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THE DISFASES OF NEWBORN LAMBS WITH SPECIAL EMPHASIS
ON BACTERIOPATHOLOGY

Ching-tuan Cheng, Thesis (Ph.D.)

Fifty-five newborn lambs affected with a variety of diseases were
included in this study and the problem was attacked hematologically,
bacteriologically and pathologically.

The hematological investigation consisted of gtudying the blood
from both normal sheep and vathological lambs, The blood values obtained
from normal sheep served as a control. The results were briefly summsrized
in three tables and discussed in detail in comnection with the individual
cases. The average blood values of normal lambs were -~ red bleood cells
10, 4, 286 per cmm, hemoglobin 10.9 gm. per 100 cc, white blood cells
7.979 per cmm with differentisl count of 284 neutrophils, 70% lymphocytes,
14 monocytes and 1% eosinophils, while those of normal ewes were - red
blood cells 8,607,000 per cmm, hemoglobin 10.D8 gm per 100 cc, white blood
cells 8,263 with differential count of 30% neutrophils, 65.25% lymphocytes,
1% monocytes and M eostnmophils, . .

In the bacteriological studies, 41 cultures of aerobes and 7
anerobtes were isclsted from various cases., By means of mervhological,
biochemical, and pathogenicity tests, these cultures were identified and
grouped under 9 genera. They were -~ Staphylococcus, Diplococcus, Nelsseria,
Escherichia, Bacterium, Pasteurella, Gorynebactérium. Actinomyces and
Clostridium. Two cultures were undetermined. Twenty (48.78%) of the L1
original aerobie cultures were recovered from inoculated mice, 13 (31.7%)
of which were definitely virulent. Raﬁbits were found to be quite resistant
to the cultures and were not suitable'for pathogenicity tests.

Ae a result of pathological and bacteriologlical studies, 15 different

diseanes were dlagnosedy» namely, white muscle disesse, staphylococcic



-2—-

infedtion, navel infection, docking infection, castration wound, dbroncho-
pneunmonis, pasteurellosis, enterotoxemia, meningitis, peritonitis, enteritis,
gastric ulceration and perforation, dietsry deflciency, congenital anomalies,
end an undetermined group. Most of these diseases were studied more or less
in detail and s number of conditione such as congenital interstitial broncho-
pneumonis, patent ductus arteriocsus, patent foremen ovale, gastric ulcers
and perforation, and encephslomalacie were reported for the first time.

The histopathology of white muscle disease in lambs was studied in
detail. The finding of muscle gisnt cells (skeletal and cardiac) in the
cases of white mussle disease and their significance.in myo-regenerstlion
are considered new to medical science and of vital importance in explaining
the pathological phenomens involved. The specific function of the muscle
glent cells and the modee of their formation were fully discussed. Thelr
function is to remove the dead muscle fibers, and they were formed either
by fusion or by nuclear proliferation without cytopiésmic division,

The ca:diac muscle was observed to possess the capacity for régeneram
tion, and this ie also congldered new to medical sclence,

" 'The nature and origin of the so~cslled "anitschkow myocyte" and
taschoff cell® were fully discussed and evidence was given bearing on the
position of these cells in the myocardium. In short, "Anitschkow myocyte!
was found to simulate very much the regenersting cardiac muscle cells and
the "Agchoff cell? the cardiac muecle gisnt cellse.

The fency and peculiar terms such as "repair clubs of muscle',
"multinucleated syncytial masses", "large multinuclested plasmatic masses®,
figyncytial sprouts with multiple nucleiﬁ. "eytoplasmic syncytium with s
large number of nuclei®, end "multinucleated cells in muscle" were explained
and designated as synonyms of either skeletsl or cardiac muscle glant cells.

The nature and the origin of the so-called "muskelzellenschlauche'

of Waldeyer was discussed in detall., This term designates a group of
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regenerating skeletal muscle cells together with one or more muscle giant
cells, |

The nature and origin of the so=czlled "Aschoff body" was discuvssed.
Thig body is probably a mass of regenerating cardiac mascle cells tngether
with one or more cardiac muscle glant cells.

A brief and concize statement was given concerning the pathological
processes involvéd in muscular disturbances. The processes involved are
designated as "myo-inflammation and scar-tissuve repair® for tiassue reaction
to & severe injury and "myo-degenerstion and myo-regenerstion" for tissue
reaction toward a mild injury. |

A new technic of operning the craniasl cavity for bdbrain examination
was described. This was done by making a frontal section throuvgh an
imaginary line, passing through nassl cgvities. floor of orbits and about
half an‘inch above the ears until it reachéﬁ the occlipital region of the
skull. Then, by gentle tipping and with the help of the blunt tip'of a
pair of sciesors, 8 greater part of the brain (the entire cerebrum) was

slipped out of the upper helf of tha skull and exposed 1eaving the

cerebellum and medulla oblongata in the lower half
The nature of the various disesses of newborn lambs was stressed,
and suggestions were made for the control of some of the more important

conditions,.
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The diseases of new-born lambs with special

emphasis on bacterio-pathology

Ching-tuen Cheng

I. Introduction

Formerly, in this country as elsewhere, most lambs
rere born in Mey on gress (so-celled "grass-lambing")
snd prectically few, if any, ﬁiseases of the new-born
were encountered. Under the present condition of market-
ing lambs esrly in the fall, "shed-lembing" during the
early spring has been practiced. Often as s result of
inclement weather, unsuitable conditions and unssnitary
surroundings in the sheds together with overcrowding, the
diseases of new-born lambs have increased snd extensive
losses each yeer are reported by farmers, extension men,
and veterinarians., Under this type of management, 2
‘number of interesting diseases in new-born lsmbs are
encountered and unfortunately not much detsiled work has
been done in this perticuler field. In order to get a
vetter understanding of these discases so ss to form e
sound ossis for disgnosis, trestment, end control, the
present investigstion has been undertaken since early

spring of 1944 and the results are herewith presented,
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IT. Historicsel review

For & historicel review of the diseeses of new-born
1ambs, it seemed advisaple to diviade the literature into
geparate categories so that & clearer and better idea
concerning individuel disesses might be obtained, The
fnollowing categories such as: diseases of new-porn lambs
in general. arthritis, enteritis, enterotoxemis, pneumonis,
white-nuscle disesse, and miscellaneous diseases were

tollowed, Under each category, a chronological order of

s
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will be observed,

1. Disesses of new-born lsmbs in general

In 1902, Craig end Bittinggl were probeply the first
in this country to pey some attention to the diseeses of
sheep, They discussed such diseagses as white scours of
lemos, peritonitis, encepnalitis, cerebrospinal meningitis,
and erthritis.” o s : S T

Gallagher'sgg first work on "Diseases of Sheep" appear-
ed in 1921 and it wes revised leter by Schoening in 1933,

In this bulletin, a number of diseases relsted to young lambs
vere discussed among which were: necrovacillosis of navels,
wilte scours, joint ill, peritonitis, and meningitis. They

e lieved thist Actinomyces necrophorus wss the etiological

azent of necrobacillosis, bacteria or parasites the couses

of meningitis, end Bacterium coli communis the cause of

wnite scours., They slso mentioned that meningitis was more

often seen in lenos then in older sheep.



Jungnerr and lWelch | in 1927, reported on lamb
disercee from Montana. Of the lamb diseases brought to
their attention tnet yesr, the most importeant by far was
dysentery. Tne other three disesses--umbiliceal infection,
coccidiosis, and tne oredsot-like diseese--were alro includ-
ed obut were considered to be of lesser importence. They felt
that the coccidise must be regardea ss possioly pathogenic
actors in "stiff lamos" ana the white muscle lesions of 8
degenerative neture were probably secondsry in nature.

Vibrion cepticue was thought to be the etiology of the

bradsot-like disesase,.

Ir 1929, Baker's book on "Sheep Disesses" (#nd ed.)
was published. In the section desling with the diseases of
young lamos, he mentioned the following conditions: congeni-
tel defects (imperforete arus, hernia, skin drying, unmbilicel
nemorrhage, suffoceticn), pinning (retention of the meconium),
naved-ill, white-scours; poiter, censtipation;-etos A brief
account of each disessed condition as to its cause, symptoms,
cnd treatment was given.

<D
e (1000 B S L Cd e
Marsh (1929) mentioned the condition of "gtiff lambs"

e

as one of tne several obscure diseaseg, According to him, at
ieast three separeate disesses were ordinerily regerded under
the general name "stiff lambs", and they were umbilical
infection, stiff lambts, and white-muscle disesse.
" 65
Two yesrs later (1831), Miessner & Koser =~ reported on
lamb disenses in Germany: "About helf of 2ll exeamined lembs

showed g specific infection and, of these, infectiocus
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prneumonia (B. bipolere ovisepticeum) wes the most prevalent

(43%). Other organisms isolated from cases of pneumonia were

5. pyogenes, Streptococci, and the bacillus of Dammann-Freese.

B. Coli wss rsather common (23%) while anaerobes were found to

s lesser extent. Some of the non-tacterial diseases were
- . N ] wrs 66

pscribed to dietetic errors." In the same year (1931), Mills

gave a brief account of the following lamb diseases, describ-

ing the nature and advice as to the treatment: white scours,

B. necrophorus infection, and spotted liver disease.

)

In 1932, Marsh's articleed on "Prevention of Diseases in
Young Lemos" was published. The author dealt with this sub-
ject under three categories, namely, diseases due to manage-
ment of the ewe during pregnancy, infectious diseases
(necro-pscillosis, erthritis, dysentery, pneumonia), and
miscellaneous diseases., Under the 1lsst cstegory, he speci-
fically discussed stiff-lambs or white-muscle disease. The
was due to a deposit of tricalcium pnosphate, and the disessed
condition was brought about by & disturocance of normsl
calcium end phosphorus balance,

co . : )

Turner™ in 1932, reported a rather lengthy article on
"Field and Experimental Studies of Sheep Diseases'. He
considered joint-ill (pyemic srthritis) of lanbs as » result
of navel infection, goiter es iodine deficiency, sand scours
a8 bacterial infection,
>48

Howertn (1934 published a brief account on the follow-

ing diseases of lambs: navel ill, dysentery, prneumonis,

i
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nemorrhagic septicemisa (Pastgygglla ovisepticus), poly-

arthritis, and white-muscle disease. Only gross lesions were
described for the white muscle disease.

In 1936, OPPSTmEDHBO descrived two mein diseased condi-
ticns found in the lamcing pen, namely, the peralytic disease
and hemorrhagic septicemia of lambs, The former was consider-
ed to be caused by navel infection snd nutritionsl Jisturbance,
while the latter wes csused by Pasteurells bacteria with
dusty hay end litter as the predisposing factors.

o~ co e . oy O

lne monbvapa oLlaiLlon worsers (1vor) publisned a summary
of practicel information dealing with shed sanitstion, care
of pregnent ewes, necrobacillosis of the liver, joint
disesse, psralysis, dirty eating, wool-eating, lamb dysen-
tery, pneumonia, sore eyes, stiff lsmps, and vlackleg.

Two years lster (1939), the Oregon Statioﬂ78 published
a preliminary report desling with the cause of four range
disesses of sheep, such ae lunger disease, stiff-lambs, lamb
dysentery, and pregnancy disease, bul no definite conclusicns
were made,

23

In 1942, Dykstra et al steted thet "control of sheep
disesases is essentially & problem of prevention rather than
of tregtment”, In dealing with diseases of young lambs, a
special diecussion was given to each of the following,
namely, ssnitation ot lambing, scours, blackleg, cleenliness
in docking and castrating, malignant edems, polyarthritis,

stiff lemb disease, navel ill, etc. However, the authors had

the idea that "polyarthritis and stiff lamb disease were



gometime classed as the same disease, because they cause
inflammetion of the joints!

In the same yesr (1942), sn article entitled "Preventing
Lamb Losses" was prepsred by Thorp98. In this article, the
importance and mesns of preventing losses of lambs from
diseuases were considered. Tihe author expressed his idea by
seying: "It has been estimated thet marxeting only 4/5 of
2 lamb crop meens no profit for the farmer. At least 3/4
of thnis loss occurs during the first portion of the lamb's
1ife end is largely preventable.” Nine different diseased
conditions sucn as navel infection, scours or dysentery,
prneumonia, "stiff lsmbs", etc. , were mentioned and methods
of control were discussed.

Lest yesr (1944), the Netional Veterinary Association

35
of Great Britsin and Irelend made e report in which some

diseases of new-vorn lambs were included, Among those

‘mentioned were: lemb dysentery ((1. welchii, Type B), pulpy

kidney disease i1, welchii, Type D), pyemia (Staphylococcus

gureus), joint-ill (Streptococcus of Lancefield's group C.),

Erysipelothrix infection, and Fusiformis necrophorus infec-

tion. A brief account of the nature of the disease, its
diegnosis, symptoms, pathology, treatment, ard control wsas
riven for most of these conditions.
2. Arthritis (polyerthritis, joint-ill, lsmeness,
sti ff lambs, nsvel-ill, erysipelothrix infection)
A nunoer of oifferent terms have been used to designate
Inflammation of joints resulting from infection such as!

srinritis, polyarthritis, joint-ill, navel-ill, lameness,
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ngtiff-lamps", snd erysipelothrix infection. Some of these
terms are very misleading and cause a lot of confusicn. For
the sske of uniformity, the term "arthritis" is re-emphasized
snd used here,

From the litersture, it is apperent that two forms of
arthritis have been encountered in lembs, namely, the acute
and chronic forms. The acute form is non-specific and is
ascociated with pyogenic orgenisms while the chronic one is

specific and sesociated with Eryeipelothrix rhusiopathiae.

In 1925, Cornell and (‘zlovex‘gO reported cases of arthritis
due either to streptococci or swine erysipelss. It was stated
that more outbreaks were found to be ceused by streptococci.
On tre other hand, swine erysipelas was responsible for only

ore outbreak during the period of their investigation,

. ) 88 , ; .
Seddon (1929) ~ made a general review on the subject of

"1 ameness in lambe', and he pointed out that several cuite
distinct affections of lambs, different in ceuse, in symp-
toms, snd in age of animals affected, were included under
the term "lameness'.
&8

Two years lster (1931), the Montsra Ststion  invest-
igated the same proolem in lambe from two weeks to several
months ot age., The cause of this disease was shown to be
en infection of a specific becillus which gained entrance to
the body through the navel cord at birth, or through the
docking wound, Loss from tnis cause could be prevented by
disinfecting the navel at birth with tincture of iodine snd

by proper docking technic using & hot iron. Tunis same
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information wes later published from the seme Station in
the same yeareg, while the etiological sgent, (swine
erysipelas) was identified and reported six years later
71
(1937) .
B v . 72
Tne Department of Agriculture of New South Wales (1931)

found two forms of arthritis in lemos and young sheep,

ramely, a non-suppurative specific infection (g. rhusiopsathiae )

and & non-specific type associated with pyogenic organisms
(5. pyogenes).
43
In 1933, Howarth described cases of polyarthritis

wonich appesred in lembs after docking and castrating. A

strain of E. rhusiopathise wes found to be the causal sgent,
89

Ir the same yesr (1933), Seddon worked with a specific
arthritis in sheep which wes defined ss a synovitis and osteo-

DAL Ay

and manifested by lameness. It affected sheep from four weeks

L.to.seventeen months of. age. Attempts to-treat the condition

Tailed.

Blakemorelo described a disease (joint-ill) of lambs in
1939. This disease wae characteriged by lameness, reapid
emaciation, suppuration of joints, synovial bursal and tendon
shesth, out other pyemic changes were very rarely observed.

A non-nemolytic streptococcus, antigenically releted to
Lancefield's Group C was isolated from the affected lambe
and the Jisease was experimentally reproduced. The affected
lambs were treated with seversl deily doses of 1.5 grems of

sulfanilamide and the resulis were very satisfactory.



3. Enteritis

Only two references have been noticed in connection

with this disease, and both happened to be published in the

some vear (1933). However, the entity of these cases is
doubtful.
17 . )

Caré”™ reported that lambs 14-30 days old suffered
from & disesse in which the affected lambs showed stiffness
witn muscle inflsmmation and degeneration. These lamus,
when fed on milk, recovered completely in 2-3 days. He

i~
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coarse food unsuiteble for a young lamb and enteritis resulted.
1
Judging from this report, Care might have Deen dealing with

a cage of white-muscle disesse.

Heller ™™ found casses of infectinus enteritis of young
lamps in California. He mentioned that "it sppesars to be of

the enterotoxemia type of infection, as it can regularly

“be trensmitted Oy oral administration of Tiltered intestinal
contents". However, the suthor considered thet "it is highly
improbable that en gneerobe causes the disease", vecause he

was unable to isclate from such caeses any bacteria other than

colon bacilli wnich would produce a poison cspavle of pro-

ducing infectious enteritis.

4, Enterotoxemnia (Pulpy kidney disease,
bradsot-like disease, etc.)
This disesse nas veen investigated by quite a number
of research workers end references were recently collected
oy the writer. 1In tinis article, however, only some of the

more importent works sre presented.



=1

In 1932, Bennetts6 gave a rather complete account of
investigations carried out upon the etiology of infectious
enterotoxemie in Australis, and it wes found that the ceausal
orgenism was a new species of ansercoe closely releted to
Cl. welchii, the lamb dysentery bacillus, and Cl. paludis.
Intestinal stasis was thought to be the predisposing factor
which enabled the orgenism to vroliferate in the intestine
snd produce an exotoxin, Active immunigzation was reported
to give promising results,

Four vears later (1938), Boughton and Hardyll reported
outoresks of the disesse in Texas. The causal orgenism was
identified as Cl. welchii Type D. This was the first time
that the Cl. welchii Type D enterotoxemia was reported in
this country.

74

Newson and Thorp , in 1938, were able to demonstrste
that 45% intestinal filtrates from 258 lambs dead of over-
12 out of 20 of the filtrates proved fatel to sheep when
injected in amounts varying from 5 to 50 cc. Heating the
filtrstes to 8)° C. for 30 minutes rendered them a toxic.
Toe toxin was neutralived oy antisera made from Cl. welchii
Types B end D, but not by Types A and C. They concluded
that "while overeating seems to differ from enterotoxemis
on the basis of symptoms end lesions, the intestinal con-
tente of lambs dead of the two diseases contein toxic

substances thet seem to be identicsl.

84
In the same year (1838), Rooverts described a2 sinple
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method by which sheep could be made to succumb to entero-
toxemia by ingestion of the causal orgsnism. He employed
ooth in vitro and in vivo experiments by using a definite
amount of Cl. welchii Type D and e varying emount of milk,
and was able to produce the disease at will. In conclusion,
he pointed out thet the large amount of casein present after
ingestion of large cuantities of milk would reduce the acid
of the abomasum for a sufficient length of tine to allow
C1. welchii Type D to propagate end produce enougn toxin to
cguse the disesse. For the same reason, 2 lamd that ingested
g small swount of milk woula have less casein so that the
free acid of the sbomasum would inhibit the bacterial growtn
and conseduently no disease would occur,

The next year (1934), Shaw, Muth, and Seghettigo report-

ed on the occurrence of "pulpy kidney" disease in Oregon and

Cl. perfringens Type D wes found to be the cause. Methods

of prevention by the use of antitoxins were tried and proved

Boughton & Hardy , in 1941, gave & general sccount of
the disease as it occurred in lambs snd kids of Texas end
they stressed as control measures either passive imnunigzation
of susceptible enimals or removsl to rough, hilly and spsrse
gress pasture together with penning the enimals overnight

in a dry lot.

. 79
In the same year (1941), Oregon Station workers were

able to isolate eleven different strsins of the organism
responsinle for "pulpy kidney" disesse. All the strains

were found to be potent toxin producers.
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14
Last year (1944), Britton and Cameron made a report

of ten outbresks of so-called enterotoxemia in Californis,
end they felt that "the theory that it is due to absorption
of the toxin of C1. welchii Type D is inadetuate". They
apparently believed that the chief etiological factor in
these outbresks was the Quentity and duality of the ration
and the mechanism in fatel cases appeered similar to that
operating in "inkibitory ileus" of humen beings. They
carriecd on some experiments since last year in order to
substantiate this theory. The results were published this
yearlb and in summary, they claimed that so-called entero-
toxemia was a form of acute indigestion resulting from
primery intestinal astony.

5. Pneumonia (oronchopneumonia, leikipis lung disesse,

pleuropneumnonia. )
In 1923, Spray95 made o bacteriological study of

_pneumonia in sheep. Two types of pneumonia were studied, .
namely, a rather edematous type freduently observed in

spring lembs and a purulent chronic type found in older sheep.

He isolated Pasteurella ovisepticum, a gram-positive
diplococcus, and s gram-negative diplococcus. The Pasteurellae
were found highly pathogenic for mice, guines pigs, and
rabbits.
6s . . . e . |

Mettam , in 1930, described a disease known as "Laikipia
lung disease" in sheep and lambs. In fact, this condition
is o pleuro-pneumonia. This diseasse ran an acuie course in

lambs end yesrlings but wss generslly chronic in sdults,
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Certain complications such as acute arthritis, necrotis
1esionsin the mouth, snd acute ophthalmie were slso found.

The caugal organism was a pleomorpnic gram-negative cocco-
bscillus which was pathogenic for the guines pigs, rabbit,
goat, sheep., and csttle, but not for pigeons.

Two yvears later (1932), Delpy22 reported cases of pneumo-
enteritis in sheep from Persia. According to the post-mortem
lesions three clinical types were described, namely, =
pneumonic type, a type cheracterized by intestinal congestion,
and & third tvpe which presented lesions similar to hemorrhagic
septicemia. Two orgenisms, & Pasteurells and sn undetermined
gram-negative rod, were isolated from such cases. An immune
serum was prepared from sheep and a formslized bacterin was
prepared snd each proved satisfactory,

49

In 1932, Koshelev made investigationson the etiology
of pneumonia in sheep and lambs in the Crimes, Russia. The
~.Clinical, post-mortem-findings, andetiology-of~the-disease

were discussed, Various bacteria such as Bacterium coli,

Salmonells parstvohi, Pseudomones pyogenes, end various

coccl were igolated from the carcasses of 77 lambs and

o
4]

heep, but they were gll considered secondery inveders,
Experimental trensmission in laboratory snimsls and lambs
failed. ©Specific treatment with various sera was of little
value but the improvement of hygienic condition was con-
sidered to be effective.

Besides these special references, pneumonis of lambs

" a
. , . 65
wes glso reported or considered by Miessner and XKoser

’
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80 42 . 70
Marsh®~, Howarth““, Veterinary Research Laboratory, Montana

and ThOPP98. These references were previously mentioned in

this article.

6. White Muscle disease ("stiff-lamb" disease)

Wnite muscle disease or so-called "stiff-lamb" disease

64
was first reported and descrived vy Metzger and Hagan in

1677 from New York. It affected lambs from two to eight
weeks of sge end was menifested chiefly by s disturbance of

1ncomotion that usually became worse until either the
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dition was due to muscular changes, the ceuse of which was
not discovered, although apparently it was not the result of
an infection. The lesions of the skeletal muscle and heart
were oriefly descriped both macroscopically as whitish
patches and microscopically as degenerative and not in-
flammatory in neture, There was practicelly no cell
Infittration by polymorphonuclear ™ or other wandering cells.,™™
However, an occesional phagocytic cell was observed,

In the same year (1927), this disease was reported from
sdontana by Jungherr and Welch46 put it was regarded as

secondary to coccidiosis.,

) . . ) . 0
Two yesrs later (1929), Welch, Mersh, and Tmﬂ_nicliff:u3

reported tnis disesse egain in Montana. Tie disesse occurred
largely in lambs confined to small pens ond shed during the
first two or three weeks of their life, followed by an

unusuel amount of exercise on pasture,

NPT S . . 7
Tne following yeer (1930), it was reported from Orepon ’
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A chemical analysis of the white muscle from lambs was made
and about 0,9 peir cent of calcium wss found as compared to
0,12 per cent calcium in the normal muscle of the animals.
In the same yesr, workers at New York (Cornell) Station
were able to produce the disease experimentally by feeding
the pregnent ewes with high-protein grain ration plus
alfelfa hay combined with limited exercise.

In 1951, Heath58 reported on the occurrence of "stiff
disesse" of lambs in Alberta, Coansds, and isolsted an acid-
fast bacillus, It would seem that Heath's work was not done

on a true cese of white-muscle disesse. The Montana

68
Agricultursl Experimental Steation (1931) carried on an

“experiment with lambs gnd proved thet lack of exercise and
suniight would not produce stiff lambs as was suspected two

.. ) 104
vears before, Willmen et al (1931) confirmed the earlier

wark‘fh'pr@ducing the disease experimentally by feeding
mé’nm ewes high protein groin mirtures together with
slfalfa or clover hay combined with a lack of exercisge. In
the same report, the suthors mentioned that this disezse

hed veen reperted from Pennsylvania, Merylsnd, Chio, Michigan,

Wisconsin, Montane, Oregon, and Wevedea.

Marsheo, in 1932, mentioned that the white appesrence of
muscle fivers in "stiff lembs" disesse was due to s deposit
of tricslcium phosphate and clsimed that there was g distur-
cance of normal celciun and phospnorus balance in the
affected lambs,

s
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Ir 1834, Slagsvold and Lund-Larsen described a peculisr
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disesse of young lambs end calves in Norway. The chief
lesionsg consisted of muscular degenerative changes, having
sone similarity to hyaline degenerotion but differing from
it by & more pronounced tendency to deposition of calcium.
Ho specific orgenism or condition was demonstreted as the
cause. Adecuate rotions of minerals anc vitamins given to
pregnant ewes was considerecd es an effective preventive
megsure. pparently, the suthors were desling with white
muscle disesse.,
s 108

In the same year {1934), Willman et al published the
results of Tour veers' work snd gave a rather extensive
account of the cause and Listopatholecgy of "stiff-lemb"
disease, They were able to produce toie corndition by feed-
ing the pregnant ewes a ration (the "stiff-lsmb" ration)
consisting of second-cutting alfalfs hay end a nixture of
3 parts of osts, 3 perts of barley, and 4 psrts of cull

beans, and proved that neither exercise for the ewes during

the winter nor heavy feeding of concentrates or creep-feeding

£

of the lambs was the chief causal factor. They agreea with
84

Metzger ena Hagan's  work in most respects but claimed that
clumps of mononuclear phagocytes and neutropnils were found
in the lesions,

The next vear (1835), Lee and Serivner made a study of
cases of "stiff-lambs" ir Wyoming. Tuoey found that the gross
lesions were somewhat variable and consisted of arthritis,
white skeletal muscle lesions, grayish white sreasg snd
streaks in the heart end in the kidneys. iicroscopic eXemina-

tion of the white skeletal muscle lesions showed degeneration,
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cellular and calcium salt infiltrations. The heart and
xidney lesions were found to be areas of coasgulation
necrosis snd purulent foci., Chemical examination showed

an increase in csalcium and phosphorus. Besides, the authors
were able to isolate three different kinds of bacteria

from heart blood, namely, bi-poler rods, cocci, and
non-spore-forming rods, and typicel lesicns were reproduced
experimentelly in lambs and rabeits by mesns of inoculation
witn these bascteria. Apparently, Lee and Scrivner were
dealing with cases of white-nuscle disease complicated by
bacterial infection.

Willmen et al (1935)106 sought to determire if the
Jisease was caused by a lsck of vitemin C (ascorbic acid).
They could not prevent the disease by the addition of ascorbic
acid to the new-born lsmos. These lambs were from ewes fed
with "stiff lamb" ration as long as five weeks after birth.
The results indicated that the diseags was npt dpe ﬁp,?m,

vitamin C deficiency.

107
In 1938, Willman et al ' tried to test whether the hay

was the cause of the trouble. The so-called "stiff-lamb
ration" wzs fed to the ewes out mixed clover and timothy hay
was used in place of alfalfa hsy. Ten of the 19 lsmbs in
this lot beceame stiff, whicn indicated that the concentrate
nixture and not the hay was the primary cause of the disease,
In 1937, three articles dealing with various phases of
white-muscle disease appeared. Ander'son's3 article steted

that "the calcium of the serum of lamos affected with stiff-lamp
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disease was lower and the phosphorus higher than that of
normsl lambe. Many of the diseased lambs showed higher
glucose and non-protein nitrogen veslues, and lower cnloride
values then normal lambs." The second article was from the
Montana Veterinery Resesrch Laboratoryvo which summariged
the extent of the diseasse as follows: "On some farms the
Tosses due to white-muslce disease reached 30-40% and on
others, 5% or less. A third of them eventually recovered."
The third article on "stiff-lambs" was published oy the
Wyoming Department of Veterinary Sciencexl4and & paragraph
of it read as follows: "A farm flock of zbout 400 ewes
produced about 10 per cent stiff lambs one year without
navel infection when fed on reather poor winter roughage
supplemented by nstive hay during stormy westher. For two
years following, when the ration included alfelfs nay, grain,

and & mixture of minerals, only 1 per cent of lambs developed

_symptoms of. stiffness!,  .These results seemed to be Quite—

contradictory to the results obtained by Willmen and his
ggssociates,
briggs et al (1938)9 made an attempt to study the cause

and cure of "stiff joints". They bought 12 ewes that had
typical stiff lambs at side, and these animasls were then
placed on small wheet pastures. The mothers were fed nothing
in addition to the abundant wheat pasture but a Simple minersl
mixture. A heavy milk flow resulted from this feed. The
affected lambs nursed well and made noticeable recoveries,

In the same year (1938), Schofield86 made & study of the
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nisto-pathology of "stiff lamb" disease. He found degenera-

tion and fracture of the muscle fibers with calcareous

infiltration of the fragments., Cellular infiltration was

not extensive but both polymorphonuclear and round cells

were present. In the final stages there was cellularity of

the affected muscular tissues due to proliferetion of

ficrovlasts and multiplication of the nuclei of the ssrcolemma.

There was moderete cellular infiltration and numerous portions

of dameged muscle remngined in the celluler mess, DBesides,

the liver was found to have small clusters of 10-20 poly-

morphonuclesr cells and a definite hyperplasia of the

secretory epithelium waes observed in the enlarged thyroid,
Willman et al \ﬂ, in 1938, undertook experiments to

detect the effect of feeding daily doses of cod liver oil

to the lactating ewes and by supplementing the "stiff-lamb"

ration with di-basic sodium phosphsate. Bince this work was

not completed, no definite conclusion wes drawn,

In 1939, Schofield and Bain87 reported that "stiff lamb"
Cisease was an aphospnorosis because they found that a small
group of affected lambs recovered after receiving doses of
o 92
dilute phosphoric acid in milk. snoll in the seme yeear
reported the occurrence of stiff-lamu disease in Michigen
wihere 1losses from the affection were very heavy (50% loss on
some ferms). Blood chemistry determinations were made, and
low creatinine end nigh non-protein nitrogen were found,

100

Vewter and Records (1939) ooserved '"white muscle" disease

of lemos from ewes receiving slfalfa hay alone out not in
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ewes receiving alfalfa plus rolled oats. The authorse had
the feeling that the disease might be due to a phosphorus
deficiency, because the slfalfa hay in Reno, Nevada, was
somewhsot low in phosphorus whereas rolled oats was a good
source of phosphorus. DBesideg, they felt that the term
"gtiff lembs" was confusing and should be separated from
the term "white muscle" diseese.

09
Willman et al (1939)13”

continued the work with the

Wgtiff lemo" ration supplemented with phospnorus, bﬁt no

eionificant results were found after using this element,
_ 110 _

In 1940, Willman et al summeri zed the results of the
three previous years work, The disease was of nutritional
origin snd was not present st birth. The feeding of maige
silsge, bone meal or sodium phosphate to the ewes failed to
prevent the condition, as did drenching the young iambs

with the eCuivalent of c0-18) mgm. ascorbic acid per week.

- The incidence-ni-the-disesse appeared to be merkedly reduced

in s controlled experimert in which unextracted wheat germ
meal wes 2dded to the vesal maternal diet of ocats, barley,
cull beans and lucerne hay.

In the same year (1940), M111867 conesidered that the
term "stiff lsmos" referred merely to a single symptom and
not to any special entity end he felt that it was sdvisable
to discuss the conditions under a heading which relsted to
etiology rether than to symptoms. He recognized four csuses
of lemeness in lambe, to which the term "stiff lambs" was

commonly spplied, and they were: (1) prythropelothrix
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rhusiopathiae infection, (2) tetanus, (2) "feed allergy" in

0ld lambs, and (4) "feed allergy" in unweaned lambs, The

allergenic substance aleo appeared to de present in the ewe's

milk. Apparently, Mills considered "white muscle" disease

as & symptom of "feed allergy" although he did not mention it,
_ 111 . \ )

Willman et el in 1941 continued experiments on the
"gtiff lamb" raticn with end without the addition of un-
extracted wheat-germ meal. With the ewes fed the "stiff
lamb" ration., eleven of twenty-seven lambs became stiff.

Ko stiff lambs developed in the wheat-germ supolemented lot.
79

In the same vear (1941) the Oregon Station  reported the

occurrence of "stiff lambs" and stated that no organism was

found in connection with the disease.

. | 62 , .

In 1942, Meless carried out further investigation on
the couse of stiff lamb disease and mentionec that several

possible factors were respcnsible for the condition. Of

.. these factors, high protein content of the ration (cystine . .

deficiency), presence of toxic substance in the ration, and
the duestion of mineral inbslance were all possible but
needed further study.
\ 35

Salyi (1942)  described 2 disease in young lambs which
showed cardiac and skeletal muscle dystrophy., The terminae-
tion of the disesse was generally fatal; oronchopneumonic,
arthritic, and enteric complications often supervened before
death. The gross lesions were typicsl grey or greyish-yellow
areas in tne heart and skeletal musculature. Bacteriological

investigations proved negative, and nutritional deficiencies
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were suspected., Probably Salyi wes dealing with typical
cases of wnite muscle disease complicated by some other
infections.

2
Willman et al (1944)ll

conducted an experiment with
three lots each of 24 ewes and their lambs to determine

whether or not "stiff lamp" disease could be prevented by
feeding supplements of vitemin E to a ration (cull beans

send alfalfe hay) thet produced the diseese. As & result,

26 of 38 lambs became stiff when raised by ewes fed this
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two doses weekly of 9 cc. per ewe of an 8,25 per cent

solution of mixed tocopherols in cottonseed 0il twenty-four

days before lambing or by treating the lsmbs with 2 cc. of

an olive oll solution of 140 mgm. of alpha-tocopherol acetate.

Treatment of the effected lambs with 100 mgm. of water
soluble disodium salt of d. l-slpha tocopherol phosphoric
ecidester wes tried-and proved quite-effective tn un--
complicated cases,

Besides those special works just cited, wnite muscle

59, 80 47

disease wes also oriefly mentioned vy Mersh), Howartn

~ _ ) 70 "
Montana Veterinary Researci Laboratory , Oregon Station/S

ey
2

o . 98 :
Dykstra et al , Thorp” , and,Carel( under the heading

]
v

[ . . .
'diseases of new-born lambs in general,

7. Miscellaneous Diseases

(1) Becterium coli infection, This diseased condition

I

[y ul x E 7 1;J ?
was reported by Volkove in 1238, Eighteen new-born lambs
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died following &n illness lasting from 20 minutes to 30 hours
after the appesrence of initial symptoms of trembling,
stumbling, and high temperatures but no diarrhea., In each
case, the bacteriological examination showed cultures of

Bascterium coli virulent both for laboratory sesnimals snd for

a lamb when given intravenously.

(?) Dysentery. Lamb Jysentery was reported by Welch et al

QUNE —

from Montanaloz, 1979, It wsas stated thet dysentery occurring

in Montana differed in so many respects from the English

lamb dvsenterv that the results obtained in Great Britain
were of little or no velue in controlling the disease in
Montana., The authors cleimed that a combinastion of cold,

wet weather snd the presence of streains of intestinal oscteris
wes responsible for such.diseased condition rather thean s
specific pathogenic micro-organism.

16
(3) Navel infection., 1In 1934, Bullard published a

case-report-on-navel infection of-a-lamb. -The-causal-agent

was Staphylococcus sureus and the disease wss septicenic

and sssociated with metastatic soscess formation.

(4) Necrobscillosis. #As noted sbove, necrobacillosis

of the navel was mentioned by Gallagherso and that of the
liver by the Montana Veterinary Research Laooratory7o and
Mills 6. In 1944, Marsh61 reported on cases of necro-
bacillosis affecting the rumen. Marsh believed that lamb
losses from necrobacillosis might occur as a result of
prinary infection of rumen from which secondary invasion of

the liver and sometimes the disphragm and lungs resulted.
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In all csses, according to Marsh, Fusiformis necrophorus
was isolated.
94

(5) Psraplegia. Snieckiene , in 1937, reported cases
nf enpootic paraplegis of lambs from Lithuania. The illness
wag described as progrescive peraplegia and lasted from about
four days to three weeks. The post mortem findings included
pale, flecked skeletsl and neart muscles, renal congestion,
degeneretion of liver and catarrh of the respiratory and
digestive tracts. The cause was unknown,

(8) Pasteurellosis. Pesteurellosis was found to occur

18
88 an epigzootic among Algerian sheep in 1909 by Cage

Micro~organisms were found in great numbers in the blood,
spleen, liver, lungs, and supra-renals.

(7) Septicemic infection by swine erysipeles. In 1919,

Cnristiansenlg made a post-mortem report on a lsmb 38 hours
nld which revesled hemorrhagic enteritis, great enlergement
of mesenteric glands,-degenerative changes -in other orgaens,
and small hemorrhages under the endocardium and epicardium,
There had been a high mortality of lambs in this flock.

Swine erysipelas bscilli were isolated in pure culture.

IIT. Experimental studies

1. Materisls and methods

(1) Sources of materiels. The new-born lamos used in

this study came from two sources, namely, frecm the flock st
dichigan State College snd from ferms located in the State.

During an entire lembing season extending from March to June
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of the yesr 1944, more than a hundred lambs were brought

to the experimental barn or laeboratory of this Department

for treatment or sutopsy. This is a report of 55 cases which
were sutopsied and studied with the idea of trying to get

s better understanding of the diseases of lambs. Of the

55 cases, 37 ceme from the college flock while 18 came

from farms in the State. Besides the 55 psthological cases,
16 heslthy or normsl animels from the college sheep flock
were used in vearious control studies, making & total of 71.

O WfadiaaA o vy Ay
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A. Methods for studying blood and blood chemistry.

(a) Blood studies on normal animals. ©Since a study of

this kind is rather new and data from other workers meager,
it was necessary to determine the blood picture end blood
chemistry of normal lambs for control purposes and normsl
ewes 28 & check-group before attempting to study patho-
“logicel cases.”

A P-inch 18-geuge needle or 3-inch 15-gauge needle
(the so-called "California bleeding needle") was used to
draw 15 cc, of blood from the jugular vein (from each of
8 normal lambs and 8 normal ewes) into a test-tube contain-
ing dry potsssium oxalate (seven drops of a 3 per cent
solution delivered from 8 1 cc. pipette after having been
eveporated to dryness in a hot oven). As soon as enough
blood was obtained and the needle wes loosened from the vein,
7t lesst toree blood smeers were imnediately mede by tipping

tne needle and allowing a small drop of blood to collect on
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the end of the clean siides after which each drop was
snoothly pushed forward by the end of another cleen slide
so as to get a uniform smear. The smears were instantly
dgried by waving them in the air and they were then saved for
differentiel counts, At the same time, the blood-sample in
the test-tube was constantly but gently rotated in order to
prevent the blood from clotting. Each of these blood
semples was to be used for the cellular count, hemoglobin
determination, and chemical eanalysis. The time for Dbleed-
ing such normal sheep was purovosely arranged to cover a
considerable length of time. The normal lamus were bled
twice, once on May 4, 1944, and again on June 1, 1944, each
bleeding being carried out on four snimals. The ewes were
bled at five different times, one each on April 4, April 8,
April 7, April 20, and four on June 1, 1944,

Tne counting of blood was made as soon as the blood

. gamples reached -the-laberatery. -The erdinary-method. of- =

blood counting was employed so that the detailed procedure
will not be mentioned here, Leske and Guy's platelet dilu-
tion fluid was used for red blood cell counts, The diluting
fluid for white blood cell counts consisted of 8 cc.
distilled water in s small vial to which was added 4 drops
of Gram's crystasl violet. Botn diluting fluids were found
to be Quite satisfactory. For mixing blood cells, the
blood pipette rotor (Eryan-Gerry). was used and it seemed to
e very well adsptea to the work., In order to cleanse the

ailuting pipettes, & set of home-mnade suction bottles with the

E'S
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old oy A, 8. Aloe Co., St. Louis, #issouri.
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2id of a rubber pipette adeptor was found to be guite efficient.

For hemoglobin determination, Sheard-Sanford's method

40 .

wes strictly followed ., The necessary solutions were accord-
ingly prepsred, and the reading was made Dy means of a
Cenco-Sneard-Sanford photolometer. The value of hemoglobin
in terms of gram per 100 cc. of blood waes determined accord-
ing to the celibration cnert provided by the Centrel Scientific
Co., Lulcego, 111,

For chemical enaglysis of the bDlood, the methods of

40

%. 8. Hoffmen were followed with the exception of blnod
chloride determination., Five different olood comnponents were
determined by these methods, namely, glucose, uric acid,
creatinine, non-protein nitrogen (N.P.¥.), and urea-nitrogen,
Wiitenorn's methodSS wss used for the determination of blood
chloride,

The tlood smears were stained with Wright's stain,
deiedy, and counte d-under the-microgcopeby-the -go-calledG
"Uattlement" or "palisede" method, i

The results of the preliminary study of blood ere

sumnarized end arranged in Tables (1) and (2).



Teble (1) Tie olood picture of normal lambs 2nd ewes

iderleé”f“iBEE¥ITIEE:“T” Breed ] Age i Dete QWHT”BT“UTMW! Hb;-_
L Yo, | tion No., | L(ﬁav s) 4 Bled per ¢.mn. | Ga.%
T s ——— B - — } P - o
i ! B ! . N |
| 1 1de-Ped iSaropsnive | 48 '5/4/44 13, 1.9
| ¢ : ce=1 79 E " | 59 i | Lt 4,2
! . . - 1 N . s —
Lo Ar-den | ! AT R 1 10,5
L& 3P-970 | Oxrord 55 L ! L9 ST IN:
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i ‘ . Delsine ; | |
f a ! Gad ? i ! e g " P10 AT f 17 B
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| - o - ! o D
L8 95  |Remoouillet (. | 10,550,700 11,1
| ! !
[ e e _I- o — o __.._......,_.h_,_mi_.__._w__.._.,_._.._!;-,,v —— |
| | For 7 lambs %
fverspe of normel standerd ! o . — 5
| For 8 lambs g :
_ e e e e s e e s e e it o e s e e e et en i o ST
| f
f
f
|
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T T | i |
L 7T358E ihite-Tace oA o
| | Grade 4 yr 4f4f 44 8,830,070 L. 10
A 7353E Hempshire 5 yr af8/ 44 8, B0, ﬂ“ﬁ g 20
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; 4 739%E t 2 yr., i4/o0/aa 1@,9@3,99 1. 40
5 17 ' " 5 vr 5/1/44 1 9,380,000 11,40
a 13 H 5vr " L7,490,00Y 5 4R
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7 19 L 3oy | v 7,990,000 9.#0
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./ ! bl ¥ ' D
e e e e - i _ - | |
| o
a4 - o -~ ~ ~ ~
Averare or normal standard | 8,807,000 17,08
Note:
O Red blood cell count .
Hb,...... . .kRomogloeoin value .
W, B, C.. ee. ... White ovlood cell count ~

Noo.o oo oo .. Neutropnils
L Lymphocyte
N .wnnocyte
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cowe infectin, end it
averaged velues of 3 &n
able for reference.
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1d ewes.

R.7B.T. | Ho, W. B. C. Differentiel leucocyte count, %
per C.mm. Gm.% l per c.mm. " ! L 4 - 3
| | 13
10,340,071 11.0 ! 10,880 L 19 e 1 l |
11,950,000 8.8 | 7,080 34 | 88
10,980,070 12.5 | 5, 400 20 v 1 o
9,070,000 7.8 | 5, 420 39 | 58 1 2
10,370,000 8.1 9,850 59 | 80 1
10.870.0001 12.5 8,850 29 77 1
9. 730 000! 11.8 9,18 | 21 75 1 3
10,550 900 11.1 19,000 58%* | 35 7
10, 444,288 10 .90 7,979 28 70 10.85771 | 1.3=1
‘ | ! l J
e = i |
4 ( t
10,457,839 15 g9 9,355 521 les Jo.sm | oo
|
- —— . - .
{ g -, | e
8,820,000 12.10 5, 850 [ 20 76 2 2
18,590,000 g 20 | . 10,450 .} 38 .| 83 .. - e
: 3,880,000 12 79 5,700 13 79 8
4} 10,900,000 10.4D 15, 400 40 58 4
: 9,380,000 11,40 5,300 33 56 8
7,490,000 8 45 7,150 38 62
7,890,000  9.20 6,450 23 85 1 6
10,900,000  @.20 9, 800 28 85 7
i — - —
8,697,ooq 10.08 8,283 30 85.25 0.3%771 4 n.12=0
o Eosinopnils
B ... Besophils

't might be
enimals were



Taple (2).

Chemical énalysis of blood of normal

lambe and ewes.

f ez
S

1
t
H
!

e— Iden— Date Glucose Uric Cre- Chlo- N.P.N* Urea-
ries | tifice— Bled Mgm.% | Acid |stinine | ride | Mgm.% N
No. | tion No. | Mgm .o | Mgm.% | Mgm.% Mem . %
Lamb o R
1 1 14a-2P3 | B5/4/44 81.00 1 1.55 | 0.80 390 38,00 | 17.8
2 | 22-179 | " 71,11 y 1.55 | D.78 480 27.8 1 12,2
5 | 27-489 | O 65.00 | 1.80 0.20 410 32.8 | 12.2
L4 ) 32-979 o M 80.00 | 1.55 1.40 440 35.8 1 13.0
5 943 | 8/1/44 57.50 | 1,20  1.20 480 P7.0 | 15.8
5 | 944 | 87.00 | 2.35 | 1.10 470 | 38,0 | 13.5
7 g45 " £82.00 | 2,00 1.20 470 36.0 | 14.9
38 i 9 50 * H 55.50 | 1.30 1.00 420 26.0 1 13,0
Averaged value or
Normal Standsrd 64,89 1.71 1.04 440 32,37 1 14,17
Ewe | }
1 7353(E) | 4/4/44 38.00 1 0.22 | 0.40 350 0.0 16.8
P2 7358$E) 4/6/ 44 85.00 1.10 0 .80 420 2.0 7.5
3 | 73e2(E) a/7/44 30.71 | 2.22 0,40 365 20.0 | 14.9
4 7393(E) | 4/20/441 51,82 | 1.85 0.8) 480 24,5 | 11,2
5 12 6/1/44 | 43,30 | 2.10 1.20 380 41,0 118.2
8 13 " | 37,00 | 1.90 1.10 440 41,0 | 21.8
7 19 oo 1 50,00 | 1.48 1.00 450 38,0 | 14,9
8 25 ! ¢ 52,00 1 1.95 1 1.20 ) 480 128,0 }15.8
Averaged vslue or l | {
Normal Standard 48,48 | 1,58 0.84 415,82 31,21 ' 15,14

Note:*
The cnemical snalysis of blood of lemp No, 950 did not show any

go thst 1t was
included in the celculstion of gversged velue for the normsl

narked difference from the other normsl snimals

standarad,

Probably,

this may e one reason to explein why this
lamb eppeared normel a2t the time of vleeding althougnh its blood
picture showed some kind of infection as mentinoned above (Table 1).
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Table (1) shows the average blcod cell value of 8 normal
lambs. The average erythrocyte count was 10,444,288 per
c.mm., leukocyte count 7,972 per c.mm., and hemoglobin
10.¢ erams per 109 cc., of blood. The averesge differentisl
count showed 28% neutropnils, 70% lymohocytes, 1% monocyte,
snd 1% eosinopnil. If these values are compated with those
of normal ewes, it is interesting to note that while the
red clcod cell count of normal ewes (5,807,000 per c.mm.)
is decicdely lover asnd eosinophils of tne same enimale (4%)
decicdedly higher, the remsinirng figures were nearly the same.

From Teble (2) end referring to the average values,
one gener&lizaticn cen be drawn, the olood glucose in normal
lambs is much higher than that found in normal ewes (54,83 mg.
per 100 cc. blood in lembs ageainst 48,48 mg. per 100 cc,
blend in ewes), while the other elements in the blood approx-
imate each other,

In view of the fact that the res:lt oi tnls pre11m1nary

i i e “iisgi {5

stLdV on blood were r"trer conqtpnt in 81most every respect,
it seemed justifievle to use these values as a normal
standard and as a control for the pathological cases.

(v) Blood studies on psthologicsl ceses. The blood

from pathological cases was studied oy using the same methods
employed for the normel animals. For the entire lambing

season of last yeer, & total of 12 pethological cases was

availapble for blood study. The results are herewith otriefly
summariyed in Table (3). The detsiled account of the find-

ings will be presentes in connection with each individusl case.
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A sumnary of plood studies on pathological lamb,

?

|

Case R. 5. C.* Hb, | W. B. C. Differential leucocyte count _Chemice
Yo. per c.mm, gm. % per c.mm. Neutrophils
_- Ll § 17D T u B‘E G
N — |
7338 | 10,400,070 | 11.4 12,150 12 8 | 79 3 41.68
7343 5, 810,000 6.3 14,920 141 3 1248 7 20! 15.00
}
7344 8,390,000 | 11.4 800 74 | 8 8| 4] 8 28,00
7393 8,740,070 8.8 23,900 | 75,55
7394 8,710,007 | 12.0 14,600 18 |73 7 2 74,44
TARE 1P RENLOY g g 11,650 785 | 4 1 198.00
!
7358 | 9,370,000 2.3 13,250 2135 | av 19 7| 115.00
|
7362 | 8,870,000 | 9.8 9,260 |35 (58 | g |z i 97.50
7400 10,070,000 | 10,3 8,150 | 18 |48 | 4 20 | 3 | (A
7408 | 10,390,000 | 10.3 1,700 6 | 5 | 43 |22 |02 | =00 .00
7415 8,970,000 7.8 14,150 2 78 118 5 170,00
o
|7EE 19,070,000 110.8 | 2,200 37 40 | ;1 1 88.75
*Explanation of the abbreviations:
R. B. C......... Red bplood cell count S......8egmenters G
Ho,. ... ... ..., Hemoglobin b, ... bends U
W. w. C.. ....White blood cell count Je.....juveniles C
Leerioo o, Lymphocytes Teun. .. myelocvtes q
M. . .......Monocytes ‘ ; R
Eooooooo o oL, Eosinophils U
B oo Bssophils



court Chemical analysis of blood, Mgm,/100 cc,
- Erythrocytes Diagnosis
BlE __ G U CE C1l N.P.N. UN.
41,86 | 2.00 2.10 | 400 106.00 55,3 | Normocytic Staphylococecic
infection
15.00 {0.12 | 0.720 | 480 25.00 20,00 | Some poiki- Navel infection
locytic,
| hypochromic.
28,00 10,70 | 0.8D | 400 35,80 30.00 | Normocytic;
% some nucleated Navel infectionm,
etc,
| 75,55 | 3.12 | 0.80 | 520 67.00 | 39.00 "
74,44 1 1,10 0.80 | 4680 16,00 11,720 | Normocytic; "
few poikilocytes
198,00 11,78 | 1.851 560 162.00 [108.00 " White muscle
disease
115,00 4,16 3.76 | BEO 118,50 98,00 Microcytic White muscle
hypochromia; disease, etc,
poikilocytic
97.50 1.10 1,00 | 430 34,00 11.20 | Normocytic Docking infection
77.77 10,50 0,70 1 380 15.00 .90 Some crenated & |Acute
poikilocytic Meningitis
200,00 1.44 1.65 | 420 21,00 20.70 Marked Acute
poikilocytosis peritonitis
| 170.00 2.60 1.30 | 480 41,00 28.30 Microcytic ‘Bronchopneumonia
hypochromia; & encephalitis
some nucleated
111 88,75 2,60 1.15 | 350 30,00 18,0 Normocytic Bronchopneumonia
ﬂy,ymxrw s R | e b e e e o |8nd constipation t
Gevv it Glucose
Ui .....Uric acid
Ce, . vievin, Creatinine
Cl............ Chloride
N,P.NLLLLLL, ..Non-protein nitrogen

UN, ........... Urea-nitrogen
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B. bacteriologicsl methods.

(a) Technic of culturing organs and isolesting vacterie.

The lamb was killed (or orougnt ir as a desd csrcass),
skirned snd opened according to the usual sutopsy procedure
wiiich will be described later. A careful examinaticn of the
carcass was then msde, and the liver, spleen snd heart-blcod
were cultured for bacteris end smeesrs from these meterials

3

mede for preliminary bacterial examination as a routine.
If gross lesions were present, the material from the lesions
wag also cultured and smears made.

In order to mske such cultures and smears, a simple but
effective technic was devised which is ststed as follows: An
0ld autopsy-knife was heated and used to sear the surface of
the left diapnragmatic lobe of the liver. A sterile in-
noculating needle was used to vore deeply into the liver at

the spot wnich had been seared, sfter which it was twisted

around irn order to get the liver material as well as Dblood.

made on one-third of a blood-—agar plate. Tne smear from the
liver was made on at least two clean slides, one to be stained
with Wright's stain anc the other with Gram's stain.

After the surface of a porticn of the spleen had been
seared, a pair of sterile scissors and forceps were used to
remove a small piece of tissue snd a direct smear was made
on another one-third of the same blood-agar plaste used for
the liver. Smears for preliminsry bacteriological examina-

tion were also prepared.
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The heesrt-blood was cultured using the following technic:
Tne ventrzl surface of the heart was seared, and a sterile
pipette with & pointed end was pushed through the wall of
the right auricle in order to get & small amount of blood
and a smesr was macde on the remaining one-third of the seme
blood-sgar plete (liver and spleen). At the same tize, a8
drop of blood was used to prepare smears on slides and
these were stained for the preliminery ovacteriological
examination.

The gross lesions were prepared for culturing by sesar-
ing the surfece. After that, eitner a sterile needle weas
used for getting the fluid exudate from & pyogenic process
or g scissors and forceps were used to remove a smgll piece
of the affected tissue if the lesion was firm. Smears from
suca meterisls were made on Dlood-agsr plates as well as on
clean gless slides. For culturing anserobic micro-orgenisms,
th nﬂterlal from various ]eqlons wes tr anerled 1rto deep
braln broth Wthh’hFd OGEn poiled for flftecn minutes and
ceoled without agitation.

After 8ll the cultures were mede, the blood-agsar plates
were incubsted at 37°C, for 24-48 hours and observations
made daily for visible bacteriasl growth after which they
were left st room tempersture for several days,

In order to isolate bacterisa free from contamination,
the following procedure was followed. Whenever visible
bacterial growth wes observed on the blood—ager plates,

smesrs from the colonies were made end stained with Gram's
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stsin in order to determine whether or not the culture weas
wure. 1T the culture was pure and not contaminated, a
single colony weas transferred onto a blood-agar slent. If
the culture was a mixed, a small portion was diluted with a
few cubic centimeters of sterile nutrient broth and plsted
until a pure culture was obtained. If the culture was con-
taninsted end worthless, the original blood-sgar plates were
discarded. The trensfers were incubated at 37°C. for 24
nours, and the examinetion for pure culture was performed
again, 41f the cultures were found to be pure, they were kept
ir a refrigerator as stock cultures. In maintaining such
stock cultures, & trensfer wss made and rechecked once for
every three weeks or sometimes two weeks‘for those which
showed sparse growth,
By using the methods and technics described, 41 serobic
cultures end 7 anaerobic cultures were isolated from pathological
lambs throughout the period of this study.

(b) Bacteriological tests.

a. Prepsretion of media. Most of the media were

prepared according tH the Manual of Metnods for Pure Culture

-

o .o .8 e . " .

Study of Hacteria ., Modificaetions of mediea preparation will
ve described. Witon the exception of litmus milk, dextrin,
and maltose, all medie were sterilired ir the auvtoclsve at
- - . . - OC - . . : .

15 pounds pressure (121°C.) for &0 minutes, ond the pH ad-
justed to approximetely 7.3-7.5 (fermertable media with

pPH 7.0-7.1 as en exception) by mesns of Beckman pH-meter.

Por sterility tests of media, 2t lcest one "pilot" wss select-—

(@]

S

ed from each lot and incubsted at 37 C. for 24 nours.



Baspl fermentstion medium.

Formula

Bacto-tryptose........... it .20 per cent

Beef extract. .. .uee e niinenen 007" "

=Y O .....0,5 " "

Distilled water ..........c... ... ievee....g.8.(8mount for completion)

Procedure. The bassl medium was used to prepare all the
gifferent medis for fermentation tests. Five liters of

this mediun were prepored gt one time by dissolving the

aq

necessary ingredients in water and autocleving es usuel
and kept as stock solution for lster use,

Blood-agar plates.

Formula

Bacto-tryptose agser.... ........ ... R & -
Distilled water.............. o IV < I
Defibrineted sheep blood, .. ... ... ..., .5.0 per cent

Procedure, Sufficient amount of Eacto-tryptose agar was

suspended in cold digtilled weter and heated until the

[

agar wes dissolved. It was then autoclaved snd cooled to

avout 45YC., The blood was added and mixed gently by a
whorling action, snd then poured aseptically into Petri

¢gishes.

Blood-agar slonts, The Bacto-tryptose sgar was dissolved,

tubed, sutoclaved, and cooled ss for the plstes. The sheep
plood was then proportionally added to each tube by sseptic
metihiods end mixed so as to get a uniform slant. After the
slants were cooled end the sterility test proved setisfactory,

D.5% cc. of nutrient broth was added to the base of esch slent,
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Deep brain medium (for anserobic cultures)

Formula

Sheep brein, ........ e e s ceeaae-.]1 part
Distilled water.....................1 psert
Peptone (Difco)..eevn . ......2 per cent
Dextrose., .o v v v i i i oo et iteeee. 2.1 per cent
NaCl. veee oo ononns e R I T "

Procedure. The obrain was finely ground in & mortar with
an ecual amount of distilled water and the other ingredients
adoed. The mixture wes then hested until the peptone was

completely dissolved snd the pH was gdjusted to approxi-

R e T I~ ¢ B o | Mmoo A AS s dvuees Farhmn A e A A mand TS me A
e veo Ly f e\ 1 e\ o« A oAdrs THE U AL A WAL 4% Lont Vola s Ca kLt 2R VI SRS R T TR IVl o B Wt R o I w ]
usual,

Fermentable media. The bessl medium was used to prepsare

18 different kinds of fermentsovle media. They were as

follows: arsbinose, dextrin, dulcitol, fructose, galsctose,

glucose, glycerol, inositol, inuliin, lsctose, msltose,

mernitol, raffinose, salicin, soroitol, sucrose, trehelose,
~and xylose, 0f “these 138 medie, &-of them (dextrin- and

maltose) were prepared sepsrately by colad filtrastion,

while 211 the others were made Ly adaing the fermentable

substences in emounts of O.I%PO.S% (J).1% for the rare

surstances) to the Lasal medium, tubing, end autoclaving

as usual witn brom cresol purple as the indicator,

Since dextrin and maltose 2re complsx compounds which
may uve oroken down to simpler forms by high temperature in
the autoclave, these two substences were specially prepsred
by cold filtration., The needed amount of fermentable

substance (dextrin or masltose) was calculated, dissolved in
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e certain amount of distilled water and filtered through
a sterile Berkefeld filter. The sterility test was per-
formed, and at the same time the basal fermentation
medium with brom-cresol purple indicstor was tubed and
autoclaved. If the sterility test of the filtraete proved
setisfactory, it was 2dded sseptically to the sterile
tubed bassl medium to make a8 0.5 per cent final concentra-—
tion sfter which another sterility test was made,

The fermentable substances were used in the following

concentrations:

Arsbinose 1 per cent Lsctose . D per cent
Dextrin .5 " " Maltose .5 " "
Dulcitol 10! . Mannitol 1 "
Fructose 1o " Raf finose L,1oon "
Galactose Q! 4 Salicin 1o L
Glucose .5 " " Sorbitol .1 E
Glycerol 1o " Sucrose .5 " "
Inositol L1 " Trehalose 1" "
Inulin 1" " Xylose .1 "

Litmus milk. Litmus milk was prepsrec¢ by adding litmus powder
to freshly qeparated quW m1lk untll a.su1table color qu
)0utslned The milk was then tubcd and eterlllzed __
placing the medium in flowing steam for 30 minutes daily for
four days. During werm weather, it was necessary to place
the medium in the refrigeretor tetween the first and

second heating.

Gelsatin medium.

Formula (for 400 cc.)

Gelatin. ... .. ... ... ..  i'.ve...8.0 g.

Tryptose (Bscto)................ 4,0 g.

NeagHPO, wov v it e 0075 g,
GlUCOSE . Lttt i e e e 0.40 g.
Sodium thloilycollate .......... 0.40 g.
Beel extract, e e e e L0080 g,
Distilled water....... ....... 430,00 cc



N

Procedure. The ingredients were dissolved, tuoed, end
autoclaved as usual,

Medium for HoS production.

Formula (for 420 cc.)

Liver infusion (Huddleson, 1934),. ..... ch.....200 cc.
Distilled water., ........ ... .. .... e e e .. e 200 cce.,
Witte's peptone.. . ..o i i i e e e . 4 g,
NaCl. .. ..o i i i e o e e e e e, 2o,

Frocedure. The liver infusion was prepared first by
heating for 1.5 hours in flowing stesm 1 1lo. of fresh and
grease free beef liver in 500 cc. of tap water snd filter-
ing through a wire screen. 200 cc, of the infusion were
mixed with other necessary ingredients and the mixture wss

dissolved, tubed, and sterilirzed,

Medium for indole formation.

Formuls (for 250 cc.)

Becto-tryptone, ... .... e e e cee 0.0 g,
Na,gHPO4. .............. 6 e e v e e e e e e e e 0.5 g.
Glucose. . ... vt e i . e e e e e e e e e ..0.25 g.
B S P I P S SIS I - -
Beef extract.... ... ... . ... ... .. .. ... . ...1.75 ¢g.
Distilled water....... . .« .. . ... . ..., .28 .00 ce,

Procedure. ©Ssmne as for prepsring geletin medium.

Medium for nitrate reduction.

Formula (for 500 cc.)

Bacto-tryptose.. ... .. ... . .. ... .. .. .. 10.0 g.
NagHPOg4 e e e 1.0 g.
GluCOoSE. . v v v i i e v e e L. D.B g,
Agar‘-.-.-.--..a PR 4 1 e % 5 & % D O a8 ¥ B e F a . 2 {)‘5 g.
N O ittt it e e e e - 0.5 g.
Beef extract......... . T S T -3
Distilled water........cvveeunno.. . ....500.0 cc,

Procedure, Same as for preparing geletin medium.
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Nutrient broth. The folleowing formula was used, and the

procequre was the same as thet used for preparing vassl
fermentation medium.

Beef extrect. .......................0.5 per cent

NeCl........ e e e e . . ve....0.5 M "
Peptone (Difco)...... ... ... . ... AP T B t
Distilled weter ....... . ¢.o.'uiiuen... G.s.

Y

-

'el

. , o 3
Potato medium. Giltner's method” was used for preparing

tnise medium. Several good-sized sound potstoes were care—
fully cleaned, end oy means of & cork borer they were cut
into cylinders, ebout 5 cm. long and 1.2 cm. in diameter,
followed by diagonal cutting escn with an ordinary knife.
These slonts were then soaked in & dilute sCueocus solution
(1:800) of NapCoxzfor 30 minutes snd washed in several
changes of distilled water, A glsss rod (2 cm. x 0.% cm.)
was placed a2t the bottom of eacnh test-tube, and the

trested potato slant was placed into the test-tuve followed
oy the addition of about 1 cc. of distilled water. These
_tubes were immediately plugeed with cotton end sterilized.

in the autoclave.

Starch-agar plates.

Formuls (for 400 cc.)

Beef extract..... oo o,

R PR < I <o
Feptone. ... . .. . . .. 2.0 g.
Agar. e e e 8.0 g.
Starch (soluble)........... B O -
Distilled water,....... R 1015 IR S B o] oI

Procedure. The ingredients were dissolved, autoclaved as

usual, and the plates poured.



formastion. These observations were checked in nutrient

b. Biochemical tests. For all biochemicel tests, the

methods as recommended in the Manual of Methods for Pure
Culture Study of Bacterise were generslly used. The in-
oculations were made directly from a 24 hour nutrient broth
culture in each case and &n uninoculated tuve or plate of
the perticuler medium involved was used ags & control wnich
wes subjected to the same technic and to the same conditions
a8 the inoculated ones. These inoculated tuves or plates
were incuvated at 37°C. for verying lengths of time, osnd the
teats were alwayvs performed in dupliceste and sometimes in
triplicate. The tests‘are outlined as follows:

dotility test. Nutrient broth was inoculated snd in-

cuvated for 12 hnours. At the end of tne incubstion period
the motility of the micro-organisms was determined by
nanging—-drop metnod,

Ouservation for turcvidity, sediamentation, and pellicle

oroth culture after incuveation for 24, 48, and 72 hours.
The daily readings were recorded out the one following the
43 hour incucetion period will Le the only one presented,

Hemolytic test. Proouction of hemolysin was determined

oy streeking the cultures on olood-sgar plates and reading
after incuvation for 24, 48, esnd 72 hours,

Sterch hydrolvsis., Tne ability of the micro-orgenisms

to hydrolyze starch was detected by growing the cultures on
starch-agar plates for one week and then covering the surface

with & )% slcoholic solution satursted with iodine.
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Growth end pigment—formation on potato medium. The

ability to grow and to form pigment on potato medium was
checked by inoculating potato slents and recording the
results at intervals similar to those for fermentaztion tests
during the two week incubstion period.

Liguefaction of geletin. The inoculeted tubes were

incubnted at 2790, for two weexs, and during tnis pericd

L)

i

thev were exemined for ligquefaction at intervals of 48 tn
778 nours. Irn meking the receadings, the tuves were placed in
erztor for about ome hour until the gelatin

medium in the negetive control turkes solidified.

HoBS determination. HpS production wes detected by ob-

serving the olackenirg of lead-szcetate paper strips suspended
cver tne medium during an ircubation period of two weeks
with the readings veirg made at interveals of 48 to 72 hours.

Indole teet. Indole producticn wss determined bty the

wTharpwgnﬁwTaﬁneP97«mcdifieatimn“of %hew@@ré»?&@hth‘iﬂ'Which
gsoiution No. 1 end @ (Menuszl of Methods for Pure Culture
Study of Pacterie, 1936, up to cate r@vision)z were applied
to nerrow strips of sterile filter paper instesd of 1o

cotton plugs. These strips were carefully laebeled with
pencil and suspended over the gppropriste inoculated medium
wiich nhad veern incuvated for four days. The tubes were then
placed in & boilirg water—ocath for 15 minutes and the results

read after removing the tubes from the bath.

Nitrate reduction. After incubtastion for four days, the

reduction of nitrate was determined by using solutions of



i
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|

2
sulphenilic acid and a-nephthylamine.

Litmus milk. The reaction of micrc-organisms in

1itmus milk wes checked by incubating the milk cultures for
two weeks and reading at same intervals of time as for the
fermentstion tests.

Fermentation test. The sbility of the micro-orgenisms

to react upon vaerious fermentable media (including 12 car-
bohydretes, 5 alcohols end 1 glucoside) was determined by
innculating these media snd incubating for two weeks.
Readings of the reactions were made at 24 hour intervals for
the first three days and at 48 hour intervsls for the remain-
ing time with doubtful cases being checked with the Beckman
pH-meter,

The results of biochemical tests. The results of the

biochemical tests will be briefly given in Table (4).




(13

(73)

TEPER

P

- A

.

e

b b e b

o

= A

+H

H o M

e

s

e
i
\
{

,A
i
i
1

L,
+ — -
.

Ve .-
Ve e -

+ - - -

Loe -

T
- o
-

s

i e e b

£
3
+
t
*

ik e H oA H R

-

o

P

i

v

4
1

T
3
v
x

o

. Voo L
P

[N v

3 e B

i
st
o

i

i
'
Lo
PR TN e )

" '
¥ '

- . - ‘

s
¥

t
¥

R

Ut
i

o e e T

- o
; ;He

RV E SN AR
T TR "
\ i\ 1_{\ "
- .L - ¥ [IYRETERTE It
I !
s - 1
: 4 . TA [
+ +

B
i

- B
4 ]
- -
A
- e

- - - *
- - ” +

Crined

[l bl

reencterim




-] e

Explanation of the figures used in Table (4)

(1) Gelatin liquefaction, indole production, motility test,
pellicle formation, and sterch hydrolysis:

. positive test
e e e negative test
() Hgs proauctlon, hemolysin production:
Yo nerked
. slight
oo very slight
e e ..negative
(2) Sedimentation, furpidity:
Yo ..marked
1 it ....m00erate
F o slight
* ety 1A Al
............. v Ly o S
(4) Potato medium:
o ..2rowtn and brown pipment
Moo growtlh snd creamery color
Y oo ..growtn and yellowish pilgment

.no growth

B ieteenannan .acid
o ..Dasic
C i e .coagulation
L reduction
& digesticn
B et gas formation
(&) Fermentation tests:
o o r T s complete change to yellow color
(marked acid)
1 .partiel change to vellow color
(moderste scid)
b .Slightly acid
(+) .. e marked acid with ges production
() .. ..........moderste acid with gas production
(F slightly acid with gas production
Rb . ....... ... returned to Dasic reaction
B oo, besic reaction

From Teble (4), it will be noted that 41 cultures isolsted
from various pathological cases were subject to biochemical
tests, and, as a result, 7 genersa of cacteria were identified

end 2 cultures. were undetermined., The identified genera (7)



included: Staphylococcus, Diwplococcus, Neisseria,
Escherichia, Bacterium, Pasteurella, and Corynebacterium,
while the undetermined ones were a gram-positive coccus and

& grem-negative coccoid vacillus. In respect to their
frequency, Bacterium was isolated from 11 cases (26.8%),
Staphylococcus from 8 cases (19.2%), Pasteurells from & cases
(14.7%), Diplococcus and Corynevscterium from 5 cases each
(1%.2%), Eschericnia from 3 cases (7.3%), Neisseria, gram

positive coccus, sand gram-negative cocceid bacillus from

1T rmrao
ke s R

D

ann (o ad)
R N AN ,)VI

v

ides those cultures just mentioned, 5 cultures of

to
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Actinomyces necrophorus and 2 cultures of Clostridium

welchii were isclated from various cases and cultivated in

deep-brain broth,
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c. Pathogenicity tests.

Preparastion of inoculum. The micro-organisms were

inoculated directly from the stock cultures into nutrient

broth send incubated at 37°¢. for 24 hours. The broth cul-

tures were transferred to 15 c¢. c. centrifuge tubes and
centrifuged (®orvall centrifuge) at 4140 r.p.m. for 20

minutes until the supernstant fluid wes clesr and could be
discerded into s vesgker DV inverting the tubes without
disturbing the bacterias collected at the bottom. The bacteries
were weshed twice with sterile salt solution (0.85% NaCl)

and re-—suspended to give & turoidity the seme as the standard
tuoe-antigen for the Brucells agglutination test.

Inoculation of eXperimental snimals. DBoth rsbbits

and mice were used for this test. They were housed in clesn
wire-made ceges and fed with ordinsry ration with an ample
supply of water. LDuring a preliminary period of at lesst

one .week before the test, the snimsls were checked for heslth

and all the unheslthy ones were discsrded.

The mouse was held by the tail and heead with the agid
of an assistsnt. The right side of the lower avdomen was
swabbed with 70% alcohol snd 0.5 c.c. of the suspended
inoculum was injected intraperitoneally with a sterile
1.9 cc, hypodermic syringe having a 26 gauge needle. One
mouse out of every five was injected with 0.5 ¢. ¢, of
sterile 0.85% NaCl solution to serve as a control. Two

mice were kept in one cage with one of them having the tip of
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one ear clipped for identification, The cage was carefully
labeled and all the mice were ocbserved three times deily
for signs of illness or desath.

The rasbbit to be injected wee confined in 2 wooden box
with the head free. One of the ears was moistened with
70 per cent alcohol and 2 c¢.c. of the suspended bacteria
were injected intrevenously into the marginal ear vein.
Two recuvits were put together in orne cage with the hair on
the back of one of them clipped to serve for identification.
Trne cage was labeled os usual and the observations made
under the same condition es for the mice.

Technic of culturing tissues of experimental animals.

If the experimental raovbits survived the pathogenicity tests,
they were killed five days after inoculation by the in-
trevenous injection of sir (30 c.c. syringe) through the
marginal ear vein. Lech ravboit was then autopsied and the

tissues cultured using the seme tecinic as employed for the

lambs., However, fhe’rabbifs were not skinﬁéd.

If the experimental mice showed no symptoms and sur-
vived the pathogenicity tests, they were killed five days
after inoculation by greasping the tail of each mouse with
e pair of long forceps and hitting the head on a cement floor,
As soon as they were killed, each was stretched on & piece
of wooden bosrd with the aid of four thumb tacks. The mouse
was then skinned, opened, and cultures made from the liver
using the ssme method employed for culturing the tissues of

pathologicel lambs. However, in culturing the heart-blood
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and spleen of mice, the following procedures were found to
be more applicaple., The ventral surface of the hesrtwss
seared as usual. A sterile pair of forceps was used to
grasp the sides of the heart end by sQueezing the forceps

a drop of blood would ususlly ocoze from & hole made in the
niddle of the seared spot with the e2id of & sterile needle
heving a small and pointed loop et the tip. As soon as the
tlood was ocozing out, the needle was introduced into the
heart in order to get & goéd sized drop of blood with which
tn smear over 1/3 of a blood-sger vlate.

The spleen was cultured by searing an area nesr either
end (prefersbly the ventral end). A sterile needle (the
szme needle used for culturing heert-vdlood) was introduced
through the seared sree into the spleen along its long
axis. ince the sucterminal pert of the epleen was seared

and consecuently weakened, 1t was easy to introduce the

-sterite needie -through-the. weakened.spolt into-the spleen

pulp in order to secure sufficient material for plating.

This procedure was facilitated by grasping the extreme end

£

of the spleen with a peir of forceps.

Identificetion of vacteria isolated from experiment znimals.

The vacteris isolated from raboits and mice were gtsined
snd the biochemicel tests were made with the following media:
Glucose, lactose, sucrose, glycerol, NO3 troth, indole
medium, starch-ager plete, litmus milk, snd gelstin. The re-

N

actions of the micro-orgesnisms in these medie and the
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characteristics upon staining were compered to those of the
original cultures in order to check their identity.
Results of pathogenicity test. The results of the test

are srrenged in Taole (5).
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Tavle (5). Results of Pathogenicity Tests.

Cul- Results Bacteria Remarks
ture ol Test Recovered e
“No.  MouSe Rabbit " from
7308 - - * .
73834 X H.L.S. Mouse died in 1b hr,
7335 x X H.s. y " " 21 nr.,rabbit in 24
7336 X - L.S. " yery sick, killed in 40 hr.
7337 - - S, (contan—
ineted)*
7438 X H.L.S. Mouse died in ) hr,
X H. Rebioit died in 28 hr,
7544 X - H.S. Mouse died in 38 hr.
(25358) b - H.L.S. Mouge died in &2 hr.
7381 X e H,.L.S. Mouse died in 24 hr.
7353 bid - H. >
7358a X — L. *
73580 - - *
7388¢C - - *
725 rPa - - *
73620 - *
736R¢C - - ®
7385 X H.L.S. *
73718 X H.L.S. Died in %8 hr.
73710 X ¥ H. *
S *
73708 - *
73720 X H.L.S. *
737 2a - *
7TATAD X S, *
7373C - *

TTedgzgT v 1.5 o : i
739 3b X - H.L.S. Mouse died in 14 hr,
7393¢C X - H.L.S. Mouse died in 15 hr.
73948 X - H.L.S Mouse died in 18 hrs,.
73940 -~ *

7400 - *
740 lg X H.L.S, Died in 22 hrs,
74010 — *
740 1c - *
7406 X - H.L.P.S. Mouse died in 4 days,
7410 - L.S.{(contan- *
inated)
7415 - *
7443 - *
74508 - - *
74600 - - *
7480C - - *
7474 - L.S. (conten~- *
Totsal: inated)

41 20 x 3% 25(including 13(mice vecemne very sick or died
contaminated wlthin 4 deys after inocultaion.
ones)

Note: Ehul?ﬂﬂtion of table,.

X..........positive test H......... Hesrt blood P....Peritoneel
e e e e negative test L. ....... Liver fluid
X . .Killed in S, ... Spleen

5 days.
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The results of the experiment in Table (5) stowed that
20 (48.78%) out of the 41 original cultures were recovered
from the experimentsl mice, of wnich 13 (31.7%) were
definitely virulent. These 13 virulent cultures either
caused the death of mice or made them seriously i1l within
four days efter inoculation, while the remeining 7 cultures
of the 20 positive tests did not induce any noticeable
symptoms up to five days after inoculation at which time
the mice were killed for exasmination., As for the raboits,
omlv 3 nositive tests were obtained from 22 inoculated
animsls which indicetes that raboits were quite resistant
to the cultures isolated from lambs snd were not suitable
for such work. Incidentelly, rsbbits were first used as
the test snimsl in this experiment. Later on, when they
were found to pe rather indifferent to the cultures, mice

were used instead,



C. Pathological Methods.

(a2) Technic used for autopsy.

The lambs were either bled to death or brought deed to
the lsboratory for sutopsy. In either case, they were
immediately skinned and carefully examined for gross lesions
in every part of the body, including the brein, craniesl
nerves, and sometimes the spinal cord., In order to expose

the brain, e frontal cut was made through the nssal cavities

o
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region. Then, oy a gentle tipping and with the help of the
plunt tip of & pair of scissors, a greater part of the brain
(the entire cerebrum) was slivped out of the upper half

of the skull and exposed, leaving the cerevellum and medulls

oblongate in the lower half, (Fig. 1, 2)

(b) Technics for preparing patnological tissues.

“Phe-tissues were-fixed in-Zenker's fluid asnd some-
time in 10% formol saline. They were then washed, dehy-
drated, embedded eond sectioned by ordinary histological

technics, and finally steined either with hematoxylin-eosin,
. . e v . ., 98
Gran-Weigert, Mellory's snilin-Dlue, or by ell three methods.
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2. Presentation of cases

Case 7358 (Grade, male)

Tanis was & typical cese of wnite-muscle disease or
so-called "stiff-lemp" disesse.

History. Tnis lamb wes owned by Mr. Savage of Albion,
Michigan, end was delivered to the psthology barn on 4/3/44,
The lemb was showing evidence of white-muscle diseasé and
was unavle to rise. The enimel made no progress following
the time of delivery and on the morning of April 4th
would not nurse. It was then sacrificed and studied. The
lamb was 5 weeks old.

Etiology. Undetermined. No bacteria were isoleted from
this case.

Blood studies.

() Blood picture

Erythrocytes.. . .. 12,250,202 per c.mm,
LeuCocytes. . ... 7 1r,8nn oot
Hemoglobin....... 9.8 g./100 cc,

Differential count (%)

Lymphocytes,..... 7
Neutrophils.,..... 93
segnenters.......... ..(88)
bends, . ............... ( 4)
Morocytes.,....... 1
Eosinopnils,..... o)
besophils,....... 0

(b) BlooG chemistry (Mpm/10D cc.)

GlUCOSBE . s v it i it i in st e 196.00
Uric scid....... ... 1.78
Creatinine......... .. .. 1.65
Chloride,.......... . ........ 560,00
N.P. N oo o 162,00
Urea=-N, ... . ... .. .. 10R,00



From the results of the blood studies, it is interest-
ing to note thet the chemical analysis of blood as well as
the blood picture of this case resembled cuite closely that
of Case No. 7358. All blood elements which had been studied
were decidedly increased, and vet on the other hend the
number of lvmphocytes wes very much decreased. The
neutrophilis was also very pronounced, vut it showed mostly
nature forms. In general, the peculiar feature of incressed
velue in blood elements seemed to be Culte unidue for
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Wiiite-muse , The erythrocytes were more ar less

[os}
o]

normal, although a few poikilocytes were observed,

Gross lesions.

Skeletal muscles. The ckeletsl musculeris on both sides of

the body were involved, and the lesions appeared 8s super-
ficiel whitish petches or stresks,

Liver. The liver slowed some fatty degenerstion,

“Qthelorpens. “Apperent ly- normal.

Adicroscopic lesgions,

Liver. Tne liver was very much congested and showed cloudy
swelling end fatty degeneration. Most Blood vessels as
well es the sinusoids Were distended with blood, The fatty
degeneration was rsther cxtensive snd diffuse, beginning

at the centrsl part of each lobule and extending graduslly
in a‘diminishing gredetion towerd the periphery. The
affected cells became granular and vacuolsted due to the
presence of fat globules in the cytoplasm, and the nuclei

were elther pushed to one side or were pyknotic,.
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Kidneys. The kidneys were rether congested and showed
evidence of cloudy swelling, fetty degeneration and
hemorrhage. The convoluted tubules Were generally scme—
what dilated, and the lumina together with the sub-
capsular spaces were filled with varying amounts of
debris snd hyseline cests. The epithelium of some con-
voluted tubules were affected by marked fatty degeneration,
the conaition veing especielly pronounced in the terminal
portion of the proximal convoluted tuoules. Occasionally,
some interlobulsr petachiae were ocoserved and some dis-
integreted erythrocytes were present in the collecting
tuoules.

Skeletal muscle, In tnis case, guite 8 numoer of skeletal

muscles were more or less involved. Seven blocks of

muscle were taken from various areas over the pody for
microscopic study., The genersl charscteristics of the
Jlesion.were more or.less the. same, namely, myodegeneration
followed by either myo-receneration or fibrosis. (See glso
Case No. 7358). The degenersative changes of the muscle
were cherescterized by s diffuse and fragmentary necrosis
with ecome Tivroblsstic activity. The affected muscle
fibers generelly became swollen and wavy, followed by con-
traction or shrinkage an¢ consequently broke into small
pvieces. As soon es the muscle fibers broke into pieces,
sone of the more severely affected ones underwent hysaline

- 17 ey . : 13 i .
or Zenker's degenerstion | (Fig, 3, 4)

iy

Tnese dying

nuscle-fivers lost their characteristic stristions and
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nuclei end became more or less coagulated. They were
stained either pinkish or derk purple with hematoxylin-
eosin and sowe »F them appeared to contain s certain

kind of deposit. (Fig. 4, 5, 8). In some instances,
nowever, tne destructive process was not so severe and
cnly the sercoplasm wss hyalinated whereas the ssrcolemma
with the nucleil was rot effected,

Following the degenerative clieanges, a recenerstive
orocess was goirng on, Ir taie regenerative process, the
moet etriking festure wae proliferetion »f the fitro-
blastic cells and thie nuclel of unsffected muscle fibers
or sarcolemmze, Occesionally, a few polymorphonuclear
levcocytes ond plssme cells were observed., The fibro-
Llastic proliferstion resulting in fivrosis was to
strengthen the weakened srees, The newly-formed nuclei

from the normel muscle fibers or surviving sarcolemmnae

migreted toward tne injured ends end _each carried.a smsll.

emount of sarcoplesm and transformed either gradually
into muscle giant cells or directly into regenersting
muscle fivers, The nuclesr proliferation snd cell division
were so extensive thet in certain spots o grest mass of
suci newly-formed cells were present, (Fig, 4, 9, 11, 12),
which have been referred to as'iuskelzellenschlsuche" of
Waldeyer27. The formstion of such structures has been the
subject of much discussion since esrly history of medicsl
1%, 26, a7, 28, 37

science. In fact, some of these newly

formed cells were regererating muscle fibters while others

i
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were muscle giant-cells. The function of the muscle giant
cells was to remove the dead muscle tissue and that of

the repenerating muscle-fibers was to fill the gaps left
by the dead tissues. In Quite a number of instsnces, the
writer was avle to demonstrate & muscle gient cell en-
gulfing a piece of dead muscle of considerable size

(Fig. 7, 7a, 8, 9), while ir senother he frecduently en-
countered several such gisnt-cells each contsining one or
severael fcod vacuoles filled with smsll pieces of tissue
deoris (Fig. 12, 10). Therefore, in such csses, the
Tunction of muscle gignt-cells was beavtifully illustrated.
These gient-cells were so active that they had no definite
shape. They somewhat resembled amebege and zcted almost
like them. The cells usually thrust out psrts of their
codies in order to engulf the dead muscle tissue

(Fig. 7, 7a, 3, 9). As soon as the dead tissue was sur—

rounded, digestion began., Graduslly the pieces of desd

muscle fiber diminished in size until they were completely
removed, lesving food vacuoles benind (Fig. 11). After
the dead tissue was completely digested end avsorbed, the
food vecuoles diseappesred and the gisnt—cells were then
ready to repeet the amezing process (Fig. 12).

These muscle giant-cells were formed either by fusion
nf the newly-formed regenereating cells (Fig. 13, 14) or by
mitosis without cytoplasmic division (Fig. 15). The

formetion of gient-cells has been a2lso & problem of great
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controversy in the medical field and ocuite a number of

theoriesg’7 heve veen formulated. Some workers thought
that they might be formed by cell fusion, others main-
tained that they were derived by mitosis without cell
division, snd still others insisted that they came into
existence by both fusion and mitosis. Since there was no
sctual concrete evidence to support the various theories,
much confusion existed. From now on, it is noped that the
definite evidence of the formation of muscle-gieant cells
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may serve as & sound pbesis for further investigations as
to the formation of other kinds of giant cells and the
confusing condition, which is still existing in this
particuler field, may be unreveled,

The size of the muscle gient-cells was variable; one

of the largest measuring about O0.05 mm. X .07 mm, The

nucltei-were either sphericel-or ovel in shape, but &all were

provided with & heavy distinct nuclesr membrane, fine or
nearly clear nucleoplasm, and from one to three well
defined nucleoli. The number of nuclei varied and from
two to twenty-five were ovserved (Fig. 7, 7s, 9, 12).
Their arrangement in the cell wes irregular and indefinite.
In & section stained with eniline-vlue &nd eosin, it
was ooserved that the necrotic muscle-fivers were stained
oreange to purplisn-blue or ovlue, the normal muscle-fibers

red, the fioroolsestic tissue blue with small spindle-chaped
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yellowish nuclei, and the regenerating muscle-fibers and
muscle gisnt-cells grey with clear colorless nuclel con-
taining yellowish nucleoli (Fig. 6, 7, 7a, 8). The
regenerating muscle-fibers generally possessed faint to
distinct fibrils and some of them 2lso contained cross
striations (Fig. 8, 8, 11), while the muscle giant-cells
were more or less homogencous in nature. By meens of
sniline-tlue and eosin stgin, the morpnology of nuclel and
the stesining affinity of both giant-cells end the re-
genereting muscle-fivers were exactly the ssme, indiceting
clearly that they were 811 derived from the same psrent
tissue, i.e., muscle, and were not of extra-musculer origin.
Generslly speaking, if mycdegeneration were not too
severe and myo-regenerstion followed & complete or total
restoration of the effected muscle is possible., In this
cage, the myo-regeneration is carried out by the process of

sercolemmae so as to form muscle giant-cells for the removal

of devitalized tissue and regenerating muscle-fibers for

the filling in the geps left by the dead tissue. The

fivroblastic ectivity is reduced to e minimun. In order

to substentiete these fects, a lamb recovered from "white

muscle” disease wes slaughtered esrly lest fall (1944) end

no lesions were found whatsoever. The lamb chops were

poiled or fried end tasted just a8 good snd tender as those
28, 27

from normal lambs., Forous in his study on degeners-—

tion &and regenerstion of the rectus abdomninus in humsn
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pneumonia also found the "totsl restoration of the affected

muscle”. If the totel restoration of the asffected muscle
is effected, a cuestion naturslly arises; "How about the
fate of muscle gisnt-cells after they have performed
their duty in removing the dead tissue?" Regarding this,
the writer has not been esble to get any evidence for
making A definite ststement, but he is inclined to feel
that after the muscle giant-cells have completed their
task, they may disintegrete and be removed or they may be
gradually transformed into regenerating muscle-~fibers,
Probebly, the latter process is the actual case,

Orn the other hend, if myo-degenersation were very
severe and destructive and thus less chance for myo-regenersa-
tion were provided, the fibroblastic activity would be more
pronounced and the gsps left by the dead tissue would be

replaced vy fibrous or sometimes by adipose tissues and the

coagulated dead muscle tissue would remain for some time,
Quite a number of such instances were oovserved, snd such
musecle tissue would be atrophied and the aresz was considered

to be more serious tonen ordinery,

Discussion and summery,

1. This wes a typical cese of "white-muecle" disesse in which
the most striking features were hepstic disorder and
myo-degeneration followed by myo-regenerstion.

2. A pronounced leucocytosis (neutropnilia) was observed,

the cause of which wes not definitely known,
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The dehydrated condition of the &nimal, the merked
hepstic disorders, and thne extensive destruction of
skeletal muscles would naturally induce the presence of
high value of all six blood constituents studied. This
perticuler increesed value in olood constituents secemed
to ve rather unicue in the case of "white-muscle"
diseese snd it was suggestea that it might serve as a
criterion for disgnosis,

The existence of muscle gient-cel.ls was well illustrated

in thie cege, Thie finding is congidered to De new to
this perticular disease and evern new to medical science.
For 2 more detailed discussion of this metter, reference
is made to the general discussion of this erticle,.

It is sugpested thset "white-muscle" disesse is & better
and more illustretive term for this diseased condition
then the so-called "stiff-lamb" disesse, because the
latter may be confused with quite.a number . .of conditions

such as arthritis, lesuwinitis, paralysis, docking infection,

etc., in which ceses animals would slso show a stiff gait.



Case 7358 (Hampsnire, male)

This was & case of white muscle disesse complicated by

abscess-formetion and arthritis,

result of a previous vacteremisa.

History.

andé rear legs on 3/31/44. It wes unsble to stand and nurse,

the latter vprobably the

out by holding the animal up it would suck vigorously.

dsys “later when the snimal was avout 15 days old, it was

bled and killed.

Etiology.

Three different micro-orgenisns were isolated,

The snimal showed unilateral peralysis of the right

Six

namely, one culture of Staphylncoccus and an undetermined

gram-positive coccusg from the right stifle joint and one

Diplococcus from the pericardial sac (Table 4: culture
No, 7358 a,b,c.).
Blood studies.
(2) Blood picture
Erytnrouyteq ............... 9,370 3)9 per c. mn
Leucocytes ..o 1%,280
HemogloDin wvvevuounneeeens 8.3 g./100 cc,
lefCPGntldl count (J
LympPhoCY 68 . v o v e e e e e
Neutrophil8e e e v v iiennnn .. 98
SEEMENTErS . ... ... ... 35)
myelocytes e e e e g 7)
Juveniles ... 9)
DANAS, v it e e e e e 47)
Monocytes . .. .. ... ... .. oL 0
Eosinophils, ... ... ... ........ ... ... 0
Eesophils . ... . 0
(bt) Blood chemistry (mgm./100 cc.)
Glucose.,.... . .... e e 115
Uric eCid, ..ot it v i ien 4,18
Creatinine........... ... ... ....... &.78
Chloride,... ... ... ... ve .. .DBD.0D
NP N 115,80
Urea-N. . .. . e 98,00
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The blood picture of this lamb showed & low hemoglobin
and a leucocytosis. A state of marked neutrophilia existed
together with an excessive number of imnature forms and a
ereatly reduced number of lymphocytes. The erythrocytes
exhibited characteristics of micro~ytic anemia with marked
poikilocytosis,

Sinmilarly, the ulooa chemnistry of this case wes sbnormal.

All six components included in tuis study were greatly in-

m

crensed, precenting o rether unidue and interesting feature
for a case of white muscle disease, (See case #7356)

The zlucose wass gbout twice as high &s normal, uric aciad
2,5 times, creatinine 3 times, N.P.N., 3.5 times, urea-N

7 times, and the chlcride somewhst nigher,

Gross lesions,.

Liver. Possiuly showed some fatty changes,

Spleen. knlarged.
~Kidneys.,Botn-snowed-& yellowish wone in the extra-medullery —
ares,

Joints. The carpsl joint of the right front leg and the

stifle joint of the right resr leg showed sccumulations of

greenish colored semi-casested eXudate.

Skeletal muscle. Shoved some pyogenic foci snd some whitish

stresks wnich were suspected of being white-muscle disesse,

Lymph nodes. Prescapulsar, poplitezl, and deep-inguinsl

lymph nocdes were grestly enlarged and edemnatous

Otner orgens. Avparently normal,
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Microscopic lesions.

Liver, Tne liver was rather congested and showed evidence
of moderste cloudy swelling.

Kidneys, Tne kidneys were congested and some hyeline cests
were found at various levels from the glomeruli down the
convolute s tubules into the collecting tupbules. The casts
ir tne lerger collecting tudules were more sbundant and
pronounced so that tney might have zppezared es o yellowish
zone during macfoscopic exsminstion. Here snd there, some
perivesculsr lymphocy tic inliltratlions were found throughout
tne cortex, and & marked cloudy swelling waes observed in
the epithelium of the convoluted tubules.

Joint capsule of carpus, The joint capsule of the right

carpus was inflemed snd showed lesions of recent abscess
formation with merked polyvmorphonuclesr leucocytic infiltra-
tion.

Skeletsl muscle. The skeletsl muscle presented a very

interesting but difficult to explein series of lesions,
Some sections of the muscle appeered normal, while others
shiowed two different lesions. Tnese lesions were (1) recently
formed acscesses snd (2) myodegeneration together with
myoregeneretion, To explsin this condition, it should be
remempered that on eutopsy of tnis lamv, both pyogenic foci
and white-muscle disesse were revesled. Consequently, two
aifferent kinds of lesions would te expected.

The abscesses (Fig. 18s) were localized in the muscle

and each was cheracterized by varying amounts of musculer
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necrosis, marked polymorphonuclear leucocytic infiltration
and apsence of limiting walls. The aversge size of these
apscesses Wwas about 0.6 mm, in diameter. The muscle fibers
adjeacent to each abscess were generally broken up into
simnall pieces and seperated from the remaining normsel fibers,
They had lost their striations, stained scidophilic, and
tile nuclel were undergoing pyknosis or keryolvsis.

The myodegeneration was (Fig. 7, 12) cuite different
fron the scscessation just described and e detesiled account
ie given for case #7356 in which  similear lesions were found.

Other tissues. Other tissues such &s brain, heart, spleen,

irtestine, lymoh nodes, etc., were also included in this

study, but they were all found to be normel.

Discussion end summary,

1. This 1amb suffered from white muscle disesse snd
complicated by abscess-formation and srthritis, the
Tstter two conditions undoubtedly the result of a
previous vacterenia.

2. The animel was somewhat snemic, probvavly the result of
being unable to stand and nurse for several days before
it was killed. It wes due to tnis anemic condition that
the blood chloride was considerably increesed,

3. The results obteined from blood studies reveeled s
narked stete of neutrophilia end high values in various
0lood components, These increased values in blood
components rescomoled quite closely tnose found in

case #7368 (a cese of '"white-muscle" disease), indiceting
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that these findings might be of significence in

digenosing such a disesse, although this case (case 7358)

was complicated by bacteremia with soscess-formation,
snd arthritis which would also induce the incresse in

polvmorpnonuclesar leucocytes and uric acid.
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Case 7337 (Rampouillet, male)

Tnis was another case of staphylococcic infection but

it was not so severe as that of case 7332.

History. This lamb was from a parssite~free experimentsl
group, It had been getting weak for 2 few days and died
during the night of 3/28/44. The lomb was sbout 10 deays old.

Etiology. # culture of Staphylococcus wes isolated from the

liver. (Table 4: culture No. 7337)

™

Grose Jesions. The spleen showed some petechial hemorrhages,

and the mesenteric blood-vessels scemed to be somewhat
congested. The left upper eyelid showed msrked conjuncti-
vitis, and the nesal turoinates were quite congested. No
nther visiole lesions were observed.

Microscopic lesions.

Liver. GCongestion, clouay swelling, and tiny necrotic foci

~owith cell-infiltration were found in the liver, The conges-—

tion was generalized snd very merked. The sinusoids were
very much dileted and engorged with 0looc¢ which pushed the
edjecent hepstic-cell cnords far apart. In some portions
of the liver, severel such dilatea sinusoids were united,
forming & small, rounded ares filled with blood. These
sreas were loceted in the intermediate zone of the lobule.
Tae hepatic cells were undergoing vsrious degrees of
cloudy swelling and necrosis., The necrotic foci (somewhat

similer to those found in case 7333) varied in size from &
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tiny eres about 0.05 mm. in diameter to about 0,25 mm, in
diameter and they were usually located in the perenchyma

of the lobules. Eacn of the tiny necrotic foci was
cheracterized by the death of one or seversl hepetic cells
among which wes & group of activated Kupffer cells. (Fig. 18)

Occesionelly, vacterisl emboli were found in the midst

4

of such necrotic spots. In the larger necrotic foci, more
iiver cells werc involved and actusl phagocytosis of the
deed cells by Kupffer-cells was noserved together with some
polymecrphonuclear leucceytic infiltratinon,  The cvtoplasm

of some of these dead cells was scidophilic snd stegined
light red in color with hematoxylin and eosin, while that
of others stained a2 deep purple color,

Spleen. The spleen was grestly dameged. In the central
portion of the spleen, cuite extensive hemorrhages Were
ooserved in which most of the lymphoid tissue had been re-
placed oy red-tlood-cellsg~and only-few.normel Malpighisn. .
corpuscles were obDserved.

Lungs. The lungs were rather congested, otherwise they were
not affected,

Kidneys. The kidneys showed evidences of merked congestion,
invelving mostly the interstitial tissues. Souae nemorrhage
was present in the interstitial tissue. The epithelial
lining of most portions of the convolutec tuobules had
undergone verying degrees of cloudy swelling so thet all
these cells did not avpear normsl.

Other tissues. No sobnormslities were found in other tissues.




Case 7333 (Siropshire, female)

This was a case of staphylococcic infection, resulting
in the formastion or smell necrotic foci, atscesses, sand

hemorrhages in many tissues of the body.

o8

istory. This lamb was born on 3/P4/44 and wes orought to

the pathiology barn three days later. The lanb wse ouite

stiff vut eucxled ae usucl ond copesred tn be wright, On
the morning of 3/28/44, the lamo refused to nurse ond et

11:30 1t was xilled,

Etiolo

‘\

ogy. A hemclytic Stephyiococcus wes isnleted from the
nodule-like giiscesses ol the skeletel muscle end its
physiologicel charecteristics are referred to in Tavle 4

(culture No. 73238).

, cébyﬁésjﬁﬁ...fgl”.Lﬂ.;f ........ 5

hemoglobin, e e e 11.4 g./100 cc,

Differentizl COLTt (%)
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segmenters
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Ae compared with the normel standard (Taule 1), the
0lood picture of tnis case showed moderate leuconcytosis
with en conormal incresse in the numver of imnature cells
of the neutrophilic series eond considereble decrease in
lymphocytic cells. (Fig. 17) The values of erythrocytes
and hemecglcbin were spparently normsl. degerding olond

cheanlstry, the glucose =nd chlerice were somewhat lower

ne uric gcid, creativire, 4,P,N., and

[ d

then normel, while
urea-N were nigher than normal,

Gross_lesions.

Skeletsl muscle. Showed some small nodules that varied in

size from rice greains down to circumnscribed srees 1 to 2 mm,

in diesmeter; such noodules were slso found in the disphragnm,

Lungs Severeal smell abscesses on dieparagnstic lobes wiich

neassured from 2 to 17 mm, in diemeter. (Fig. 13)

Heart. Pericerdium aoherent to Leert witn fitrinous

exudate; myocardiun studded with numerous stscescses varyinge
from 2 to 10 mm. in ciameter; one abscess gliost filling

)

Kidneys. ©Showed many subuapsular abscesses verying from

the lower part of the left ventricle., (Fig. 1

5o

(o6l

1 to & mmn. in dismeter. On cross section, right kidney
showed three sbscesses at tne junction of the cortex and
medulla. (Fig. 18)

Other organs. Not visivly affected,




Microscopic lesions,

Liver. The lesicns in tne liver consisted of moderate
congestion, clocudy swelling, moderste to marked focal
pqumorphonucleer leucocytic infiltration, tiny necrotic
foci end hemorrhage. The necrotic foci ceemed to be of
two different kinds, i1.e., en older lesicn and a recent
cne (Fig. 19, 22), possiblyv due to the shovering of
staphylococci, wheress the moderate corgesticn of the
sinusoids and the cloudy swelling oI hepatic celils were

R . .
v

) - 0 A o N FEg Y - -~ - lats PR I e ] ~
HOoLe O less Lo Sailg tlu‘uugjhuut S UL E Gli. wClasio m.ll,y »

3

g

1211 arees of hemorrhage were ovserved. (Fig. 20)
Intestine, The intestine showed lesions of enteritis,
invelving the mucose sand submucosa. The superficisl
sne-fifth of the mucoss wes necrctic and part of it was
descuameted, while thie remeining portion was not much
Camaged but infiltrsted with an excessive numter of poly-

T aorphbnucledr leucoCytes, T The submucaé@ was rather-con~=
gested and evicence of lymphadenitis of the Pever's
petches were noticed. The muscular coat and serosa
appearecd to De normal,

Lungs. The lungs Were rather congested, as most of the
srteries as well g8 the capilleries were filled with blrod,

In scme of the ©loog vessels, emuoll were observed. Thers

were some small ereas of hemnrrhage in the peri-bronchial

region, resulting protably from the rupture of the

conpested caplillaries in the aslveolsr walls,
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spot, = unerked cell infiltration waes present. These

Kidneys. The kidneye showed cloudy swelling, congestion,
some glomerular hemorrhage, focal necrosis, and abscess
formation., The clcudy swelling was rather generalirzed.
The capillaries in the interstitial tissue were very much
congested end trose in tne glomeruler tufts were also
somewhat distended. In some cases, glomerular hemorrhage
nccurred, rfed olond corpuscles were observed in some of
the capsular spaces ¢ well 28 in somne of the convoluted
tubules,

The necrotic aress were locaelized, and they beautifully
illustrated tne staphylococcic infection. One of the
necrotic foci wee observed to origpinste from sn infected
2lomerulus, In this glomerulus, tne micro-organisms
(Stephiviococci) were found in five masses lodging within
tne glomerulsr tuft as bacterial emooli. Due to the

cresenco P Staphylococcl end their toxin ir the psarticuler

mcbilized cells consisted mostly of polymorphonuclear
leucocytes, somne reticulo-endotinelial cells, and a few
fibrovlests. The bacterial torin seemed to e so strong
that it not only killed 811 the cells in the glomerulus

vut slso demaged the surrounding convoluted tubules snd
interstitial tissue, involving an area about 0,55 mm. by
0.45 mm. in diameter. Tne affected cells showed acicovhilic
stairing with pyknotic nucleil or ksryolysis. (Fig, 21)

Another necrotic focus wes found in the interstitiszl tissue
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of the cortex but the glomeruli were not involved asnd
no bacterial forms could be observed. (Fig, 22)

According to their location, two kinds of abscesses
were founad in the kidneys, nemely, the subcapsuler
apecesses and cortico-medullery sbscesses., The subcapsular
cuecesees (Fig, 23) were medium in size and irregular in
shape, invelving Loth cortex snd the capsule. They
originsted in the outer psasrt of the cortex »nd as they grew
larger, they often peceme essociated with the capsule.
Theae anscesaes could e recognized DV the marked cell
infiltrstion (mostly poly-morphonuclear leucocytes) snd
licuefection of necrotic cells with their outer surface
teing limited by the tnickened and pertly disintegrasted

capsule of the kicdney. The tissues surrounding these

3]

—

oscesges were 2lso dameged ss evidenced by the deformed

x

structure, acidoppilic cytoplesnm end pykrotic nuclei. The

cortico-medullary.avscesses (Fig, 24) were. larpe.and each

of them could ve distinguishea from the others by the
irregular shspe, marked cell infiltration, end purulent
exudste which was composed ol polymorphonuclear leucocytes,
fiorin and clumps of staphylococci. The tissue adjacent

to these abscesses was slso affected as incicated by maerked
polymorphonuclear infiltration and proliferation of fibro-
blasts. 1unps of Staphylococci were found in most of the
lesions and they were teautifully demonstrated by mesns of

Gram-ieigert's stain. (Fig. 25)
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deart, In the heart, the stephylococcic infection resulted
in the formeticn of focel necrotic sreas, marked cell in-
filtretion, fivroblastic proliferation, abscesses, and

some hemorrhege under the endocerdium. Tne necrotic areas
and soscesces were mostly found in tne myocerdium but 8

few werc 2lso observed in the epicardium. These lesions
could be divided into two kinds, old anda recent, which can
proostbly ve accounted for by the snowering of stapnylococci

s noticed in the liver. The lesions were nore wide spread

4]

anG involved lairger &nd acre irrcgulor areosg thern thoee
found in the cortex of kidneys. The older lesions were
cnaracteriged by fiuwvrovlastic proliferstion or fitrosis
whereas the recent lesions (Fig., 28) were distinguished
cy more polymorphonuclesr infiltration, In either csse,
no definite liniting walls coulc e ooserved, The tissues
adjecent to tnesge lesions snowed loss of striations with
the “garcoptasn ¢tainins acldophilic- and the-nuelel were -
undergoing pyknosis, weryvorrnexis, or keryolysis,

In some parts of the eplcardium, the adipose tissue
wes (restly thickened and some rusCesscs were present,
Due to the rupture of certeln epicerdial svuscesses, the
pericardiun becaome invelved snG consecuently adnered to
the epicarciun at vearious points,

Ir one ares on the endocardiun, there was hemorrhapge,

snd the ©looo wes escaping into the nesrt chsmoer.

>



Skeletal and diapnregmatic muscles., In the skeletal

3

muscles snd ciaphragn, verying degrees of necrosis and

two kinds nf soscesses were oouserved. Tne muscular necrosis
seemed to De initiested oy a preliminery shrinking of the
nuscle Tivcers due to staphylococcal toxin followed in
seCuence by oreaking up of the fiovers, nyeslination of the
sercoplacn witn loss of stristions, end {inslly nuclear
pvkrnosis and rervolvsis., The Jdemaged cells ned an acid-
nphilic affinity so thet the sercoplesm wes stained

elther oright pink or pele yellow in Color. The diaphreg-

5

matic muscle seemed to te more sensitive to the
staphylococcal toxin then the skeletal one, pecausc the
toxic effect on the diepnragmnatic muscle tended to be
diffuse as well as focal,

o

Both old ard vecently formed abscesses were oresent

in tne skeletal wmuscles and diapnragn, snd the respective

.

Tecleracterigtices resemble dguibte ~closedry tHoze found in the

neart, (Fig. 27)

Other tissues, Other tissues siowed notihing awnormal.,

Discuseion and sunnary.

1. This wos & casc of staphylococcsl infection together
with liceration of exotoxin and the subseauvent formation
of voth recently formed and older lesions in various
tissues of the oody, especially in the liver, heart,

skeletal wmuscles snd aisphragn,
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. Due to the presence of bacterisl infection, a state of
leukocytosis (neutrophilia) was found.

. Tne high values of N,?.N., urea-N, crestinine, and uric
acid in the blood apperently resulted from the destruction
of vsrioug body tissues by necrotic process, abscess
formation and renel suppression by acute nephritis, while
tne Lign value of ©lnod glucose might alsn be due to
the nephritis alone. The vliood cloride was somewhat
lower than tne rnormal, and thoet was sccounted for by the

existence of enteritis.
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Cese 7343 (Hempshire, male)

This was a case of nevel infection due to Actinomyces

necrophorus wnich was complicated by broncnopneumonis and a

mild catarrhel enteritis,

HGistory. This lamb was born at 9:00 P.M, 3/14/44 and three
days later an umpilicel infection was noticed, It was
birourht to tne pathology vern 3/17/44 snd immediately
treated with pneumonia serum (15 cc. intraperitonesally)
and sulfathiszole(l cc. infected sunCutaneously in vicinity
of navel). On the same day, 2 milk feeding progran
(conteining sulfaethiarole in excess) at three hour intervals
waos sterted., However, on 3/19/44, tine lemb ocegan to nurse
an Oxford ewe that was in the same pen, so that the eofter-
noon feedings were cut off if the lamb refused to drink.

On 3/P1/44, the condition of the lamb seemed to bLe improving

ond the novel lesion wes alnost hesled. On 3/28/44, the

R

lamb wss sonewnat ofi feed snd the serum therapy was
repeeted. The Tollowing two days tne la2mb declined in
vigor end was killed on 3/29/44. At that time, the navel
wae Guite well healed except for a smell scap.

Etiology. A pleomorphic veaded Gram-negative filamentous

micro-orgenism, morpnologically indistinguisihacle from

Actinomyces necropnorus, was isolated from the lungs and

cultured ir deep ovraln otroth. The same orgenism wes slso

found in the smezr made from liver abscesses,



Blood studies.

(&) Blood picture

' ErythroCytesS,. vt in i cnnesn.aeD, 310,900 per c.mm,

Leucocytes, ... .. e e e 14,900 " .

Hemoglobin, ........ C e e 3.% 2./120 cc,
leferentlal count (’

Lympnocytc e e e

Neutrophils,.......... eev....35

seguenters, SRR (R

BN OIS s v ot e e v bee e oL (48)

)

)

juvenileS. oo oo o /

MYelnCyEeS. vt es i ens ey (o
donocyvtes, ... ... .. e e ceed
Eosinophils, c e
pesophils., .. ... .. ...

(b) Blood chemistry (Mem./179 cc.)

GluCoSE. . e v e e e e . 1DL,00
Uric geid, o oo i, O I B
Creatinine. ..... ... ... el 0,20
O ol G, s s eee e vneve e e 480,00
| SRR §o SR D1V
Urea—-N,............. L. 20,50

.
s

Tre results of Llond studles in tnis case revealed that
the number of erythrocytes was reducec to 2bout 1/2 of the
normal standasrd (Tetle 1), end hemoglobin by 1/3, while the

””””” Teucocytes incresse » nearly twice with meny iwmature
neutrophilic cells and a reacvced nunver of lymphocytes., Host
of the ervthrocytes were hyopocoromic and poikilocytic and
some of them were nucleated. As tn plood chenistry, the
glucose was svout 1/4 normal (Tevle ), uric scid 1/13 normal,
end creatinine 1/% normel, wherees the chloride and urea-N

were & littie nigher.

Lungs., The lungs showed lesions of bronciopneumonis.and were
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studded with large abscesses wnlch veried in size from

? to 172 mm. in diameter, These abscesses were somewhat
circunscrived and sdnerent to the parietal pleura. (Fig., 283)
Ribs. Tne rivs on the rignt side hed been broken ot one

time and bony celluses were present. There were 2180

¢lose to

jas)

circumscribed sbscesces on the parietsl pleur
tne bony celluses. (Fig. 28)

Liver. Liver was studcoed with large proninent circum-
scribed souscesses wnich contained s greenisn-yellow pus,
(Fig. 23)

Spleen. ©Spleen was enlarged wut showed no visiole sb-
normelities,

Other orgens, Other orgsens such as heart, kidneys, etc.,

were spparently normal,

Microscopic lesions,.

Liver. The liver wes severely damasged, resvlting in the
_formation of very interesting sbscesses and other tissue
reactions closely aSsociated with them. The =2bscesses
might have veen started as & group of smell abscesses snd
coalesced to form "multiple abscesses" in one ares or sas
p single solitery sobscess in snother. A#As the solitary
apscess grew lsrger, they ossumed & more or less Sphericsl
shape, wnile the multivle ones were irregular due to the
crowding effect or the pressure ezerted by individual
aiyscesses of the group. In one instence, it was onovserved

that the multiple aoscesses joined topether and coslesced



80

to form & large single one. These aoscesses (Fig. 29)
were varieble in size, renging froan gbout 2 mm. to 8 mm,
in diameter. Eacn of these suscesses was surrounded by a
rather thick fiorous wall (svout 0.3 mm.), a layer of
fivrovlastic cells infiltrated with some lymphocytes,
numerous macrophages, a few insctive or dying poly:orpnho-
nuclesr leucocytes, a layer of deeply-staines cell debris,
#nd Tinally the cheesy centrel core. Tne cheesy central
core of the sbscessges stained scideophilic and wes devoid
of any recognizevle structure., These are the chief
cheracteristics of & necrophorus sbscess. Due to the
presence nf such sbscesses, the surrounding liver tissue
was affected. The sinusoids were much congested and the
endnthelial cells rather ective, while the hepatic cells
themselves were undergoling verious phascs of cloudy
swelling end fatty degenerstion together with either normal

or pyknotic muclel. o | -
Lungs. Tie lungs were affected vy multiple and at the seame
time spreading soscesses, presenting a qore melignent
process then thet founc in the liver., In fact, a case of
suppuretive bronchopneunonie asctually existed., Horeover,
it was complicated by en acute vroncunopneumonia, The
suscesses were not well limiteda ena this could pe inter—

preted to that tne lesions were of more recent existence

than those found in the liver. It is well to point out

thet the discaese wes initiated Ly navel infection which
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Intestine., The intestin

—Bl-

progressed inwerd through the umbilical vein to the liver,
resulting in the formstion of abscesses in that organ first,.
From the liver, the orgaenisms were cerried to hesrt and
finslly to lungs through the pulmonary circulstion. The
siscesses were similer to thnose found in the liver, out
the boundesries were more irregular. (Fig. 30) Due to the
rupture of some of the sbscesses locsted near the surfasce
of the lungs snd subseduent fibrovlaestic sctivity, vearious
parts of the lungs becamne adherert to the pleura. The ad-
hegion was go exbensive that some parts of the thoracic
puscle were also involved and demaged as shown vy their
zcidophilic anc nvelirated sercoplasm end pyknotic nuclei.
Spleen, Tue spleen eppeared to De in e state of hyper-
activity. The sinuses of the red pulp were engorged with

lvmphocytes 8o that the HMelpnigien corpuscles appesred as

m

if they were aobnormal.

fe

snowed evidences of a mild
catarrnal enteritis, involving only the superficial pert

nT the mucose vwiaere some epithelial cells were desQuamated
snd somne polymorpnonuclesr leucocytic infiltration was
noticed. “ccasionslly, 2 group of necrotic cells in the
crypts nese the musculeris mucosae wes observed. Froo=aply,
this is one reesaon why the lamb refused to drink for the

lest few daye curing its life.

o)

Kidnevs., The kidneys showed & slight degree of cloudy

swelling, otnerwise tney were normal.
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Other tissues, Other tissues such as heart, skeleteal

muscles, etc., were 2lso included in the study of this

case, but no azonormalities were found.

Discussion and summary.

1.

cuence of a bacterial infection.

Tnis lamo wes not vigorous for the last few days of its

life and appesrently did not get enougn food due to the

presence of enteritis, Lronchopneuncnie, and nepetitis.,

As s result, the enimal wes rather esnenic and the values

of blond glucose and uric acid were thus also greatly
reduced. Thne blood velue of N.P.N,, wea-N, and
creatinine were slso quite low, and thet was poseibly
due to acute nepaetic insufficiency resulting from the
extensive destruction of liver tissue oy abscecs
formation.

The leukocytosis (neutropnilia) was the usunl congse-
Both solitzry end multiple sbscesses were found in the

liver as well 28 in the lungs snc¢ the characteristic

o

features of such typical Actinomyces necrophorus

abscesces were noticed,
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e 7%44 (Oxford, male)

This was a case of navel infection complicated oy
oronchopneunonia and encepnalomslacisa,

History. This lemt was oorn on 3/19/44 and was noticed to be
dull snd showed marked in-coordination when sbout 11 days
old. Both ewe ana lamb were brought to the psthology barn,
and the leno was givern 25 cc. pneunnnis serun intra-
peritoneslly. The next morning, the lamb did not nurse its
mother snd sihowed inéreasing in-coordinastion &nd dullness,
It wes killed the seme morning at 10:30.

Etiology. A gram-negstive rod (Escterium sp.) wss isolsted
from the lungs snd ite puysiologicel charescteristics are
listed in Tacle (4): culture No. 7344,

Eloog studies,

() Blond picture

Frytorocyies., ..o o .., e . 3,990,000 per c.mm,
'LéukdcyiPS“ B I A CEnan el e g
hemoglobin........ e 11,4 2./157 cc,
Differential count (ﬁ)
Lvmphocytes. ....... .. .... .74
Neutrophile., ... v .. a8
segmenters..... ... e (3)
nvclocyt\u.... ..... e Lo (8)
juveniles. ..., ... ..., e (4)
DENGS ., o e ()

Monocytes, ... ... S ¢
Eosinophils........... vee .. O
basophils............. e D

(&) Blood chemistry {(mgm. /100 cc.)

GluCoBE . e e . 28.00
Uric 2010, oo oo
Creatinive................ 0.80
Chlorice........ ... .. ....400.00
N . 35,80
Urea=N, . v iene 30,00



-l

The olnod picture of tnis lamb 1s interesting. EBEoth
erythrocytes ond leukocytes were deCreased in number &s
compared with the normal, end a state ol leucopenia
apparently existed. The numecer of leucocytes was reduced
to soout 1/10 of the mormal velue snd an excess of inmoture
neutrophiless were found. The ervthrocytes loocked rather
normgl morphologicaelly, sltnough o few nucleated cells
weoe presfnt.

In chemicsl snalveis of blond, the glucose was found
to be sbout 1/8 normal, end uric acid end crestinine wWere
z1so somewhalt lower,

Gross lesions,

Unbilicus., Not completely hraled and a lerge cicatricial

srea sbout 1 cm. by 2 cm, in size was ovserved,

Lurgs, bronchopneunonis involving apical snd anterior
Cardisc leves of the ripght lung. Only slight pneumonie on
1eft side,

Rive., Two rioe broken on right side of tne oody,

brein,  Cong

sten, Cloudy fluid precent teneeth the

menirvges in toe eulcl, Wrher cut into nalves, a nerked
coftenirg oeno tvpicel lesinns of encepnalonslecis were

noted in the anterior end of trhe cereorumn,

Otner orgens. Otier orgens appeered normal.

]

slver, e liver wes conly slightly demnaged, and the lesions

!

consisted cf moCerate congestion, slight ¢

-

auoy swelling end

‘use but mild fatty degenerstion,

by

aif

.
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Adrenal glands. The adrenal glands

especially in the zonsz Tasciculata,

the glends were sonewnat enlacged.

Lungs:  The lungs

oreumoni e witn smell suppuretive foc

apicel end cegrdicc loves, There was

tinp of the bronchial wsli with its

bronchl were cach cucrrounded Ly & ring

irflonrotary exudate

morpnonuclesr leukocytes with sem
short

or edengtous fluid only. A

gnlicdated ereas, the slveoll

showed a recent 2nd

comelisti

were rather conge

Due to cong

i,

an inten

lumen

cells.

ing

&

few dyivng polvmorphoruclenr Jeukocytes
eress wore interrupted oy gress of ¢

snd ir the cerdiac lovue especislly,

aplceT 1obe, the

cornective tissue wss injured end

e gsection of it hed

cxudate from tie pneunconis undernest

on tue

Brein, The lesicrs in tne orein gee

the cerecral meninges #nd then exten

cereiral cortex. The cerecvrsl medu’

The cerevral meninges were very much

affected areas, most of the cellulsr

mater was

pertly dissolved and detache s

fille

se inflan

sted,

gestion,

severe oronchnn-

involving the right

i

-

d with

glvenli filled

cither

all amount of 1

Gistence from

These

of poly-

icrin, a

ficrin and lees polymcrphonuclesr leukocytes,

the con-

conteined some mnacrophsages ond

consclidaeted

ongestiom, collapse

compensatory emphysema.

lsyer af

I ceme
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nec §
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l & W

congested and

structure nf

TEdus
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cerebral cortex. A typicel purulent exudate consisting of
potn mecropnages and polymorphonuclear leukocytes was
fround and an sctive phagocytosis was present. This was
evidence that the acute purulent menirgitis had been going
on for some time (Fig. 31). 1Ir the ceretral cortex s
lesion of more recent development wes noticed, since the
oredominating features were necrosis of corticsl tissue,
marked polvmeorphnonuclear leukocyte infiltretion, snd, in

some perte, death of trein tissue. No macrophages were

¥
i

A o s S A -
L LU

e lesion of Whig sree, S0 tkel itbe destn of
brein tigssue must be stitrivuted to the proteolytic sction
of polyvmorphonuclesr leukocytes. In some perteof the more
severely affected brain, the lesion extended Cuite deeply
irtc the cereorsl cortex, involvirg the neuroglia layer,
the leyer of small pyremicsl cells, the layer of lerge
pyramical cells end s small outer portion of the layer of
polymopphous -nexve-cells . The-sffected -nerve-cells-becorne
wrenuler in sppesrance end scidopnilic in reaction with
their nuclel undergoing pyknosis and xeryolysie, wherese
the affected neuroglia tecsme lcoosened end oroken and thus
1net their fivrous charecteristics (Fig. 31).

Qtner tissues. Other tissues such es hesrt, spleen, intestine,

skeletsl muscles, etc., were not affected ond sppesred normsl.

Discussion and summsry.

1. This wes a case of navel infection compliceted oy broncho-

prneunonis end encephalomalscia,



e,

A state of marked leukopenin existed.

Since the adrenal glands were rather congested, the

low velue of blord glucose might bte due to nypo-adrenslism,
The low values of plood creatinine and uric acid

possivly resulted from the acute hepstic insufficiency,
althiough the liver damege wos not severe when subjected

to microscopic study.




-38-

Case 7372 (Shropsnire, male)

This wee a case of nevel infectisn lesding to o typical
scute supourative bronchopneumonia as & result of mixed
infection with three species of bacteris as mentioned below
under etinlogy.

Hiegtory. Tnie lenb came fromn Cesor Farms, New Hudson,
Micnivan, snd wes one of & peir of twins corn on a/eg/aa,
This snimal wes never active fron the time it wes born and
hed veen discharging watery serous exudate from the nose
for apout three weeks. The 1amb died on April 1lth,

Etiology. Ore culture of Pasteurella ana srother of Diplo-
coccus (Tevle 4: culture No. 7272 &, b.) were isolated
fromn tne lungs. In addition, & alcro-orgenism indistinguish-

rcle from Actinomyces necrophorus wse slso isolated from

tre lungs.

Gross lesicne. Typicsl vronchopneumonia with numerous small

abscesses spreed throughout the lungs. Toere was & lsrge
suscess (sbout 1 cm., x 2 ¢m.) of casested pus on the
enterior end of the wrinary tladder, indicating that the
infection had gone through the urachus to the ovladder,
Other organs seemed to ve normal,

Microscopic lesions. Only lung tissue wszs seved for micro-

gcopic study end an acute suppurative bronchopneumonis
with typical lesions somewhat like cases 7401 snd 7410 was
noserved., The prneumonis was still in the acute stege with

polymorphonuclesr leucocytic infiltratisn ss the predoninating
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feature, whereas the aoscesses seemed to be in the
veginning stage although the initial infection was

undoubtedly there snortly after virtn. (Fig. 32)



—G0-

Case 7393 (Shropshire, female)

Tnis wee e case of navel infection resulting in ebscess
formation in the lungs, pneumonia, hemorrhage in liver,
glomerulo-nephritis end srthritis,

History. Tne lamb wes noticed lane for several days vefore

<

peire Wrousnt to the pethology barn on 4/17/44. There wsas

re right csrpal joirnt, The lamp

e

A merked enlergenent of 1
was aleo leme in the right reer leg. The animel wee killed
three csys later when it was 2¢ days old.

Ltiology. Two cultures of Escherichia were isolated, ore from

the lung end the other from the right cerpal atscess, and

one species of Corvnevacterium wes cultured from the round

ligament of liver of this case. (Teble 4: Culture No. 7393,
8, b, c.)

Elood BStudies,

(e) Blood picture.

Erythrocytes........ ... - 4
Leucocytes.. ..., ... 2
Hemoglovin,.....

.8,740,000 per c¢.mm,
3,900 " "
8.8 g./100 cc,

L N A I R

w

(v) Blood chemistry (Mgm./100 cc.)

Glucose., ......... ... 78,865

Uric acid,...... . B
Crestinine........... e es D0
Chloride. ..o .. .B20 .00
N.P.N. .o S < Y A0 6
Ures-N, ........ .... e e . 38,00

In comperison with the normsl standard (Tavle 1), the

N

values ovtaired for erythrocytes end hemoglotin were decidedly
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lower and thet for leucocytes wss decidedly higher. The
differential count was not included in this study. The
values of gll blood components studied were higher than
normal (Tsble 2) except that of the creatinine which was

in the lower normel 1limit.

Subcuteneous tissue, There weg 5 subcutsneous soscess

present at the teilheac and one in the region of the ilium,
Yavel, The navel wes infected. The round ligsment of the
liver wes avporovimstely 1 cm. in trickness and contained

a core of greenisn, cheesy pus.

Lungs. There were localizea soscesees 1n the right spical
1ooe end the left cerdisc lowve of the lungs,

Joints. The right carpel joint was enlarged end distended

il

N

with greenish pus, snd tne right hip joint wes grestly dis-
tenced with the same kind of exudate.

. Other orgsens._  Apverently normal.

Microscopic legions.

Houno ligenent of liver., Tie

o

octerial irfectior of the

umcilicun snd its extension along the round ligsment of
liver resulted in necrosis, supourstion, eronsion, and
fioreosis, The inner portion of the ligsment was first
stteacked snd the lesion grsduslly spreed from there outward
with 2 zone of coagulated desd cells, a pone of macrophages
mixed with dyving polymorphonuclesr leucocytes, o zone of
dense fitrovlsstic cells, macropheges and polynorvhorucleer

leucocytes, a zone of looser ficrovlastic cells, macrovheges,
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pleasma cells end lymphocytes, ond finally & zone of

fitrosis,

Liver. The liver wee somewhet congested and snowed cloudy
swelling end nemorrhege. The sinuscids were moderetely
dilsted snd distended with sn excescive number of erythro-
cytes ond neutropiils, The cloudy swelling wse more or less

genersliirzed, although it wes mild in neture., Surrounding

(a4
E

e ereas of hemorrhsge, a polymorphonuclesr leucocytic
infiltretion wes present, Trhe nemorrhages Were irreguler

in shape ard varisolie in sige, ranging from a minute un-
limited area tn those »of considersble size which were
surrounded oy £ thnin fibrous wall,

Lungs., The lungs suowed lesions of suppurective vroncho-
preuncnia,  The erees a2djacent to the suppurstive foci

vere infiltrated witn polymorphonuclesr leucocytes while
those away from the suppurstive foci showed stelectesis of the
alveoli and. .pronchoprneunonia-with macrophage infiliration,.
Intestine, The Dblood vessels of trne intestire were rather
congested but no other lesions were appesrent,

Kidneys. Host glomerulil were swollen snd stuffed with an
gxcessive number of proliferstive cells so that a cese of
proliferative glomerulo~nephritis existed. Tne lumina of
convoluted tubules were greatly dilsted and filled with s
considerable amount of edemstous fluid mixed with some
elouminous casts., Tne eplthnelium of the convoluted tubules
showed various degrees of cloudy swelling and some of the

cells were desQuameted.



Heart, Just veneath the endocerdium, some fatty degenere~-

tion of the myocardium was noted,

Joint capsuls. The joint capsule of the rignht csrpus

\

S

wed typical lesionsol an acute suppurative arthritis,

Other tissues. Apparently normsl.

Sunnery and discussion.

L,

~
W

The enimel suffered from navel infection resulting in
auvscesa-formetion end oronchopneumonia of the lungs,
pemarrhages in the liver. olnmernlo-nephritis and
arthritis,.

This lamo was snemic a8 revesled by the low value for

oy

red olnod cells snd hemoglobin, 81

]

1ce tnis 1anb was

attacked by scute srtnritis snd wase lame, apparently

r

it did not get enough food in order to msirtsin its
ulnoc level.

The. leucoecytosis could be the . resull of various condi-..
tions such #8 svscess-lormation, nepnritis, sacute
erthritis, pnewnonie end even nemorcinsges in the liver,
Procectv, tne comvined eflect »f 211 these conditions
wags the reel or actusl ceuss of such & gerked Jeucn-
cytosis in tihls cese.

The bigh velues of 211 olood componente (excent
creatinine) were directly relsted t» the rencl sup-—
pression due to nepnritis, plthnousn ocute arthritis
woulad also cell fortn an incresse in ©lood uric acid

end anemie night sometines incuce s of ©lnod




7394 (

Grade, Mszle)

This wes probsoly another csse »f novel infection with

Staphylococcus sp. éend & gram-negative roa resulting in the

formation of & variety of les

skin ana

on 4/11/44. It was
‘PL F?,d Ol e (‘E .

arnd wes oulte lnme. The

up sna was killed 2t 3.

3

20 deys.

j

Etiology. A hemolytic Staohy

The lemb had

animal

ions such g8 necrosis in liver,

suocutaneous end

dr . Wocelield, County

the snaller of 2 twin and tae
en enlarged left cerpal joint
cecame weaker, could not
N0 PN, 4/21/44 st the epe of

locnccus woes 1gnlnted from left

coarpsl joint ena
neart-clood (Teule 4! cult

JBlood studies.

(a) Blnood picture

Erythrocytes...........
LeucocytesS., ... ... ..., .
Hemoglooin,. .. ... . ...
Differentiel count ()

Lympnocytes.. .. ... ... .
Neutropnils............

segmenters.. ... .. ...,

CenAS, ..., e
Monocytes, .. ... ......

o ~ 4 - 1+ - o
Eosinophils, . .o,
-

pesophils, ., ... ..., -

Glucose, .o oL ..
Uric
Crestinine,.......
Chilnrice, ... .....
R T

Ure

eC10, .,

......

a eram-neg

ative rod (Bacterium sp.) from

ure 7394 a, b.)

)

e e .. 3,710,000 per c,mm,
e . 14,600 1 "
12 ¢./100 ce,

. oo {73)
............ ( 7)
LR
v U

W
~J
[
~
i
.
M

)]

(SN I

)
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In compering the results of blood studies in this
caese with the normel standerd (Tebles 1 & 2), the number
of erythrocytes was somewhoat lower, nemoglouin somewhet
nigher, and leukocytes decidedly nigher with neutrophils
(82%) predominsting over lymphocytes (18%). The structure
of erythrocytes was rotner normal, slthough a few
poikilocytes were nccesionally cbserved, In respect to
bl9od chemistry, the vslues of N.P. N, 2nd Urea-N were
rather low wnile the velues of other elements seemed to
fr11 within the normel range.

Gross lesions,

4

Suoccutsneous tissue, There wss sn adscess gbout 1 1/2 com,

in diameter in the suscutaneocus tissues nesr the thoraco-
ebdoninal wall,

Joint. The left carpel joint was swollen and distended and
the joint cepsule was thickened end the cavity filled with
cloudy flocculent exudate. A smesr. made from the. exudate
showed active phagocytosis. (Fig. 33).

Heert., Numerous sbsCesses Were present in tne heart. There

was a marked pericarditis end myocaercitis, the percardium

by

ceing tightly edhered to the myocardium, (Fig, 34)

g

Other orgens. Appsrently noranal,

Microscopic lesions,

Liver. The liver showed evidences of congestion, cloudy
f

swelling, some diffuse fatty degenerstion, some hydropic

I

degeneration, and necrotic foci with narkes polymorphonuclesr



lcucocytic infiltration. 1In genersl, the various lesions
of liver in tais cese resembled Guite closely those found
ir Case #7337 with the exception of diffuse fatty and

nydropic degenerstions which were not found in that case.
Heart. There were numerous sbscesses 1n the heart and

they were found moetly in ayocardium snc & few in the

epicardium. Due to the Tact thsat zoane ol the eplcardial
suscesses ruptured and the inflemnpatory exudste went into
the pericsrcisl sec, the pericardium cecome involved, As
# Tesull, o Cabe ol Suupurellve i

overdiils, eplicarditis

snd pericarditis actually existed. Tae abscCesses Were
irreguler in snepe, verisole in eize (2,15 mm. X 0.12 mm,

to 5 mm. 4 4 mm.), =2nd were charscterized by marked cell

infiltration (uwoth polvmorphoruclesr leucocvies and macro-—

surrounded oy an extensive fiorosis (Fig. 35).
The endocardium, howevel, wes not affected,

“Joint capsiile. Taejoint capsule Af left Carovus showed &

I

tyvpicel lesion of an ecute suppurstive aritnritis somewhat

1ike thet fHund in Case #7393%,

in svuscess, The skin lesion wes psriislly opened put

483
=
.
I6)

possessed all the penerel characteristics of a typicel
apscess. Except st the point where its opening was loceted,
the apscess Was oounded on its outer surface oy a thin

laver oi eplidermis together witn 2 smell portion of outer

corium eno on its inner surface by e thick layer of fibro-

vlastic tissue, wnich extended Gown the muscle tissue
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underneath. On tuls account, most parts of the inner

corium and stratum subcuteneun had bveen destroyed end

replaced by fibrosis,

Otner tissues. Those tigsues such as intestines, kidneys,

etc., were also studied, but they snowed no astnormalities,

SU‘Z}?H?)I‘Y snd discuesion,.

i

iy
.

This lamv wasjsmall and weak due to the vresence »f
neCcrosis enG hemorrhages in liver, avscesses in heert,
skin, subcutsrneous tissues, end srthritis in cerpsl joint,
Both bacterial infection snd avscegs-formetion resulted
in & merked neutrophilia.

Since the liver wee damaged, it apparently could not
perform its functions properly irn m2intaining the normel
level of vlood ures and nor-protein nitrogen. These

values wWere rother low,
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Case No. 7382 (Shropshire, male)

Tnis was & case of docking infection wnich resulted in
abscess~-formation of the spinal cord, mild asssociated
conditions were sn enteritis, sand some disturbances in the
liver and kidneys.

Higtory. Tris lamop showed bilatersl paralysis of the rear

1imbs on 3/31/44 snd was brought to the pethology bern with
its mother. The lamv was kept under observation for an
entire weex and snowed ne improvement. The animel,
however, remeined very bright, nursed regulsrly, snd it
seemned doubtful whether this wes "stiff-lamb disease".

On 4/7/44, =2t the ape of 9 deye, the lanb wes dled and
killed.

Etiology., One species of undeternined pran-negative coccoid

bacillus wes isolated from the liver end two species of
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Blnnd Studies.

(a) Blood picture

Ervthrocytes.. ... ......... L.3,272,070 per c.min,
LelCoCY eEs . Lt it i e o, g5 M il

Hemoglobin. .. ... ... ... vi.u... . 9.8 g./100 cc,

Differentisl count (%)
Lympnocytes,...... .........40
NeutropndllsS, oo veon o on. S1s)
segmenters..... ... ... ..., .. (DB
eendsS, L ... ... . S
JuvenileS, .. ..o i,
vonocytes, o, .o . ... 0
Eosinophils................. 0
pbesophils, ... ..... ... ......0




(o) Blood chemistrv (Mem/100 cc.)

GlUucCoBE. . vv o e e e, 87,50
Uric acid. . v, v 1,10
Creatinine................ .. 1.00
Chloride.......... .. 43000
N, P, N, e e i i .. 34,00
Urea-N,...... e e e, 11,70

Except for some leucncytosis with increased neutrophils,

reduced lymphocytes, snd slight increése in glucose, the

various velues of the ol 00 glements of this lamb Were not
murn different then trhaoage ~f normel leambe Thne morphalogy

of erythrocytes wes normal.,

Gross lesions.

Skeletel muscles. There was some atrophy of the muscles of

the rear limoes,

Teil-heed. In the region of the teilnesd &t the docking
site, » greenish colored pus wes present. This suppuretive
Adegton sxtended dnto end~involved.the spinsgl-eord eg for-sg

)

the center of the lumbar eree. (Fig, 2

(@3]

Cther orgens., Apparently hormal,

Mlicroscopic lesions

°

Qiiﬁﬁ, The 1liver snoweo congestion, clouoy swelling,
ditfuse fatty degernerstion, and occasinomal tinv necrotic
foci with & polymorononuclear leucocytic infiltretinn.
.

The lesiorns were sonevnat gianilsr to tnoge found in the

Ltiver of Cose #7368,
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Intestine. Tne intestine snoWed lesions of a mild enteritis,
involving particulsrly the mid-gut. There was & superficial
necrofis involving coth the epithelium and lsmina propria
with & anderete macrophage reaction in the subnecrotic zone,
Kidneys. The Kkidneys were suspected of having & congenitel
cystic conaition. Reve and there, the proxinal convoluted
tuoules were dileted to the cystic stepe with urinary
excretion and sometimes contslned aluuminous casts. 3Soue
Morobiastic proliferstion wes also observed in these
sffected aress, As the snimal was young, this condition

was believed to have developed in intra-uterive life. The
epithelivn of the convoluted tubules showed cloudy swelling,
and nccaeionally enall focl of lymphocytic infiltration

were noted,

Erain,

Q

ain was slightly oo sted, otherwise it seemed

rormal .

] un ol Lorﬂ Tie Up1r“;’C0rﬁ wag severely injpred oy thew
dqcking infection wnich resulted ir abscegss-formetion ond
fivrosis., The tissue resction seemed to gtort ir tne grey
subeteonce of the cord glong the central canal and the

lesion gredually spreac to the surrcunding arcas The epi-
thellal linirg of the centrel ceangl was first ettscked, and
as theee cells were involved, a polyaorpnonuclesr leucocytic
infiltretion toox place. As the grocess developed, more of

The surrouncing tissves vecsne involved end more poly-

norphnonuclesr leucocytes nigretea to the ares. Ir some



sections of the affected cord, voth perivasculer poly-
morphonuclear leucocytic infiltration snd irfiltretion
#long the commissures were readily observed, When these
sffected tissues Lecame necrotic end partly phegocytized
0y the polymorphoruclegr leucocytes or pertislly dis-

solved vy their proteclytic enzymne, & semi-liquid sbecess

- i3 PR 18 I T PN F. "
was Torme In genersl, & recently Tormed a0scess (Fig, 3
- PR ! . . e s pm g P OO S RSP S Y - .

ned the followine Chagracteristice: & liuulfied certer

with some seni-sollid exudate, 8 z2one of derk-stained
neterisl consisting mostly of dvire polymorphonuclear
leucceytes end sone fibrin, encd & zone of sffected rervous
tiesue infiltreted with scotive colvamorpnonuclesr leucocytes

The sffected nerve cells and neuroslia took eosin stain

srd the nuclel hed elther diseppesred or undergone pyknosis

o}
—
o
[¢r)

more advanced or oloer lesicon, the spinsel

soecess hod slichtly different manifeststionse., Lesides

oy
}__J

[

the cngracteristics mentioned previously for the recenilv.

formed sbscess, two other elements were observed, namely,

Y
=

o
joe]

sked infiltretion of macropheges in the Zrd layer and

e pronounced fTibrosie irn the 4th layer. As o result,

there were five different zones in the older atscesgs instead

~T three zores a8 were found in the more recent one. The
ndotreliun of cegpillaries located on the valls of the
older aopscesses was proliferatirg and sncowed evidence nf

L4

nypernvlesia, sugpesting thet thelr activity was etill

-3
R4

~e
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proceeding. The etiological agent, the diphtheroids,

wzs ooserved in the inner second layer of the abscesses,

Other tissues,., Other tissues were more or lese normal,.

Summary snd discussion:

1.

(DN

2]

I

sulting in

D

This wss 2 cesse of docking infection r

50

n
w

ce

o

gs~formetion of the spinal cord, mild enteritis,

and some disturvances in the

m
}.._..l

iver and kidneys,

The snimsal showed bilateriazl perslysis in the reer limbs
due to involvement of the lumbo-sacrel region of the
spinsl cord by suecesg-formetion and neturaelly the
nerves supplying the reer limes had ceesed to function.
A bscterisl infection of the teil-head csused the mild
neutrophilisa,

Blood glucose was slightly increased., The resson for

that was prooably the result of impeired liver function.

ot

The 1amb remained bright throughout life, which indicsted

thet the mild enteritis and disturbaences in the liver
and Kicneys were recent developments and genersl systemic

involvement wes not zpparent,
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Case 7365 (Eampshire, male)

This was & case of docking infection and somewhat
recembled Case #73672. However, this case was more acute and

serious, sirce it had & combined infection of Actinomyces

necrophorus and Corynebacterium sp., resulting in the forma-

tinn of scuscesses sround the centrsal cesnal of the epinel

cort, hemorrhages in the srachnoid membrene of the meninges,

and an acute valvular endocarditis,

History. This lamo wes noticed to have some parslysis of the
rear limcs on the morning of 4/8/44. It nursed well when
held up to the mother., The lamb was found dead 2t 8:00 A, M.
two davs later when it wes about one month old.

Etiology. Corynebacterium sp. and Actinomyces necrophorus

were isolated from the spinal cord. Actinomyces necrophorus

was cultured in deep brain broth, while the genersl

characteristics of the Corynebscterium sp. are referred to

in Table 4: Culture No, 73865,

Gross lesions.

Urirary bladder. The bladder wes distended to the extent

that urine was precent in the pelvis of the kidneys pro-
ducing a hydronephrosis. However, the urethrs was open.
Tailhead. The docking wound wes not hesled. There was

consideraole inflemmeticn present about this srea. Upon

splitting tne verteoral column, exudate wes found in tre

vicirity of the caude eouire and the inflammstory process
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eytended up the central cansl to a poirt located at the
posterior psert of the lumber region. In the lumbar region,
there was an extensive hemorrhsge sround the spinal cord
sporoximately 2.5 cm. in length,

Bicuspid velve. The vicuspid valve showed some ereas of

inflemmation,
Other orgens. WNo visitle lesions were observed.

dicroscopic lesions.-

Spinel cord. Hemorrhage wes rather extensive in the

arachnoid membrane. It was ooserved that the Dlcod flonded
the subdurel space for a2 corsiderable sres, covering the
whole dorsal helf of the spinal cord. The avscess (Fig. 38)
eround the central portion of the cord was recently formed
and it resembtbled rether closely that found in Cese #7367,
Besides thie sbscess, there were four greatly inflamed or
suscess—-like spote located in the perivascular aress, two
on ezch of the mixgd lateral tracts of Cajel. . In fact,

one of these four srezs was glready trensformed into s
small sbscess., In these lesions, the capillaries were
considereacly dileted. The endotnelium was swollen,
loosened, anc polymorphonucleer leucocytes had migrated
through the capillary walls. The endothelial layer was
surrounded by a clear zone filled with edemztous fluid and
cells and limited Dy a delicate layver of fibrous tissue
which wes in turn surrdunded by a clesr spece of about the
same 8ize &8 the previ%ﬁs mentioned eres. Finally, a dense

layer of fiorin was noticecd st the outermost limit of the
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lesion. The etiologicsl agents, Coryneoacterium sp. and

Actinomyces necrophorus, were observed in the exudate of
the central abscess, and it indiceted clesarly thsest this
case was one of mixed infection (Fig. 39).

Bicuspid valve. The lesion in the bticuspid velve of the

heert consisted of hemorrhege, necrosis, and e marked
volymerphonuclear leucocytic infiltretion mixed with some
fiorin. A short disterce from the affected sres, the
fiuroblestic cells were sctively proliferating, although s
defirite wall segrepeting the inflamed sre had not formed.

Actvally, the lesion in the bicuspid valve constituted

whet 1e known as acute valvuler endo-csrditis,
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Case 7370 (Grede, male)

Tiis lamb suffered from infection of the castretion wound,
History. This animal was castrsted about three weeks before
deetn which occurred on 4/10/44. The lamb was noticed to
te stiff in the left hind leg on the previous day. Unpcn

talkirg with the owner, it was felt that this might have

been a case of "etiff-lanp discose,

Gross patnhology. The scrotum had been pertially removed, and

v ool v
aal z

K o7 +he wAandl on
PR R e e A VPO Mo e e NGt epy

(20

gkin had turn

y ed in. The wound had

failed to heel and the inflemmatory process extended from
the scrotal region along the left avdominal wall and es
fer Torward as the end of the penial sheath, WNo other
visible lesions were observed and apparently this was not
= case of white-muscle disecsge, since no musculsr lesions
were oovserved.
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Cese 7282 (Hampshire, mele)

This was a case of bronchopneumonia.
History. This animal wss vorn on 2/28/44. It was noticed
to be droopy, ceased to suckle, and oresthed with difficulty
as thoupgh it had pneumonis. It was then treated with
pneumonia serum and mineral oil. The lamb died when it
wes three deys of =sge,

Gross patnology

Tl ve v~ e A Ao weao ¥ ]
JITOTAY HUloUl CXUCLATL Wagl pI’SSSDt im

the trachesn

(oAl

T owaan i
Laldflg D,

and bronchi. Some congestion of the mucous membrene of

the lower traches and brenchi wss noticed., Moreover, an

scute fulmineting and repidly-spreacing bronchopneumonia

was found in the apical, cardiec and anterior one-fourth

of the diaphrsgmatic lobes of both lungs.

Liver. There were small white foci obout 1 mm. in diameter
- throughout- the liver. The-liver wes -‘frieble snd-slightly

incressed in size.

Other organs. Apparently normal.

bacterisl culture. Negative.
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Case 7308 (Southdown, male)

This was a case of passive hyperemia resulting from sn
open ductus serteriosus and complicated with bronchopneumonia.
History. This lamb was oorn on 2/23/44. On 3/5/44, the

lamb was noticed breathing heesvily end wes given 20 cc.

of pneumonia serun subcutaneously. Two deys later, the
some doge. of serum was again given, After esch injection,
the lamb appeeredc brighter and mcre active. However, it
wes found deed on 3/9/44.

— .- " P
LT1OLOEY. A grrai-negative oo

—

Baclerium sp.) was isolated
from the lungs. See Table 4: culture No. 7308 for its
peneral characteristics,

Gross lesions.

Lungs. There wss a marked congestion of the lungs with
sore recent pneumonia on the right side involving the

apicael, cardiac and small portion of the disphrsgmatic

B

~1obes.

Liver. The liver wes very much congested, This organ was
enlarged by at least one-thnird,

Heart. The ductus srteriosus wss open which allowed the
free passage of blood into the sorte fron the pulmonary

artery.

Other orgesns. Apparently normal.

Microscopic lesions.

Liver. The liver showed acute venous congestion with marked

diffuee fatty degenerstion and necrosis. Fat globules were rresent
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not only in cells located a2t the periphery of the hepatic
lobule but also ir the irntermediete and central parts of
the lobule. Blmost every cell in the lobule was involved.
Some cells contained a number of various siZed fat globules
in which case the nucleus was still centrally loceated,
while others contsined just one large fat globule and the
nucleus was pushed to one side of the cell and flattened
so that the cell resemoled tnose cof adipose tissue. In
some lobules, the necrosis hsd extended almost around the
central vein. (Fig. 42) The hyperemia was generalized,
vut in some spots it was 8o extensive that the sinusoids
had ruptured and consecuently hemorrhsage occurred.

Intestine. Due to acute passive hyperemie, the intestine

wee also affected. The intestinel capilleries were very
much congested, and there wess some mucoid degenersation
of the epithelium,

Lungs. The lungs were corgested and showed lesions of a
morphonuclear cell infiltretion was the predominsting
feature throughout the pneumnonic aress,.

Qther tissues. Otner tissues were more or less normal.
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Case 7329 (Black Top Delaine, female)

This wes a case of interstitial bronchopneumonia with
marked passive congestion of liver and kidneys.
History. This lamb was born on 2/81/44 end was found desd at
7130 A.M., of the same day.
Etiology. WNo bacteria were isolated from this case.

Gross lesions.

Lungs. No evidence thant the lamb had ever breathed,
Liver. Slightly mottled.

Other orgsns. Apparenily normal.

Microscopic lesicns,

Lungs. The lesions in the lungs were interesting. It was

s cese of interstitial bronchopneumonia havirg developed

during fetal life. In addition to all those general

characteristics found in a typicel broncrnopneumonia, there
_was @4m§rk§d 1ymphpcyﬁicwiqfi}trgtionib ?hese’lymphgid

cells were found mostly in the slveolar walls, but some

of them were alsc found in the periproncnisl and peri-

vascular regions, Here and there, groups of these cells

were in aggregate forming tubercle-like structures.

(Fig. 41, 42) The slveolar wsells were thickened while

the alveoli were either infiltrated with macrophsges end

a few polvmorphonuclear leucocytes or distended with

edematous fluid. The bronchioles contained inflammatory

exudate, consisting of somne mucous msterial mixed with
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polymorphonuclear leucocytes. In certain aress of the
affected lungs, there was evidence of fibroblastic
proliferstion in the alveolsar walls as well as in the
peribronchisal and perivascular region, while in others--——
especially in tnose near the bronchisl walls Quite &
number of plassma cells were ocserved. Occasionally,

giant cells were found in certain alveoli. 1In genersl,
the slveoll were more or 1less in an actelectatic condition,
out this condition wes interrupted here anc there vy sreas
of compensatory emphysema which indiceted thet the lamb
had treathed for some time after cirtih.

Liver. The liver wes exceedingly congested and showed
narked fatty degeneration. Tne sinusoids were greatly
enlerged end filled with an excessive numoer of blood
cells. The fatty degeneration was pronounced and diffuse,
involving practically every hepatic cell in the liver.
Most hepatic cells contained one to several large fat.
globules so that the nuclel either were pushed to the

side of the cell or were deprived of nutrition ard showed
karyolysis,

Kidneys. The kidneys snowed marked congestion and
hemorrhege, involving both parenchyma and interstitisl
tigsues. Throupghout the cortex and medulla, an excessive
nunter ol erythrocytes were observed within the inter-—
lobular capilleries and capillaries in the medullery area,
The glomeruli were also rather congested and & case of

£lomerular hemnorriage actually existed so that Dlood cells



were found inside quite & number of the convoluted

tubulss o8 well a8s in the ccllecting tubules.

Other orgens. Other organs were not affected and seemed

normal.
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Case 7350 (Shropshire, female)

This was a case of bronchopneumonia wita probably
snne other comglication.

fash

History. ne lamb was owned by A, E. Holtforth, Fenton,
Michigen., It was & large well-nourished lamb 2bout three
weeks of age. The animal died suddenly the previous evening

(3/25/44) snd the carcass was veginning to decompose snd was

oadly bloated when ovrought to the laboratory for sutovpsy.

ttiology. A gram-negative rod (Becterium sp.) was isolseted

<
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Gross pathology.

Stomach. On the lesser curvature of the stomach, there
was a2 large srea of hemorrhage snd erosion of the mucous
membrane. Surrounding this eres, the folds of the stomach
were thickened to about 1.0 cm., and were very hard,

Lungs. Pneumonia was present in the right apical end
¢urdisc lobese, ™ The pneumonis did not sppesr to be of
sufficient extent to ceuse death.

Heart. There was an extension of the inflamnatory vrocess
to the pericerdium with some hemnorrhage on the pericardium
and excess of pericardiel fluid,

Other orgsns. Apperently normal.
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Case 7351 (Shropshire, male)

Tnis was another case of bronchopneumonia with

probably some other complication,

History. The lamb was small end weak and had not veen doing
well since birth., The animal came from the same farm as
Cose #7350, It died on 3/25/44 wher it was sbout one
week old.

Etiology. A gran-negative rod (Bacterium sp.) was isolated
from the lungs, and its generel characterietics sre men-

tioned ir Tavle 4: culture No. 7351.

Gross pathology. There was a very slight amount of patchy

pneumoniea in the right apical lobe. Besides this, n»

other lesions were cbserved.
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Case 7353 (Southdown, female)

Tnis lamb suffered fron an scute hemorrhegic broncho-
pneumoniea.
History. This animal had not been able to stand on its
front legs and died in the morning of 4/1/44 when it
was about two days old.
Etiology. A gram-negetive rod (Becterium sp.) wes isolated
from liver, neart blood, and lungs. The generel charscteris-
tics of this micrao~organisn zre civen in Table 4: culture

No. 7353,

Gross lesions,

Trachea. Conteained frothy foam.
Lungs. Showed reddered eresas which were solidified,

sugresting either hemorrhage or oveginning bronchopneumonia.

Mesenteric lymoh nodes. Congested and somewhat enlarged.

Lther orgens .~ No visible lesions observed, -

Microscopic lesions. Tne lungs showed a very acute hemorrhsgic
type of bronchopneumonia. It wes the most severe case of
oronchopneumenia observed curing the entire lambing season
last year. The lungs were exCeedingly congested and
nemorrhagic., In fact, hemorrhspe was the most precominsting
feature of the lesion, and ealmost everywhere in the lung an
excessive nunber of ervthrocytes were observed. The
bronchioles were very badly inflamed and the lumina ss well
2s the surrounding alveoli were filled with either inflem-
natory cells, fiorin, or erythrocytes. (Fig. 43) The con-

solidated areas were interrupted by areas of congestion,
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collapse, and emphysema, following the same pattern ass

a typical case of bronchopneumonia. The serosa was also

very much congested and swollen.
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Cases 7371 & 7373 (Shropshire female & male)

These two ceses showed bronchopneumonia complicated with

Actinomyces necrophorus infection of the lungs.

History. These two lambs came from the Cesor Farm, New Hudson,
Michizman., One of them wae born on 2/28/44, while the other
orn 3/3/44. DBoth were given serum treatment for pneumonia,
out they died on the same day (4/11/44) in spite of the
treatnent,

Etiology. Two species of bacteria were isolated from the
lungs and pericardial sac of case 7371 (Tsble 4: culture
No. 7371 a, b) and three from the lungs of case 7373
(Teble 4¢ culture No. 7373 &, 0, c¢). A micro-organism

morphologically similer to Actinomvces mecrophorus was

isoleted from the lungs of each csse by deep brain obroth

culture.

Gross pathq;ogy._
Lungs. The lungs were greenish brown in éolorbané.tﬁe
exudate in the lower trachea was also greenish brown and
had a putrid smell. Numerous greenish colored abscesses
were present throughout the lungs and there were adhesions
of the lungs to the ribs. 1In case 7371, there was a

fibrinous pericerditis in addition to the lung lesions.
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Case 7401 (Shropshire, female)

This was & case of acute suppurative bronchopneumonis
complicsted by 8 mild enteritis,

History. This lamp was 24 days old and was found dead at
9:00 A.M. 4/74/44, The lemb had been nursing s goat and
appeared normeal the day before its desath.

Etiology. Three different kinds of micro-orgenisms were

isnleted from tnis lemb, nemely, one from neart blood

and Neisseris sp.). Their generel characteristics are
referred to in Tabkle 4: cultures No, 7401 a, D, C.

Grogss lesions. Upon removing the skin, the carcess was found

to be rather emacisted snd the lamb nad s severe diarrheea,
Intestine. There was a2 sliyht enteritis present in the
ileum. No formed feces were found in the rectumn.
~Lungs. - Bronchopneumonia wss present in the spicel and
cordiac lobes of the right lung. There wss only slight
involvement of the left lung. Tae pneumonia would rot

ve considered severe enough to ve the entire cause of death.

Microscopic lesions. Only lung tissue was preserved for

study. Both the pneumonis and the suppurative foci were
in peginning active stages, ana much lung tissues had
ceen dameged especially by the suppurstive processes, In
one instence, & relatively large ares of sbout 4 mm. by

5 mm., wss occupied and destroyed by a spreading abscess.
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Case 7410 (Hampshire, male)

This wes a case of acute suppurative bronchopneumonis

complicated with enteritis,

History. The lemb showed mild scouring on 4/27/44 and wes

found deed the next morning, It was sbout 25 days old.

Etiology. A prem-negative rod (Bscterium sp.) was isolated

Gr

from the lung. (Tecle 4: culture No. 7410)

ngs lesions,

Ml

Lungs. Bronchopneumonis Was present on ooth epicel,
cerdisc snd anterior tnird of the righit diaphragmatic
lobes. The pneumonis was progressive &s there was 2
marked zone of congestion vetween the pneunonic area and
the normal lung.

Intestine. There was slight congestion of the Peyer's

froeaiBhe e,

~netcheg and the mucoss of the smell intestine. No formed

e

feces were found in the colon or rectum.

Other orgens. Apperently normsl.

croscopic lesions. In studying the sections teken from

right anterior cerdiac lobe snd right disphregnaetic 1lobe

of the lungs, a cese of typicel scute suppurative broncho-
prneunonia was noted. The oronchioles were severely damaged
end their lumins were filled with inflamnmstory exudste
consistire mostly of polymorphonuclear leucocytes snd
desquemeted epithelial cells. Tre alveoli surrounding each
infleme 3 bronchiole contained mostlyv polymorohonuclear
leucocytes, indicating thet the case wes still in scute

stoge. Here and there, avscesses of recent development
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were found. Farther out from the affected areas, a
few macrophages mixed with somne polymorphonuclear leuco-—
cytes were found in the alveoli, yet the latter seemed to

be predominating. The pneumonic areas were spreading

ouite extensively end were only occasiorally interrupted

oy aress of marked congestion, collaspse, and emphysena.
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Case 7415 (Hampshire, femele)

This wase a case of Dronchopneumcnie compliceted with

encephelitis (probably listerellosis) and enteritis.

History. This lamo was corn on 3/7/44 and its twin stcter

¢ied about three days later (Case No. 7310). On 5/3/44
the enimel was down on its side with the heed thrown beck
end the feet were movirg es though tne enimel were rurning.

The snimal was then kxilled.

Etinlogy. A cramn-negstive rod (Bacterium sp.) was isolated

from the lungs. (Table 4: culture Wo. 7415).

Blood studies

(a) Blood picture

ErythroCytesS . v v e i ir en s ... 53,970,000 per c mm.

LEUCOCYTES ., o i e e e 14,150 "
Hemoglobin, . vve e e e vnnn. 7.8 ./100 cc.
Differential count (%)
Lymphocytes.......... ... .. 2
NeutropRilS.\ cetes v vcs s 36 —
SEEMENTErS, cv v e e e, ... (78)
bandS. . ... ... e v (18)

MONOCYEES s vt ittt eeianas B
Eosinphils................ O
Basophils. .. ... ... oo (

(b) Blood chemistry (Mgm./100 cc.)

O R els )1 - R 40 D010

Uric scid. ... .. . v, c.. 2,80
Crestinine. .o i it i iie i ees 1,30
Chloricde....... e e e e ... 480,00
NP, N,..... e e e e 41.00
Urea-N, ..... e e e e, 28,30

The bleood picture of this caése showed a marked leuco-

cytosis neutrophilie with neutrophilic cells (9€&

\.0;\

) greatly

predominating over lymphocytes (Aé). EBoth hemoglobin value



an¢ the number of erythrocytes were somewhat lower then
the normel velues (Table 1), and there was structural
evidence of microcytic hypochromia of the erythrocytes
with en occesional occurrence of nuclested voung cells.
From the results of chemicel anslysis of the blood,
the plucose was found to ve about 2.6 times higher than
thie normel stenderd whereas uric gcid, N,P.N., snd ures-N
sere 2ll somewhst above normal,

Gross lesions.

Lurgs. The right apicsl end cardisc lowves showed "cold

pneumonia" and there scemed to be no recent extension of

tne process. In the left diaphragmatic love, there were

m

tome spote which appeered to be hemorrhages,

Liver. It showed what appeared to be some cloudy swelling.
Brsin. It seemed edemstous although it was cuite firm

otherwise,

Other organs, Apparently normel.

Microscopic lesions,

Lungs. In a study of tnose tissue sections tsken from the

right apical and rignt cardiesc lobes of the lungs, & case
of tvpicel btronchopneumonia of severel weeks durstion was
revealed. The chsrecterigtic festures of the lesion were
metaplasia of the smell bronchioles and thickening of the
alveoler walls es a result of fibroblestic sctivity., 1In

ceneral, the pneumnorlie was in a stage of resolution with s

predominarce of macrophages carrying on active phagocytosis,

althoupn eroups of polymorphonuclesr leucocytes were
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observed here end there in the alveoli and bronchioles.
In & section taken from the left disphragmatic lobe,
however, a different pneumonic lesion was found. There
were some hemorrhages in this portion of the lungs indi-
cating thet a state of hemorrhsgic bronchopneumonia
cctually existed., This condition appeared to be the
result of a recent extension of the old pneumonic lesion.
Thalmus. In the thalmus, Quite a number of acute in-
flammatory foci were found., These focl were scattered
throughout the cortex, especially in the perivascular
aress, and esch was chsracterirsed by & marked focal in-
filtretion of both mononuclear and polymorphonuclesr
leucocytes, constituting a lesion commonly known as
"perivescular cuffing". (Fig. 44) This lesion resembled
thet observed in listerellosis and other infections., The

nervous tissue, however, was not greatly demaged so that

wundoubtedly this was s case of beginning encephalitis,

P

The brein wae not cultured.

Liver., The liver was only moderately congested, but it
snowed a mearked cloudy swelling and some diffuse fatty
degenerstion.

Intestine. In the small intestine, while bdoth duodenum
and the last portion of ileum near the caecum were normal,
a greater part of the jejunum end ileum were severely
affected with acute enteritis. A grester part of the
mucosal epitheliun was necrotic and pertly desquamated,
filling the intestinal lumen with inflesmmatory exudste

wnich consisted of dead tissues and some leucocytes,
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Summery and discussion,

1.

Since this lamb exhibited bronchopneumonia, encephalitis,
snd enteritis, the chance for its survival was mesger.

The animal was slightly eanemic and some of the vitsl
orgens (lungs, brain, liver, and intestine) were disessed.
Appesrently, the animal wes under-nourished. Due to the
presence of anemis, the blood chloride was 2 little

higher then normal.

The blood glucose, uric scid, cresatinine, ¥.P.N., end
Ures-N were all higher then normal, which might result
from the hepstic disorder and possibly the dehydrated

condition.
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Case 7443 (Shropshire, male)

This was another case of bronchopneumonia complicated

with Actinomyces necrophorus infecticn in the lungs.

History. This lamb was about €4 deys old. It was noticed
sick on 5/11/44 end wes brought to the pathology barn,
There was merked abdominal bresthing ond the lamb was
cuite insctive. The lamb was treated with pneumonis Serum
for two days but no improvement wes noted. The leamb died
on 5/13/44,

Etiology. A gram-negative rod (Bascterium sp.) was isolated
from the lungs (Tavle 4: culture No. 7443) snd a micro-

organism indistinguishatle from Actinomyces necrophorus

wos also isolated from the lung abscesses,

Gross pathology. There was a merked bronchopneumonia in-

volving the apical, cardiac end ebout helf of the
_diaphregmatic lobes., The right espical love contained meny

greenish abscesses,
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Case 7474 (Oxford, male)

This enimal suffered from bronchopneumonia complicsted
by cecal end colonic constipstion,

History. This animsl showed severe abdominal breathing and
wae brought to the psthology bern on 4/28/44 and wes
treated with pneumonia serum and sulfethiarole. The animel
snowed improvement and began to eaf snd nurse well until
5/21, On that dsy and for the four days following, deep
sbdominsl bresthing was noted and the abdomen began to
be distended. The lamb was killed on 5/25/44 when it was
about 7 weeks old.

Etiology. A grem-negative rod (Bacterium sp.) wes isolated
from the lungs. (Table 4: culture No. 7474)

Blood studies.

(a) Blood picture

_Erythrocytes,....... PP ...9,070,000 per c,mm,
“Leucoeytes, ..... ... .. .0 0.0 g, r0on o e
Hemoglobin....vv v veinnn... 10.8 g./100 cc,
Differential count (%)
Lymphocytes............. 37
Neutrophils,............ el

SEEMENTEr B vt s vt ee e e (40)

DANAS . vt e e e (21)
MonoCYtE8 . s v i i i ee e 0
FKosinophils.......... ... 1
Basophils.,.............. 1

(b) Blood chemistry (Mgm./100 cc.)

GlUCOSE. v v v cre st e s e .., BB,7H
Uric acid., ... v ie i veaennnon 2.60
Creatinine. ... oo i i v it i, 1.15
Chloride.. . e eeseneeeenienne,- L3850 ,00
= (U 30.00

Urea—=N, .. o i it e et e e e iee 18.20
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The blood studies of this case revealed that except
for 8 moderate leukopenia in which the percentage of
lymphocytes (37%) wes outnumbered by that of neutrophils
(61%), the other constituents of the blood did not seem
to be affected and ¢id not deviate conceivably from the
normal standard (Tebles 1 & 2). Moreover, the erythrocytes
were morphologiceally normal and contained a suiteble amount

of hemoglobin,

Gross lesions.

1l

- . P I NN S | |
Luogs, A "Cold pneunonia
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~

Was raisc
and a small section of the diaphragmatic lobes of the

right znd left sides of the lungs. There was no indication
of acute progression. HResolution was taking plsce.
Intestines. The cecum and large colon were distended

with solid, dehydreted feces, and the mucosa was slight-

1y edematous. Due to constipation, fluid material had
backed up so thst a cor§idersable amount-of it was present -

in the fourth stomach.

Other orgsns. The other orgens wWere appsrently normal,

Microscopic lesions,

Lungs. A typical bronchopneumonia was present. Most of
the pneumonic areas were dominsted by macrophages snd a
few polymorphonuclear leucocytes were present, indicating
that resolution was teking place., However, in some
smaller areas where the polymorphonuclear leucocytes were
etill gquite numerous, there was some hemorrhage present.
These areas of hemorrhage might account for some of the

later symptoms of labored breathing and inactivity but
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which was undoubtedly caused for the most part by the
cecal end colonic constipation.

Kidneys. The kidneys were congested, &nd some dark brown
pignent was found at the base of the stratified epi-

thelium of papillee just adjacent to the pelvis.

Other tissues, The other tissues were more or less normal.

Summary and_discussion.

1. This was a case of bronchopneumonia complicated by
cecal and colonic constipation., The dyspnea end
severe abdominal breathing indicated such s condition.

2. The blood studies revealed eome abnormalities of the
blood and there was a moderate leukopenia with some
immature forms of neutrophilic leucocytes present.

3. The low value of blood chloride was directly related

to the pneumonic condition,

4., The lamb might have been saved if an enema had been

given in order to relieve the cecal and colonic
constipation and the serum and sulfatniazole treatment

renewed so as to clear up the pneumonic condition,
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Case 7334 (Hampshire, male)

The lamb suffered from bpacteremis due to Pasteurells

infection.

History. This case and the next one (Case 7735) had the
ssme history. The lambs were porn as twins at 11:00 F.d.,
3/20/44. Both of these lambs were very strong and
apparently normal. The ewe had plenty of milk and the
lambs suckled very well even up to 3:00 P.M., 3/21/44,

At 7:00 P.M. of the same day, these two lambs were found
deed in sleeping position,

FTtiology. A culture of Pasteurella (Table 4: culture
No., 7334) was isolated from liver, heart-blood, and spleen.

Gross lesions.,

Skin. Subcutaneous hemorrhages were found over the back
region, These hemorrheges veried from 2 to 10 mm. in
diemeter,

Muscles and fascige, Large oplotchy hemorrhages were found

in the senitendinosus muscle, and also in the intercostal
muscles on the left side of the body. Some hemorrhsges
were also noticed in the fasciae over the intercostal
nuscles on the right side and in the fascia snterior to
the elbow joints.

Liver, A few suvbcapsuler hemorrhsges were otserved in the
liver asnd the orgsn was covered Ly some wnitish fibrin,

Small intestine, The smsll intestines weres Quite edenstous

and the Pever's patches were markedly congested and
gdematous. The edems was so severe that the Peyer's

patches resembled blebs.



Stomach and spleen. Petechisl and ecchymotic hemorrhages

were found in the stomach wall end under the serosa st
the lesser curvature of stomach. Hemorrhages were present
in the subcepsular eres of the spleen.

Omentum end peri-orpital fat. Petechiel hemorrhages were

roted in these tissues.

‘Other features. There wes an excess of pleurel, peri-

cardial, and peritonesl fluids., The ductus arteriosus
was almost closea. No hemorrhages were observed in the
brain, elthougn tne pDlood vessels were rather congested.

The heart, lungs, &and kidneys were apparently normsl.

Microscopic lesions,

Liver. The 1liver showed merked congestion with cell in-
filtrstion and hemorrhages. The sinusoids Were very much
distended and filled with blood cells. The polymorphonuclesr

leucocytic infiltration was rether diffuse, out they were

“nore Eoncentrated sround the portal trifities, 'The nemdr-

rhages seemed to originate from the portal vessels sond
spread from there to the surrounding tissues and gradually
incressed in sirze.

Spleen. The lesion of the spleen was er interesting one,
There wes a narked serosal congestion and hemorrhsges
without observable involvement of the Malpighisn corpuscles
or splenic pulp. In the seross, the capillaries in some
perts were congested while in most of the other parts they
were enormously enlarged, oeing at least thirty times as

large a5 the normal ones. (Fig. 45) Hemorrhsge took
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plsce in the areas where the engorged cspillaries were
located. In the inner portion of the spleen, both spleen
pulp end Malpighian corpuscles seemed to show but little
if any changes.

Skeletel muscles. The skeletal muscles showed marked

congestion in some parts, cell infiltration in others, and
in still others necrosis and hemorrhsge. In the areas of
hemorrhage, the blood was observed elther in vetween the
nuscle-fibers or in open spaces formed by the separsted
necrotic mugcle tisaue, The necrotic muscle fibers had
lost the stristions end nuclel and took a lighter stein,
while others had broken into small irregulsr pieces. In
some of those showing s more advenced stage, the pleces of
dead muscle-fibers were shrunken snd crowded together,
leaving irregular spaces which were replaced by connective

tissue and adipose cells., These shrunk and crowded masses

—gf desd-muecle ~had changed their cheracteristics and were.

stained blue insteed of purplish pink with Msllory's
anilin blue.

Kidneys. The kidneys were ratner congested, &nd some
nyaline casts were observed from glomeruli down to the
collecting tubules, indicating increased permeanility of

the glomerular endothelium.
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Case 7335 (Hampshire, female)

Tnis enimal elso suffered from acute vacteremia with
Pasteurella infection ana the condition wses somewhat similar
to case 7334,

History. Same as Case 7334,

tiology. A gram-negetive rod (Pasteurella sp.) was isolated

fron liver, heart-blood, and spleen. For general
cheracteristics of the etiological agent, see Teble 4::
culture No. 7335,

Gross lesions. The gross lesions were almost the same as

for those recorded for case 7334 except thaet blotchy
hemorrhages were found in the muscles ventral to the pubis.

Microscopic lesions, Only a few pieces of tissues were

preserved snd studied, obut most of the lesions found in
the various tissues resembled quite closely tnose ob-
i o o8€rved in cese 7334,

Skeletal muscle. Hemorrnege was present in the suobcutsneous

connective tissue and vetween the muscle fibers. The

lesions were similar to those found in case 7334,

Skin over loin. The skin over loin region was very much
congested and some hemorrheages were present in the sub-
cuteneous tissue and in the muscle just beneath.

Liver. The liver was severely congested ond such lesions
as cloudy swelling, fatty degeneration, necrotic foci,
and hemorrheges were present. The sinusoids were grestly

engorged. The hemorrhages were found in the parenchyms
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of the liver as well &s in the subcepsular region. The
cloudy swelling was diffuse obut 1t was especially pronounced
in those cells not being affected with fetty changes.

Fat globules were seen in most of the liver cells, al-
tnough they were more conspicuous around the central vein

nf each lobule than sround the periphery. Here and there
throughout the liver, tiny necrotic foci were observed

and eaech of them consisted of a2 smnall group of dead

hepstic cells which had lost their nuclei and normal srchi-

I e

Oxylin

?

tecture, and took a 1itile deeper héma telin h

ot

144

the normal cells. The cells in close contzct with such
foci were slso affected as their cytoplasm showed &an

sffinity for eosin stein and the nuclei showed pyknosis,
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Case 7399 (Shropshire, male)

This was a case of enterotoxemia.
History. This lamb was 34 days old and was found dead on
the morning of 4/24/44, No previous symptoms were noted.

Etiology. Clostridium welchii, Type D.

Gross lesions.

Thorscic cavity. Excess nf fluid in the pleurel cavity;

edems of the lungs; excessive pericardial fluid with
fibrinous coagulum in percerdial sac; petechial hemorrhsges

on thne thymus.

Abdominal csvity. Blotchy hemorrhages (Fig. 48) on the
je junum, ileum and colon; congestinn of Peyer's psatches;
cecum and colon filled with grayish lioquid ingests. The
fourth stomach wes distended with ground grain snd

coggulated milk. The kidneys were soft and markedly

fiuid.

Microscopic lesions., Since this snimal was found dead for

gsome time before autopsy, the only tissue taken for micro-
scopic study was small intestine. From the sections where
the blotchy hemorrhages were present, it was found that

most nf the hemorrhages were confined to the submucosel

area., The hemorrhage was rather extensive and it seemed

to pe initiated by the weakened congested vlood vessels in
that particuler region. Moreover, the solitary lymph nodules

in submucosa were greatly enlarged and were infiltrated by
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guite a nunver of macrophnsges snd some polymorphonuclear

leucocytes which furnished aznother indicetion of involve-

ment of the Peyer's pstches, (Fig. 47)
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Case 7426 (Oxford Grade, male)

This was & case of entero-tozemia.

History. This lamo came from the farm owned by Mark Williamson,
Lapeer, Michigan. Eight or ten of the largest and fattest
lembs hed died and this was one of them. One bunch of
25-40 ewes and their lsmbs in wnich most of the death
losses hed occurred was fed about 3/4 bu. of grein per day,
but they apperently did not get enough exercise. This
lomt died 2t the nape of about five weeks without noticesable
symptoms,

Gross pathology.

Carcass in wpeneral. The carcass wes well-nourished.

Body fluids. There wes en excess of pericerdisl, pleural,

and peritoneal fluids,

Stomsech., The stomach and rumen conteined derk colored

TRt o eqngestae, -Some.milk was found in the fourth stomach, the

mucous membrane of which was badly congested.

Smell intestine. The Peyer's patches of the small intestine

stood out distinctly and were surrounded by a »one of
congestion.
Lungs. The lungs were rather edematous,

Other orgsns, Other orgsns were normsal.

Culture. Negative.

Coses 7434-'35-136 (Black Top Delesine: msle, female, msle)

These three cases were considered to be enter-toxemia and

tney resembled rather clcsely case 7426,
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History. These three lambs Were owned by Gerald Fleming of
Munith, Michigsen, and were about three weeks old when
brought to the laboratory for gutopsy. These lambs were
the lergestof the group of the same zge end died suddenly
on 5/7/44, Shortly pefore deeth, the animals went down
on their sides with the head thrown back and kicked
violently end ¢ied witnin half en nour. No previous
synptoms Were noticed.

Gross pathology. The carcasses were not examined until for

at least 30-45 hours efter death so there was evidence of
post-mnortem change. In genersl, the gross pathology of
thece lambs resembled quite closely that found in case 7428
except that there were some extensive hemorrhages on the

endocerdiun end on the mucosal folds of the fourth stomach,.
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Case 7400 (Rambouillet, male)

This was a case of ascute meningitis involving mostly
the ceredbral meninges,
History. This lamb wass brought to the pathology barn on
4/8/44 together with its twin end mother. The lamb
shoved oileterial stiffness in the rear leges and wes someWhnt
emsciated, The enimal did not gain and remsined thin
throughout the observetion period of about two weeks.
It never nursed vigorously., ©On 4/24/44, the lamb wes
down end kicking its legs as though it were running. It
was killed when about 43 days old.

Etiology. A Stephylococcus was isolated from the brain

lesion. (Table 4: culture 7400).

Blood studies.

(a) Blood picture

Erythrocy te s Joor ova i seo e 05070 ,800- per oomm
LEUCOCY EEB e s v s e creieeee e 6,150 " "
Hemoglobin, ... vvu v oiiivnan. 1.3 g./100 cc,

Differential count (%)
Lymphocytes.............. ... 18
Neutrophils................ 32
SEEMENT O Sa e v v et ae s e 46)
BANGS e o e e ot e e e 4)
)
3)

juvenileS.. ..o i pds
myelccytes,.. ... oo il i
MonoCytes ., . o i v ]
Eosinophils......... ... ..., D
Basophiils. ..o iiiiie e 0

(b) Blood chemistry (Mgm./100 cc.)

N RS Lol Y=Y - I . 77,77
Uric acid, ., .o v . 0.80
Crestinine................ 0,70
Chloride.. v ee s veeenn o, 380,00
NP N, ., i e .. 15,00

Urea<l. ... 9.90
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The above data showed thet there was s marked neutro-
philie existing in this cese, although the values obtained
from the tlcod counts appeared to be normal. Some of the
erythrocytes were crenated and poikilocytic, while others
were more or less normal., In this psrticuler instsnce,
the significance of the differential count for a diasgnosis
wes brought out,

In the blood analysis, except for the glucose value
wnich wes just e little higher than normel (Teole 2), sll
other constituents were decidedlv lower, especially the
creetinine and uric acid.

Gross lesions,

Brain. The cerebtrum showed some whitish areas Lenesth the
meninges in the verious sulci,
Liver. Liver snowed some fatty degenersation.

Other tissues, Apparently normal.

Cerebrum. The cereorum was very much congested and
especially so was the cerebral meninges. The meninges
were greatly swollern and infiltrated with excessive number
of polymorphonuclesr leucocytes and macropheges. In &
number of sress the affected meninges had become detached
from the cerebrum snd an active suppurative process wgs
going on. The exudate of this suppuration consisted
mainly of infiltrating cells ningled with the detached
meringes, The ground tissue of the cerebrum, however,

was not much affected. (Fig. 48)
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Liver. The liver ehowed some fatty degeneration of the

di ffuse type.

Spiral cord, The spinal cord end other tissues Were more

or 1€ess normal,

Cther tissues, Other tissues Were more or less normal.

Summegry and discussion,

1.

"3

This lemb suffered from acute cerebrasl meningitis with
some hepatic disturbance,

The snimsl wgs never zctive and never nursed vigorouely
during its life, which could be accourted for by the
presence of cerebrsl meningitis.

In the blood studies, a state of neutrophilia was found,
Such a neutrophilia was possibly related to the mening-
itis, wheresas the high value in blood glucose but low

velue in bleood crestinine, uric acid, N.P.N., snd

Urea-N, might. sll be -explained on . the basis of hepatic .

disturbsnces end inactivity.
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Cese 7408 (Rembouillet, male)

This wes a case of acute peritonitis following the
previcusly existing bronchopneumonia,.

History. This lamb was about 45 days old. The animel had
been sick sbout three weeks previously and was given
pneunonia serum. For three days before it was killed,
tris lambt hacd been showing merked avdominel breathing. It

wes killed on 4/25/44,

Olorv A Spec

-
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[

orvnenscterium was isolated from the

peritoneal fluid and ite genersl chearacteristics are re-
ferred to Table 4: Culture 74C6,

Blood studies.

(a) Blood picture

Erythrocytes...... ... . v 10,320,000 per c.mm,
LEUCOCY eS8 . v v et ittt eieea 1,700 " .
Hemoglobin., . o veiieniineneen . 10.3 g./100 cc,
i .. . Differential count (%)
Lymphocytes. . ............. 8
Neutrophils. ............. o4
segmenters,.......... e e ( 5)
DBNAS, v vttt e 43)
juveniles.,............ A LY
. MYELOCYLES .. e i it vt e ennn e 22)
Monocytes. .. ..o vt it 0
Fosinophils.............. 0
BasophilsS............ ve.. Q

(b) Blood chemistry (Mgm./100 cc.)

GlUC OB e s v s e s vttt e e e et e 270,00
Uric acCid.. v, i it i i e e e 1.44
Creatinine., .o v i i i i i, 1.85
Chloride. ..o in i e e e e 420,00
NP . N. .o o e e e e e e . PTLOD
Urea—N. . o e e e e e 20.70
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The results of blood studies reveasled thset the lemb
ned a marked leukopenia with young neutrophilic cells
(89%) overwhelming the lymphocytes (6%). The structure
of erythrocytes showed marked poikilocytosis. The value
of glucose was about three times higher than that of the
normal (Taeble 2) and the creatinine was also a little high,
The high value of urea-N might be due to technicsl error.

Gross lesions,

Lungs. Pneumonia wae present in the apicsl, csrdiesc and
anterior fringe of the diaphragmatic lobes. This preumonia
was of the so~called "cold" type and there was no acute
progressive line/ggmarkation between the pneumonic ares
and normal tissue. The bronchi leading to the pneumonic

lobes were being cleasred of exudste.

Abdominal cavity. A marked peritonitis wss present through-

out the svdominal cavity.

Intestines. The intestines were adhered to esch other with
fitrin, The viscerel peritoneal walls and adjacent

structures were quite edematous and swollen,

Kidneys. The kidney capsule wes quite edematous and black

pigment was present in the pelvis of each kidney.

Other organs. No vieible lesions were found in the other

organs,

Microscopic lesions,

Lungs. The lungs showed lesions of a typical bronchopneu-

monia of several weeks duration. The bronchioles were only
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slightly damaged and some of them showed evidence of
metaplasia, In the alveoler walls, there Was some
fibroblastic proliferation going on. In general, the
pneumonia of this leamb was in a beginning stage of
resolution and was not very extensive, becsuse it was
confined to certeain small spots,

Intestines., A marked and extensive peritonitis existed
on the intestines with much involvement of the serosa and
less so for the muscular coat. The serosa wes greatly
congested, thickened, and became adhered to the mesentery.
(Fig. 49) These affected areas were infiltrated by
polymorphonucleer leucocytes. The muscular coat of the
intestine was also thickened and somewhat swollen, The
submucosa and mucosa, nowever, were not much affected,
although some serous exudate wses seen in the intestinsl
lumen just next to the mucossa,

Liver. The liver wes rsther congested, and a rather
marked cloudy swelling and some fatty degeneration were
present. Along the surface of liver, an active inflem-
matory process and necrosis were in progress, the liver
cells Were destroyed and were being replaced by cell
infiltration and fibrosis. Some of the necrotic processes
extended deeply into the parenchyma of the liver and
varied in sigze from pin-point ereas to thnose about 5.3—0.5
mm. in dismeter. (Fig. 50)

Kidneys. The capsule of kicdneys was severely inflamed and

very mucn thickened. The inflammatory exudate wes more or
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less orgenigzed and mixed with the adipose tissue and
fibrin so that the capsule became tightly adhered to the
kidney on one hand and the peritoneal membtrane on the
other. The thickened capsule together with its orgenized
inflammatory exudate measured sbout 4 - 5 mm. in some
parts, The parenchyme of the kidneys, however, seemed to
show little or no irnvolvement, although there was some
cloudy swelling in the epithelial cells of the convcoluted
tubules,

Other orgsens. Other orgeans were normal,

Summary and discussion.

1. This snimel suffered from &sn acute peritcnitis with
complication of hepatic disorcders and resoluting
pneumonia,

2. The presence of bronchopneumonia end acute peritonitis
were responsible for the leukopenic neutrophilia.
“Again, it Was due to these conditions that the animal =
showed dyspnes ot first and marked abdominal bresthing

later on while it was still alive.

e

The high value in blood glucose and creatinine was
directly relasted to hepatic disturbences as the liver
was rather severely inflamed and necrotic, especially

along its entire surface.

4, The Corynebacterium sp. 1isolated from the peritoneal

fluid wes pathogenic for a mouse and caused the same

diseased condition (ecute peritonitis) when the

organism wasg injected intr-peritoneally,
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Case 7338 (Shropshire, female)

This lamb suffered from acute hemorrhagic enteritis
together with some passive congestion,

Histori. This lamb was born at 8:00 A M. 3/24/44 and died
at 8:00 A,M. the next day. Shortly before desth, the
snimal was kicking violently and tremoling.

Etiology. A species of Escherichia was 1lsolated from the
liver, heert blood, end spleen. The general characteristics
of this micro-—organism are referred to irn Table 4: culture
No, 7336,

Gross lesions. A complete autopsy was performed, but no

lesions were found, except that the intestines were very
much congested and an acute enteritis was suspected,

Microscopic lesions.

Liver. The liver was rather congested and showed some
11 hpmoxrhaée% The hepatlu ce]ls snoWed ev1oence of
Lloudy qwelllro and some of £hem exhlblted a sllght -
degree of fatty degeneration,
Spleen. There wer'e hemorrhages in the spleen pulp snd a
moderate congestion of the serosal capillaries, In the
aress of hemorrhage, the lymphoid tissue was largely re-
placed by red blood corpuscles and these areas appesred
deep red in color with hematoxylin-eosin stain in con-
trest to the light yellow colocr of the normal portion of

the spleen. In these affected areas, the Malpighian

corpuscles were also involved. There were only a few
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lymphoid cells left in each of the corpuscles and the

central srterioles were greatly enlarged snd distended
with Dblood,

Small intestine, Typicsl lesions of hemorrhsgic enteritis

were found in the small intestine. The mucosa Was severely

damaged and & greater part of the epithelium wsas necrotic
and desQuamated., The capillaries were involved and
hemorrnage resulted., In the lumen of intestine, an in-
flammatory exudsate consisting of desduamated epithelial
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cells, 0100
of fibrin was present. The submucosa was also affected,

and it showed marked leucocytic infiltration end congestion,
The muscular coats and the serosa, however, were not
affected, although some congestion was noticed in bath,
(Fig. 51)

Kidneys, The kidneys shoWed evidence of some passive

‘hyperemis, otherwise they were more or-less-in-a normal

condition.

Other organs, Those other tissues included in this study

were 81l normal,
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Case 7384 (Hampshire, msle)

Thnis lemb suffered from scute enteritis.
History. The lamb was born on 3/18/44 and wes found dead a
few nours later, No visible symptoms were observed.

Gross pathology. There was a marked enteritis extending

spproximately two feet from the pylorus of the stomach
to the rectun. The mucosa of the entire gut was congested
snd the Peyer's psetches stood out distinctly. The contents
of the intestinal tract were liguia.

There was sgporoximetely 100 cc., of the peritoneal
fluid present. This fluid wss elightly blood tinged.

No other visible lesions were observed Lesides those
mentioned abvove,

Hacterisl culturing. A hemolytic gran-positive anaserobic

rod was isolated from the intestinel contents.



Case 7433 (Southdown, female)

This was a cese of gestric ulcers and perforations.
History. The lamb was about two months old. It died during
the night of 5/8/44 without showing any previous symptoms.
Etiology. Undetermined.

Gross lesions. Upon skinning the lamb, 2 well nourished

carcess was found, A complete autopsy wes done, including
brain exsmination. The only lesions observed Were per-—
foration of the stomach and two deep ulcers at the pylorus,

Microscopic lesions. The stomach mucosse was found very much

congested. The mucosal epithelium showed & slight degree
of necrosis on the surface, This slight necrosis may

have been due to post-mortem changes. In the ulcerated
areas,'however, the entire epithelium together with the
gastric glands was severely demaged and hed undergone
varying Qegrees of necrosis. As the necrotic foci
extended deeper and deeper,mthé museuiéris“muébéée“éﬁa
suonucosa were also involved., At the same time, marked
polymorphonuclear leucocytic infiltreation occurred, As
the lesion extended to the subnucosa, it spresd sidewise
more rapidly than toward the serosa so that a greater part
of submucose was affected. The blood vessels in this area
were damaged, resulting in hemorrhage, the commective
tissue was called into action, end an sctive fibrosis wes
present. As a result, the necrosis (as in the case of

gastric ulcer in man) stopped at the submucosa, but the
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fivrosis extended outward deep into the muscular layers

where most of the musculer bundles were pushed far apart

and a state of fibrous hyperplasia existed. (Fig. 52)
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Case 7440 (Black Top Delaine, female)

This was & case of starvation snd dietary deficiency,
History., This lamb wes noticed to be inactive snd the
sbdomen was quite distended. It looked like & '"skim-milk
fed" celf. The snimel died in the morning of 5/10/44
when 50 days of age.

Gross pathology.

Stomach. The rumen was filled with fiorous roughage but
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Kidneys. The left kidney was slightly larger than the
right one and the pelvis of this kidney was slightly dis-
tended,

Bones. Thne skeletsl bones of this animal were smaller
tnan those of normal well-fed lambs of the same age. The
ribs were easily broken,.

Culture: Negative,

Case 7537 (Rambouillet, male)
This was also a case of nutritional deficiency, some-
what sinilar to case 7440.
History. This animal was noticed "going light" sand showed
some parslyeis of the limbs for asbout one week before
desth, which occurred sbout three months of age.

Gross pathology. The lamb showed very little fat on the

carcass., The skeletal muscles were small and not well
developed. The bones were small, easily bent, and cut
eegily with a scissors., DNo otner visible lesions were ob-

served, &snd the bacterial culture wes negative,
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Case 73268 (Rambouillet, male)

Tnis was a case of failure to develop snal and urethral

openings,

History. The lemb was thought to be bloated on 3/17/44, but

upon examination it waes found to have no ansl opeuning or
urethral opening. An operation wss performed which pro-
vided for an artificisl anal opening but the urethra
could not be found, The lamb died during the night of

3/18/44 snd was amutopsied the next morning.

Gross pathology

Intestinal tract. The intestinal tract posterior to the

stomach was greatly distended with gelatinous fecal
meterisl. Although much of the material had passed out,
2 considerable amount was still retsined. A marked atony
end diletation of the colon and rectum was noticed,

Bladder & genitel crgaens. The urinary bladder and genital

orgsans were normal, but the urethra was blind due to

lack nf development of the penis,

Other orgens. No other gross lesions observed,
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Case 7352 (Rambouillet, female)

Thie lemb suffered from a pstent foramen ovale.

History. The snimsl was one of a set of twins born on
3/28/44 and was found dead & few hours later without
showing any noticeable symptoms,

Gross lesions,.

Abdominal cavity., Upon opening the sbdominal cavity, the

blonnd vessels were found to be markedly distended which
indiceted passive congestion,

Liver, The liver was increased in size and showed con-
gestion,

Smell intestine. The Peyer's patches were quite con-

spicuonus and surrounded by engorged blood vessels,

Heart. The foramen ovele was open, end an ecchymotic
hemorrhage weas located in the region of one of the

semilunsar valves,

Other organs. Apparently normal,

Culture, Negative,



Cose 7392 (Oxford, male)

Thnis was 8 case of ruptured liver,
History. The lamb wss born desd on 4/20/44,

Gross pathology.

Lungs. The lungs contained no eir, indicating thet the

snimel wes porn and had never brecathed,

Liver, The right side of the liver weas ruptured, probably

v +om e ~neod AT Ky
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Other orgens., Apparently normal,

Culture. Negative.
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In the preceding vpages, a totsl of 42 cases of
diseages of the new-born lambs has been presented. Besides
these 47 cases, there were 13 more cases whose diagnoses
could not be made due either to lack of symptoms or to
insufficient pathologicel findings. No vacteria were
isolated from the internsl orgens, To furnish some informa-
tion e¢¢ a besis for further investigations, the 13 un-

determined cases sre presented herewith in Table (8).

Tapnle (A)
Ceses of disesses of the new-born lsmbs with undetermined
disgnosis .
Cese No. History of the case Gross pathology
7303 Southdown, female. Fourth stomach and scces-
Eorn on 3/7/44 and sary stomach were distended
lived only for about with gas. There seemed to
one hour. It was be no stricture either in
biloated when oborn the inlet or outlet of the
snd remsined so stomach, and no motile
~during life, « .forms or bacteria were.-
observed upon microscopic
examination of the stomach
contents. All other
organs were eapparently
normal. Culture--Nepative.
73D 4 Southdown, femsle. Nothing abnormsal,

The lamb had the
same history ss case
7303 but lescs ploat
in the stomach.

7309 Oxford, male, This No lesions,
lamb was sbout two Culture--Negative,
days old., It showed
no symptoms end was
the most vigorous of
the triplet lembs. It
died on 3/9/44.



Csse No,

7310

7311

7321

7578
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Table (8) (Cont'd)

History of the case

Hampsnire, female. This

animal was one of s set
of twins which was born
on 3/7/44. The lamb

appeared weak and died

at the sge of three days.

Hempshire, nale, about
2 deys old., The lamb
was noticed treathing
heavily snd prneumonis
wes suspected. It wes
then treated with pneu-
monie serum and sealine
end glucose (5%). It
died on 3/10/44,

Southdown, male, abdout
P4 houre old. This
lamb was born bloated
on 3/12/44 and lived
only for a few hours.
It had & history simi-
lar to ceses 7303-'04

Oxford, fenale. This
laemb was weak and had
been given 80 cc. of
gsgline snd glucose

5%) previous to desth.

t was found dead on
3/14/44 when six days
old,

Gross pathology

Except some perticles
of fibrin on the sur-
face of liver, no
pther lesions Were
found,

Extensive subcutaneous
hemorrhages were found
in the vicinity of
ooth hind legs, and
marked hemorrhage was
found in the gastroc-
nemius muscles. The
ductus arteriosus
showed & small opening.
Other organs were
apperently normel.
Culture—--Negative,

Subcuteneous hemor-
rhages were present
along the left side

of the back line from

the shoulder to the
tail region. ©No food
was present in the
stomach.. The stomach
was distended with
gas to the point
where it resched the
pubis. No other
visible lesions wWere
found,

Nc vieible lesions
were observed,
Culture--Negative,

e
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Toble (6 (Cont'd)

History of the case

Southdown, male. This
lamp was born at 5:00
A.M,, 3/15/44. It was
gtiff et bLirth and
made no effort to move.
80 cc, of seline glu-
cose (5%) were iven
subcutenecusly and

4 oz. of colostral milk
from the ewe orally.
The lamb died when it
was ebout two days old.

Rambouillet, female.
This lemb was born on
%/14/44 and was graded
a8 1-A at birth. With-
out eny noticeable
symptoms, the animel
died at the sge of
about A0 days.

Shropsibire, male. The
lemb was born as one of
s peir of twins on

4/5/ 44 end was found
dead shortly safter

Cbirthee

Shropsnire, female,
This 1lsmo wes sbout
five days o0ld and
died on 4/18/44 with-
cut any noticeable
symptoms,

Gross_pathology

No visible lesions
were found except a
slight edema of the
stomach wall.
Culture—--Negative,

No gross lesions
were obeerved.
Culture--Negative,.

Spleen. The spleen
showed many petechial
hemorrhages under the
capsule.

Heart. One petechiasl

hemorrhage  was-found-

under the epicerdium,
The ductus arteriosus
wes open as wonuld be
expected,

Lungs, Only partly
expanded, indicating
that the lamb lived
for a very short time.
Stomach. A few
petechial hemorrhages
were present on the
folds of etomach,.
Other orgsns. Apparent-
1y normal.
Culture--Negstive,

No other visible lesions
were oonserved except

a Tew subcutsrecus
nemorrheges in the
vicinity of the teil-
head,

Culture--Negative.
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Teble (8) (Cont'd)

Case No. Hietory of the case Gross pathology
77283 Hampshire, mele, about No gross lesions were
3 days old. The lamb found.
became droopy on the Culture--Negative.

afternoon of 3/1/44 and
died the next morning.

~3
0
o
™

{

Snropsuire, female, %o lesions of the
atout 24 hours old. internsl orgens were
This lamec wes one of a observed,

set of triplets. 1t Culture--Negative.
was a smell lamo and

died on 3/2/44 without

-~ +3 ~ ~ ;
gny noticcable symptoms

JS P,
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IV. Discussion of Results

Fifty-five cases of new-Dorn lamos affected with a variety
nf diseases were included in this study =and the problem was
st tecked hematologically, vectericlogically, and pethologicelly.
Tne hemeatologicel investigrtion consisted of studying
the wlood from voth normel sheep and psathological lanbs. The
blmod velues obteined from normal sheep served as g control.
The results ere briefly summerired in Tables (1, 7, 3) and
dgiccugsed in deteil in connection witnh the individueal cases,
Far the ssake of compsrison, the results recorded by 2 nunber

L1 29 45
of other workers such es Allcroft™, Fraser ", Holmnan

a5 . 75 9
Jnslend  , Norris end Cheuberlin , end Shesrer and Stewart

b

were consulted, In generel, the resultcs of tlood studies
on normel sheep compare feirly well with those of other
workers except some minor differences. Norris and Chsamberlin

found the total average of wnite Llood corpuscles for lambs

" 45 e B,5)0 per c¢,mm, "ns compared to 7,979 per c.,mm, for

~ur normal lambs. The neutrophils were 52 per cent as con—

Y

pared to nur finding of 30 per cent in sheep. The Dblond
olucose values for sheep were high (75 mgm.% ae compared

to our 48,48 mgm.%). In Fraser's work, the neutropnils of
lanbs were high (54% a2s compered to our record of 25%),

Tiiis may te due to a lack of uniformity among thevarious
workere, in the technics used, and to different ernvironmentsl
conditions. Regarding the study of plood in diseased lembs,
no previous references were aveailable for msking » compsrison.

Work of tiis kind is comparatively new to the field of

veterinary medicine,
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In the bacteriologicel studies, 41 cultures of serobes
and 7 anserobes were isclated from various cases. By meeans
of morphological, biochemicsl, end pathogenicity tests,
thiese cultures were identified end grouped under 9 genera.
They were: Stephylococcus, Diplococcus, Neissgeris,
Fecherichis, Eacterium,'Pasteurella, Corynebecterium,
Actinomyces and Clostridium. Two cultures were undetermined,
secterium, Staophylococcus, snd Pasteurella were most fre-—
guently encountered, while Neisserie and the undetermined
cultures were encountered the leest numver of times. (Table 4).
Twenty (48,78%) of the 41 originel seroovic cultures Were re-—
covered from inoculated mice, 13 (31.7%) of which were
defiritely virulent. Rabbits were found to be cuite resistent
to the cultures isolated from lambs and were not suitable
for pathogenicity tests,

~The pathologicel and dacteriologicsal studies revesled

15 different types of diseases among the 55 ¢csses. They
werc: Wnite-muscle disease, staphylococcic irfection, navel

infection, docking infectinon, castration wound, broncho~

pneunonia, pasteurellosis, enterotoxemis, meningitis, periton-
itis, enteritis, gastric ulcers end perforation, dietary
deficiency, congenitel anomalies, snd an undetermined group,
Most of these disecases were studied more or less in detail,
rnd the following diseases or conditions such &s congenital
interstitial oronchopneumonia, patent ductus arteriosus,

. ~ . 4
patent foramen ovale, gestric ulcers snd perforation, a»d



encephalomalacia sre reported for the first time. The
finding of muscle gilant cells ir the ceses of white-muscle
dicegse end their significance in myo-regeneration ere
considered new to medicel science end of vitél importance
in explaining the pathologicel phenomenon involved. In the
fnllowing peragrephs, a orief discussion of some of the
wore importsnt cases is given,

1. OCnneenitsl interstitial tronchopneumonia (Case 7329)

This case wss found in a lamb borr on 3/21/44 end found
dead at 7:00 A.M. the same day. Appearently, Ihe pneumonic
condition must have develcped during intrs-uterine 1life.

The histopathology resembled Quite closelv that found in

o

“ in 1919 eand Spruntgo in

; . 5
humen c¢ases reported oy MscCmllum
1838, It was also somewhet similer to the so-called

57,58
4 : . 1 2 . 3 =
"progressive pneumonia" ir sheep as described by Marsh

in 1223 snd reported by the Montara Station  in 1827, This
finding would indicete thet more intensive studies Should
te made on the etiology and epidemiology of lamo pneumonia,

2. Pstent ductus srteriosus (Cese 7308)

This wes found in a lamb borm on 2/28/44 ond died om
z/a/id,  Tne patency of ductus asrteriosus was complicated
by obrenchopneumonie end a species of Bacterium was isolated
from the lungs. Ordinerily, as reported vy barclay,
Bsrcroft, snd Barrong, the clcsure of ductus erteriosus

snd fersmen ovsle in lambs occurs in s few minutes sfter

tirth, Since this particuler duct was not closed, the lamet
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suffered rather severely fron passive hyperemia snd pneu—
nonia. In human cases of pstent ductus arteriosus, Wilson
) . 117 . : .

»nd Lubschez (1942) considered it as insignificent in

. y . . 48
cnildren (mortality rete 0.38%), while Xeye end Shepiro
(1943) regarded it as o predisposing factor to various
Gigsesses such ss suoacute Lacterisl endocerditis, congestive

foilure, cerdiac hypertrophy, end pulmonsary dilation,

%, Encephalitis or provsbly listerellosis (Case 7415)

[

This was g case of cronchepneumenie complicated by
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is of speciel interest to the writer. Fromn amicroscopic
exemination, the lesions in the thalmus (so-called "pericascular
cuffings") were somewhst similsr to those found in cases

- . . e , R \ 47
nf ovine listerellosis reported by Gill —, Jungherr ,

81
, Pellaske , and

< %A
- + “ o (&) i “ 3 s
Biester and Schwarte , Granam et sl

L1 L » - . . 1]
Pomeroy et 81 ., The brain wss not cultured in this psrticular

case, therefore the tiolopical apent wes not determined, -

4, Bronchopneumonia (15 cases)

Eroncihopnewnonie is conmon in new-born lambs. During
the lembing seeson last year (1944), sbout 15 cases of
orornchopneumonie (either with or without complication) were
encountered, and most of tnem were of the acute type. Quite

.

s veriety of micro-crganisms were isolsted from the affected

lungs, such as: ActinomycCes pecrophorus, Bacterium,
Dipnlococcus, Escherichia, Neisseria, Fasteurells, and
Stephylococcus., These findings agree cuite well with those

i
R <1 83 np end 49
of Sprey . Mettamo , Delpy _,/&osnelev » although



~169-

ActinomyceS necrophorus is reported here for the first time

se one ol the causel agents in lemb pneumonie, Teking the
results of the present and previous investigations,'it
scens that the ceusal agents of lanb pneumonis ere varisable
annd not gpecific.

5. Navel, docking, and castration infections,

These three different tvpes of infection are discuseed
tneether, beceuse they are more or less artificielly pro-
duced by unseniteary technics, improper disinfection of the
navel and insesnitary surroundings. In lhe law0ing Seeson
lagt verr (1044), 5 ceses of navel infection, ? cases of

docking infection, and 1 case of castration infection were

encountered, The causel orgenisms (Actinomyces necrophorus,

Escterium, Corynebscteriuvm, Coccoid wvscillus and Staphylo-
caccus), like in pneumonie,wWere also variable ard not
specific, These diseases were mentioned snd discussed by
neny workers inthe Tield of veterimary resesrch Torg ago,
vut they still remain & great problen to the sheep industry.
In order to prevent such losses, it seems necessary to pay
nore stiention to aseptic surgiCal operations, disirnfection
ard environment,

8. Perifonitis (7408)

Ceges of peritonitis in lamnbs were oriefly discussed
’ . U < A . : R =0 I
oy Creig =ond Bittirg in 1922 and by Gallegher in 19271,
Nn ceusal sgents were mentioned. In the present investiga-

tion, the cese of scute peritonitis (cese 7402) needsspecisal

attention. The czusal esgent was a species

O

f pleo~norphic
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gram-positive diphteroid (Corynevscterium) end the typical
lesions were beautifully presented.

7. Pasteurellosis (Cases 7334 & 7335)

Six cultures of Pasteurells were isolated froa various
organs of pathological lambs, but only two ceses (7334 &
7R35) were considered to e the typicsl pasteurellosis.
These two ceses wereTound in & peir of twin lambs born on
3/20/44 and wnich died the next day. The disease wes
cheracterized as an acute tecteremis snd blotchy hemorrhages
were found in subcutarneous tissue and muscles in both ceses,
Since Pesteurellosis wes reported oy Cazéla, occurring as an
epizootic smong Algerien sheep, tole gives the wrifer a
clear~cut impression that Festeurellosis in new—-borm lambse
needs special attention,

8, Stephvlococcic infection,

Two ceses (7337-28) staphyleccoccic infection were found

during the course of this study. The disegse Wee charascterigved
Uy scute septicemis aseociated with metastatic necrotic
foci snd abscess—Tormation which agrees Guite closely with
s 4 . 16 _
the condition reported by opullard (19z4),

9, Enterotoxemis (Caeses 7299, 7428, 7434, 7435, 7428)

Five ceses of enterotoxemle Were encountered during the
course of this studv, which indicetes thet young lembs have
the sgne condition 28 seen in older sheep and feed 1ot lambs,
slthough the feed and environment ere different,

10, Undetermined cases,

A proup of 13 undeteralned ceses wss found during the
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course of this study. The cause of death in these cases
wes not determined and no gross lesions were observed,
Tnis group presents e challenge to experimental ingenuity,

11, White-muscle disease (Cases 7358-58)

Two coses (7358-58) of white~muscle disease were en-
countered during the course of this study. One (Case 7358)
of these two cases was complicated by bacteremis leading
to sbscess-formation snd srthritis, while the other (Csse 7358)
wes not, In the compliczted csse, three different kinds of
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c¢occus ond & Diplococcus) were isolated, wheress in the un-
complicated or typical csse no bacterial forme were found,
Apparently, a tvpicsl (or uncomplicated) case of white-muscle
disepse 18 not ceaused by any vecterial infection, and that

sprees very well with the work of the New York (Cornell)

64, 73, 1085 , 79
Station and the Oregon S8tstion . On the other
" nend, Jungherr end Welch = found csccidia in cagses of
33

Hetiff-lano" disecase, Heath found an acid-fast bsciilus

in & similar diseased condition, while Lre & Scrivner53
isnleted 3 kinos of pacterie (bipoler rods, cocci, and non-—
spore forming rods) from lambs with tuis malady. The results
nf the present investigstion as illustraeted by Case 7358
clearly indicate that this letter group of workers were
sctuelly deeling with white-muscle disease compliceted by
some other infection. The blood studies on white-muscle

disesse revesled high velues in all six blood constitutions
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atudied which egreed rsther closely, except for minor
differences, with the findings of Anderson3 and shollgp,

In those two cases (7356-58) studied and presented
asbove, no cardiasc involvements were found. Just recently,
nowever, the writer had an opportunity to study e case of
wnite—-muscle Oisease in 2 young lemb (Case 8598) from our
department collection. The pethologicel processes in the
neart followed rather clcsecly those found in the skeletal
wuscle out more mitotic figures were noted in the regenerat-
ine muscle cells (Fig., 53) snd smeller muscle gisnt cells
were seen (Fig. 54), The cell with the mitotic figure or
withi the so—celled "peculiar nucleer structure" found in
the heart was first described by Anitschkow in 1913 and
wag called the "Anitschkow myocyte“lga. Anitschkow believed
that these cells originsted in the muscle fivers of the

resrt out this ouservetion wes disregerded by Ehrlich gnd

19a - ) 1%sa
Lapen=" in 1038 and-Clawson. and-Downey - —in-194L.

Fhrlicn end Lapan were convinced that this cell erose from
the interstitial tissues of the heert ond called it &
"nvocerdisl reticulocyte" while Clawson and Downey thought
it should be celled a "cerdiaec histiocyte" since the term
"reticulocyte" ie 2pplied to & red blood cell., Since then,
it has been generally agreed that it develops from cardisc
interstitial tissue and not from the myocsrdial muscular

4 13 , _
fibers. Boyd described this cell es "a cerdiac histiocyte
wonich in inflammetion shows inCreased cytoplesm, e nighly

cherncteristic serrated var of chromefin in the center of



noe

-166-

the nucleue, and fibrils radiating from the bar to the
periphery." Apparently, Boyd did not motice that the

"peculisr nuclear structure"

wes notaing more thsen a
pesutiful mitotic figure (probably in the metaphase stoge)

in an asctively-prolifersting regenersating muscle cell in

the hesrt, In fact, cells of such kind, in the heart, es
pointed out by Ehrlich and Lapanlgs, were not only freguently
observed in rheumatic fever ovut also in a numbder of
pathologic states, such a8 sepsis, meningococcic bacteremisa,
aoarlet fever, pericarditis nodose, and subacute bacterial
endocarditis, Undoubtedly, certain regenerating cardiac
muscle cells with mitotic figures msey be expected under those
conditions,

Arother interesting but important point should be men~
tioned here in regard to regeneration of heart muscle, Boyd]‘3
stated that "plain muscle snd heart muscle fibers do not
i o pE@ENECATE Jounion. of the divided pavts.is. by scar tissue'..
Froa the results of present irvestigetion it seems that the
nesart muscle has the spility to regenerate at lesst under
certoin conditions (white-muscle discase in lamb case 8593),
Moreover, since the so-called "Anitschkow myocytes were ob-
served in o nunoer of pathologic conditions of the heart by
Ehrlich eno Lepent®® and in syphilitic myocerditis (gunms of
heart) 25 reported by menv other workerslg’28’76, further

evidence was furnished to suvoustantiate the fect thet cerdize

muscle might e2lso regenerate under sone of these conditions,
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The histo-pathology of white-~muscle disease in lambs
wes briefly worked out first by Metzger snd Hagan64 in 1927,
Tney mentioned four main points, namely, (1) whitish sﬁreaks
ar petches as the gross lesinn in the muscle; (2) it is
degenerstive and not inflammatory; (3) practically no cell
infiltrstion by volymorpghonuclear or other wandering cells;
(4) occesionally e pheeocytic cell was found. The results
nf the present investigotion agree in certsin respects with
their findings but not in 211, Apperently, Metzger and
rgean did not notice muscie gisnt vells nor the proliferstive
activities of the regenersting muscle cells which are so
vital and significent to the pathological processes of this
particuler disease, Following Metzger and Hagen, quite a

: , X 15
nunoer of research workers, Jungherr and Welch =, members

, \ , .7
of the Veterinary Rescarch Leborstory of Oregon Station ,
38 80 . . 93
Hezth , Marsh , Slagsvold end Lund-*zrson” ~, Lee and
B0 i e 28.. 105-111

Scrivner™”, Scholfield —, 3al§i85,‘aﬂd’Wiilmén”ef”a” ,
vere actively engaged in studying the pathological aspect
of the dissegse. Up to this moment, little advance has Dbeen
nade toward the solution of the wroolem, and confusion still
exiats, It seemns rather strasnge that not a single worker
hes described the microscopic lesione in the heart,

To stete briefly, the histo-pathology of white-muscle
disease involves myodegeneration followed Ly myo-regeneretion,
In the degenerative chenges, the important feasture is hyalina-

tion of the affected muscle fivers together with some
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fibroblastic sctivity, while in the regenerative process,
the nuclear proliferation from the unaffected muscle fibers
nr from the survived sarcolemma lead to the formation of
mugcle gient cells and regenersating muscle fibers, The
function of the muscle giant cells is to remove the dead
tissues while that of regenerating muscle fibers is to fill
the gaps left by damaged tissue., ITf the damage Was so
severe that the affected muscular nuclei were dead, fioro-
blestic proliferation and subsequent fibrosis would tske
place and the Llesion would pe filled with Tibrous and adipose
tissue. In the hesrt, the lesions ere Somewhat similar to
tnose found in the skeletel muscle but more mitotic figures
in the regenereting muscle fibers and smeller giant cells
were observed,

Regarding the subject of “myodegeneration snd myo-
regenerstion” in generel, it was noticed that many workers
in the Tield of pathology heve Teen actively engaged in such =
s study, As early ss 1882, Virchowlol was able to find the
so—called "repair clubs of striped muscle" in regenerating
muscle, He mentioned that these repsir clubs closely re-
sembled myeloplaxes., In 13839, Lejars51 and his friend Pillet
described tuberculosis of the muscle with formation of
multinucleated giant—cells from the striated fibers. Since
their description was brief and poorly illustrated (hand
drawing), their work has long been disregarded., Moreover,

Le jars end nis friend did not appreciate the significance
of the gisnt cell in tuberculosis muscle, becsuse they did

not know the exact function of the cell and process of its
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37
formation, In 1901, Merchand mentioned such "repair clubs

of striped muscles" and included then among the source of

foreign body gient cells,

obh

L=

Mallory™™, 1914, explained the various appesrances of
injured striped muscle and stated that "when the whole muscle
fiber is killed, it is not regenerated. When only e psrt of
one of the fibers is destroyed, active regeneration of the
part wnich hes not undergone necrosis takes place from the
pert which remains uninjured., The intact nuclel undergo
ranid “firect division snd each forms several dozZen sepsrate
nuclei.......The new nuclei migrate to the periphery and
the injured end of the muscle-fiber....... .The process of
regeneration of muscle~fibers is compliceted and made con-
fusing by the presence of numerous leucocytes sttracted by
the injurious egent and by the injured tissue. Scmetimes
the necrotic muscle 1s removed through tne action of poly-~
norphonuclesr leukncytes, wihich Ususlly invede the fibers:
e obut et other times only endotheliel leukocytes asre
present.  They attack necrotic muscle substance from the
periphery and grsaduelly dissolve it, working slowly from
without inwerd. Mitoses in these endothelial leucocytes
are not infreguent, Occasionally, multiple mitoses occur
Trom which multinucleated cells result. More often some of
the endothelisl leucocytes fuse to form foreign body gient-
cells. Sometimes the two processes of regeneration end of
removel of the necrotic muscle~tissue of the ssme muscle—fiber

overlsp and render the picture difficult to interpret".
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According to Mallory, myo-regeneration was apparently opossible
snd multinucleated giant cells did exiet, These two points
cgree very well with our findings. However, his observation
on the remnval of dead muscle tissue by polymorphonuclear
leucocytes or endothelial leucocytes, end the formetion of
nmultinucleated giant—-cells from endothelisl leucocytes was

ciite contrery to our findings and wag very misleading,
T
In 1678, Forbvus investiceted the degenerstion and re-

ceneretion of the rectus svdomiris in pneunonias. He pointed

2

~ut thot following degeneratinn of the muscle (i e, hvsline
degenerstion), regenerative chenges occurred which led to
the total restoretion of the affected muscle. This re-
senerstive process was described in deteil, the essential

nt wnich was as follows: "The hyaline contractile substance
is removed through the sctivity of mononuclesr wendering

vhagocytic cells wpnich sre of extremuscular origin,--—The

i, o e B O ~puelel cotothe old fiber proliferste and produce new.

puscle celle, their cytoplesm veing derived from the sarco-
plasm of the old partially preserved fiber. From those
quscle cells, the new fiber develops, either from growth of
the individual cell or from fusion of seversl cells". The
findings in white-muecle diseese agree in nost respects with
the work of Forous except for the origin of the phagocytic
cells found in the process of myo-regenerstion end the
fusion of several cells to form new fiver. According to our

indings, the phagocytic cells (the muscle gient cells) sre

iy

st musculsr origin end Forbus! fused-cells are in reslity
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nultinucleeted muscle giant cells,

In the same yeer (1928), Forbus” conducted an experi-
nental study on myodegeneration end myoregeneration using
vital stains, As & result, he confirmed his previous work

end stated thet "the phagocytic cells found within the
persistent sarcolemma, which together with the muscle cells
derived fron the muscle nuclei form the "Muskelzellenschlauche"
of waldeyer, are wendering cells of eXtra-muscular origin

end heve no connection with the muscle cells", zlthough he
nentioned that "muscle cells as well s phagocytic cells of

the "Muskelrellenschlauche" are cepavle of veing stazined by
intravenous injection of vital dyes (carmine of trypen vlue)
dguring their developnent, =nd hence such vital staining

alone is insufficient for differentisting vetween cells of
muscle origin and cells of extramusculer origin". Unfortunste-

1y, Forbus did not use Mallory's anilin blue stain in studying

the preserved tissues, otherwise he . would have realized that .

the muscle gient cells end the regenerating muscle cells
would have exhibited the same staining affinity snd some
nuclei »f these two newly-~formed cells would appesr exactly
the ssme. This woula have indicated cleerly the musculor
wut not extra—-nmusculer origin of the muscle glart cells,
Haythorn57, in 192¢, puutlished an extensive review on
ne subject of "multinucleatcd gient cells", He mentioned
the term "Muscle Gisnt Cells" tut hesitated to believe that
they existed. He was of the opinion that "while muscle

repair cluds mey resemnble foreign ovedy giant cells, it is
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douctful if they can take part in their formetion in any
cepecity other thet that of & foreign body which attracts

nem". In fact, he agreed with Mellory and Forbus and

4
\u
considered the so—cplled "foreign giant cells" in myo-—
regeneration es of extres-muscular origin.

5 . 33 .

In 1931, Goettsch end Fappenheimer reported their
results on the study of nutritionsl musculer dystirophy in
the gulnea pig and revoit, They were sble to find the seme
nrocesses of myodegeneration followed by myo-regeneration
put agreec entirely with Forobus in respect to the origin of
the so-called invading "phagocytic histiocytes", Taey also
found large multinucleated pleswatic masses, lying against

tne necrotic remains of the muscle suostance. In fact, sccord-

ing to our interpretastion, the large multinucleated plesmatic

g

mesces ere nothing more then muscle giant cells and the
so-called “"phagocytic histiocytes" are most likely the
developing muscile giant cells,

24,25
The following vesr (1932 a, b), Fishback and Fishback
made an experimental study on muscle degeneration by using
different types of trauma. They found that s moderate diffuse
infiltration of polymorphonuclesr leucocytes end lymvhocytes
¥es induced within 24 hours sfter injury but such infiltra-
tion begsn to fade at 72 hours., At the end of five days

there were no inflemnstory cells left. Seventy-two hours
after injury, phagocytic cells conteining debris appeared,

and at the end of five deys, marked early muscle cell pro-

liferation occurred ground the margin of pa*che

m

of the fiver



-173-

depeneration, There were numerous irregulsr single cells
with fioriller extensions, and syncytial sprouts with

nultiple nuclei. On the 18th and 21lst days o few aress of
almost normsel sized new fibers were found. The so-czlled

"ayncytiel sprouts”

with multiple nuclel, accerding to our
explenation, are probably the muscle giesnt cells,

Two veers leter (1934), Pappernheimer snd Goettsch
worked on the protlem, "Nutritionel wmyopsthy in ducklings",
The ayopetiy was induced Ly a specizl diet consisting of
skimmed milk powder, casein, corn-starch, lsrd, cod Liver oil,
veast, salts, eond paper pulp. The pathologicel changes
were found in the skeletal muscles ss hyaline or waxy de-
ceneration, In those cases wnicn survived longer, there was
sn extreme cellular response in which myoblasts, histiccytes,

and leucocytes of different types took plsce. Occasionslly,

—+

bgeophilic regenerating myocytes were pregent,

£
ey

‘Madsen, et sl , in 1935, pudlished work od "NutritisnsT
myndegeneration of hervivors fed normel and synthetic rations™
A myvo-degeneration was found in the lesions and sn active
nyophagocytosis was cbserved to occur snortly after injury.
They did not mentioned, however, the type of cells responsible
for myophegocytosis,

- 5 3]
In 1943, Boyd+

[¥]

discussed gient cells and stated "when
the individual macrovhsges are unable to deal with particles
to we rempved, they fuse togetner to form multinuclested
#iesnt cells,~—=5uch a foreign tody gient cell is e cyioplasm;

5 syncytium conteinirng a large nunber of nuclei., In this
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form, it seems to have greeter phagocytic power than when
the cells act singly"., The writer agrees with Boyd'!s
interpretation regerding the function of giant cells and
pertly to the formetion of gisnt cells, out not with his
ideg ss to the origin of muscle gient cells. Boyd also
nentioned that "some giont cells are formed by amitotic
divieion of the nucleus" which is aspparently not found in
the muscle gient cells, Agein in pis book, Boyvd steteo
that "Hesling ir the muscle depends on tne kinds of muscle,
Plain muscle snd heert muscle flrers do nol regenelate,
union of the divided perts is by scar tissue, Stristed
nuscle has greater reperative power., The eXtent of re-
ceneration depends on the type of injury. In en incised
wourd with no loss of suustance, the nuclei of the ssarco-
lemne proliferete and form multirucleated syncytisl masses
while the sarcous supstence puts out vands wnich bridge the
‘gop snd eventudlly Lecome “stristed.” On the other hand;
when the muscle Tivers have been destroyed, the debrie ig
removed Dy mononucleor phagocytes, which may form gilant
cells, and the gap 1s closed by fibrous tissues"”., The
writer sgrees in certsin respects witn Boyd'!s statement as
to the processes involved 1ir myvo-regenersiion otut doeg not
egrec with nhis idea of myophagncytosis Ly monnnucleer
phefrocytes nor to the origin of this perticulsr group of
~iant cells from mononuclesr phagocyvtes. In fact, Bovd's
"nultinueleated syncytial mass" should Le regsrded aeg one

ol the muscular giant cells,
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28 .
In the same yesr (1943), Forous’ , in cdesling with

Aschoff cells, stated: '"The nature snd tne origin of the
curious single end multinucleated giant cells wnich ere so
cheracteristic of the typicael Aschoff body has been a sub-
ject of long discussion, These cells have been described
very carefully by a numver of workers, The esrliest was
ischoff end he thought it most likely thet they arise from
what he celled the adventitisl cells of the blood vessels,

Leter, Geipel expressed the opinion thet they sre probebly

-~ . LI T B L T T T ST AU N S P L2 vnmnm T
QELLVEQ LI OUlllEly LULHITL LIV LLODHUT YoLAo, wiliCe vhe

esrly descriptions, opirnicon ss tc the nature of these cells
have varied, as indiceted by the many names given to them,
for exemple, fioroclasts, connective tisgue cells, endo-
thelial cells, epithelioid cells, muscle cells, and so
forth, The recent studies by McEven, in which modern,
suprevital, cytologicel technigues were used, seem to show
~trratethe “Asehof - cells most “likely ~erise-from-undif ferentiot-—
ed mesenchymal elements of loose connective tissue, In line
with these ovservations, it woulc seem most likely that the
development of the peculisr Aschoff cells constitutes simply
s part, and vet a rather peculiar pert, of the healing re-
action of the conmective tissue." Awpperertly, no one has
been able to ascertsir the exact nature and origin of the
so-called "Aschoff cells", Referring to the studv on white
muscle disease of new—vorn lsmobs, it wes coserved thet the
muscle giant cells in the hesrt were smaller than those

found in the skeletal muscle but possessed sll the
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characteristice of the so-called "Aschoff cells". This leads
the writer to believe that the so-cszlled "Aschoff cells" are
probably nothing more than cardisc muscle gient cells and

the "Aschoff bodies" in myocardium sre only masses of tissue
consieting of regenersting cardiac muscle cells and cerdiac
muscle gient cells together with a few fibroblasts, occssion-
21 plesma cells, lymphocytes, and polymorphonuclesr leucocytes,
Further investigation is needed in order to clezr up this

ituetion,

45
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in tue sS=ue year (12

<]
15N

7\ Mrvd Tard o mev S
(W) . P R

y Cgilv nticned gumme of

neert (syphilitic myocarditis) end stressed the existence

~f giant cells. <e ststed: '"Here end there, 2 gisnt cell

is present, But, gient cells are, ae & rule, leSsg numerous

e
o}
1y

s gunna then they sre in a tuberculoms. Further, while
naving the some irregular shape and greonuler, acidophilic

cytoplesm, thev are generally smaller and contein fewer

Cnudtei™ ™ Under~such conditione; the-cardisc nuscle giant cells~

might a2lso exist. Further investigation might reveel this fact,
In the fiscussion of foreign-body giant cells,; Ogilvie

stated: "They are knaown as foreign-vcody gient cells, becsuse

they are freguently found in relation to foreign bodies

such &s cet-put or vegeteble-metter emrvedded in the tissues,

They elso occur in the neighborhocd of pethologicel deposits

o

which are difficult toc absorb such as urates, inspissated
secretions, fat and keratin, sna other featuresin tissues
chronically inflemned oy bacterial infection....... Some of

them contair cell-debris or fat and it is likely that their



mein capacity is, indeed, thst of phsgocytosis, but apert
firom this their function is obscure. Nor is their origin
clear. Probobly most ere derivatives of histiocytes, others
of fibroblasts. And 1t would sppear tnat the commonest

10de of formetion is repeeted amitotic division of the
nucleus without aivieion of the cytoplasm, though sometimes
fusion of cells is possivcly the method", Apperently,
Oxilvie had little concrete evidence to support als statenent
regarding the origin, furction end mode of formstion of

the so—called "foreign-ovody giant cells", Perhaps the
evidence obtesined from our finding the muscle gilant cells in
white—nuscle disease of young lembs maey serve as a pasis for
further investipation of other kinds of gisnt cells,

In a orief discussion of the subject on "myodegeneration
nyo-regeneration” as presented in the foregoing parsgraphs,
it seems Quite possible that the vethologicel phenomena ob-
served ir the cases of white muscle diseese of new—oorn
lambs may serve as g gulding principle in the study of a
nunover of other diseassed conditions irveolving musculer
disturbsnces, such gs tuberculosis, pneumonie, typhoid fever,
rheumeatic fever, syphilitic myocerditis, scarlet fever, and
etc, In these musculer disturbences invelving myodegenera—
tion and avo-regeneration, the tissue resction to irjury
would follow in one way or another the sane psthological

pettern as descr

[N
joh

ced in ceses of wihite—nuscle disesse, The
foncy term "Muskelzellenschlauche" of Waldever is in reality

5 mass of regenerating skeletnl muscle cells end skeletal
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nuscle giant cellstogether with & few fibrocvlests, The
go-called "Aschoff body" in the myocardium is most likely

a group of regenerating cerdiac muscle cells, cardiac

muscle gisnt-cells and occesionally & few lymphocytes, plasme
cells, and polymorphonuclear leucocytes. The "Anitschkow
avocyte" is considered to be a regenersting cardiec muscle
cell with sn sctive mitotic figure, wnile the "Aschoff cell"

1

n

probably rotuning more than a cerdisc muscle giant cell,
Furthermore, the terms such as "repsir clubs of muscle”,
" IR S JPE
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Sma
nesees", "syrcytial sprouts with multiple nuclei”, "Cytoplesmic
syncytiun with a large numver of nuclei", snd "multinucleated
cells in muscle" are actuslly designations for muscle giant
cells,

Ir eaddition, the writer feels that in any muscular
disourvences, the fundementel pathological processes in-

= yolved-cen berbriefly stated as follows e s o e sl v e e

(1). If e strong etiological agent is met and the injury is
severe, *the tissue resction would follow en inflammastory
process, The affected musecle ficvers would undergn various
prhases of necrosis snd an ective infiltration of polymorpho-

nuclear leucocytes and other wandering cells (mecronheges snd

leter on lympnocytes or plasma cells) would be induced znd

jsu)

avscessation msy result, If trhe animel survives or lives
longer, repair could tske place end the lesiors would be
filled with scer tissue. No myo-regeneration isg poseible

uncaer such conaitione., In snort, the whole process msy be
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designated a8 "myo-inflammation end scar-tissue repair',
Ir & very rasre instence, tnils process was observed in
winite—-muscle disease,

(2) If tre ¢tiological apernt was mild or rot so strong
snd the demage to the musculsr tissue wes not severe, the
typical "myodegeneration and myoregeneration” zs illustrated

in tne case of wiite—nusCle discrage Would take

fas}
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V. Sumary and conclusion

Fiftv—five ceses of new-born lamcs affected with a
veriety of disesses were included in this investigation
end the provlen was studied oy meane of nemetological,
weteriological, eano patuologicsal metnods
From the hemetologicel aspect, botn cellunlar ceternina-
iong and chemicel analyses o2f the Llood were etudied

in deteil sno diecussed fully in connection witn the
various individusl ceses., A similaer ©lcod study on
normal sheep and lamos (controls) wes slso included,

The bacteriological studies included the isolatinn of

41 cultures of zeropes snd 7 anaerobes from varinus cases,
Vine genera of becteria were identified, namely,
Stephylococcus, Diplococcus, Nelsserie, Eschericnie,

A

Bacterium, Pasteurella, Coryneovacterium, Actinomyces, and

Clos ? ohi um Two cultures were undetermined

Ag g result of pathologicsl énd oacterioloéical‘.f wdies,
15 different tvpes of disesses were disgnosed, including:
whnite-nuscle disgase, staphylococcic infection, navel
infection, docking infection, cestretion wound, uwroncho-
pneunonia, pasteurellosis, enterotoxemle, meninpitis,
peritonitis, enteritis, gastric ulcerstion end perforsation,
dietery deficiency, congenitel anomalies, and en un-
determined group. HMost of tnese disesses were studied
nore or less in aeteil and & nunver of conditions were

reported for the first time
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The findine of muscle gient cells (skeletal and cardisc)
in the cases of white~muscle disease and their sienificence

in myo-regenerstion are considered new to medical science

[l

and of vital importence in eXpleining the psthologicel
phenomena involved.

The specific function of muscle eient cells end the modes
~f their formetinn were fully discussed
A Lrief and concige stetement wss piven concerning the
pathological procescee involved in muscular disturbsnces,
The processes involved are designated ge "myo-inflamnztion
ond scer—tissue repair”" Tor tissus resction to a severe
injury end "myo-degenerestion end myo-regeneration" for
tissue reection towerd a wild injury.

Tne histopetnology of wnite-muecle Oiseepse in lsambs wes
stucied in Getail, erd ftne pathologicel phenomnena ob-
served were sugsested as a guice Ior the study of a

humen disesgses with musculer involvement such
es, turerculosils, pneumonie, typhold fever, rneuangtic
fever, sypnilitic myvocerditis, scerlet fever, and etc,

The cardisc muscle was obscrved to possess the capacity

for regeneration, and tuois is slso ceonsidered new to

medical science,

The nature and origin of the so-celled "Anitechkow
myocvte" and "Aschoff cell! were fully discussed and
evidence was given vearing on the position of these cells

in the myocardiun.
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The fency and peculiar terms such as "reveir clubs of
muscle”, "multinucleated syncytial masses", "large
multinucleated plasmatic massee", "syncytial sprouts
with multiple nuclei", "cvtoplasnic syncytium with e
1srge number of nuclei’, ancd "multinucleated cells in
quscle were explained.

Tie neture end the origin of the so-called "Wuskel-
vellenschlauche” of Waldever was discussed in detail,

Tane nature end origin of the so—~called "Aschoff oody"

o

was discussed end suggestions concerning further in-

vestigetions were mentioned.

A new tecnnic of opening the craniel cavity for breain
exenination was describved,

The nature of the varioue diseaseg of new—vorn lambs

were stressed, snd suggestions were made for the

control of snne of the nore important conditions,
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Fig. 1. Cass 8069.

Lateral view of the skull to show the technic of
opening cranial cavity for brain examination.

Fig. 2. Case 8041.

Ventrel view of the fromtal secetion of cranial
cavity showing greater part of the brain and
eptic nerves.
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Fig. 3. Case 7356.

Longitudinal seection of skeletal muscle
showing myodegeneration. (H & E), X 160.

Fig. 4. Case 7358,

Lengitudinal section of skeletal muscle show=
ing fragmentary necrosis of muscle fibers and
nuclear proliferation of surviving fibers.

(n & ), X 780.
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Fig. 5. Case 7356.

Croess seation of skeletsl muscle showing
degenoration of the fibers. (H &E), X 116.

Fig. 6. Case 7356.

Skeletal muscle showing gient cell and seme of
the severely-damaged fibers. (Aniline blue),

X 780.
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Fig. 7. GCase 7358.

Musele showing gient cella and meerotiec muscle-
fibers. (Aniline blus), X 780.

Fig. 7a. Case 7358.

Same but differemt field. (aniline blue), X 780.
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Fig. 8. Case 7356.

Skeletal muacle showing giant call engulfing
nesretic muscle. A regenersting musele fiber
at the side. Note the similarity between the
two in morphology of nuclei and affinity

toward the same stain. (Aniline bluwe), X 780
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Fig. 9. Case 7356.

Muscle showing giant cell engulfing neerotie
musele. A number of regenerating muscle fibers

also in the same field. (M & &), ¥ 780.

Fig. 10. (Case 7356.

Huscle showing giant cell containing food
vacuoles. (H & E). X 750.
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Fig. 11. (Case 7356.

Mus¢le showing giant cell with food vacuole.
Some regenerating muscle fibers were scattered
around. A group of cells like this has bee:
called “Muskelzellenschlauche® of Waldeyer.

¢ & E), X 780.
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FiR. 12. Oase 7358.

Muscle showing gient oslls and regenersting
muscle fibers. One ofthe muscle giant =-cells
i3 in the resting stege while the other is
still actively phagoeytic. (H & E), X 750.

Fig. 12a. Case 7358,

A recent gbscess in the myocardium.
(H & B), X 116.
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Fig. 13. Case 7356.

Musele showing the formation of a glant-

cell by fusion. Note the different stages of
nuclear transformation in the fusing cells.
(H & E), X 780.

Fig. 14. Case 7356.

Same but different giant cell. (H & E),
X 780.






Fig. 15. Case 7356.

Muscle showing the formation of giant cell
by mitosis without eytoplasmic division.
(H & E), X 780.

Fig. 16. Case 7337.

Liver showing focal neerosis. (H & E), X 609.
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Fig. 17. Case 7338,

Blood emeéar showing immature neutrophils.
(Wiight*s stain), X 516.
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Fig. 18. Case 7338.

Staphylocoscic abscesses in muscle, lungs,
kidneys and heart.
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Fig. 19. Case 7338.

Liver showing necrotic foei. (H & E), X 160.

Fig. 286. Case 7338.

liver showing neerotis foci and hemorrhage.
(H & E), X 160.
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Fig. 21. Case 7338,
Kidney showing bacterial emboli in a

lomerulusand focal necrosis.
H & E), X 160.

Fig. 22. Case 7338.

Kidney showing interstitial focal
necrosis. (H & E), X 630.
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Figo 23. Case 73380

Staphylococcic abscess involving renal cortex
and capasule. The black area in the
glomerular space was & mass of staphylococci.
(Gram=~Weigert), X 95.
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Fig. 24. Case 7338.

Kidney showing cortico-medullery
abscess. (H & E), x 3.5.

Fig. 25. Case 7338,

Kidney showing staphylococci in
glomerular space. (Gram=-Weigert), X 860.
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Fig. 26. Case 7338,

Myocardial abscess. (H & E), X 116.

Fig 87. Case 7338.

Abscess in the diephragm. (H & E), X 116.
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Fig. 28, (Caae 7343,

Actinomyges negrophorus ebscess in liver, lungs,
heart and ribs.

Fig. 29. Case 7343.

Multiple abscesses of the liver (H & E), X 50.
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Fig. 30. Case 7343.
Lung showing calcified areas adjacent to an
absgess. (H & E), X 116.

Fig. 31. Case 7344.
[ Brain showing infiliration with polymorpho-
nuclear leusocytes. Note the nsorvtic

nerve c¢ells and disorganized neuroglia.
(K & E), X900.
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Fig. 32. Case 7372,

Lung showing pectinomyges necrophorus abscess.
(# & E), X 116.

Fig. 33. Case 7394,

Smear from carpal joint shov ing phagocytosis
of etaphylosocsi. (Wright's stain), x 1640.
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Fig. 34. Case 7394,

Suppurative myocarditis. (H & E), X 106.

Fig. 35. Cawe 7294,

Heart showing chronic suppurative lesion.
(H & E), X 106.
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Fig. 36. Case 7362.

Spinal cord showing abscessation.

Fig. 37. cCase 7362.

Cross segtion of spinal cord shewing absocessation.
(H & E), X 6.
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Fig. 38, Case 7365,

Cross section of spinal cord showing abscessation
and hemorrhage. (Grem-wWeigert), X 6.
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Fig. 29. Case 7363.

Spinal cord showing lesion containing actinomyces
necrophorus and a diphtheroid. (Gram-Weigert), X
1440,

Fig. 40, Case 7308.

Liver showing fatty degeneration and necrosis around
central vein, (H & E), X 590.
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Fig. 41l. Case 7329,

Lung showing interatitial bronchopneumonia.

the tubercle~ like lymphoecytic infiltration.
(# & B), X 97.

Note

Fig. 42. Case 7329.

High power of the smme. (H & E), X 600.
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Fig. 43. Case 7353.

Lung showing hemorrhagic bronchopneumonia. (H & E),
X 160.

Fig. 44. Cese 7415.

Brain showing perivascular cell infiltration.
(R & E), X 630,
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Fig. 45. Case 7334.

Spleen showing serosal congestion and hemorrhage
into capsule. (H & E), X 116.

Fig. 46. Case 7399,

Intestine showing hemorrhage due to enterotoxenia,
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Fig. 45. Case 7334,

Spleen showing serosal congestion and hemorrhage
into capsule. (H & E), x 116.

Intestine showing hemorrhage dus to enterotoxemia.
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Fig. 47. Case 7399.

Section of intestine showing marked submucgosal
henorrhage. (H & E), X 80.

Fig. 48. gase 7400,
Brain showing meningitis. (H & E), X 630.
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Fig. 49. Case T406.

Intestine showing serosal involvement due te
peritonitis.

Fig. 50, Cagse 7406.

Liver showing necrosis near capsule. A cae of
ecute peritonitis. (H & ®), X 116,
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Fig. 51. Case 7336.

Intestine showing hemorrhagic entesritis. (W & E),
60.

Figc 52. Case 7344,

Stomach showing ulceration. (H & E), X 15.
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Fig. 53. Case 6598.

Regenerating cardiac muscle fibers with various
stages of mitosis. Cell of this kind has been
called “Anitsohkow myocyte, (H & E), X 900.

Fig. 54. Case 6598,

Heart showing cardiac muscle giant=cell. Note the
cell with two or three nuclecli in each nucleus.
Cell of this kind has been called "pschoff cell",
(H & E), x 900.
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