THE BACTERIOLOGICAL EXAMINATION OF THE RENAL
SECRETION IN CERTAIN OF THE ZYMOTIC DIS-

EASES, WITH SUBSIDIARY DIFFERENTIAL EX-
PERIMENTS.1

By C. J. Lewis, M.D, D.Sc., F.E.C.P.Ed.
From the Public Health Ighoratory of the University of Edinburgh.

At the outset of the investigation, it was desired to ascertain
whether there is gny elimination of pathogenic organisms by the
kidney in certain infectious {jseases, @and whether, from a public
health point of view, it is essential that the urine ghould, in these
diseases, be gystematically disinfected.

The presence °F specific micro-organisms in the renal secretion,
in cases of Zymotj_c disease, has been described by many observers,
more particularly in connection with enteric fever. The subject
possesses Dot only scientific interest, but is of serious practical
importance in relation to the spread of disease and the measures
to be taken in prevention of infection arising from this source.
Although disinfection ©of the fa?ces in enteric fever is recognised
as essential and carefully attended to, disinfection of the urine,
passed independently of the faces, has not been the routine

' Abstract of Thesis, presented for the degree of D.Sc. in Public Health, and
awarded the Gunning Victoria Jubilee Prize, 1901.
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practice, and the question of its continuous necessity throughout
the illness .y still be regarded as subjudice.

The report deals with enteric fever, scarlet fever, and diph-
theria, and is divided into four main divisiong? (1) Historical
consideration of the question of renal elimination of organisms;
(2) zymotic bacteriuria; (3) relation of cases examined, methods
and media employed, results obtained, and their comparison with

PTIOL research; (4) subsidiary differential experiments.

o I. Relnal Elimination. ?The general question of el:li.mination

_organisms by the kidneys has been tested by experiment o=
anlmals, with several organisms, by many observers, who have
arrived at different conclusions; some believing that bacterial
elimination may Pe a physiological function of the kidney, and
Othersl that no such function exists, and that if any passage of
bacteria through the kidney is allowed, it it in consequence of a
pathological condition of that ,rgan. The experiments and con-
clusions of Biedl and Kraus, Charrin and Buffer, Trambusti and
“laffucci, Enriquez, Klecki, Flitterer, Cornil and Brault, Kannen-
berg, Straus and Chamberland, Wyssokowitsch, Berlioz, Sherring-
ton, QOpitz and Metin, were quoted and compared.

Reviewing the general subject of remal elimination in the Jight
of the work of these and other observers, there must be pointed
OUt an jmportant distinction between elimination of organisms
by the kidney and the pagsage °f organisms in the yrine, whether
they gain access to it through the renal tubules or otherwise.
' the yidney did poggess the function of eliminating living
organisms from the blood, this power should be in active use
throughout the course of any illness in which organigms are found
. the plood, and there qught to be no difficulty it finding them
1N the urine, coincident at all times witli their presence in the
blood. In the majority of cases of infectious disease, however,
specific grganisms are not constantly present in the urine, and only
occur in a very moderate percentage of cases.

The healthy kidney possesses ™° power ©f casting °ut living
organisms, though it is able to remove the products of their
action; and any egcape Of bacteria through the kidney is only
accomplished when there is functional interference with the
integrity of the renal epithelium, ox some congestive ©F inflamma-
tory condition.

Bacteria ggeaping by way ©f the urine are ygually accompanied
by S?me other abnormal constituent; it may be blood, it may be
glfls' 't may be albumin. A kidney which will permit the pagsage

albumin may Pe believed, primdfade, to be capable ©of allowing
Fhe‘passa:ge of bacterj_al and this would lead us to expect that
M infectious diseases in which renal congestion and nephritis
°*¢ prominent complications, bacteria would be more ]ikely to be
present in the urine than in those diseases in which such com-

A
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plications are rare. Observations of typhoid bacilluria show that
albumin and pus are common but not invariable accompaniments.

From the point of view of pyplic health, it is ynimportant
whether gpecific organisms present in the urine entered it through
the renal tissue or at a later stage. It is, however, important to
decide whether, and in what zymotic diseases, the urine is voided
in a condition to spread the disease, should the organism find a
favourable environment. If in any particular disease bacteriuria
is found to occur, continuously o= at intervals, the prevention ©f
infection by such an avenue becomes as much a necessity as in
the case of channels earlier recognised.

II. Zymotic Bacteriuma.?The presence of specific bacteria
in the urine in cases of plague and enteric fever is now an estab-
lished fact, whilst in scarlet fever and diphtheria the difficulties
of proof are greater, Owing in the one case to some dubiety as to
its specific organism, and in the other to the difficulties of culti-
vation.

Plague bacilluria gy occur in the course of the disease or
during convalescence. The bacilli are present in 1arge numbers,
and are easily recognisable, are always associated with coincident
albuminuria, and persist into convalescence after recovery from
other symptoms . The urine may be a pure culture of plague
bacilli, but sometimes pus coccl are also present. Plague bacilli
and staphylococci have been found post-mortem in the kidneys.

Typhoid bacilluria.?The presence of the B. typhosus of Eberth
in the urine during enteric fever has been reported upon by =
large number of ohservers, whose results differ by as much as
100 pey cent. While some find it in gyery case With no difficulty,
others, even after careful examination, have failed to identify it
at all; and the geperal result is that at the pregent time the
bacillus is regarded as occurring in the urine in about 25 per cent,
of all cases. The earlier observations were made at a time when
the characters mnow known to differentiate the B. typhosus of
Eberth from the B. coli communis of Escherich and its allies were
unknown.

The experiments ©f Bouchard, Berlioz, Karlinski, Koujajeff,
Neumann, Silvestrini, Borges, Blumer, Wright and Semple, Besson,
Melchior, Flexner, Petruschky, Horton-Smith, Richardson, Carver,
and Grwyn, were related, and their results tabulated for compari—
sen.  The important point in estimating the value of these
researches, is the severity of the test to which the organism 18
subjected before acceptance =s the B. typhosus, There are so
many organisms which resemble it in many ways, ?notably the
B. coli communis, or rather its allies of atypical characteristics,
and the organisms described by Houston as B. typhosus simulans
A, B, ¢, and 1), and the organigm found by Bemy in stools in
cases of enteritis and gastrointestinal catarrh,? that meagre
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testing might easily result in the gcceptance of one of these as
the genuine bacillus. Horton-Smith's definition guggests the tests

which should be applied, and is as follows:?" A bacillus which
often showed 1ong threads, which pogsessed high motility, which
was provided with gjght to twelve or more cilia, which, however
long kept, did not produce gas i* gelatin o dextrose-gelatin
shake cyltures, while growing well in the substance of those
media,' Which' even gfter one month’ did not prodUCe indol in broth
cultures, nor clot milk; which, however, did produce slight acidity
I» milk after tyenty-four hours; and which, lastly, gave * posit-
1V€ reaction when tested with typhoid serum: then, and not till
then, I thlnk, one 1is justified in saying that it is really the i>.
typhosus."

With this T entirely agree, excep
Word 4fter in relation to the indol reaction to the word within,

since I believe that no fresh typhoid bacillus gives the indol
reaction in broth culture within one month, but some typhoid
bacilli certainly do so later. This will be more fylly referred to
in a note ou indol reaction in the latter part of this report.
Briefly summarised, it appears from the accounts of these observers
that? (1) Typhoid bacilluria is a condition of the later gtageg of
the disease, and, if the type be a mild one, occurs with or without
albuminuria of Sllght amount, but that it is more common in
severe types, and then ygyally occurs in the third and fourth
weeks, associated with a considerable quantity of albumin.
(2) Pyuria is apt to accompany the bacilluria in a large pro-
portion of cases. (3) It occurs in about 25 per cent, of all cases
’f enteric fever. (4) It is more a bladder condition than a renal
or the admini-
finds the urine
t it is found

t that I would alter the one

one, and is poggiply curable by antiseptic injections,
stration of antiseptic medicines. (5) The organism
® very suitable medium for growth, and when pregen
m. 8..1I.HOSt pure culture and in enormous numbers. The only
criticism of this summary which I desire to add has reference to
the prevalence, which I consider over-estimated.

Bactcriuria in scarlet fever.?Since the specific organism of
scarlet fever can hardly be said to be as yet generally recognised,
there is not much to be recorded as to its pregence in the urine;
hutl up to this time Klein's M. scarlatinal o= Streptococcus scarlatinal,
thl(ljh appears to be identical with the Streptococcus conylomcrcitus
(I)t Kllrt]_l, has most claim to recognition as the specific organism.

' necessary to mote that this organism has not as yet been
obtained in ‘the urine of scarlet fever patients. Klein has
pUbliShed the results of his investigation of the urine in three
cases during the stage of desquamation, and 1In none was a
streptococcus found.

. Bacilluria in giphtheria.?The B- diphtherial (Klebs-Loffler)
as bgen found in the kidney in fatal cases of diphtheria, as well
@s in jnoculated animals. Wright found it in the latter four times
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out of 151 examinations, and once in the former in fourteen
cases; further, in conjunction with gtokes, he found it in six cases
out of thirty-one, IR another series of nine cases Stokes found it
present in the kidney in four. Kiitscher also records finding it
once, and Kantliack and Stephens twice, out of three kidney
examinations in twenty-six fatal cases. These observations would
lead one to eXpeCt that B. dlphtherlal was not uncommon in the
urine; but, so far, the records and one's own experience show that
this is not so. Bujwid, indeed, records having found it in the
urine in conjunction With the B. tuberculosis in a case of tuberculous
kidney, but the symptomg were those of tubercle, and not of
diphtheria, = there 5+, have been accidental contamination.

III. Experimental.?

Methods.?The collection of specimens was at first confined to male
patients, so as to avoid as far as possible exterior contamination. The
catheter was seldom used. The meatus was carefully cleansed, and then
washed with a weak solution of corrosive syblimate, and micturition
was performed into a flask with a sufficiently wide mouth. This flask
had been previously thoroughly washed, dried, and plugged with cotton-
wool , over the plyg was tied a pijece Of filter-paper, and the whole
sterilised by 2 heat of 150? C. for one hour. At the bedside the plug
and filter-paper being removed for as short a time as possible, the urine
was pagsed direct into the flagk, the first portjon of the flow heing received
into one flagk, and the latter portion into = second similar flask. The
plugs and filter-paper were at once replaced, and the flasks removed to
the lahoratory. BOtR portions were examined, as = rule, though it was
expected that the former Avould be more likely to contain urethral
organisms, and sometimes only the second portion was examined
bacteriologically, the first pOItiOl’l being tested as to reaction and
albumin. Later in the investigation, specimens of the urine avere
occasionally taken from both male and female patients without these
precautions, With the gdvantage of increasing the number of gpecimens
without repeated trouble to the patients, and enabling serious cases to
be investigated without digturbing them. A disadvantage was, that ome
found more organisms in the urine, and consequently there was moxe
labour involved in the geparation of impure cultures, and in isolating
the different species ©f organisms present. The quantity of wurine
usually obtained for each gpecimen was about 150-250 c.c.

Laboratory procedure. ?From the sterile flask the urine was trans-
ferred to a narrow glags cylinder, previously sterilised with strong
sulphuric acid, and thoroughly washed with yater, and then with
sterile distilled water. Into this was passed 2 filter-bougie, either of the
Pasteur-Chamberland or jSTordtmeyer-Berkefeld pattern, which had
been gterilised, and which was connected by sterilised rubber tubing
with a filtering flask, which in its turn was connected with a safety
flask, and that with a Giesler pump attached to the main water tap.
The filtering flask was sterilised in the same ygay as the glass cylinder, i
it was desired to obtain a sterile filtrate, but in the ordinary examina-
tion of urines this was not necessary. The mouth of the glass cylinder
avas covered Avith sterile filter-paper during filtration.
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The urine haying been filtered through the bougie, by me=ns of the
suction pump, the bougie was removed, and its exterior washed into a
sterile beaker with 10 c.c. sterile distilled water, by means of a sterile
erShI- These washings thus contained all the organisms present in the
specimen of urine. After mixing by shaking the Avhole wgshings, a
portion, generally 0'G to 1 ¢¢,, was added, by means Of a sterile pipette,
@ tube of 10 c.. of ordinary o= phenolated PTOtR: The broth was
1nlcubated for one pight at 37? (., i.e. for about eighteen hours, and next
d<ly another tube of 10 c.c. of broth was inoculated from this, and
incubated for one hour at 372 C. Plates were then prepared, and if of
agar were incubated at 372 (,, if of jelly at 24" C. ALl plateg were kept
from one to two weeks, xinless liquefaction of gelatin rendered them
useless before that time. Each kind of colony in the plateg was
examined picrogcopically, and a series of cultures in ordinary °= special
niedia made of each. From these the characters of the different organ-
'1sms were ascertained’ and they were identified as far as pOSSible: and
1N all cases ;ufliciently to exclude known pathogenic species.

Incubation of the gpecimens ©f urine themselves for twenty-four t°
forty—eight hours, at 37?2 C. before cultivation, which in the hands of
Wright proved s=o effectual, was frequently tried, Put always Avitli dis-
agpointing results, since invariably the urine was found at the end of
that time to be gyarming With organisms, many ©Ff which were
coccl.

Plates were occasionally prepare
whole the method given above proved most satisfactory,
unnecessary to try the method, substituted by Carver, of yging cotton-
wool as the filter.

Media.?The media employed were
Peptone broth, () litmus broth; (3) phenolated broth (('(5 per cent.) ;
(4) nutrient jelly (10 to 20 per cent.); (5) glucose jelly (2 per cent.);
(6) jelly medicated with phenol (0%05 per cent.), formalin, the essential
oils ‘of peppermint, cloves, cinnamon, °r eucalyptus, °F rectified spirit;

n N .

(") Pemy's jelly; (8) agar-agar; (9 agar-gelatin; (10) Plood serum;
(11) potato; (12) milk; (13) alkali-peptone Pouillon (Peckham);
(14) casein-peptone solution; (15) tyrosin solution. The only one of
these whose preparation has not been publlshed is?

Casein-peptone solution.?This medium is thus prepared.
flask put 10 grpg. casein (commercial), add 250 c.c. of distilled water.

Mix by shaking. Raise the temperature t° 37? C. "When this tem-
lkaline with solution of sodium bicarbonate
of Griibler's

il direct from the uyrine, but on the
and rendered it

(1) alkaline 1 per cent.

Into a

perature is attained, render a
(10 per cent.), To the contents of the flask add 2 grms.
tr.ypsin (Kiihne), and shake thoroughly. Then keep for ome hour at
377 C." shaking occasionally during this time. Test reaction and make
alkaline as before. Keep for ome hour ]onger at 37? C. After this

time the mixture is boiled for three minutes. Then place the liquid in
Cool and filter,

Next acidify the
Filter

t}.le autoclave for one hour, under pregsure at 1107 C.
filtration is very slow when the reaction is alkaline.

filtrate with dilute acetic acid, which throws down a precipitate.

again, and obtain a clear filtrate. To the clear fluid add 1-25 grpg. of

sodium chloride. Make the reaction slightly alkaline to turmeric paper.

Make 5 quantity to 250 c.c. with distilled water. Tube and sterilise
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in the aytoclave, without pressure, £OF twenty minutes, on each of three
successive days.

Note, .?Before typhing, test = portion for indol and for peptone ; it should be
free from indol, and it should gjve with the biuret test positive indications of the

presence ©f peptones, The solution usually contains nitrite.

(A) Enteric fever.?Cases and specimens.?I obtained the urine of
forty—live cases Of enteric fever in the Edinburgh and Leith hospitals,
and examined 158 specimens, and in only omne case have isolated the B.
typhosus.

Widal reaction.?All forty-five cases gave 2 positive Widal reaction,
and illustrated clinically different types of enteric fever.

Sex and gge.?The forty-five cases were distributed almost equally
between the gexes, twenty-four being males and twenty-one females.
The ages ranged from 3 to 48 years, over 60 per cent, being between
10 and 30. The positive case was that of a female set. 27.

Severity.?The cases examined yere, on the yhole, of a mild type, and
only twe deaths occurredin the forty-five, showing = lower case mortality
than is customary in the disease. That the cases were a fair sample of
the disease, == occurring in this district, may e supported by = considera-
tion of the statistics of the Edinburgh and Leith hogpitals, which
show that, as a rule, the case mortality is not high.

Stages of disease.?The specimens were taken at all stages of the
disease except in the yeyy earliest days, and in time covered from the
first to the thirteenth week of the disease. Most of the specimens were
taken in the third, fourth, fifth, and sixth yeeks, when one might expect
to find bacilluria if it occur in any 1arge percentage of cases.

Albuminuria.?0f the forty-five cases, eighteen showed albuminuria
at one gtage or another; but of thege, six only contained mere traces in
unimportant amounts and of short duration, ten were characterised by
moderate amounts, and in only two were 1arge quantities of albumin
present.

Pyuria.?PuS was only observed in one cage, and then was accom-
panied by the B. typhosus and B. coli communis.

Bacilluria.?Owing to the specimens being sometimes taken without
strict bacteriological precautiong, the urine was seldom sterile or con-
tained a pure culture, PUt occasionally this happened, especially when
such precautiong were taken.  The gpecific organism w=s only present in
one case, but coliform bacilli were yery common, and their varieties are
discussed in a gpecial mote. A gpecimen which was taken pogt-mortem
contained a pure Culture of B. coli communis.

Media.?For enteric urines the media which proved most useful were
phenolated broth, plienolated jelly, and Remy's gelatin medium. In
the positive case the B. typhosug was recovered equally Avell in plates of

phenol jelly @nd Remy's gelatin medium, but the latter is preferable
where mixed cultures, and it be

may liquefying organisms, are
encountered.

The B. typhosus isolated from urine was submitted to all the tests
which distinguish it from B. coli communis, and which are enumer-
ated later, before it was accepted as undoubtedly Eberth's bacillus.

Methods.?With enteric yripes, in addition to the gepera]l method
formerly described, I tried other methods of treating the specimens, but
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The incubation of the urine at 310 C.

found none of tlieni superior.
results even in those cases in

bef.ore cultivation did not give satisfactory
which great care had been taken in collecting the specimen.

Direct cultivation from the urine itgelf, without filtration, occasionally
gave good results, Put only = small quantity of urine can be used in t'his
way, and, if negative, such a test alone would not warrant the conclusion
that there was no typhoid bacilluria. If the B. typhosus ¥*< present
10 pure culture, I believe direct cultivation would be good, but I have

On the other hand, by filtering" * large

not met with such a condition.
t and” in a fair
I

quantity of urine, ome obtains all the organisms presen . fal
sample ©of the yaghings can hardly fail to find the gpecific bacillus if it
5 present.

Case of typhoid bacilluria.?The patient was = female, s 2/, and
ber case was a serious one, with delirium as a main feature. The urine
contained = 1arge quantity of albumin and some pus; the albuminuria
clomrlnenced on the twenty-sixth day, and traces were present up to the
sixtieth day. The temperature fell to normal on the forty-fifth day ©f
the disease. The B. typhosus was present in the urine on the thirty-
eighth, forty-first, fiftieth, and fifty-first days, 3¢ first in large numbers,
and it was absent on the SiXty—second day. It was 0Ot pregent ™ pure

culture’ and was accompanied by B. coli communis and sometimes cocci.
The urine at first was loaded with urates, and one was not able to

recognise the "shimmer® described by Horton-Smith, or at that time

the characteristic turbidity.

Examined picroscopically, = drop
numMerous organisms, Poth motile and non-motile, .
later specimens were turbid, and the urine was always acid not

of the urine showed pyg cells and
but no casts. The
"y ith-

Standing the presence °Ff pus.
Typhoid bacilluria.?Comparing my experience With chat ?f
others, it appears to me that there are two types °f typhoid

bacilluria.
1. The one is a condition occurring in severe cases Of the fever,
that is to

the height of the disease
in the second fort-

a, often with
the urine con-

generally commencing during
say, seldom in the first fortnight’ frequently

night, or later, associated always With albuminuri
Pyuria, sometimes with lifematuria, diminishing @°
tains less glbumin, and disappearing = fev days °* = week aftelr Ehe
glbumln. This type may merge into the second type, especially
it cystitis has been set up, for this renders the disappearance of
tlllle Organisms U_nlikely to occur so early as in more favourable
plrcumstances. The case described above may be regarded as an
instance of this first type. .
2. The second type is characterised by its commencement 1n
the later stages ©of the disease (it may be after the temperature

has fallen to its : into and during convales-
normal), by persistence g

cence, even for wee and it be months, without causin
s, ay ) g
mild cases as

severe gumptoms, by its occurrence in Compara_tj_ve]_ : .
well as "in those which have been severe, and by albuminuria not

being an invariable accompaniment. There may be moxre or less
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cystitis, but it is not constant. I have not met this type in these
fortY‘fiVe cases, and I am satisfied that it is not so common in
Edinburgh as in some other placeg,

Prevalence.?At the present time, chiefly owing to the results
of Kichardson and Horton-Smitli, typhoid bacilluria is regarded s
occurring in 25 per cent, of all cases of enteric fever. I am con-
vinced that this proportion is too large, at all events it is not
.found in this district in anything like so great = percentage and
there are now a considerable number of observers who have
recorded a smaller percentage, notably Blunier and Petruschky.
The explanation is probably te be found in the type of disease.
I think if all the mild cases wrere examined as thoroughly == the
grave ones, @ considerably smaller ratio would be found to be the
rule. Taking my ©w= figures, the ratio would be only 2 to 3 per
cent., but then, as I have pointed out, the cases were not gevere,
and this percentage is probably less than the actual ratio. If it
be admitted that bacilluria results from the proliferation in the
bladder of gtray organisms Which have pagged through the kidney
from the plood, and if bacilluria cccur in 25 per cent, of cases, then
the bacilli must be in the blood in more than 25 per cent, of cases,
o= if only present in that percentage they Must escape every time.
Now Kiihnau's researches have shown that B. typhosus <a» only be
found in the blood in about 25 per cent, Of cases of enteric; and

if we accept this as approximately true, it would appear that the
kidneys eliminate or allow the passage of the organism every

time, but this is a conclusion pegatived by many experiments re-
ferred to in the section on renal elimination. To maintain the

bacilluric percentage at 25 per cent., it is necessary t© consider the
possibility of Organismal access to the bladder by another channel,
namely, through the anterior rectal wall, and this has been
Suggested, I believe, by Blumer. I prefer, however, to consider
that the organisms reach the bladder through the kidney, but in a
smaller percentage of cases than 25 per cent.

Bacilluria and the public health.?It is from the second type
of typhoid bacilluria that the health of the public has most to
fear.  Cases gpparently recovered pgy, still infect the community,
and pogsibly the Long Orton epidemic reported by Walker may
have been due to this cause. The fact that such a type Of disease
exists would guggest the necessity of = bacteriological examination
of the urine in each case immediately before discharge from
hospital or return to communal life. This is not the place t°
discuss the clinical treatment of hacilluria, but the most successful
drug for internal administration appears to Pe urotropin; and in
view of the yery small amounts of formalin which by experiment
I have found inhibitory to the B. typhosus, there is no dlfflculty in
Crediting the rapid beneficial effect of this compound'

Prophylaxis.?That the urine is indeed infective, and that the
organismg are not cast out in a state incapable °f doing harm, has
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been gofinitely proved by = case related by Petruschky, i® which
the infection was conveyed by = drinking glass which had been
used as a urinal. It is therefore imperatively necessary to dis-
infect any urine containing the bacillus, and for this purpose half
its volume of 1-40 carbolic acid golution, or Of 1 peyr cent, formalin
solution, or one-twentieth of its volume of 1-20U0 corrosive sub-
limate may Pe used. Intimate admixture of the disinfectant with
the urine is necessary £or half to one hour.

. Sterilisation by heat would be preferable, since it avoids the
I'isk of imperfect admixture, and it would not be difficult to devise
an efficient apparatus for routine use in such cases in hOSpital.

_(B) scarlet fever.?I have examined by the =ame method the
urine of sixteen cases of scarlet fever, fifty-one specimens being used
for cyltures, and I have found in seven cases, at one period ©r another,
streptococci, of which a description i appended. Specimens taken
with bacteriological precautions, as well as those not so tgken, contained
these gtreptococei.

' Phenolated broth and jelly were not used in these cases.
sixteen cases ten were males and six females, and their ages ranged
from 3 to 42 years.

Specj_mens were taken at all periods of the disease from the first
week to the fifteenth yeek, but mostly during the first six weeks.
Albuminuria was pregent in ten, and pephritis in five of the sixteen
cases.

Bacteriuria.? Two varieties of streptococci were met with and
described as gtreptococcus ! @nd Streptococcus 2-  Other organisms
which were pregent do not require description, being common, non-
pathogenic species, but the coliform bacilli are geparately described.

Streptococcus 1.?Morphology and cultural characters.?In 1 per
cent, peptone broth at 37? C.?In tyenty-four hours there is slight
general tyrbidity, and in a few days the growth is most marked at
the bottom of the tube in small coherent masses: this character be-
Examined in hanging-

Of the

comes more pronounced in a week or ten days.
drop, the elements are seen to be gipgle or in pairs, or in short chains of
four to six elements in each. The chains are seldom straight, but
appear incurvedl and the end elements are sometimes ]_arger’ more
spherical and refractile than the rest.

Indol reaction.?The organism gj_ves a positive indol reaction in broth
after several gaysg, generally eight to ten.

On agar at 372 G.?Small grey dots ¢oalescing to form a streak with
@ moist surface. The zgar fluid shows some growth in pags, and this
microscopically is the same as the broth culture.

In stabjelly at 24? G.?A delicate filmy sheath of slow growth, com-
posed of fine grey colonies, forms along the whole course of the stab.
At the deeper end there are isolated, rounded, small grey colonies, but
over the surface it gpreads 2= = greyish white growth, There is no
liquefaction or gug formation.

~In gelatin plate.?Small greyish white, =o= liquefying colonies,
circular in shape.
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: ? ? i
. In glucose]el.ly at 24? C.?Gas is formed after several days, less often
i twenty-four liours.

In milk at 37°? C.?Coagulatj_on Avith acid formation in forty-eight
hours.

On blood serum. ?AS on ggar,

In litmus broth.?Acid is produced in twenty-four hours.

Streptococcus ! was present in the urine in two czges, @and in both it
avas associated with albuminuria. It appeared late in the diseasel namelyl
in the fourth and tenth weeks respectively, and was not present later
when the albuminuria had ceased.

Streptococcus 2,?Morphology and cultural characters.?In 1 per
cent, peptone broth at 372 C.?After twenty-four hours there is slight
general turbidity throughout the tube, but the chief growth is inmass
at the pottom, whence it can be shaken , in viscid threads and
flocculent masses. After a few days there is marked general turbidity,
with large deposit at the bottom of the tube regembling pus in urine.
In ten days the broth is viscous and mucoid. With a power of 800
diameters, and examined in hanging_drop, the elements are recognised ==
cocci, either single or in pairs, but mainly in chains of short length,
consisting of six to ten elements, or it may be up tO twenty elements in
each. The elements are of small size.

Indol reaction.?Broth cultures give = positive indol reaction in a
Aveek or ten days, but in Casein—peptone solution the reaction is positive
on the fourth day.

On agar at 372 C.2A flat, Avliite-grey groAvth (not differentiated
into geparate colonies) Avith crenated edges and = moist glistening
surface. There is some growth in mass 1in the expressed fluid at the
bottom of the agar tube.

In gelatin plate.?In tAventy-four hours the colonies have a pearly-
grey opacity @nd a smooth, glistening, raised surface. If kept at room
temperature for = fortnight, the plate slicavs both gyperficial and deep
colonies. ~The gyperficial are Avliite, raised, 2vith yery slight central
depression, and resemble drgpg of avax. They have a glistening appear-
ance, a@and an outline rough]_y circular. The larger and older colonies
are sometimes concentrically ringed. The deep colonies are gpgll, and
are OAral or circular in shape.

In stabjel]_y( groAvth oceurs glong the Avliole stab as a AA'hite or Avliite-
grey sheath, and towards the bottom of the stab jgolated, rounded
colonies are formed. There is no liquefaction, and there may be some
gas production along the stab. On the surface of the jelly 2 Avliite
groAvth extends Avell over the surface, and has a more or less irregular]_y
crenated margin.

In glucose jelly 2t 247 C. gas is produced generally Avithin taventy-
four hours.

In litmus broth at 37? C. acid is produced rapidly, the colour chang-
ing in tAventy-four bours.

In milk at 39? C.?Coagulation and geparation ©f Avliey in forty-
eight hours, often in tAventy-four hours. The MA'hey is colourless and
acid in reaction.

On blood, serum the appearance resembles that on agar, but the

growth is, if anything, mere Avhite and plentiful.
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Streptococcus 2 was present in five cages, in only two of which was
the yrine albuminous.

Comparj_son and contrast with other organisms.?Referring to the
j_dentj_ty of the organisms here described as Streptococcus ! and 3, I
was for some time in doubt as to whether either was the same as the
Streptococcus scarlatina>. of Klein (Streptococcus conglomerates °F Ivurth).
Owing to the coyrtesy ©f Dr. Klein (3t whose request Dr. Gordon
mO?t kindly Supplied me with a culture of Dr. Klein's organism, for
which I am much indebted to hip), I was enabled to compare the
organisms and to satisfy myself that there were marked differences
between them.

Contrasting Streptococcus ! with Klein's organism, it resembles it in
the acid proguction and coagulation ©of milk, but differs in producing
gas and j_ndo]_l and in the minor degree of Coherency which it exhibits,
lhe growth in broth is both more diffuse and profuse.

Streptococcus 2 is not at all like Klein's organigm: the viscous
growth in broth alone would serve to discriminate between them, even
without the additional gualities Oof gas @nd indol production. My
experience of the gtreptococei has served to convince me that Gordon is
correct in stating " that chain formation is only an incident in the life
history of = streptococcus. "

Nothing is more gagy than from microscopic examination of the
unstained specimen alone to mistake the spindle and rod shaped
elements of a streptococcus £or = bacillus, eor to look ypop masses Of
cocel as poggessing me relationship to an organism whese chief morpho-
]_ogy is streptococcal. still further to deceive the casual observer,

streptococci show not infrequently large spherical elements which
c]_ose]_y resemble in size and refraction, and sometimes also in staining
properties, the spores Oof spore-bearing organisms, and may be, in fact,
something of = similar nature, as has been gyggested by Klein. These
things render it extremely difficult to discriminate the true nature of
the organism, which is only fully disclosed by = series of cultures, and
by a careful observation of its behaviour in fluid media.

Streptococcus of Baginsky.?Lately Baginsky and Sommerfeld have
described a streptococcus which they found in fOIty-tWO fatal cases of
§car1et fever to be present in the organs, the blood, and bone-marrow
in oyery case, and which they also found in the throat during life:

Its morphology and cultural characteristics, as described by them, are
very similar to those of Streptococcus 1, but I am not able to state
abso]_ute]_y that it is the same. The organisms appear t© agree in the
character of their growth ©n agar, the power of forming gas '" glucose
jelly, and of acid production With coagulation of milk, and in their
microscopic characters.

(C) Diphtheria.?I have examined seventeen cases of diphtheria
and forty-three specimens ©f urine, without in apny case isolating the

Y % y 1ng
L. diphtherial of Loffler. The media gpp]oyed were Somewhat different
from those used in enteric and scarlet cases, agar and agar-gelatin being
used for plates as well as nutrient jelly. No medicant was added either
to the broth or plates.

Of the seventeen cages, three were males and fourteen females, the

’ !

majority being under 10 yearg Of age, and the gpecimens were almost
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equa]_]_y spread over the first three weeks of disease, only a few being
taken in the fourth week. Albuminuria was present in live cases, and
Loffler's bacillus was present in the throat in fourteen cageg, either alone
or accompanied by cocci. Antitoxine had been administered in all the
cases in amounts varying from 3000 to 14,000 units.

Bacteriuria.?In two of the cases a bacillus, morphologically
bearing some resemblance to B. diphtherice, was present, but it was
decolorised by Gram's method, and was not the bacillus of Lijffler;
other organisms met with were cocel, coli, and fluorescens, which do
not require description, and a gstreptococcus, denominated Strepto-
coccus 3, which occurred in three cases.

Streptococcus 3.?Morphology and cultural characters.?In 1 per
cent, peptone Proth.?A turbid growth, without yigcosity, Put containing
coherent mass formations. The elements are gmgll, often in pairs, and
the chains ghort, with generally about six constituents. The broth is
not rendered acid. The indol reaction is positive on the twelfth day,
with or without the addition of nitrite as well as acid.

In gelatin plate at 24? C.?In twenty-four hours the colonies are
growing 2s grey, cloudy, granular colonies, superficially resembling coli,
and non-liquefying.

In stab jelly, a delicate growth of isolated grey small colonies along
the gtab, no gas or liquefaction.

In glucose jellyl shake culture at 24? C.?There is no gas formation,
but the organism grows in the medium without liquefaction.

In milk at 37°? C.?Coagulation ocecurs within a week.

On agar, = moist, whitish grey growth along the streak, not showing
individual ¢olonies, and not so copious 2s Streptococcus 2. In the ex-

ressed fluid, growth possesses the same microscopic characters as in
e g9 p P
roth.

IV. Subsidiary Differential Experiments.?

On various points connected with the regearch, subsidiary =x-
periments were conducted, the results of which are here brlefly
mentioned.

(a) Sterility of mormal urine.?Control experiments were performed
with the urine of healthy persons t° test the methods used in the
research, and gave satisfactory results. Such urine is more often sterile
than that of the gjck, possibly owing to the increased difficulty of col-
lection, or to the pregence ©f a larger number of organisms in the
urethra in the latter.

(b) Urine as a culture medium for B. typhosus.?Sterile urine of
healthy persons and of enteric fever patients was found to be a suitable
culture medium for B. typhosus, though in the latter the organism
moved with less of its characteristic rapid wriggle.

(c) Varieties of E. coli communis.?The typical form was by far the
most common, Put several atypical forms were met with , their deviation
from t}rpe is Sufficiently indicated in the Table.

Comparison between the varieties here enumerated and the com-
prehensive classification of wvarieties of B. coli communis, drawn
up by Dr. Gordon, shows that some of these corresponded very

closely.
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=

(a) Xo. 2 resembles Gordon's variety, vi-

N

(Jl) N >5 ) 5 Iv.

e - 6 - . . xiii

s 8 ) i ) N among the alkali
\ producers.

(e) ., 10 B . B xi.

(/) .72 - » . xiv.

(d) Tests used to distinguish I typhosus and 13. coli communis.?-
Reliance was placed upon? (1) motility; (2) flagella; (3) gas formation
(4) coagulation of milk; (5) growth on potato; (6) indol reaction within
certain limits; (7) rate of acid production in litmus proth; (§) AVidal
reaction, agglutination; (9) rate of growth in gelatin plate; (10)

in semi-solid media.
growth

Influence of B. coli communis on T. typhosus in mixed culture.??
Numerous experiments showed that the recovery ©f the B. typhosus
from the mixed culture depends on?(a) the vyigour of the stock of
typhoid organism used , (b) the time elapsed after inoculation of the
B. coli communis; (¢) the method used to geparate the organisms.

(e) Experiments with medicated media.?The medicants used were
phenol, formalin, sp. vin. rectif., and the essences of peppermint’
eucalyptus, cloves, and cinnamon, and many experiments were con-
ducted with varying proportions of the medicant. The conclusions
arrived at were? (g) That 005 o, cent, phenolated media would he
useful in restraining undesirable organisms present in the urine, while
allowing any typhoid and coliform bacilli to gy, (p) That formalin
was too fatal to typhoid to be used in examining enteric yrine, but that
0'0125 pey cent, formalin jelly might aid in deciding whether =
particular organism wa= typhoid or colon, since it is fatal to the
former, while allowing the growth of the latter, (¢) That the essential
oils likewise would be of little yge gince, except in the case of eucalyptus,
small quantities sufficed to preyent the growth of typhoid, and all of
them were less inimical to B. coli communis than to 13. typhosus. (d)
TJiat cinnamon and cloves were much more powerful than peppermint and
eucalyptus in restraining the growth of B. coli communis, (e) That
rectified spirit alone does not prevent the growth of either typhoid °*
colon bacillus unless present in very large proportions, and this 1is
especially the case as yegards B- coli communis.

(f) Note on indol reaction.?The indol reaction has been much
relied ypon 2° @ valuable distinction between B. typhosus and B. coli
communis. Within certain limits this is still the cage, but the reaction
is not a fundamental distinction between the organisms. Typical B- coli
communis gives the indol reaction in broth culture after incubation for
five days or less at 377 C., but there are atypical varieties in which the
reaction is delayed for yarying periods 1ip to 2 month, and there are
some which do not give it at all. That the typhoid bacillus would
ever giye the indol reaction in broth was unknown to pe, until I
happened to apply the test to some old cyltures, and found that it
did so. On investigation, I found that Chantemesse had previously
recorded the same observation, and that Peckham had found that
B. typhosus will assume the indol function under special conditions,
conditions which also favour the increase of indol production by the
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2! COJA communis, and which may in time cause the Ilatter organism to
79 1ts power of indol production.

A e J ne *um used py Peckham is termed Ly him walkali-peptone
ouil on,* and 1n it seventeen stocks of B. typhosus all gave indol by
® fourth generation, each generation representing three days' growth.

tiAPerlments were instituted to investigate the subject, and I found

2 . ' .

1.. In 1 per cent, peptone broth the B. typhosus ¥ill give the indol
reaction after incubation at 37? C. for ten to twelve weeks.

2-g- If mow this organism be inoculated into fresh broth, and incubated

2 it will give the indol reaction in seven to ten dayg; or if it be
P}éJAd on agar, and thence transferred to proth, the indol reaction may be
obtained in the same time.

3- If the B. typhosus be cultivated anaerobically ©» agar for six
yeeks at 37? ¢ and if then it be inoculated into broth and incubated
atn?bically at 372 C. for twelve days or a fortnight, it will give the indol
reaction.

The same bacillus cultivated apserobically in broth gaye the indol
reaction in ten to twelve weeks, much the same time as in aerobic
cultivation. :

' In 31kali-peptone bouillon the B. typhosus produces ndol.
not obtain the reaction in the earlier generations, and did not discover

¢ reason of the difference between Peckham's experiments and my

I did

©wn until I tested the alkali-peptone bouillon, and found that it con-
?uned either nitrite or some substance with a similar action. The
audition of acid alone gave the indol reaction at the twelfth generation
R- typhosus. Probably indol had been produced in the earlier
generations, in accordance with Peckham's regults, but excess of nitrite
a9 prevented the reaction.
The presence of nitrite in the bouillon before inoculation was proved
¥ othree egrs, all pogitive in their regults?(a) Indol + I12504; (b
ttetst;CEtaphenylene diamine test: (¢cJ] iodide of zinc and starch solution

0- The B. typhOSUS will in a suitable medium produce indol within

A Wee}{, usually on the fourth or fifth daY. I prepared a medium which

termed casein-peptone solution, the actual preparation of which has
Jeen detailed above, but is only tentative, since pOSSibly it could be more
simply prepared without loss of its value as a medium for testing indol

production.
This golution I found also contained a small quantity of nitrite,

u?h was not present in the Original casein.
? ' . .
. il casein-peptone solution, four stocks of B. typhogys, Obtained from
liferent sources, 2l gave the indol reaction by the fifth day. A most
lrnportant point in connection with the indol reaction is the amount
nitrite solution pequired in the test. Any excess of nitrite prevents
né reactiOIl, so the solution used must not exceed 0 02 per cent., and of
tnis 0-1 to 0'5 c.c. is sufficient to test 10 c.c. of broth or other medium.
It is well to remember that the medium may itself contain pitrite,
and to ahstain from using @ medium in which this is in excess.
(?) Tyrosin experiments.?Neither B- typhosus mer B. coli communis
produce indol when incubated in tyrosin solution (1 part of t}rrosin to
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2000 distilled yater), The addition of tyrosin solution to broth does
not intensify the indol reaction produced by B- coli communis, nor does
it induce the early production of indol by the B. typhosus. It is
unlikely, therefore, that tyrosin is = gtage in the production of indol
from peptone by these organisms.

Conclusion.?It isnot necessary here to recapitulate the results
of each section of the report; they have been summarised in their
respective portions. If may Pe advisable, however, to emphasise
one or two of the main facts.

1. That pathogenic organisms may Pe present in the urine in
some Zymotic diSeaSeS, notably plague and enteric fever’ but the

percentage of cases showing typhoid bacilluria is small.
2. That the spread of the infection of enteric fever by means

of the urine must be preyented in the interests of the public
health. Fortunately, the risk is not attached to every case, but
the insidious nature of the bacilluria demands that no enteric
fever patient should be digcharged from gsupervision, until the
absence of bacilluria has been proved. In those cases in which
bacilluria has occurred during the course of the (disease, its
cessation must be proved by bacteriological examination of the
urine, before the patient is allowed to resume ordinary life. It
would be a counsel of perfection to recommend a similar examina-
tion in all gages; DUL so large = percentage of cases never have gpy
bacilluria at a]], that this course would entail much ynproductive
labour. By careful daily observation in every case of the appear-

ance of the fresh yrine, during the fortnight before the discharge

of a patient, thephysician should note gpy cloudiness or turbidity,
or any Sediment. These are valuable guides as to those urines in

which further examination is desirable. The reaction of the urine
is no guide, since a normally acid urine may contain the bacilli,
alid is more likely, indeed, to contain a pure culture of typhoid
bacilli than an alkaline urine. The nature of sediments should be
determined, and all urines observed to be cloudy should be ex-
amined hacteriologically. By this course I believe that typhoid
bacilluria might be detected, and measures could then be taken
for the prevention °f infection by it

3. The influence of other organisms °» the B. typhosus in
mixed cultures varies with the relative vigour ©f the regpective

stocks thus mingled. The typhoid organism I usually the less
hardy, and as time goeg on there is greater difficulty 1% igolating it-

4. That there are a ]_arge number of organisms, intermediate
between the B. typhOSU.S and the B. coli communis, approximating

more or less clogely tO one or the other type. Their relationships
require further elucidation.

5. No fundamental distinction exists between B. coli communis
and B. typhosus in the matter of indol production. Both are
indol-producing organisms in suitable media. The indol reaction
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in 1 per cent, peptone broth is a valuable discriminative test
between the two organisms, only when the typhoid organism 18
freshly cultivated, and the B. coli communis is typical.

6. That cagein-peptone solution is the best medium for testing
powers of indol production.

7. That Remy's jelly, alkaline-peptone bouillon, -
peptone solution, are useful additions to the list of media.
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the genatus Academicus of the University °f Edinburgh, in allow-
ing nie to work as a research student in the Public Health
Laboratory ©of the University. I == very much indebted to
Professor Hunter Stewart for placing at my disposal the resources
f the 1aboratory, and for facilitating the work by much personal
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cordially, Dr. Ker, superintendent ©f the Edinburgh City Hospital,
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