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INTRODUCTION

A study eof tea strains of Cerymnebacterium renale-like organisms

isolated from the urine of ten cows suffering from pyelonephritis is re-
ported in this thesis. The erganisms did not wholly fulfill the re-
quirements as outlined by Bergey (1S4E) to be classified as C. renale,
However, some of the characteristics such as morpholegy, grewth in
culture media, biechemical reactions and pathogenicity to laberatory
aninals were sufficiently similar to those of C. reuale that they

bave been named C. renale=like organisms., The Corynebacteria of animal
origin, however, have not been studied or classified adequately, although
they were knewn to cause both acute arnd chnronic diseases of animals,
which were of great economic importance to animal health, Previeus te
1946 there was a general epinien that laboratory animals were refractery
to infection by C. renale. The primary objective of this investigation
was to determine whether or not these C. renale=like bacteria would

vreduce lesions in laberatory mice and rabbits,



REVIEW (F LITLRATURE

The etielogy of pyelonephritis ir cattle has been described as
polyebacterial in nature. With few exceptions, however, the bulk of
the evidence suppserts the view tnat C. renale is the svecific etielogical

agent in infectious pyelonepnritis and cystitis,

Bruckmuller (1869) described ealargenent and abscessaticn of the

kidney of an ox accompanlied with dilatation of the renal pelvis,

Siedamgretzky (1875) described the lesions in the renal parenchyma

of a cow. UFecrosis of the rapillae asseciated with dilated pelvie
was tre main characteristic feature. Bacteria were isolated from the

pus in tne rensl pelvis,

Pflug (187b) observed a case of neparitis in a cow. The auther
suspected that micre=oerganisms were responsible for the cnset of pyelitis

and pyeleenepharitis.

Denmann (1877) described the gross and microscopic lesions in a
case of bacillary nephritis. Bacteria were demonstrated in the uriniferous
tubules in additien to the leukecytie infiltration in the renal intere

stitial tissues, The affected kidneys increased in weight,

Guillebeau and Hess (1388 te 1892) described the symptomatology,

pestemortem patholegy and pathogenicity of the organisms isolated from
the urine and the renal pelvis of affected animals, The authers ceuld

net preduce the disease in cows, oxen, goats and pigs elther by ine

travenous or intravesical inoculatien with urine or cultures,



Guillebeau (1338) found nonemetile, slender bacilli in the

renal abscesses of cows affected with nyelonephritis,

Bang (1889) and Schmidt (1890) ebserved bacilli in the lesions

of the kidney of affected cattle,

Friedberger (1890) in a study of yyelonephritis found clumped

gramepositive bacillil eccurring in the kidneys of affected cattle.

Hoflich (18391) described tne gross and micrescopic lesions of
the bacillary pyelonephritis in the ox, Dilatatien and leukecytic ine
filtratien in urinifereus tubules associated with increase in amount ef
interstitial cennective tissues of the kidney were noticed, Organisms
were isolated from the renal abscesses, the pelvic pus and the urine.
The organisms were small gram pesitive reds, measuring 1 to 3 x 0.7 u.

He named the organism the "bacillus pyelonephritidis boum",

Enderlen (1891) isolated a small gram positive bacillus
measuring 2,1 micra to 2.8 micra in length by 0.7 micra thick from
cases of pyelonephritis in cattle. He was able to cultivate the organism
in a pure state and alseo preduced typical lesions of pyelonephritis
in twoe uretereligatured rabbits fellowing intravenous ineculatien,
Tais disease could not be rreduced by other methods. It was stressed

that the infection was of hematogenous type,

Bollinger (1891) supperted the work of Enderlen in that the ine
fection was of hematogenous type., There was no generalization. The

lesions were located for the most rart in the renal pelvis and parenchyma.



Lucot(1892) found the bacillus  yogenes bovis as the cause of
pyelonephritis ic cattles These were isolated from renal abscesses and
were thought to be the same organism as previously identified by Hoflich

in 1891,

Kitt (1893) described bacillary pyelonephritis in cattle. The

auther ceuld not demonstrate the bacillus pyelonephritidis boum as the

specific etielogical agent in the causation of the disease., Diseaseld
precesses of varying degrees were observed in kidneys, ureters and

bladder,

Mollereau and Porcher (1895) described the same type of bactezia
a8 previously discevered by Hoflich and Enderlen in 1891, in the renal

tissue of cattle affected with pyelemnephritis.

Bartels (1897) described pyelomephidnephritis in cattle due

to bacillus pyelonephritidis,

Albrecht (1900) described the prepondersnce of the bacillus eof

pyelonephritis in the affected kidneys of cattle,

Ernst (1905) studied tne histopathology of bovine pyelenephritis,
The organiém could not be isolated in pure state. In 1907, hep laced
this organism in the group ef coerynebacteria and called it the "coryne=
bacterium renalis bovis", It measured 2 to U4 micra x 0.5 teo 0.b micra.
The bacteria eccurred in clumps, Bacteria were present in the necreosed
collecting tubes of the papillae. There was marked cellular infiltratien
into these tubes, With the degree of advancement of the disease a

marked increase in the interstitial connective tissue was noticed. The
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predilection of tne organism was for urine, This was substantiated by

observing the increased growth in agar medium containing urine.

Ritzenthaler (1910) described tue microscopic findings in 28 out
of a total of 88 cases encountered, The essential lesions in the renal
parenchyma consisted of necrosis of lobules, dilatation of the pelvis,
leucocytic infiltration and tnickening of the mucous membrane of the
pelvis, The guthor believed that the type of infection was an ascending

one,

Gair (1918) described a bacterial pyelonephritis in a cow. Organe
isme isolated from the urine were aerobic, gram pesitive, non-motile
rods, 2 to 4 micra long by 0.5 micran thick, They were pleomorphic and
ahowed deeper staining at the ends and middle. Bacteria occurred in
clumps in smears made directly from the urine, This clumping’was a
special characteriatic in diagnosis of the organism which he called

icorynobacillus",

Boyd (1918) described pyelonephritis in two cows = one a Guernsey,
the other a Holstein, The kidneys were enlarged and the cortex was studded
with numerous abscesses. The pelvis was dilated with yellow brown fluid
which contained blood clots, some calcar@ous materials and tissue threads.
The wreters were enlarged tc the size of a man's middle finger. The
bladder wall was thickened., Histopatholegic examination of the affected
kidney revealed cellular infiltration and club shaped bacteria in the cortex,

Bacteria could not be isolated,

Boyd et al (1918) observed a case of pyelonephritis in'a sheep.



Eheresn (1918) in a review of tie baecterioslagic stud, of tue
diptieroaid oarganis:z slatedy

Myizula (L400) described tne 3. remalis bovis.

Rads witn t..ickeuneld ewnds nou=motile, g¢rame
208itive., In broth, a granular ovrecipitate

is formed, tce mediwt ressining clear. Cbe

li-¢#te serove 2 not grow at rvom tenperature.

Tre organiem g¢rows pos:rly ae comrared wiih

tne cdipiutlneria bDacteriun, DBatessrrnst J1au i-s
sppear much later, It is clubesnapsld, lacet=
like or cyliudrical. %> &cid is produced in
dextrese ana glycerine, ne speres. Fat.ogenic.ity
apnears dsubtful., Ernet was unadle to ceasuctrate
virulerce for guinea pies or rebbits by means

9f intrareritoneal or intrapulmenary insculations,
Cunclules that the organism is rot etislozic for
pyeloneparitis, since e could rat recsver tlre
arganisam from t-e lesions nor renroduc: tue
diseasze,"

Jones and Little (1325) stated:s M"Joest (1924) consicers pyelo=

anphritis @ specific irfsctious dissgse of cat'le arnd called attention to

tne fact tnat t-ere is ns CGiserse taving similar etizlosgy and rathology.®

From toe protocols of 13 cattle auteoeied and studied, it was
evident trat tnere were lesions ir ene or beth kidneys a21.d ureters. Tle
tladcer wall was tnicxened up t. one to5 tws cm. Bacteria were rresent in
tre urinar. seliment in large numbers. Wren rreparatiens from tne pelvis
of the infected snimals were nade aud s8tained, bacteria were fiuad in
large avwber, Au attemnt wes macde to dilaguose tne infected animals bty thne
agclutination test, However tiie titers of tre aealtly and trne infected
aunimals were absut trhe saase. N2 recognizable allergic reaction in tie ine
fected animals was observed wnen the siiin and c.runea vere injected witua

e filtered culture,

Jones and Little (132t), on the basis »f previous findings, made
8 bacteriologic and snimsl jnoculation study. The organisms were nona

motile, gram positive slender rods, tvwd t- taree micrg in lecytn,
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Plemorphisn in artificial culture media was pramounced. The bacteria
grew in ordinary laboratory media. There was bacterial sedimentfin broth
cultures, On serum medium there were raised, grayish white, dry colonies
which did nnt digest tke serum. Blood was not hnemolyzed nor was gelatin
liquefied, There was reduction of litmus in litmus milk, the casein
coagulated at the bottom, leavinug the upper siratum blue. Only dextrose
was fermented with a final pH of 4,9 to 5.C. The 2b strains studied were
immunolegically the same, These cultures were obtained from five herds,
In a study of pethogenicity for laboratory animals it was fou.d that
white mice, rabbits and guinea pigs were resistant to infection. No

toxin was dewonstrated.

Renal lesions failed to develop in cattle following intravensus
inoculation of 5 ml and 10 ml amounts of broth cultures of the organism,
Cows failed to develop lesions in the bladder, when swadb cultures were
introduced into the vagina. On twe instances when cows were fed large
quantities of freshly isolated cultures, one developed cystitis and t..e
other remained normal, Waen this part of the experiment was reneated
the results were negative, UFecal examination of cows artificially fed with
pure cultures, revealed no organisms., The introduction of droth cultures

into the bladder pre.uced tne disease wnich pointed to an ascending type

of infection,

Udgll (192b) observed pyelonechritis in a 9 year old Jersey cow

and a bacteriological examination revealed "B, pyelonephritis bovis =

W. A. Hagan" from the left kidney and B. pyelonephritis and many cocci

trom the right kidney.

Boyd (1927) described five clinical cases of pyeloneohritis and



stated that the disease was us.ally urc_e sus in origin, dut might at
certain occasions be nematogenous, especially wnen occurrirg after pare
turition, In one case the affected left kidney, ureter and bladder
weighted 64 oz, The ureter was 4 cm in diameter and one cm thick, The
mucous membrane of the bladder was deeviy rurrowed w.a tne wall was

one cm thicke The lesions were cConIined mainly to tae ureters, There

were also abscesses ir the kidneys,

Cellular infiltratizr in the cortical zone and necrotic areas
in tihe renal papillae were observed., Large amo.nts of erytarecytves,
wiite blood cells, tibriu, dirntnerdid bacteria and unrecognizable material
were found in tne calyces, Degeneration and desquamation of ureteral
epithelium was accoupanied by fibrosis. Fidbrosis also was seen in the

bladder wall, The urethra was apparently normal,

Jones and Little (13928) described the symptomatology of 20 head

of cattle from three herds. Urine analyeis of tnese caitlo and many herds
in New Jersey revealed wihite blood cells, erythrocytes, round cells,

epithelial cells and masses of gram positive diphtheroids in the sedirent.

The gross lesions found in the bladder were a hemorrhagic, swolien
mucosa thrown into foius and accompanisd ty necrosis, The pelvis of
the kidney was filled with yellow, purulent exudete, Most 2ften the
lesions were confined to the pelvis, When the involvement was diffuse
in nature the enlargement of the kidneys was noticed. The capsule was ad=
herent to the cortex, Tne microscopic findings seen in the renal parenchyma

were fibrosis and leucocytic and round cell infiltration.

Cystit.: and pyelonephritis were found to be related processes of

the same disease,
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The disease was an ascending t;pe attacking first the bladder and
then the kidneys through the ureters, This was substantiated by producing
cystitis after the introduction of small gquantities of a broth culture via
the urethra but no lesions were found in the kidneys when five to ten cc of
a broth culture was given intravenously., Furthermore, in the earlier
cages bladders were alone involved, 1In tne caronicity of the disease

lesions were seen in the bladder, ureters a.d kidneys,

The dipthercids normally present in the urine of cows and tulls
were not identical wita the pyelonephritis bacillus. Vaginal swabbing
witik the cultures of the organism failed to trausmit the disease, Iiowever,
infection was procduced in two cows which were groomed and brushed afier

infected animals.,

The disease seemed tn have no relation to tne diseases of the zenital
tract, It occurred independently without genital infection, The onlyZlocus

of the organism was tne urinary tract of an infected arimal,

McFadyean (1922) in a @iscussion of nephritis in animals described
@ pyelonephritis in which the pelvis and medulla of the kidney were the
maln sites of the disease. One or both kidneys might be involved. ZEven
the extent of invasion in the latter case was not to the same degree in

the two organs. It was stated trat the hematogenous theory of infection

was inadequate as the main sites of lesions were in the pelvis and r-lulla,

The macroscopic lesious observed were enlargement of the kidoey and
increase in weight « "up to &=9 1bs", The lesione located in the pelvis varied
from g8light congestion to ulceration, In some cases the inflammatory process

extended to the rapillae of the medulla,
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The micruescopic alterations of the tissues were degeneration,
destruction anc desquamation of the epithelial lining of tze tubules
accompenied by polymorpnonuclear leucocytic infiltration from the neighe
boring capillaries in tie medulla, As tre invasion of the becteria was
through the uriniferous tubules, receant exudation and cellular infiltration
were in the cortex. He stated "Bollinger thought the pyelorezkritis was

the third most frequent disease of cattle in Germsny."

Jones and Little (1930) isolated 128 strains of diphtheroids rrom
the genitoeurinary tr;ct (2heath, uretiira, bladder, urine and vagina) of
34 calves from a kerd in waich infections cystitis and pyelonephritis
were present, They placed these strains into five cultural grours on the

basis of morphology, biochemical and immunological reactions.

Clafson (1930) recorded a case of pyelonephritis and cystitis ir
a twoeyear=o0ld Euglish Snepnerd female and was able to demonstrate
"C. renalis™ as the etiological agent. The organism isolated was idextical

with the bovine straiuns,

Palmer (1031) observed three cases of specific infectious pyelonephritis,
Gram positive dipthernids were isolated from two cases. The lesions were

alike in all cases.

Merchaant (1935) in a study of the corynebacteria associated with

the diseases of domestic animals stated that g. E:Palis isolated from

the renal exudates were bacillaryeshaped in all media and had a striated
aprearance in stained smears. Metachromatic granules were observed im

the organisms when grown on Loeffler's serun medium. Tiiey occurrecin

clumps, were gram positive and noneacid fast. Ia solid media, the culture

became drier with age., NKine of the 20 strains caused an alkalinity of
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litmus milk with digestion »f milk casein but no coagulation, There was
no digestion of curd. There was no action on gelatin nor on solidified
serum. The majority of tne cultures fermented glucose, a few levulose

and mannose and only one strain attacked dextrin, All the strains were

not agglutinated by sera prepared against taree strains,

Boyd and Bishop (1937) recorded eight cases of pyelonephritis in

horses (seven mares and one stalliomn), C. renale was isolated from the
urine of all animals, Pathologic findinge were practically the same as

observed in cattle.

McIntosh (1938) reported four clinical cases of pyelonephritis

in cattle at the Ontario Veterinary College Clinic, The clinical symptoms

were described, cornyebacteria were isolated and identified from two cases,

Palmer (193&) reported on a purebred HolsteineFriesian cow. At
sutopsy, in addition to the presence of pathologic changes in the urizary
organs, gram positive diphtheroids were isolated from the kidney pus.

These were thought tc be tne specific etiological agent of the disease,

Doll (1942) in an unpublished study found typical pyeleneparitic

lesions in tie kldneys of 13 rabbits intravenously inoculated with C. renale,

Morgan (1942) mentioned an atypical C. rexalis culture wrich did

not ferment dextrose,

Thorp et al (1343) reported six cases o pyelonephritis among
five cowe and one male calf. g. renale was isolated from the cows and a

diphtheroid from the calf. The organisms were none-motile, nonespore-

forming, gram positive rods, occurring in palisade groups showing the

beaded staining properties,
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The bacteria fermented glucose, hydrogen sulfide arnd indole were
not formed and nitrate was not reduced. Urine awlysis indicated the
vresence of albumin, sediment, bacteria, erytarocytes, alkaline pH and

decrease in creatinine and noneproteine~nitrogen.

The affected kidneys were enlarged. In chronic cases the capsule
was thickened and adhered to tne cortical substance., They showed mottling,
and grayish yellow foci on tne lobes. On the cut surface necrotic exudates
containing blood and pus were observed. Fibrosis developed in chronic
cases, Necroesis, suppuration, sloughing and disarpearance of some portions
of the medulla were seen., TiLe major and minor cal’ces were invariably dis-
ternded with inflammatory and degenerative exudates, Numerous inflammatory,
edamatous, hyrerplastic and focal degenerative changes were observed in

the bladder and ureters,

Histopathologic changes were characterized by cellular infiltra=
tion and connective tissue proliferation in the interstitial tissues,
Atrophy and cellular casts in the tubules were observed. The renal corpuscles
showed various inflammatory and regressive cnanges leading to loss of

arcnitectural design, The medulla showed necrosis, supouratioen and leuco=

cytic infiltration,

The renal arteries displayed arteritis, thickening of the intima,
necrosis and fibrosis in the media and numerous thrombi, The ureters
showed inflammatory and degenerative changes, The ureteral epithelium
showed metaplasis simulating stratified squamous epithelium, Varying de=
grees of congestion, edema, necrosis and desquamation of tne bladdsr

epithelium were noticed.
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Coffin (1G43) deecribed C. remle as a gram positive pleomorphic
rod occurring 1a palisade groupings, The banded appearance of the organisnm

was seen with methylene blud staining,

Olney (1943) reported a case of pyelonephritis in a Holsteine
Frisian cowe The hemoglobin content was 7.5 mg, the erythrocyte and
leucecyte counts were L,15 millions and b.b thousands nmd respectively,
The urine was positive for albumin and blood, Gressly the kidneys were
enlarged and weighted 6.0 to 7.5 1bs, In addition to ureteritis and

cystitis fibronecrotic membranes were present,

Foss (1244) isclated C. renalis from the kidneys and bladder mucosa
of & horse, The organism was & dextros fermenter, indole non-preducer,
occurred as a rod in groups, showing typical bars and metachromatic granules

and was gram positive,

Beck et al (1945) reported on the penicillin treatment of six

cows aftected with pyelonenhritis and cystitis with encouraging resulis,

Feenstra et al (1945) artificiamlly produced pyelonephritis and cystitis
in a Jersey steer by intra=urethral inoculation. At autopsy nine months
later gross and microscopic changes were identical with the lesions seen

affected

in naturallx(animals. C. rerale vas 1solated from tne kidneye,

Feenstra et al (1945A) studied morphological, cultural, biechemical
and serolegical properties of 19 diphtheroids isolated from cases of pyelre
nephritis, These findings suggested that there were two distinct species
of corynebacteria = fine growers and rapid growers « involved in the ‘

etiology of pyelonephritis, Of the 19 etrains studied 6 were slow growers,

xylose fermenters, hemolysis and HES rroducers,
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Feenstra et 81 (19kt) described tue invasiveness of tane diptheroids

of ryelonephritis, In the acute fulminating type the lesions were more
severe and were scattered tiuroughout tne kidney. Ipn tie mild and chrounic

type the lesions involved mostly the calyces, ureters and bladder.

Lovell (1346) in a morphological, cultural, bischsmical &ard seroe
logical study of 36 strains of diphtheroids found 26 to be C. renale.
All the 26 strains were gram positive, occurred in groups and showed a

beaded aprearance,

These grew well in plain broth and on agar. Bacterial deposit
occurred irn the broth leaving tne supernatant fluid clear., No markedfime
provement in growth was seen in blood agar or serum agar, Neither hemolygfs
of bleod nor liquefaction of gelatin was produced by any of the strains,
Catalase was produced by all., Caromogenesis was marked on blood agar,
8011d serum and egg medium. A distinct "nalo" around the colonieg was
produced when grown on 10% sterilized milk agar, High slkalinity in
litmus milk, splitting of urea in urea broth were produced by most of these
26 strains. Glucese was attacked by all the 26 strains, Some of the

strains were V. P. and M, R, positive, Most of the strgins were serologically

alike wnen treated with antl serum of three different strains of 9, renale,

Mice when were infected intravenously with C. renale at a dosage
rate of 20 million/ living organisms, in most of tiie cases the organisms
were isolated from the kidneys and urinary tract. In a few cases orsanisms
were isolated from the blood and spleen, This suggested that C. renale

was pathogenic to mice when given in adequate dosage,

Lovell and Cotchin (194bA) gave 20 millionf of C. renale to 50 mice =
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25 male, 25 fenale = intravenously. Tuney were able to isolate the
organisns from tie blood, spleen, kidneys, urine of infect~d animals
when they were killed after an interval of 6 hours to 14 days, More or
less tie same picture was noticed in those animals which died from the
3rd to 12th day after infection., 1In all these cases lesions were marked
in the kidneys, There was papillitis, pyelitis aund pyonephrosis with
the invading degenerative processes extending downward in the ureter

and outward to the perierenal tissue,

In a second study they gave 20 million C. renale organisms intrae
venously, intrep~ritoneally, subcutaneoLaly aud vaginally to four groups
»

[ ]
of 10 mice. Kidney lesiomg occurred in three mice, infected intravenously

and one mouse vaginally infected. The infection was not spread by contact
as 12 nealthy mice failed to show lesions in ti:e urinary tract when plsced

with 12 infected mice for Rt days.

The renal damage in guinea pigs and rabbits to an intravenous ine

oculation of 60 million of C. renale was mild as compared to the lesions in

mice.

Thickened edematous condition of the choriocallantoic membrane was
noticed wnen an inoculum of C. renale was injected into a nine=day=-old

chick embryo.

Morgan et @l (194b) identified 18 etrains of C. reuale isolated

from the sheaths of 54 dulls,

Runnells (1946) mentioned that infections pyelonephritis has been

recorded 1zg swine,
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Weitz (1947) isolated LU strains of C. renale from the vagina
of 100 normal cows in three herds, OC.. renale was not found in the
abnormal disclLarge of 180 cows suffering from endometritis. 0, renale

was recovered from the normal urine, This led to the opinion that

C. renale possibly mignt be @ normal inhabitant of the posterior part
of the vagina around tne urinar; meatus of dairy cows. Under certain
favorable conditions they became pathogeric, Transmission of infecticn
from animal to animal was not likely to occur because of tiie fact that

many or most of the animals were potentially infected.

Morse (1948) in a study of 43 strains of C. ressle found tiat a
granular deposit occurred wi.en they were grown in serum infusion breth,
The cultural growths hLad a tendency t> becowe mucoid when stored in the
refrigerator for one month, No hemolysis was observed in blood agar plates.
Appreciable luxuriant growth was more pronounced in blocd or serum agar

media, Chromogenesis appeared to be present.

Neither serum digestisn nor gelatin liquefaction occurred. Dextrose
was attacked by all strains, Urease was produced in urea medium, Ine

hibition of growth was noticed in the medium containing 12.5% to 15%
sodiun chloride. They were non-motile, H,S, indole, M.R., V.P. negative.

Except for two all the strains did not reduce rnitrate to nitrite.

Morse (19L48) made a bacteriological study of eigant cases of pyelo=

nephritis treated with venicillin and found the results encouraginge

Feenstra et 8l (1949) reported tiat C. remsle was pathogenic for
22 rabbits artificially infected by tne intravenous route. Very sige

nificantly altered clinical blood picture was noticed. The hemoglobin

dropped and toe heteropnil perceuntage was increased in tue infected rabbits.
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9, renale could be recovered from the lungs, liver, bone marrow, spleen,

xidneys and urinary bladder.

In early cases ccngestion of the capillaries, and with the chronicity
of the infection necrosis of tne pelvis, leucocytic infiltration and
proliferation of fibroblasts were observed in the kidneys, Uretﬁeritis

and cystitis were marked,

datch et al (1949) isclated eight cultures of C, renale from tne

cervix and vagina of infertile dairy cows,

Morse (1949) in a study of 51 straius of C, re-ale descrited
the organisms as gramn positive phpmorphic rods occurring in clumps with
palisade arrangerents, Tney fermented dextrose. All the strains produced
@lkalinity in lituus milk medium, Indcle and hydrogen sulfide were rst

produced, Urea was nydrolyzed,

Morse (1950) studied six strains of C. reaale in plain-extracte

broth in which tne pH became 8,2 after 28 days acainst tne initial pH

b. 8.

LE strains »f C. renale crroduced acid in dextrose medium with the

pH 6.1 against tne initial T.b.

A high alkalinit; of pH 9.0 was observed in urea broth against the
initial pH 7.5 b, 51 strains, Increase in pd was noticed in litmus milk
by 43 strains. Cf the 50 strains studied in 10% milk agar medis 7 did
not produce a "uaalo", C. renale showed very poor growth in cnocolate

blood agzar medium containiug 5o of 0.9% of sodium tellurite solution.

Morse (155CA) made a survey of the incidence of E, rerale in 523






animals. Of these, 215 animals were in herds where clinical cases

were absent, The author was able to recover C. renale from tihe vaginal
and penile swuvs  of clinically affacted and noneaf:'ected cases, but
failed to isclate t:oe orgaanisms from the urinary bladder of 108 animals,
In an 1£fected herd periodic examinations brought out latent infections,
It appeared that C. renale was disseninated from the apparently healthy

carriers to the neighboring healtiy animals,

Morse (1950B) reviewed tne various medicanents ewmployed in the

treatment of bovine pyelonephritis and found tnat penicillin was the

effective therapy.

18



MATERIALS AND METACDS

1. Bacteriological Prccedure:
For studying tae morphclogy of taese cultures Gram's stain
(Hucker modificztion, 19¢() and Wright's stairn were used,
Motility in broth culture was caecked after 7824 nours incubae
tion at 37 C.
The media used in the stue¢ ot tne cultural characteristics are

shown under results,

2. Pathological Procedure:

A. Mouse insculation

I. Selectinn and g3§3 of dice

— ——

Apvarently healthy wilte mice of tw> to tnree months of
age, welighin,” an average of 20 to 25 gme each, were se=
lected, They were housed in galvanized wire mesh cages
havineg raised bottoms. Before use cages, trays, pans aad
all receptacles for food and water were thorougnly washed
and were placed in flowing steam for en hour. The dlet
was a commercial rabbitepellet® supplemented wita tankage.
During a preliminery period of at least a week animals not
showing signs of illness were selected for use.

II, Preparation of Eacterial Suspensicn

The micro organisms were inoculated ontd .:}ptose agar

slants and incutated at 37 C for three to four daye. The

*Aqeady Sunkist Rabbit Pellets Prepared by Acrady Farms Milling Co.,
Chicaze 6, Illinois,
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cultures were washed and suspenéed in sterile distilled
water, A uniform, well mixed bvacterial suspersion vss
made by siaking tue saspension ia bottles containing
glass beads in a Snaking Maciine®* for nalf an hour, Tae
suspension was taen kept at room temp rature for five to
ten minutes allowing the foam to decrease.

Tre bacterial suspension accordin: to the required dosage
of organisms (15 million, £0 million, 40 million) was then
standardized by the paotelometer** using the standard
opacity tubes of a McFarland Nephelometer (Kolmer aand
Boerner, 1945),

III., Technic for Irjection

The device used for restraining the mice is sbhown in

Fig. 1, page 21, After the mouse was placed int>o the filter
mantle, ite tail was wiped off with a pledget of cotton

and immersed in warm water (approximate 45=50 C) just for

a moment to make the vein more prominent., Holding the

tail of tlie mouse with one nand the needle was inserted

inte t..e coccygeal vein,

B. Raboit Inoculation

I. Selectigﬂ and Care of Rabbits

Young healthy rabvits weighing an average of 2000 to 3000 gms
were selected, Tney were housed iu strong galvanized cages

having wireeamesh bottoms,

#Miller Paint Mixer iK€d by Miller Mfg,., Co. 3238 Bryunkawr Ave.,
Chicago, Illinois,

*#*Cenco=SheardeSanford-Photelometer Central Scientific Company, Chicaeo
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TLe diet was the same as given t> the mice but supplemented
with cabbage leaves and hay. Fresh water was giveu daily.
Animals were observed for & preliminary period of five to
seven days beifor e inoculation,

II, Preperation of Bacterial Suspension

The procedure was tae same as followed for tne mice, Tie

dose wes 4 billion organisms for eacn rabbit,

I1I. Technic for Iafection
Tne rgobit was restrained in a raobit box. DBacterial
suspension of specific quantity was given in the marginal

ear vein after tre site was clipped and 70% alcohol avplied,

C. Hematological st.dy

Blood smears for differential leucocyte counts (100 cells)
stained with Wright's stain were prepared from both mice and

rabbits, Hemoglobin determinations (Cenco=Sheard=Sanford

photelometer, Hoffman met-od, 1541) were made on the rabbits only.
For white cell and red cell counts, & Brightelinesimnroved=
Neubauer=Counting Q§mber was used, The diluting fluid for
erythrocyte count was tcat of Guy and Leake (Todd and Sanford,
1948) aud for leucocyte count, 0.1 HCL (Coffin, 1945) plus 1%
aqueoﬁs solution of 1% gentian vielet., Thoma blood cell pipettes

were used., Hematocrit reading and sedimentation rate were de=

termined by the Wintrobe method (Kolmer and Boerzer, 1945).

Technic of Isolation and Tissue Preservation.

Unless otiherwise stated heart blood, lungs, liver, spleen, kidneys and
urine of necropsied animals were cultured on litmus milk agar and blood
agar plates, Tissue smears from neart, lungs, liver, spleen, kidneys

and urine sediment were stained with Gram's siain,
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For histopathologic study, tissues of neart, lungs, liver, spleen,
kidneys, ureter and urinary bladder were Iixed in Zenker's fluid
(Mallory, 1938).

With mice tissue the usual grocedure of decreasing the time for fixe
tion, processing and embedding was followed.

Sections were stained with Eematoxylin and Eosin (Mallery, 1938). A
few of the sections were stained b, the Goodpasture's Method (MacCallwum,
1919) for identifying bacteria in the tissues,

Some of the tissues (liver and kidney) of four rabbits were fixed in

10% neutraleformolesaline and the sections were cut on a Spencer

Freezing Microtome and stained for fat with Sudan IV (Mallory, 1533).



RZSULTS

I. Morphologie
All the strains studied were pon=mmotile, nonespore forming gram
vositive rods usually arranged in a palisade, especially when isolated
from arimal tiesue., Pleomosrnhism vwas tae chief characteristic., Often
deeper staining granules appeared t> pe oresent in the body of the
organism which gave a ba.aced or beaded appearauce, Smears made frow
0ld cultures showed coccoid forms witn & striking tendency toward gram

negative appearance., This was noticed in all tne strains,

II. Cultural Chearacteristics

Nutriernt broth. After 48 to 72 hr, at 3/ C the growth of these

organisms in nutrient broth (M.M.P.C.S5.3., 1943)* was discernible witn
the formation of graanular sediments at the bottom of the inoculated tuibes,
Tre supernatant fluid was clear with not much cleuding of the broth., No
surface pellicle was produced by any of tae cultures, In one there was
growth on the side of t-e tube., The following table indicat:s tne nature

of growth produced by each culture,

L2y
Manual of Metnods for Pure Culture Study »f Bacteria.

TASLE 1

Cultural characteristics in nutrient dbroth.

No., of Culture number

Days 1 2 3 4 5 b 7 [ 9 10 Control
1 - - - - ges. - - - - - -
2 . 8. e 8, Eo 8. o 8 e 8o €eSe EoeBe EFo8s £o8. fog.s. -

(slight c)

3 EeBe  EoB. Ee8. £.8. " €eBs EeSe¢ Ee8e LoBe foegeBs =
4 €eBe EeB:. ZeBe  LeoB. ne CoBe EBoSe EeB. go8e. Tog.8, a
7 €eB. EoBs ZeBe  ELeSe " €e8e ZeBse £.8. Lo8., fog.8, =
12 € 8, .8, €. 8. Ee8e " CeBe EeB8e E£.85:, EeBe foZeBs =

14 €eBe  EeBe  Z.8.  geSBe " Be8e LeBs 2.8, £.5. f.g.8, =

e 8. = granular sediwent with superratant fluld clear
f.g.8. = fine granular sediment with supernatant fluid clear
ge8.Ce = granular sediment with clouding of the liquid

geBoete = granulgr sediment and grewth on the side of ire tube.

A
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Tryptose aser nlates, On tryptose agar plates (Difco, pH T.4)

incubated at 37 C for U8 to 72 hr., there developed erall, raised greyish
to creamy-white colored coloaies, wnich microscopically appeared granular
with slicntly erose edges, The colonies were not brittle. On ageixg they
Lecame more dry, apoeared larger ia size a.d snowed & tendency tokecome
chromogenic, 1. e. from whiteesrey to palewyellowish, The plates were

kept 30 days for observation,

TABLE 2

Cultural characteristics on tryptose agar plates,

Yo, of Days Cultural characteristics Control
1 Very minute greyisn white -
3 Very minute greyisn white but larger -
6 Tencency to become dry, lacy, larger -
11 Dry wnite yellowish colonies -
13 More tendency towards yellew -
2b Dry yellow -
29 Dry yellow -
Blood agar plates. Difce tryptose agar plates to wnich 10% defibrinated

sheep blood was added were incubated at 3/ C for 4872 hr. The colonies
initially were small dewedrop-like., Zones of alpha hemolysis were not
large, The zones were better discernible after 72 to 96 hr, when viewed
under the micrescope, As these organisms were fine, slow growing and

fastidiosus in nature, the cultural characteristics always were noted on

the 3rd or Uth day.



TABLE 3

Cultural characteristics on blood sgar plites,

Ko, of Culture number
Deyvs 1 2 3 L 5 6 7 g 9 10 Control

l - - - - - - - - - - -
2 + + * + - ¥ T + + £
2 + + + * +* + + + + + -
y + + + + + + + + + + -
T + + + + + + + + + + -

e = no hemolysis

% = elight hemolysis

¥

+ = comnlete hemolysis

Potsssium tellurite agar. On potassium tellurite agar (d.M.P.C.SB, 194¢)

black snall raised colonies appeared in and alonz the streaks of inoculum

made for seven days at 37 C.

TABLE U4

Cultural characteristics on potassium tellurite agar.

Nu. of Culture nunber
Days 1 2 3 4 5 b 1 g 9 10  Control

1 - - - - - - - - - - -
e + + + + + - + + + - -
3 + + + 3 + * + + + ¥ -
& + + + v + 3 + + + * -

- = no growth

% = poor growth

+ = growth

Litnus milk scar, This medium was rTrerarad by adding 10% of sterile

litmus milk to tryptose agar (Difco) pH T.4. Streaked cultures were

mede evenly on the plates and incubated st 37 C for Yb hr, The "zalo"

or zone of clearing (Lovell, 1946) around tne colonies were obDserved as

indicated in table 5,
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TABLE §

Occurrence of "halo" on litmus milk agar plates,

Yo. of Culture number
Days 1 2 3 L 5 b { o 9 10 ContrJ.l

1 ++ - - 3 +r £ + + + e -
) +te Tt ++ T orere ++  tre +e ++ it -
3 +He et ++ + trer R bt vt ++ et -
4 +r+t Tt +r T+ttt P T et T+ t+tT -

« = no "hale"

¥ = elizht "aalo"

+ to ++++ = 1indicates size of "halo"

Starch sgar. Cultures vere streaxed onto tihe freshly made starci

asar plates (M;?.C.S.B., 1348) preferably on tine day prepared. The ine
oculated plates were incubated 7 days at 37 C. A few drops of Lugol's
solution was poured over each rlate, There was & bluish appearance in
all the plates excent strain No., 10. This showed that starch was not

hydrelysed by the remaining nine s%rains.

TABLE 6

Test for starch nydroelysis witan Lugol's iodine.

Culture number
Date 1 2 3 4 5 b 1 8 9 10 Conirol

8/&)/“-9 - - - - - - - - - + -

no starch hydrolysis

+
"

starch Lydrolysis

When szeven day 0ld cultures were treated with a saturated soluticn
of iodine in 50% alcohol, hydrolysis of starch by cultures b6 and 10 was

noticed,

For this test a saturated solution of iocine in 50% alcohol appeared

to be more sensitive,



TABLE 7

Test for starch hydrolysis with 50% slcoholic solution of iodine.

Culture number

Date 1 2 3 L 5 b 1 8 9 10 Control
8/b/’49 - - - - - + - - - -+ -
« = no starch hydrolysis

+ = starch hydrolysis
Liguefaction of gelatin,. The gelatin was prepared as outlined in

MeMePeCoSe3e, 1948, The inoculated tubes were incubated at 37 C. After

intervals of 1,2,3,4,7,12, and 1L days they were placed iu the refrigerator
for evideuce »f liquefication, In no instance aid the gelatin remain

fluid except for culture 10,

TABLE 8

Liquefaction of gelatin.

No. of Culture nurber
Days 1 2 3 4 5 [ 7 g 9 10 Control
1 - - - - - - - - - - -
2 - - - - - - - - - - -
7 - - - - - - - - - * -
12 - - - - - - - - - + -

« = no liguefsction of gelatin

+ = liquefaction of gelatin
E}jmus milk, Litmus milk (Difce) was sterilized before use by

heating to 100 C for 15 min., in an Arnold sterilizer for three consecutive

days, Tue final pH was 6.4=t.5., In all cases the medium snowed a tendency

towards alkalinity, characterized by the bluish coloration of the supere

natant fluid, with total or partial digestion of casein,
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TAZLE 9

Reaction of litmus milk,

Culture Number of days ~
nunber 1 2 L 7 12 14
1 - b b b pd b md b md
2 - b bc bec b md b md
3 - b pd b pé bemd bmd bmnd
4 - b nd b pd b ¢ md b md o md
5 b b pd b md b cmd b md b md
b bcrd b pd b rd b ¢ md b od b md
1 b c pd b pd b nd b ¢ md b md b md
8 b c pd b pd b md becmd b md b md
9 bepd b pd b wd b e md b md b nd
10 becpd b md b ud b cnd b md b md
Control - - - - - -

b = alkalinity
¢ = coagulation
pd = »vartial digestion

marked digestion

md

Two eets of litmus milk tubes Irom a recently prenared batch were
inoculated at different times. The pH of the medium after 14 days incuba=-

tion was determined by the Beckman pH metexr as noted in table 10,

TABLE 10

Change of pH in litmus milk after 1k days,incubdaticn.

Culture number Control
1 2 3 y 5 b 7 8 g 10 1 2 N

1st set 6,9 7.1 7.2 7.0 7.2 7.0 J.6 7.2 T.4 7.16.4 6.2 6.3
ond set 7.2 7.0 7.2 7.2 7.2 6.8 7.7 T.b 7.3 7.0 6.4 6.4 6.2

pH of 1litmus milk before inoculation, b.5.

Hydrolysis of urea. Difco urea broth tubes were heavily inoculated

vith a 3 mm, loopful from & 72 hr. blood agar culture, Good urease production






was noticed after 24 hr. incubation at 37 C in some of tne tubdes,

Tubes not showing urease sctivity in 24 hr, were incudbatea ror an
addéitional 4€ hr. to 72 hr. Urease was produced by all tie cultvures
excest b and 10, Table 11 indicates tane pH before and #fter 120 hr, i.=

cubation and the degree of crange in tiae color of the medium,

TABLE 11

Eydrolysis of urea.

No., of Culture nunmber

Days 1 2 7 N 5 [ 1 g 13 10 Contrel
O - - - - - - - - - - -
1 - +t T+ + +++ - ++ - ++r - -
2 - ++ T+ + T+t - e +* vt - -
3 ++ +++ b + Tttt - Prtr  ttt et - -
4 ++t  +rye  rrat * et - tHte et - -
5 ++t P Tttt +  +tte a Tttt ttHE ttrs+ - -
5 cH* 7.9 7.3 7.8 6.9 8.2 0.5 7.9 8.5 ceZ Pe] 6e7

8 = yellow (ncrral color of inedium)

+ t® ++++ = varyirs degrees of color cnange fron yeliow T viodsewn,

® original pH 6.7

Digestion of serum, Loeffler!s serum mediun was maa+ in accerdance

with M.4.P.C.S.B., 1948, A slizht modification was made in thet the tubes
contained 3=b ml of mediuwa and vere laid ir a tray containing water, The
temper.iire was slowly raised to 75 C a.ad maintained for b6 hr., during
wuich timg the serum coagulated to @ yellowish waite solid. These tubes
were tien sterilized at 90 C (in the t»p of tue Arnold steam cabinet) for
20 minutex on 3 consecutive days., After esch day's heating the tubes

were placea in tne incubator. Tne medium was inoculated and incubated

at 37 C for 14 days., The colonies argeared as small discrete yellowecream

discs, The serum was not liquefiea by any of tie cultures except b and 10

as noted in table 12,






TA3LE 12

Liquefaction of Loeffler's serum,

No. of Cultire number
Days _1 2 3 u 5 & 1 __8 910 Control

l - - - - - - - - - - -
2 - - - - - - - - - - -
)+ - - - - - : - - * -»
12 - - had - ; - - - -+ -
lh - - - - - : - - - + -

- = no cigestion

¥ = slight digestion

+ = complete digestion

Proteclysis of alxaline ez wedium, The alkaline egs mediun wes

made as outlined in the MeimeF.CoeS.Bs, 19438, Mixing wes done in a Waring

Blendor.* Tue mediwan was sterilized in ithe saze mauner as for the Loefflerls

serun medium, After each heating the mediu: was kedt in the incubstor at
37 C. Proteclysis was indicated by progressive clearing of the medium,

The pH change after 14 cays incubation was as noted in table 13.

TA3LE 13

Proteolyeis of tne alkaline egg medium,

No. of ___ Culture numbar
_Days 1 2 3 4 5 b 1 3 3__10 Ceontrol
1 - - - - - - - - -
2 - - - - - - - - - L -
u - - - - - - - - - - -
7 - - - - - + - - - L -
1 2 - - - - - *+ - - - ++ -
lu - - - - - ++ - - - ++ -
SHe 8.3 8.0 €1 &1 8.2 7.4 €3 &0 &0 1.3 1.7

= = ne proteolysis

+ = rproteolysis

* original pH 7.6

*Waring Corporation, 1697 Broadway, New York City, N. Y.






Utilization of citrate. The citrate medium was prerared as

cited by Mackie aad McCartney (134t). The pH was adjusted t> 6.8, by
the addition of WaCH, The final apvearance of the medium was clear.

The organisms were inoculated into the medium and incubated for 14 days
at 37 C. Citrpte utilization was determined by addiug an equal volume
of a saturated aquesus solution of lead acetate to the culture tubes,

A flocculent white rracipitate was not-d in the uniueculated controltube
and in those culture tubes exniviting innibition of grewth, Tnere was

a slight variation in the pH of the medium after 14 days incudatien.

Ta3LE 1k

Reaction and pH change in citrate broth.

Keo. of Culture number

Days 1 2 3 4 5 b 7 8 9 10 Control
1 - - - - - - - - - - -
2 - - - - - - - - - - -
u - - - - - - - - - - -
7 - - - - - - - - - - -
12 - - - - - - - - - - -
1u - - - - - - - - - - >

pE* 7.4 7.3 1. 7.3 1.3 7.2 7.3 7.3 7.3 7.1 7.0

Treatment
with lead
acetate P P P b P P D heJ P T P

« = no growth
p = precipitate

* original pH 6.8

Fermentable media, The oasic medium was prepared as cescribed by

Therp (19%b), modified by the addition of 2% Bactoetryptese, 0.7% beef
extract and the indicator was brom cresol purple, Tue fermeutadle media

attacked are snown in table 15, There was no action on arabincse, dulcitgl

glycerel, inositgl, inulin, mannitol, raffinose,

trlhalose.

calicin, sorvttol nor



1ary of the fermentation reactions of the C, rerale-like organisms.

Strains 3
Days on

r Y )
2471214 1247 75 7y

TR WTm e e s e e R e S T omms e e ek el B B B L

Fructose -?Y'r?'f.'rf‘r‘r'f—w—.‘l“r'f-».—* + + +1"Y?$-?+?4~+_~r1—# Rl R B S Ve e e m ae e
CGalactose Rl Yo et N By e B e --~---~--~¥+1»-----«-7‘-‘_‘<---- -t + o+
Glucose .,?T,fn,-ﬂii-_-+*+-___?»? ?71-1-v~'¢<+1-+1»-r-*+1- tta + + Hiy Fom e kR
Lactose ST L e e T et e ) S MR cEe-e a- v--w--v~---f-r----------‘.--------_.--.*
Maltose e A R AR I T O e S e e R bt RS e Rl s s C

Sucrose — - - - . me=e = -

No zas was P

negative
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Eydrogen sulfide production. fydrogen sulfide determinatica was

made 88 suggested by the Meid.P.CeS.B., 1943. Readings were yade after
the cultures had been incubated for 7 ¢cays at 37 C. None of the cultures

produced hydrogen sulfide,

Ritrate reductiou, The medium and maaner of testing were those descrited

in M«eM.P,CeSeB., 1348, All cultures failed to reduce nitrate to nitrite.

Indele production, Indole procuction w3e determined according te:the

MoMeP.CuS.B., 1948 with tue modification of Thorp (1936) of using uarrow strins
of dry filter paper. Culturee were incubated L deys at 37 C. None of

the cultures produced indole.

Methyl red test. The medium was prepared as described by Toepley

end Wilsen (1940). The indicator was phenol red. Tie pH was adjusted
to 7.5, Sterilization was at 100 C for 15 minutes for 3 cousecutive cays.
After four days incubation at 37 C the cultures were treated with mdhyl red

and were found to be M.R. negative,

Voges=Proskauer test. The glucaese paosohate medium as usedfor the

methyl red test was inoculated and incubated for four days at 37 C. One ml
of 10% KOH was added to the medium as sugecested by Topley and Wilson (194b).

All cultures were V,P. negative when observed after 24 hr,

Amponia test. A peptone water culture (Mackie and McCartney, 134b) was

grown at 37 C for four days. addition of a few drops of Nessler's reagent

ghowed that ammonia was not produced by any of the cultures,

Methylene blue reduction. @ne drop of 1% aqueous solution of metnylene

biue was added to & broth culture incubatsd at 37 C for 72 hr. a8 recon=

mended by Topley ard Wilson (1946). All cultures reduced methylene blue,
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Catalance test, This test was dune ou a 72 td> Gb hr, tryptose agar

slant culture incubated at 37 C by pouring 1 ml of H202 over the growth
(Topley and Wilson, 194b), Gas bubble production was noticed in each of

trhe ten cultures,

TaBLE 1b

Culture number

Cultare nuaber
1 2 3 0 5 L 1 g 3 10 Control

TPt Pt tred Tt + + PR T + -

+++t £a8 budble production marked

+
"

gas bubtle production sligat

no gas bubvles



The sum of the cultural c 3 i € ¢ the ltures of C

Tea

. itrate
reduce I.R.#**reduc=
» _tion test tion

hydrel,

T + e + - - - - + - - - - - E - v
3 + - + - - - + - L - ~- - - + -
n o -3 2 o G g 3 + . + = : - L " g
; + . + - - - - + - + - - - - + :
¢ I 2 e + 5 - + - + - - + + 5 4
i - - + - - = - = + = - - - + =
+ B + - . + - + - - - - + -
+ - ¢ - - + - + - - - + -
10 + > + - + + - + - + - - + + s =
+ = positive reaction = methylene blue
- = negative reactio = methyl red




RuSULTS

In vivo study using mice.

Syuztoms and clinical findings,. None of the H8 infected mice used

in this study showed clinical sigrns suggestive of illness, The blood ,ic=
table 19

ture of 15 infected mic:‘snowed nmarked variation in the total white cell

and differential counts, In some, tne total wnite cell count was 12 te

20 tnousand as compared to the normal €& to 8 trousand ver mﬁ,. Little

impertance was attached to these results since they fell within the

normal range (Kolmer and Boerner, 1345). In some of tne mice a decrease

in lympnecytes and an increase in neutroprnils was noticed 10 to 14 days

after infection. This wes not a constant f=atare in all animals,

Gross patholoepgy. No gross lesions were observed iu any of the ine
terrnal orzans, The weignt and size of tne xicdreys, ureters and bladders
of 10 infected mice (table 18) did not show a sizaificaat difference when

compared to the same organs of four nealthy controls.

Micronathology.

Kidney. The pelvis of infecied kidneys invariably showed distinct
alterations varying in intensity from slight congestion to exfoliatisn of
the epithelial lining extending t> the papillae of the medullae, In the
progress of pelvic necrosis the epithelia were destroyed and where this
procéss was intensive the normal architectural design was partially or
completely obliterated (Fig. 2). Frequently bleood celis, plasma cells,

polymorphornuclear leucocytes, desquamated epithelial cells and granular

naterials were present in the pelvis (Fig. 3). The leripelvic tissue
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contained a serofibrinous exudate, neutrophils and plasma celle (Fig. 3)e.
Tnis appeared to be due t> tne zresence nf bacteria or their products of
metabolism in the area, Tae immediate effect was degeneration and death
of tre epitnelial cells of the collecting tubules (Fig. 2). The amount
of necrosis was so intense and tne material stained so deeply that it was
not possible to identify bacterial forms, Tiese changes were aot uniforaly
observed in all papillae, Toe presence of g%:;::Qlar material in the
lwaina of the collecting tubules would indicate obstruction and subsequent
dilatation leading to pressure atrophy (Fig. 4). In the lumira of the

collecting tubules and ascending limbs of Henele vacuolar material was

often presente which sugcested fatty changes.

Leucocytic infiltration occurred sround the glomeruli, blood vessels
and between the tnbules, Along with tue cellular infiltratioa connective
tigsue was proliferating in tonese areas. The new formed connective tissue
togetuer with cellular infiltration led te pressure atrophy of the cone
voluted tubules, Examination of other secticns of the cortex showed tnat
the distridbution of the newly formed connective tissue and cellular in-
filtration was not uniform, Tae distridbution of these lesions can be

folloved in the phstomicregraphs (Fig. 5).

The predominant alterations of focal necrosis and intertubular
hemorrhage occurred between and around the convoluted tubules and Male
pigian bodies of the cortex (Fig. 6). The convoluted tubules were more
or less ailated and lined by an epithelium of altered stape (Fige. 7).
The individual cells were abnormally distinct and tae cytcplasm stained
faintly with eosin (Fig. 7). Connective tissue was seern proliferating

around these dilated tudbules leading to compression of the adjacent

tubules, Alterations were ballooning and loosening of the cells of t4e
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convoluted tubules,

The glomerull infrequently showed @n increased number of polye
moernnonuclear cells in tne capilic., tufts giving tne appearance of over

distension aud indicated s#n acute inflammatory grocess (Fig, b6).

The lesious occurring in the capsule were not uniiorm nor cone
sistent. In & number of instaaces focal leucocytic infiltration ia
the subcapsuiar space was noticed, The capsule appeared to de thickened

owing to the proliferation of comnnective tissue (Fig. 8).

Spleen, The alterations in the epleen were interesting in that
the infiltratisn of lymphocytes Lad gone beyond the snlenic corpuscles.
Most of these lymphocytes appeared to> be immature, The increased number
of giant cells in some cases was more nronounced in the red pulp and this

probably was the result of the cuhronicity of the diseased process in

that area (Fig. 9).

Liver. Ainong the most striking changes found in the liver were
those relating to the disturbances of the hepatic cords., The cords had
urdergone varying degenerative processes, The basic chances remained.the
same, but in one instance (Fig. 10), there apveared to be the presence
of faintly eosinestaining hyaline droplets or fused masses within the
liver cords and aleo around the hepatic vessels. The hyaline-like
materials had a tendency to encreach upon the medial layer of henatic
vessels and sctually replaced this layer. This was probably the beginning
of amyloid degeneration. Within the same area round cells were observed

in between tie nenatic cords,

Lungs, Tie striking feature in the lung was the marked intere

stitial and peridronchiolar tyvpe of lesioun, The inflamuatory reaction
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was often severe ard was accompanied by extensive cdesquamation of the
lining epithelium of the bronchioles, Some of the valveoll were filled
with an exudate consisting almost entirely of cagenerated polymorphoe
nuclears and red blood cells, In etier alveoli, iarge mononuclears,
fidbrin end blood cellézfﬁlt the same time tne alveoli walls were in=-
filtrated with inflammatory cells, Tae peribroncliielar inflammstion ex=
tended out into the interstitial lung ,arenchkjyuma for a variable distance
giving rise to interstitial pneumonitis (Fig. 11). The cellular sctivity
of the peribronchielar lymzhoid tissue together with the hyperenic coili-
tion of tn; vessels (Fig. 11). Tie bronchioles snowed catarrhal inflame
mation, Desquamrated epithelial cells along with invading neutropkils vere
pregent in the lumina. Some of the polymorphoenuclear leucocytes had
undergone necrosis (Fig. 11).

Acdrenal, A narked focal l,mphocytic infiltration inte the sube

w
ycape&ar srace was ooticed in one case.
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TABLE 19

HEematnlozsical characteristic of infected and

noruwal mice,

b2

Animal

Normal Controls

Infected = 6/23/U49

Dose
in millions

15
15
25
20
25
25
25
0
20

W.B.C. Dif-ere.tial count
count L N M B E
£100 73 25 2 0 0
6500 69 2b 5 0 0
8000 69 2b 5 0 0
7200 69 26 5 0 0
Interval in
days
10 11,320 17 17 b 0 0
10 12,070 22 76 2 0 0
10 10,600 72 23 4 1 0
10 4,860 55 Ly 1 0 0
11 3,600 70 27 3 0 0
11 3,650 72 o4 y 0 0
11 9,500 72 ok L 0 0
14 14,250 72 s 4 0 0
4 20,750 72 22 5 1 0
14  1¢,000 72 22 5 1 0
1b 8,570 39 60 1 0 0
16 17,750 77 17 ) 0 0
16 7,250 70 25 5 0 0
16 7,000 68 2b L 2 0
16 2,000 71 22 7 0 0

Owing to difficulty in securing blood, the wiite cell pipette was

£i1led only to the 0.1 mark and the ¢iluting fluid (0.1 HCL) was drawn

to the 11 mark and tnus making the dilutiom 1:100.

In vivo stady using rabbits,

Syuptomns e#nd cliunical fiandings,

not show symptoms sugcestive of illness. They gained in weight.

The first six infected rabbits did

The ten

rabbits in the second and tuird groups lost weiznt and went offefeed,
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The bleod picture »f all the 1b rabbits, oa tiie otier hand, siowved de=
finite cnange, Tiiere was an increase in the percentage of heteronhile
and decrease in tue percentage of lymphocytes (table 20). As tue pere

oruclean

centace of polya‘.qﬁﬁ increased immature forms appeared., The progressive
drop in hemoglobin values after iroculation was striking (table 20). 1I.is
dron in hemoglobin probadbly could be attrituted to the fact that the bone
marrow was concerned trimarily with the production of heterophils in order

tn combat the infection and tnereby interfering witn the wroduction of

red blood cells,

Gross patnology. Mottling appearance of the livers and idneys

sugcestive of fatty Lietamorritosis was noticed. Some Jf the livers of

infected rabbits showed lesions of coccidiosis which were nc¢: referred

t2 in the following description., Otier oregans appeared normal.

Micronatholog:.

Kidney, The lesions were similar to twose observed in the mice.
The pelvic epithellum siowed focal nsecrosis which was exteusive enough

to cause exfoliation of enitrelial lining. (Fig. 12)

Infiltrated intn the pelvis were pseudoeosinphils, a few mono-
nuclears, faintly stained acidophillc gran:les and desquamated epithelial
0

cells, In the tuxicixof tne pelvis edeua was evident glong with the

oresence of acidophilic material (Fig. 13).

A general vacuclization and graaular degeneration of the epithelium
of the collecting tutules were evident, In the sections stained with
Sudan 1V, fat droplets in the collecting tubules were discernible, The

darker shade in the photomicrosraph indicated the degree of fatty degenera-
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tion in the affect:d tubules (Fige 14). In some of tae collecting tubules
the granular and cellular casts Lad caused nd danage at tie point at
wiica tiey were observed (Fig. 15). On the otcer hana in locatisns
where tne tubules were danaged aud necrotic, t..e adjacent capillaries
were conzestew and some a polymorphonuclear leucocytes had uigrated ints

tue intersiitvial spaces (Fige 15).

(osp

Cuances in t2e tzick limbs of HeneleAwere sresent in nearly all
tre kidneys, The epithelium was irregularly swollen and granul..r and
sngwed mucn variation in stain'ng., Consideradle vacuolization of the
cytoplasm wns seen, some of waich rrobably was due . hyaropic degeneration
or fatty metamerphosis, The tubules contained varying amount of cellular
and granular materials with necrotic cranges in tnhe epitnelium, Witn

fat staln these tubules showed @ considerable amount of ictracellular

tat (Fig. 14).

In general the tiin limbe presert~d no marzed nor consistent
patnological cranges. Granular acidopnilic materlals were frec.e. .1y
present in the tubules, _ - ~ritrelium appoesred to be in a state of bale

loonirg degeneratian.

In general, the glomeruli presented a mild cellular infiltration.

The glomerular tufts showed ar increased nuaber of leucocytes, In sore
instances, there were partial or complete areas of granular degeneraticn
in the glomeruli. The granular materials coalesced diffusely to form
hyalinized ®esSand took a ceep stain (Fige 16). This hyalinized mass
was aleo seen 1n some of tae perivascular as~ «. As9ond tine affected

glomeruli newly formed comnective tissue led t> the taickening of the
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capsules. Following trnis gloaerulorepnritis increase ~f tie inters
stitial connective tigsue in tie adjoiring inc¢-_tvbular sgaces vas

seen,

Albaminous cegeneration was present in tune proximal convoluted
tutules ol all kicaeys, This was more pronounced in c¢le tubules ade
Jeceut ts tie zlomeruli. Trne epithelial cells were not ouly swollen
Yat €omnletely filled tne lumina of tre tubules aiid also sadved ine
creased zregnularity of tie c tecvlasm, (Fige 17) In some of tie cells
there were vacuoles near t..e nuclei, <.e.tular damaze wae severe in some

of tue tubules,

The var,irg process of necrosis ia the celluler structure of the
couvoluted tubules was evident (Fig. 17). Many of tne cells rad rupiured
a8 a result of severe ballooning degeneration, The nuclel were extqmgled
int- the lumina. Pyknotic or caryoclasic changes were seen in some areas,
Faintly eosin stained granules were present in tne tubules, The unus.al

appearance cf intracellular fat iu some of the tubules was also wnoticed.

The distal convoluted tubules sresented tlie same pathological picture.

Bladder, The clanges in tne bladder were not consistent., Focal
areas of necrosis in toe epithelium were evident. The rucosa in the afa
fected areas had undergone partial to complete exfoliation. Characteristic

pyknotic cuanges were well marked (Fig. 13).

Ureter., Mild fucal necrosis of tue epithelium was noticed in the

ureter of only one rabbit (Fig, 13).

Liver, The anevatic lasicuns were wiCely diverse ranging from

fulminating lesions to a chronic form of heratitis. In eome areas trere
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vag aldbuminous degeneration of tre hejpatic cells. Tnis wws most marked

ia the area around the central veins., <Tue liver cells were markedly

. ewollen, the cytoplasm was excessivel; :=ranular and stained lightly with
eosin. In other locations tie liver cells shroved var,ing degrees of
necrosis. Tne architecture of <le Lepatic cords wus still present, There
we8 no line of descrcation between tie healtiy and necrotic liver cells

(Figs 2G).

In some areas there appeared to be a reaction with giaat cells
foruing a narrow zone of demarcation between tie lesion and the livir,
cells (Fig, 27)., Within the same rield fibroblasts were proliferating
around tiae necrotic zone in an attempt to wall o7 degenerative process

(Fig. 20).

Fat stain shoved tne degree of fatiy degeneration present in tae

hepatic cells, especially sround tie central vein, Tuis became less

prominent towards the peripaery of tie lobule (Fig. 21).
o lesions were observed in the bile ducts.

Luags. Thne primary lesion in the lungs was a ceneral congestion,
In some it was well marked in others it was very mild. The alveell cone
tained a number of pseucdsenainophils, The interalveolar walls were
heavily infiltrated with these cells, The infiltration of inflammatery

cells both in and out of the alvesli was 8o great and diffuse in some

gsections tuat the lung tissue was hardly recognizable (Fig, 22).

Exucate in the bronchioles was evident. Necrotic brouchiolar
epithelium and polymoerphonuclears formed tne main constituents of the

exudate, The vpolymorphon clears in tne exudate had undergone necrosis

(Fig. 23).



Monenuclears, a few pseudoeosinophils and fine faintly stained

granules were present in tue subpleural space (Fig. ck).

Organiems identical witi tiaose inoculated were isclated from tre

kidney, urine, liver, lungs and heart blood of »weratbit and from tue

urine of two others,
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DISCUSSION

Ernst (1905) in a study of tne etiology of pyelonepiritis in cattle,
found gram positiva rod shaped bacteria in the urine of affected auimals,
This author classed these orgauisms with tze Corynebacteria and designated

them "Corynebacterium renalis bovis", Laier Jones and Little (192%),

Merchant (1935), Thorp, et al (1943), in extensive studies of the morprelogy
and cultural characteristics of these organisms referred t> them as

Corynebacterium renale, Brooks and Hucker (1944) described tre morphoe

logical and chemical rroperties of two cultures iselated from tne urine

of cattle affected with pyelonephritis, These cultures were designated

Corynebacterium pseudediphthericum. Tae properties of these cultures come

vared very closely to tnose of C. renale, Feenstra, et al (1945) on the

basis of morpaclogical, biochemical and serolegical properties described

twe distinct species cf Corynebacteria involved in the etiology of pyeloe

nephritis in cattle.

The ten cultures reported in this thesis were similur to C. renale
in ecology, morpnology and in that they fermented glucese and fructose
(culture No. 9 did net attack fructese). Similarly there was no indole,
nor H,8 production, and no liquefaction of gelatin (culture No, 10
liquefied relatin), Alkaline reactisn in litmus wilk, formation of halos

in milk egar and catalase production were shown by all the strains,

They differed from C. renale in that all 10 cultures produced alpha

hemolysis. Tnis hemolytic preperty was found in six cultures reperted by
Feenstra, et al (1:B5). A1l the cultures grew slowly, produced small

colories on artificial media, reduced methylene blue, failed to utilize

citrgte and to reduce nitrate, were ammonia, methyl red and VogeseProskaier
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negative., Cut of 2b straius of C. renale studied by Lovell (L34b) 23
were metiyl red positive and 24 were Voges-Froskauer positive, Two of
51 strains of g, renale studied by Morse (194G) reduced nitrate, 4All
these cultures except Nos, b end 10 split urea and failed tc hycrolyze

starch and nrotein, but digesied serum,

The pessibility that cultures no. € and 10 migat be similar to
g. Dyogenes=like could be easily sugrested, dbut not substantiated, in
that although they ferwented glucose, xvlose, lactose, sucrose, hemolysed
bleod, digested serum they did not psroduce acid in li4wus milk, and tuere
was no beta heanolysis, Moreover, culture no. b fernented maltose but
did not liquely gelatin, wnile no. 10 produced an oppasite efiect on

these two nedia,

The ten cultures studied in tals investigation fell broadly icte
two main groups on the basis of cultural and biochemical properties. Cila=

tures ne, b and 10 apreared ts comrrise ore group although minor dissimilarity

occurred, Tne reuaining eight cultures in scite of minor dissimilarity

between one another were classed as a second group.

In view of trese differencee it was not possible to classify

taese cultures as O, renale. These zroups of Corynebacteria may be a

rossible etiological factor in bovine ryelonephritis. This wae further

substantiated by an animal inoculation study using mice and rabbits.

Enderlen (1531) produced tyrical renal lesions in two ureter
ligated rabbits., Jones and Little (132b) could not produce the disease in

wnite mice, guinea pigs nor rabbits. Doll (1542) confirmed the findings
of Enderler and stated that lesions procuced it ratbits were similar to

these found in the cow. Lovell and Cotchin (134ba) described experimental
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pyelonevhritie in wmice, seeustra, et al (1349) procuced typical renal
lesicns in 22 young rabbits wnicn were identical with the lesions found
in naturally affected cattle., These workers, in addition to reporting

changes in tne urinary gtract, described lesions in the liver, lungs and

spleen,

In tais study variation in the lesions was noticed. Hematolo_ ical
study of the mice did not reveal any significant variation in the infected
animals when compared to the normal. The white cell and differential
courte remained within the normal limits (Kolmer and Boerner, 19L5), Boyd
(1913) observed an increase in size of the xidneys ard ureters of cattle
suffering from pyelonephritis, XNo significant difference in weigat bea
tweern the kidneys, ureters and bladders of tne iniected mice was noticed.
With the higzner infective dose of 40 millions, the severity of the lesions
were not urniformly met with, bacteria could not be isolated from tre vi{Era.
However, it mignt be stated tnat these organisus were patnogenic to mice.
They »nroduced the same type of lesions as was described by Lovell and

Cotchin (194ta). From the protocols it may be presumed that these orga:isms

were not as invasive as typical C. rerale.

In addition to the above, lesions in the spleen, liver and lungs

were observed,

The lesions and hematological picture in the rabbits were similar
t> trose described by Feenstra, et al (1343) with tne exception that
lesions were not seen in the spleea., Recording o1 giant cells in tre

liver was notewortny in %tri-« stucdy. Doll (1942) mention-d that giant

cells were invariadly fourd in the livers of rabbits infected with C. renale,
The reason for the formation of these giant cells ia the liver could not

be estaolisned.



COLCLUSION

from tre protocols of tae results of btoth in vitre aad in vive

studies it ma be stated trnat these organisis isolated from cows suf=-
fering from pyelonephritis were in many features similar to, but not

1dentical witn typical Corynebacteriun renale as described by various

wvorkers, They may be possible eticlogical factcrs in bovine pyelonephritis,
SUe.ARY

The diphthercids studie‘,were nonemotile, nonesporing pleomorphnic

gran positive beaded rods occurring in palisade groupings,

Tne bacteria were slow growers, All preduced alkalinity in litmus
milk and "halo" in milk agar, hemolyzed blood, reduced metnylene blue,

fermented glucose, and were catalase positive, With tne exception of

culture No, 9 all attacked fructose,

These cultures fell into two groups. Nos. b and 10 formed one

grouv and the remaining 8 comprised tre second graup..

In mice, hematological study and weight of kidneys, ureters and

bladders of infected animals did not show significant differences when

compared to tre normal.

In rabbits, hematological study revealed a drovo in hemoglobin and

an increase in the psrcentage of heterophils in the infected animals,

When these organismns were given to mice in adecuate doses tney

produced pyelonephritis,

The pathogenesis of experimental pyelonepiritis in and pathogsnicity

t9 rabbits were similar to those observed in :zice,
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FPig, 2. 1. Pelvic necrosis
2. Necrosis of collecting tubules

3. Hyaline-like materials on the pelvic surface of
the papilla.

The mouse was inoculated witia 40 willien orzanisms of
culture ne. 1. Iecronsy after 7 aays.

H. & B, stain 100X
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Fig. 3.

1. DNecrosis aud exioliation of tue pelvic
epithelium

Cellular deposits in the pelvis,
Leucecytic infiltration and fiorin in the
perirelvic tissue.

. Necresis of tue collecling tudules,

J:'\'Nm

Ti.e mouse was inoculated with 4¢ nillioen
orgaaisrs of culture no. 1. Necropsy
after 7 da, s,

H. & E. stain 100X






Fize U. Dilatation of tue collecting tubules.

Th.e mouse was inoculated with 15 willien
erganisms of culiure no. 1. Necropsy

efiter 55 days.

H, & E. siain 102X
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Fig. 4



Fi

Pe

Periglomerular, perivascular aid iantertubular
leucecytic infiltration witi the &ppearance
of new formed connective tissue,

Tne mouse was insculated wita 40 millien
organisms of culture no., b. Necronsy

efter 30 cays,

H. & B, stain 100X
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Fig. 5



Fige. €.

1. Focal necrosis
2. Intertubular uemorr.iace
3e Glemerulitis

The mouse was inoculated with LD millien
arganisms of culture no. 5, Necronsy
after 7 cays.

H, & E. stain 100X







Firg 7o

1. Granular cdegeneration 3f tue proximal

convoluted tubules,
€. Dilatation ~  preximal counvoluted tubules.
Yewly iormed connective {issue around
tae dilated tubules.

The mouse was inaculated with 15 wmillien
or¢anisus of culture no. 7. Necrorsy
after 47 dass.

H, & E., stain 100X
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Fig, 8.

1., Leucocytic infiltration in the sutcapsular
svace,
2. Talckening of tae renal capsule.

The wonee was inoculated with 20 million orzanisas
of curture n3., 1. Necropsy after 55 days.

H. & E. stain 100X




ok




[
1, Lywghocytes beyond tie ﬂa.lpig'an
carpuscles of tiie spleen,
2., lucreased npunber of giant cells,

The mouse was inoculat-d witu 4O millien
organisus of culture ui, 3, Necropsy
after 14 days.

H. & E. stuin b5k
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]

ize 10, 1. Fatty metamornaosis ir the hepatic cells.
2. Necrosis of tre hevatic cel.s,
2. Anyloid deseneration of tne .epatic cells.

Tae iouse was incculated witna 40 mill?on
srganisms 01 culture ne, 10, Killed 8 &days

«iter inoculation.

H. & E. 2tain e159.¢
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Fig. 10
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11,

l, Interstitial paeuwonitis,
2. JPeribronchielitis,
3. Inflawzatory ~ ..ete in tne briacnioles,

Thae mouse wes inosculated witi 20 million
orcanisms of culture no, 7. Necrepsy

after 7 cays.

H., & . staia bfX




Fig. 11



Fi... 12-

1, Zxfoliaivion af tre pelvic cpithelium,
2 Granulor and celiular materials with nelvis.

Thae rabbit vas insculated with cult:re o, 120.
Necropsy alter 10 daye,

H. & E. stain ohX
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Fig. 12






Fig.

13,

1. Cellular materials 1a Luc pPoiviie. )
ce IEdema with ascidophilic granules in the tunica/ﬂ%nw.

The rabbit was inoculated witn culture 7-o, 2.

Fecroonsy atrter 10 days.

H. & E. stzin ooX
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Fige 13



Fatty metawmorpussis in tie colleciiug tudules
ard : ecending limbs of Henele,

The rabbit was inoculated with culture no. b.
Necrupoey after 10 dars,

Sudan IV 100X




70

14

Fig.



Fig. 15, 1, Granular and cellular materials in the
collecting t.tules,
2. Necrosis of ti.e epitlielium of tue
collecting tubules,
3. Hyperemia of tie intertubular vessels,

Tce rabbit was ineculated with culture no, 10,
Necropsy after 10 da; s,

He & E. stain 100X
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Fig. 15









Fig. 1b.

1. Excessive nuuter of leucocytes in tue
glomerular tufts,

2. Areas of granular degeneration,

2, Appearance of nyalinized mass.

Rabbit was lneculated with culture no, 10.
Necropsy after 9 aays,

H, & E, stein 102X
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ig. 16



¥ig. 17. 1. Hyalinized mass in tae glomerulus.

2. Connective tissie proliferation around the
glomerulus,
Granular cegeneration of tae nreximal cone
voluted tubules,

\N
.

Rabbit was inoculated with culture no, 1),
Wercropsy after ¢ da,s.

H. & E. stain 100X
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Fig. 17



Fig. 18, 1, JFocal areas o necrasis of tiie bladier ep

epithelium.
2. DLesqueaaated epitrelium in tae luwen.

Rachit was inasculated with culture no. b,
Necroapey after © days.

d, & E, stiia 150X



Fig. 18



Fig. 13,

}:11d t2.e]l necrosis of t4se ureteral epitaelium.

The rabbit was ineculated wita culture ne, b.
Necropsy after b ca e,

E. & E. stain 120X




Fig. 19



Fig. 20.

l, Hepatic necrosis,
2, Giant cell foraation,
3. Proliferatiou o1 fitroblasts.

The TadHit was inaculated with culture ne,
Necropsy after 10 dajs,

H. & E. stain. 100X

10.
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Flg. 20



Fiz, 21, Fatty metamorpiiasis of tne nepatic cells,

The rabbit was inoculated with culture ne. 10.
. Necrepsy after 10 duys.

Eepr—yixts sucdaniv 100X







1., Celliciar infiltracisz ootn ineide and oute
side ol tne alvenll. '
2. Iuflamiatory exudates in tae dbronchi.

The radbtit was insculated with culture o, b,
Necransy after X days.

d, & E, stain 1CCX







ILflainatary exucate iz tae bLrancii,

Fartial exfoliation of tnhe bronchielzr ejithelium,

T.ie ralit was inoc.lated witn calture ro,
Necrepsy after o aays.

H. & E. stain 100X

be
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23

Fig.



Fi;o 2“’.

Mononuclears ané¢ unetercuhile in tie sub=
pleural space.

T.e rabbit was inoculated wita culture
n>. b. Necropsy after £ cays.

H., & E. stain 100X

—— e
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