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An Abstract

Part I. Pathogzenicity of Corvnebacterium renala for Rabbits.

In order to determine tha officacy of the rahbit am an experimental
animal for use in the atudy of bovine pyelonephritis, P2 white rabhits were

inoculated intravenously with a suspenaion of Corynebacterium renale which

had been grown on tryntose ager (Difeco) at 37°C for 2% hours. These
rabbita were necPopsied at intervals of one-half hour, one, two, thres,
four, five, aix, seven, nine, eleven, elchtean nnd nineteen days after
inoculsation. Hemoglobin determinetiong, totsl leukoeyte counts and
differantial leukocyte counta were mede on alternote daya, The hanrt
blood, lungs, liver, apleen, kidney, sternal hone marrow and urine were
cultured on tryptose asar. For microscopic stvudy, specimens of the lung,
liver, spleen, kidney, ureters and urinaryv bladder wera fixed in Zenker's
fluid; naraffin sections prepared, and stained with hematoxylin and eosin
and by the Grom-Welgert method for stainings bacteria in sectione.

The earliest change in the kidnsy was the accumulation of nseudo-
rosinophils in the canillaries and collecting tubules with congesation in
the papillsry region of the medulla on tha second day. Followine thig, at
three and four days after inoculation, necrosie and ercasion of the vapills
were found, ﬁassas of bacteria were found in the remains of capillaries
and tubules and in the dabris in tha nelvias. The nolymorphonuclear

leuzocyte (pseudoeosinophil) was the predominant inflammatory eell found in
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the early lesion., On about the fourth day the rsnal pelvic mucosa apreared
necrotic and the neripelvic tiassues contalned aerous fluid, fibrin, erythro-
cytes and pseudososinophils. Lymphocytes appaared on the aixth day and
mononuclear phagocytrs and active fibrodlasts apneared on the geventh day.
These lattar thrae ceils increased in number as time passed while the pseudo-
~ eosinophila decreased in number but never dliasppesrad entiraly. At 17 and
18 Adsys there were changes in the cortex such as an ineres=e in interatitinl
conmective tigsue, dilntion and constriction of tubulesg and accumuleations

of lymvhocytes. The blood plcture was one characteristic of scute infec-
tions and ghowad changzes such as an increage in leuroevtes on the fourth

day and an increase in percent of pasendoenginophils =ith a decrense 4n
percent of lywphocytes in the differential leukocyte count.

Part II. Proparties of Some Colonial Phase Variants of Corynebacterium
renale. '

Five cultures, rapresenting at least three diffarent colony tyves

were chosen from atock cultures of Corynabacterium rensle for study in order

to determine thelr morphological, biochemieal, aeroloesicnl and nathogenie
relationshipsa,

One culture which might he ¢laasified as "smooth" showed the weakest
action in the fermentation of glucose, diesastion of casein, ghowad the least
raasiestance to the bactericidal action nf bovine plasma, and wmas the least
virulent for rabbita.

Two cultures which might be claszsified as "rough'" ghowed the most
resistance to the bactericidal action of bovine plaasma and were the most
virulsnt for rabhbits,

The other two cultures were intermsdiate in morpholosy and pathoseni-
city. |

The resulta of agglutination testa ghowed that there were antircenie
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differences and similarities bdetween the different cultures but there was
little or no correlation with tha mornholopical characteristics of the

colonien.
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INTRODUCTION

For many years laboratory animals have been

congiderad refractory to infection with Corynebacterium

renale. The advantages of the use of the small labora-
tory animals 4n the study of disease {8 obvious. A

fortultous circumstance in this laboratory pnointed to

‘infection under certaln conditiona. The first part of
this thesia 1s devoted to a study of the nathogzenicity
of C. renale in the rabbit.

The second part of this thesis is devoted to

a study of the colony morphology of cultures of
C. renale and the relation of these morpholosical
characteristics to the pathogenic and antigenic

properties.
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Part I. PATHOGFNICITY OF CORVVERACTTRIUM RENALE FOR RABBITS

The sdvantages of the use of the small laboratory animals in the
study of the diseasas of large animals are well known., This is particu-
larly true if a similar disease process 1s evinced by the labofatory
snimals. Previous to 1946, laboratory animals were considered to be

refrectory to infection by Corynebacterium renale.

Tnderlen (1891) reported typical rensl lesions eight and eleven
davs after intravenous inoculstion of an oreanism isolated from a case
of bovine nyelenephritis into two redbhitse with leated ureters. This
wae reveated by Doll (19L2). Jones and Little (192f) reported nezztive
results after usine white mice, suinea pies and rebbits. Lovell (1946)
and Lovell and Cotchin (19UE) dascribe experimental pyelonephritis in
mice which resulted from the intravenous inoculation of 20 million
oreanismg. Tha results after intravennus inoculation of 60 million
oreanisms into gulnes ples and rabhits they report as much leas satis-
factory. They also describe the results of inoculation of £. renale
onto the chorio-allantolc membreane of nine day o0ld chick emhryss,

The pathogenicity of C. renale for the rabbit was discovered in
this laboratory while attemrting to produce immune sera in rabhits for
geverzal colonial phase variants of C. renale. A total of nine rabhits
died of the 21 started on immune serum production., Experiments were
then desiened to study the pathozenesis of experimental pyelonephritis

in rabbits,

Haterials and Methods

Fifteesn rahbits (sbout 2 Kz each) were inoculated intravenously
with aporoximately four billion microgrzanisms esch. The culture

(Culture No. 2, Thesis, Part II) chosen for inoculation wes from a cow
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with a typical case of pyelonephritis; it satisfied all morphological,
cultursl and biochemical requirements for C. rensle (Bergey, 1539) snd
had proved pathogenic for several rabbits. The first ten rabbits were
necropsied one-hglf hour, one, two, three, four, five, six, seven, nine
and eleven days after inoculation. The remainine five were allowed to
live for 1€-19 days in order to determine the mortality which preveiled
under the conditions of the experiment (one died at eight days). Blood
samples were taken on alternate days to allow determination of any
changes in hemoglobin levels (Cenco-Sheard-Sanford photelometer, Hoffman
method, 1G41), numbers of leukocytes, and differential leucocrte counts
(100 cells counted on each glide: "richt stsin). 1In most cases the heart
blood, lungs, liver, spleen, kldney, sternal bone marrow and urine were
cultured on tryptcse agar (Difco). Tiggue smeare of lung, liver, spleen,
kidney, urine and bone marrow were mande and stained with gram stain.
Gross pathological changes were racorded. For microscopic study, speci-
mens of the lung, liver, spleen, kidney, ureters and urinary bladder
were fixed in Zenker's fluid; paraeffin sections prepared, and stained
with hematoxylin and eocsin and by the Gram-Welgert method for staining
bacteria in gections.

After the first experiment was completed another was desiemed to
investigate more thorouchly the happenings of the first four days. PRight
rabbite (series A) were used, one was killed as a normal control at the
time the other seven were inoculated and these were necropsied at the
rete of two at the end of one day, two days, and three days, and one at
the end of four days. The technics and procedures were similar to those
employed in the first experiment.

Almost without exception the livers exhibited lesions of

coccidiosis. These lesions were recorded dbut will not be referred to in
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the individual case reports. This condition may explain the high
initial leukocyte counts obtsined in some cases, especially in the
geries A rabblts.

Occasionally, the lesions reported in the gross examination
were missed in sectioning the tissue. However, sufficient lesions were

found to allow adequate descriptions of the microscopic changes.

Results
Case reports of rabbits used in the experiment follow. The
results of the study of the tissue smears so nearly paralleled the

results of the culture work that they will not be further reported.

Case 1
Rabbit 1 was necropsied one-half hour after inoculation,
Oresnisme were cultured from the heart blood, liver, lune and kidney.

No gross legions were found.

Microscopic findings. Diphtheroids were found in the larger

blood vesgels of the liver and lung., The section of the lung showed
congestion, slight serous exudation, and in the alveolar capillaries

were many vpseudoeosinophils, some of which appeared to contein

diphtheroids.
Time Hb WBC M L P B b
0 17,2 g,100 1 75 19 4 1

1/2 hr. 13.3 8,850 2 73 24 1 0

(See next page for key to headings)
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M™me

Interval after inoculation; O being juet prior to
inoculation.

Hb - Hemoglobin in grams per 100 ml blood.

WBC - Leucocytes per cubic mm,

M - Monocytes, percent.

L - Lymphocytes, percent.

P - Polymorphonuclear leukocytes (pseudomosinophils) percent.
B - Basgophile, percent.

E = Fosinophils, percent.

Case 2

Rabbit 2 was necropsied one day after indculation, Oreaniams
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were cultured
except a possible enlargement of the spleen.

Microscopic findings. The apleen was congested.

Time Hb WBC M L P B

1

0 13,9 10,900 1 72 24 3 o)

1 day 11.8 2,800 3 46 o 2 0

Case 13

Rabbit 3 was necropsied two days after inoculation. No orcanisms
were cultured. The spleen appeared sglizshtly awollen.

Microscopic findings. A slight conegestion of the spleen, excess

muacug in the pulmonary bronchi, and one focue (250 micre diam.) in the
outer medulla of the kidney consisting of pseudoecsinophils in the thick

1imbs of Henle's loops were the only apparent lesions.
Time Hb WBC M L P B b

0 10,1 8,900 1 79 18 2 0
2 9.0 4,650 &5 63 30 2 0
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Case 4
Rabbit U was necropsied three days after inoculation. Organisms were
cultured from the kidney and urine. The spleen seemed slightly enlarged.
The kidneys were congested and there were several long, slender, radiating
(toward the cortex) abscesses in the medulla.

Microscoplc findings. The liver was somewhat foamy in appear-

ance. There were geveral focl (0.5-1 mm in diam.) in the renal medulla
conglsting mainly of pseudoeosinophils and necrotic tissue debria. There
were algo many small lesions in the medulla which anmesred to be the
beginnines of the ahove mentioned focl consistineg of pseudoeosinovhile in
capillaries and tubules (mainly thick limbs and collecting tubules) and
congestion of the ceplllaries in the area. There were ervthrocytes,
pseudoeosinophils and tissue debris in the pelvis. The narta of the tivs

of the papillae found in the atalned sections showed slicsht necrosis.

Time )it WBC M L P B T
0 11.14 2,550 1 73 2k 1 1

? days 9.5 g, 200 6 60 28 6 0

3 10.8 15,900 BT 37 1 0
Case 5

Rabbit B was necropsied four days after inoculation. Oreanisms
were cultured from the kidney, urine and heart blocd. The kidneys were
awollen and congested. There was papillary necrosis with radiating
lesions extending through the medulla towsrd the cortex. The urine was

tlood tinged.

Microscopic findings. The spleen exhibited an increase in pseudo-

eosinophils and much phagocytosis of blood piement by the phagocvtes. The

ureters were enlarged, the epithelium was necrotic and desquamated, hyaline
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bodies were present in the lamina propria, and the lumens were filled
with erythrocytes, pseudoeosinophile, fibrin, diphtheroids and tissue
debris. All the structures in the renal pepillae in an area about 1 mm
thick were necrotic. Masses of bacteria were present in what had been
tubules and capillaries. Pseudoeosinonhils were scattered throughout the
lesion and appeared to contain diphtheroids. Seversl collecting tubules
and capillaries in the inner medulla were filled with pseudoeosinophils
and cellular debris. There was a necrotic focus in the pelvic mucosa
with the presence of gerofibrinous axudste, congestion, hemorrhage and
pseudoeosinophils. There wes a slicht amount of cloudy swelline of the
nroximal convoluted tubules.

Time Hb "TBC M L P B E

0 11.8 5,200 1 69 30 0 0
2 days 10.1 6,600 5 B 32 g 0

IR 11.8 25,500 13 39 W1 7 0

Case b

Rabbit 6 was necropsied five days after inoculation. Thie animal
wags a pregnant female which died shortly before necropsy. Organisms were
cultured from the liver, luneg, spleen, heart blocd, bone marrow, kidney,
placenta, fetal fluid and fetus. The lung showed a few hemorrhages. The
gpleen was slightly enlarged. The kidneys were much swollen and con-
zasted. The kidney pelves were enlarged and filled with dloody fluid.

The papillse were necrotic with radistins abscesses in the medulla. There
were also several subcapsulsr abscesses. The ureters were enlnrgeé.

Microscopic findings, There were vacuoles in the hepatic cells

in central part of the lobules suggestive of fatty deseneration. The

lungs were slightly congested. The spleen was congested and there was
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phagocytosis of erythrocytes snd blood pigment. The ureters were die-
tended with dlond, tissue debris, and bacteria. Much of the ureteral
epithelium was necrotic sand the lamina propria was infiltrated with
naeudoeosinophils. The renal psnillae were eroded. Large masses of
bacteria and cellular debris were observed in the collecting tubules in
the medulla arnund the necrotic area. The nelvic epithelium was necrotic
and tke veripelvic connective tissue contained erythrocytes, fluig,

fibrin, and vseudoeosginophils, Some proximal convoluted tubules showed

a slizht amount of cloudy swelling.

Time Hb WBC M L P B FE
0 12.9 5,350 2 58 30 8 2
2 days 10,8 5,400 7 W LWy 1 0
y 9,8 11,050 18 34 hy 1 0

Case 7
Rabbit 7 was necropsied six days after inoculation. Orzanisms
wore cultured from the kidney and urine. The spleen anneared slightly
enlarged. The left kidney showed erosion of papilla and cortical and
subcapsular abscesses. The napilla of the rizht kidney was normal,
although the cortex contained a large white lesion which was cone shaped
with the apex in the medulla. The ureters were slichtly congested,

egpecially near the kidneys.

Microscopic findings., The liver was slizhtly coneested, the

central veins were enlarced and there was a small (2 mm diam.) abscess
near the surface. The lumens of the ureters contained bactaria. The
renal medullae contained scattered foei which consisted of groups of
pseudoeosinophils and cellular debris and which were surrounded by an area

of capillary congestion. The tip of the left renal papilla was lost from
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the stained sections but the pelvic mucnsa opnosite the papilla exhibited
a necrontic focus with infiltration of the area by serous and fibrinous

exudates, vpseudoeosinophils and a few lymphocytes.

Time Hb WRe M L P B ]

b 12.1 17,000 1 s2 33 1 0
6 12.7 14,700 5 41 ug 5 1
Cage $

Rabbit 2 was necropsied seven days after inoculation. This
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were cultured from the kidney. The spleen appeared slightly enlarzed.
The kidneys weore much enlarged, exhibiting papillary necrosia with nuru-
lent material in the pelves, and cortical and subcapsular ahbscesses. The
ureters were enlarged and congested. The blsdder was filled with bdloody
urine.

Microscopic findings. The liver cells showed cloudy swelling and

there were vacuoles indicating central fatty dereneration. The oulmonary
alveolar walls were thickened by an incresse of pseudoeosinophils and
erythrocytes. The splean was congested and showed some phagocytosis of
blood pigment, The urinary bladder epithelium appearesd slichtly dezener-
ated and the lumen contained bacteria and tissue dedbris. The ureters
were enlarged and the epithellium was necrotic; bacteria and tissue debris
wore found in the lumena. An ahscess (1 x 1.5 mm) in the renal medulla
near the papillsry tip contained pseudoeosinophils and tissue dedris with
bacteria on the border. There was a zone of necrosis alone the tip of

the renal papilla about .25 mm to 1.5 mm in thickness surrounded by congestion
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and an infiltration with inflammatory cells. Several cortical abscecses
wera present and some of the convoluted tubules exhibited the character-
jistics of cleoudy swelling. Diphtheroids and pseudoeosinophils were
gcattered through the tissue dedbris in the nelvig., The pelvic mucosa
was necrotic and the veripelvic tissue contained a serofibrinous exudate,
neeudoeosinophils, lymphocvtes, mononuclear phacocytes and active fibro-
blasts. Several areas (5-10 mm diam.) of tutulsr Adeceneration and

hemorrhage iIn the cortices and medullas arpeared to be hemorrhacic

infarcts.
Time Hb WBC 14 L P B E
0 12.9 £,850 0 &1 12 1 0
2 days i1.8 7,400 0O 36 36 1% 0

6 1.8  15,A00 21 32 k§ ? 0
7 © 10,0 1Ws0 25 23 N 3 0
Case 9

Rabbit 9 wae necropsied nine days after inoeulation., Oreenisms
were cultured from the kidney and urine. The gnleen svveared slightly
enlarged. The kidneys were very slightly enlarsed and exhibited pavillary
necrosis and pyelitis (vellowish lesion 0.5 cm in diameter). The right
kidnery also had a small white corticsl lesion,

Microscopic findinas. The nulmonary alveolar walls were slishtly

congested and contained an increased number of nseudoeosinophils. The
spleen was congested and exhibited a moderate nhasocytosis of blood
plemant. The ureteral lumens contained some tissue debris and the epi-
thelial cells contained a few hyaline bodies (cytoplasmic). The kidneys
were congested and shoWed the characteristic papillary erosion (nrozreazsive

necrosis, masses of btacteria, infiltration with pseudoeosinonhils, and
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congeation). The pelvis was filled with blood, tisane debris, bacteria
and pseudoeosinophils; the pelviec mucosa was nacrotic and the merivelvie
tissues were congested and contained fidbrin, lymphocytes, mononuclear
rhagocytes and proliferating fibroblasta. There were lymphocytic foci
scattered throughout the cortex and peripelvic tissue. The convoluted

tubules were slightly degenerated as evidenced by the presence of cloudy

swelling.
Time Hb WBC M L P B ®
0 12.3 5,600 0 73 22 § 0
2 days 10.4 2,250 0 69 5 5 1
Y n 1.1 9,250 T 72 18 7 0
6 11.8 12,350 7 60 28 5 0
g 12,4 16,550 1 32 8§55 12 0
Case 10

Rabbit 10 was necropsied eleven days after inoculation. Orzaniems
were cultured from the kidney and urine. The kidneys and ureters seemed
to be of mbout averace size and presented no external lesiona., The left
kidney showed vpepillary necrosis with purulent materisl in the pelvis.

Microscopic findings. The lunez section showed a slicht conges-

tion of the alveolar walls. There was a slicht increase in the number of
nseudoeosinophils in the spleen. Theiurinary bladder epithelial cells
contained s few hyaline bodies (cytonlasmic). A few scattered collecting
tubules of both kidneys were filled with cellular debris, also both
cortices exhibited some cloudy swelline and fatty degenerstion. There
was the characteristic papillary erosion of the left kidney with early
fibroblast proliferation. Also present was marked necrosis of the pelvic

mucosa and in the peripelvic tissue were found inflammatorv cells such as
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pseudoeosinophils, lymphocytes, mononuclear phagocytes and proliferating

fidbroblasts.

Time Hb WBC M L P B b

0 11.8 7,750 0 63 29 2 0

2 days 1.1 8,950 4 67 26 3 0

y n 10.1 10,900 & 51 12 9 0

6 " 11.6 12,550 4% 53 Y4 9 0

g 11.3 13,b00 4 50 46 0 0

11 10.8 9,450 3 33 K6 8 0

Case 11

Rabbit 11 was macropmsied seventesn days sffer incculation
Organiams were culturad from the kidney and urine., The carcass was
rathar emaciated. The kidnays were enlarsed and displaved large pale
aread in the cortices, paplllary necrosis and erosion, and necrotic

debris in the pelves. The left ureter was slightly enlarged.

Mieroscopic findings., The gsnleen was congesated and showed phargo-

cytosis of blood pigment. One of the ureters exhibited necrosis and
desquamation of the epithelium. The mucosa was congested and infiltrated
with lymphocytes while the lumen contained bacteria, pseudoeosinophils
and tissue debris. The renal cortices showed a alizht increase in
activity of intergtitial connective tigaue, constriction of masses of
tubules and dilation of others, notably the collecting tubules, distal
convoluted tubules and some few proximal convoluted tubules. The medullae
were congested. The paplllae were eroded and the lesions were surrounded
by a zone of chronic inflammatory processes. The pelves were filled with
pseudoeosinophlils, bacteris and tissue dabris, The pelvic epithelium was

necrotic and the peripelvic tissues contained serous fluid, pseudososinonhila,
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lymphocytes, mononuclear phagzocytes and proliferating fidrobla-ts. There

were small foci of lymphocytes scattered throurhout the kidnevs.

Time Hb WBC M L P B E

0 12.3 5,400 2 50 n 6 1

2 days 1.6 7,550 9 47 33 7 0

I 11,1 28,650 9 H1 33 7 0
6 12.3 7,850 11 3 50 6 2
9 13.3 52,200 15 38 Lp 1 0
11 . 13,3 19,90 15 37 W 7 0
DL 12.9 16,200 12 U1 W1 6 0
17 " 13,5 9,400 13 39 W 1 1

Cage 12

Rabbit 12 was necropsied saventeen days after inoculation. V¥o
organisms were cultured from anv of the orsana. There avneared to be
orzaniasms in the gtained gmears of the kidney and urine. ' The carcass was
in good physical condition., The kidneys were of average size and exhibited
pyelitis, napillary necrosis and accumulstion of necrotic dedris in the

pelves,

Microscopic findings. The pulmonary alveolar walls contained a

slightly increassed number of pseudoeosinophils, The ursteral epithelium
was necrotic and the walls were thickened with edematous fluid, conges-
tion, pseudoeosinophils, lymphocytes and mononuclear phagocytes, The
kidneys exhibited a moderate amount of papillary necrosis (250 micra
thick) and the cells of the collectinz tubules in the areas contained
hyaline bodies. The very tips of the papillae were not in the sections,
The cortices exhibited a slisht increase in interatitial connective tissue,

dilation of some tubules snd constriction of othera. Some tuhules showed
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evidence of degeneration and atrophy. A few lymphneytic foci were
scattered throughout the kidneys. The pelves contained pseudoeosino~
phils and tissue debris. The pelvic mcosa was necrotic in some areas
and hypernlastic in others, and the peripelvic tissue contained increased

numbers of connective tissue elements, lymphocytes and mononuclear phago-

cytes.

Time Hb WBC M L P B E

0 12,9 10,150 0 79 1% 5 O

2 days 13,1 11,000 b 65 24 7 0

b 11.1 24,550 Yy /M 22 12 1

6 12,3 1,050 3 62 24 10 1

9 1.8 15,650 2 70 25 3 O

1 12.5 25,400 6 57 32 5 0

LT 4.6 10,000 9 W 32 1k 0

17 » 1%.0 17,7%0 5 35 B2 7 1

Rabbit 13 was necropsied eighteen days after iroculation. Organ-
iems were cultured from the kidney and the urine., The carcass waes in poor
condition. The kidneys were slightly enlerged and exhihited white corti-
cal leslions caﬁeing the gurface to appear mottled, meduller abscerses,
pepillary erosion, pyelitis and accumulation of vurulent fluid in the

pelves,

Microscopic findings, The renal cortices exhibited an increase

in interstitial connective tissue, areass of dilation and of constriction,
and also atrophy and degeneration of some of the tubules. One medulla
contal ned an abscess characterized by tissue debris, pseudoeosinophils

and mononuclesr nhagocytes. Several small foci similar to the adove
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abscess were also present. There was dilation of the panillary ducts
and slight papillary erosion; the dominant inflammatory cell being éhe
mononuclear phagocrte., There wag much necrosis of the nelvic mucosa.
The pelvis contained tissue debria and bacteria, and in the peripelvic
tissue pseudoeosinophils, lymphocytes, mononuclear pharocvtes and pro-

liferatine fibroblasts were pregent.

Time Hb WRC M L P B E
0 12.¢ 8,400 0 %0 16 3 1

2 days 11.8 10,150 G SR 11 B { S 0T o

hom 12.9 13,750 4 4o ub 9 3
6 " 13.T  1%,750 2 43 U5 9 1
9 17,7 16,550 10 4 k2 4 0
1 .2 24,100 VIR I S 11 3 0
W 37,950 5 56 33 6 0
18 0 14,8 19,650 1 52 35 9 3

Rabbit 1% was necropsied eighteen days after inoculstion., Orean-
ismg were cultured from the kidney and urine. The kidneys were of average
gize and exhitited scattered white foci, especielly in the medullae. A&
nyelitis was present in the left kidney.

Microscopic findinegs, The interstitianl connective tissue was

rresent in increassed amounts in scattered foci in both kldneys, agpacially
in the cortices. The left kidney showed g slight amount of desquamation
of epithelium on the tip of the papilla and a severe pyelitis character-
ized by necrosis of the pelvic mucosa and a zone of chronic inflammatory
changes such as the presence of lymphocytes, mononuclear phagocvtes,

active fibroblasts and a few pseudoeonsinophils. The pelvis contained
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blood, tissue debris and bacteria.

Time Hb WBC ¥ L P B X
0 12.% 11,200 0 80 1k 6 0

2 dsys 11.% 13,580 g 70 13 g9 0
L on 10.6 1,150 1+ 49 29 g O
6 11,1 1,950 7 5% 20 8 1
g 12.1 13,850 6 53 % 3 1
11 12,6 14,350 3 B4 331 2 0
i v 11,4 1%,500 7 W1 w1 10 1
18 v 11.6 1,550 9 b5 33 12 1

Case 15

Rabbit 15 died and was necropsiad elght days after inoculation.
This radbit had apreared sickly on the dayv previous to death. Blood
tinged urine had stained the fur around the urinary opening., Orgenisms
were cultured from the kidney and urine. The kidénays were enlarged and
exhitited several subcapsular abscesses (1 mm diam.), napillary erosion
and bloody mucous fluid in the velves. The ureters were enlarged.

Microscopic findings., The liver was concested and there was a

glicsht central fatty degeneration., The lunes was mildly congested and

many pseudoeosinophiles were present in the alveolar walls. Tho svleen
wag congested and there was phasocyvtosls of bleood piement. Bacteris were
present in tissue debris in the lumen of the urinary bladder and thé
epithelium appeared slishtly degenerated. The uraeteral mucosa was necrotic
and becteria were present in tissue debris in the lumen, The kidneys
exhibited the characteristic papillary erosion. pbscesses (1 x 1.5 mm)
characterized by tissue debris, pseudoeosinophils and bacteria were present

in the medullse. The pelves contained tissue debris, vpseudoeosinophils
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snd bacteria. The pelvic mucosa was necrotic and the peripelvie tissue
was infiltrated with pseundoeosinophils and fibrin. There were scattered
foci of lymphocytes, especially in the cortex. Some of the proximal con-

voluted tubules exhibited cloudy swelling.

Time Hb WBC M L P B
0 13,9 7,060 0 78 18 4 0
2 days 11.4 3,800 3 w19 13 0

o 1.8 6,200 7 40 3 18 1
6 12.9 23,060 10 26 5% % 1
Case 1€

Rabbit 1A was necropsied as a normal control for series (A) of
geven rabbits, All organs were normsl excent the kidneys which exhibited
a few small white focl in medulla and cortex.

Microscople findings. There were a few lvmphocytic foel scattered

throughout the kidneys and a few of the collecting tubules contained cellu-

lar debris.

Time Hb WBC M L P B B
0 11.9 11,050 1l 72 26 1 0
Case 17

Rabbit 2A was necropsied one day after inoculation. Oreaniems
were cultured from the liver, spleen, kidney and urine. The svleen
apreared swollen and dark; the other organs appesred normal,

Microscopic findings. There was in increase in vseudoeosinophils

and congestion of the lung and spleen. The epithelium on the tip of the

renal papillae appeared slightly degenerated.



Time Hb WBC M L P B B

0 12,9 11,300 O 78 20 2 O

1 day 13,2 8,75 0 45 51 M 0
Cane 18

Rabbit 3A was necropsied one day after inoculation. Orgsnisms
(very few) were cultured from the spleen and heart blood. All of the
organs appeared normal except for a small white focus in one kidney.

Microsconic findings. The lune and spleen were mildly concested

and contained an increased number of pseudoecosinonhils, One renal medulla

exhibited a few small focl of pseudoeosinonhils,

Time Hb

BC M L P B E

0 11.5 14,650 2 716 18 3 1

1 day 11.8 17,850 0 61 36 3 0
Case 19

Rabbit lA was necropsied two days after inoculation. No organisms
were cultured from any of the orgsns. ¥No lesions were apparent,

Microsconic findings., There was a 3)lizht increase in the number

of vpseudoecsinophilas in the lune and a slisht congestion of the spleen,
One section of the kidney contained a focus (100 x 125 micra) of pseudo-

eoginophils near the side of the medulla.

Time h30s) WBC M L P B B

0 13.1 12,900 1 75 22 2 ¢

1 day 12.9 13,u50 1 40 53 6 0

2 days 12,1 12,500 2 70 22 5 1l
Case 20

Rabbit HA was necropsied two days after inoculation. Orgzanisms
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were cultured from the kidney. All orgens apnesred normal except one
small white focus in cortico-medullary recion of one kidnev,

Microscopie findingzs. The lung was congested, many pseudoeosino-
phils were present and bacteria were vresent in one of the larger blood
vessels, The spleen was congested. Both renal medullsae contained small
abscesgses (200 micra diam.) characterized by pseudoeosinophils, tissue

debrig, and local congestion.

Time Hb WBC M L P B B

0 12.1 12,300 2 71 23 2 2

1 day 11.4  1%,0%0 1 62 2 0

2 days 10.3 12,100 1 49 Uuh 4 0
Case 21

Rabbit 6A was necroosied threa days after inoculation, Oreanisms
ware cultured from the spleen, kidnay and urine. The kidneys ware of
normal size but exhibited white foci in the cortices and medullsa, medullar
congestion, and a necrotic focus on the tip of each renal vanilla.

Microscopic findings. The lune contained an increased number of

pseudoeosinophila., The spleen was congested and showed incressed phago-
cvtosis of blood pigment. There ware foci in the urinary bladder macosa
which likely represented early lesions in the bladder. These were
characterizad by some desquamation and cavity formation of the epithelium,
hyaline bodies in some epithelial cells, conzastion of the mucosa and
infiltration with serous fluid, fibrin and naeudoeosinophils. 1In the
gsection of the risht kidney there was a focus at the tip of tha panilla
characterized by necrosis, masses of bacteria, congestion, and infiltration
by raseudoeosinophils. Also present in the medulla were sevaral smeall focl

characterized by pseudoeosinophils in the tubules and congestion,



Time Hb WBC M L P B B

0 12.9 13,350 1 60 1 8 0

1 day 12.9 15,850 2 22 69 7 0

2 days 11.1 11,100 7 52 135 6 0

3" 11.4 16,150 0 52 U2 5 1
Cage 22

Rabblt 7A waa nacrongied three days after inoculation. Orzanisms
wera cultured from the kidney and urine. The kiineys were of normal size
and exhibited medullsr congestion with a necrotic focus on tha tip of
each rengl papilla.

Microscopic findings. The lung exhibited mild congeation and

edema with an increase in pseudoecsinophils. The spleen was congested,
The lesions at the tips of the rensl panillae were very similar to those
in rabbit 6A. The renal medullae were markedlvy congested and contained
gseveral foci of pseudoeosinophils. The pelvic enithelium showed =light

dezenerative changes where it contacted the vapillar lesion.

Time Ho WBC ML P B E
0 12.1 13,600 2 7% 15 5 0
1 day 1.6 11,400 0 K56 W 3 0

2 dave 11.2 13,600 0 52 o g 0

3" 1.0 1,50 2 69 26 3 0

Case 23
Rabbit 8A was necropsied four days after inoculation, Oreanisms
wore cultured from the 1£ver, heart bleood, kidney and urine. The spleen
appeared slightly enlarged. In the heart was a smell red nodule on base

of the aortic valve and a small (1 mm x 2 mm) thrombus attached to the

base of the left atrioventriculsr valve. The kidneys were of average size



and exhibited a necrotic area on the tip of each renal papilla. The
ureters appeared very slichtly congested.

Microsconic findings. The lung showed a slieht congestion and

edems. The bladder epithellium appeared slizshtly degzenersted. The
ureteral epithelium snpesred degenarated and the lumen contained blood
and bacteria. The lesions in the renal papillae and medullae were simi-
lar to those in rabbit AA only much more extensive. The velvic epi-
thelium showed degenerative chanzes where it contacted the papillar
lesion. Theras was a slieght infiltration of fibrin into the peripelvic

tigsue in these places,

Time Hh WRC ¥ L P B %
o) 12.3 10,950 o 71 5 It o)

1 day 12.3 11,000 1 by ® 3 0
2 days 10.5 13,850 0 3% 56 7 1
3 10,4 12,600 0 73 23 h 0

bon 1.8 20,750 - - - - -
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Table I

Summary of Kidney Lesions and Culture Results

Time

1/2 hr.

1

2

N

SRS I~

n
17
17
18

18

3
4

day
davsa

n

"

f

day

days

"

"

Kidney

L.esionsg

+

+

+

+

Culture (1)

hbl,

1v,

kd,

hbl,

hhl,

kd,
kd

ka,
kd

kd,

kd,
kd,

kd,

anl,

v, 1, k4

kd

ur

kd, ur

w4, spl, bm, 1, fetus

ur

ur

ur

ur

lv, ¥4, ur

hbl, suvl

kd

apl, %4, ur

kd,

hbl,

ur

lv, kd, ur

(1) cultures; l-lung, lv-liver, bm-hone marrow, gpl-spleen,
kd-lcidney, ur-urinary bladder, hbl-heart blood.

(2) Died

(3) Moribund
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Table II

Aversges of Hemstolosic Results

Days (1) No. An (2) Hb (3) WBC (4) M (5) L P B o
0 15 12,6 7,893 0.8 72.  ?3.3 3.5 0.4
2 13 11.0 7,927 4.5 5.2 31,7 7.5 C.1
Yy 11 11.3 15,585 '9.2 49,0 32.82 2.5 0.5
6 9 12.2 14,872 7.8 W5, Yo. 6. 0.8
9 6 12.7 21,3h6 6.3 ug.7 b1, 3.8 0.2

11 5 12.7 18,610 6.2 476 Ml.2 5. 0
14 Y 13.0 19,662 2.3 sy 37, 9. 0.3
17 2 .3 13,575 9.0 7. lug, 4, 1.0
18 2 13,2 17,100 5.0 Lg, . 10, 2.0
0 g 12,4 12,512 1.1 72.6 22.5 L 0.4
1 7 12.3 13,050 0.7 17.3 g, , 0

2 5 11.0 12,670 2.0 51.8 39.8 6. 0.4
3 3 10.8 13,016 0.7 65. 30.3 I, 0.3
4 1 11.8 20,750 - - - - -

(1) Days after inoculation.

(2) ¥umber of animals in the eroup under conaideration at that time.
(3) Hemoelobin in grams per 100 ml of dblood.

(4) Leucocytes per cubic mm,

(5) Percent of monocrtes, lymphocytes, pseudoeosinonhils, basophils
and eosinophils.
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DISCIISSION

The lesions of experimental pyelonephritis in the rabbit are
very similar to those found in spontaneous casea of pyelonephritis in
cattle as described orizinally by Frnst (1905) and later by others (Jones
and Little, 1925; Thorp et al, 1943). The lesions are alco similar to
those found in experimentnl pvelonephritis in mice by Lovell and Cotchin
(19u46).

Tha fact that the condition in the rabbit was nroduced by intra-
venous injactinn of C. renale should not be considered as evidence that
tha gpnontaneous disease in cattle is of hematogenic origin. The weleht
of evidence in the case of the cow would indicate that it is an ascendines
type of infection which may esin entrance by means of vulvar or urethral
contamination (Jones snd ILittle, 1926; Feenstra and Thorp, 1915).
Bisendrath and Schultz (1917) have demonstrated, exverimentally in rahbits
and dogs, the presence of an anastomosing network of lymnhatics in the
wall of the bladder and nf the ureter which communicates above with a
éimilar lymphatic networic in the renal velvis and parenchvma and below
with the lymphatics of the palvic structures in both the male and femsle.
They suggest that thig s the route of an ascending infection of the
urinarv tract.

This report should not be taken as implyinz that only C. renale
causes lesions of pyelonephritis in the rabbit. Dudzeon and Gnadby (1930)
revorted that a suppurative pvelonephritis followed the intravenous inocu-

lation of Staphvlococcus sureus into rabhits.

The fate of the organisms from the time of injection until the
beginning of lesion formation in %he kidnev is of intereat. The data in

Tsble T would indicate that, in ezeneral, the organisms were found initially

in the lung, spleen and liver and later in the kidney snd urine, The
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intervel between necropsies wan too great to obtain a more accurate plc-
ture of the route of the organisms through the animal body. A study of
the results of intravenous inoculation of other orgsnisms by various
workers may cast more light on the process. Bull (191l4) ghowed that
virulent streptococci and pneumococci itended to disampesr from the circu-
lating blood of rabbits in two to four hours and to reapnear at five to
six hours and eventually ceuse desth. Less virulent organisms may not
regpnear or may cauge a chronic infection. Bartlet and Ozaki (18i7)
reported that "Yicrococcus aureus" injected into the left ventricle of
dogs was almost immedletely stored in the lung cepillaries, beins at

first chiefly extracellular and then rapidly ingested by polymorvhonuclear
leukocytes. Shortly after injection the coccl increased in number in the
liver and spleen as they decressed in number in the lung, The bacteria
completely disappeared from these orzens within 4% to 72 hours. The

coccl did not primerily lodge in the kidney in any considerahble numbters,
bu* were gsecondarily deposited there after a period of adaptation else-
where (coccl wore found in the kidney at 1f hours but not at eisht hours),
Their location here was probably not embolic. Hopkins and Parker (191%)
showed that injected hemolytic streptococci tended to disappear from the
blood in about two hours and to reappesr in incressine numbers after four
and one-half hours, In cats and rebhits the organisms withdrewn from the
circulation were found mainly in the lung, spleen and kidney. MNsesao (1920)
injected killed non-hemolytic streptococci into guinea pies and ohbserved
that the organisms accumulated almost immediately in the lune capillaries
inslde polymorphonuclear leukocytes and later in the reticulo-endothelial
cells of the liver and spleen. Dudgeon and Goadby (1271) renorted that

intravenously injected Staphylococcus sureus organisms were held in the

lungs where they were actively phesocytosed by the polymorphonuclear
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leukocytes within five minutes. Subsequently, the coccl were distributed
to the other organs such as the liver and apleen and to the kidney. It
may be concluded from study of the above mentioned results thst, in
seneral, the bacteria travel first to the lung and later are released to
bte picked up by the liver and spleen and later may be found in the kidney.
The mechanism of infection in the kidney is of special interest.
lLovell and Cotchin (19"6) have made observations on this »nrocass in the
mouse kidney. They first gsaw the orgeniems in clumps in the canilleries
tetween the collecting tubules near the apex of the panilla, Thise wes
accompanied by local dilation of capillaries with an accumulstion of
polymorphonuclear leukocytes which later pasgsed through the normal or
necrotic epithelium of the colieciing tubules into their lumene., Smail
abscesses developed in the papilla often Just under the visgceral pelvic
epithelium. Pus was found in the rensl pelvis as earlv as thirty hours.
Necrosis of the papilla extended toward the cortex. Large clumms of eram
positive bacteris were seen in the necrotic material with s zone of
peeudoeosinophils at the extending edge of the necrotic area. Pseudo-
eosinophils were also found in stresks up the medullsa toward and into the
cortex, The renal pelvig was dilated with purulent materisl., The pelvic
epithelium showed acute inflemmatery changes with shscess and ulcer forma-
tion. The pathogenesis of experimental pyelonephrities in the rabbit, as
reported in this paper was essentlally similar to that descrihed in the
cagse of the mouse. The earliest change in the kidney was the accumila-
tion of pseudoeosinophils in the capillaries and collecting tubules with
concestion in the panillary region. Bacteria may have been present in
these pseudoeosinophils but they could not be clearly identified. Follow-
ing thia, at three and four days after inoculation, necrosis and erocsion

of the papilla were found. Masses of bacteria were seen in the remains
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of capillaries and tubules, end in the debris in the pelvie as has been
noted in the study of bovine pyelonephritis (Feenstra and Thorp, 1946),
Pseudoeosinophils were numerouns in and around the necrotic lesion. The
pseudoensinophils appeared, in many cases, to contain bacteris but the
granularity of the cells and falnt staining quality of any bacteria
inside them interfered with preclise ohservations. Streaks of pseudo-
eosinophils were found in the medulla extending toward the cortex. At
this stage (2bout four dave) the nelvic mucosa apreared necrotic and tha
peripelvic tissues contained serous fluid, fitrin, erythrocvtes and
pseudoeosinophils, Lymphocytes svpeared on abeut the alxth day and
mononuclear phagocytes and active fibroblasats appeared on the seventh
day. These latter three cells incremsed in number sase time passed while
the nseudoeosinonhils decressed in nunber but never dissppeared entirely.
Tater (17 and 18 days), changes in the cortex such as an increase in
interstitial connective tissue, dilation and constriction of tubules and
accumulation of lymphocytes were found. In these more chronic cases the
vapillary erosion seemed to be progressing very slowly if at all but the
pyelitis appeared to be increasins in severity. Necrosis and inflammatory
changes resembling the pyelitis to a great extent were found in the ureters
shortly after the appearance of the pyrelitis.

As may be expected in animal experimentation, there were indi-
vidual variations in reaction to inoculation and the reaction in series A
was slightly different from the other groun. TFor this reason mice could
be used to advanitage hecause there is less care ahd expense connected
with the use of greater numbers.

As may be seen in Table II there was a slicht initial drop in
the hemoglobin values followad by an incresse. This could be due to the

fact that during the first week sfter inoculgtion the function of the
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tone marrow was concerned mainly with production of granulesr leukocytes
and thereby the production of erythrocytes was hampered.

In both series of rabbits it was on the fourth day that the hloocd
leukocyte count showed a marked increase. The glight initial drop in the
numbers of leukocytes is likely due to the fact that many of them are
temporarily lodeed in the pulmonary cavpillaries and in other orzsns.

As might be expected, there wag an incresse in the nercentace of
nseudoeosinophils in the blond and a decrease in the vercentage of lymoho-
cytes. In the case of the nseudoecsinophils, immature forms were often
seen as the percentage increased but were not recorded as such because
of the difficulty in precise identification of these forms due to the
briiliantly red staining egranules present. There was an incresse in the
nercentage of monocytes. Less expected and not easily explainable was
the increage in percentage of dbasophils, The main difficulty is that
l1ittle or nothing is known of the function of the basophil., There was

not a significant or meaningful change in the nercentace of eosinnphils.

Summary
The pathosenesis of experimental pyelonephritis in ratbits pro-

duced by intravenous innculstion of Corynebacterium renale has been

described and discussed. Most inoculated rabbits showed kidney lesions
and several died, The lesions in the kidnev congsisted of a papillitis
and ovyelitis charsctarized by necrosis and acute inflammmtory chaneges
early in the course and by chronic inflammatory changes latar in the
course. Bpcteria were present mainly in the necrotic debris of the
legions and in the nelvis,

The lesions in the rebbit kldney were similar to those found in

pyelonephritis in the cow. The fact fhat the experimental pyelonephritis
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was of hematogenic oriein in no way negates the generally accepted theory
of an ascending infection in the cow,
The rabbit may be used, advantaseously, in the study of pyelo-

nephritis and also in the gtudy of the pathocenic and antigenic provertiea

of Corynebacterium renale.
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Fig. 1. Rabbit pyelonephritis at necropsy. This animnal

dled after a series of inoculatinsnns with culture
¥o. 2 (Thesis, Part I1). The Aigestive system
has been removed. The kiinevs are enlarsed and
exhibit white foci. The urateryg are mach enlarsed.

The urinarv bladder is AdAlstended with bloody urine.
color nrint from Kodachrome nezatlve,

Fig. 2. Rabbit kidney, showing papillarvy necrosis and
erosion. This animal died after a series of
inoculations with culture No. 5 (Thesis, Part II).

Color print from Kodachrome negstive,
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e, B, RatTrit kidnewvs, removsd four AdAavyas after inocula-~
tion, showinege enlarcemant, white gtresi-g in the
medulla and aarly nanillarys neacrosta,







Fig. 6. Rabbit kidneys, removed at death six days after
inoculation, showing enlarsemant, papillary

necrosis and white streeks in the medulla and
cortex,
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Fig. 7. Rabbit kidnevs, removed at death seven dayse
after inoculation, showling enlarzement,
papillary necroels and white streaks in the
medulls and cortex.







Fig. 8. Cross section of kidnev from rabhit UA which
was necropsied on the sacond day after inncu-
lation. ©No lesions are evident. The pelvic
mucosa wag lost from the specimen. Gram—
Welgert stain, X9.







Fig. 9. Cross section of kidnsy from rabbit HA which
wasg necronsied thre~ davs after inoculation.
A slisht amount of papillary necroais ia
avident. Tigs. 16 and 23 show some of theae
changes in more detail. Hematnxvlin and
eogin stain. X9.







Fig. 10. fross aection of kidney from rahhit A which was
necropsied four days after inoculstinn, Penillary
necrosis and arosion, and tha haginnins nf gtrenisn
(vseudoeosinoprhils) in the medulla are evident.
Fig, 17 shows soma of thage chances in more Aetail.
Crem-Welgzert stain. X9.
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11.

Sagittal section of kidney from rabbit A,
Papillary necrosis and erosion, and a streak
of pseudoensinophils extending from the
papilla to the cortex sre evident. Figz. 1%
shows some of these changes in more detail.
Grem-Nelgert staln, X9.






Fig.

12.

Croas sacition of a kidney from a rabbit with a
chronic form of nyvelonephritia. This animal had
been givan a gseriea of ten weakly inoculstions
with culture ¥o. 5 (Thesis, Part II). Pyelitis
and papillitis are evident. FMies. 15, 20 and 28
show some of these changes in greater detail.
Hematoxylin and ensin stain. X3.






Fig. 13. Pyelitis and papillitis in the kidnewv of radbhit 4
which was necropsied nine days after innculation.
The papillitis seems to be rercressinz while the

pyelitis i3 gtill verv severe. Gram-Welrert etain.
Xus,







Fig. 1k, Pyellitis and papillitis in the kidney of radbbit 10

which was necropsied eleven days after inoculation.
The dark masses in the pelvis are made up of
bacteria. Gram-Weigert stain. Xus .
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Fig, 15, Chronic form ¢f pyelitis and vapillitia. Fig. 12
includes this field and Figs. 20 and 25 show aome

of these chanzes in inore detail., Hamatoxylin anad
eosin stain. X35.







Fig. 16. Papillitis. The dark masses are made up of

bacteria, Fig. 9 containg this field. Fig. 23%
showa the bacterlia and tubules in more detail.
Gram-Teigert stain. X160.
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rig. 17.

Papillitis. 3Bacteria mny Po s~en in the lower
half of this photomicrozravh while many vseudo-
eoginophils are preasent between the tubulssg and

in the necrotic debris. Fig. 10 containg this
field. Gram-Teigert stain. X160.



nrl

. il .g.i&l
L /..,..4 AW-;D.

"w e = =X
AN Y

R Ot - : . .. ’ P Y

v”\l,q'r“vl/rnﬂ )



Fig. 18, Papillitis. Collectinz tubules, necrotic tissue
and bacteria may be seen. Fig. 1l containsg this
field. Gram-FWeigert stain. X160,
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Fie., 19, Papillitis in kidney of radbit 6 which was
necropsied five dayvs after inoculation, Magsses
of bacteria may be seen in the caplllaries and
collecting tubules. Gram-Yeilgert stain. X160.
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Fig,

20.

Papillitis, showing necrosis, accumulation of
inflammatory cella and formation of crystals.
Fies. 12 and 15 contsin this fialA.

shows the crystals in gresater detail.

Pieg. 25
Hematoxylin and eosin stain, X160.
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Figa 210

Ureter from rabbit 6 which was necronsied five
days after inoculation, Necrosis of the micosa,
infiltration by pseudoecainophils, edema and
fibrin are in evidence. The lumen contains
bacteria, cellular debris, fidbrin and pseudo-
eosinophils. Gram-Teigert stain. X160.






Fig. 22. Focus of pseudoeosinophils in and betwsen the

collecting tubulesg. Radbit 5, which was

necropsied four days after inoculation,
Hematoxylin and eosin stain. X885.
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Fig. 23. Bacteria, necrotic dedris, nsendoeneinophlls, =nd
collecting tudbules. Figa. 9 and 16 contain this
field. Gram-Teigert stain. X885 .







Fig. 2L, follecting tubule showing hyaline bodies in the
cyvtoplasm of the cells. Rabhit 12 which was
nacropsied seventeen davs after inoculation.
Gram-Weigert stain. X825,







Fig. 25. Formstion of crystals in necrotic material at the
edge of the renal papilla. Figs. 12, 15 and 20
contain this field. Hematoxylin and sosin stain.
X885.
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PART II. PROPFRTIES OF SOME COLONTAL PHASE
VARIANTS OF CORYNEBACTXRIT RTNALE

In previous work (Feenstra, 19LL) 4t had been noted that the

characteristics of the Corynebacterium renmsle cultures isolated from

cases of bovine pyelonephritis were, in genersl, identical with those
described by Boerezey (19179), but often produced cnlonies which exhibited
marked dissemblance.

The tendency of diphtheroids to vary is well known (Merchant,
1335), but the colonial phase variation of C. renale has received scant
attention or publicity.

In thig preliminary work a survey of the colonial properties of
T
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the atock cultures‘o Inccu
thick tryptose azar (Difco) plates so that separate colonies could
develop to maturity (2-3 cm apart). Colonies were exemined as to texture
by probing and morphologically under a dissecting microscope by means of
reflscted light and also by oblique transmitted licsht which was directed
toward the colonies from below at aporoximately a U5 geeree anele by
means of a mirror and a microscope lamp (Huddleson, 19h6),

Five cultures were chosen as representine at lesst three
different colony types for further study to determine the biochemical,
gerolosical and pathogenic nroperties and relationshinps. The colonles
were rourhly classified into groups by mesns of the following key:

1. Smooth, soft pasty snd no marked tendency to hold shape when
nrobed.

a. OCirculsr, entire, convex, creamy white with
ground glass appearance.

b, Irregular.

c. Yellow to orance color.

d. Tend to produce flat secondary growth upon aging.
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2. Only slightly pasty, marked tendency to hold shape and

frasment when probed.

a. Circular, entire, convex, creamy white with
ground glaas aphearance,

b. Irregular.
c. Yellow to orange color,
d. Tend to produce flat secondary erowth upon aeine.

The five cultures chosen for preliminary study were classified as

follows:
Culture No. 1 l.2.
" "2 2.0,
" "3 2.b.
" n o 2.2.4d.
" "5 2.a.d.

Agglutination Relstionship

Agglutination tests were carried out as suseested in the Menual
of Methods for Pure Culture Study of Bacteria (19!'5) with the excention
that distilled water rather than 0.85 percent NaCl solution was used as
the diluent and tests were incubated at 37°C. for 24 hours. Antigens
were prepared by growing the organisms in two percent tryptose (Mifeo),
in diestilled water, at a pH of 7.5 for 2t hours at 37°C.; centrifusing;
washing once in 0.5 percent phenol solution and three timea in distilled
water: and allowing to remain in distilled water in the refricerator
until used. A stable suspension was obtained by susvending the organ-
jgms in distilled water, allowing one hour for sedimentation of clumps
end removing a portion of the supernatsnt for use. These suspensions
wers standerdized by means of a Cenco-Sheard-Sanford photelometer to

aprroximately the density of tube 0.5 of McFarland's nephelometer.
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Antieera were produced in rebbitg by aix to ten intravenous injections

of a heavy distilled water suspension of livincs oreanisms at approxi-

mately weekly intervsls, Results of two trials are glven in Table I,

Table I
Antigens Antisera
1 2 3 y 5

1 1st 1-1280* 6ho 640 80 5120
2nd 1280 6Lo 6u0 80 1280
2 160 320 1280 720 80
320 640 320 Lo 320
3 160 eho 1280 160 320
320 640 1280 160 720
I} 80 80 160 320 166
uo 160 ko 80 ko
5 120 320 320 160 320
31T (1) 320 120 6uo

Indicates highest Ailution st which complete agclutination took nlace.

Susceptitility to the Bactericidal Action of Bovine Plasma

Varying numbers of organisms were exposed to a constant amount of
bovine plasma in an attempt to measure any vpossible difference in anti-
genic properties or any difference in virulence. The tests were set up
as indicated in the protocol uasine 13 x 125 mm tubes and were incubated
in a weter bath at 37°C. The plasma (.2 percent sodium citrate) used
was from an infected cow which had been exposed intraurethrally 14 months
previously with a culture suspension of (. renale. The antigens were
gtandardized by means of a Cenco-Sheard-Sanford photelometer to apvroxi-
mate tube 1.5 of McFarland's nephelometer. Subcultures of each tube were
made at intervals on tryptose agar plates by streaking a loooful of
inoculum bn an area approximately 2 x 3 cm,

The results were not conclusive. Repeated tests showed that
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culture No, 1 was most susceptible and that culture No. 3 was wnst
resistant to the bactericidal mctior of bovine plasma. The other
three cultures gave gsomewhat variasble results ranging between the two

cultures first mentioned. The results of a typical trial are given

in Tadble II.

Protocol of Bactericidal Test

Tube 1 2 3 4 5 6 1 8
Distilled HaO 1 (1) 1 1 1 1 1 1
Culture Susp. 0.5 12 o5 0.5 0.5 0.5 0.5 0.5(2)
Plasma o (%) 1 1 1 1 1 1

Dilution of
Culture 1~k 1-4 1-12 1-36 108 324 972 2916

Dilution of

Plasma 0 1..2 1-.2 1-2 1.2 1.2 1-2 1.2
(1) All quantities given are in ml.
(2) Diascard 0.5 ml.

(%) 0.5 ml broth added to the control tube.




60

Table II

Results of a Typical Trial

(1)
Culture Time 1 2 3 B 5 é I g
(2

1 0 ++4+ ) +4+++ H++ e+ bt +4+ 4+ MR(3)
ol +4++ R +44 +4+ + A+t + b7
hg +4+ ++++ 5 2 5 1 0 0
72 ++++ + 11 3 1 0 0 2

b 0 +++4+ 4444 ++++ ++4++ ++++ +4 4+ ++ +4
o4 4+ e S = o S AT aee e e s
T ++++ ++++ bt ++4+ 4+ 4+ ++ ++
72 e 13 15 12 13 11 2 +t

3 0 4+ Attt et 4+ 4+ 4+ ++ +
o4 b+ e T e e S R S o o S = S s
;g ¥ T = o e srarare T A+
72 +4++ + +4++ ot ++ )3 18 2

i 0 A s 4t 4t T = " S Sr IR
o4 4+ bttt o+ o S = = o S o SIS W
Lg ++4+ ++ ++ 20 ik ao 2 5
72 4+ 1 12 7 2 o) 2

5 0 ++4+ +4+++ +-+t 4 + 4+ +++ ++ +t . +
o4 4+ B S s = ++ +
ug T et o T + +4+ |1t 4
72 bt ++ et 9 5 5 3 L}

(1) Time in hours.

(2) Indicates amount of growth; (+) indicating avproximetely 50
colonies,

(3) Wumber of colonies present,

gipchemical Properties

Glucose was fermented with resulting acid production by all five
cultures, but the action of culture No. 1 was somewhat wegker than that
of the other four cultures.

A similar eituation resulted in the study of casein digestion in
ten percent skim milk acar (tryvtose); culture ¥Wo. 1 lagged behind the

otheras in halo production.
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Pathogenicity for Rabbits

In order to obtain data concerning the differential virulence
of the five cultures under study, apnroximately four billion orgeniems
(distilled water suspension) of each culture grown on tryntose agar for
24 hours at 37°C. were injected intravenously, each into two rabbits.
Determination of the bndy welrhta, hamoszlobin levels (Tenco-Sheard-
Sanford photelometer, Hoffman method, 1GU41), numbera of leukocytes and
differentirl leukneyte counts were made at intervala., Tha rebhits which
did not dle were samcrificed at nine and ten days after inoculation,
necropsied and the lagions recorded. The lune, liver, snleen, heart
blaed, hone marrow, left kidney and urinary bladdsr were cultured on
tryptose agar. Tissues for microsconic examination {iung, 1liver,
spleen, kidney, urinarv bladder and ureters) were fixed in Zenker's
fluid and paraffin gsections were premared and stained with hematoxylin
and eosin and by the Gram-Weigert method for stsinineg bacteria in
sectiona.

Al1l the rabdbits had srcss or microscopic lesions of coccidlosis
in the Yiver. This may alan account for some of the higher than average
initial leukocyte counts obtained. Other lesinns will be recorded sepa-
rately. Occasionally the lesions reported in the gross examination were
migsed in sectioning the tissue, but they were preesent in a sufficient
number of cases to allow adequate descrintion., Rerorta on individual

rabbits follow,

Cases 1 and 2

Rabbits 1l and 1b were inoculated intravenously with culture
No. 1. YNone of the organisms were recovered by culture technic end no

gross or microscopic lesions were found. What apveared to be a c¢lump of




dinhtherolds was seen in the pelvie of the risht kidnev of rabbit 1b.

Rabbit la
mime1)  m(®  ge(3) W™ 1 3 oz gD
0 12.h 13,600 3 60 135 1 1 2024
1 11.0 11,150 3 46 44 6 1 -
3 11.0 11,450 2 49 37 g 3 2010
5 1.5 12,350 2 r2 3% 6 2 2022
7 11.5 15,450 2 39 &l 7 1 2002
9 1.2 11,850 3 62 29 6 0 2030
Rabbit 1b
0 1.6 12,750 2 62 31 uy 1 1763
1 11.1 5,860 1 we w29 2 -
3 10.4 13,850 Y4 53 33 7 3 1914
5 10.8 10,900 2 52 IR 6 2 1320
7 11.9 16,350 b bz us 7 1 1816
9 11.3 12,950 3 55 135 6 1 1348

(1) Time in days after inoculstion; O indicating the bleeding
just prior to inoculstion.

(2) Hemogzlobin in grams per 100 ml of dlood.

(3) Leukocytes per cubic mm.

(h) Percent of monocytes, lymphocytes, pseudoeosinophilsg,
bagophils and eosinophils,

(5) Body weicht in grams.

Case 3

Rebbit 2a was inoculated with culture No. 2., Organisms ware

cultured from the pelvis of the kidney and from the urine. The lungs
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wore slishtly congested. The kidneys appeared normal except for the

presence of a yellow concretion in the pelvis of the left kidney snd a
slight papillery necrosls which wes also noticed in the microscopic

examlnation,

Time Hb WRC M L P B E Wt
0 12.1 9, 700 0 63 3 1 2 2050
1 12,1 7,950 2 U5 U3 8 2 -
3 12.1 12,400 4 B2 42 1 1 1865
5 12,9 26,800 3 W6 30 17 L 1808
7 12.7 11,100 3 49 U5 1 2 1824
9 12.3 18,000 c 531 19 7 1 1846

Case 4

Rabbit 2b was incculated with culture No. 2 and diasd on the
gseventh day. Orgenlasms were cultured from the kidney pelwis and cortex
and from the urine. Both kidneys were enlarced and exhihited coneestion,
cortical akhsceases, panillary eroaion, and purulent dloody mucous
meterisl in the pelves, ureters and bladder, The areters were enlarged
and congested. Upon microscopic axamination the liver and spleen
appeared congested. The kidneys showed edema, congestion, hemorrhage,
degeneration of the convoluted tubules, ahscesses in the cortices and at
the tips of the paplillas, and bacterial masses in the collecting tubules
at the tips of the papillae. The pelvis was filled with blood, tissue
debris and diphtheroids. The velvic ep!thelium was necrotic and *he
peripelvic tissues were infiltrated with fibrin, erythrocytes and serous

fluid.
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Time Hb WBC M L P B E Wt
0 14,5 8,550 2 7% 19 3 1 2128
1 13,3 3,700 1 43 56 0 0 -
3 13,7 7,950 7T 49 Yo 2 0 1983
5 .2 28,550 16 39 33 11 1 1210
Case 5

Rabbit 3a was inoculated with culture No, 3. Orgenisms were
cultured from the kidney pelvis and from the bladder. The kidnevs were
gwollen and pale and exhihited whitish stresks in the medulla radiating
toward the cortex, nanillary necrosis, and vellow necrotic foci in the
nelvic mucosa. The ureters were slichtly enlarzed, Milecroscopically,
the kidneys showed deszeneration nf the convoluted tubules, papillary
erosion characterized by necrosis, congestion, hemorrhage, pseudo-
eosinophils, and diphtheroids in the necrotic debris and in seversal
collectinz tubules. The pelvic mucosa was necrotic and the nerivelvic

tissue was infiltrated with serous fluid, fibrin and pseudoeosinophils.

T4 me Hd WBC M L P B T Wt
o} 17,3 12,650 1 79 12 2 6 2320
1 12.1 5,350 0 30 60 10 O -
3 10. 4 9,350 9 64 21 5 1 2382
5 10. b 9,650 7 68 22 2 1 2288
7 13.2 9, 000 3 32 62 1 o 2254
9 11.2 10,450 3 66 130 1 o 2282

Case b
Rabbit Ib was inoculated with culture No. 3. Organisme were
cultured from the kidney pelvis and from the bladder. No eross or micro-

scopic slterstions were apperent but diphthernids were seen in the
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These orsanlsmg were verr likely different

from the ones injected a3 Judzged from thelr cultural characteristics.

Time b
0 11.7
1 11.b
3 11.1
5 11.¢
7 12.1
9 12,3
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cultured from this rabbit. The right kidney exhibited a natchy conges-
tion of the cortex, a small white focus in the medulla and coneestion of
the papilla. In stained sactions the right kidney showed a small fidrotic
nodule in the inner medulla and the enithelium of the collectinz tubules

in the medulla of the left kidnay amneared slightly desenearatad.

Time Hb "RE M L P R E  TWt.
0 12.1 9,850 0 6o 3h 2 2 2400
1 12.5 5,500 2 30 66 1 1 -
3 13.1 2,000 6 56 32 3 3 2396
5 13,5 4,750 1 51 W 6 1 238
7 13,2 8,250 1 55 136 7 1 2312
9 13,7 10,100 2 kW5 g L 1 24uo

Cage 9

Rabhit 5z was inoculated with culture No. 5. No orzanisms were
cultured from this rabbit. The only lassions found were in the stained
sactions. There was a slight incresse of nseudoeosinophils in the lung,

and g slight increace of phagocytosis of blood pigment in the spleen,

Time Hb TTBC M L P B E wt.
o 11.8 £,950 2 65 130 2 1 2152
1 11.8 7,800 0 53 ko 1 0 -
3 11.8 10,700 5 53 19 2 1 2162
5 12.3 12,750 Y p2 2R 5 1 2120
7 4.6 16,800 ¥ &89 34 1 2 2182
9 12,1 9,250 5 hg uh 3 0 2238

Case 10

Rabbit b was inoculated with culture Wo. 5. Yo organisms were




cultured from this rabhbit,
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No gross or microscopic lesions were apparent.

Time Hb WBC ¥ L P B E Wt
o .Y 9,250 1 76 18 3 2 2300
1 11.1 5, 400 o Y 50 5' 1 -
3 1.6 13,750 2 hz us 5 0 2280
5 12.5 9,800 3 56 31 g 2 2282
7 12,9 11,050 3 L9 W2 5 1 2335
9 12,4 10,450 1 54 2 > 2uhh

Table IT1

Summary of Data

(3)

P
Tt Fammeek 1 )
N GOEY

wt. ot end (u> Max. % inc.(S)

YUnyx,

Culture Rabbit Lesions Culture(2> ¥t. Loss Comp. to Begin in WBC
1 1a - - 22 +6 13
1 1b - - Yone +95 28
2 2a + + 225 -204 156

2b + + el -u00 23k
3 3a + + 66 -38 drop
3 by - *F None +300 35
L 4a + + 233 ~30 gh
L Lb + - 92 +40 3
5 Ha - - 32 +86 65
5 5b - - 20 +14h 9
(1) Microsconic or eross lesions in the kidneys.
(2) Recovery of the oricinal orsenism dbv culture 2%t necropsy.
(3) Lowest weight recorded durine experiment commared to welesht at

(1)

(5)

the beginning (Grams).

Weicht st the end of the exmeriment cbmpared to the welzht at
beginning (Grams).

The maximum percent increase in the leukocyte count.
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Discusgion

The results of this nwreliminary work indicate that there were
marked differences in the morphology and nropertiea of the colonles
chosen for astudy from stock cultures which were orisinally isolated from
cattle having pyelonephritis. That all these variations were present in
the cultures as originally igolated is very doudbtful and could not be
maintained.

As may be noted by examination of the nphotogrsphs and the
classification of the colonles, the greatest mornholaocical Alfferences
were between culture No. 1 and the other four cultures. The mornhology
of cultures No. 2 and No. 3 ia somevhat gimiler and also that of cultures
Yo, ¥ and No. 5.

The gezrolorical reactions of forvnehncterium reanale are at hegt

none too satisfactory. The results of the agzlutination tests show that
there are antiecanic differences and similarities betwean the different
cultures bﬁt there is little or no correlation with the morphonlocical
characteristics of the colonies.

The results of the bactericidsl reactions show a fairly close
correlation with the morpholoeical characteristics. Culture No. 1 was
the most susceptible, culturee No. 2 and No. 3 were the least suscentidle
and the reactions of cultures No. b 2nd ¥o. 5§ were intermediate. The
plasms used in this case very likely contained some sapecific antibodies
because this animal had been exposed, intraurethrally, 11 months before
and wags still passine organisms in the urine. cher tests, not recorded
here, showed that the plasma from a cow not nassinz organisms was less
potent in action,

The pathogenicity test, usine rabhits, was of course woefully

inadequate because so few animeals were used to test each culture, The
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Fig, 26. Colony of culture ¥o. l. Two weeks growth on
tryptose agar at room temperature after the
firat day at 37°C. X10.

(The colonies depicted in Figs. 27, 22, 29
and 30 were grown undesr similsar conditione),







Filg. 27. Colony of culture No. 2. X10.







Fig. 28. Colony of culture No. 3. X10.







Fig. 29, Colony of culture No. 4., X0,







Fieg. 30. Colony of culture No. 5. X10.
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