II: feto-placental chonges, Cornell Vet, 63, (1973): 171-192,

31, Njoku, C. 0., Dennis, S, li,: Listeric abortion in sheep IV:
histopathological comparison of natural and experimental infection,
Cornell Vet, 63, (1973): 211-219,

32, zBaterson, J, S,: Listeriosis, In: "Infectious Diseasesof Animals,
Disease due to bacteria, Volume 1," edited by A, '/, Stableforth and
I. A, Galloway, London, Butterworths (19459),

33, Pirie, J. H. H.: Tubl S African Inst Hed Res, 3, (1927): 163-186,

34. DRittenbach, I. and hartin, J,: usin peitrar zve erperimentellen
Listeriose bg# Haus an? Versuchtieren, VIII Litteilunz Untersuchungen
am experimentell evgeugten Listerienabort des Schafes, Arch Exp Vet l}ed,
19, (1965): 681-730.

35. Saunders, L. Z,; The eye In: "Joest, Handbuch der Speziellen
Pathologischen Anatomie der Haustiere Volume III Mittelung, Untersungen
an experimentell ergeugten Licterienabort des Schafes, Arch Exp Vet Med,
1, (1968): 739,

36, Seelinger, I, P, R.: "Listeriosis", Fofner, New York (1961).



37. Singh, C, He: Tathology and bacteriology of abortion and perinatal
death of young rabbits, sheep and goats., Phd thesis, Michigan State
University. (1956).

38, OSmith, H. A,, Jones, T. C., Hunt, R. O.: '"Veterinary Pathology".
Lea and Febiger, Fhiladelphia (1972): 610-612.

39, Wuilleret, A,, Desrres, I'., MHonteiro, L., Bouzakoura, C,, and
Wildi, E.: Contribution a 1'etude Au diagnostic batteriologique et histologique
do la listeriose a 1'occasion d'un. enzootic ovine, Schweizer Arch,

Tierheilk, 111, (1969): 622-641,



13

II, OSERUM LEVELS OF FPROGESTEROKE, ESTRADIOL, AND CORTISOL IIN EWLS AFTER

ABORTICN DUE TC LISTERIA MNONCCTYTOGIIIES,




14

Introduction

The hormonal charnges oceurring at parturition in the ewe have been
the tornic of numerours investigations. The evact trisgerins mechanism
or ceries of events i~ ctill not completely understood, Cne theory of the
events leading ur to parturition in the ewe was prororced bv Iigpins, Grieves,
Yendall and Knov 58. The thenry proroses that the fetal pituitary initiates
a reries of events bv relearing adrenocorticotrorhic hormone (ACTH) which
acts on the fetal adrenal to cause the releace of glucocorticoids and a
C-19 hormone, These steroids ther aect on the placentome to cause an
increase in prostaglandin ¥ 2 alpha (IGF 2 alrha) and ectrogens, and a
decrease of progesterone.

Evidence suprorting the role of the fetal pituitary triggering parturi-
tion comes from experiments that shnired that gestation ic prolenged after
fetal hypophysectomy 59. Arginine vasorressin (AVT) and ACTH have been
found in fetal plasma prior to parturition indicating the anterior and
posterior pituitary are functional in the fetus 3.

Farturition car be delayed by hilateral adrenalectomy and can be
initiated hy the asdministratiorn of ACTH and/or glucocorticoids to the

fetal 1amb 60. The fetal adrenal has been showun to be active prior to

g
53 with peak plasma levels near parturition, 2B and prior to the drop

term
100 .
in progesternne levels « There ig not & significant correlation between
fetal and maternal gluecnenrticoid levels 3. Other investigators found
about 15% aof the fetal corti=ol trarsferred to the mother from the fetus
and 2% to the fetus from the dam 32.
Levels of plasma cortisol have been measured in the ewe and in the

fetus by several invectigators. Tetal levels of cortisol prior to parturi-
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32

tion have.been recorded as .4-2.27 micrograms/100ml. , «5=1.0 mierograms/

58

3 :
100 ml. 65, around 1 microgram/ 100 ml. , and lese than 2 micrograms/

58
100 ml, 12. At parturition, these levels increase to 8 micrograms/10N ml. "

10 28

7-26 micrograms/ 100 ml. ~, 10-35 micrograms/ 100 ml. “°, and 12-17 micrograms/

100 ml, L respectively. The cortisol turnover rate in the fetus increases

26

from 10.9 to 88,7 micrograms/ 100 ml. at parturition °°, The cortis=ol levels
of the pregnant eve prior to rarturition ar= i1 the range of 7,7 1o 2.5
micrograms/ 100 ml. 49’65’74, and 1.06 to 1.67 micrograms/ 100 ml. 32

PGF 2 alpha is considered to be leuteolytic in the ewe 48. It has
been shown that infusion of PGF 2 alrha in the vein of one uterine horn
can cause regression of the corpus luteum on the same gide : ﬂ, Increases’
in PCGF 2 alpha have been measured in the maternal carmeles and uterine
vein plasma in dexamethasone induced labour 61. The increase in uterine
vein blood levels during the last 2/ hours pre-parturition ranged from
1-2 ng./ml., to 7-17 ng./ml. in one study 0 nd from less thar 2 to 2.4~
3.7 ng./ml. in another study 58 Ineresses tn IGEF 2 alrha concentrations
in the maternal placenta are from 100 to more than 600 ng./ g. et tissue
and the increases in the myometrium ara from 50 to 300 ng./g. 58. The
increase in IGF 2 alpha in uterc-ovariar rl. =~ - ior to partirition occurred
about the same time as the increasr in estrogen and was preceded by the
decrease in progesterone 1n0. This is further documented by another study
in which progesterone levels remained constant after infusion of PGF 2 alpha
but estradiol-17-beta rose from 5 to 165 pz./ml. in 8 hours after infusion 58.
Oxytocic effects of PGI' 2 alpha in several species were described in one

58

1
study 00, but were not observed in another study ~ . The investigators

in the second study reported that this Jack ovytocic activity may have been
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' 8
due to a requirement for low progesterone and hich estrogen levels > .

The second study indicated that FGF 2 alpha did enhance the response of the
uterus to oxytocin and that elevated levels of fetal corticosteroids
stimulated production and release of IGF 2 alpha inderendent of labour 58.
The pre-parturition increase in estrogen may also stimulate FGF 2 alpha
synthesis and release and could be the link between the increased fetal
corticosteroid levels and the increased maternal PGF 2 alpha levels 58.
Estrogen and PGF 2 alpha seem to have a stiﬁu]atory effeet on each other.
This observation could help to ewplain the rapid increase of both hormones
at parturition.’

Several prorerties of estrogen relating to the onset of parturition
have been described 19. getrogen cauces maturation of the uterus; enhances
contractions in non-pregnant animals; dilates blood vessels; increasec!
cell permeability and aids electrical conductance of the mvometrium.

It also increases the response of the myometrium to ovytocin 19. Some
investigators believe that estrogen is the probable final trizger of
parturition by inersazcing the uterine blood flow; prssibly causing
myometrial contractions ani overcoming the "progecterone block", These
investigators also noted &sn inerasse in the blood levels of oxytoein in
non-pregnant sheesp given estrogens follrwing va~inzl distention 14.
Conflicting views are prorosed by sther investigators who caused premature
parturition by giving fetal lambs ACTH and noted ir some cases parturition
in the abscence of a sigrificant rice in estradiol-17-beta 58. The concept
that a direct stimvlatior of the mymmetriur occurrs is not favored by all
investigators. During pregnancy sstrogens are formed by the rlacenta,

29
The fetus and the placenta both ean metatolize ertrogenc 7, The maternal
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perivheral blood levels of estrogen sre relativelv lov prior to parturition,

20 27
Revorted blood lavale of eztroger are 20-40 pg./rl., ~, and 40 pg./ml.

20 110

five dave prior to parturition smd 29,6 psg,/m1., * , and 20 pg./ml,

two days prior to parturition, There ig s marked inercare at r~arturition

\ 12
to 75-411 po./ml. 2, 206724 peu/ml. 0, 239w, fel, 880 po./ml. 00,
and 31-59 pg./nl. ;8. detrome and ectradiol-17-beta have o ratio ~f 1.9 to
L 100

Two po~sible funetions of nrogesterone inelufe suppreccion of uterine
activity and suppression of Ilir 2 ulrksn, Irozesterons i~ required for the
maintenance of earlr preo-roner., Twentv mo, ner dsv of rrogecterone can

: F0
maintain presnznev in eres un to A0 Agys 0 anf 1 mpr, of procecterone vith
preg 3 1 J & &

; : i 42 .
25 mg, estrone can maintzin nrecmoney in veryv early wregnsney ., The

main source of prozesterone for the firct 50 favr ic believed to be the
ovary, During this preriod of time there i- nn sicnificant differenca in
progesteronelevels between rresrant ond non~presrent 2ues in the luteal

stage of the estrouc eyele 86. Liemoval of the ovaries betuveen 66-11Z davs
has no effeet on progesterars levels or pregnahcy qg' After 50 days nlacent-

Y
al progesterone secretior ic the mujor sourece 'j. The increase in placental

progesterone may be due to thz rapid inecrea=e in uterine volune q‘ The

progesterone Jevels in late »regnaney in the rlacent: of both intact and

ovariectomized eves reaches 4-0 microrrams/kr. of tissue 86. Teripheral

blood levels increass to 40 nz./ml, at 15 dav:s prior to parturition 27.

One day prior to parturition the nrogesterone levels are 7.6 ng./ml. (single

11

lambs), 13.5 ng./ml, {(tuinc} , 812 ng,/ml, 70, and 17 ng,/ml, 58. There

is a rapid decrea<e at the time of parturition to .3 ng./ml. (single lambs),

.3 ng,/ml, (twins) 11, 2,7 ne,/ml. 4 ani 1,8 ne, /ml, & recpectively.,

In other instances the Jecreans follows parturition or occurrs before
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parturitibn 27. This dror is not slways consictert 11. The fall in

progesterone levels around parturition is unlikely to be 5 major factor
initiating birth in the ewe, but it doec help to inecrease thre efficiency
of the uterus 58, Tarturition ean occur without low progesterone levels
as shown by the normal time of delivery in eves given 80 mg, of progesterone
over the last week pregnancv. However, there wes a decrease in the ampli-
tude of pressure wavec of the uterus 15. In cattle infected with Vibrio
fetus, the peripheral levels of progesterone declired at the time of fetal
. death much like normal parturition, This may be due to nlacental dysfunction
or products from the infected fetus 72.
Prolactin and oxytocin levels both increase in the peripheral plasma
near delivery. TProlactin values stabilize at 90 days at 2.4-6,0 ng,/ml,
and gradually increase till a few days prior to birth, At delivery prolactin
levels inerease to A00 ng,/ml, 3, Orvtocin levels are also maximal at this

time 4‘0.

Materigls snd methodsn

Animale; Suffolk and crossbred ewes in the last third of gestation
were housed in a ccntrolled enviroment (24« 2 C), Twelve test ewes were
inoculater intravenously in the jugular vein with 5 ml. of sixz~hour broth

culture of Listeria monocvt-cener, Four control ewes weras inoculated with

5 ml., of broth only, TFifteen ml, blood samples were collected daily by
venapuncture of a juguler vein, Cerum wss serarated an’ kept at =20 C
until ac=say.

Radioimmunoassay of hormoner:

Progesterone: Two-tenths of one ml. of serum was evtracted with 5 ml.

of fresh ether, The ether fraction was dried and reconstituted with 1 ml,
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of assay buffer and the g=-ay buffer wer telved for furlicagte arccayw,
The progesterone concentration war determinecd by the procsuure of Garza

e e an
cmeitiwits A" thp asen vas 10 mo. an

e -
T ‘L‘, fprrkibel - S.03 TS

et a Sl u HERIT . TR b
L

the antizerum ero-corezota” i i R F,-r',, of decoveorticrsterons and
4e5% of testosterone,

Estradiol: One ml, of serum was ertrueted with fresh ether., The
ether fraction wva-= dried and reconrtitutz? with ore ml, of assay buffer
and the buffer was pipetted into two freoections for duplicate aszcay. The
concentration nf ectradiol was determine h;- the procedure of Abraram et al.
(antibody S 1554 '6), which in specifie for actraliol-radinimmunoasray.

Cortisol: One-tenth of nna ml, of cerum s oprecinitzted with 0,4
ml. of absolute ethanol, then 10 miesrnliter: of the ethanol fraection was
pipetted to 0.5 ml. of assay buffer for radioimminoascay, ~ccording to
Abraham et al, 1, (antibody 5162 "2). Duplicate acsays vere performed for
each serum sample. The antibody cross reacted slichtly with the following
steroids: Corticosterons, 9.77; 17 alpha-hydro:Tpro~esterone 87: cortisone
6,0%, and 11-desoxveortisol 6,07,

Statictie=z: Tolynoninl regzresczion coefficinnts were derived from
standard samples with UYang's comruter for the formula:

log » - a a8,y o, B,
[ N 1 i, 3

vhere v - hormons enncertratio-
~

v - o of lshele’ hormone hound
The regrecsci-n roefficientz were uss? to determine hormone concentrastions
in the unknown samples., OStindent's tetest was ured for comparison and
differences were considere? sirnificant vren ™ valuse were less than 0,05,
Results

Listeris monocitozenns csuse? ghortion in all 12 tect ewez O days
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éfter inoeulation (8.6 + 0,4 days, ranrs from 6-10 daysj.

The serum level:s of prrocesterone obtained from botk tzct and control
ewes were similar {Figure 1), Tro-esteronc rancei from 5-10 ng,/m1, from
1 to 9 days befors parturition nnd drepped at -arturitien to & low of
1 ng./ml. 1 day post—partum [tect suwes) or? 2 Azve moct-rartum {zontrol
eves).

Estradiol in the contrel ewes inercacssd sgizrnificantly {(from 175 %o
450 pg./ml,) at parturition, Tezt ewsr 51c0 haf inerecced ectradiol levels
(from 130 to 200 rg,/m1,), Pt the inereare w o »ot rtatisticz1lv sienificant,
Estradiol of the control ever “rorre? teo *hre nra.pzrtum lavel~ within
two days post-nartum Tizure 2°,

-

Corticol in the -~eripheral Rlood inerense’ gfter the tect eues vere

1,

inoculated with Listeria momocyto-ensc, The corticzol levels were 69 ng,/ml,

one day post-inoculation; d=nrma?d to &0 nz, &1, three Anvs poct-inoculation,.
then contirued to deercase ant leveled off at 25 nr,/ml, @ ?aye post-inoculation,
Ho increase in cortizol w. - nhgarve? at abo*tiQn. The control eves had
gradually incresred serum cortisol levelr rancirg from 27 ng,/ml, nine
days before parturition to 40 nz,/ml, the Adav hafore rarturition., On the
day of delivery serum corticol pezked st 0 ng, /ml, (Fienre 3},
Discussion

The results show that progerterone change~ in aborting etres infected

with Listeria monocrtocenes and in rormclly parturient awec at delivery

are similar. The trends obrerves in contrnl avac wape rimilsr to those

23, 58,83,08,90

reported by others A Aron ir prozerterons hsr been rerorted

within a few daws after inosnlatine with Actinobieillus zeminis 89. “mith

89
and Hughes ~° thonrht placertz? lesionc ransed the derrcase as vlacental
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progasterone iz conpifere? the majnr souree of nrofesterons in gheer during

late pregnaney, Although Li<teris monocytozenes also caures nlacental

: 7 : 3
lesions, 7 in thiz studr no Aeerecse in progerterone occurred near nart-

a

urition, Sinee progecsterone normally dsereacers cof or shortly zfter part-

—

urition, the fecreace in ligteriz momocytorenes infected ewegs could result

from (1) the erpected deecreace &t rarturition, {7} the dectruction of
placental progesterone production, or (2) both factorz,

The significant increace in serum ectrogen of controls at rarturition ygg
jn ~25centially good zgreement 1ith the mezultec renorted tv otherc 14920!23’58.

The slight inecreacs in estroren of infected =res ut chortion was not

statistically signifieant, A= li-teris ronormrtogenes csucers necrosic of

57

the placentomes ~ , the main sourece of estrogen n ar narturition mav be
the placenta and adrenal gland, ZLeeroszis of the nlacenta and exhaustion
of the adrenals e coul? lorer ectrogen rro’uction for the anticipated
estrogen surge,

The initial inere-nse of corticsol on the d;y after test ewes vere
inoculated can be evplained as s recpenre to the infection., The increase
in serum cortisol in the control- at parturition arrees with two earlier

23,97 although it was not nbrerved in two others 33’?ﬁ. Stress

reports
associated with parturition or the normal hormonal triggering mechanism of
parturition may explain the ineresce, Research on human beings has showm

a rise in cortisol at porturition, thought to be brought on by labour stress o4
10,12,26,58
’

An increase in fetal cortisol has been rpported in sheep
but only a small rortion is transferred to the dam '©?72, Do, fetal cortisol
is an unlikely source for the maternal inerease at parturition, Our test

ewes had no increase in cortisol at parturition, perhaps because the adrenals
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were evhausted by the infection,

Listeria monocvtogenes appears to induce abortion in cheer without

initiatins all standard trijcerir. mechanisms. Ilacentomes being destroyed
seem to be the most probzble rezson,
Summary

Estradiol, progecterone cn? cortisol were meacured by radioimmunoascay

in peripheral serum of precnant ewec irfected with Listeria monocvtorenes

and in normal pregnant controls. TProresterone ha? decreaced in both groups
at parturition or abortion, ILstradiol and corticol of control ewes had a
markedly incrzasei level at rartorition, The infected ewec had significantly
inereased levels of corticol for ? days after inoculation, but it returned

to pre-inoculation levels for the remairder of gestation., Cerum levels of
cortisol did not chaznge an? estra®iol levels inereas~d only slightly at

abortion by infecte” cues,
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III. CLINIGAL-PATHOI.OGICAL CEANGES IN TilD SERII OF =ZWaS ABORTING

DUE TO LISTERIA MONOCITCGINES,




Intreduction
Both parturition zond ghortion are corpler phirsiolisricgl rroceccec,

Some of the clinical-pathological chanzes occurring at rarturition have

~at heon ahoewred in

e

S R e =7 o
L 22 azledun

z -3 A ¢ e - 3 -
been reportsd, I fecrrgce i the zomin

2

4

22 i ; ; 3 .
cattle o oCtuliies nave chovm gz inereace in serum glucoce in sheep -
23 i , . 5 4
and goats at parturition, but no inersase was observed in another ctudy

11 . ’ -
in sheep . ILypercholesterolemia vas observed in nrecrornt women up to

b

. :
the 33rd week of pregnancy ~, A decline in tots? nrotei . (T7) in soats

2
>

has been reported at parturitior and eontimins for R days roct-portum = y
and 1little change was obzerved in the nacke? 211 volume (I'IVY “urins or
q - r -— -

after labour in sheer -, Alkzline phorphrtrce A7) and laetie Achvérorsenace
(LDH) have been measurad ir hnmanc with abnormal nragnaners. The studies

on AP showed poor correlation between alk=line rhosrhatase levels and come

. . . 21,16 ; Fo. W

plications oceurring during pregrancy e fMn dincreagce in IDH in human

amniotic fluid has been rernrter £2911orinz fetal death ¢nd the changes in

the amniotic fluid were sinilar to the sharzes obzerve” in the maternal

Serum 25.

Haterials and liethods

Animals: Suffelk an? ereocrbre? eves in the loct third of sectation
were selected as test snd rontrel animnl-, The eves were housed indoors
in a heat and light controlle? onviroment, Tuelve tert ewes were esch
inoculated intravenoucly in the jusvlar vein with 5 ml., of si- hour broth

culture of Listeria moroc:trr=neg, Tonur control evec were each inoculated

with 5 ml, of the broth medium, Tive m1, of utole tlood were collected
daily by venapuncture of the jugilar veinz, The gerum vacs Sravm off into

culture tubes and frozer, Tiro zi itioral m), of hand 'rac collected daily
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with heparin as an anticoagulant.

Assay: Cerum samples wera anclyzed for caleium, phosphoreus, zlucose,
albumin, T7’, AT, ckolesterol, total bilirmbin, IDi, serur glutamic-oxalic
transarinase (330T), uric scid and tlond ures nitrogzer (ZUX) with an
autoanalyzer {(JA 12}, The rcd tloo? eell ~n? vyhite blood cell eounts were

determined by using a Coulter counter, Ine hmdred white tlond cells vere

fo

identifiecd on iodified YUricht'c ctained cmears, The hemoglobin eoncentrations
were determine” ty a cyanomethemoglohin enectrorhotemetzry method 4, and
rectal temperatures were reccried tidiee daily,
Resultrs

A decrecce in serur rglotim Fro- D g, Joto 8 iz, 7D ard gm inerease in
serum phosphorou:s from 4,2 to 5,0 ms, J2 were note? in the controls on the
first day post-partum, {Figorec 7 and 8), Thic trend was reverced on the
second rost-rartum as the serum ealgiun inerease? from 2 to 10 mg, %, and
the serum prhosphorous decrazsad from 5 tn 4,5 mo, %, 1o chantes were
observed in the tect ewes, An inereare in serm glucoze from 70 to 100 mg, %
was observed in the contro?! ewver :-fter deliver:, (Fi-ur: 9§, The semm
levels of AT inereanad om tha Fov of rartrritiorn in the test eves from 11
to 13.5 King Armetronz Urits [7V7), (Mruire10) The cerum AP in the control
ewes decrease” from 13,5 to "2 "AU ar the dA-v after »arturition, In the
controls the serum cholect=rol rrafually Adeereac’ from a resk value of
68 mg. % on the sirth day pre-rartum to 59 m~, 7 on the first day post-
partum, and then inereare? tn 62 n=, T on the zecond day roct-—artum,
(Figure 11) The test eves hrd consictertly higher levels of total bilirubin

(Hgne1ﬂ,IDH(nge1ﬁ,amiﬁﬁfCHQWQ1M'm31HECMWHﬁa

but the controls had higher levels of uriec zeid., (Figure 15) A temperature
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rise to 164.2 I oceurred in the test ewves on the second day post-inoculstion.
(Figure 16) The vhite eell mumbers were increacer after inoculation of the
test ewves from 10,000 per ml, to 13,007 per ml,., with an increase in the
percentage of neutrophils after inoculation and azt cbortion, (Figure 17)
No significant changes were noted in serum albumin and LU, The IOV,
hemoglobin corcentration and red blood cell counts showed no nattern,
Discussion

The major changes observed were the changes in the caleium, phosphorous,
and glucose lavels and in the rectal temreraturer, The other pzarameters
shoved only s=l}ight changes which vere not stasrtiecally significant, The
drop in serum ealeium occurring at parturition in the controls was similar
to changer reportesd in eattle 22. The decreaze in calcium and corresponding
increase in phorrhorous on the fir<st day post-rartum may have been due to
an increasad releasse of thyroealeitonin, The increase in ferum caleium and .
decrease in serum phosphorous on the second day post-partum is compatible
with a compensatory recction of parathormone. io changes in serum caleium
or vhosphorous vere ohserverd in test eires vhich aborted prior to term.
This could be due to a lack of milk production,

An inerease in maternal serum glucose at birth siminlar to the increase

2 and in roats 23,

’
but in another study using cheep no inerease wa:s obrerved 1'. An increased

seen in the control sves har hoen reported in sheep

release of adrenalire, glucocorticoids and/or glucagon conld be responsible
for the increase in the maternal serum glucose of the controls at parturition,

Other reports indicate that these comrounds ecould be inereased at parturition

2,723

- L m g » -

« The serun glueore of hoth the te~t &’ contral ewor c-ineidss closels
o

with their cortizoal 1 weis, 11e sot-inoeculation Iiperzlvcemia of the test

"



A
ewes could be secondary to the release of these factors with the lack of
response of the test ewes at abortion due to exhaustion of the supplies
of these compourds,

The changes seen in AT in this stndy could have teen due to changes
in liver, intesti=e, bone and/or the placents 1"', and it vas difficult
to draw conclusions from these changes.

Ko hypercholesterclemiz ac ha= heen nbgerved ir huma» beings 15, was
observed in either the test »r eontrol cues, The volues obgerved ranced
from 55 to 70 mg, %, which isg e~marable to the normal values seen in
sheep 12.

The increased levels of LDH, 530T, -nd total hilirubir in the test
ewes may indicate the possibility of eitker muternal or fetal tissue damage.

An increase in LLH was recor”e” in humern beince and vaz consicers” to be

due to lealage roy arwnlyas” "Lhad ez 2 T, wwesver, B Bdp sbr v
using sheep the Jevels o7 =afor WO Lla In Yo hoot oves war onlp o1iohdly

higher than the contrele al parinvition, Lo “erresse in 0T wae rcean in
either the test or control ewer poctpartum as hasz been re-orted in goats 23.
The temperature rise, increare in totzd white blood eell count and
in percentage neutrophil: coinéide with the period of post-infection reaction,
No significant chanzes vere ohrerved in the FIV, vhick is concistent with
another report 3. The serum altumin, rerun BUN, hemnzlobin soncentrztion
and red blood cell numbers -lso shoves no nattern,
The major differencer ohgerve” batwasen the tezt Aues -»7 the controls
in the study appearei to te relate’ to changes in furction of the adrenal

gland and perhaps the rarafolli~ular eslls of the thyroid sland, Eoth

of these ticsues appearer hypouctive at akortion of the test ewes.



L7
Summars
Clinical-pathologics]l changes were messured in pregnant eves infected

with Listeria monocytogenes arf in normal control ewes st abortion or

parturition. Rectal temperatures were slso taken., The major changes
observed were the changes in the cszleium, thosnhorons, and glucose Jevels
and in the rectal temperaturez. The other parameters choved only slicht
changes which wvere not stactically cignificant,

A decrease in serum calcium an® an inereace in serum phosrhorous were

noted in the control ewes at T dorr post-rartum. An increase in glucose

was observed in the control euves follovirg delivery., The serum zlkaline
phosphatase rose on the day of parturition in the test eves, but the alkaline
phosphatase of the controle 2% not inerease and Zdecrenced the day after
parturition to belnv rre-parturition levcls, Cholectersl zraduslly decreased
in the controls until twe days posterartum and then ircroased, The tect

1

eves had consistertly higher Jevels of total biliruhin, Jactie dehvdrogenace
(LDH), and serum glutamic ~rlic trercaminace (S0CT) than the controls,

but the controls had hicher Jevels of urie zeid, A temper: ture rise occurred
in all of the test ewes after dnoculation, The vhite bland ecell counts

vere increased after inoculstiom ir the test evec, 1vith an increace in the
percentage of nentrnphilc aftor irsenlation gnd at aghoartion, 1o signifiecant
changes were noted in serur albumin an?d cerum hlns? wres nitrecen (TUN),

The packed cell volume, hemo=lahin eancentratinn nrd red blo~ eel]l rumbers

shoved no patterm.
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Progesterone T.evels of Peripheral Serum of Pregnant Ewes Infected with

Listeria monocytogenes and in ¥Formal Control Dwes.

Table 1

Control Ewes

Infected Twes

N

381 394 395 396

342 343 344 352 37

Day 341
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Estradiol Levels of Peripheral Serum of Pregnant Ewes Infected with

‘Listeria monocytogenes and in Normsl Control Fwes.

Table 2

72

Infected Ewes

Control Ewes

Day 341 370 342 381 343 394 344 352 395 396 397 398 354, 355 356 391
_g% 23°"116 219 91
-8 173 52 136 192 227 192 27 175 218 83
-7 19, 49 56 227 152 82 182 166 39 116 65

-6 154 45 65 149 204 150 180 155 168 142 69
-5 65 143 29 7 231 102 90 112 211 150 34 186 147 72
- 212 40 91 29 248 30 64 188 224 78 175 154 110

—3 60 178 69 146 44 201 160 66 57 79 179 223 32 140 57

-2 67 158 3, 289 223 123 67 66 114 173 279 38 151 306 &9
-1 75 256 42 195 146 160 51 51 132 187 153 52 168 456 83

Delivery89 224 103 179 162 315 59 66 69 339 144 541 260 471 625
1 113 55 200 212 225 L9 69 75 296
2 99

* - Days are days pre-partum #¥*pg,/ml/
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Cortisol Levels of Teripheral 3Serum of Pregnant Ewes Infected with

Listeria monocytogenes and in Hormal Control Dwes.

Tarl= 2

Infeeted LRwes

Control Iwes

Day 341 342 343 344 352 370 381 394 395 296 397 398 354 355 356 391
-39% 35%%
=38 33
=27 35
-36 45
=35 33
32, 21
-33 22
-32 50
=31 52
=30 32
=29 25 20
-28 42 18
=27 32 27
=26 39 3
-25 34 30
20 35 28
=23 47 40
19D 100 25
=21 51 12
=20 50 49 30
=19 57 a7 23
-18 69 69 25
-17 35 37 54,
=16 a8 22 56 56
=15 181 35 161 34
w1 34 23 24 40
=13 21 24 28 45
-12 33 35 46 34
=11 42 29 68
=10 6 42 53 27 72
-9 41 18 38 36 30 16
-8 21 35 21 48 38 24 36 28 53
- T 136 97 3% 41 35 20 14 39 36 25 33 25 46
-6 70 103 238 39 53 18 27 17 30 59 45 54 26 29
-5 8 293 o8 73 38 87 87 23 20 8 25 46 37 29 22 36
-4 115 93 64 39 L2 65 24 25 14, 23 57 54 65 3 L4
-3 78 95 82 103 43 34 Lty 20 21 16 27 QG A2 45 28 (A
-2 69 82 55 56 29 3 41 11 26 30 16 60 25 30 38 30
-1 97 43 53 2 31 32 25 15 26 40 28 2 76 27 68 79
Deliverv99e A7 71 23 12 26 L6 23 14 37 38 20 153 22 51 60
1 67 63 39 41 10 19 25 26
2 22 24
#Days pre-partum, *¥#g,/ml.
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Hemoglobin concentration of Peripheral Blood of Pregnant Ewes Infected with

risteria monocytogenes and in MNormal Control Ewes,
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White Blood Cell Count of Terivheral Blood of Pregnant Fwes Infected with

Listeria monocytogenes and in Normal B8ontrol Zwes.

Tahrle &
Infected Fwes

Control =wes

353 354 355 356 391

341 342 343 344 352 370 381

Day
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Packed Cell Volume of TIeripheral Blood of Fregnant IFwes Infected with

Listeria monocytogenes and in Normal Control Zves,

Teble 7
Infected Twes Control Ewes
Day 341 342 343 344 352 370 381 353 354 355 356 391
1% 31%% 30 26 23 28 33 28 31 31 26 31 29
3 31 16 21 26 31 35 28 31 32 33 28 25
3 32 31 A 35 30 2, 27 29 30 33 30 28
A 34 35 27 29 29 3/ 29 31 34 36 30 28
5 36 32 22 31 20 35 27 20 33 33 27 27
6 34 30 27 30 30 27 25 30 33 35 29 25
L 36 32 29 30 27 29 31 31 27 22
8 32 35 25 26 27 31 33 271 20
9 32 37 29 27 29 31 28 25
10 26 31 29 36 26 25
1 29 30 30 32 25 2
12 28 29 29 292 27
13 26 27 30 26 26
14 27 28 30 27 26
15 25 25 29 27 24
16 26 26 30 25 26
17 25 29 299 25 27
18 28 28 29 24 29
19 25 29 28 2, 27
20 26 30 26 29
21 _ 29 29 28
22 28 28 27
23 25 28 28 27
2/ 27 27
25 28 26
26 27 26
27 28 25
28 30 27
29 30 26
" 30 30 25
31 30 29
32 29 24
33 26
34 27
35 28
26 26
37 26
38 271
39 29
40 31

% Day of Inoculation. #% Percentage of whole blood formed by red blood cells.



r;%

Percentage Neutrophils in TPeripheral Elood of Tregnant Zwes Infected with

.Listeria monocytogenes and in Normal Control lwes.

T o)
Tanle £

Infected Ewas Gontrol Dwes

Day 341 342 342 344 352 370 381 353 354 355 356 391
1% 73 20 23 26 33 39 20 68 36 24 25 35
2 63 26 54 72 21 60 12 38 20 39
3 47 46 19 32 14 32 29 52 52 328 17 22
4 36 34 50 32 28 36 50 27 20 45 18 12
5 42 33 25 25 &L 15 43 18 46 12 29
6 L2 B0 27 45 38 M £ 1/ 24 43 2L 35
7 29 27 25 37 56 B2 22 18 34 22
8 38 53 L8 63 24, A0 34 18 46
9 59 80 24 58 38 26 1
10 73 17 L4 25 21 37
11 27 30 36 20 42
12 27 20 23 25 4
12 2 27 23 AN 71
14 28 27 33 L6 5
15 15 43 45 19 54
16 2 2 L 14 55
17 18 20 42 28 43
18 28 18 29 72

19 24 52 2L 31 .

20 41 L5 23

21 _ 40 £0

22 22 36 20

23 27 19

24 54, 21

25 L0 24

26 g 4

27 43 19

28 5 21

29 L. 35

" 30 L6

31

32 39

33 54,

34 32

35 26

36 55

37 59

38 56

* Day of inoculation,



Jugular Levels Of SGOT* in Tregnant Zwes Infected with

Listeria monocytogenez and in Hormal Control Ewes,

Toble @

Infected FEues

Control Ewes

Day 341 342 343 344 352 370 381 354 355 356 341

=395 123

=38 125

=37 216

=36 117

=35 107 107

=34 105

=33 101

=32 88

~31 88

=30 &,

-29 127 75

=28 128 95

~27 114 97

=26 114 84

=25 107 86

=24, 100 &0

=23 98 76

-22 91 75

=21 130 72

=20 117 158 75

=19 121 185 73

=18 121 200 75

al 123 185 77 73

=16 115 150 80 86!

15 113 117 90 80

=14 108 108 97 74

-13 104 121 87 170

-12 85 110 98 66

=11 81 111 69

10 97 114 75 69

-9 90 g5 109 70
- -8 116 9 80 67 &4

- 7 97 107 165 112 81 92 175

-6 82 105 114 160 94 75 122 80 72

-5 96 107 90 96 180 95 80 122 78

-4 104 115 94 97 85 182 95 75 90 80 &

-3 130 124 113 101 89 182 102 84 86 69 66

-2 125 90 99 105 90 148 96 70 927 78 70

- 129 137 92 80 8 250 99 80 110 80 84
Day of Delivery 135 152 130 992 79 197 100 95 110 &80 62
1 Day Post-Partum 127 98 9, 160 112 100 114 70
2 Days Post=Partum 105 75

* S5GOT concentrations in K., Units. *%= days are days pre-partum.



an
Jugular Levels of Alkaline Phosphatase® in Pregnant Ewes Infected with

Iisteria monocytogenes and in Normal Control Fwes,

Tebla 10
Infected nwes Control Lwes

Day 341 342 343 344 352 370 381 354 355 356 381

=39 1260

=38 Tt

=36 T1e3

=35 1041

"33 (—Eoi“"'

"32 JOC“

—31 110-!1—

=30 ; 1 g

~29 16,2 Vi

=27 14,0 10,0

-26 12.2 8.0

-26 1400 8-0

=23 11.0 9.0

-22 10,8 10,5

=21 10,1 12,5

=20 17.0 10,0 10,0

-19 ' ?ZHO 1400 9.1

=18 2005 1442 1442

=16 15.5 9.0 13,0

-15 15,5 8,0 12.3 10,0

=14 17.0 9¢5 10.0 11,1

=13 14.0 10,5 13.8 10,0

"12 1300 1200 1305 11-0

5 13,0 12,0 1345 14.3

-9 8.5 18,0 13,0 15,3 12,6

-8 6.5 R7.0 1545 15.0 11,2

-7 15,2 17.6 10,9 8.5 17.0 12,5 16,0 9,0

-6 17.7 14.8 18,0 10.0 7.8 20.0 12,2 15,0 13,0

- 5 1818 13‘9 12.:2 21-1 8.0 8-0 2700 15-5 15.0 11.0

- 4 1403 15-6 8-0 16.2 28-0 10-0 7.0 17.0 13.3 12.0 1105

-3 15,0 14.5 8.5 18,92 23,0 10,0 8,0 16,0 9,0 12,0 11,0

- 2 1000 900 803 1409 1700 9-0 7-5 1900 10.1 15.0 10.0

-1 10.0 14.0 7.0 12,0 15,0 9,0 7.0 14,9 10,0 15,0 12,0
Day of Delivery 9.8 15.0 14,0 15,0 19,0 10,8 8,2 16,1 10,0 7.5
1 Day Post-Partum 25,0 8,01 17.0 7.0 8.5 16,1 10,0 7.5
2 Days Post=Partum 13.8 9.8

% Alkaline Phosphatass concentration= in ik, 4. Unitc, #% @ days are days pre-partum,



a1

Jugular Tevels of Tactic Tehydrogenese® in Pregnsant Fwes Infected with

Listeria monocyvtogenes and in Hormal Control Fwes.

T=kle M

Infected Luwes

Control Twes

Day 341 342 342 344 352 370 331 354 355 356 381

=3Q%:x% i)

-38 165

=37 163

-36 160

=35 155

=34 155

=33 160

-32 142

=31 152

=30 145

-29 225 92

=28 207 145

=27 193 135

=26 190 119

-25 194 120

DA, 185 132

=23 188 188 100

=22 180 137

= 180 156

20 210 199 130

=19 200 240 125

-18 175 200 144

=17 175 240 130 146

-16 169 225 140 153

w18 173 210 133 146

wid, 165 158 220 138

«13 158 220 132 17

=12 143 209 175 122

=¥ 170 224 140 117

210 170 210 115 131

-9 185 150 220 148 142

- 8 147 151 132 115 114

- 204, 22/, 206 155 145 205 130 115

-6 184 204 205 222 170 132 230 155 109

-5 230 182 1587 168 232 174 133 227 160 101

- 166 175 150 165 214 250 110 130 195 155 150

-3 168 173 127 174 193 186 166 vog 199 85 114

-2 160 110 126 165 174 230 157 131 195 %59 125

- 1 180 206 114 145 175 300 146 150 239 155 160
Day of Delivery 173 179 179 165 171 279 181 160 226 165 71
3 day post-partum 182 120 205 219 155 157 218 80
2 Days post-partum 235 83

¥ LDH concentrations in W, units, ¥% — days are days pre-partum,



Jugular Levels of Glucosze® of Tregnant Ewes Infected with

Listeria monocytogenes and in Hormal Control Lwes.

Terle 12
Infected Hres Control Iwes
Day 341 342 343 244 352 370 231 354 355 256 381
~39#x 66
-38 56
=37 50
=36 _ 46
-35 : 50
=34 50
=33 49
=30 64,
=32 60
=30 55
=29 79 56
=28 60 62
=27 52 59
=26 50 46
=25 - 55 46
=) 50 55
=23 57 55
22 50 54
=21 71 64
~-20 95 60 49
=19 6. 56 A0
-18 L6 60 45
=43 L6 60 55 55
=16 50 40 42 51
-15 Li 50 50 36
=L 45 60 73 45
=13 Ly 65 44 67
-12 55 60 77 58
-11 L5 67 64 64
s Z|.6 52 60 47
-9 3 51 43 64 45
-8 53 60 L6 60 60
- 17 5 52 78 45 35 55 63 61
-6 118 55 81 85 66 L5 45 64 64
-5 60 55 72 66 L0 55 69 50 86 65
-4 67 46 54, 65 52 50 50 55 59 91 50
-3 62 42 59 55 55 55 3n 56 46 60 175
-n2 57 65 76 56 49 60 137 60 66 85 74
-1 87 52 57 80 60 TN 47 L, 65 65 95
Day of Delivery 72 65 44 0 67 70 69 25 8 90 75
1 Day Post=Partum 115 93 52 40 L5 45 180 70
2 Days Post-Partum L 25 190 92

¥ Glucose concentrations in MZe 5 ** = days are days pre-partum,



g3
Jugular Levels of Blood Urea Nitrogen®* of Tregnant Ewes Infected with

Listeria monocytogenes and in Normal Control Ewes.

Tehle 3
Infected Ewes Control bwes
Day 341 342 343 344 352 370 381 354 355 356 381
=3 7% 33
=36 25
=35 22
=34 17
=33 17
=32 17
=31 17
=30 14
=29 323 14
=28 25 16
=27 21 20
=26 17 19
=25 819 20
with 18 19
=23 17 17
-22 16 22
=21 12 14
=20 27 19 22
=19 10 18 17
~18 : 17 15 19
=17 14 20 17 15
=16 14 22 22 27
=15 13 22 22 24
=14 14 19 17 16
=13 12 17 22 13
=12 9 18 17 15
=11 12 18 22 21
~ =10 19 24 21 21
-9 16 12 18 22 2
-8 19 16 21 21 17
-7 19 21 15 27 16 19 20 20
-6 15 21 21 17 17 17 20 20 18
-5 20 20 16 21 20 17 15 19 17 19
- 23 18 21 23 27 28 17 12 2, 16 26
-3 24 19 23 20 23 28 15 13 24 21 14
-2 27 16 17 16 21 10 14 13 19 17 14
| 29 12 22 12 22 19 14 15 19 16 14
Day of Deliverg 29 11 14 16 22 19 14, 15 19 16 14
1 Day Post—Partum 12 12 26 16 27 g8 19 14
2 Days Post-Fartum 19 15

¥ Blood Urea Niltrogen concentrations in mp, T °F = days are days pre-partum,
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34

Jugular Levels of Urie Acid* of Pregnant Iwes Inferted with

Listeria monocytogenes and in Normal Control owes,

Takle 14
inf_eohel Jvec Control Zues

Day 341 342 343 344 352 370 331 354 355 356 381

-39-“"t 040

=38 «39

=37 30

=36 20

=35 .00

=33 .19

-32 .17

=31 25

=30 #30

=29 30,20

-28 .30 .31

=27 W30 W45

=26 12 G20

=25 20 ,20

=2/ .08 ,50

=23 .20 L30

~22 .19 .39

=21 .10 .32

=20 L0 W20 50

-19 330 .40 049

=18 30 W34 W51

=17 L0090 L,24 .25 LAD

=16 .21 ,20 ,70 ,50

~-15 11 .18 .60 ,25

=14 21 .22 L60 .29

=13 .29 30 .70 ,39

-12 L0 23 ,60 51

—11 111 040 .50 ¢L2

"'10 -11 lA«O -4—0 050

-9 50 49 .22 ,59 51

-8 +20 bl 48 .39 ,62 ,48

-7 .02 17 .28 ,58 «12 .23 .35 L40

- B .10 .00 .10 .30 .69 .10 L,60 .55 ,32

- 5 .10 .OO -21 -11 .20 .5? 160 .51 062 '70

-4 .02 ,00 ,19 ,18 .50 .35 .30 20 w61 52 50

-3 .08 .05 .18 .18 ,18 .20 .50 30 41 .30 ,50

-2 .10 .00 30 .18 .21 ,20 ,b50 30 W40 .62 L5

- .20 .00 .19 .30 ,12 ,29 .80 40 W50 54 60
Day of Delivery .18 .10 11,19 ,27 .30 ,90 40 .20 L,60 ,L30
1 Day Post-=FPartum 21 .19 .31 .20 ,58 30 .50 .30 .30
2 Days Post-Partum .68 .30

* Uric Acid concentrations in mg., {. ** - days are days pre—partum,
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Jugular Ievels of Total Frotein¥* of Pregnant Ewes Infected with!

- Listeria monocytogenes and in Normal Control Ewes,

Table 15

Infected Twes

e

Control Fwes

e

354 355 356 381

342 344 352 370 381

342

341

Day

T OO0 OO~ ~IONOND OGO M

® % 8 % @ & B A T T B & % " ST " u oW S @

Cr -0 OO 000000 00~
246335.&.221009106664632/30000212513408430
777777777777677666666CC56767666666665666

13425221908)& 557536553823518303
777777776 n.r/D/D ..C.,C 666666666666665666

00.. Kol = 0,2708614.454]902623/0
. »
87..“.-}. 78787877776776766

O OND ~F~FINON-NO 3 -
* 8 & B ° ® 8 8 8 8 &
OO OO0 OO OO0
O~ 0 O W
Ll - L L L ] » * L ] »
Do~ 0N0 N0
~FT OO~ w
* & 5 o 8 &
O ~~0N0
O v O~
« s s & o 8 8 =
T~0~N0 I~ -0 N0 I~
980,2323
6677777

114;420335
777777777

nmon e~ e O
Ld ] - L] Ld [ 3 L]
OO ~-~-00~-r~

1 Day Post=Partum
2 Days Post—Partum

Day of Delivery

*Total Protein concentrations in gm. %. ** - days are days pre-partum,



Control Ewes

354 355 356 381

Tatle 16

Infected Ewes
342 343 344 352 370 381

Listeria monocytogenes and in Normal Control Ewes,
341

Jugular Levels of Calcium®* of Pregnant Ewes Infected with

Day
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of Pregnant Ewes Infected with

Jugular Levels of Adlbumir:

Listeris monocytogenes and in Normal Control Ewes.
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Jugular Tevels of Cholesterol® of Pregna 't Ewes Infected with

Listeria monocytogenes and in Normal Control ILwes,
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- b 55 65 55 L3 &N 6, 55 76 80
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e 1 65 77 75 L0 62 A5 62 50 70 80 63
] 72 77 75 66 69 4B 56 50 60 76 60
Day of Delivery 71 71 76 60 59 44 40 L6 55 T4 60
1 Day Post-Partum 67 75 55 43 50 43 67 57
2 Days Post—Partum 67 55

¥ Cholesterol concentrationt in mg, 4. *¥ - days are days pre-partum,



Jugular ILevels of Zilirubin*of Tregnart Fweg Infected with

Iisteria monceytopenes and in Normal Control Rwes.
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D=y of Delivery 0 LAD 420 32,33 .30 W40 .21 ,19 .20 .10
1 Day Fost-FPartum A5 W42 L0 23 .29 32 .22 .11
2 Days Post-Partum 11 «11

#* Concentration of Rilirubin in

mg. %. *F - days are days pre-partum,
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Endocrine and clinical-pathological changes were measured in pregnant

ewes infected with Listeria monocytogenes and in normal control ewes

at abortion or parturition. Rectal temperatures were also taken.

Progesterone decreased in both groups at abortion or parturition.
Estradiol and cortisol of the control ewes had a markedly increased
level at parturition. The infected ewes had significantly increased
levels of cortisol for 3 days after inoculation, but it returned to
pre=inoculation levels for the remainder of gestation. Serum levels of
cortisol did not change and estradiol levels increased only slightly
at abortion by infected ewes,

The major clinical-pathological changes were the changes in the
calcium, phosphorous, and glucose levels. The other parameters showed
only slight changes which were not statistically significant., A decrease
in serum calcium and an increase in serum phosphorous were noted in the
control ewes at 1 day post-partum. An increase in glucose was observed
in the control ewes following delivery. The serum alkaline phosphatase
of the controls did not increase and decreased the day after parturition
to below pre-parturition levels, but the serum alkaline phosphatase
increased on the day of parturition in the test ewes. Cholesterol
gradually decreased in the controls until two days post-partum and then
increased. The test ewes had consistently higher levels of total bili-
rubin, lactic dehydrogenase (LDH), and serum glutamic oxalacetic trans-
aminase (SGOT) than the controls, but the controls had higher levels of
uric acid. The white blood cell numbers were increased after inoculation
in the test ewes, with an increase in the percentage of neutrophils
after inoculation and at abortion, No significant changes were noted

in serum albumin and serum blood urea nitrogen (BUN). The packed cell



volume, hemoglobin concentration and red blood cell numbers showed no
m.ttam .
An increasse in rectal temperature was observed in the test ewes

after inoculation. This increase was not observed in the controls.



