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Section 1.

A description of the natursglly occurring disease

in the dog associated with infection by

Leptospira canicola, including bacterioclogical and

serological findings.

Introduction

1. Historical

In 1899 Klett of Stuttgart (cited by Jenny and Kanter,
1946) described a clinical syndrome in the dog which was
characterised by apathy, stomastitis and gastroenteritis. The
term Stuttgart disease seems to have been used ever since in
Britain to describe the uraemia and toxic effects of Leptospira
canicola infection.

It was not until over 20 years had elapsed that Lukes and
Debrek (1923) (cited by Hyhlik, 1924) showed that the syndrome
known as Stuttgart disease was associated with a spirochaetal
infection. During an epidemic of Stuttgart disease in Vienna
in 1922-23 they demonstrated spirochaetes in the organs of
nine dogs which died. In 1924 two other workers Hyhlik and
Krivacek, both working in Lukes' department, added further to
the total of dogs dying of Stuttgart disease in which spiro-

chaetes were demonstrated.



spirochaetes in three out of 13 dogs which were not thought to
have Stuttgart disease but metritis, distemper and chronic
eczema respectively. He criticised Lukes for stating that
the spirochaetes were a specific cause of Stuttgart disease-
and suggested that they might be the intestinal parssites of
distemper being excreted by the kidneys.

In a much fuller work in 1926 Lukes produced more evi-
dence. Sappier, Nahano, Yamamoto and Horalek working in
Lukes' Institute found spirochaetes in 97 of 105 cases, the
organisms being found singly or in clumps in tubules nesr the
glomeruli often in enormous masses. They were usually con-
fined to the cortex. He emphasised the need for adequate
formol fixation before examining tissues for spiroehaétes.

He refuted Xlarenbeek's suggestion that these spirochaetes
were intestinal in origin and stated that those were always
shorter and thicker than the organisms found in Stuttgart
disease.

Lukes had also examined 30 control dogs and found no
spirochaetes and used this evidence to refute Wirth's sugge-
stion that the leptospires were non-specific. He found
great difficulty in culturing the organisms chiefly, he stated,
because of the growth of contaminants but he did succeed in

growing one strain through three subcultures. In the latter



part of the article Lukes compares this disease to Weil's
disease, another spirochasetosis. The main clinical differ-
ences mentioned by Lukes were the presence of icterus in Weil's
disesse but only in occasional cases of Stuttgart disease and
the presence of fever, diarrhoea and necrotic patches in the
mouth in Stuttgart disease but not in Weil's.

He thought dogs obtained the infection as a venereal
disease but considered that the swallowing of infected excre-
tions might slso play a part. He found it difficult to trans-
mit to dogs, rsbbits and guinea pigs. He could infect the
guinea pig in only 50% of csses producing polyuria, thirst and
leptospires in the kidneys. He also attempted to give Stutt-
gart disease a new name - Spirochaetcsis melpaenogenes canum.

In enother publicetion, Lukes, elong with Jelinek and
Schramek described in some detail six chronic cases all of
which had spirochaetes in the kidneys but three of them appear
to have been more of a sub-acute type. Three definitely
chronic cases were dogs of two, four and five years of age
and spirochaetes were found in the kidneys only after prolon-
ged search. These six animals were all known to have sur-
vived an agute attack of Stuttgart disesse. They discussed
the possibility that a primary attack of Stuttgart disease

could give rise to chronic nephritis.



acute Jjaundice, uraemia, chronic uraemia, polyuria and symptom-
less leptospiruria curing itself or progressing to a fatal
uraemia. ¥irth did not serologically differentiate the lspto-.
spiral infections and the first two groups were probably due to
L. icterohaemorrhagise infections and the remaining renal syn-
dromes to L. canicola.

Other European surveys of the incidence of infection with
L. canicola were published about this time. Uhlenhuth and
Zimmermann (1936) found 15-20% of dogs infected with Lepto-
spirae, two-thirds with L. canicola. Walch-Sorgdrager (1939)
showed that 40% of 414 Dutch dogs suspected of having lepto-
spirosis had positive titres to L. canicola and 26% to L.
icterohaemorrhagiae. Babudieri and -Castagnoli (1940) found
only two out of 159 canine sera positive for L. canicola and
54 for L. icterohsemorrhagiae.

In Britain interest in canine spirochaetosis was first
aroused in 1925 by Ckell, Dalling and Pugh when they experi-
mentally reproduced Weil's disease in the dog. They demon-
strated two clinicgl forms of leptospirosis; one a hyperacute
haemorrhagic type and another showing an icteric picture with
either an acute or insidious onset. They also pointed out
that this second group might show only mild fever and fleeting

gastro-intestinal symptoms. The svirochaete with which they
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worked behaved in the guinea pig in a similar fashion to the
one found in the rat and we must presume that the strain was
L. icterohsemorrhagiae although these workers did not carry
out serological tests to identify the strain.

This work was rightly received with great acclaim at the
time but unfortunately it served to obscure in Britain the
attempts being made in Europe by Lukes and others to draw
attention to the possibility of there being a different strain
of spirochaete causing a primarily uraemic syndrome. It was
over 20 years before Stuart (1946) drew attention to the fact
that in 40% of bloods from 101 dogs in Glasgow he had found
agglutinins against L. canicola. The results of clinical
examinations were not available to him but in this paper he
hypothesised much that has since proved to be true of the
disease as it occurs in dogs in this country.

The Stuart survey was largely responsible for stimulating
the work embodied in this thesis. From October 1947 to
December 1948 149 dogs were found to have serological evid-
ence of infection with Leptospira canicola. Leptospires
were found in the urine of 37 of these cases and in six bloods.
Strains were isolated in culture from both blood and urine.
These results were first reported by McIntyre and Stuart (1949).

Meantime another serological survey had been carried out



by MacIntyre and Broom (1948) showing that the sera of 42% of
416 dogs examined had shown agglutinins against Leptospira
canicola.

In November 1947 a short work was published by Joshua
and Freak describing the specificity of penicillin therapy in
six cases of uncomplicated primary Leptospirosis canicola.

In the absence of spirochaetes being demonstrated in any of
those cases none of the agglutination titres published pro-
vides sufficient evidence of primary infection.

In 1948 Mills published a report of her findings in 30
dogs 19 of which showed blood agglutinins against 1éptospirae.
Much of the interpretation of results in this paper can not
be borne out by the evidence presented as too much reliance
was placed on physical examination and history of cases with-
out fully considering the serological findings and biochemical
assessment of renal function.

Lauder 1950 confirmed the classification of the disease
given by MeIntyre and Stuart (1949) but very rightly pointed
out the difficulty of distinguishing on a purely physical exam-
ination mild primary cases from secondary cases without uraemia.
He emphasised the importance of using serological examinations
in conjunction with blood urea estimations.

Joshua (1949 and 1950) has supplied the only other clinical



description of the disease as it occurs in this country.

This worker divided primary cases into five clinical groups -
acute, subacute, mild, atypical and subelinical, the latter
being a hypothetical group representing animals shedding lepto-
spires in the urine without any clinical manifestastion. The
mild group showed only mild malaise and polyuria while the
atypical was not very adequately described. The acute cases
were characterised by a short, severe illness lasting only
12-48 hours. The animals were afebrile and suffered from a
great thirst which appeared to produce severe emesis followed
by another bout of drinking. The subacute were chagracterised
by grossly enlarged kidneys, thirst and a varying degree of
apathy. The absence or presence in low dilutions of agglut-
inating antibodies in the sera of many of the cases described
by this author suggests that they were not in the primary stage
of L. canicola infection. Joshua also doubted the existence
in the London area of the bacteraemia described by McIntyre

and Stuart (1949) as it occurred in dogs in Edinburgh and
stated that the detection of leptospiruria as described by
these workers was impracticable for the practising veterinary
surgeon. Some cases of suspected chronic nephritis associgted
with low titres are also described. No histopathological

details accompany this work.
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In America the first work of importance was carried out
by Bloom (1941) in which he described the clinical disease in
nine dogs. He found albuminuria and tubular casts, marked
nitrogen retention (106-206 mg./100 ml. ) and a polymorpho-
nuclear leucocytosis. Five cases were icteric. Unfortun-
ately his agglutination technigues were not very successful
and it is impossible to assess whether he was describing infec-
tions of icterchaemorrhagise or L. canicola.

In 1944 Coffin and Stubbs reviewed the European work and
gave a description of Leptospirosis canicola as it occurred in
the U.S. A. They described a primary and secondary stage, the
former being characterised by pyrexia, stiffness of the hind-
guarters and ulceration of the mouth. Also found were albumin,
a variety of tubular casts, and bilirubin in a urine of high
specific gravity. A leucocytosis varying from 18,000-50,000
per c.mm. was also regarded as characteristic. Coffin and
Stubbs asserted that emsciation then followed and that dogs
continued into the secondary stage and died in ursemia.

Beaman (1952) published a summary of the clinical findings
in 64 cases and in which he stafed that he recognised the
transition from the primary to the secondary stage. The
clinical signs which he thought most significant were emesis,

thirst, polyuria or oliguria in severe cases, albuminuria,
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uraemia (as high as 475 mg./100 ml. ), leucocytosis and an
increased erythrocyte sedimentation rate.

When the work embodied in this thesis was commenced in
1947 there were descriptions by various European workers of
the histopathology of so-called Stuttgart disease as it ocec-
urred in central Europe. Klarenbeek and Schuffner, in
Holland, had isolated and typed a strain of leptospira from
cases showing the same clinicsl syndrome which was different
serologically from L. icterohasemorrhagiae and which they
named L. canicola. They, and Wirth in Vienna, had succeeded
in experimentally infecting dogs. In Britain there was sero-
logical evidence, based on surveys of two dog populations, to
show that about 40% of these had agglutinins against L. cani-
cola. There was no detailed clinical description of the
disease as it occurred in this country and no attempt had been
made to associste cases of nephritis with infection by L. cani-
cola. Furthermore, L. canicola had not been isolated from
dogs in Britain asnd no study of the incidence of leptospiruria
had been msade. It was, therefore, with a view to identifying
the causal organism and to correlating the clinical manifes-
tations with the serological, biochemical and histopatholo-

gical findings that the work in this thesis was undertaken.
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2. Clagssification

As it proved impossible to classify many cases accurately
on physical signs only,agglutination titres and blood urea
levels have been used to assess both the severity and the
duration of the illness.

All cases having an agglutination titre against L. cani-
cola of 1/10,000 or higher were classified as being in the
primary renal stage; Any case showing a rise of titre on
two successive examinations, e.g. 1/1,000 to 1/3,000 were
regarded as being primary. In addition a few cases which
were examined only once and had titres of 1/3,000 were classi-
fied as primary because of evidence of leptospiruris or histo-
pathological evidence gained from gutopsy. All dogs having
persistently lower titres, 1/30, 1/100, 1/300 or 1/1,000 were
classified as being in the secondary stage.

Primary casses have been subdivided into mild, severe and
most severe groups according to the levels of blood ures. The
particular degrees of nitrogen retention were chosen because
they most consistently agreed with the degree of severity
suggested by the physical signs and rate of recovery of the
animals concerned. Cases having a blood urea of up to 50
mg. /100 ml. were classified as being mild; from 50-200 mg./

100 ml. as being severe; and over 200 mg./lOO ml. as being
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most severe.

Histological examinsation of autopsy materigl available
confirmed the accuracy of this classification. In a few cases
classified as primary because of agglutination titre it was
found that fibrosis had begun to replace some of the acute
interstitial infiltration and therefore they would be better
described as subacute.

Cases in the second stage have also been divided into two
groups - those with nitrogen retention and those without.
Animals with a blood urea level of over 50 mg./100 ml. were

regarded as having nitrogen retention.
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Materials and Methods

The 369 cases which form the basis of the description of
the clinical disease were all dogs which were taken to the small
animal clinic of the Royal (Dick) School of Veterinary Studies
during the years 1947-51. On first examination those cases
were tentatively diagnosed as being affected with leptospiral
nephritis on the evidence of the owner's history and a physical
examination. Samples of urine and blood were then taken to
the laboratory for confirmagtion. The majority of the animals
were treated with penicillin or streptomycin together with
supportive treatment in cases of emesis and dehydration. This
treatment involved the return of the animal to the c¢linic thus
giving further opportunities for study of the course of the
disease. Repeated urine and blood examinations were made in
many cases.

In the early part of the investigation the laboratory
examinagtions were carried out with the primary aim of estab-
lishing the setiological factor and the degree of severity of
the disease. Estimation of the urea content of the blood was
performed using the Urease and Nesslerisation method as des-
cribed by Harrison (1947) using the serum of the affected case.
Agglutination tests were carried out by Schuffner's method as

described by Davidson et al. (1934). Living leptospiral
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cultures were mixed with small volumes of the test serum in a
series of ascending dilutions and after a period of incubation,
usually overnight, drops of the fespective mixtures were exa-
mined by dark ground methods for the presence of agglutination
or lysis. Leptospirae are agglutinated by the lower dilutions
of a specific antiserum and lysed by the higher so that in each
case the titre of the serum is represented by the highest dilu-
tion in which demonstrable lysis occurs. All sera were tested
against a strain of both Leptospira canicola and Leptospira
icterohaemorrhagiae. The range of dilutions used was 1/10,
1/30, 1/100, 1/300, 1/1,000, 1/3,000, 1/10,000, 1/30,000.
During the first part of the investigation the agglutination
tests were carried out by R. D. Stuart M.D., D.Sc., of the
Royal Infirmary, Glasgow. Later when Dr. Stuart's assistance
was no longer available the suthor carried out this examin-
ation. Samples of blood from 58 dogs which had a pyrexia of
104° F or over of unknown etiology were sent to Dr. Stuart's
laboratory for culture. Those blood samples were taken with
liguoid venules (Ba{yer Products, Ltd. 3D) from the cephalic
vein after the skin had been cleaned and treated with an anti-
septic.

All urine samples were obtained by catheterisation and

examined by dark ground microscopy for the presence of
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spirochsetes. For this purpose gum elastic catheters, varying
in diameter according to the size of the dog, were used. These
were boiled before use for five minutes along with the stilette.
All dogs were catheterised in a standing position and this pro-
cedure was found to be relatively simple and harmless to the
animagl concerned. A vaginal speculum and headlsmp were used
to fecilitate catheterisation in the female. The urine was
drawn into a clean universal container and taken to the lab-
oratory for examination. A drop of urine was placed on a
coverslip and after all air bubbles were pricked it was covered
with a slide. The greater part of the area of the coverslip
was then examined for spirochsetes. In 10 cases of lepto-
spiral infections known to have been present for severgl years
the urine was submitted to centrifugation at 6,000 revolutions
per minute and the resultant deposit examined for spirochaetes
by dark ground microscopy. 8ix urines were submitted to
cultural examination. Proteinuria was detected by the salicyl-
sulphonic acid layer test in which 20% sslicyl-sulphonic acid
was placed in a small test tube to a depth of at least half an
inch and s layer of urine carefully pipetted on to its surface.
In the presence of protein a grey ring is formed at the Jjunction
of the two liguids. This proved to be more sensitive than

either the turbidity test using salicyl-sulphonic acid or the
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heat test with nitric acid. As little as 5 mg./100 ml. pro-
tein could be detected by this method. In the later stages
of the investigation a quantitative estimation of the protein
was made using King's (1946) turbidity standards. A deposit
was obtained by centrifugation of 10 ml. of urine at 3,000
revolutions per minute for five minutes and examined for the
presence of cells and renal tubular casts. In Table 1 are
given the numbers of cases submitted to the above examinations
at least once along with a statement of the total number of

these exgminations carried out.

Table 1
Agglutination Blood  Lepto- Proteinuria
Test Ures spiruria and deposit

No. of cases

examined at 369 369 320 250
least once.

Total no. of ;

examinations 682 851 694 465
carried out.

Haemgtological examinations carried out included measure-
ment of the percentage of haemoglobin using the Sshli haemo-
globinometer and the enumeration of erythrocytes and leucocytes
per c.mm, A differentisl leucocyte count was made by exam-

ining 100 cells in a blood film treated with Leishman's stain.

In some cases the erythrocyte sedimentation rate (B.S.R.) and
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packed cell volume (P.C.V.) were measured.

A summary of the clinical examination has been recorded
under heasdings describiﬁg the most common symptoms. Those
selected were apathy, appetite, thirst, emesis, temperature
and pulse rate and charsacter. Particular attention was paid
to the degree of hypertension present in the affected cases.
At first only a rough estimate was made by digital examination,
the pulse being described as full, hard or weak. At a later
stage a sphygnomanometer was employed. The smgll cuff, stan-
dard for use in children, proved suitable for use on the dog's
fore 1limb just proximal to the humero-tibial joint. This
method was not suitable for very small dogé.

Records were kept on a specially prepared form (Fig. 1.
Protocols for each case obtained from these records are con-

tained in Appendices 1 to 6.



BREED:- MONGREL TERRIER pgp:- | yeas  SEX:- HALE CASE NO:= 4 $0
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General Behaviour NOR = ac Wy AE
Appetite G-00) G-00)
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]
Blood Pressure 160 [jO0 P Hﬁ
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Urinary Deposit:
Casts: Epithelial
Large granular
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Terminal
Cells: Epithelial T Fe Sove
Erythrocytes )
Leucocytes Ao crik Sertml Seeal
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Blood Plcture: '
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¥.B.Cs./c.m.m. tooe 7’ oo 12, 200
Differential:
Polymorpha N.L. # 12 15 15
Polymorphs L. % b2 LF %
Basophils % o o o
Eosinophils % 4 2 2
Lymphecytes % 19 i3 o
Monocytes 4 3 2 1
joo, v il Sesd,
Treatment Pemne b deihy
Remarks: .
Fig. 1.

Reproduction of record sheet. x 3.
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The incidence of Leptospira canicola infection in relgtion

to sex, age and breed of dog affected

Sex incidence

The ratio of meles to females of all dogs entering the
clinic was found to be three to one and this is borne out by
Lauder (1950) who stated that in a similar clinic in Glasgow
the ratio was three to one. Table 2 shows that in the present
gseries there were nine males to every one female affected by

the disease.

Table 2

Total numbers and percentages of males and females

in each of the clinical groups.

Mgle Female Not
Clinical group Total No. % No. % recorded
Primary-Mild 38 32 91 3 9 3
Primary-Severe 112 90 90 8 10 14
Primary- 72 64 o1 6 9 8
Most Severe
Secondary- 66 57 95 3 5 9
without Urgemis
Secondary- 81 72 91 6 9 9

with Urgemia

Age incidence

As shown in Table 3 the incidence of the primary infection
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with L. canicola was highest in dogs of one year and under
while the secondary stage was found more often in dogs of
three to seven years. Full details of the age of dogs in the

different groups are given in Appendix 1.

Table 3
Summary of the sge distribution detailed in Appendix 1,
expressed as a percentage of cases in each group.

Total 12 months 1%, 2

Group of in and and 3=-7 yrs. Over Unknown
Cases Group under 2% yrs. 7 yrs.
Primary- 38 51 36 13 0 7
Mila

Primary- 112 58 24 18 0 13
Severe

Primary- 72 39 38 23 0 3
Most Severe

Secondary- 66 8 19 43 30 6
- Uragemia

Secondary- 81 13 13 40 34 4

+ Uraemia

These figures are shown graphically in Fig. 2.

21 pups contracted the disease before they were six
months 0ld and 15 cases had entered the secondary rensl phase
before one year. On the other hand two dogs of seven years
and six dogs of five years of age contracted the disease for

the first time.
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The numbers of the different breeds which when first

examined were in the primary and secondary renal stages to-

gether with the total affected are given in Table 4.

Table 4

The distribution of breed incidence.

Breed

Mongrel Terrier

Collie

Cocker Spaniel

Alsatian

Cairn Terrier

Lagbrador

Bull Terrier

Mongrel Collie

Smooth Hagired Fox
Terrier

Scottish Terrier

West Highland Terrier

Border Terrier

Greyhound

Golden Labrador

Rough Haired Fox
Terrier

Dglmatian

Springer Spaniel

Welsh Corgi

Airedale

Boxer

Dachshund

Black Lagbrador

Irish Terrier

Samoyed

Primary
cases

61
19
18
20
16

=

CNFHNFOFWL PORETI 00O

Secondary
cases

31
2l
19
12

WOFOFPDOPFPD RFbdPRPFPo® pod ol

VDDV Rb OOTITWO
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In addition to the breeds shown sbove there was one primary
case of each of the following:- Bedlington Terrier, Bulldog,
Dandie Dinmont, Mongrel Fox Terrier, Irish Setter, Lakeland
Terrier and Mongrel Spaniel. In the secondary renal stage
one. of each of the following breeds was affected:- Old English
Sheep Dog, Pekinese, Sealyham and Shetland Collie. The breed
of eight dogs was not recorded.

There were almost twice as many Mongrel Terriers as any
other breed, with Collies, Cocker Spaniels and Alsatians being

the next most common.
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Clinical, serologicel and biochemicgl findings

The basis of the classification of clinical cases accor-
ding to agglutination titres and blood urea levels has already
been described in detail (vide supra). A summary is given in

Table 5 along with the number of cases in each group.

Table 5
Blood Urea
Group Agglutination Titre mg./100ml. No. of Cases
Mild Primary > 1/10,000 or < 50 38
Renal rising
Severe Primary > 1/10,000 or 50 - 200 112
Renal rising
Most Severe >1/10,000 or > 200 72
Primary Renal rising
Secondsry Renal 1/30-1/1,000 < 50 66
without Uraemia
Secondary Renal 1/30-1/1,000 > 50 81
with Urgemisa
No. of Primasry csses 222

No. of Secondary cases 147

Total 369

Protocols of all 369 cases are given in Appendices 2 to 6.

Bacteraemia

A becteraemia was demonstrated in seven dogs by recovering
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Leptospira canicola in pure culture from the blood. These
have been classified in Table 5 as primary cases according to
agglutination titres and blood ureas found at subsequent exam-
inations.

Bach of these animals showed malaise of varying degree
characterised by the sudden onset of a pyrexia associated with
apsthy and anorexia. Pulse rates were accelerated and on
digital examination the pulse felt fuller than normal. Cnly
slight injection of scleral and conjunctival vessels was noticed.
Detailed physical examination of thorax and abdomen revealed no
further gbnormslity. In two cases agglutinins against L. cani-
cola were demonstrated at titres of 1/3,000 and 1/10,000 res-
pectively, in the blood ssmple from which the organism was
isolated. At subsequent examinations it was found that agg-

lutinins had developed in the other five cases by the end of

two weeks. Nitrogen retention was not evident in any of the
cases at this stage. Urine specimens could be obtained from
only four of those seven dogs. In one of the urines in

addition to the presence of proteinuria and tubular casts
leptospirae were demonstrated by dark ground microscopy. Two
other urines glsc had proteinuria and casts but no leptospirse
while the fourth was normal.

Blood samples from 51 other dogs showing a pyrexia of
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over 104° F. which were submitted to cultural examination all
proved to be negative. Only three of these were found to
have agglutinating bodies against L. canicola at subsequent
examinations and only those three are included in the present
series. The others either recovered uneventfully from the
initial pyrexia or showed more definite signs of distemper on
subsequent examinations. Three cases of salmonellosis were

detected.

Primary rensl stage

Clinical signs. The 38 primary cases described as mild

were submitted by their owners for examination because of a
mild malaise, excessive thirst and polyuria or nocturnsl in-
continence. Physical examination of these frequently revealed
no sbnormality other than a pulse somewhat full in volume.

On the other hand the 112 cases classified as severe
primary were obviously ill and persistently apathetic and
anorexic. Excessive thirst was a constant symptom in those
cases often being accompanied by emesis of varying frequency.
Polyuria was commonly present but a varying degree of olig-
uria was found when vomiting was frequent. The mouth often
had a bad odour and the tongue often had a brownish tinge.

In no case was pyrexia recorded. The pulse was markedly

increased in volume and sometimes in rate. Icterus was
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present in two cases only.

The most severe cases were characterised by repeated

drinking and vomiting of water. Movement was made. unwillingly
and when standing the back was held arched in a most pained
looking posture (Figs. 3, 4, 5 and 6). These dogs were com-
pletely apathetic and usually evinced no interest in food or
their surroundings. Some owners stated that the illness had
been of short duration, others that the condition had gradually
deteriorated over seven to 10 days. Sometimes there was a
history of a few days malaise having occurred a week or two
earlier. The foetid odour of the breath was most repugnant
and it was frequently accompanied by ulceration of the buccal
mucosa and lingusl border. In two dogs necrosis of the border
of the tongue had developed to such an extent that sloughing
was about to take place. As in the less severe group no case
of pyrexia was found. The pulse volume was full but became
rapidly weak with the onset of death. Occasionally an en-
larged left kidney was palpable. 70% of the dogs in this
group did not recover from the disease.

Leptospiruria and agglutination titres. In Tables 6, 7

and 8 are summaries of the agglutination titres against L. cani-
cola found in each of the mild, severe and most severe groups

along with the numbers having leptospiruris.



Fig. 3. Wost severe primary case. Mongrel

Retriever. Case 445.

ig. 4. Most severe primary case. West Highland

Terrier. Case 212.



Big. B Most severe primary case. Border

Terrier. Case 535.

Bigi 6, Most severe primary case. Mongrel

Collie. Case 487.
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Table 6

mild primary rengl group when first examined

compared with the incidence of leptospiruria.

Titre

1:3,000
1:10,000

1:30,000

Total

No.

No. of urines No. having % having
Cases examined leptospiruria leptospiruria

12 10 3 30

15 15 8 53

10 9 7 78

37 34 18 53

Table 7

Agglutination titres of dogs in the

severe primary renal group when first examined

compared with the incidence of leptospiruria.

Titre

13,000
1:10,000

1:30,000

Total

No. of
No. of urines No. having % having
Cases examined leptospiruria 1leptospiruria
16 16 3 19
52 50 37 74
43 40 30 75
112 106 70 66
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Table 8
Agglutination titres of dogs in the

most severe primary renal group when first examined

compared with the incidence of leptospiruria.

Titre No. of -Egingg No. having % having
Cases examined leptospiruria leptospiruria

1:3,000 9 g i 2 25

1:10,000 28 27 13 49

1:30,000 35 33 18 55

Total 72 68 33 49

It can be seen that in each group the higher the agglutination
titre the greater was the number of cases having leptospiruria.
In most cases the agglutination titre had begun to fall by the
end of two months end had reached a level of 1/1,000 or less
at the end of six months.

Proteinuria. Samples of urine from 138 dogs were

examined for protein. It was present in gll cases in varying
quantities and usually accompanied by tubular casts (Figs. 7,
8, 9, 10 and 11). The number of casts varied greatly. In
some of the most severe cases large numbers were observed
(Fig. 7) while others had only a few. The majority of the

milder cases had comparatively few casts in the urine.



Fig.

'7'

Granular tubular casts.

primary stage. x 110.

Most severe

Epithelial and granular casts. Most

severe primary renal stage.

x 110,



Fig. 9. Granular casts. Severe primary stage.

x 110,

Fig. 10. Granular casts. x 410.



Fig. 11. Granular cast. x 410,

o

o i o =

Pig. 12, Hyaline casts. x 410,
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Usually the casts were granular in nature but occasionally
epithelial forms were noted.

Leucocytosis. The blood leucocytes were enumerated in

66 primary cases. Of these 36 (55.5%) reached a figure
greater than the upward standard deviation given by Mayerson
(1930) (cited by Boddie 1944). Differential leucocyte counts
carried out on the 66 cases showed that 60 (91%) had 10% or
more of nonlobulated neutrophils. Details of leucocyte counts
are given in Appendix 7.

Angemia. In five of 25 (20%) cases in the most severe
primery group and in two of 25 (8%) cases in the severe primary
group there was a marked ansemia, erythrocyte counts being as
low as 3,500,000/¢c.mm. and haemoglobin concentration as low as
7 gm. /100 ml. No change was noted in the thirteen mild
primary cases exasmined. Details of the erythrocyte exam-
inations carried out are given in Appendix 8.

Blood urea levels. As slready described blood urea levels

have been used as a basis for dividing the primary cases into
mild, severe and most severe. Apart from an occasional case
which had a high blood urea and yet showed little physical up-
set the blood urea level of a dog accurately reflected its
general clinical condition. Thus it was invariably used as-

an aid to prognosis.
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Bvidence of this correlstion between blood urea level and
the severity of the animal's condition is gained from s study

of the mortality figures in Table 9.

Table 9
Blood No. of
Group Urea No. of deaths from Mortality
mg. /100 ml. cases renal failure
Mild 50 38 0 0
Severe 50-200 112 9 8

Most 200 72 51 71
Severe -

Because of the danger of infection to humans all dogs
with leptospiruria were admitted to the Veterinary Hospitsal
for therapy. Most of the animals were treated with either
the sodium or procaine salts of penicillin. The mild and
severe cases showed a marked improvement within a few days
but over 71% of the most severely affected cases died. Those
which recovered under therapy ceased to shed leptospirge after
two or three days and the blcod urea levels fell to normsal
within two weeks. Agglutinetion titres against L. canicola
persisted as did the excretion of protein and tubular casts

in the urine.
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Secondary rensl stage

When first examined 147 dogs were found to have chronic
nephritis associated with the persistence of asgglutinating
antibodies against L. cesnicola. These cases have been divided
into groups, one having nitrogen retention and the other blood
urea levels below 50 mg./100 ml.

Clinical signs. Some of the 66 dogs without nitrogen

retention were presented for examination because of some other
ailment, and the presence of a renal lesion associated with
persistent agglutinins was detected only because of routine
blood and urine examinations. In other dogs there was a
gradual loss of weight accompanied by thirst and polyuria.
Occasional vomiting took place often in the early morning.

The 81 cases with nitrogen retention when first examined

all showed fairly typical symptoms. Anorexia was usually
complete and vomiting frequent. The vomit was often blood-
stained and occasionally consisted almost entirely of blood.
The dogs were very thirsty and had been losing weight for some
time. Two dogs took epileptiform convulsions in the terminal
uraemic phase. The breath had a foetid odour usually accom-
panied by buccal and lingual ulceration similar to that seen
in the primary stsge. In some cases there was necrosis of

the tip of the tongue. On auscultation of the heart a systolic



murmur was frequently heard. The pulse left hard. The
impression that was gained on palpating this type of pulse was
that the force behind the pulse wave had been increased while
the arterial wall had lost much of its elasticity. This was
substantiﬁted by the marked degree of left ventricular hyper-
trophy found at autopsy. The last few hours of life were
characterised by a rapid weakening of the pulse accompanied
by hyperpnoea and prostration.

Agglutination titres. All cases in the secondary renal

stage had agglutination titres of 1/30 to 1/1,000 against L.
canicola most of them being either 1/100 or 1/300.

Leptospiruria. No leptospirae were foun& in any of the
78 urines examined. Ten of those urines were centrifuged at
6,000 revolutions per minute for half an hour and the deposit
examined carefully for leptospirse without finding any organism.

Proteinurisa. In all of 78 secondary cases in which the
urine was examined there was proteinuria varying in smount
from a mere trace to as much as 7 gm./24 hour volume. In
contrast to primary cases hyaline casts (Fig. 12) were found
in the centrifuged deposit but small finely granular casts
were also present. Sometimes the hyaline casts contained a
few granules.

Angemia. Haematological examination revealed that in
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16 of 28 secondary cases with uraemia there was an anaemia
whereas none of 18 cases examined with secondary lesions but
no nitrogen retention was anaemic. Details of the examin-
ations carried out are given in Appendix 8.

Blood urea levels. 57 of 81 (70%) cases with blood urea

levels of over 50 mg./100 ml. were known to have died; others
probably did so but were not examined again. Once nitrogen
retention had developed in the secondary stage most of the
dogs died within a few days or weeks. With much care it
proved possible to keep an occasional dog alive for several
months with a blood urea level of more than 100 mg./100 ml.
Therapy consisted of enforced rest in a kennel, a diet low in
protein with access to as much water as the dog could take
without vomiting, end a short course of penicillin therapy.
This palliative treatment was helpful in only a small number
of cases with uraemia and even then for only a short time, but
it did appear to produce an improvement in secondary cases

without uraemia which were showing intermittent malaise.
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Transition from primary to secondary renal stage

In addition to the information concerning the secondary
stage gained from the 147 cases described above, it proved
possible to follow 46 primary cases into the secondary stage
over periods varying from six months to four years. The
owners of those dogs took them back to the clinic from time
to time for further exsmination. In Table 9a are shown the

various periods during which those animals were observed.

Table 9a
Period of time
under observation. No. of dogs
Years
z -1 6
1 -2 12
2 -3 9
3 - 4 15
s =
Total 46

8ix of those cases died of renal failure in the secondary
stage five months to two years after the primary infection.
The others were apparently well when last examined and according

to their owners were lively and ate well. Some of them became
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thirsty intermittently. Clinical examination revealed early
cataract of the lens in four cases. Five hed a slight sys-
tolic murmur and the pulse of each felt hard to a varying
degree. Blood pressure readings recorded in Table 9b show
that there was a rise gbove the normsl (130/90 mm. Hg.

systolic/diastolic) in all but one case.

Table 9b

Time from Blood pressure

Case No. Age initial infection mm. Hg.
Years Years Systolic Digstolic

52 7 4 180 40
64 6% 4 160 90
104 43 4 210 160
168 9 4 150 90
179 5% 33 170 90
247 6 é 240 140
250 7 37 230 140
276 5% 3z 180 80
318 4z z 190 110
224 63 3% 210 40
399 5% 3 150 80
501 3 2 110 70
520 7 2 190 120
A8 4% 1% 180 140
A50 33 1z 280 180
A648 4 % 190 120

All 46 dogs in this group had two features in common,
persistent agglutinins against L. canicola and proteinuria
frequently accompanied by tubular casts. The titres varied
from 1/100 to 1/1,000. The amount of protein varied from a

trace to as much as 200 mg./100 ml. urine. The casts were
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predomingntly hyaline with a few granules but there were usually

some granular casts present.
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Section 2.

The pathology of the disease in the dog

associated with naturally occurring infection

by Leptospira canicola.

Higstoricsal

The renal 1esions in the dog which are about to be des-
cribed as being associated with infections of Leptospira can-
icola appear to have been familiar to pathologists in Europe
as long ago as 1899 although they did not regard them as being
part of a spirochgetal disease.

Unfortunately, the original articles of these authors are
not available but Hyhlik quotes Albrecht (1899), Hutyra and
Marek (undated) and Szchokke (1900). Hutyra apparently des-
cribed renal haemorrhages, capillary congestion and nodular
interstitial leucocytic infiltration associated with degen-
eration of tubular epithelium and detachment of the epi-
thelium of Bowman's capsule. All three writers appear to
have classified the renal lesions according to the relative
predominence of interstitial, tubular and glomerular involve-
ment and to have agreed that the most characteristic finding
was a nodular mononuclear cell infiltration compressing the

tubules. They regarded the condition as acute interstitial
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nephritis of lymphoecytic and plasma cell type.

It was not until over 20 years had elapsed that in 1924
spirochaetes were described along with similar renal lesions.
In that year Lukes, Hyhlik and Krivacek all working in Lukes'
department described in some detail the lesions of a number of
cases showing spirochaetes in the kidneys. The most detailed
description of the material for autopsy is provided in a sep-
arate paper by Hyhlik which is based on the examination of 22
cases. He describes ulcerative and necrotic lesions in the
mouth, oedematous and haemorrhagic gastrointestinsl mucosge
and hypersemic liver and kidneys. The kidneys showed greyish-
yellow areas of infiltration of the cortex and subcapsular
hasemorrhages. Microscopically, the renal lesions consisted
of mononuclear cells, mainly lymphocytes and plasma cells.
There were very few polymorphonuclear leucocytes. This wor-
ker also reported that in five of the dogs there were cellular
inflammatory nodules deep in the media of the large vessels,
the pulmonary artery being affected more often than the aorta.

Krivacek (1924) stated that he had found spirochaetes in
17 of 21 dogs examined after death from Stuttgart disease.

In the kidneys they were found most frequently in the con-
voluted tubules where they were intra- and extra-cellular.

Sometimes a clump of spirochaetes appeared to fill the tubular
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lumen while in others they appeared as distinet spiral organ-
isms. Krivacek also noticed that the spirochaetes were
usually in the convoluted tubules and never in the glomeruli
or other parts of the nephrons although he did observe them

in casts of the collecting system. It is also interesting to
note that he described spirochaetes in the walls of the large
vessels and also in spleen, liver and pancreas in a proportion
of his cases.

In 1925 Lukes published a larger seriés of cases in which
he identified spirochaetes in 97 of 105 fatal cases of Stuttgart
disease. He also described them as being present in the con-
voluted tubules near the glomeruli and occurring as single
organisms or in clumps. He described the cellular exudative
process as an acute interstitial nephritis with a predominantly
mononuclegr infiltration of focal distribution. There were
few spirochaetes to be seen in the cellular exudate although
the nearby convoluted tubules contained them. He also cited
Schramek (without reference) who described a lymphocytic inter-
stitial nephritis in 15 protracted chronic cases. Schramek
also noted cellular granulomatous nodules on the intercostsal
and disphragmatic pleura and on the endocardium. In the
aorta and pulmonary arteries he recorded granulomgstous des-
truction of the elastica which resembled those of syphilis in

the human subject.
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In another paper (1925) Lukes, Jelinek and Schramek dis-
cussed the relationship of Stuttgart disease to chroniec nephritis
Iin the dog. They gave accounts of the pathological changes in
six young dogs under the age of five years which had survived
acute attacks of Stuttgart disease and later developed chronic
nephritis. All had ulcerative stomatitis, haemorrhagic gas-
tric or intestinsl lesions with granular contracted kidneys.
One of those dogs also had chronic endocarditis. In four
of these cases the nephritis described was of subacute type
with persistent round cell infiltration of the interstitial
tissue. In the remaining two dogs the rensl lesions had
progressed to marked sclerosis. Spirachaeteé were difficult
to find although more numerocus in the subacute cases'in which
they were observed mainly in the convoluted tubules. Unfor-
tunately no details are given of the time which had elapsed
since the primary attack of the disease. It is of very con-
siderable interest to note that in the year 1925 those wor-
kers were recognising spirochaetes in the tubules of dogs with
advanced chronic nephritis. All of this work emanating from
Lukes' department appears to have been of the highest order.
The only doubt that can be cast on it is that concerning the
nature of the organism. Was this spirochaete the same as

the strain of Leptospira which Klarenbeek and Schuffner



41 =

isolated in 1933 and called L. canicola and has been isolated
by many others since? The extresordinary similarity-of the
clinical signs and the renal histopathology seem to indicate
clearly that the Stuttgart disease of those earlier years was
indeed caused by Leptospira csnicola.

Another excellent piece of work of comparative interest
to the present thesis was that published by Henschen (1924) in
Joest's Spezielle pathologische anatomie der Haustiere. He
regarded interstitial lymphoecytic nephritis as the most frequent
and important inflammatory condition of the canine kidney.

He emphasised that the infiltration in the acute stage might
be diffuse or nodular and that the latter was the more common.
He noted, too, that in the nodular form, the deep part of the
cortex and the external part of the medulla were involved most
frequently. The infiltration was often pronouncedly peri-
glomerular but neither the glomeruli nor the tubules them-
selves showed changes. To Henschen the tubules themselves
appeared to pass unaltered through the exudate. Most of the
cells were of the lymphocytic series; polymorphonuclear leuco-
cytes were seldom numerous except in rare instances when the
centres of the nodules were almost purulent. Henschen recog-
nised subacute and chronic stages of this infection and des-

cribed them in some detail particularly with reference to their
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separation from the coarse, less regular fibrosis of infarction
and of pyelonephritis. Microscopically, too, he noted the
absence of epithelial crescents in Bowman's capsule and thus
contrasted the condition with chronic glomerulonephritis. He
also mentioned the tendency in older dogs to acute and subacute
exacerbation of the chronic stage and of the establishment of

a persistent subacute stage. This excellent description and
evidence of progression and exacerbation is rendered all the
more remarksble as Henschen did not know of the leptospiral
etiology and associated the condition with distemper and pneu-
monia.

Wirth and Klarenbeek did not describe the histopathology
of the disease in any detail apart from the localisation of
spirochaetes and it was not until 1941 that another account of
the renal lesions was forthcoming. In that year in America
Bloom gave a description based on nine cases. As five of the
dogs had had icteric illnesses and four non-icteric illnesses
and as agglutination tests were performed in life on only three
icteric cases and these were inconclusive, it is impossible to
say that he was describing cases caused by L. canicola. Bloom
emphasised that interstitial nephritis is the predominant renal
inflammatory diseasse of the dog and is met with in a wide var-

iety of infections. He also believed that recovered cases of
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Leptospiral nephritis might provide the source of cases of
chronic interstitial nephritis. It is interesting to note
that he recorded atypical regenerated epithelium in the renal
tubules as being present in all the nine cases examined. In
these tubules nuclear mitotic figures were numerous and the
proliferative activity was such that the cells frequently
assumed a glant-cell-like appearance.

In 1948 two case reports were published by Jennings in
conjunction with Mills. These were cases which had been
diagnosed elinically and serologically as primary cases of
Leptospirosis canicola. One dog was 19 months old, the
other five years. In the first case there appeared to be
a chronic nephritis on which had been superimposed an acute
process characterised by marked congestion of the blood vessels,
tubular degenerstion and only a few areas of cellular infil-
tration mainly in the cortex and consisting of plasma cells.
This description is not what would be expected from the course
of the disease as described by Mills. In the second case, in
addition to the above changes there was observed a marked
focgl cellular infiltration throughout the cortex. Jennings
states these cells were largely epithelioid in type with only
a few plasma cells and lymphocytes. Neutrophils were sparse.

In 1949 Montgomery, discussing the work of McIntyre and
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Stuart, gave a brief description of the renal lesion. In the
primary cases he had found an acute focal or diffuse inter-
stitial nephritis characterised by an infiltration of non-
granular leucocytes sometimes of remarkable intensity. By
contrast the glomeruli were singularly unaffected but a varying
degree of degeneration and necrosis of tubule cells was often
present. In the secondary cases he stated interstitisgl fib-
tosis to be the outstanding lesion. In some kidneys glomeru-
lar atrophy and fibrosis occurred usually in association with
muscular hypertrophy of renal arteries and arterioles and these
changes appeared to be a reaction to hypertension.

This preliminary statement was substantiated later (1952)
in a paper by McIntyre and Montgomery in which were described
in detail the rensl lesions of canine leptospirosis canicola.

In 1951 and 1952 Platt described renal lesions in dogs
which had many features in common with those described by
McIntyre and Montgomery but he had no knowledge of their ill-
ness during life or of their serological resctions to lepto-
spira. He did not discern any spirochaetes in those kidneys
examined.,

In 1945 Jones seized an opportunity presented to him by
the United States Army Veterinary Corps of examining the kid-

neys from 40 dogs which were not showing any physical abnormality
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but which reacted positively to a macroscopic agglutination
test for Leptospira canicola. In these kidneys he described
focal interstitial lesions with discernable spirochaetes in
only six of them.

IIn 1953 Monlux extended this survey of renal lesions to
321 cases. The_material for this survey was obtained from
the pathology department of the Armed Forces Institute.
Unfortuﬁately ¢linical histories are missing from this account.
He describes 283 of the cases as showing primarily interstitial
lesions and the others as inflammatory vascular diseases.
Spirochaetes were demonstrated in 40 of this number, 22 being
acute cases characterised by periglomerular, perivascular and
intertubular infiltrations of lymphocytes, plasma cells, mono-
cytes, reticuloendothelisl cells with only a few neutrophils.
This infiltration was characteristically more extensive at the
cortico-medullary junction. 83 cases of chronic interstitial
nephritis were described in this series. Monlux stated the
most remerkable changes were in the outer zone of the medulla
where connective tissue and cellular infiltrates surrounded
extremely hyperplastic tubules often forming large cystic
spaces filled with eosinophilic hyaline casts. Partial
replacement of the cortical parenchyma by connective tissue

resulting in atrophy, collapse and obliteration of tubules and
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glomeruli was also noted. Thickening of the blood vessels was
noted. Monlux describes the hyaline changes in the glomeruli

as secondary amyloidosis and makes no attempt to link this with
arteriagl thickening as part of s hypertensive syndrome. He
concludes that advanced cases of chronic nephritis were not due
to leptospirosis largely because he failed to demonstrate argent-

ophilic leptospires.



Materials and Methods

Of the 369 dogs included in this series 149 are known to
have died or to have been destroyed in extremis between Octo-
ber 1947 and November 1951. Of these 117 died of renal fail-
ure, the others from intercurrent disease such as distemper.
Of the 149 cases 82 were availagble for post mortem examinagtion.
Destruction was carried out by the intravenous injection of
nembutal. Autopsy was performed within the first few hours
after death. In addition to noting changes in the kidneys
examination was made for other lesions. Representative por-
tions of kidneys were fixed in 10% neutrel formalin and in
formol perchloride solutions. Paraffin sections were stained
by a variety of methods including haematoxylin and eosin,
Weigert's elastic tissue stain and Masson's trichrome methods.
Levaditi's original method was used for demonstrating lepto-
spirae. A microscopic study of the renal lesions was carried

out including a search for gpirochaetes in the Levaditi sections.
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Autopsy of dogs which died in the primary rensl stags

Oral necrosis was often well established particulzsrly szt
the border of the tongue and on the buccasl surfzce opposite
the canine and carnsssigl teeth. On two occasions the tip of
the tongue was about to slough off. In the cases which hsd
died in uraemia or were moribund when destroyed there wss
often extensive haemorrhage into the stomach and smgll intes-
tine, the respective mucosae being congested over s great ares.
Crumbling or ulcerative endocardial lesions (Fig. 15) were
present in 22 of 43 (50%) primary cases. These friable
masses tended to involve the endocardium at the base of the
valves rather than the cusps. In one case similar lesions
were found in the thoracic aorta.

In cases which died during the primary rensl stage of
intercurrent disease such as the nervous complications of

distemper, no naked eye lesions were apparent in the kidneys.

Renal lesions. The kidneys were swollen and sometimes pale

in colour. The appearance of the cut surface presented

either a diffuse greyish mottling effect throughout the cortex
or a broad yellowish-white band in the cortico-medullary boun-
dary zone with a few scattered grey foci throughout the cortex
(Figs. 13 and 14). On examination with a hand lens this band

resolved itself into an aggregation of nodules similar to



Pig. 13. Primary renal stage. Cortical infiltration

and nodules at boundary zone. Case 487. x 12.

Fig. 14. Primary renal stage. Cortical and

boundary zone nodules. Case 481. x 13.
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16.

Primary renal stage.

Case 574. x 23.

Acute endocarditis.

Primary renal stage.

Infiltration of

boundary zone. Case 228. H: and B. = 11.
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those in the cortex. There was no naked eye evidence of
infiltration of the medulla. Haemorrhages were occasionally
seen below the capsule.

On microscopical examination the cortico-medullary band
consists of an intense cellular infiltration, nodular in
character (Fig.16). The scattered foci throughout the cortex
are similar. Sometimes irregular masses of these focl appear
in the cortex. The medulla is only occasionally involved. The
cellular infiltration (Figs.16a,16b,17) consists largely of
lymphocytes and plasma cells but mononuclear leucocytes and
histioecytes also occur. Sometimes smgll collections of neutro-
phil polymorphonuclear leucocytes are apparent at the centre of
the nodules and there are sometimes scattered single polymorphs
throughout the inflammatory zone. The glomeruli appear almost
normal apart from a small amount of exudaste in the capsular
space. The tubules often become completely occluded by the
infiltration. Cloudy swelling and necrosis of tubular cells
are common in infiltrated areas. Within the lumen of some of
the tubules there are casts and small plugs of inflammatory cells. .
Leptospirae are usually sbundant in the convoluted tubules and
may be found singly or in clumps (Figs. 18a, 18b). No
organisms are distinguishable in the cellular masses aglthough

numerous argentophilic granules are often present. Capillary
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FPig. 17. Primary renal stage. Nodular infiltration.

Case 228. H. and E. x 100.

Fig. 18. Acute rensl stage. Leptospirae in

convoluted tubule. Case 228. Levaditi. x 340.



P Fig. 18a. Primary renal stage. Leptospirae in

tubules. Case 422. Levaditi. x 480,

Fig. 18b. Primary renal stage. Leptospirae in

tubules. Caese 224. Levgditi. x 480.
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blood vessels are seen in the nodules but they are not numerous,
the nodules being relatively avascular. The above description
is based on the most severely affected cases which died of
renal failure. The cases which died of intercurrent disease
without having nitrogen retention and were available for
autopsy show only small focal lesions consisting of lympho-
cytes and plasma cells. Little' or no damage to nephrons can
be seen. Indeed, one case, No. 270, had no recognisable
lesion in that part of the kidney examined despite the pre-
sence of agglutinins in the blood. These mild cases are of
particular interest when compared with the slight lesions

which resulted in many pups experimentally infected.
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Autopsy of dogs which died in the secondary renal stage

In the cases which died in terminal uraemia there were
mouth lesions similar to those seen in acute cases with uraemia.
Ulceration occurred chiefly at the border of the tongue and on
the buccal surfaces chiefly opposite the larger teeth. In
several cases there was necrosis of the tip of the tongue.

A number of cases had bilateral cataract of the lens. Gastro-

|
|
|
|
|
|

intestinal haemorrhage occurred similar in extent to that
observed in acute cases. There was a pronounced hypertrophy
of the left wventricle (Fig. 19) sometimes the wall being four
and five times as thick as that of the right, In 20 of 39
(51%) secondary cases autopsied smsll whitish nodules were
Observed along the border of the cusps of the atrioventricular
valves and in some of these there was shortening of the chordae

tendinage. These lesions were always present in those cases

which had had a systolic murmur when examined clinically.

But nodules were also present even in those cases in which no

murmur had been detected.

. Renal lesions. The kidneys were pale and contracted in
appearance, sometimes only half their normal size. The sur-
face was finely granular because of numerous shallow depressions
which were quite deep in a few cases. The cut surface revealed

| & very narrow cortex, the calyces being thinned irregularly in




Pig., 19. Secondary renal stage. Left ventricular

hypertrophy. Case 171. x 1%.

Big. 20, Secondary rensl stage. Irregular

narrowing of cortex. Case 471. X 2



R

=52=

conformity with the surface granularity (Figs. 20, 21 and 22).

Microscopically, there is diffuse fibrosis throughout the
cortex often accentuated in the corticomedullary boundary zone
(Figs. 23, 24 and 25) to an extent corresponding to the nodular
cellular area observed in the primary stage. Vestigial
tubules and isolated capillaries traverse this area. Much of
the fibrous tissue in the cortex is perivascular, bands exten-
ding alongside small arteries to the capsule where they are
inserted. Scattered throughout the cortex are foci of infil-
tration by mononuclear cells chiefly lymphocytes. These
lesions are never as severe as seen in the acute stage and do
not contain any polymorphonuclear leucocytes.

The glomerular changes vary greatly in degree but appear
to follow a similar pattern commencing with a hyaline thick-
ening of Bowman's capsule. There is also a varying degree of
periglomerular fibrosis (Fig. 26). The tufts are sometimes
undamaged although a thickening of the basement membrgne can
usually be demonstrated. Hyaline plaques in the interstices
of the tufts can be seen (Figs. 27 and 28). In cases of
longer standing complete hyalinisation of the glomerulus takes
place (Figs. 29 and 30) with subsequent atrophy of the tubule.
Some of the tubules are compressed while other are dilated.

The dilatation is particularly well marked in some of the
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Pig., 29. Secondary renal stage. Periglomerular
fibrosis. Hyalinised glomerulus. Case 299.
H. and E. x 100.

|
|
E
F

Fig. 30. Secondary renal stage. Hyalinisation

of glomeruli. Case 269. H. and E. x 100,



Fig. 27. Secondary renal stage.

Hyaline change

in glomerulus. Case 293. H. and. E. x 100,

Fig. 28. Secondary renal stage.

hyalinised glomeruli. Case 299.

Fibrosed and

H. and E. x 100.



FPig. 25. Secondary renal stage. Boundary zone

scars. Case 467. H. and B. x 90.

FPig. 26. Secondary renal stage. Periglomerular

fibrosis. Case 467, H. and E. x 375.
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renal stage.

Secondary

23.

Fig.

Case 467.

fibrosis and tubular dilatation.
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and E.
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Secondary rensl stage.

24.

Fig.

Case 300

fibrosis and tubular dilatation.

x 9, b,

and E,

H.



Fig. 21. Secondary renal stage. Granular contracted

kidney. Case 479. X 2%.

Pig. 22. Secondary renal stage. Narrowing of

cortex. Case 479. x 2%.
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collecting tubules (Figs. 31 and 32) where several layers of
columnar epithelium replace the normal. The tubules so
affected are those which are cut off by scar tissue or cell-
ular infiltration. In contrast to this the epithelium of
the rensl pelvis is normal in appearance. Occasionally there
is some slight mononuclear infiltrstion apparent in the pelvis.
In the interlobular arteries there is muscular hypertrophy
(Figs. 28 and 30) with thickening of the internal elastic
laminge. The afferent arterioles have muscular walls of
increased thickness and some of these show hyaline degener-
ation. These changes correspond to those observed in the
glomeruli and would appear to be the result of hyvertension.
Spirochaetes are much more scanty than in primary cases
and are found in the tubules (Fig. 33) only after a detailed
search of the section. Sometimes they are found embedded in
hyaline tubular casts (Fig. 34). There is often a focus of
lymphocytes or plasma cells proximal to the tubule containing
the spirochaetes. The maximum time which had elapsed in any
one case from the time of the primary renal stage to the dis-—
covery of spirochaetes in the kidneys at death in the secon-

dary renal stage was 3% years.
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Fig. 33. Secondary renal stage.

convoluted tubule. Case 221.

Leptospirae in

Levaditi. x 480.

Fig. 34. Secondary renal stage.

albuminous tubular cast.

Case 269.

Leptospirae in

Levaditi. x 480.



FPig. 31. Secondary renal stage. Tubular dilatation.

Cage 467. Duration of illness 4 months. H. and E. x 120.

! Fig. 32. Secondary renal stage. Tubular dilatation.

Case 221. Durstion of illness 14 months. H. and B. x 100.
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To show the correlation between clinical, serological, bio-
chemical findings and renal lesions 40 cases have been described
in detail below, 20 of them being in the primary rensl stage

and 20 in the secondary.

Primary Csses

Case 43

| Collie, male, 14 months; 1ill for two months before
examined; titre L.C. 1/3,000; no leptospiruria; blood urea
98 mg./100 ml.; destroyed.

Renal pathology

¥ell marked boundary zone lesion in kidney; diffuse
cellular infiltration with fibrosis; scattered cellular
nodules in cortex; thickening of Bowman's capsule; cloudy
swelling and necrosis of tubule cells; scanty leptospires;
j'tranaifional subacute case.

Other lesions

Bucecal ulceration.

Case 110
Fox Terrier, male nine months; distemper fits and primary
leptospirosis; titre L.C. 1/30,000; blood urea 56 mg./100 ml. ;

died of fits.
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Rengl pathology

Kidneys apparently normal; only a few very small foeci of
interstitial cellular infiltration; no glomerular or tubular
lesion; no spirochaetes.

Other lesions

None.

Case 143

Cocker Spaniel, male, two years; moribund; titre L.C.
1/30,000; 1leptospiruria; blood urea 400 mg./100 ml.,; leu-
cocytosis; destroyed.

Renal pathology

Marked interstitial cellular infiltration accentuated in
boundary zone; considerable fibrosis in boundary zone; focal
and diffuse infiltration throughout cortex; some periglomeru-
lar fibrosis; much tubular cell degeneration; leptospires in
tubules; subacute case.

Other lesions

Buccal ulcerstion.

Case 150

West Highland Terrier, male, 17 years; typical severe

pbrimary; titre L.C. 1/30,000; blood urea 415 mg. /100 ml. ;

no leptospiruria; leucocytosis; died six days later.
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Rensl pathology

Kidneys enlarged; diffuse cellular infiltration with
scattered intense nodules; some fibrosis in boundsry zone;
slight thickening of Bowman's capsule; tubular cloudy swelling
and necrosis; scanty leptospires in a few tubules.

Other lesions

Lingual ulcers; ulcerative endocarditis.

Case 224

Bull Terrier, male, seven months; moribund; titre L.C.
1/30,000; blood urea 740 mg./100 ml.; leptospiruria; des-
troyed.

Renal pathology

Grossly enlarged kidneys; marked white band across cortico-
medullary zone and some white foci in cortex; intense boundary
zone cellular infiltration of lymphocytes and plasma cells;
some polymorphonuclear leucocytes; obliteration of many glomer-
uli and tubules; isolated foci in cortex; 1little change in
surviving glomeruli; much tubular cloudy swelling and fatty

change; numerous casts in lumina; numerous leptospires in

tubules.

Other lesions

Haemorrhagic gastrointestinal mucosae; Dbuccal ulcers.
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Case 228

Mongrel Terrier, male, four years; severe primary after
10 days' illness; titre L.C. 1/30,000; blood urea 412 ng. /
100 ml.; 1leptospiruria; moribund in four days; destroyed.

Renal pasthology

Swollen kidneys with smooth mottled surface; marked grey
zone at cortico-medullary junction; massive boundary zone in-
filtration with widespread tubular destruction; relatively few
foci in the cortex; mostly mononuclear cells, also foci of
polymorphonuclear leucocytes; slight thickening of basement
membrane of glomeruli; extensive cloudy swelling of tubules;
numerous spirochasetes in tubules.

QOther lesions

Smell endocardisl lesions.

Case 236

Mongrel Terrier, male, six months; typical severe primary;

titre L.C. 1/30,000; blood urea 313 mg./100 ml. ; leptospiruria;

dead two months lgter.

Renal pathology

Shrunken kidneys; narrowing of cortex; well marked boun-

dary zone fibrosis with aress of intense interstitial cellular

infiltration; some periglomerulsr fibrosis; widespread tubu-

lar cloudy swelling and necrosis; scanty leptospires; subacute



-58-

case.

Other lesions

Haemorrhagic gastrointestinal mucosae.

Case 242

Labrador, male,nine months; moribund; titre L.C.
1/10,000; blood urea 450 mg. /100 ml.,; leptospiruria; des-
troyed.

Renal pathology

Marked boundary zone cellular infiltration; also diffuse
in cortex; mainly lymphocytes with foeci of polymorphs; some
exudation into Bowman's capsule; much tubulsr obliteration
and necrosis of cells; spirochaetes numerous.

Other lesions

Ulcerative endocarditis.

Case 268
Cairn Terrier, male, two years; typical severe primary;
titre L.C. 1/30,000; blood urea 320 mg./100 ml. ; leptospir-

uria; moribund in 12 days despite penicillin therapy; titre

B Ca 11/10,000,

Renal pathology

Some kidney contraction; diffuse cellular infiltration

with well marked fibrosis in boundary zone; some glomeruli
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shrunken; some thickening of Bowman's capsule; much tubular
distortion; hyaline cast formation; spirochaetes present; a
transitional subacute case.

Other lesions

None.

Case 270

Alsatian, male, seven months; distemper and mild lepto-
spirosis; titre L.C. 1/30,000; 1leptospiruria; blood urea
53 mg./100 ml.; dead in 18 days with continuous fits.

Renal pathology

No visible rensl lesion; only a few scattered inflamma-
tory cells in interstitial tissue; occasional cellular focus;
no leptospires.

Other lesions

None.

Case 294

Mongrel Terrier, male, 23 years; typical severe primary;
titre L.C. 1/30,000; ©blood urea 256 mg./100 ml.; 1leptospir-
uria; moribund in nine days despite penicillin therapy; blood
urea 588 mg./100 ml.; destroyed.

Renal patholcgy

Kidney enlarged; areas of intense cellular infiltration
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in cortex and boundary zone - mostly plasma cells and lympho-
cytes with some small foci of polymorphs; Bowman's capsule
~ thickened; cloudy swelling; necrosis and obliteration of
tubules; cast formation; numerous spirochaetes in tubules.
Other lesions

Haemorrhagic gastrointestinallmucosae; ulcerative

endocarditis.

Case 422

Mongrel Terrier, male, seven months; typical severe
primary; titre L.C. 1/30,000; ©blood urea 289 mg./100 ml.;
improved in 10 days - blood urea 49 mg./100 ml.; distemper
fits six weeks later; destroyed; titre L.C. 1/1,000; blood
urea 40 mg./100 ml.

Renal pathology

Plasma cell and lymphocyte interstitial infiltration;
some intense nodules; some esrly interstitial fibrosis; nor-
mal glomeruli; tubular cell cloudy swelling and necrosis;
leptospires in tubules.

Other lesions

Endocarditis.

Case 436

Bulldog, female, three years; moribund after several
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weeks illness; titre L.C. 1/10,000; blood urea 414 mg./100

‘ml. ; proteinuria but no leptospiruria; destroyed.

-

Renal pathology
Marked diffuse and focal cellular infiltration of mono-

nuclear cells, lymphocytes and plasma cells; much tubular
damage in infiltrated areas; 1little glomerular change; al-

buminous exudate into Bowman's capsule; leptospiraein tubules.

Other lesions
'~ Lingual ulcers; ulcerative endocarditis; haemorrhagic

gastrointestinal mucosae.

Case 443

Aberdeen Terrier, male, 18 months; moribund; +titre L.C.
1/30,000; blood urea 335 mg./100 ml.; leucocytosis; protein-
fﬁria and tubular casts; destroyed.

;Eengl pathology

Kidneys enlarged; acute diffuse mononuclear cell infil-
,ﬁration in cortex and cortico-medullary zone; foci of poly-
morphonuclear cells; many tubules obliterated; much cloudy
swelling and necrosis; tubular casts; glomeruli relatively
undamaged but some exudation into Bowmanfs capsule; lepto-
spiraee numerous in tubules.

Other lesions

Buceal ulcers.
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Case 481

Longnosed Collie, male, two years; moribund; titre L.C.

1/30,000; Dblood urea over 200 mg./100 ml.; destroyed.

& Kidneys enlarged; extensive grey lesions in cortex;
intense diffuse cellular infiltration of mononuclear leucocytes
- and lymphocytes in cortex; much cloudy swelling and necrosis
of tubules; glomerular exudation and some thickening of Bow-
man'é capsule; numerous spirochsetes in tubules.

Other lesions

A Ulcerative endocarditis.

Case 487
Collie, male, two years; moribund; titre L.C. 1/30,000;
blood urea 500 mg./100 ml.; leptospiruria; destroyed.

'Renal pathology

Enlarged kidneys; marked grey band in boundary zone;
intense cellular infiltration, nodular in appearance; mainly
mononuclear with scattered polymorphs; relatively few foci in
cortex; exudation into Bowman's capsule; much tubular oblit-
eration; necrosis and'cloudy swelling of cells; numerous
spirochaetes in tubules.

Other lesions

: Bueccal ulceration.
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Case 488

Cairn Terrier, male, seven months; severe primary; titre
L.C. 1/30,000; Dblood urea 162 mg. /100 ml.; no leptospiruria
but proteinuria and casts; dead in 10 days despite penicillin
therapy; Dblood urea before death 335 mg./100 ml.

Renal pathology

Extensive grey areas in boundary zone; diffuse and focal
cellular infiltration - mostly plasmg cells; considergble fib-
rosis from boundary zone to capsule in strands; thickened
besement membrane of glomeruli; obliteration of tubules;
increase in arterial muscular coat; lesion becoming subacute;
leptospires in tubules.

Other lesions

None.

Case 489

Alsatian, mele, five months; moribund; titre L.C.
1/30,000; blood urea 840 mg./100 ml.; no leptospiruria but
proteinuria and casts; destroyed.

Renal pathology

Some contraction of kidneys; intense diffuse inter-
stitial cellular infiltrastion - mostly mononuclear with foei
of polymorphs; some early fibrosis; glomeruli relatively

unaffected; much tubulgr cloudy swelling, necrosis and
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obliteration; leptospires in tubules.

Other lesions

Bucecal ulceration; crumbling endocardial lesions in left

atrium.

Case 499

Lgbrador, femgle, two to three years; moribund; titre
L.C. 1/30,000; blood urea 792 mg./100 ml.; no leptospiruria
but proteinuria and casts; leucocytosis; destroyed.

Rengl pathology

Kidneys normsl size; widespread diffuse interstitial
cellular infiltration - mostly plasma cells and lymphocytes;
no glomerular change; tubular cloudy swelling and necrosis;
leptospires in tubules.

Other lesions

None.

Case 507

Cairn Terrier, male, 19 months; typical severe primary;
titre L.C. 1/300,000; blood urea 201 mg./100 ml.; lepto-
spiruria, proteinuria and casts; leucocytosis; dead in four
days despite penicillin therapy; blood urea before death
618 mg./100 ml.



-65—

Renal pathology

Intense cellulgr infiltration in boundary zone; ' also
diffuse in cortex; nodular appearance; mononuclear cells
predomingte; also foci of polymorphs; some thickening of
Bowman's capsule; much tubular degeneration; slight early
fibrosis; spirochaetes in tubules.

Other lesions

Ulcerative endocarditis; hsemorrhagic gastrointestinal

mucosae.
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Secondary Cases

Case 142

Collie cross, male, 1% years; moribund from intestinal
haemorrhage of unknown origin; titre L.C. 1/1,000; blood
urea 58 mg. /100 ml.

Renal pathology

Kidneys normal size; small subcapsular depressions;
moderate degree of cellular infiltration in cortex; some
diffuse fibrosis; periglomerular fibrosis; thickening of
Bowman's capsule; some shrunken glomeruli; arteries and
arterioles thickened, with fibrosis of wall; hyaline tubular
cast formation; scanty spirochaetes in tubules.

Other lesions

Much haemorrhage into wall and lumen of intestine.

Case 145

Mongrel Fox Terrier, male, 113 years; history of gradual
loss of weight; titre L.C. 1/300; blood urea 35.8 mg./100 ml.;
destroyed.

Renal pathology

Kidneys normal size and appearance; fair degree of peri-
glomerular fibrosis; some glomeruli markedly shrunken; hya-

line change in a few; small areas of cellular infiltration
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chiefly plasma cells often near altered glomeruli; some diffuse
fibrosis; few spirochaetes.

Other lesions

Hepatic cirrhosis; fibrotic nodules on atrioventricular

valves.

Case 147

: Mongrel Fox Terrier, male, 14 years; thirst and polyuria
for four years; terminal urasemia; titre L.C. 1/30; blood
urea 160 mg./100 ml.; genaemia.

Renal pathology

Marked shrunken kidney with granular surface; thin cortex;
grossly fibrosed; broad band of fibrosis mostly structureless
with a few rudimentary tubules in lower half of cortex and
corticomedullary zone; grossly dilated tubules with hyper-
trophy of wall several layers deep; fibrosis and hyalini-
sation of many remsining glomeruli; cloudy swelling of some
tubules; well marked strands of fibrosis extending to the
capsule and ending in one of the subcapsular depressions:
some plasma cell and lymphocyte infiltration in these fibrosead
areas; scanty leptospires.

Other lesions

Left ventricular hypertrophy; fibrosed nodules on atrio-

ventriculasr valves.
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Case 152

Springer Spaniel, male, 19 months; first examined because
of incontinence two to three months after vague illness; titre
L.C. 1/10,000; blood urea 90 mg./100 ml.; severe relapse 10
days later; penicillin therapy response; 22 months later
typical terminal uresemia; titre L.C. 1/100; Dblood urea 235
mg. /100 m1.§ destroyed.

Renal pathology

Small contracted granular kidneys with marked narrowing
" of cortex; gross fibrosis of cortex extending in linear areas
to capsule; marked fibrosis of medulla just subcortical; in
fibrosed areas glomeruli appear completely fibrosed and some
hyalinised; well marked areas of infiltration with lympho-
cytes and plasma cells; arterial muscular coats thickened;
cloudy swelling in proximal tubules near cellular infiltra-
tion; scanty leptospirae in tubules.

Other lesions

Nodules on atrioventricular valves.

Case 162
Cocker Spaniel, mgle, two years; moribund; titre L.C.
1/100; Dblood urea 420 mg./100 ml.; sanaemia; destroyed.

Renal pathology

Small contracted kidneys; marked boundary zone fibrosis
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with slight diffuse cellular infiltration; periglomerular
fibrosis and hyalinisation of glomeruli; tubular epithelium
hyperplasia; scanty spirochaetes.

Other lesions

Nodules on atrioventricular valves.

Case 166
Greyhound, male, one year; repeated distemper fits;
titre L.C. 1/1,000; blood urea 35.3 mg./100 ml.; destroyed.

Renal pathology

Kidneys apparently normal; slight diffuse cellular infil-
tration with occasional small areas of fibrosis; slight thick-
ening of Bowman's capsule; some tubular cloudy swelling; spiro-
chaetes scanty; probable subacute case.

Other lesions

None.

Case 177
Collie, male, 11 years; moribund in terminal ursemia;

titre L.C. 1/100; Dblood urea 291 mg./100 ml.; anaemia; des-
troyed.

Renal pathology

Small granular contracted kidney with narrow cortex;

advanced fibrosis particularly at boundary zone with some
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diffuse cellular infiltration; glomeruli shrunken and hyalin-
ised; periglomerular fibrosis; cloudy swelling of convoluted
tubules; many collecting tubules cystic in appearance; hyper-
plasia of epithelium; no spirochaetes.

Other lesions

Left ventricular hypertrophy.

Case 190

Fox Terrier, male, eight years; moribund after gradual
loss of weight over three months; bad teeth; titre L.C.
1/100; blood urea 190 mg./100 ml.; destroyed.

Renal pathology

Smgll contracted granular kidneys with narrow cortex;
much interstitial fibrosis with some diffuse cellular infil-
tration; glomeruli show fibrosis of capsule; some completely
hyalinised; tubular dilatation; arterial musculsr coat
thickened; no leptospires.

Other lesions

Bucecal ulceration.

Case 192
Aberdeen Terrier, male, 12 years; thin and moribund;

titre L.C. 1/300; blood urea 193 mg./100 ml.; destroyed.
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Renal pathology

Small contrscted kidneys; marked boundary zone fibrosis
with diffuse fibrosis of cortex; some foci of lymphocytes;
marked periglomerular fibrosis and shrinking; tubular dilat-
ation and hysline casts; scanty leptospirae in tubules.

Other lesions

Well marked valvular nodules; left ventricular hyper-

trophy.

Case 220

Collie, male, four years; typical secondary with nitro-
gen retention; thirst and polyuria for one year; titre L.C.
1/300; blood urea 286 mg./100 ml.; no leptospiruria; mori-

bund 10 days later; destroyed.

Renal pathology

Very small contracted granular kidneys; thin cortex;
little functioning rensl tissue; widespread fibrosis parti-
cularly dense at boundary zone; some diffuse cellular infil-
tration; most glomeruli show some fibrosis and hyalinisation;
cloudy swelling of remaining tubules; marked hyperplasia of
epithelial wall of collecting system; 1leptospires in tubules.

Other lesions

Haemorrhagic gastrointestinal wall.
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Case 221

Mongrel Terrier, msle, six months; typical severe primary
with titre L.C. 1/30,000; blood urea 136 mg./100 ml.; lepto-
spiruria and proteinuria; recovered with penicillin therapy;
14 months later terminal uraemia with titre L.C. 1/3,000;
blood urea 592 mg./100 ml.; no leptospiruria; destroyed.

Renal pathology

Small granular kidneys with narrow cortex; marked diffuse
fibrosis; foci of intense infiltration of lymphocytes and
plasma cells just subcapsular; marked degree of periglomeru-

| lar fibrosis; many glomeruli completely fibrosed and hyalin-
ised; tubular dilatation most marked in subcortical medulls;
arterial thickening and fibrosis well marked; considerable
cast formation, mostly hyaline; 1leptospirse in tubules.

Other lesions

Buccal vlcers; haemorrhagic gastrointestinal mucosae;

left ventricular hypertrophy.

Case 246
Collie, male, 2% years; moribund in typical terminal
uraemia; titre L.C. 1/100; blood urea 322 mg./100 ml.; no

leptospiruria.

Renal pathology
Small kidneys with very thin cortex; gross distortion of
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renal structure; only slight cellular infiltration; glomer-
uli with periglomerular fibrosis and some completely fibrosed;
dilatation and proliferation of epithelium of collecting tub-
ules; all arteries and arterioles greatly thickened; 1lepto-
spiruria in tubules.

Other lesions

Buccal ulcers.

Case 269

Cocker Spaniel, male, one year; typical secondary in ter-
minal ursemia with fits; titre L.C. 1/1,000; blood urea 369
mg. /100 ml.; destroyed.

Renal pathology

Kidneys slightly shrunken; subcapsular depressions on
surface; advanced fibrosis with considerable interstitial
cellulgr infiltration, mostly plasma cells; some glomerular
fibrosis; tubular cloudy swelling; no spirochaetes.

Other lesions

Buceal ulcers.

Cases 279, 299 and 300

Three Bull Terriers, male, two years; 1litter of six;
acute febrile illness when six months; two months later mother

dead of acute nephritis; fourth animal (case 301) alive at 5%
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years - titre L.C, 1/300, no nitrogen retention, proteinuria
and tubular cests on six exsminations over 3% years; fifth
dead at three years of suspected rensl failure; sixth dead
in motor accident.
Case 279

Typical secondary with uraemia; titre L.C. 1/100; blood
urea 200 mg. /100 ml.; no leptospiruria; moribund 10 days
later with blood urea 584 mg./100 ml.; aged two years.

Renal pathology

Granular contracted kidneys with adherent capsule; narrow
cortex; advanced interstitial fibrosis; marked fibrosis and
hyalinisation of many glomeruli; cloudy swelling of tubules
and cast formation; considerable interstitial cellular infil-
tration, mostly lymphocytic; fibrosis of arteries and arter-
ioles; 1leptospirae in tubules.

Other lesions

Bueccal ulceration.
Case 299

Well at two years; titre L.C. 1/3,000; blood urea 58.8
mg. /100 ml.; no leptospiruria; nine months later typical
secondary with nitrogen retention; kept alive for two months
with persistent uraemia; destroyed at two years 11 months -

blood urea 193 mg./100 ml., titre L.C. 1/300, no leptospiruria
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but proteinurias and tubular casts.

Renal pathology

Contracted granular kidneys; fibrosis more advanced than
279 and only sparse cellular infiltration; extraordinary degree
of hyalinisation of glomeruli; widespread proliferation of tub-
ular epithélium with dilatation; marked hypertrophy of arter-
ial muscular coat; 1leptospirae in tubules.

Other lesions

Left ventricular hypertrophy; small nodules on atrio-
ventricular valves.
Case 300

Well at two years; titre L.C. 1/300; blood urea 66.4
mg, /100 ml.; no leptospiruria; nine months later typical
terminal ursemia; titre L.C. 1/30; blood urea 540 mg. /100
ml, ; proteinuria but no leptospiruria; destroyed.

Renal pathology

Contracted kidneys with pitted surface; advanced diffuse
fibrosis; some foci of cellular infiltration; marked peri-
glomerular fibrosis; cloudy swelling of many convoluted tub-
ules; arterial wall thickening; leptospirae in tubules.

Other lesions

Left ventricular hypertrophy.
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Case 284
Golden Labrador, male, 1% years; moribund; titre L.C.
1/1,000; blood urea 465 mg./100 ml.; no leptospiruria.

Renal pathology

Contracted granular kidneys; extensive diffuse fibrosis;
small foci and some perivascular bands of cellular infiltration;
glomeruli shrunken and fibrosed; dilated, cystic tubules in
cortex and medulla; epitheligl hyperplasia in collecting tub-
ules; thickening and fibrosis of arteries and arterioles;
cast formation; no leptospires.

Other lesions

Some nodules on atrioventricular valves.

Case 291
Mongrel Fox Terrier; secondary case; titre L.C. 1/1,000;
blood urea 155 mg./100 ml.; destroyed.

Renal pathology

Some kidney contraction; diffuse fibrosis with some well
marked areas completely fibrosed in juxtamedullary zone; resi-
dual mononuclear cell infiltration; glomerular fibrosis; tub-
ular cloudy swelling; marked arterial thickening; 1leptospirae
in tubules.

Other lesions

Left ventricular hypertrophy.



-

Case 293
Bull Terrier, male, five years; moribund; titre L.C.
1/300; blood urea 265 mg./100 ml.; died.

Renal pathology

Kidneys contracted with irregular thinning of cortex;
diffuse interstitial fibrosis with well marked areas in boun-
dary zone; also some well marked cellular foci; glomeruli
fibrosed; some tubules dilated with marked proliferation of
epithelium; arterigl thickening; no leptospirae in tubules.

Other lesions

None.

Case 296

Collie, male, four years; moribund; terminal urﬁemia
with fits; titre L.C. 1/100; blood urea 580 mg./100 ml.; no
leptospiruria.

Renal pathology

Markedly shrunken kidneys with narrow cortex; extra-
ordinary boundary zone fibrosis; only slight focal cellular
infiltration; diffuse fibrosis of cortex; fibrosed and hya-
linised glomeruli; marked tubular dilation and hyperplasia of
epithelial wall; thickening and fibrosis of all arteries;

some leptospires in tubules and some in hyaline casts.



Other lesions

None.
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Discussion on Sections 1 and 2

The information gained from the examination of 369 dogs
which had become infected with L. canicola indicates that the
primary infection usually occurs early in life. This is
probably explained by the fact that in an urban community dogs
are exposed to infectious diseases at an early age. That
there appears to be no age immunity is borne out by the fact
that two dogs were seven years old and six dogs five years
old before becoming infected.

In the present series there were nine magles affected for
every female. In the dog population passing through the
cliniec it was. found that the ratio was three males to one
femgle. After gllowing for this population ratio infection
with L. canicola would appear to be three times as common in
the male as in the female. This is probably due to the
greater tendency of the male to lick or sniff at freshly
voided urine or the vulva and preputial orifice of passing
dogs.

It is impossible to assess accurately the significance,
if any, of the preponderance of certain breeds in the series
but it possibly reflects the popularity of the various breeds
in the area. The mongrel terrier, the collie and the mongrel

collie are the types which are most readily available from pet
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shops. Cocker Spaniels and Alsatians are popular as house-
hold pets and watchdogs respectively.

Although a bacteraemia capable of producing pyrexia and
anorexia has been demonstrated in seven cases, the majority of
dogs infected with L. canicola did not show signs of a bacter-
aemic stage of sufficient severity to induce their owners to
seek veterinary advice. On the other hand the owners of some
dogs which were not examined until the primary renal stage
gave a history of a mild malaise having occurred some seven
to 10 days previously. The presence of a bacteraemia has
also been demonstrated experimentally in pups (vide infra)
the optimum time for recovering the organism being the third
or fourth day after infection. It is interesting to note
that in two naturally occurring cases the organism was re-
covered from bloods in which there was a high level of cir-
culating agglutinins and that in one of these two-cases lepto-
spirae were observed in the urine. In experimentally infected
dogs agglutinins were not found in the blood simultaneously
with organisms but attempts at recovery were not made later
than the fifth day after infection (vide infra).

There does not appear to be any other report of the
demonstration of a bactersemia in naturally occurring or

experimentally produced infections with L. canicola in dogs.
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The term primary renal stage was chosen to describe a
group of cases which varied greatly in the severity of symp-
toms shown, the degree of nitrogen retention and in the extent
of the renal lesicn. The symptoms encountered varied from
thirst and poiyuria in an otherwise apparently normal dog to
the severe depression, emesis and ensuing coma of advanced
urgemia. The renal lesion varied from sparse cortical foci
to a massive cellular infiltration at the cortico-medullary
Junction or an intense diffuse infiltration throughout the
cortex.

As it was difficult if not impossible to decide whether
many of the mild cases were in the primary or secondary stage
on clinical examination only a combination of serological and
bacterioclogical data was used to differentiate these cases.
Any animal with agglutinins at a dilution of 1/10,000 or
higher was taken to be in the primary stage. If it were found
that on two successive examinations at an interval of a week
or more the titre rose from 1/1,000 to 1/3,000, the dogs
showing this rise were classified as primary csases. A few
cases showing leptospiruria and a titre of 1/3,000 were also
called primary.

The sdoption of this more detailed classification elim-

inates a great deal of the confusion which arises from attempts
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to diagnose cases from the owner's history and physical
examination only. Pathological examination has supported
this classification except in so far as a small number of
cases had develcped renal fibrosis in addition to a cellular
infiltration before the titre had fallen below 1/10,000. These
cases could be described as subacute and could be separated
clearly from the more advanced cases of secondary change (vide
infra). They give some indication of the rapidity with which
renal fibrosis can develop in the dog as it was found from the
follow up of naturally occurring and experimental cases that
the agglutination titre climbed rapidly to a maximum within
two weeks and then fell gradually below 1/10,000 by the end
of the sixth or eighthweek. This suggests that renal fibro-
sis has developed in two to three months when found in dogs
having high titres but experimental proof is still required.
The incidence of readily detectable leptospiruria (50-
70%) provides a relatively simple method of diagnosis in at
least half of the naturally occurring primary cases. It
should be noted that only uncentrifuged urine was examined
by dark field microscopy in this series. It is possible
that an even higher percentage of cases of leptospiruris could
have been detected by centrifugation of the urine and dark

ground examination of the deposit. It is interesting to note
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the correlation between the level of agglutination titre and
the incidence of leptospiruria. The higher the titre the
more common was leptospiruria. This is probably explained
by the time that the titre takes to rise and fall. Low titres
represent cases which are either in the early stages, before
leptospiruria has had time to develop, or in the later stages
when leptospiruria has been eliminated by treatment or natural
recovery. Although leptospiruria was not readily detectable
by dark ground examingtion of the urine in those cases lepto-
spirae were found often in large numbers in the kidneys at
autopsy. These were demonstrated by Levaditi's method and
were most easily seen in the lumen of the tubules which indi-
cated that they would eventually enter the bladder urine.
These spirochaetes were found even in cases which had received
a course of penicillin therapy before death. It is possible
that any difficulty in finding leptospirse in the bladder
urine is due to the presence of agglutinins and to the greatly
lowered pH of the urine in some of the more severely affected
cases. The duration of leptospiruria was not studied as the
dogs had to be treated with antibiotics in the interests of the
health of the animal and of the owner.

Routine examination of the urine of affected cases for

protein and tubular casts has shown that a proteinuria is
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readily detectable in all cases examined and that when a
thorough search is made there are usuglly present a few tubu-
lar casts. One of the most striking features is that the
numbers of casts in urines examined seldom showed any corre-
lation with the severity of the animal's condition as evi-
denced by physical appearance and the degree of nitrogen re-
tention. In some there was a massive number of tubular
casts but many of the severe cases showed only a few. This
finding was borne out-by histological examination of the kid-
neys. While casts were apparent in the majority of sections
examined they were never numerous save in a small number of
advanced chronic cases.

The study of dogs for as long as four years after the
primary infection has shown the remarksble persistence of
proteinuria with the excretion of tubular casts of aggluti-
nating antibodies and of leptospirse in the kidneys. In no
single instance of 46 dogs examined for periods varying from
six months to four years after the initial infection did agg-
lutinins or proteinuria dissppear. Leptospirae have been
demonstrated in the kidney tubules at post mortem examination
as long as 2% years after penicillin therapy had been admini-
stered in the primary renal stage.

The renal lesion produced by L. canicola is primarily an
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acute interstitial cellular infiltration of varying intensity.
This lesion had been demonstrated at autopsy in naturally
occurring cases and in cases produced by experimental infec-
tion (vide infra). The infiltration has a marked compressive
action on tubules and causes obliteration when extensive. Its
most striking feature in the severe cases is the intense zone
of reaction produced at the cortico-medullary Jjunction. Why
this degree of localisation should be produced is problemgtical
but it is possible thst it is the result of the operation of a
renal shunt during a severe bacteraemic phase. Trueta et al.
(1947) have shown that a shunt of arterial blood can take place
through the glomeruli situated in the cortico-medullary zone
producing a temporary cortical ischaemia. Various stimuli
were used by these workers such as trauma and pituitrin and it
may be that a bacteraemia with pyrexia and toxaemia such as
occurs in leptospirosis will produce a similar shunt and allow
a greater preponderance of organisms to settle out in that
area. There is little doubt that this pattern tends to dom-
inate the distribution of the rensl lesion in the severe cases.
Although it is not so evident in the histological pattern of
milder acute cases it is well msrked in many chronic cases
which have survived the acute phase. In these cases a solid

band of almost structureless fibrous tissue has replaced the
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cellular infiltration. The contraction resulting causes much
interference with the remaining blood supply to the cortex and
with the nephrons and collecting system of tubules. It may
be that this Jjuxta-medullary zone of fibrous tissue plays the
dominant part in precipitating renal failure when it occurs at
an early age in chronic cases.

Apart from the fibrosis another striking change in these
chronic kidneys is the intense proliferation of the epithelium
of the collecting tubules. Many are dilated to several times
the usual diameter and are lined by two or even three layers
of tall hyperplastic cells. Why this change should primarily
affect the collecting system which has suffered the least
damage must await further explanation.

While spirochaetes were demonstrated readily in the lumen
of tubules in acute cases it was never possible to identify
them in the zones of cellular infiltration although argenti-
philic granules were often present. Krivacek and Lukes
stated that they had found spirochaetes in 17 of 21 dogs and
in 97 of 105 dogs, respectively, usually in convoluted tubules
near the glomeruli. They found only a few in the inter-
stitial tissue but Krivacek regarded the many black “coccal™
forms as altered forms of spirochaetes. Jelinek (1925) and

Klarenbeek (1927) made a similar hypothesis. If these
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granules in the cellular exudate were accepted as degenerated
leptospirae it would offer a reasonable explanation of the
intense cellular reaction. That the infection is haemato-
genous in origin has been demonstrated by the recovery of the
organism from the blood during the bacterasemic stage. As no
organisms or any significant cellular reaction was found in
the glomeruli it appears that the leptospirae pass through the
glomerular capillaries and gain their predilection site in the
interstitium via the efferent arterioles. Here they set up

a cellular reaction and some of them probably penetrate the
walls of the tubules and so enter the urine. In the lumina
of the tubules they can be more easily detected and are often
found in clumps. Alternatively they may gain their inter-
stitisl locus via the glomerular filtrate and penetrate the
tubular wall in the opposite direction.

It is difficult to offer an explanation for the persis-
tence of spirochaetes in the tubules for several years after
penicillin therapy. Neimand (1940) states that leptospir-
uria may continue for 18 months and Wirth (1937) has des-
cribed it as continuing for seven months after experimental
inoculation. In several of the cases in this series which
were eventually autopsied as long as three years after

receiving penicillin therapy it was still possible to
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demonstrate spirochsgetes. These were found in the lumina of
convoluted tubules placed in the superficial zone of the cor-
tex. Invariably proximal to these infected tubules there was
a focus of plasma cells and mononuclear cells. These spiro-
chaetes may exist in the lumen of the tubules where they are
often situated in structureless hyaline casts or they may

have penetrated the tubular wall from the surrounding inter-
stitium, Further work requires to be done to demonstrate the
infectivity of these organisms. In the meantime it must be
presumed that these are viable and a potential source of
infection for other animals. How these organisms came to be
protected from the penicillin therapy in the first place or
from antibody is difficult to understand unless it be that the
angtomical structure of the interstitium mgkes this possible.
It is doubtful if the continuing foci of spirochaetes play a
significant part in the production of renal failure in the
secondary stage. The total damage done to neighbouring
tubules is probably relatively small.

The arterial changes in the kidneys are indicative of a
gradually mounting hypertension. The thickening of the mus-
cular coat and the deposit of fibrous tissue and the advanced
hyalinisation of the glomeruli in some cases were the most

striking features. These changes were always accompanied by
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left ventricular hypertrophy. Clinically, most of the secon-
dary cases are described as having a hard pulse which means an
increase in the force of the pulse wave accompanied by a loss
of elasticity of the arterial wall. Increased blood pressures
were recorded in 16 cases in the secondary renal stage.

It is difficult to assess the part that these arteriasl
changes play in the development of renal failure. Experiments
are in progress to measure more accurately the significance of
the hypertension produced. It is probable that in those chro-
nic cases in which there is a considerable degree of protein-
uria (3-7 gm. per 24 hour volume of urine) and in which the
hyalinisation of glomeruli is extensive the wvascular lesion
plays a significant if not dominant role in producing renal

failure.
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Section 3.

Experimental infection of dogs

with Leptospira canicola.

Introduction

Once the disease syndrome associated with Leptospira
canicola had been studied and described as it occurred in the
dog in this country it became necessary to see if the organisnm
isolated from a case of naturally occurring infection would
set up a similar disesse in dogs infected experimentally.

This is obligatory to fulfil Koch's postulates which demand
also the isolation of the organism from the experimental ani-
mal.

Apart from the gaining of this basic knowledge there
were a number of other points of special interest which re-
guired elucidation. In the above discussion the hypothesis
has been made that dogs probably infect themselves by smelling
or licking the vulva and preputial orifice or freshly voided
urine. This inferred that the organism could gain entrance
to the body via the nasal and/or buccal mucous membranes and
that infection could pass from dog to dog. These questions
could only be decided by experimental work.

Wirth (1937) had already demonstrated that leptospiruria

could persist for as long as seven months when he used a
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spirochaete isolated from a case of Stuttgart disease. It

was probably L. canicola although it was not typed antigeni-
cally. It was therefore decided not to study the duration

of leptospiruria in the meantime, but only to establish its

occurrence.

Monlux (1948) described a leucocytosis and an increased
erythrocyte sedimentation rate in experimental infection in
the dog using a strain of leptospira not typed antigenically.
Because of these interesting observations and because of the
earlier finding of a leucocytosis in the naturally occurring
primery renal cases it was decided to follow the blood changes
in some of the experiments conducted.

Once it was established that an infection with L. cani-
cola could be set up in the puppy by different routes of admin-
istration of the organism the main preoccupation of my work
became the production of severe rensl lesions. From obser-
vations on naturally occurring cases it was known that chronic
renal fibrosis and histological changes characteristic of
hypertension could develop in a period of months from the
date of the initial infection provided that the initisl lesion
had been severe enough. If this succession of events could
be produced in experimental animals it would have an interest

far greater than the study of the lesions produced by L.
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canicola. For it would provide a method of producing experi-
mental hypertension in dogs by the action of a tissue res-
ponse to an infective process and extend the knowledge at
present gained from hypertension experiments using clamps on
the renal artery. Several experiments have been carried out
using different methods of setting up an infection in an
attempt to produce really severe primary lesions. The experi-

ments are described below and the results discussed later.
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Materigls and Methods

Pups were bought from a pet shop between three and four
months old. Collies or Mongrel Terriers were used for all
the experiments. As females were chegper to procure than
males they predominate numerically in this series of experi-
ments. They were kept as a separate group isolated from
other animals.

The Broom strain of L. canicola, originally isolated from
a dog by J. C. Broom, The Wellcome Foundation, was used through-
out the series of experiments. Subcultures grown in Schuff-
ner's medium were used when four, five or six days old.

Details of dose and route of administration are given

with each experiment.



O

Experiment 1

One male Collie pup, five months old, No. 320G, was given
5 ml. Leptospira canicola culture intraperitonesally. The
blood and urine changes were studied. Apart from not eating
its food on the fourth day and having a temperature of 103.5°
F. this puppy appeared normal throughout the course of the

experiment. The pup was destroyed on the 23rd day after

inoculation. Details of examinations are given in Tables
10 and 11.
Table 10
Days Agglutination Blood Protein-
after Blood titre Urea Lepto- uria Tubular
Inoc. Culture L.C. L. I. mg/100 ml spiruria mg/100ml Casts
-1 - - - 29 - - -
1 - - - 30
2 - - - 33
3 - - - 35
5 B - - 32
6 - 300 30 40 - 20 +
7 - 1,000 300 35
8 - 3,000 300 42 - 5 +
9 - 10,000 1,000 26
12 10,000 1,000 28
13 10,000 1,000 35 + 5 +
15 30,000 1,000 45 - Trace -
19 10,000 300 30 - Trace +

23 10,000 300 41
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Table 11

Days BSR Hb. RBC Total
after mm./ PCV gm./ 10°/ wBg/ ULN LN Bas. Eos. Lym. Mon.
Inoc. hour % 100ml. c.mm. c.mm.

-1 0 35 12 4,600 11,600 4 42 1 0 B2 iy
1 0 40 12 4,300 165100 & 38 3 O 49 @
2 1 36 11.4 4,400 16,000 5 54 0 1 35 3
3 2 35  12.3 4,500 12,200 3 66 0 O 30 1
5 20 36 12.3 4,500 13,700 2 48 1 _ 0 25 4
6 10 35 11:6 4,600 17,2008 %5, 4 . 0 4% 4
7 4 37 11.7 4,300 6,8001 58 O O 36 5
8. .4 B 11.%7 5,000 B,000.3 60 0. 0 31 _6
9 2 33 11 4,300 7,700 3 54 2 1 3 5

12 8 29 10.2 4,000 10,800 2 46 2 1 44 b

13 0 33 11.2 4,200 14,600 2 62 2 2 28 2

15 10 34  11.5 4,600 23,400 4 76 0 O 16 1

23 3 43 12.2 4,800 12,600 6 82 0 O 13 4

NLN = Non-lobulated Neutrophil.

LN = Lobulated Neutrophil.

Post mortem examination

Kidneys normal in size; scattered focal lesions through-
out cortex; well marked interstitial cellular infiltration of
lymphoeytes and plasma cells; occasional polymorphonuclear

leucocyte; glomeruli normal; some cloudy swelling of tubular



cells; no vascular lesion; spirochaetes scanty in tubules.
No other lesions were found. Spirochaetes were demon-

strated by dark ground microscopy of an emulsion of kidney and

Leptospira canicola was isolated in pure culture from this

emulsion.

Discussion

Repeated blood and urine examinations were cerried out
on this dog because it was the first to be infected in the
series of experiments being described.

It was found that a culture of L. canicola, originally
isolated from snother dog, was capable of infecting pup No.
320G snd causing a mild malaise during the bacteraemic stage,
an increased erythrocyte sedimentation rate, a moderate leu-
cocytosis, and a renal lesion similar to those observed in
naturally occurring cases. As the blood urea figures show
the renal lesion was not sufficiently severe to cause nitro-
gen retention. The pattern of the rise and fall of circu-
lating agglutinins is also demonstrated by the repeated agg-
lutination tests.

L. canicola was recovered in pure culture from the blood
five days after infection. Proteinuria and tubular casts
were demonstrated on the sixth day and leptospiruria on the

thirteenth day. At autopsy spirochaetes were demonstrated
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in a kidney emulsion. Finally a subculture of the isolated
organism was used to infect another dog described in the next
experiment thus fulfilling the requirements of Koch's post-

ulates.

Experiment 2

5 ml. subculture of the strain of L. canicola which had
been isolated from case 320G 12 days before was inoculated
intraperitoneally into two female puppies, three months old,
Nos. 359G and 361G. 359G did not eat its food on the fourth
day after inoculation but did not have a rise in temperature.
Pup 361G had had severe diarrhoea a few days previously but
had recovered. A week after the inoculation it became
suddenly very ill and died. Autopsy revealed numerous hepa-
tic abscesses. No histological exsmination of this pup was
carried out. Details of examinations carried out on these

two pups are given in Tables 12 and 13.
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Table 12
Days Agglutination Blood Protein-
after Blood titre Urea Lepto- uria Tubular
Inoc. Culture L.C. L. I. mg/100ml spiruria mg/100ml Casts
Case 359G

s geafer - - e

3 + = - 24

4 e —

8 - 20 +
15 10,000 1,000 40 + 10 +
26 30,000 100
38 1,000 30 - 5 +
40 1,000 30
47 1,000 100 32 - 5 +

Case 361G

2 fenici - 0

3 - - 31

4 A - =

8 Died suddenly.
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Table 13
Days BSR Hb. RBC Total
after mm./ PCV gm./ 109/ WBC/ NLN LN Bas. Eos. Lym. Mon.
Inoc. hour % 100ml. c.mm. c.mm.

Case 359G

2 0 38 10,2 5,300 10,500 9 88 O 0 1 2
3 45 34 12 5,000 16,200 6 89 O 0 3 1
4 8 52 - + 18,200 6. .87 0 0 4 0
45 0 42 13 5,600 11,900 5 68 .0 1 27 1

Case 361G
2 3 30 9.5 4,600 11,600 ARG w0 0 21 1
3 8 33 9.94 4,800 13,600 1ERE6T7600 0 29 1

4 2 30 - - 10,000 TamiBSs O 0 T 1
NLN = Non-lobulated Neutrophils.
LN = Lobulated Neutrophils.

Post mortem examination of case No. 359G

Kidney normal in size; well marked white areas on cut
surface; marked infiltration especially at boundary zone;
mostly lymphocytes and plasma cells; glomeruli relatively
normal; widespread tubular cloudy swelling and necrosis;
leptospirae numerous in tubules.

No other lesions.
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Discussion

It is probable that the death of Case 361G was not
connected with the leptospiral infection. It is interesting
to note the much smaller increase in E.S.R. in this case com-
pared with a considerable rise in 359G. The leucocyte res-
ponse is also less in 361G.

The renal lesions recorded in these cases (Figs. 35, 37,
38) are among the most extensive produced in this series of
experiments but even these were not sufficient to produce nitro-
gen retention. The lesions could be seen readily by naked
eye examination of the cut surface of the cortex as well marked
grey areas. Microscopically they resemble in every way the
interstitial cellular infiltration which is typical of natur-
ally occurring cases. Leptospires were readily demonstrated(Fig. 36)
in the convoluted tubules. It is possible that this well
marked renal lesion represents some increase in virulence of

the organism as a result of its passage through case 320G.

Experiment 3

One adult, male, Collie of two years old, case 353G, was
inoculated intraperitoneally with 5 ml. of a subculture of the

strain of L. canicola isolated from case 359G 23 days earlier.



Fig. 35. Experimental infection. Case B359G.

Cortical and boundary zone infiltration. H. and E. x 8.

Fig. 36. Experimental infection. Case 359G.

Spirochaetes in tubule. Levaditi. x 1100.



Pig. 37 Experimental infection. Cellular

infiltration. Case 3569. H.. and K. x 110
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Fig. 88. Experimental infection. Cellular

infiltration. Case 359. H. and E. x 410.
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The dog was known to have a titre of 1/100 against L.
icterohaemorrhagiae and to be passing a small amount of pro-
tein in the urine along with a few casts before the experiment
began. Leptospira canicola was isolated from the blood in
pure culture on the fourth day after inoculation. Subseguent
urine examinations continued to yield proteinuria and tubular

casts. Details of successive agglutination tests are given

below.
Table 14
Days after Agglutination Titre
Inoculation. L. C. L. L.
Case 353G

-2 . = 100
4 - 30
13 3,000 300
20 3,000 300

The dog was destroyed at the twentieth day after inoc-
ulation. Smell, focal, but well marked lesions were found in
the kidneys. The cellular infiltration was lymphocytic with (Fig. 40)
some plasma cells present. No evidence of fibrosis from a
past infection was present. Leptospirae were demonstrated

in the convoluted tubules.



Fig. 39. Experimental infection. Intense local

cellulgr infiltration. Case 1298. H. and B. x 110.

Fig. 40. BExperimental infection. Mild diffuse

cellular infiltration. Case 3b3. H. and E. x 110,
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Discussion

From the serological and urinary evidence it would
appear that this dog had previously suffered from a very mild
leptospirsel infection probably icterohaemorrhagise in type.
The rengl lesion must have been small and localised as it was
not recognisable histologically in the section examined. It
is interesting to note that it was possible to establish an
infection with L. canicola despite the presence of these agg-
lutinins although they may have produced some protective eff-
ect by lessening the severity of the lesion. Although the
organism used in this case had recently been passaged through
two other dogs its virulence does not seem to have been
greatly enhanced. It may be that because it was subcultured
in vitro three times before being used again it had lost viru-

lence once more.

Experiment 4

One female Collie pup, three months old, case No. 362G,
was placed in the same cage as case 359G 26 days after the
latter had been infected with a second passage strain of L.
canicola. TLeptospiruria had been demonstrated in case 359G

on the fifteenth day after infection.
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No malaise was detected in case 362G and it was des-
troyed 64 days after exposure to infection from case 359G.
The two cases had shared the same cage for 21 days before
359G was destroyed. Details of the development of agglut-

inins are given in Table 15.

Case 362G Table 15
Days after Agglutingtion Titre Blood Urea
Inoculation T '@ ToTe mg. /100 ml.
-1 - - 28
. % - 30
13 10 - 33
28 3,000 300 33
50 3,000 300 44

Post mortem examination

Normal kidney in appearance; microscopically, numerous
but small scaftered focal lesions; mostly lymphocytes with a
few plasma cells; some tubular cloudy swelling; only a few
spirochgetes in Levaditi sections.

No other lesions.

Discussion
The point of interest in this experiment lies in the fact

that pup 362G contracted an infection with Leptospira canicola
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during the three weeks, (probably during the first two weeks
according to the agglutination titre} in which it shared a
cage with pup 359G in which leptospiruria had been demon-
strated. Once again there was no nitrogen retention and the
lesions were small despite the fact that this was a dog to
dog infection and that case 359G had exhibited lesions a good
deal more severe. This indicates that other factors may
influence the severity of infection produced, such as length
of time during which the carrier dog has been shedding lepto-
spires, It is probable that the nearer an infection is to
the peak of its antibody response the greater the exposure
the organism receives to antibodies in the urine. Whether
the organism gained entry to pup 362G via the buccal or nasal
mucosa or through the skin remains unknown. That the mucous
membrane can be penetrated readily by L. canicola is illus-

trated in the next experiment.

Experiment 8

One male Terrier pup, five months old, case 478G, was
infected with a subeulture of L. canicola by instilling 2 ml.
into each nostril and holding the head in a tilted position
for a minute. Two days later the dog was anorexic and dull

but not pyrexic. The anorexia lasted only two days. On the
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fourth day after infection the orgenism was isolated from the
blood in pure culture. Proteinuria was detected on the fourth
day after infection and leptospiruria on the thirteenth.
Details of the development of agglutinins are given along with

blood urea levels in Table 16.

Table 16
Days after Agglutination Titre Blood Urea
Inoculation L. C. L. I. mg. /100 ml.
Case 478G

-1 - - 25

4 - - 26

13 1,000 100 30

21 1,000 100 30

- = negative

Post mortem examination

The kidneys appeared normgl; microscopically numerous
small but well marked interstitial cellular foei - mostly
lymphocytes and plasma cells; 1little glomerular or tubular
change; leptospirse in tubules.

No other lesions.

Discussion

The successful establishment of an infection with L.
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canicola by the intranasal route strengthens the hypothesis,
although not proving it, that this or the oral is the route
of natural infection in street dogs.

Again the infection was a mild one and the antigen res-
ponse was weak and this is probably due once more to the lack

of virulence of the organism.

BExperiment 6

Two Mongrel Terrier pups, four months old, one female,
the other male, case Nos. 434G and 446G, were inoculated with
10 ml. L. canicola subculture intravenously. They were both
apathetic the following day but not anorexic. Both showed
elevated temperatures. In three days they were normal ggain.
Details of temperature, blood culture, agglutination titres
are given in Table 17. On the 26th day 446G was destroyed
as the development of agglutinins had been so poor. Only
tiny foeal lesions were found in the kidneys. Case 434G

was then reinfected by the intraperitoneal route. 7 ml. of

subculture was used. On this occasion agglutinins developed

to a high level as shown in Table 18 but renal lesions were

even smaller than in 446G.
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Table 18

Day after Blood Agglutination Titre Blood Urea Temgerature
Inoculation Culture L.C. L. I. mg./100 ml. F
Case 446G

-1 - - 36 102. 2

4 + - - 25 104. 4

13 100 - 32 102

19 300 - 41 103

26 Destroyed

Case 434G
-1 - - 40 102

1 + - - 42 103

3 + - - 32 105

11 100 10 26 102

19 100 30 102

27 ond inoculastion = 7 ml. culture intraperitoneally
53 30,000 1,000 44

70 Destroyed 10,000 300 40

Post mortem examination

446G

Kidneys normal in appearance; few but well established

focal lesions - mostly plasma cell infiltration; much cloudy

swelling and necrosis of tubular epithelium; no glomerular
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lesion; spirochaetes scanty.

No other lesions.
434G

Kidneys normal in appearance; tiny scattered foci of
interstitial cellular infiltration in the cortex; no glomer-

ular or tubular damage; no spirochaetes observed.

Discussion

In this experiment the infection has been established by
the intravenous injection of the culture. It is interesting
that the level of agglutinating antibodies should remsin so
low when there was a good temperature response to infection
in both cases. It may be that introduction of the organism
directly into the blood gives the defence mechanism the maxi-
mum opportunity of destroying the organism quickly.

The first inoculation in case 434G did not produce a
strong enough immunity to resist the intraperitoneal inocu-
lation of a second dose. Agglutinating antibodies developed
rapidly to a high level after the second inoculation.

Once more the lesions in both cases were typical of the

disease but very small in extent.
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Experiment 7

Three female Collie pups, Nos. 1296, 1297 and 1298, were
given 10 ml. of hyperimmune antiserum (Burroughs Wellcome Hard
Pad Serum) subcutaneously to protect them from a possible in-
fection with distemper. Later it was observed that this
batch of antiserum contained agglutinating antibodies against
Leptospira canicola at a titre of 1/300. Four days later
they were inoculated with a culture of L. canicola and then
given a second inoculation seven days after the initial.

Details are given below in Table 19.

Table 19

Aggluti-

nation Dose of Dose of Aggluti- Lesions
Pup test initial 2nd inoec. nation test at P.M
No. before inoec. on 7th at 6 weeks after 6

inoec. day weeks.
1296 L. G, 5 ml, 5 ml. L.C. 1:1000 Marked boun-

Fis Tl = VO LI 01 ¢80 dary zone.
129% LIy S Samit. L.C, 1:1000 Numerous -

T3, 78 L.I. 1:100 focal.
1298 857 6% 5 ml. 5 ml. T.oCs 12300 Sparse -

I—lo Io -ve Iu Io 1 : 1" focal.

Detailed descriptions of the renal lesions produced in

these three pups are given below.
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Case 1296

Slightly enlarged kidney; intense diffuse interstitial
cellular infiltration accentusted at boundary zone; nodular
in eppearance; mostly lymphocytes and plasma cells with a few
scattered polymorphs; some exudation into Bowman's capsule;
widespread cloudy swelling, necrosis and obliteration of tub-
ules; leptospires in tubules. _
Case 1297

Kidneys normal in size; numerous scattered focal lesions -
lymphocytes and plasma cells; some glomerular exudation;
cloudy swelling and necrosis of tubular cells; leptospires
in tubules.
Case 1298

Kidneys normal in size; small area of marked cellular
infiltration forming a narrow band from medulla to capsule; (Fig. 39)
some distinct nodules; entirely mononuclear - lymphocytes
and plasma cells; no glomerular change; cloudy swelling;
necrosis and localised obliteration of tubules; leptospires

mostly in superficial cortex.

Discussion
These three cases gave the most consistent renal lesions

of all the experiments carried out. It is unlikely that the

second inoculation at an interval of one week was the explanation
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as this technique failed to produce similar results when
repeated in experiment 9 (vide infra). It may be that this
perticular subculture was more virulent than others or it may
be that the homologous antiserum given four days before the
initial leptospiral inoculation produced some unknown effect.
Whatever the reason, it must be remembered that although
these lesions were marked they were not as severe as those
occurring in some naturally infected cases and they did not

produce any obvious malaise in the pups.

Bxperiment 8

Six Collie pups, four months old, two males and four
females, were given an infecting dose of L. canicola culture
intraperitoneally followed by a dose of hyperimmune rabbit
serum subcutaneously. This serum was capable of agglutin-
ating live cultures at a titre of 1/30,000. Nos. 2535, 2538
and 2539 each were given 5 ml., L. canicola culture intraper-
itoneglly followed by 5 ml. L. canicola hyperimmune serum sub-
cutaneously six deys later. Nos. 2536, 2537 and 2540 each
were given 5 ml. L. canicola culture intraperitoneally followed
by 5 ml. L. canicola hyperimmune serum subcutaneously one day

later.  Details of agglutinin development and blood ureas are
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given in Table 20.

Table 20
Days after Agglutination Titre Blood Ureg
Inoculation L. C. L. T: mg. /100 ml.
Case 2535
-1 - - 27
3 - -
8 300 10 31
24 3,000 30
62 3,000 - 29
84 Destroyed
Case 2538
1 - —
8 3,000 300 38
24 30,000 100 46
62 300 ~ 29
g | 100 -
84 Destroyed
Case 2539
-1 = - 36
3 — —
8 3,000 1,000 44
24 3,000 300 44
62 300 -
e | 300 -
84 Destroyed
Case 2536
= o = 42
8 30 5 1
80 30,000 100

84 Destroyed
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Days after Agglutination Titre Elood Urea
Inoculation L. C. L. I. mg. /100 ml.

Case 2537

-1 - - 40

1 - —

8 - 30 32
24 1,000 10 37
62 30,000 100 29
71 30,000 100
84 Destroyed

Case 2540
=1 = - a7

3 - -

8 = - 26
25 3,000 100 22
62 300 30 27
64 1,000 100
71 300 30

84  Destroyed

- = Negative

Post mortem examination

In all six pups there were no lesions in the kidneys
visible to the naked eye. In cases 2535, 2536 and 2537 there
were no lesions detectable microscopically in the sections
examined, while in the other three cases only a few small

foei of cellular infiltration were detectable.

Discussion
If the hyperimmune serum has had any effect on the
results at all it would appear to have given some protection

to the pups and not incressed the severity of the lesion as
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had been hoped. In the general discussion on Section 3 these
results are compared to those gained by the German workers,

GHdeke and Schoenherr, working with hamsters.

Experiment 9

Three female Collie pups, four months old, Nos. 1587,
16588 and 1590, were each given L. canicola cuiture intra-
peritoneally. Only 5 ml. was given to No, 1587 and 10 ml.
to each of the other two. A week later each was given a
second dose intraperitoneally of 3 ml. culture. None of the
animals showed malaise. They were destroyed after 30 days
at which time they all had an agglutination titre of 1/3,000
against L. canicola. They had not received any prophylactic
against distemper.

No. 1587 was the only case in which rensl lesions were
Observed. In this case there were numerous, small foeci of
interstitial cellular infiltration and some diffuse infil-
tration also - chiefly lymphocytic. No glomerular lesion
was observed but there was some tubular cell cloudy swelling

and necrosis. Spirochaetes were detected in the tubules by

Levaditi's method.
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Discussion

The variation in the results of this experiment are diffi-
cult to explain. The only variable factor in method was the
fact that case 1587 which showed the best lesions was given
5 ml. as an initial dose while the other two cases received
double that dose without producing a recognissble lesion.
It hardly seems likely that this dosage factor is the impor-
tant one. It is probable that the variation was purely an
individual one and the lack of good lesions was again due to

attenuated virulence of the orgsnism.

Experiment 10

Three female Collie pups, aged five months, Nos. 1443,
1480 and 1481, were not given any prophylactic against dis-
temper. They were inoculated twice with 5 ml. L. canicola
culture at an interval of five days. They were destroyed

after six weeks.

Case 1480

A titre before death - L.C. 1/10,000
gglutination tit . it

Blood urea before death - 35 mg./100 ml.
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Post mortem

Kidneys normal in appearance; a few small scattered
foci of lymphocytes in the cortex; no spirochaetes visible.

No other lesions.

Case 1443

Agglutination titre at death - L.C. 1/300
L. I. negative

Blood Urea - 30 mg, /100 ml.

Post mortem

Normal kidneys; only a few small foci of interstitial
cellular infiltration observed; no spirochaetes.

No other lesions.

Discussion

The marked difference in the extent of the lesion in one
pup, 1480, from the others indicates an individual difference
in reaction to the same dose of culture taken from the same
container on both occasions. There was no question of any
interference by a homologous serum or by antibodies against
L. canicola which such a serum might contain as these pups,
like those in experiment 9, were given no prophylactic against
distemper. The lesions in No. 1480 are well marked but not

Nearly severe enough to produce renal failure. Giving the
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second injection on the fifth day instead of the seventh as
in experiment 9 did not increase the severity of the lesion.’
It was of interest to note that on this occasion the higher
the level of agglutinins the more severe was the lesion but
as only three pups were used it is probsbly of little sig-

nificance.
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General Discussion on Section 3

In the above experiments it has been shown that it is
possible to set up an infection in the dog with a strain of
Leptospira canicola isolated from a naturally occurring case
and to recover that organism again in pure culture from the
blood of the infected dog and from the kidneys at post mortem
examinagtion. The recovered orgasnism was passaged through
two further dogs after an intermediate culture and subculture
in vitro. In each case pathological lesions in the kidneys
similar to those in naturally occurring cases were found at
autopsy.

While the majority of infections have been set up by the
intraperitoneal route two have been established by the intra-
venous route and one via the nasal passages. Another puppy
was infected by being placed in the same cage as a pup infec-
ted 26 days earlier and left in contact for 21 days. All
cases infected developed agglutinating antibodies although in
some renal lesions were not detectable. No difficulty was
thus experienced in infecting 22 puppies and one adult dog by
the intraperitoneal, intravenous and intranasal routes. The
success of the intranasal route was of particular interest as
this has been hypothesised in the discussion on Sections 1

and 2 as being the probable route of natural infection.
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Bacteraemia was established in cases infected by all three
routes. This adds support to the view that a bacteraemia
occurs in naturally occurring cases although not necessarily
producing a noticeable malaise.

Leptospiruria was established in three cases along with
proteinuria and tubular casts. After this had been done no
further attempt was made to examine urines because of the
difficulties of securing them from smgll female puppies.

None of the different methods employed has produced con-
sistently severe lesions in the kidneys. Indeed in five of
23 animals used in these experiments it was impossible to de-
monstrate any lesion. Nonetheless good lesions have been
reproduced, lesions which are identical in character to those
found in naturally occurring primary cases. It is probable
that if these cases had been allowed to live for longer than
the usual one to three months that healing would have taken
place by the development of interstitial fibrosis. Spiro-
chaetes were demonstrated by Levaditi's impregnation method
without difficulty in the cases in which lesions were well
established.

There are several possibilities to account for the diffi- -

culty in reproducing severe renal lesions. The first and most

obvious one is that the organism became SO attenuated when
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grown in vitro that it was no longer capable of producing a
gsevere disease. An attempt was made to overcome this diffi-
culty by passaging the organism three times without producing
the desired result. It may be that the fact of culturing the
organism in between passage was sufficient to attenuate its
virulence. An attempt is now to be made to passage the in-
fection from animal to animal by transferring blood taken dur-
ing the bacteraemic stage to another susceptible animal in a
further attempt to increase the virulence of the organism.

In experiments 7, 9 and 10 two successive inoculations
were given by the intraperitoneal route with a view to study-
ing the effect produced by a second injection given during a
period (fifth to seventh days after the initial injection)
when it was presumed the animal had been sensitised but had
not yet established an immunity against the disease. This
proceedure also did not produce really severe lesions although
in one experiment cases 1296, 1297 and 1298 all had well estab-
lished lesions. It had been thought possible that the most
Severe naturally occurring cases might have been caused by
picking up a second infection during the early primary stage,
but the failure in these experiments to produce lesions of a
similar severity by using a second inoculation makes this idea

improbable.
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Whether or not the fact that the pups in experiment 7
received a homologous serum containing agglutinating anti-
bodies against L. canicola had any effect in producing the
lesions is difficult to estimate but seems unlikely as it
would be expected that the antibodies would tend only to
protect against and not enhance the severity of the infec-
tion. Severe as these lesions were they did not produce
malaise in the pups.

GHdeke and Schoenherr (1951) described the effect of
giving hyperimmune L. canicola serum to hamsters 24 hours
after inoculation with live culture. Instead of dying in
the usual way from a bacteraemia in four to five days these
hamsters showed little or no malaise but when killed 12 weeks
later had well marked renal lesions. Experiment 8 was carr-
ied out to see what would happen if the techniques described
by these two workers were used on dogs. Again the results
were disasppointing in that no severe lesions were produced.
Indeed it is probable that the hyperimmune serum had merely a
protective action in both the hamster and the dog.

While it has not, so far, been possible consistently to
produce severe renal lesions, predominantly in the boundary
zone, it has been shown that an infection with L. canicola

could readily be set up by several different routes and that
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recognisable renal lesions similar to those in the naturally
occurring cases could be set up. Koch's postulates have been
satisfied and in addition agglutinsting antibodies sgainst the
infecting organism have been demonstrated in all cases infected.
It can therefore be concluded that Leptospira canicola is
capable of setting up an acute interstitial nephritis in experi-
mental pups similar to that demonstrated in naturally occurring
cases of the disease but that the factor or factors involved
in producing really severe acute lesions with subsequent nitro-

gen retention remain to be elucidated.
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Conclusion

In éonclusion it may be stated that a naturally occurring
infection with Leptospira canicolas in the dog produces an acute
interstitial nephritis of varying severity with a marked tend-
ency to localise in the Jjuxta-medullary zone. If the animal
survives the acute cellular infiltration the obliterated
nephrons are replaced by fibrous tissue, the extent of which,
by its tubular and vascular distortion, probably plays a
dominant part in the production of renal failure in the secon-
dary or chronic stage. Small numbers of spirochaetes may
persist in the kidneys in scattered foci for as long as 2%
years and possibly longer following penicillin therapy but
probegbly do not cause extensive damage. Arterial and glo-
merular changes, cardiac hypertrophy and a rise in blood pre-
ssure indicate the presence of hypertension which may in some
cases be the main cause of renal failure in the secondary
stage. Agglutinins against L. canicola persist in the blood
and protein and tubular casts continue to be excreted in the
urine for as long as four years after the initial infection.

Infection has been produced experimentally in dogs by
infecting them with a subculture of a strain of Leptospira
canicola originally isolated from a dog. The organism has

been recovered from the blood and kidneys of experimentally
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infected dogs and again transmitted to susceptible dogs thus
fulfilling Koch's postulates. Renal lesions, similar in
pattern to those observed in dogs which died in the naturally
occurring primary stage, have been demonstrated but they were
not sufficiently extensive to cause renal failure. It has
been suggested that this is probably due to the lack of viru-

lence of the organism.
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Summary

369 dogs infected with Leptospira csnicola have been
examined clinically. Agglutination tests and blood urea
estimations have been carried out on each case. Details of
examinations are given in the appendices. The cases have
been classified into two main groups, primasry and secondary
renal, according to the agglutination titres and these two
groups have been subdivided according to the degree of nitro-
gen retention as evidenced by blood urea levels. Seven
primary cases were shown to have a leptospiral bacteraemia in
the early stage. 46 -of the primary cases were kept under
observation for periods of six months to four years, during
which time agglutinins against L. canicola persisted as did
proteinuria and the excretion of tubular casts.

In Section 2 the renal lesions associated with L. cani-
cola infection are described. The primary renal stage was
characterised by an intense interstitial cellular infiltration
which often localised predominsntly in the corticomedullary
zone. In subscute stages early fibrosis was evident but the
infiltration remained the chief feature. In well established
cases of chronic nephritis in the secondary stage the main
lesion was extensive diffuse fibrosis with comparatively few

small cellular foci remaining. Spirochaetes were sparse but
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were demonstrated mostly within the lumen of tubules or in the
substance of a hyaline cast.

In the experimental work described in Section 3 Koch's
postulates have been fulfilled by reproducing the infection
in dogs and recovering the organism in pure culture from the
blood and kidneys of the infected animal. The recovered
organism was then passaged through another two dogs. The
renal lesions produced were similar to those observed in
naturally occurring primary cases although not sufficiently
extensive to produce obvious malaise or nitrogen retention in
the dogs infected. It is suggested that loss of virulence
of the organism in vitro is the main reason for the inability
to produce renal failure. Despite the lack of severity of
the condition produced in the dog the cellular infiltration
was characteristically mononuclear and showed a definite
tendency to localise in the boundary zone. Spirochaetes

were readily demonstrated in the kidneys.
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Appendix 1

Age incidence of Leptospira canicola

infection in dogs.
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Table 21

The age distribution of cases in the primary renal stage

No. of cases

Age Milad Severe Most Severe

4-6 months 5 { 9
7-9 months 8 16 9
10-12 months 3 34 9
1% years 4 10 14
2 years i 4 14 12
2z years 1 2 1
3 years 1 10 10
4 years 2 0 3
5 years 0 5 1
6 years 0 0 0
7 years 0 1 1

31 99 69

Total 199

Unknown 23



4-6 months
7-9 months
10-12 months

1% years

2

2% years

3
4
5
6
7
8
9

10 years

over 10 years
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Table 22

The age distribution of cases in the

secondary renal stage.

No. of cases
Age Without Uraemia With Uraemia

10

years

years

g =3 €A =N G ow oy

years
years 11
years
years

years

years

W B U O A B’ U1 ® O O = B B» O
(S I S N .

11
(including 1 of 17 years)

60 T

Total 137
Unknown 10
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Appendices 2 to 6.

In these appendices are shown the serological, bio-
chemical, urinary and relevant clinical findings of all 369
cases in the series. As the same method of presentation is
used for each group, notes are given at this point to explain
the headings and symbols used. Pages have been made to face
each other so that the details of each case might be examined

more readily.

Symbols

+*, +, ++, +++, ++++ = positive to a varying degree.

negative or absent.

Where an examination has not been carried out the space

is left blank.

LI C.

In this column the reciprocal of the titre dilution

against L. canicola is expressed as a whole number.

L. I'
Similarly the reciprocal of the titre dilution against
L. icterohaemorrhagiae is expressed as a whole number in this

column,
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Blood urea

Values for blood urea levels are given as mg./100 ml.

Leptospiruria

This column shows the result of the dark ground examin-

ation of a drop of uncentrifuged urine.

Proteinurias
Any figures in this column represent a proteinuria

expressed as mgm./100 ml.

Apathy

= normal behaviour.
+ = slightly apathetic.
++ = markedly apathetic.

+++ = almost moribund.

Appetite

++ = normal appetite.
+ = eating approximately half the normal amount.

taking an occasional mouthful.

I+
1

- = not eating anything.

Thirst
- = normal.

+ = noticegble.

]

A marked thirst.

+++ = indicates that the main preoccupation is with
drinking.
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Pulse

A full pulse describes an increased force or "volume" of
pulse wave with little or no apparent loss in the natural
elasticity of the artery.

On the other hand a hard pulse denotes a loss of arterial
elasticity accompanied by increased force of the pulse wave.

A weak pulse indicates a marked fall in the pulse force

or "volume®.
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Appendix 2

Mild primary renal stage.

38 cases.



Case
No.

75

109

127

131
248
290

331

337

340

407

450

Date

13.11. 47
20. 11, 47
1.12.47
14.12. 47
17.12. 47
9.12. 47
12.12. 47
3.12. 51
9. 12. 47
9. 4. 48
8.6, 48
18. 6. 48
10, 8. 48
17. 8. 48
20. 8. 48
20, 8. 48
11.10, 48
25. 4. 49
10.10., 49
20, 11. 51
4. 10, 48
4. 5. 50
19.11.51
13. 4. 49
14. 4. 49

15. 4. 49
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L. C.

3,000

10,000

3,000

100

3,000

3,000
30,000+
30,000
10,000

1,000
10,000

%,000

3,000

300

300
3,000
%,000
1,000

10,000

3,000

L. I.

300

?10

100

300

10

100
100

10,000

3,000
100
300
300

1,000
300

100

30
100
100
100

100

300

Blood
Urea

35, 4
2. 3
18. 8
28. 6
25. 6
26. 2

21. 4
52. 4
43. 4
41. 1
23. 4
24. 2
19.8
59. 5
48. 2
29 .
43. 4
48
29. 6
28. 9
44
20, 2
24. 4
22. 4

Lepto=-
spiruriag
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Protein- Tubular Apathy Appetite Thirst Tempersture Pulse
uria casts o p
+ +
- - + - 104 150
* - ++
> & * * Hard
+ - - - +++ 102 170
o= o 102 140
- g - 101
= . = 102.5 F%é
* g g?ggzc i §
& + Polzgiia
* - s 105.6 144
E fmgoie -+ 103. 4 s
- 4 + 101 120
+ +
+ +
100 + = ++ - 104 H?gg
+ - -+ + - 101.6 120
* o = ++ - 101 120
20 + i ++ - 101.2 120
+ 4 - ++ - 100. 5 140
+ - - ++ -



Case
No.

452

Date

16. 4. 49
19, 4. 49
22. 4. 49
26. 4. 49
29. 4. 49
4. 5. 49
5. 5. 49
6. 5. 49
9. 5. 49
11. 5. 49
20, 6. 49
21. 6. 49
27. 6. 49
12. 7. 49
8. 8. 49
29. 8, 49
21. 9. 49
14.10,49
7.11.49
26. 1. 50
14.4.49
16. 4. 49
19. 4. 49
30. 4. 49
19. 5. 49

LI C.

3,000

3,000
3,000
3,000
3,000
3,000
3,000
3,000

1,000

2,000

3,000

300

3,000
3,000
3,000

3,000

-140-

L- I.

1,000

1,000
3,000
1,000

1,000

100 .

100

300

30

1,000

100
100

Blood
Urea

40. 2
15.9
19.8
29, 2
17. 4
25. 1
23. 0
23, 6
26. 4
29. 8
24. 5

27. 2

20. 2

21. 2

26.7

22. 2

25.1
21. 8

26. 2

22.4

Lepto-
Spiruria
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Protein- Tubular Apathy Appetite Thirst Temgerature Pulse
uria casts F

+ + - s -

+ - - ++ -

+ + - ++ -

+ + - 4+ -

* + - o+ -

+ + - ++ B

+ + - E -

+ + - Es -

+ - - ++ -

* - - P -

+ + - ++ -

+ - - ++ -

+ + - -+ -

" - - o+ -

+ + - - -

+ + - ++ -

+ + - ++ =

+ 4 + - 104
+

+ et ot ~ 101. 5 110



Case
No.

545

550

579

A30

A51

AZ216
A619

A715
A755

Date

15. 2. 50
23. 5. 50
23.11. 51
14. 3. 50
15. 3. 50
16. 3. 50
22. 3. 50
3. 5. 50
9.11. 49
14.11.49
24. 3. 50
28. 3. 50
29. 4. 50
27. 5. 50
17. 8. 50
15. 5. 51
16. 5. 51
18. 5. 51
22. 5. 51
29. 5. 51
12.6. 51
29. 8. 51
23. 7. 51
22. 8, 51
30, 8. 51
27. 9. 51
5.12. 51
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L. C.

30,000
10,000

3,000
10,000

30,000
3,000
30,000+
30,0004+
3,000
3,000

3,000

3,000
30,000

30,000

30,000

30,000
30,000

1,000

L. I.

1,000
1,000

300
3,000

1,000
300
3,000
3,000
100
100
300

100
1,000

3,000

1,000

10,000
3,000

100

Blood
Urea

18
19.8
23
23
23

31. 2
358, 4
48.7
27. 2

32. 8
56. 7
355+ 5
29. 6
30

29
27
18
44,5
27. 2
29. 2

31
30

Lepto-
spiruris
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Protein- Tubular Apathy Appetite Thirst Temgerature Pulse
uria casts P

= +
:L. -
70 + - ++ - 101. 2 130
+ - - e - 120
+ +* - ++ + 120
+ + Fits

o + s Weak
+ + ++ 103 130
*
+
+ +
-1: -
+ + o
10 + 4+ - ++
20 £
20 +
L - - o - 103 s
+ - - b +

Hard

70 + -+ Emesis + 101 120
60 = - &4  SOLyuris 1934 Full
15 - e - 101.6 150



Case
No.

AT795

A814

A901

2X
15X

31X
35X

2118
2157

Zz181

2222

2230

4322

Date

28.9. 51
5.10, 51
5.10. 51
9,10, 51
10.11. 51
29.11. 51
28. 6. 49
6. 9. 49
9. 9. 49
10. 9. 49
12. 9. 49
17.1. 50
14.2.50
20. 2. 50
24. 2. 50
3. 34 50
31. 3. 50
30, 11. 51
27.11. 48
31.12. 48
4.1.49
6. 1. 49
17. 1. 49
20, 1. 49
5. 2. 49
8. 2. 49

5. 4. 49

30,000
10,0004+

10,000+

10,000+

10,000
1,000
1,000

100

10,000

10,000

10,000

10,000
10,000
10,000

10,000

—144~

1,000
100
300

1,000
300
300

10
100
300

300

100

27. 5
32. 9
35, 9

37.1
33¢ 3
29

30, 3

27. 9
32
43.6

15. 4
20. 9

35. 7

43
47. 2
44.6

Lepto-
spirurig

+
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Protein- Tubular Apathy Appetite Thirst Temgerature Pulse
uria casts F

25 - + % Eolyuble a01.5 Full
+ - - -+ - 101. 6

10 -

10 + - ++ ++ 101. 5 Hard
110 + - ++ - 101. 5

ot * ++ b s

+ - ++ ~ + 104 Haré
-+ = + + 101.8

++ + - + - 101.5

- +

L -

+ o+t ++ - ++ 101 Full
+ - 2 e 102. 2

+ + - ++

+ + - o

+ ++ - - Hard



Case
No.

64

586

455

Z9

Date

10.11. 47

28. 11. 47
11.12. 47
18.12. 47
1.3.48

13.12. 48
19.11. 51
29. 4. 48

2.10, 48
14.12.48
19. 5. 49
51. 5. 49
28, 10. 49
18.11. 51

30, 4. 49

13. 5. 49
30, 5, 49
2.11.49
18.10, 48

22.10. 48

-146-

L. G. Ll I.

Blood culture +ve

30,000 1,000
10,000 300
1,000 10
300 10
300 30

Blood culture +ve

3,000 30
300 30
300 30
300 30
300 30
100 10

Blood culture +ve

3,000 100
1,000 100
300 30

Blood culture +ve

Blood
Urea

27. 5

22. 6
33.7
37.5

31.2
26. 5

20. 7

15.6
38

29
25. 5

Lepto-
spirurig
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Protein- Tubular Apathy Appetite Thirst Temperature Pulse

uria casts oOF
+ - 102 130
+ - - ++ -
* - - +4 -
+ - + ot + 102.5 150
++ +
- 4 -
3 = Hard
30 & ++ 102 150
- - T Emesis - 105 110
- 4 -
- A -
- + 4 -
* - - ++4 =
+ 4 - 4 -
= Hard
20 + = b 120
* + ++ - - 104 140
* - - + +
& + - ++ =
Full
++ = = 105 120



-148-

Appendix 3

Severe primary renal stage.

112 cases.



Case
No.

43

82

104

105

110

115

129

Date

211,47
10,11, 47
10, 11. 47
17.11..47
28, 11. 47
21,10, 47
30, 10, 47
27¢11. 47
27+ 44 49
9. 5. 49
22.11. 49
26. 11, 51
10.11. 47
28.11. 47
12.12. 47
18.12, 47
Re 124 47
16. 5. 49
30, 5. 49
7. 6. 49
28. 11. 49
2.12.49
15.12.49
9.12. 47

18. 12. 47

-149-

L. Ce

3,000

30,000

30,000

1,000

300

10,000
10,000
30,000
30,000+
30,000
3,000

1,000

1,000

3,000

1,000

300
30

30

100

300

Blood
Urea

98, 2
70. 8
94, 8
143
79
50, 6
49
75.2

21. 5

58.7
73¢ 5
94

56

16
3T 3
74. 6
39. 7
47

78. 8

140

Lepto-
spirurie
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Protein~ Tubular Apathy Appetite Thirst Temgerature Pulse
uria casts P

* r - *+ 103. 5 Has
- b +
et + ++
i + *
+ + - ++ - 101. 5 100
& & - o -
+ - - 4 -
++ + - ++ - 101.5 Hard
20 -+ - ok - 130
++ - ++
+ *
£ -+ =
+ o 2 - PolXEria 102, 2 100
" - + + Polggria
++ +
+ ) Polggria
4 +
Es +
+ =
++ + = 102 Fugs

Full
+ + - P = 101.6 %60



Case
No.

151

179

194
204

212

218

270

Date

21.1.48
4.12. 51
11.2.48
24. 2. 48
284 5. 49
27.10, 49
7+ 3¢ 50
4. 7. 50
2. 3, 51
12.11. 51
21. 2. 48
26, 2. 48
4. 6. 49
24.11.51
7. 5. 48
15, 6. 48
15.2.49
17.11. 49
6. 20 50
29. 11. 51
12, 3. 48
6. 4. 48
e 6. 49
10, 5. 48
18. 5. 48

23. 5. 48

-151-

L. Ce

100,000
30
3,000

30,000+

100

100
100
100

30 |
10,000

30,000+

300
30,000+
1,000

300
300
300
300
30,000
3,000
300
30,000
30,000+

30,000+

1,000
10
300

10

30
30
10
10

300

30
10,000

100
30
30
30

100

300

100

1,000

- 1,000

Blood
Urea

120
109, 5
37. 9
56, 4
59 O
63
57.1
54, 6
59. 7
84
106. 4
78. 8
40, &
85
183. 2
36, 2
47,7
37
25
32 5
7. 2
30.8
53. 2
27. 1
53, 6
39, 4

Lepto-
spirurig
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Protein- Tubular Apathy Appetite Thirst Temgerature Pulse
uria casts o)

+ + ++ - ++ 100. 2 FE%%
= ++ - Full
a Emgsis e
S Em;sis o
+ + - +t -
* - - ++ -
+ + - o -
+ + - e -
200 ++ - ++ e
++ - RS 104..5 120
et Emesis ++ 102 120
+ - - 4 -
300 s - ++ -
++ - s 101.5 150
+ - 4k -
* +++ - ok -
+ + - s -
20 ++ = i =
% - 4t 104 Weak
= 4+ -
++ - = 105
= + -
g - L 104.5 Hens



Case
No.

276

282

307

311

527

Date

18. 5..48
4o 6o 49
26. 11. 49
19.11.51
1..6.48
28, 6. 48
2e 64 49
21.11. 49
24. 6. 48
6. 7. 48
13.10, 48
2.11. 48
27.9. 49
30, 11, 51
29. 6., 48
Be 7s 48
3. 8. 48
24. 8. 48
4,12. 48
11.1.49
18, 5., 49
6 12..49
7+ 64 50
10. 11, 50
25. 4. 51

L' O.

10,000
1,000
300
1,000
30,000

1,000

30,000+
30,000+
10,000
3,000
300
30

10,000

30,000+
10,000

3,000

=153~

L- I-

100
30

100
10,000

300

300
300
300
100
100
10
1,000

3,000
1,000

100

30
30

10

Blood
Urea

38,.6
45, 4
53. 4
44e 5
116
&4
64. 4
64. 6
44, 3
46. 5
166
24.7
78. 8
93. 5
64. 6
40. 8
45..2
48. 6

55 8

52.3
43. 1
46. 6
58. 8

Lepto-
spirurig
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Protein- Tubular Apathy Appetite Thirst Temgerature
F

uria casts

x + -
» + =
10 + -
++
» * "
. * a
++
++ + -
+ + -
++
4

25 ++ =

b

4

-+

I+

Emesgis
o

Emesis
++

++

++

e

+

++

+

o 102
s 102. 4

Pulse

Hard

Hard

Hard
120

Full
90

Full



Case
No.

329

357
562
366

367

372

376

395

Date

6. 8. 48
17.8.48
12.10.48
1.9.48
7e 9. 48
9. 9. 48
15.9.48
14.10. 48
12.9.48
14.9. 48
16. 9. 48
21.9.48
29. 9. 48
13.10. 48
25. 4. 59
14.9.48
21.10, 48
13.12. 48
16.9. 48
12.10, 48
28. 9. 48
31.9. 48
12.10. 48
2.11.48
6. 4. 49
13. 7. 49
7.10, 49

=155~

L. C.

30,000
10,000

3,000
10,000

3,000
10,000
10,000
30,000

3,000

3,000+
3,000
10,000
300
3,000
10,000
1,000
10,000
10,000

3,000

30,000

10,000
300

300

L. 1.

30
100

10
300
100
300
300
100

300

300
300
1,000
100
300
1,000
100
100
1,000
100

1,000
300
10

Blood
Urea

27. 2
49, 8
98, 4
70, 8
81.8
65. 2
62, 2
49
51. 2
163. 2

122. 8
46, 8

144. 4

106
29. 2
52. 6
51

79.6
146. 8

174
21.4
93
49.7

40, 1

Lepto-
spirurig

+

+



Protein-

uria

I+

i+

Tubular Apathy Appetite
casts

4o

o+

++

4+

b

S

s

e

e

e

e

++

1+

e

-156-

Emesis

Emesis

E

Emesis

o+

++

++

et

4k

b

o

Thirst Temgerature
B

R

++

++

++

o

+4+

S

ks

++

103..5

103

104

100. 5

102

103. 8

103. 8

Pulse

Fast

Hard
140

Hard



Case
No.

399

421

427

428

441

Date

29. 9. 48
13,10, 48
27. 4. 49
19,11, 51
9.,10. 48
19.10, 48
26.10, 48
4.11.48
9.11.48
13.11.48
29.12. 48
1.3, 49
5. 5. 49

3e 8. 49
15.10. 48
19.10. 48
28.10. 48
3.11.48
11. 5. 49
6. 10, 48
3.11.48
29.12. 48
30, 12. 48
3. 1. 49
4.1.49

6.1, 49

-157~

L' CI-

30,000
30,000
1,000
1,000
10,000

10,000

30,000

30,000

30,000
300
300
300

30,000

30,000

30,000

1,000
10,000
30,000

3,000

3,000
3,000

3,000

L. I..

3,000
3,000
100
100
1,000

3,000

3,000

3,000
300
30
100
30
1,000

3,000

1,000

30
1,000
1,000

100

30
30

Blood
Urea

123. 6
58. 4
50. 2
42
69. 4

52

131.2
85. 4
61
51. 2
38. 9

108

124. 8

156. 5

70
54
34

108. 8

104

58. 2

Lepto-~
spirurig

+



Protein-

uria

4+

I+

90

e

|+

-158-

Tubular Apathy Appetite Thirst Temgerature
F

casts

++

b

++

Emesis

-+

b

++

++

++

++

Es

o

e

ot

e

4+

et

4

++ 102

+

ool 102. 5
+ 102

o+

o

Pulse

130

120

Full

Hard

Full
120



Case
No.

470

492

494

4956

502

Date

25. 5. 49
26. 5. 49
28, 5. 49
30. 5. 49
31. 5. 49
18. 6. 49
8. 8. 49
11. 8. 49
25. 8. 49
29. 8. 49
2. 9. 49
5. 9. 49
7.9. 49
12. 9. 49
16. 9. 49
21. 10, 49
16.11. 49
21.11. 49
26. 8. 49
2. 9. 49
5. 9. 49
7.9.49
15.9.49
20. 9. 49
4.10. 49

5.10, 49

-159~-
L. C.

3,000
1,000
1,000

1,000

300

1,000
3,000

10,000

10,000

30,000+

30,000+

1,000+

10,000

30,000

30,000

30,000

L. I.

100
30
100
30

100

300
300

100

100

1,000

3,000

100

1,000
1,000

100

Blood
Uresa

57.2
41. 4
43.8

51. 2

32. 6

147.6
56. 4

29. 3

20, 9
41.1
37.9
57, 3
36.6
54. 2

63

54. 2
72 4

51. 2

Lepto-
spiruria



Protein-
uria

*

I+

I+

s

I+ I+ I+

|+

+ |+ [+

|+

I+ I+

I+

I+ I+ I+

I+

-160-

Tubular Apathy Appetite Thirst Temgerature
F

casts
+

o+

++

ot

b

o

+ ++
Emesis TN
e o=
- ++
++ ++
++ =

Full
110



Case

No.

505

509

513
514

520

529

544

Date

21.10, 49
11, 10. 49
17.10. 49
25. 10, 49
22. 10, 49
24.10, 49
17.11.49
18.11.49
4.11.49
20, 10. 49
4,11.49
19.11. 49
9. 9. 49
15. 9. 49
27.9. 49
25.10, 49
22. 11. 49
9. 1. 50
21.11.51
23.12. 49
27.12. 49
18. 1. 50
3+ 2. 50
11. 2. 50
18. 2. 50

31. 3. 50

-161-

L. C.

30,000

30,000+

30,000+

3,000

3,000
1,000
1,000
3,000
3,000

10,000

3,000

10,000

100

10,000

30,000

30,000+

30,000

L. I.

100

300
300

300

100
300

300

100
10
1,000

3,000

1,000

300

Blood
Urea

29. 2

148. 8
59. 8

84.9

30, 3
43
184
76. 4
85. 2
130. 8
160. 8
70. 4
40, 6
29. 5
24. 2
55. 1
39
58

73. 2

32. 3

47

46, 4

Lepto-
spirurig



Protein-
uria

+ 1+ 1+ + + 1+ 1+ + I+

i+

|+

I+

I+

I+

L 2

-+

I+

Tubular Apathy
casts

-
+
+ =
++ b
~ +*
+ -
ot Fits
+
+ +
&% -
et
%
+ -
- +
* -
- +

-162-
Appetite

+

et

++

I+

+4

+

++

e

++
Emesis

ot

++

Thirst Temgerature

F

101. 5

104

103. 5

101. 9

Pulse

Full

Mall
110

Full

Hard
100

Hard
120

Hard

Hard

Hard
120

Full

Hard



Case
No.

552

560

580

A8

A40

A257

Date

18. 5. 50
24. 5. 50
2. 6. 50
12. 6. 50
22. 6. 50
17.7. 50
29. 8. 50
10. 7, 51
27,10, 50
4.11.50
13,11. 50
10, 11. 49
16.11. 49
27. 2. 50
6. 3. 50
14. 3. 50
3. 5. 50
7. 6. 50
13.12. 50
7. 3. 51
1.8.51
2+ 4. 50
23, 4. 50
4.6, 50
8. 5. 50

3. 10, 50

-163-

L. C.

30,000+

10,000
10,000
3,000
100
300

30,000+
10,000
30,000+

30,000

1,000

100

30

30,000

10,000

1,000

3,000

L. I-

10,000

300

1,000

10
10

1,000
30
3,000

3,000

100

10

10

1,000

300

100

300

Blood
Urea

57.5
o7

44.6
51

377
28.1
33

92. 8
45.1
39. 5
53

34, 9
65. 6

53
40
58
55.
41
194. 4
124
124.4
71. 6
66

Lepto-
spiruria

+
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Protein- Tubular Apathy Appetite Thirst Temgerature Pulse

urie casts F
+ - + + +
- + ok
+ - - o -
* 4
-.t —_—
+ +
4 +
50 + + * - 101. 4 Hard
* + + Emesis ++ 102 Full
Full
20 ¥ + + * 120
+ - — R - 130
_.'_. -
+ +
Full
& P i - ++ 100
+ - ++ b =
&
+ +
= ++ + Full
: —
& iy + + PR Hard
Hard
25 iy ,'t oo + 1010 6 1 15
+ .



Case
No.

A289

A334

Ad62

A485

A549

AS61

A566
A627

AT703

Date

20, 10, 50
23,10, 50
1.11. 50
14.11. 50
14.11. 50
21.11.50
23.11. 50
7.12. 50
14.2.51
19.2.51
26. 2. 51
21. 3. 51
28. 2. 51
2. 3. 51
20. 4. 51
11. 5. 51
30. 3. 51
6. 4. 51
4. 5. 41
10. 4. 51
11. 4. 51
18. 5. 51
2.6.51
15, 6. 51
17.7.51

23. 7. 51

-165-

L. C.

10,000

10,000

3,000

3,000

3,000
1,000
10,000

30,000

10,000
10,000
30,000+
10,000
3,000
10,000
1,000
3,000
3,000
30,000+

30,000+

L. I,

1,000
1,000

30

30

30

100

1,000

300
3,000
10,000
1,000
300
1,000
30

100
100
10,000
10,000

Blood
Uresa

116. 4
146.4
84.4
28. 5
59. 2

45

33, 8
172
186
110

81.2

38. &

66. 4
58

52.1
7. 4

188, 8
79.2
57
65. 5
86
50

52

Lepto-
spiruria
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Protein- Tubular Apathy Appetite Thirst Temgerature Pulse
uria casts F

+ - + + ++ 101 F?i%
* bk - 4 + 101.2 110
10 - - e
* = i (s i Hgg
* bl x Em$SiB ++ 101. 8 Hard
+ +
+ + - ++ -
- =
30 2 -+ Emgsis -+
60 = + + + 101. 5 110
40 -

= ++ - 101 100
30 -+ Y Emesis -
40 + + + 103
40 +
40 + = T = H?gg
20 - * Emgsis -
60 +
10 -
60 ++

4+ = ok
10 % e + dobk
10 + - ++ 597 LS H%{g
bt i

20 | i Emgsis G 101.5 Hard



Case
No.

AT718

A720

AT732

AT751

A769

A789

AT795

A801

AB25

AB31

A838

Date

21.7. 51
25. 7. 51
2. 8. 51

20, 8. 51
24.7. 51
25. 8. 51
3e 9. 51

25, 9. 51
30. 7. 51

7. 8. 51

10, 9. 51
19.9.51
25. 9. 51
4.10, 51
10.10.51
27.9. 51
5. 10, 51
1.10. 51
10,10, 51
18,10, 51
12.10. 51
23, 10, 51
18.10, 51
25.10, 51

-167-

L. C.

10,000

3,000
3,000

3,000
10,000
10,000

30,000+

30,000
30,000
10,000
30,000+

10,000

10,000

3,000

L. I.-

1,000

300
300

300
3,000
3,000

3,000

1,000

3,000

3,000

3,000

300

300

300

Blood
Uresa

80
63
764 5
100
91
82
100
79. 5
52
61. 3
58. 1
38. 5
56
53
31

50. 5
129
50
70
64
103
140
59

Lepto~-
spirurig



Protein-

uris

50

70

100
50
40
50
20

I+

30

40

I+

|+

70
10
25
70

60

50
30
40
30

Tubular Apathy Appetite
casts

+

++

++

bt

-168~

BEmesis

ot

|+

o+

e

-

Emesis

Emesis
+-

++

Emesis:

Thirst Temgerature Pulse
B

+

+4+

++

++

Polggria

++

ot

102. 4

102. 2

101. 2

100, 8
104. 2
102. 2
103

101. 2

102

Full
120

Full
130

Normal
108

Full

Full

88
15
Full

120
1236

160



Case
No,

AB40

AB48

A852

A874

A883

A962

4X

5X

6X
7X

Date

19.10. 51
25,10, 51
22.10. 51
80,10, 51
26.11. 51
26. 10. 51
3.11, 51
9,41, 51
16. 11. 51
30.11. 51
5.11. 51
8.11. 51
9.11.51
26. 11, 51
18, 1. 52
18.1.52
16. 2. 52
19.7.49
22. 7. 49
30. 11, 51
28. 8. 49
29. 7. 49
2. 8. 49
10. 8. 49
18. 8. 49
31. 8. 49

15.10, 49

-169-

L. C.

3,000

10,000

10,000

30,000
10,000

10,000
30,000+
10,000

10,0004+
10,000+
1,000
10,0004+
10,000+

10,000+

10,000

3,000

L. I'

1,000

300

1,000

3,000
100

1,000
3,000
300

100
100
100
300
100
300

100
100

Blood
Urea

175
64
32
34
52
49, 5

121

121
96. 5

112
68
64. 5
51
91.5
91.9
84. 5
58. 6

143. 2
53,5

184. 8

135. 6

168, 4
92. 4

101. 2
69. 4
98. 6

Lepto-
spirurig
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. Protein- Tubular Apathy Appetite Thirst Temperature Pulse
uria casts op

10 +

20 - + + o 101. 2
* - - o = 101. 5 120
* i = T ++ Hard

&8 & * * +t Hard

20 =

e +4 Normal

I+
!

30 "
20 +
99
20 + & ++ - 80
82 ‘ +
20 =
60 -
RS
+ - o Emesis ot 101 ooy
250 + = o ’
* - . Emesis - 102 120

Egﬁsis 4+



Case
No.

8X

11X

12X

13X

14X

15X

17X

25X

26X

28X

Date

12. 8. 49
25. 8. 49
15. 2. 49
23.11. 49
24, 8. 49
30, 8, 49
5. 9. 49
20, 9. 49
1.9. 49
5¢ 96 49
2. 9. 49
5. 9. 49
20. 9. 49
14.9.49
21. 9. 49
7.11. 49
27. 4. 50
26, 11. 49
7.12. 49
15.12. 49
29.11. 49
2.12.49
3.1. 50
16.12. 49
27, 12. 49

31e12. 49

-171-

L. C.

3,000
10,000+
10,000

100

10,000+
10,000
10,000
10,000+
10,000
10,000

10,000

10,000
10,000

100
10,000
10,000

10,000

10,000+

L. I,

100
300
300

10

100
100
100
300
300
100

300

100
100
10

30

1,000

Blood
Urea

41.8
61. 6
85. 2
40. 5
131.6
27.7
32
20+ 4
184
49
88

60

68
174. 5

47. 4
60. 2
35. 4

99. 4

48, 5
37.7

Lepto~
spirurig

+*

+



=172~

Protein- Tubular Apathy Appetite Thirst Temgerature Pulse
uria casts F

+ -
+ + ++ - ++

500 o —- . - 101 Hfgg
4ok ++

o +

+ +

™ s

+ ++ ++ - - 101.5 Normal
+ + - ++ -

+ ++ o = + 101.5 110
+ + - ++ -

L. ¥ .

+ +

+ +

+ & i Emesis 4 Hard
* & + Emgsis 102

% -

+ - - ++ -

+ ++

M 2 e + o Hard
& 2

+ = Y Emesis ek



Case
No.

29X

34X

220
Z23
27
232
4239
246
4253
87
Z88
Z106
2127
2134

2152

Date

5.1. 50
5.12. 49
7.12. 49
15.12.49
23.12. 49
31.12. 49
9.1. 50
16, 1. 50
20, 2. 50
6. 2. 50
25. 2. 50
6. 3. 50
25. 10, 48
25.10. 48
27.10, 48
28, 10, 48
1.11.48
17.11.48
6.11. 48
17.11.48
17.11.48
23.11. 48
2.12.48
7.12. 48
23. 12. 48
27.12. 48
15.1.49

-173-

L. C.

10,000

30,000

10,000
10,000

3,000
3,000

30,000

10,000
30,000
10,000
10,000
10,000
10,000
10,000
10,000
10,000
10,000
10,000
10,000
10,000

10,000

1,000

1,000
100
100

1,000
100

1,000

300
1,000
100
100
100

100

Blood
Urea

100, 6

56, 8

63

74, 4

76. 2
53, 1
97. 2
49.6
56
37.8

150
131.2
114.4

150

74
162. 8
57
79
159. 6
147. 5
183, 2
72. 2

146

956. 2

Lepto-
spiruria
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Protein- Tubular Apathy Appetite Thirst Temgerature Pulse
urisa casts F

+ +

i.. —

: —

+ +

:t —

+ ++ - + ++
+ 4 +

+ + -

*

*



Case
No.

2156

Z183

Z195

2229
42294

477

252

Date

30. 12. 48
4.1.49

17.1.49

24. 1. 49
8. 2. 49
15. 3. 49
4. 3. 50
4. 4. 50
14. 6. 49

16. 6. 49
18.6.49
26. 4. 49
8.11.49
18.1. 50
13.4.48

18. 4. 48
23. 4. 48

-175-

L. C.

10,000
10,000
10,000
10,000
10,000
10,000
10,000
300
1,000

L. 1.

300
100
100
300
100

30
100

Blood culture +ve

10,000
30,000
1,000
300

3,000

1,000
1,000
30
30

30

Blood
Uresa

116. 8
93. 6
105, 6
43. 1
143. 2
74. 8
130
46. 7

89. 4

53. 4
78. 2
60. 6
33. 7
74

Blood and urine cultures +ve

30,000

300

Lepto-
spiruriag

Ey



Protein-
uria

I+

I+

I+ I+ I+

+

I+

Tubular Apathy Appetite

casts
4 ++
+ s
+
+ -
+ -
4 -
+ +

-176-

-4
R

e

s

ot

Thirst

Temperature
oF

104

102

102

Pulse

120

110



=177~

Appendix 4

Most severe primary renal stage.

72 cases.
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Nor® Date L. C. L. I, frea  mpid i
17 22,10, 47 415
48 4, 1147 10,000 1,000 200, 8 +
6o 1147 +
12.11. 47 60,000 30,000 360
52 5o 11. 47 3,000 300 96, 4 +
15. 11. 47 212.8
22,11, 47 116. 8
5.12. 47 10,000 1,000 85. 2
20, 6. 48 300 30 47.2
7. 4. 49 300 10 35. 8 -
20, 11, 51 300 30 54 -
143 20, 1. 48 30,000 3,000 400 +
150 22. 1. 48 30,000+ %,000 415 -
152 22.1.48 10,000 100 90
18, 10..49 100 - 184 =
21. 10, 49 100 = 235
221 13. 3. 48 30,000 3,000 136 +
7.4.48 3,000 1,000 120
2. 5. 49 1,000 1,000 417 -
3. 5. 49 e
4. 5. 49 3,000 3,000 447 -
6. 5. 49 434 -
7. 5. 49 3,000 1,000 592
224 20,000 1,000 740 +
228 22, 3, 48 10,000 2,000 412 +

26, 3. 48 300,000 - 3,000



Protein-
uria

10

o

++

-179-

Tubular Apathy Appetite Thirst

casts
Moribund
L -
s e
Moribund
¥ 4k b
- b
- L
- + Emgsis
b -
= o =
= T
Moribund
++ *
- 4
4 + *
+
Moribund
Moribund

++ =

b

++

++

++

5

o

B

et

++

Temperature
e}

F

102

97. 2
101.5
101. 5

99. 4
101. 2

103. 8

99
101.1

Pulse

f258

120

120

Full
140

Hard

Weak
120



Case
No.

236
242

268

272

281
294

299

318

3253

Date

30, 3+ 48

2.4, 48

4. 4. 48
10, 5,48

' 12.5.48

19. 5. 48
12. 5. 48
19. 5. 48
7. 6. 48

29 56 48
14.6.48
17, 6. 48
23. 6. 48
17.6.48
25, 6. 48
3e Ba 48

14. 3. 49

17.3.49

23s 30 49
28. 3. 49
4, 4,49
15. 4. 49
164 5. 49
8. 7. 48

24.11. 51

14.7.48

-180-

L. C.

30,000

10,000

30,000

10,000
50,000

30,000

10,000

30,000+
30,000+

3,000
1,000
300

300

300

300
10,000
300
10,000

L, Te

300

300

3,000

1,000
1,000

1,000

1,000
100
1,000

10
10

10

10
300
30
- 1,000

Blood
Urea

313

450

230. 4

Lepto-
spirurig

+*

+



Protein-
uria

30

casts

-181-

Tubular Apathy Appetite Thirst Temgerature
F

+
e

Moribund

Moribund

Moribund

b

Moribund

+ -

Moribund

x

Emegis

b
++

ot

+%

4

s

ot

A

4

+bb

103. 5

99. 8

102. 4

Pulse

Full
150

Weak
150

Full

Hard



-182~

§§?e Date L. C T giggd
324 1. 8, 48 10,000 . 300 129.2
10. 8. 48 295, 2
5e. 5049 300 100 44
24,11, 51 100 10 a7
332 10. 8. 48 3,000 100 390, 4
344 23, 8. 48 10,000 1,000 228
31, 8. 48 10,000 300 576
358 31. 8. 48 1,000 » 382
7. 9. 48 3,000 300 590
11.9.48 10,000 300
370 14, 9. 48 10,000 10,000 280
17, 9. 48 10,000 3,000 o1
23, 9, 48 28. 5
11.10..48 3,000 1,000 45.7
9¢ 11, 48 3,000 1,000 51, 9
12,4, 49 300 100 31,4
22, 9, 49 300 100 31.6
384 23. 9. 48 3,000 300 196
28, 9, 48 10,000 100 380
408 4. 10, 48 3,000 30 442
419 7. 10, 48 3,000 1,000 396
422 10,10, 48 30,000 3,000 289
18, 10. 48 10,000 3,000 49, 2
21,10, 48 94
26. 11. 48 1,000 100 39,7
436 16,12, 48 10,000 100 414

17.12. 48

Lepto-
spiruris

+
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Protein- Tubular Apathy Appetite

uria casts

o

60 ERS -
dt
++
Moribund
Ak

++

-

I+
1

+

++

+

++

Moribund

++

|+

Moribund

4ok
++

b

o

++

-+

Emesis
+

-

Emesis
x

Emesis

Emesis

+*

Thirst Temperature
o)

.

E

b

ot

+o

e

++

e

++

++

++

e

++

F

102

103, 4

101. 5
101

99. 5
101.5
102. 8

101

Pulse

Full
100

Hard
130

Full

Hard
Full
Full

180

Weak
110

Ve85
gt

Weak



-184-

for Date L. C. L. L fren. et
439 3. 1. 49 30,0004 3,000 339 5
443 Be 2449 30,0004+ 1,000 335 &
445 23. 3. 49 10,000 100 215.5
28, 3. 49 166 -
29, 3. 49 171.5 -
462 29, 3. 49 1,000 = 216 +
4. 4,49 10,000 533 -
6. 4. 49 30,000 300 487
467 21, 5. 49 10,000 - 139, 6
25, 5. 49 3,000 10 324 -
4.8, 49 1,000 300 187. 2 -
13, 9. 49 450 "
15, 9. 49 1,000 - 334 =
476 10,6.49 . 10,000 300 297 =
481 24, 6. 49 30,0004 100 200, 2
482 20. 6. 49 1,000 100 239 -
25, 6. 49 3,000 300 390 =
487 3.8, 49 500, 1 4
4. 8. 49 30,000 3,000 | +
488 26. 7. 49 162.4 -
5. 8. 49 30,000 1,000 335 -
489 9. 8, 49 30,000 100 840 ’
497 15. 9. 49 10,000 100 127, 2 %
16. 9. 49 30,0004+ 3,000 292 +

499 30, 9. 49 30,000+ 1,000 682 -



-185-

Protein- Tubular Apathy Appetite Thirst Temperature Pulse

uria casts °OF
Moribund
+ + Moribund
++ - ++ 101.5
+ S
+ - 4 - gt
+ — = Full
e ++ 102 120
Moribund
+ s ) Full
++ 103. 6 120
e L
4o oot
s 4 Moribund
% + Tk Emﬁsis e Full
e - ++
P - -+ Emgsis P Ful%
& 12
*b + Moribund
& 2 o Emesis ++
+ - Moribund
+ + -+ Emesis R
+ + ++
+ +* Moribund
e + Moribund 99

b ok Moribund



Case
No.

501

507

515
521

522
535
553

Date

4,10, 49
5e 10. 49
17.10, 49
10,10..49
19.10..49
511, 49
20, 1. 50
20.,11. 51
14, 10,49
17.10. 49
18.10. 49
5.11.49
28.11.49
29, 11. 49
3..12. 49
28.11. 49
13. 1. 50
4, 4. 50
12. 4. 50
15. 4. 50
17, 4. 50
20. 4. 50
2. 5. 50
31e 5e 50

7. 6. 50

-186-

Le Ce

3,000

3,000
3,000
3,000

300

300

300,000+

10,000

30,000

10,000

30,000

30,000

30,000

10,000
10,000

3,000

LI I.

1,000

1,000
100
100
100

30

10,000

300

1,000
1,000

3,000

3,000
1,000

1,000

Blood
Urea

248
269
90, 5
144
53
32. 2
32 6
45
201
286
618
303

350

228
506
126, 4
232. 8

166.5
171.6
148, 8
156. 8
152

Lepto-
spiruria

+



Protein-

uria
+

o

I+

1+

20

E

++

i+

o

s

e

i+

++

Tubular Apathy

casts

+

+

++

.

+

+4+

-k

I+

+

Moribund
o

e

+++ Moribund

++

-t

++

4+

-187-~

Appetite Thirst Temperature
o)

Emesis

+

o+

*

A+

s
Emgsis

Emesis

Emesis

Emesis

Emesis

+

++

++

++

o

o

++

++

++

++

o+

G

B

101. 5
102..8

101.8
101

102. 5
102

Pulse

125

Weak
150

Noigsl

Full

Full

Full



Case
No.

559

563

564

565

574

A51

A225

A307

AT17
A784

Date

24.10..50
25. 10, 50
26, 10, 50
6. 3. 51
8..3. 51
20. 3. 51
22e. 3¢ 51
23. 3. 51
10.4. 51
13. 4. 51
26 6. 51
4.7. 51
24. 5. 51
30, 5. 51
12. 4. 50
17.4.50
20. 4. 50
22+ 8+ 50
28..8, 50
30,10, 50
8. 11. 50
15.11. 50
23. 7. 51
20, 9. 51
4,10, 51

22.10. 51

-188-

L. Ce

1,000

10,000

30,000+

30,000
30,000+
3,000

30,000

1,000
3,000
3,000
30,000+
30,0004
3,000

30,000+
30,000

30,000+

1,000

3,000

1,000
10,000
1,000

3,000

300
1,000
1,000

10,000
3,000
1,000

10,000
10,000
300

Blood
Urea

537
318
295
293
221
337
403

460
582
542, 4
265
290
367, 5
252
65. 2
58, 6
260
380
236
243, 5
712
370
200, 1
190
164

Lepto-
spirurig



Protein-

uria
*
+
+4

90

25

40
20
120
50
10
100

120

I+ I+

+

70

I+

10
60

Tubular
casts

+
+

et

o

=+

-+

Apathy

++

++
++

++

4
++
++

+

At
Moribund
b

+

Moribund

+k

-189-

Appetite Thirst Temperature
0

Emesis

4

Emesis
+

BEmesis

Emesis

-

++

++

Emesis

Emesis

i

++

-+

+4

s

++

ok

ot

¥

s

++

++

i+

-+

F

101.2

99
101.8

99. 2

101.2

101..5

102. 2

1.1'5

101. 5

104

Pulse

Full
140

Weak

Weak
140

Full
120

Weak

114
Weak

Full

Weak
140

Full

150
Weak
160



Case
No.

AT787
A798

A818

A819

1X

3X
9X
Z217
243
Z81
2176
42204

4218
376

Date

21..9..51
2849, 51
4,10, 51
8. 10, 51

10,10, 51
16,10, 51

18.10, 51

6. 10, 51

8,10, 51

16.10. 51

21. 6. 49
27 6. 49
15. 7. 48
10. 8. 49

18.10.48

2.11. 48

15.11. 48

14. 1. 49
15 1. 49
27.1. 49
28s 1. 49
29. 1. 49
4.2 49

16. 9. 48

12. 10. 48

-190-~

L. C.

30,000
10,000

30,000

30,000

100
3,000
%,000

10,000+

10,000
10,000
10,000

10,000

' 10,000

10,000

10,000

10,000

L. I

300

3,000
3,000
3,000
30
300
300
100
100
300

10

1,000

1,000

100

Blood culture +ve

10,000

1,000

Blood
Urea

540
213
85
91

550
495
162, 5
230
81
226
203
610
304
262. 4
213
288
252. 8
524
556-
265
330

285

219, 6

Lepto-
spirurig



Protein-
uria

1200
160
70

20
40
10

I+

Tubular
casts

+*

-191-
Apathy Appetite Thirst Temgerature

F

g EmEsis NS
Emesi

+ gs 8 ++
b - o
P Emgsis -+ 101
+ A + 101.8
++ Emesis o 102. 2
i - ++ 103
4 — - 103. 8
+ o o

Pulse

Full

Full
84

Full

Weak
168

110
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Appendix 5.

Secondary renal stage without ursemisa.

66 cases.
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e Date L. C. T g
98 26, 11.4%7 30 - 21.6
101 26,11, 51 30 - 33. 4
102 26. 11. 47 300 30 22. 4
145 20. 1. 48 300 10 35. 8
148 28. 1,51 30 10 35, 5
166 2. 2. 48 1,000 30 35e-5
168 19.11. 51 1,000 100 37
174 3.2.48 - - 16. 8
26, 2. 48 - - 15
14.12. 48 100 10 19.1
180 11. 2. 48 300 30 15. 6
188 20, 2. 48 300 30 30. 6
193 20. 2. 48 100 10 19. 4
207 4.3, 48 300 - 18. 6
23, 3. 48 19. 4
20.11s 51 30 10 29. 5
210 3. 3. 48 100 - 47,8
227 23. 3. 48 300 10 39. 6
230 7.12.49 100 10 28,4
11.12. 49 21. 8
243 6. 4. 48 300 100 35. 6
21. 4. 48 1,000 30 32.1
250 9.4.48 300 30 27. 4
5. 6. 48 22

19.11.51 30

Lepto-
spirurig
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Protein- Tubular Apathy Appetite Thirst Temgerature Pulse
uria casts F

+ + ++ + ++
* _ *+ 101, 5 120
+ - - e+ + 101.5 Hfgg
++ - +
et + ot ++ & 100. 4 120
Moribund
50 + -~ ++ - Ffi%'
++ - ++ 105 FE%%
+ - + + + 103
Fits
+4 - db 101.5 110
e Emfsis o 102.6 Full
5 Eﬁ%fis -+ 102. 8 Fgé%
= ++ +
- ++ - | H?E%
2 Emesis pes 103. 6 Fall
- -+ -
+ - e = *
2 + & g g
++ - a7t
o = g
3k i o
- Emesis A

., 1 + 101.5 Hard



Case
No.

287

264
266

289
295
301

504
315
319

5538
349
3561

Date

15, 4. 48
11. 3. 49
27.10, 51
23. 11. 51
28, 4. 48
14. 5. 48
3¢ 6. 50
5. 6. 50
Te6e 48
14.6.48
17.6. 48
10, 3. 49
4. 4.49
16.1. 51
8. 6, 51
28.11.51
21. 6,48
29. 6. 48
23. 8, 48
9.7.48

14, 8. 48

28. 8. 48
9. 5. 49

29. 8. 48
27.9. 48

-195-

L. C.

100
30

30
300

30

100

30
300
300
100
300
100
300
100
300
300
300
100
100
100

30

30
300

1,000

30
10

10
30

10
30
10

30
100
30
30

10
30
30

.100

Blood
Urea

32

28. 1
47.5
35

55. 6
16.8
39. 3
52. 4

22.8

39. 4
29. 2
550 4
40. 4
30. 5
a7

46

23. 5
20. 7

30. 9

24. 9
19. 4
25

17. 4
35. 9
25. 8
59. 3

Lepto-
spiruria
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Protein- Tubular Apathy Appetite Thirst Temgerature Pulse
uria casts F

e + 4 102. 6 Hard
+ o - E 102 120
+ EmEsis +
110 + + Emesis Full
= * ;- 120
+ + ++
+ + + Rmosie ++
+ - - + +
e Emgsia o
- ERN -
— +4 -
+ ++ - e -
++ + =
500 ,+ - - = Harpd
++ + ++
o Emesis o 104 W%S%
Moribund
o " 101. 5 Vegk
+* + ++
* + Moribund
s Emesis o

» - +h 104.2 Hapd
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S Date T s L. L e
430 16. 10. 48 100 E 36. 2
449 9. 4. 49 100 10 21. 5
461 12. 5. 49 300 30 44.8
13. 5., 49 300
16. 5. 49 44.8
468 27. 4. 49 300 30 20, 2
28. 4. 49
29. 4, 49 15,2
25. 5. 49 300 30 48. 3
22.12. 49 25. 6
581 9.11. 49 300 2 33,1
10.11. 49 31,8
21.12. 49
A12 8. 3. 50 300 100 30. 4
18, 3, 50 100 10 40.7
AZ6 22, 3. 50 100 10
1. 54 50 100 10 36
A36 30, 3. 50 1,000 10 33, 6
A24 4. 4. 50 1,000 300
18, 4. 50
A50 7. 4. 50 300 100 26. 9
A54 15. 4. 50 100 30 35,7
ALT6 6. 7. 50 300 100 7.5
12.7. 50 300 30 54,6

A183 11.7. 50 300 30 34

Lepto-
spiruris



-198-

Prc_Jtein- Tubular Apathy Appetite Thirst Temgerature Pulse
uris casts F

o — -
R -
++ - ++ =
+ +
+* + ++ - +
+ +
+ -
* +
+ +
% =
+ +
+ + + + - 101.5
+ o+ - o+ ++
o = - ++ ++
-+ EmEsis 4ot
+ & + - ++ -
s + ® + ++ Hard
: b Em_gs is e
i ++ —
= L )

= ++ -



Case
Noe

A221

A228
AZ36
A238
A329

A421

Ad474

A609
A780
AT94

A809

A821
AB23
AB39
A849

A857

12X

Date

21. 8. 60
24. 8. 60
25. 8. 50
5. 9. 50

12.9. 560
9. 11. 50
7.12. 50
17.1. 51
26.1.51
19, 2. 51
21.2.51
26. 2. 51
27. 2. 51
7. 5. 81

19. 9. 51
27. 9. 51
2.10, 51
4.10. 51
8. 10. 51
9.10. 51

23, 10, 51
24.10. 51
29.10. 51
12.12. 49

L. C.

30
300
300
100
100
300
100

1,000
300
100
100
300
300
300
100

1,000

300
100
1,000
1,000
100

300

300

-199-

L. I,

10
30
100
10
10
30
10
100
30
30
30
30
30
100
10
100

30
10
100
100

10

30

Blood
Urea

32
27. 8
31.5
31. 2
28
28. 5
42, 7
27.1
21. 3
33
38. 2
30

35. 5

27. 5
26
37. 5
37.5
33
20
43

27. 7

Lepto-
spiruria
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Protein- Tubular Apathy Appetite Thirst Temgerature Pulse
uria casts F

+ + ++ - + 101 Wﬁgg
+ + - ++ -
+ - + - + b
e & + Emgsis_ L
+ Emgsis +
+ + - et -
+ - - ++ -
* + ++ * - Hard
10 ++ - 4 -
100 + + ER 4ot 101 150
‘ ol ++ - 102. 2 150
X s s 102. 2 150
200 - - T 5
200 =
10 -
120 -
40 4 + + ++ 106 Hﬂg&
z0 2 - ++ ++ -
10 +
10 =
50 -

I+
+



Case
No.

36X

Z4
Z6
222
Z24

Date

S. 12. 49
24.12. 49
27.12. 49
13.10, 48
18.10, 48
19. 5. 49
26, 2. 49

L. C.

100

100
300
100
300
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L. I.

30

10
100

30

Blood
Urea

32. 8
24. 8

25. 8

27.2
28

35

Lepto-
spiruria



Protein-
uria

&

I+

I+
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Tubular Apathy Appetite
casts

g S Emesis
+ - et
- - e

Thirst Temperature
o

.

F

101. 5

Pulse
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Appendix 6

Secondary renal stage with uraemia.

81 cases.



Case
No.

46

110
142
147
155

159
162
163
165
168

172

Date

4.11.47
8.11. 47
1.12. 47
19.1.48
20. 1. 48
27.1. 48
3. 2. 49
95. 4. 49
6. 1. 50
28. 1. 51
28. 1. 48
28. 1. 48
2. 2. 48
1. 2. 48
25. 3. 48
7.4, 48
12.11. 48
2. 2. 48
13, 5. 48
13.12. 48
15. 3., 49
7. 7. 49
26.10. 49
10. 2. 50
3. 10. 50

26.12. 50
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L. Ca 1813 e
100 10
1,000 100
1,000 30
30 -
1,000 300
320 10
100 10
30 -
100 10
30 -
1,000 100
100 -
100 -
300 10
300+ 100
100 10
100 10
100 10
100 10

Blood
Urea

137.8
313.6
155. 2
58. 8
160

79. 6
114. 8

81.8

244
420
140, 8
43. 4
50. 2
28. 4

24. 8

51

55. 2
58. 8
32.1
49. 5
47.5

Lepto-
spiruria



Protein-

urisa

I+

I+

bt

< 2] s e AR R A

+

Tubular Apathy Appetite
casts

b

4+

++

bk

gt =

N

b

R

++

i+

4

o+

o
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++

++

++

e

b

++

et

++

s

Thirst Temperature

e

R

4

4

S

E

s

++

o+

b

o5
102

105
99

103

100

102

101
102

103. 5

Pulse

140

Full
120

Full
Full
120

Weak
180

Weak
Hard

Hard
110

Hard

Full
120

Full

Hard



Case
No.

175

L7
185
190
192
195
196
220

226
232
246
247

269
279

284
291

Date

23.1. 51
14.6. 51
B¢ 2. 48
26. 2. 48
13.12.48
6. 6. 49
21.11. 49

18. 2. 48
20. 2. 48
21. 2. 48
23. 2. 48
15. 6. 48
15, 3. 48
25. 3. 48
22. 3. 48
27. 3. 48
8. 4. 48
6. 4. 48
19.11.51
11.5.48
25. 5. 48
4. 6,48
2. 6. 48
10. 6. 48

14.6.48
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L. C.

100
300
300
1,000
300

100

100
300
100
300
100
100
300
100
100
30
100
1,000
300
1,000
100
300
1,000

1,000

L. I,

10
30
10
300
30

30

10

10

10

10
100
30

100

100
300
100

Blood
Urea

33. 2
43. 5
87. 6
64
4. 6
36. 8
36. 2
291
286
190
193
127. 2
580

286

147.2
3526

322

100
369
200
584
465
124
155

Lepto-
spiruria



Protein-
uria

30

I+

++

I+

60
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Tubular Apathy Appetite
casts

+ + -
+ -
- 4

+ - ++

+ - ++
.- +
+ +
ik EmEsis
L =
+ Emfsis
+ +
bk -

t+ ++ 7
e vt

+ + *
++ -
- +

Moribund

bt

Moribund

Thirst Temperature

++

++

++

++

+ok

+

ot

++

b

o

101.6
104. 8

101..5

103 5

101..5

100, 8
102
101
101..5

100. 5

Pulse

Hard

Full

Hard

Hard
120

Weak

Hard
TiO

Hard
120

110

Hard

120
Hard
Hard

120

Hard
100



Case
No.

292
293
298
300

302

360
364
390

392
393
397
402
406
409
423

426

Date

10, 6. 48
12, 6. 48
16. 6. 48
17.6.48
26. 6. 48
3. 8. 48
Be 3e 49
18. 6. 48
6. 7. 48
6. 9. 48
9. 9. 48
27. 9. 48
13, 3. 50
20..3. 50
27. 9. 48
28..9. 48
20, 9. 48
30, 9. 48
4,10..48
7.10. 48
11.10, 49

15.10, 48
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L. C.

1,000
300
30
300
300
300
30
300
100
_100
30
100

10

1,000
100
100
100
100
100
300

1,000

L. I.

10

10

30

100

10
10

10
30
10

Blood
Urea

309
265
7562
66. 4
3. 2
66, 4
276
233
176
333
75. 8
80. 4
272. 5
390
153, 2
102. 4
50. 8
259
291
568
227. 2
108. 8

Lepto=-
spiruria
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Tubular Apathy Appetite Thirst Temperature
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++
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Moribund

e

++

Moribund

o
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b

i+

1+

Emaciated
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Pulse

Hard
120
Hard

Full

Hard
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Full
120
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Nor® Date L.c. LB e gestil ToRe
442 24.1. 48 1,000 30 588 -
25. 1. 48 660 =
444 18. 3. 49 30 10 476 -
471 24, 5, 49 100 30 480 -
26. 5. 49 664 -
483 29. 6. 49 300 30 92 -
510 8. 9. 49 b
29. 10, 49 300 30 130, 1
547 10. 3. 50 300 - 100 42. 6 -
4. 4. 50 300 100 139.1
567 22.1. 51 53. 2 s
13.6. 51 150
25. 6. 51 30 10 100 .
5753 8. 5. 51 36. 5 -
17. 5. 51 100, 5
23, 5. 51 300 30 148
A11 7. Ba 50 100 30 152
A33 25. 3. 50 100 30 74. 8 -
31, 3. 50 100 30 117.2 =
A37 30. 3. 50 300 100 124 -
A70 25, 3. 50 161. 5

20, 6. 50 30 10 260



Protein-
uria

++

++

= #

I+

120

60
60

b
4

e

4t
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Tubular Apathy Appetite Thirst Temgerature Pulse
F

casts

++

+++

+4
Moribund
A
++
Moribund

ok

e

Fits

++

b

e

Emesis

Emesis

Emesis

Emesis

Emesis
+

b

++

++

++

b s

+4

++

+

++

Weak
100 160
Hard
100 Hard

858

104



Case
No.

A80

A92

A237
A260
A270

A340

AB85
ATT71

ATT5
AB13
Z10
244

Date

5. 5. 50
12. 5. 50
17. 5. 850
19. 5. 50
12. 5. 50
19. 9. 50
5. 10, 50
Te 3¢ 51
22. 6. 561
20.11. 51
15.10. 50
22.11, 50
27.11. 50
4.12. 50
24. 4. 51
12.9. 51
19.9. 51
27.9. 51
13.9.51
5.10, 51
26. 8. 49
14. 2. 50
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L. c.

300

30

30
300
30

30
300
30

300

100
1,000
100
300

L. I.

10

30
10

30
10

10
100
10

100

30
30

10

Blood
Urea

80. 4
75. 4
100. 4
56. 2
322
300
541
88
26
415
223
232
288
282
405
182
165
210. 5
467
85
100
72

Lepto-
spiruris
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Protein- Tubular Apathy Appetite Thirst Temgerature Pulse
uris casts ¥

g * ++ - ek Weak
++ + ++

+ ++ - 4
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+ - + + b Hard
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o+ 4 Emesis ++ Hard
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+++ -

o o ++ = ++
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500 -

400 —
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Case
No.

296

A243

AZ289

A292

A299

A328

A526

A648

A657

A668
A689
A699

A743

A745

Date

15. 6. 48
19. 9. 50
13.12. 50
29.11. 51
23. 10, 50
50, 10, 50
2. 4. 51
2l. 2. 51
9.11.50
7.12. 50
13. 3. 51
16. 3. 51
5. 6. 51
25.7.51
11.10. 51
23.11. 51
12.6. 51
29, 6. 51
18. 6. 51
1.7.51
13.7. 51
8. 8. 51
21. 8. 51

9. 8. 51

L. C.

100
100
300

300

30
30
300
100

300
1,000

30
300
100
100

30

1,000

30

300
1,000
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L. I‘

10
100

30

10
10
30

10

100
100

30
10
10
10
100
10

10
100

Blood
Urea

500
89
81.6
49
32. 4
42
o7.8

104
64
99. 2

107.2

104. 5
91
66
98

111
53
39
71

177.5

127
64
94. 6

132

Lepto-
spiruria
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Protein- Tubular Apathy Appetite Thirst Temgerature Pulse
uria casts P
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Appendix 7

Total and differentisl leucocyte counts.

Primary and secondary renal stages.
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TABLE 23

Total and Differentisal Leucocyte Counts

of 15 Cases in the Mild Primary Renal Stage.

Non-Lob. Lob.

Case Total Neutro-  Neutro- Baso- Eosino- Lympho- Mono-
per c.mm. phil phil phil phil cyte cyte
109 16,000 22 56 0 1 1 4
127 16,200 19 52 0 8 21 0
248 11,000 19 63 0 5 10 3
340 11,000 11 57 0 6 23 3
407 10,000 19 58 0 3 ale/ 3
450 12,200 15 71 0 3 10 at
452 54,600 42 53 0] 1 4 0
545 11,600 16 55 0 11 16 2
550 19,000 34 56 0 5 5 0
A619 9,600 28 40 0 6 b 1 ¢ 1
A715 24,600 28 55 0 1 14 2
A795 20,800 4 85 0 0 11 0
A814 12,400 32 41 0 8 10 0
31X 11,000 40 53 0 2 5 0
35X 27,000 42 39 0 0 19 2
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TABLE 24

Total and Differentiasl Leucocyte Counts

of 30 Cases in the Severe Primary Rensl Stage.

Non-Lob. Lob.

Case = Total Neutro- Neutro- Baso- Eosino- Lympho-
per c.mm. phil phil phil phil cyte
115 4,800 ed 58 0 4 15
470 22,600 22 63 0 3 i1
513 49,600 58 59 0 0 3
514 18,800 24 41 0 el 14
520 9,000 55 21 0 8 16
544 11,200 37 54 0 3 6
552 10,000 16 59 0 8 16
560 18,200 18 64 0 4 9
ARS7 15,200 21 53 0 2 11
A289 15,800 18 45 0 5 27
A485 15,800 9 61 0 15 15
Ab49 33,000 46 35 0] 6 12
ABR7 17,000 7 53 (0] 16 20
AT20 24,000 18 o8 0 0} 8
AT789 29,600 15 69 0 8 8
A793 18,400 12 77 0 5 5
A801 54,600 27 61 0 2 10
A848 15,000 19 56 0 7 15
A852 17,200 21 72 0 4 2
A874 18,000 32 64 0 0 4
6X 8,000 4 73 0 10 12
11X 14,400 11 63 0 5 19

Mono-
cyte

[ JE o S R R = (= S Y < R (o JOY Y - S T S TR T = R <o S T > T > SO
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TABLE 25

Total and Differential Leucocyte Counts

of 21 Cases in the Most Severe Primary Renal Stage.

Non-lob. Lob.

Case Total Neutro=- Neutro- Baso- Eosino- Lympho- Mono-
per c.mm. phil phil phil phil cyte cyte
52 10,800 10 64 0 4 20 2
143 29,000 18 65 0 4 8 5
150 15,600 16 64 0 2 15 3
152 11,600 11 53 0 4- 32 0
318 20,000 1t 70 0 5 12 2
324 7,000 10 58 0 4 25 3
384 10,000 11 33 0 19 32 5
443 23,200 26 70 0 X x 2
467 11,000 8 60 0 1 29 2
499 20,200 28 55 0 2 14 il
501 10,800 12 56 0) 3 24 5
507 55,600 66 25 0 0 8 3
515 20,400 18 62 0 8 7 5
553 15,200 9 63 0 8 20 0
559 13,000 17 82 0 0 1 0
563 47,600 32 67 0 0 1 0
564 17,700 16 65 0 2 1 0
565 10,200 34 36 0 5 3 0
574 29,200 21 74 0 0 1 4
-AB51 15,200 32 55 0 0 10 3
A307 21,800 22 56 0 3 5 14
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TABLE 26

Total and Differential Leucocyte Counts

of 18 cases in the Secondary Renal Stage Without Uraemia.

Non-Lob. Lob.

Case Total Neutro- Neutro- Baso- Eosino- Lympho- Mono-
per c.mm, phil phil phil phil cyte cyte
101 13,400 18 49 0 8 23 3
102 19,400 20 74 0 0 5 L
168 11,000 14 56 0 5 21 4
193 16,600 22 62 0 0 13 3
207 8,200 6 51 0 16 25 2
260 8,200 6 55 0 2 32 5
267 8,200 15 55 4 3 18 5
301 17,000 24 56 0 7 4 0
304 10,600 13 51 0 3 30 5]
461 33,600 26 65 0 0 ¢ 2
581 10,400 36 50 0 1 11 2
Al12 12,000 14 71 0 5 6 4
A26 3,600 37 36 0 0 26 1
A50 8,600 26 54 0 1 18 1
A221 16,000 19 78 0 0 2 1
Ad21 14,600 55 43 0 0 2 0
AdT74 14,600 42 55 0 0 3 0
A849 20,100 55 32 0 2 9 1
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TABLE 27

Total and Differential Leucocyte Counts

of 25 Cases in the Secondary Renal Stage with Uraemia.

Non-Lob. Lob.

Case Total Neutro- Neutro- Baso- Eosino- Lympho- Mono-
per c.mm. phil phil phil phil cyte cyte
110 16,600 31 59 0 0 {7 3
142 13,600 31 66 0 0 2 1
155 6,800 12 72 0 2 12 2
159 18,000 29 60 0 0 10 1
162 10,000 18 66 0 6} 15 1
163 13,600 26 70 0 0 0 4
168 14,400 18 69 0 0 12 1
172 9,800 a1 55 0 7 16 1
175 13,200 11 32 0 0 48 9
185 6,800 i3 55 0 0 27 2
195 4,000 40 30 0 0 27 3
226 14,600 26 63 0 0 4 7
247 10,200 13 55 0 13 16 3
300 6,400 21 57 0 0 16 6
390 12,600 25 66 1 3 4 1
471 7,000 7 73 0 6 12 2
510 21,400 56 31 0 3 10 0
567 6,200 21 53 0 10 9 0
573 34,200 52 46 0 0 2 0
A33 23,400 33 62 0 0 5 0
A70 5,200 25 64 0 2 8 3
A80 46,600 28 69 0 0 3 0
A260 13,600 38 52 0 0 8 2
A270 9,400 19 68 0 - 2 2
0 0 4 0

A340 15,400 24 72
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Appendix 8

Erythrocyte and haemoglobin estimations.

Primary and secondary renal stages.



Case

340
407
545
A619
109
127
248
450
452
550
A814
31X
35X
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TABLE 28

Haemoglobin and Erythrocyte Estimations

of 13 Cases in the Mild Primary Renal Stage.

Pn Cn v.

53
55. 6
50
39

Haemoglobin
gm. /100 ml.

16
17.5
14
12.8
11.6
15.7
14. 3
16
15.4
12.3
16
12.2
15.1

R. B. C.

109 per c.mim.

6,200
7,000
6,000
5,350
5,150
7,100
6,500
7,500

5,250
7,450
4,800
6,350

M. C. He
u. u. g.

25. 8
25

23. 3
24.1
22. 7
22. 1
22

21. 3

23. 8
1.6
25. 3
23. 9

M. C. H. C.

%
30, 2
31.6
28
33

M. C. V.
Ce Ue

85. 5
79. 2
83. 3

72
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TABLE 29

Haemoglobin and Brythrocyte Estimations

of 25 Cases in the Severe Primary Renal Stage.

Case P.C.V. Haemoglobin R. B. C. M.C.H. M.C.H.C. M C.V.
% gm. /100 ml. 103 per c.mm. u.u.g. % Ce U

104 164 5 6,150 21

105 14, 4 7,400 19. 3

110 11.8 5,900 20

115 16. 1 7,400 21, 6

129 1641 7,300 22

151 9.8 4,200 23,2

179 58 17.9 7,150 25.2  30.8 83

204 54 16 5,200 BOL7  29.4 | 104

212 52 15. 4 6,800 22.6  29.6 76. 4

276 51.5  15.5 5,950 26.2  50.1 86. 5

282 12.0 4,550 26. 6

470 13.9 6,300 22

513 27,4 8,800 19.4

514 7.7 3,500 22

520 55 16. 8 5,800 28.9 32 01

552 58 17.1 7,750 22.2 30 75

560 14 6,050 23. 5

A8 15. 4 7,500 20. 5

A289 56 15.1 6,050 25.2 27 92

A485 16..7 6,700 24, 8

AB27 36 11.5 4,750 24.4 32 75

A848 13.3 5,650 287

A883  39.2  12.5 3,950 32 32 99

6X 10. 2 4,440 23.1

11X 54 16. 5 5,450 30..6 51 99
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TABLE 30

Haemoglobin and Erythrocyte Estimations

of 20 Cases in the Most Severe Primary Renal Stage.

Case P.C.V. Haemoglobin R. B. C. M.C.He M.C.H.C. M C.V.
% gm. /100 ml. 103 per c.mm. w.u.g. % Ce Us

52 E%e D 17,2 7,000 24. 5 29. 9 82.0

143 9.1 4,550 20.2

150 12.6 6,000 21

152 10. 5 4,100 2bs'l

518 H5lel 17. 4 5,550 31l. 6 34 o2

324 49 151 5,100 29.6 30..8 96

584 8.4 35,850 22,1

4453 10, 9 5,600 19.2

467 8.5 3,600 23 6

499 167 6,550 26. 6

507 1158 4,200 28

515 7«0 3,450 20, 5

553 56. 56 15. 4 5,500 28 2. 2 102. 7

559 14. 4 5,500 26. 1

563 16. 8 6,050 28

564 22. 9 756 3,050 25. 8 33e 2 75

565 51 14.6 5,750 25+ 6 28. 6 88. 7

574 38. 5 11.9 5,350 22+ 4 30. 9 72

A51 154 7 6,200 25. 3

AB07 49 17. 22 9,100 18. 9 35 54
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TABLE 31

Haemoglobin and Erythrocyte Estimations

of 18 Cases in the Secondary Renal Stage Without Uraemia.

Case P.C.V. Haemoglobin R. B. C. M.C.H. M C.H.Ce M.C.V.
% gm. /100 ml. 10% per c.mm. u.u.g. % Co Ue

101 13..7 6,400 2l. 4

102 15. 4 6,400 24

166 11..9 5,800 20. 5

168 54. 5 16. 8 6,250 27 30, 8 87

174 14. 1 7,100 19.8

193 13..3 6,550 21..1

207 a7 16.8 6,950 24e 3 29. 5 82

250 55 16. 7 5,750 29,2 30, 4 95. 6

257 53 16. 4 4,750 34. 9 3l 111. 5

301 54 16,7 5,900 28. 2 30, 8 91..5

304 11.5 4,800 23. 5

461 11.2 4,600 24, 3

581 12. 2 4,900 24,8

Al2 13. 8 5,700 24 2

A50 17.% 6,250 27. 5

A221 18. 5 6,800 27. 2

A421 12. 9 4,950 26. 3

Ad74 37 11. 5 4,000 28,7
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TABLE 32

Haemoglobin and Erythrocyte Estimations

of 28 Cases in the Secondary Renal Stage With Uraemis,

Case P.C.V. Haemoglobin R. B, C, MC.H M.C.H.C. M.C. V.
% gm. /100 ml. 10% per c.mm. wu.u, g % C. U

110 14. 3 6,400 224 3

142 15.4 7,250 21,3

147 1605 4,350 24. 4

155 192 6,000 18.6

159 L2 5,250 20. 3

162 6. 3 - 2,800 22. 5

163 16,8 7,400 22.7

165 _ 9. 9 3,500 28. 2

168 18. 2 7,150 25. 6

172 11.5 5,700 20, 1

176 LB 6,300 2dis

177 8. 4 3,950 21.6

185 12. 3 6,600 18.5

195 asulede. 4,550 24, 9

226 14.7 7,100 20,7

247 38 11.9 4,050 29..7 13. 3 93..7

300 5.0 2,200 22. 7

564 3e 700 50

390 SeD 3,050 28. 3

510 11,9 4,800 24,7

567 50 15 5,800 25.6

573 24.5 9.1 3,000 30. 3



Case

A8O

A260
A270
A340
AB8B5

P. C. Vo Haemoglobin
% gm. /100 ml.

18.9
9.2
15. 4
4.8

12. 8
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10%

R. B. C.
PEr C. M,

9,000
3,850
6,150
1,350

4,150

M.C.H. M.C.H.C. M C. V.
Vs Ue Zo % Ce Ue

2l

24. 2
25. 2
356 7

31. 2



