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Che  Goulstontan Lectures

ON

THE TYPHOID BACILLUS AND TYPHOID
FEVER.

LECTURE I.!

MR. PRESIDENT AND GENTLEMEN,—In the Goulstonian
Lectures which he delivered nearly half a century ago
the late BSir William Jenner expressed in appropriate
language the feelings which shuulg guide the lecturer
in the choice of his subject. ‘It is fitting,” he said,
“‘that on this occasion the junior Fellow of the College
should treat only of matters concerning which he has
reason to hope his knowledge is inferior to that of his
hearers in a less degree than on any other.” In taking
typheid fever for my subject I trust that I may be fulfilling
these conditions. 1 propose to discuss the pathology of
the disease from its bacteriological aspect, for it is in this
direction that recent researches have most materially ex-
tended our knowledge. To-day I desire, after considering
spme important points in connexion with the typhoid
bacillus itself, to discuss the relationship which the latter
bears to an ordinary case of typhoid fever.

Sir William Jenner” in his classical paper, published just
B0 years ago, showed that in their clinical symptoms and
in their morbid anatomy typhoid fever and typhus fever
were separate diseases. A few months later, in a paper
read before the Royal Medical and Chirurgical Society,®
he supported his former thesis by proving, so far as inductive
reasoning could prove the point, that the specific causes of
the diseases were distinct. What the nature of the cause
might be he did not discuss. Indeed, the words which Dr.
Peter Mere Latham * had written some years before still

1 Delivered on March 20th.
2 On Fevers, London, 1893, p. 3; Edinburgh Monthly Journal of
the Medical Seciences, 1 :
3 Ibid., p, 139 ; Transactions of the Royal Medical and Chirurgical

Boelety, vol, xxxiii.
4 An Account of the Disease Lately Prevalent at the General Peni-

tentiary, London, 1825, p. 140.
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fairly well expressed the difficulty felt by even the very
ablest minds in forming any definite conception of the
pathology of the infectious diseases. Speaking of the
epidemic prevalent at the General Penitentiary in 1825 and
speculating on its cause Dr. Latham was obliged to confess
that *‘ the present state of our knowledge does not enable us
to ascertain what the essence of the disease was, and indeed
the search after the essence of any disease beyond the point
at which it begins to fall within the reach of the senses has
seldom brought the pathologist to any more certain con-
clusion than this—namely, that it consists in a morbid
disposition or action which is sui generis.,” In truth, no
further advance was possible until Pasteur had opened up a
new world for us by demonstrating the connexion of miecro-
organisms with disease.

As soon as this had been effected numerous observers
turned their attention to typhoid fever, each eager to
discover the micro-organism in question. This honour was,
however, reserved for Eberth’ of Ziirich who in 1880 suc-
ceeded in demonstrating in sections the presence of the true
typhoid bacillus in the spleen and mesenteric glands. After
its discovery and when its cultural characteristics had been
pointed out by Gaffky,’ it seemed an easy matter to identify
the microbe, one or two cultures alone being sufficient to
make certain of its identity. In 1885, however, the bacillus
coli communis was discovered by Escherich® and it rapidly
became evident that much greater care would have to be
exercised in isolating the real typhoid bacillus, Indeed, so
great became the difficulty in distinguishing the typhoid
bacillus from some wvarieties of bacillus coli that in 1890
Rodet and Roux, representing the Lyons school of bacteri-
ology, firmly maintained the view that distinction between
them was impossible ; that is to say, that by no morpho-
logical, cultural, or other tests was it possible to certainly dis-
tinguish the typhoid bacillus from members of the coli group,
and, in fact, that the typhoid bacillus was nothing more than
bacillus coli endowed temporarily with the power of producing
a specially virulent toxine and thereby causing the disease.
This we now know to be incorrect. It is, without doubt, true
that the typhoid bacillus is a member of the great coli family.
It is, in fact, nothing more than the member of that family
which by a process of evolution has acquired the most
highly specialised properties at the expense of some of the
more common cualities possessed by the bumbler members
of the group; but the view that the ordinary bacillus coll
communis can be converted at any moment into the typhoid
bacillus, or that the reverse can obtain, is not supEorte.d by
any evidence whatever, The species, though having a
common ancestor, are now absolutely distinct But t.huugh

5 Virechow's Archiv, Band lxxxi., 1880, and Band lxxxiii., 1881.
6 Mittheilungen aus dem Kaiserlichen Gesundheitsamte, Band ii., 1884,
T Fortschritte der Medicin, 1885,
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this is so, and though with care the typhoid bacillus can be
accurately distinguished from the other members of the
group, it is by no means a simple matter, and I propose to
dwell for a short time on the methods which should be
employed for making the diagnosis, more especially as no
definite criteria have as yet been agreed upon by bacterio-
logists, and consequently much valuable work has been
vitiated by insufficient testing of the isolated micro-
organisms.

THE IDENTIFICATION OF THE TYPHOID DBACILLUS.

In the first place, it may be said that there is not the
smallest difficulty in distinguishing the typhoid bacillus
from what may be called the classical bacillus coli communis.
They resemble each other superficially, but differ essentially
in that the typhoid bacillus does not, for example, form gas
bubbles in dextrose gelatine, does not clot milk, nor form
indol. The two can therefore be readily distinguished.
The difficalty, however, in diagnosing the typhoid bacillus
arises from the fact that the classical or typical bacillus coli
communis is by no means the sole representative of this
great group. Indeed, we now have to recognise the fact that
the term ** bacillus coli” does not refer to a single bacillus
but to a great group of microbes, some of which are
identical with the classical bacillus coli while others very
closely indeed resemble the typhoid bacillus. Innumerable
intermediate forms also exist. The credit of first thoronghly
bringing home this important point belongs to Dr. M. H.
Gordon ° of St. Bartholomew's Hospital who, in an admirable
%a.per published in 1897, very clearly demonstrated its truth.

r. Gordon obtained from various sources, such as stools,
urine, sewage, milk, water, &2., over 100 micro-organisms
which resembled the bacillus coli communis morphologically
and in its growth on gelatine and agar. He then proceeded
to investigate the attributes of each; for example, their
power of producing gas and indol, their capacity for
acidifying and coagulating milk, the number of their
flagella, &c. In this way he was able to demonstrate
clearly what had been foreshadowed by Lawes and
Andrewes,” that the 100 or more microbes, apparently
all similar, could really be divided into as many as
16 different and stable varieties, according as they had
lost one or more of the properties characteristic of
the typical bacillus coli communis, Large as the number
may seem, it by no means includes all the varieties known ;
indeed, to it we must now add several which resemble the
typhoid bacillus most closely —for example, Petruchsky'’s
bacillus facalis alkaligenes; Giirtner's bacillus enteritidis,
Nocard’s bacillus psittacosis, Giinther’s bacillus der fleisch-

8 Journal of Pathology and Bnnt.eriulugiy. 1897,
2 London County Council Reports, 1894
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vergiftung, Basenau’s bacillus morbificans bovis (sometimes
grouped together as *‘the Giirtner group ™), and many others,
such as, for example, Houston's bacillus typhosus simulans,
isolated from Thames mud. These micro-organisms are
important in themselves and they derive additional interest
from the fact that theyare not isolated bacilli but are merely
representatives of a large group, continually being added to,
from which the typhoid bacillus has to be very carefully
distinguished.

In making, then, the diagnosis between the typhoid
bacillus and its allies, on what tests should we rely ? 1t may
be stated at once that since no test is absolutely specific,
with the exception of the one introduced by Pfeiffer, which
in England at least is not always easy to perform, reliance
must be placed on a series of tests. Let us now consider
the most important of these and how they should be applied.

Morphology and moetility.—In the first place, it should be
noticed that an examination of the miecro-organisms under
the microscope often gives valunable indications provided
that a fresh gelatine culture be used (agar cultures being
much less distinctive) and that the examination be made
in a drop of broth. Under these circumstances the greater
length of the typhoid bacilli, their greater motility, and
especially the curious serpentine movement of the longer
forms, should at once suggest this micro-organism. Unfor-
tunately, however, it cannot do more, for Giirtner’s bacillus,
Giinther’s bacillus, and Nocard's bacillus psittacosis, unlike
the commoner varieties of the coli group, eractly resemble
the typhoid bacillus in these respects. Still, the tests
are of valne in suggesting the presence of the typhoid
bacillus and in excluding many of the commoner varieties
of bacillus coli.

Recently, however, it has been shown that bacilli exactly
resembling each other in appearance, size, and motility
may yet differ radically in the shape and number of their
flagella, and the point is of some importance in the
diagnosis of the typhoid bacillus. Thus the flagella of
this micro-organism are long and wavy and from eight to
12 in number on each bacillus, while those of the ordinary
bacillus coli are shorter and vary in number from one to
three. Until quite recently, therefore, it was thought that
here bacteriologists possessed an infallible means of
differentiating the two micro-organisms. But this is not
so, for though the majority of the members of the coli
group have but from one to three flagella, there are others
which possess more, while one or two of the higher members
of the group are multi-flagellated in exactly the same way
as is the typhoid bacillus. These variations in the number
of the flagella possessed by members of the coli family are
well shown in the accompanying reproductions from photo-
graphs, for which I am indebted to the kindness of
Dr. Gordon. We see from them that while very often












10

Cultivation tests.—I do not propose to say anything about
the growths of this great group of microbes on surface
gelatine or agar, for the shades of differences noticed are too
fine to be of any value as differential tests. Nor need I
delay over the potato culture, hallowed though it be by
tradition, owing to the fact that it was introduced by Gaffky
himself, who first succeeded in cultivating the bacillus.
The invisible growth, however, which may occur in the case
of the typhoid bacillus if the reaction of the potato be
suitable is not uncommonly also obtained with other
members of the coli group, especially the higher members,
and the test therefore becomes of but little use. 8o, too,
with Elsner's medium, at first so much vaunted. According
to my experience many varieties of bacillus coli grow on
it exactly like the typhoid bacillus, and the medium,
difficult at any time to prepare, becomes therefore
of but little value.

Dextrose-agar and dextrose-yelatine.—Extremelyimportant,
however, as differential tests are the dextrose-agar and
dextrose-gelatine shake cultures ; probably, indeed, of all the
culture tests they are the most important. Their value
depends on the fact, first pointed out in 1890 by
Theobald Smith,'® that typhoid bacilli, grown in a
medium containing 2 per cent. of dextrose, never decom-
pose the latter with the formation of gas bubbles, while
numerous members of the coli gronp do. Gordon, working
with dextrose-gelatine, found that of his 16 varieties 11 pro-
duced the phenomenon, while the remaining five did not.
Experience, however, shows that, contrary to the former tests,
the chief members of the Giirtner group, otherwise closely
allied to the typhoid bacillus, are sharply differentiated by
this test. Thus of the four examples which I have been able
to examine all gave a positive result. Petruchsky’s bacillus
facalis alkaligenes, however, is an exception; like the
typhoid bacillus it forms no gas bubbles. As a rule, too, gas
bubbles, if they are going to appear, generally are seen
within 24 or 48 hours; occasiopally, however, in dextrose-
gelatine at least, they are delayed, it may be as long as for
10 days. If this medium be used it is well, therefore, to
keep the tubes for a month before deciding that the reaction
is really negative—the tests, then, are of the highest value,
for though by no means conclusive in themselves, they yet
often effect a distinction exactly in the cases where it is
most required.

Litmus milk.—Another very important test is the litmus
milk test. Ouiginally introduced in 1891 by Chantemesse
and Widal,'! it was perfected in the following year by

10 Centralblatt fiir Bakteriologie, 1890, vol. vii., p. 504.
11 Soeidétd de Biologie, Paris, Nov. Tth, 1891, p. T47.
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Dunbar,'* who pointed out the importance of noticing the
change of reaction as well as the presence or absence
of coagulation. Grown in this medium and incubated
at 37°C. the typhoid bacillus rapidly produces a slight
acidity in the milk, but never, even after some months,
does it coagulate the latter. With the typical bacillus coli
communis, however, the reverse obtains, for the milk is
clotted in from 24 to 48 hours, while the amount of acidity
formed is greatly in excess of that ever produced by the
typhoid bacillus. What, now, are the limitations of the
test? 1. First, as regards the coagulation of the milk. Here,
again, as with so many other tests, it is by no means
infallible. Gordon found that 10 out of his 16 varieties of
bacillus coli clotted while the other six failed to do su;
moreover, of the four highly specialised members of the
group which I have examined each had lost this power
and so by this test could not be distingnished from
the typhoid bacillus. A point of great importance to
be borne in mind in conducting the test is that the
coagulation of the milk in these cases is not un-
commonly long delayed. As a rule it occurs within the
first four days, but it is by no means rare with the less
common varieties of bacillus coli to find it occurring first in
the second, the third, or even the fourth week after inocula-
tion of the tube. The lesson, therefore, to be drawn from
this fact is that every tube should be observed for at least a
month before stating that the result is negative. 2.
Secondly, with regard to the production of acidity. This, I
believe, is subject to less variation than the power of clot-
ting milk, that is to say, that most varieties of bacillus coli
form acid rapidly and form it more abundantly than does the
typhoid bacillus. But, unfortunately, the test fails when we
come to the more highly differentiated forms, for the Giirtner
group all produce approximately the same amount of acid in
milk as does the typhoid bacillus. So far I have spoken of
the acidity, noticed up to the end of a week, the time usunally
allowed by observers before the tube is cast aside. If, how-
ever, the tubes be kept for a month before being discarded,
as I have suggested, further important changes in the re-
action may often be observed. Thus even at the end of this
period the reaction of a typhoid milk culture is still nearly
always acid. Such, at least, has been the case in the great
majority of the different typhoid bacilli, over 20 in number,
which I have examined. Occasionally, however, the reac-
tion has been faintly alkaline. Supposing, however, we take
the cultivations not of the typhoid bacillus but of the other
highly specialised members of the coli group, bacillus
enteritidis and its allies, we find that in certain of them,
Giirtner's bacillus itself for example, at the end of a month
the reaction is highly alkaline and has acquired a curious

12 Zeitsehrift fiir Hygiene, Band xii., 1892, p. 491,
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but very definite slaty blue colour. Without going so far as
to aflirm that a typhoid bacillus could never give rise to such
a change of reaction we may say at least that it can only
rarely oceur, and we should do well, therefore, to regard all
such bacilli with grave suspicion until their identity with
the typhoid bacillus has been otherwise most fully proved.
We, may, then, affirm that the litmus milk test is of con-
siderable value as a means of distinguishing the typhoid
bacillus from the varieties of bacillus coli, if performed in
the manner suggested, that is to say, if the culture is kept
at 37° C. for at least one month. If discarded at the end of
a week, as is the usual procedure, valuable indications are
often lost.

Indol test.—Another test commonly applied to distinguish
the typhoid bacillus is the indol test, introduced by
Kitasato '¥ in 1889. The bacilli are grown in broth at 37° C.,
and the cultures are tested at the end of a variable time,
generally one week, to see whether indol is present in them
or not. Typhoid bacilli under these conditions never form
indol, various members of the coli group do. If the test is
to be of any real value, however, it must not be performed
before the end of one month, for in many cases the forma-
tion of the indol is much delayed. Even, however, if we
take a month as the standard the test not uncommonly fails,
and it should be noticed that this failure is especially
common among the higher members of the group. Thus no
indol was produced by any of the four members of the
Giirtner group which I have examined, and the test, there-
fore, as a means of diagnosis becomes of infinitely less
importance than the dextrose-agar or dextrose-gelatine test or
the litmus milk test.

Media of Capaldi and Proskaver.—We now come to
two tests for the typhoid bacillus which are too little
known. I refer to the media introduced by Capaldi and
Proskauer.’”* Into their composition I need mnot enter;
suffice it to say that in Medium I. the bacillus coli
grows readily and forms strong acidity, while the typhoid
bacillus will not grow at all: in Medium 1I., on the
contrary, while both grow readily the typhoid bacillus
alone forms acid. The tests, like all the others which we
have been discussing, bave their limitations; but that they
are of considerable value is shown by the fact that by means
of them two of the four members of the Giirtner group which
I have examinped, as well as Houston's four bacilli (bacillus
typhosus simulans, a, b, ¢, and ), were at once differentiated
from the typhoid bacillus. In these media, then, we have a
valuable auxiliary means of distinguishing the typhoid

13 Ibid., Band vii., 1889, p. 515.
14 Ibid., Band xxiii.,, p. 471.
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L

bacillus from the other members of the coli group, rendered
more important by the fact that the reaction is quickly given
(in from 24 to 48 hours) and that the media can be easily
prepared.’®

Serum test.—We may now pass to the serum test, the
most important of the tests which are commonly em-
ployed for the identification of the typhoid bacillus.
This test, however, like all the others, only becomes
of real diagnostic value if applied in the proper way.
A not uncommon method of procedure is to take a broth
culture of the suspected bacillus and to add to it
sufficient serum from a patient suffering from typhoid
fever to make a dilution of 1in 20. Should clumping oceur
within an hour, or it may be two or even three hours, the
bacillus is said to be the typhoid bacillus. Suoch a
method of procedure, however, is really of no wvalue, for
we now know that in very many cases the serum of
the typhoid fever patient is not a simple serum contain-
ing only the typhoid agglutinins but is a complex body con-
taining the agglutinins of other microbes as well, and often
those which we are most anxious to distinguish from the
typheoid bacillus. Moreover, even if a simple typhoid
serum is used—that is to say, a serum obtained from an
animal immunised artificially by injections of typhoid culture,
a fallacy may come in. Thus it is well known—it was,
indeed, pointed out by Durham '® in his earliest communica-
tion on the subject—that these sera are not ‘' specific " but
rather ** specialised.” The result is that if a very strongly
agglutinating typhoid serum is used and a dilution of merely
1 in 20 be employed a bacillus, allied to the typhoid bacillus,
but not the typhoid bacillus, may be clumped. Thus it was
shown that Giirtner's bacillus may be agglutinated under
these conditions, and other microbes of a similar kind
also exist.

How, then, should the test be applied so as to guard
against the possibility of such errors? In the first place,
where possible a simple typhoid serum should be used for the
test, that is to say one obtained from an animal highly
immunised against the typhoid bacillus. Where, however,
as is commonly the case, this is impossible, and a
serum from a tjl'[]]]hﬂid patient has to be employed, it
should be one which agglutinates strongly, at least in
dilations of 1 in 1000, and the following method of
procedure should be used. The serum should be tested
against the standard typhoid bacillus (agar cultures in
all cases being used) and the highest dilution in which a

15 Medium I. is composed as follows: asparagin, 0'2 ; mannite, 0-2:
sodium chloride, 0'02; magnesium sulphate, 001 ; ecaleium echloride,
0 02 ; mono-potassium phosphate, 0°2 ; and distilled water, 100. Medium
II.: Witte's peptone, 270 ; mannite, 0-1 ; and distilled water, 100.

18 Proceedings of the Royal Society, vol. lix., Jan, 3rd, 1896.
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complete reaction is obtained in one hour should be worked
out. When this is done then the unknown bacillus must be
tested in like manner so that the maximum agglutinatin
power of the serum towards it may be also determined. 1%
then the two prove equally sensitive towards the serum, each
giving a complete reaction in one hour to a similar high
dilution, then it may be said for certain, provided it las
answered the other tests, that the unknown bacillus is also
the typhoid bacillus; for experience shows that though a
typhoid serum may agglutinate other microbes, for example,
Giirtner’s bacillus, as well as the typhoid bacillus, yet it
probably never clumps the former in dilutions over 1 in 500
(Dorham)'” and indeed very rarely reaches such a height.
If, then, the serum test, applied in this way, bas given a
positive reaction and the morphological and cultural tests
are also affirmative, then we may be certain that the bacillus
is also the typhoid baecillus.

Variations in clumping power according to the culture used ;
necessity of using cultures on solid media in testing typhoid
bacilli.—Is, however, the converse true ! Are we justified in
saying that a bacillus which is only slightly sepsitive to a
strong typhoid serum is therefore not the typhoid bacillus,
even though in all other respects it may resemble the latter !
In other words, are all typhoid bacilli agglutinated by a given
serum to an exactly equal extent ? The majority of obzervers,
Wida',"® Bensaud,'® Durham,*" and others, have not noticed
marked differences in this respect, and they believe, there-
fore, that typhoid bacilli from every source are agglutinated
approximately to the same degree. Van de Velde,” how-
ever, from his observations on 20 different typhoid stocks
found very considerable variations in the clumping power.
The following observations are of interest in this coonexion,
for they show that using 18-hour broth cultures, as is now
the usual practice, undoubtedly marked variations in the
clumping power of different typhoid bacilli do exist. Inthese
experiments typhoid sera of different t.]rghnid clumping power
were tested against the laboratory standard typhoid bacillus
and also against typhoid bacilli isolated from stools, urine,
mesenteric glands, and spleen—bacilli which, be it remem-
bered, were found to resemble the typhoid bacillus in all
respects both morphologically and culturally. As a result
it was found that their clumping powers were by no means
similar, Thus in Experiment 1 and Experiment 2 the
bacilli isolated from the stools and urine of the same
patient were agglutinated to a somewhat higher degree than
was the standard bacillus. In Experiment 3, on the other

17 Tae LawcETr, Jan. 15th, 1898, p. 154.
15 Annales de I'Institut Pasteur, 1897, p. 384,
1% Thiase de Paris, 1897, p. 65.
20 Journal of Pathology and Bacteriology, July, 1896.
21 Bulletin de I'Académie de Belgique, 1897, ii., p. 261.
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hand, the bacilli which had been obtained in pure culture
from the spleen and mesenteric gland of a patient who died
from typhoid fever on the twenty-first day were found to
clump in a far less degree than the standard bacillus, while
in Experiment 4 the bacillus, which had been isolated in
pure culture from the spleen of a fatal case of typhoid
fever was found to have no clumping power at ali in a 1 in
20 dilution, though tested both against the highly agglu-
tinating blood of a patient inoculated against typhoid fever
and also against the milk of a patient who had recently had
typhoid fever and in whom this secretion was strongly
agglutinating. Experiment 5, also, is interesting. In this
case two standard typhoid bacilli, both of which, that is to
say, had been used in the routine work of the laboratory and
which were very sensitive to typhoid serum, were tested
against a feebly agglutinating serum, and the difference in
their agglutinable power was distinct. The one clumped
fairly in a 1 in 100 dilution, the other only in a dilution
of 1 in 20. (See Table 1.)

There can be no doubt, then, that if broth cultures be
used typhoid bacilli often differ markedly among themselves
in the ease with which they are affected by the typhoid
agglutinins. But is this difference constant and have we
here evidence of *‘varieties” of typhoid bacilli? It would
seem not, for if we use cultures on solid media (agar and
gelatine) this variability seems much less marked. This
was especially noticeable in the case of the bacillus in
Experiment 4, which, though it reacted like typhoid to all the
morphological and culture tests enumerated above and had
been obtained in pure culture from the spleen in an early
fatal case, yet neither was agglutinated by typhoid serum
when tested by Dr. Andrewes, nor by the typhoid milk
when tested by myself. Feeling certain, however, that the
bacillus mwas the typhoid bacillus I tried once more, but on
this occasion used an agar culture (18 hours), testing it
against a second sample of milk obtained from the same
patient as before, A very different result was now obtained.
After mixing the culture and the milk agglutination imme-
diately became apparent in a dilution of 1 in 20, and in a few
minutes was complete, while in a dilution of 1 in 500 a com-
plete reaction was obtained within the hour—a result exactly
similar to that given by the standard typhoid bacillus when
tested against the sample of milk now under consideration.

This same extraordinary difference in sensibility to agglu-
tination between broth and agar cultures I have noticed in
the case of five other typhoid bacilli, isclated from different
patients (and in a seventh case a similar result was obtained
on using a gelatine culture), so that probably it is not
really very uncommon. It is possible, too, that it shounld be
associated with a fact observed by Kraus.?? This experi-
menter showed that if broth cultures of the typhoid

22 Wiener Klinische Wochenschrift, August 12th, 1897, No. 32.
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bacillus be incubated for some days and be then filtered
the filtrate gave rise on the addition of typhoid serum to a
precipitate closely resembling in appearance that produced
by agglutinated micro-organisms. The reaction was specific
and only occurred when typhoid serum was added. It may
be that the constituent of the bacillary body, on which the
agglutinins act, and which thus seems normally to pass into
the surrounding liquid, may in some cases diffuse much more
easily, and even after 24 hours be no longer present in
the bacilli themselves. We should thus have an easy ex-
planation of the absence of the reaction in the broth-grown
bacilli and its presence in those obtained from solid media.
Be this as it may, the obvions moral to be drawn from the
fact is that in testing the agglutinable qualities of a sus-
pected bacillus cultures on solid media should always be
used, and especially therefore agar cultures.

So far, too, though my experiments are not numerous
enough for me to speak with certainty, I bave not noticed
more than slight differences between different typhoid bacilli,
provided agar cultures be compared. The experiments of
Dr. Klein,” however, showing that under abnormal condi-
tions the agglutinable property of the cholera vibrio can be
lost, should warn us not to be too dogmatic on this point in
the case of the typhoid bacillus. Indeed, the matter requires
further investigation.

Pfeiffer's test.—8Should, however, a bacillus be discovered
which culturally or morphologically resembles the typhoid
bacillus in all respects and which yet agglutinates but
feebly or not at all, then one further test must be applied to
it—namely, Pfeiffer's test. This consists in injecting into
the peritoneum of a guinea-pig a 10 times fatal dose of the
bacillus in question, together with a very small quantity
(0-001 cubic centimetre may be quite sufficient) of typhoid
serum from a highly immunised animal. If the bacillus
in question be the typhoid bacillus, then while a control
animal injected only with the bacillus will die this
animal will recover, the bacilli being converted first into
granular masses (Pfeiffer's phenomenon) and then gradually
disappearing under the influence of the lysogenic properties
of the serum. Such a serum, however, is apecific, and
can therefore only protect, in minute doses, against the
corresponding micro-organism. If, therefore, the bacillus in
question be not the typhoid bacillus, but some variety of
bacillus coli, the animal will infallibly die just like the
control animal. This test is of the highest importance, for
if properly performed a positive result i infallible. It is
unfortunate, therefore, that the test, owing to the difficulties
connected with it, cannot be made of more general applica-
tion. It should, however, always be applied in any case
in which there can be doubt as to the nature of the micro-

23 Report of the Medical Officer of the Loeal Government Board,
1896-184T.
o



18

organism. If, for example, a bacillus which should fail to
agglutinate nevertheless should react like the typhoid bacillus
to this test, then we must accept it as the latter.

Such, then, are the most important methods which we
possess for the identification of the typhoid bacillus. With-
out doubt by far the most important of these are the last
two, the agglutiration test carried out in high dilutions and
Pfeiffer’s test, but the others cannot be neglected. Indeed,
in view of the extreme importance of the subject it would be
well if before pronouncing any bacillus to be the typhoid
bacillus, more especially if it be found in some unusual
sitnation, whether within or without the body, the miecro-
organism were subjected, as a minimum, in all cases to the
following tests which for convenience I here recapitulate :
(1) morphology and motility (as observed on gelatine);
(2) flagella ; (3) gelatine and agar slope culture ; (4) dextrose-
agar or gelatine shake cultures, preferably the former; (5)
litmus milk (one month); (6) broth culture (no indol—one
month) ; (7) Proskaner and Capaldi medium 1 (no growth 48
hours) ; (8) Proskauer and Capaldi medium 2 (growth and
acidity 48 hours) ; (9) agglutination test (high dilutions—
1 in 1000 at least—agar cultures); and (10) in cases of
doubt, Pfeiffer’'s test.

These tests are long and tedious, but it must be borne in
mind that we know very few of the saprophytes with which
we are surrounded and that at any moment one may be
discovered haﬁggreater affinities with the typhoid bacillus
than those al y described. Remembering, too, the
history of our subject it behoves us to use exceptional care,
for only in this way can we hope that our results may with-
stand the just criticism of future observers.

THE TyYrPHOID BACILLUS AS A SAPROPHYTE.

-The life-history of the typhoid bacillus may be divided
into two great chapters—the one dealing with the bacillus in
its relation to the human body, the other describing its
existence after leaving the shelter of the organism. It is to
the former of these that I propose chiefly to confine myself,
for our knowledge of the latter phase of the life-history of
the micro-organism is as yet most limited. We are ignorant
indeed whether under the conditions found in nature the
bacillus can ever multiply and increase in numbers, or
whether after a longer or shorter duration it gradually dies
ouk.

The former view was recently brought forward by the late
Sir Richard Thorne Thorne from a consideration of the fact
that it was otherwise very difficult to explain the endemic
character of typhoid fever in certain towns and districts. At
the present time, however, the view is unsubstantiated by
bacteriological evidence. It is true that, as Dr. Sidney
Martin ** has shown, the typhoid bacillus can multiply if

H?T Report of the Medical Officer of the Loeal Government Board, 1896-
1897,
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implanted in organically contaminated soil previously
sterilised, but whether it would also multiply were the soil
unsterilised and were it therefore exposed to the inevitable
struggle for existence has not yet been shown. Indeed, the
work of Lawes and Andrewes who showed that the typhoid
bacillus rapidly died out if planted in sewage, whether
sterilised or not, would rather suggest the improbability of
its doing so.

Again, in support of the active saprophytic growth of the
typhoid bacillus the very careful observations of Lisener*
have been cited. In 1895 this observer, using all the means
of differentiation then at his command, was able to find
bacilli quite indistinguishable from the typhoid bacillus in
very various situations, for instance, in the intestines of a
pig, the water of his laboratory, and in a specimen of un-
contaminated soil. Unfortunately, however, neither the
gerum nor Pfeiffer’s test were then available, so that we are
not justified in concluding that the bacilli in question really
were the typhoid bacilli. On the contrary, the extraordinary
difficulty experienced in finding the latter in water obviously
specifically polluted would suggest that they were not.

We must allow, then, that so far there is no proof that
the typhoid bacilli can multiply outside the human body.
Our increasing knowledge of typhoid fever, too, enables us
to explain satisfactorily many outbreaks of the disease with-
out such an assumption. Thus it is fully established that a
person may, though apparently restored to health, remain
infections for months and years after an attack of the
fever—a fact in itself sufficient to account for many out-
breaks of the disease. If, too, we remember that the bacillus
has great power of resisting the effect of desiccation,
remaining alive, it may be, for over a year in the dried con-
dition (Schiller),*® it becomes easy to understand how bacilli
eliminated from the body may later pass into the atmosphere
in the form of dust and cause disease at long periods after
every fresh source of infection has been really removed.
These facts should, in many cases at least, render un-
necessary a belief in the actual growth of the bacillus
outside the human body. The question, however, is one
which the future alone can finally settle.

THE TOXINES OF THE TYPHOID BACILLUS.

The pathology and symptoms of any infections diseases are
intimately bound up with poisons elaborated by the micro-
organism in question. This subject was recently brought
before the College by Dr. S8idney Martin in his Croonian
Lectures, and I will not now do more than draw attention to
two points in connexion with the toxines formed by the
typhoid bacillus. The first point to note is that the poison is
for the most part intracellular. It is contained in the

25 Arbeiten aus dem Kaiserlichen Gesundheitsamte, ii., 1885, p. 207.
2% Ibid., 1889, Band v., pp. 312 to 319.
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bodies of the bacilli themselves and during their life passes
only to a comparatively slight extent into the surrounding
medium. Funck,*” indeed, came to the conclusion that this
never occurred, and this though he used both ordinary
bacilli and also those whose virnlence had been considerably
heightened by successive passages through the guinea-pig.
In both cases be found that if broth cultures were made and
incubated at 37°C. for at least a month and then filtered
through a Chamberland’s bougie, the filtrate was innocuous.
This, too, was my own experience, using a typhoid bacillus
recently isolated and possessing moderate pathogenic power.
Thus in the case of a rabbit whose initial weight was 1360
grammes I injected intravenously, in three successive doses,
184 cubic centimetres of a filtered broth culture, the latter
having been previously incubated at 37°C. for 42 days. This
was followed 10 days later by a single subcutaneous injection
of 18 cubic centimetres of the same filtered culture. A week
later the animal was killed, four weeks from the initial
injection. During the injections it had appeared in perfect
health, its temperature had remained normal, and at its
death it had gained 231 grammes. Post mortem, beyond
slight parenchymatous changes in the liver and kidney
pothing abnormal was observed. The poisonous characters
of the filtered culture were therefore in this case almost nil.

There is no doubt, however, that in some cases the toxines
do diffuse somewhat into the surrounding liquid. Thus Dr.
Sidney Martin ** was able on several occasions to produce
lowered temperature, diarrhcea, and eventually deatk, by the
injection of small doses (three cubic centimetres) of the filtered
culture. But although this is so, and thougzh there can be no
doubt that sometimes to a slight extent the toxines do pass
into the culture media, it remains true that the poisons are
for the most part intracellular—a fact at once proved by
noticing the incomparably greater effect produced on the
animal by the injection of cultures in which the bacilli bave
been killed, but their bodies have been allowed to remain
in the liguid. It may be accepted, then, that the toxines of
the typboid bacillus are for the most part contained within
the bacillus itself and are chiefly set free when the latter is
destroyed. The fact is of interest from a clinical point of
view, for it shows that even when the body bas acquired im
a case of typhoid fever sufficient bacteriolytic power to
destroy the bacilli we ought not to expect, in the absence of
antitoxin formation, of which as yet there is no evidence,
an immediate fall of temperature. The first effect, indeed,
of the destruction of the bacilli would be a further outflow
of poison into the general circulation, and only as this is
gradually excreted should we expect the temperature to fall.
In this way an explanation offers itself of the fall by lysis
which is so characteristic of the disease.

The second point which it is of interest to note is that the

27 La Sérothérapie de la Fidvre Typhoide, Bruxelles, 1896, pp. 34 to 38,
2% Oroonian Lectures, Brit. Med, Jour., vol. ii., 1898, pp. 11 and T3.
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toxine is a very feeble one as compared with those of certain
other micro-organisms. Thus, in order to kill a guninea-pig
of 300 grammes weight Sanarelli ** had to use a subcuntaneous
injection of 4'5 cubic centimetres of his toxine, while
in the case of tetanus Vaillard was able to obtain a solu-
tion 455505 cubic centimetre of which was able to kill
a goinea-pig. In the case of diphtheria, too, the dose
necessary may be extremely small. It is obvious, then, that
to explain the symptoms of typhoid fever the number of
bacilli present in the body should be very large, so that
sufficient toxine may be formed. As we shall see, this is
what does oceur. So far from being limited to one situation,
as in tetanus, the bacilli find their habitat in many organs
and in diverse situations of the body and are present in
enormous numbers.

EXPERIMENTAL TyPHOID FEVER.

Before a given micro-organism can be accepted as the
cause of a disease two points must be clearly established.
In the first place the organism must be constantly present in
the tissues of patients suffering from the disease, and
secondly, the bacillus, having been obtained in pure culture
and grown artificially through several generations, must be
able to reproduce the disease.

With regard to typhoid fever there can be no doubt about
the former of the two premisses. The bacillus is present in
the body in all cases of the disease. Indeed, this is so well
recognised abroad that puncture of the spleen with the
object of isolating the bacillus is one of the recognised
means of clinical diagnosis practised by the continental
physician. Is, however, the second premiss true. Can the
bacillus when reintroduced again give rise to the disease!
For a long time this was donbted, innumerable attempts
to reproduce the disease in animals, both by feeding and by
inoculation, having resulted in failure. Animals, in fact, as
a rule are not susceptible to typhoid fever such as it
occurs in man. The observations of Mr. Bland Sutton,*®
however, on the animals (lemurs, monkeys, beavers, &e.)
in the Zoological Gardens seemed to show that, under
certain conditions at least, the lower animals could
‘suffer from true typhoid fever. At all events, the clinical
symptoms in these animals, fever, in some cases of six
weeks' duration, and diarrhcea, the ulceration of the Peyer’s
patches and solitary follicles found post mortem, and the
mode of death, brought about in one case at least by general
peritonitis and in another by sudden hamorihage from the
bowel, gave a picture quite indistinguishable from the disease
occurring in man. Moreover, this disease was raging in the
neighbourhood at the time. It was reasonable, therefore, to
hope that further persistent effort might eventually result in

29 Aunales de I'Institut Pasteur, 1894, p. 199,
30 Transactions of the Pathological Society of London, 1885,
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roducing by means of the typhoid bacillus typical typhoid
ever, and it would seem that Remlinger has lately
succeeded where so many others have failed. His experi-
ments, it should be noticed, were carried on during the
summer in Tunis, and it is conceivable that the tropical
climate may by its effect on the animals have had something
to do with the successful result. Remlinger *! experimented
first on rabbits. His method consisted in feeding them on
vegetables previously socaked in water largely diluted with
typhoid cultures. Under this treatment and after a short
incubation period three of the eight rabbits used became
ill. The temperature rose gradually and remained raised ;
the animals were affected with diarrhcea and they refused
food and rapidly lost weight. The temperature charts
strongly resembled in appearance those of typhoid fever,
the temperature remaining up for from 12 to 16 days. In
two cases death followed and in one recovery. In all
three cases Widal's reaction, 1 in 50, was obtained from
the blood during life. In the two cases which died the

st-mortem appearances obtained were those of typhoid
?:ver, The ileum was found to be much injected, the Peyer’s
patches were swollen and hypertrophied, and near the ccum
there was some ulceration. The mesenteric glands were
swollen, the spleen was enlarged, and in one case diffluent.
In both cases typhoid bacilli were isolated from the latter
organ, With white rats, also, a very similar result was
obtained. It would seem, then, that there cannot be any
further doubt that typhoid fever can be communicated to
animals by means of the typhoid bacillus. The last link,
therefore, in the chain of evidence proving the causal con-
nexion of the bacillus with the disease may be regarded as
complete.

HuMmax TyYrHOID FEVER ; THE DISTRIBUTION OF THE
BaciLLus 1¥ THE BobDy.

I may now pass from the disease experimentally induced
in animals to typhoid fever as it occurs in man, and I propose
first of all to discuss the relationship which the bacillus
bears to an ordinary case of the disease. This may be best
effected by considering in such a case what are the
sitnations of the body in which the baecillus may be found.

Mesenteric glands and spleen.—Eberth,*? the discoverer of
the bacillus, was able to demonstrate its presence micro-
scopically in the mesenteric glands and in the spleen. He
did not, indeed, find the bacillus in all cases, but he was
successful six times in the spleen and 12 times in the mesen-
teric glands out of 23 cases which he examined. Further
investigation, however, not only confirmed his discovery but
showed that the presence of the micro-organisms in these

8L Annales de I'Institut Pasteur, 1897, p. 829.
32 Loe. eit., vide note 5.
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sitnations was constant. In rare cases, it is true, a culture
from either organ may remain sterile, but this doubtless
arises from the curious manner in which the bacilli are
scattered in little masses through the tissue so that
occasionally the inoculating needle fails to come in contact
with them.

Peyer's patches.—With regard also to the Peyer's patches
themselves and the solitary follicles of the intestine there is
no doubt that, if examined early enough, typhoid baecilli
may be demonstrated therein.

The liver.—Another organ in which the typhoid bacillus
is constantly present is the liver. Thus Gaffky found it here in
12 ont of his 13 examinations, and his results have been fully
confirmed. In the liver again, just as in the Peyer's patches,
the mesenteric glands, and the spleen, the typhoid bacilli
are found aggregated together into their little characteristic
masses. It might at first seem somewhat surprising that
the liver should contain the typhoid bacillus, but it is not
difficult to explain. As we shall see, the bacilli must in
all cases at some period of the disease pass into the blood
and hence be first carried to the liver. Now this organ, as
Lemaire * has clearly shown, undoubtedly plays a very active
part in eliminating the typhoid bacillus from the circulation,
even more so than the spleen. For both reasons, therefore,
it is easy to understand how the liver comes to be a constant
habitat of the bacillus in typhoid fever.

The bile.—This, however, has been known for long. Much
more recent is the knowledge that the bile in the gall-bladder
in the majority of cases contains the bacillus, very often in
pure culture. For this advance in our knowledge we are
especiaily indebted to Chiari®" who in 1893 examined the
bile in 22 cases of typhoid fever, and in 19 of them found the
typhoid bacillus therein. Moreover, in 15 of these it was
present in pure culture. Somewhat similar results had,
indeed, been obtained before experimentally., Thus
Blachstein and Welch #* in 1891 showed that if mild doses of
typhoid culture were injected intravenously into rabbits, on
examination after death the bile would often present a pure
culture of the typhoid bacillus. To Chiari, however, belongs
the credit of demonstrating the fact in cases of typhoid
fever in man and his observations have been fully confirmed.
Thus in 10 cases at St. Bartholomew’s Hospital in which
the bile was examined, in nine of them was the bacillus
found ; in each case also it was in pure culture. Flexner
was, however, less fortunate, finding them only in seven out
of 14 examinations. It shounld be noticed, also, that in

33 Archives de Médecine Expérimentale, Septembre, 1899,
2% Feitschrift fiir Heilkunde, xv., 159£ p- 195.
35 Bulletin of the Johns Hopkins Hospital, 1891, pp. 96 and 121
28 Quoted by Osler; Transactions of the Association of American
Physicians, vol, xii., p. 385.
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very many cases the micro-organisms are present in great
numbers, so that if a drop of bile be examined under a
microscope numerous bacilli may be seen.

The bone marrorw.—Another situation, also, in which the
bacilli have been recently demonstrated with great frequency
is the bone marrow. This was shown as recently as 1894 by
Quincke.*” He examined the marrow of the ribs in nine
cases and in eight of them he found the typhoid bacillus in
considerable numbers. In seven the bacilli were present
in pure culture. His method of diagnosing the bacilli,
it is true, left much to be desired: still there is no
doubt from the confirmation which his observations have
received that the bacilli found by him were really true
typhoid bacilli. At St. Bartholomew's Hospital the bone
marrow has been examined in six cases and in four of them a
pure culture of typhoid bacilli was obtained. In the other
two cases typhoid bacilli were not found, but only bacillus
proteus vulgaris and bacillus coli.

The Ridney.—We may now pass to another organ which
contains sometimes the specific micro-organism—namely,
the kidney. As a matter of fact, however, in contra-
distinction to what we have seen to be true for the liver, the
spleen, and the mesenteric glands, the bacillusis by no means
constantly found here. Its presence, indeed, is exceptional.
Thus, to mention only recent observations, Flexner® found
it here in one case out of four, in addition to two cases of
obvious typhoid septicemia in which the bacilli were found
in the blood and all the organs after death. Wright and
Stokes®® found it in three cases out of seven. For myself
I may say that I have examined the kidneys bacterio-
logically on eight occasions. Twice only were the typhoid
bacilli gﬂunﬂ, and in both of these the micro-organism was
present in large quantities also in the blood. In the remain-
ing cases the kidneys were sterile three times, and on three
occasions they contained bacillus coli communis, twice in
pure culture and once combined with bacillus proteus vulgaris.
We shall probably, therefore, be not far wrong if we con-
clude that it is the exception rather than the rule for typhoid
bacilli to be found in the kidney after death, though in rare
cases, as I shall show, it may become localised here and give
rise to an acute nephritis. Although, however, this is so, it
is probable that during life it is by no means uncommon for
typhoid bacilli to be carried every now and then in small
numbers to the kidney and then to be rapidly excreted into
the urine, for how else are we to explain the frequent ocecur-
rence of the bacilli in this excretion ?

The lung.—In other organs, too, the typhoid bacillus has
been described not infrequently, for example, in the lung.

37 Berliner Klinische Wochenschrift, 1894, p. 351.
3¢ Johns Hopkins Hospital Reports, 1895, val. v.
3% Hoston Medical and Surgical Journal, April, 1895, p. 333.
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Here the bacillus does undoubtedly occur, but not, I believe,
as frequently as is sometimes imagined. Thus, in five casesin
which I have examined the lung, in one only has the typhoid
bacillus been present, this being a case of thrombosis of the
pulmonary artery and infarction of the lung. In four others
(two examples of lobar pneumonia, one of hypostatic pneu-
monia, and one of simple congestion), the typhoid bacilli
were not found, though in two cases the bacillus coli was

resent in considerable numbers. The late Professor

anthack also had a similar experience, since in four cases
of broncho-pneumonia he was never once able to discover
the specific organisms, though bacillus coli was present on
more than one occasion.

In less suspected regions, too, as, for example, the testicle,
the typhoid bacillus may be present even in the absence of
any definite complication.

It will be seen, then, from what has been said that the
bacilli are found in uncomplicated cases of typhoid fever
with great constancy in the Peyer's patches, in the solitary
follicles, in the mesenteric glands, in the spleen, and with
great frequency in the red marrow of the bones and in the
bile, not uncommonly in the kidney, and sometimes in the
lung. In other organs, too, such, for example, as the testicle,
their presence has been discovered. The relative frequency of
their occurrence in these sitnations is shown in the following
table from the St. Bartholomew's Hospital post-mortem
records, the observations having been made by the late
Professor Kanthack, by Dr. Andrewes, and by myself.

TABLE II.—Showing the Relative Frequency of Occurrence of
the Typhoid Bacillus in the Various Organs of the Body.

X | Number of Typhoid bacilli
. times examined. | found.
Spleen .. | 21 20
Mesenteric gland... =l 13 12
Liver .. .. o e o 3 3
R e e e | 10 9
Bone marrow ... .. 6 g
Kidney ... ... ... 8 2
Blood from the heart... ... ... 10 2
L0 E R 9 1
Thyroid ... ... ... 1 0

It is evident, from a consideration of this table, that the
bacilli are always widely distributed in the body and there
would seem to be only one means by which such a wide dis-
tribution could be effected, and that is through the blood.
Are, however, the bacilli found in the blood?
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THE BLoOD.

In answering this question it will be well to consider first
of all the results which have been obtained from an
examination of the blood in fatal cases. In such cases,
though it is not by any means the rule to find the
typhoid bacillus in the blood after death, yet it occurs
there by no means infrequently. Thus Vincent'® found
the bacillus in one case out of four and Flexner *
in two cases out of six. Klein‘? recorded their presence
in two out of four cases, a similar result also being obtained
by Wright and Stokes. Lately I have examined the blood
after death on nine occasions, and three other cases are
recorded in our records at St. Bartholomew's Hospital.
Of these 12 cases two gave a positive result, the typhoid
bacilli being demonstrated in the blood with ease. Of
the remaining 10 cases, five were sterile, three con-
tained bacillus coli and bacillus proteus wvulgaris, and
two the pyogenic cocci. Table IIl. shows these results
more exactly.

TABLE 11I.—Shewing the results of Post-mortem Examination
of the Blood in Fatal Cases of Typhoid Fever.

Total number of cases examined, 12,

Sterile ... ... .. .. .. .. 5| Btreptococei and staphylococei 1
Typhoid bacilli ... <. ... .. 2| Baclllus coll... ... e e o &
Streptococei... ... ... we . 1 | Baecillus coli and proteus... ... 1

It is interesting to note in passing that one of the cases in
which the typhoid bacilli were found in the blood was that
of a girl who died on the fourteenth day from the *‘severity
of the disease ” and ‘* heart failure.” It is possible that not a
few of the cases which die thus early may really prove to be
cases of similar marked typhoid septiczzmia.

It will be seen, then, that out of a total of 30 cases in
which the blood was examined after death the typhoid
bacillus was found in nine of them. Evidently, then, in
fatal cases it is not uncommon for the typhoid baecilli to be
present in the blood in considerable numbers. But does the
same occur in nen-fatal cases during life, and is it
easy to demonstrate ihe presence of the bacilli in the
circulating blood? It may be said at once that it is
a matter of extreme difficulty ; indeed, it was held until
quite recently to be almost impossible. Seitz?® failed in seven
cases, Janowski ** in 27, Lucatello ** in nine, Klein *° in 10,
and Fraenkel and Simmonds*” in six. Occasionally, however,

40 Annales de 'Institut Pasteunr, 1893,
#. Loe. cit., vide note 38.
#1 Report of the Medical Offcer of the Local Government Board,

43 Jahresbericht iiber Pathologische Miero-organismen, 1886, p. 165.
4 (entralblatt fiir iologi p. B5T.
45 Jahresbericht tiber Pathologische Micro-or, smen, 1886, p. 176.
46 Loe. eit., vide note 42,
47 Centralblatt fiir Klinische Mediein, 1885, p. T37.

1
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a positive result has been recorded; thus Thiemich® was
once successful out of seven cases, Wiltschur (quoted by
Janowski) once in 31, and Ettlinger twice out of 10 cases.
Lastly, Stern‘® recently reports two successes and Block *
one. .In all seven successful cases are here mentioned
against 110 failures. As a matter of fact, however, these
_ results are misleading, for Kiihnau * has lately shown that
if much larger quantities of blood be taken than was used
by the earlier observers —five to ten cubic centimetres,
for example — and especially if the blood -be immedi-
ately diluted after it has been obtained, to diminish its
bactericidal power, then it is possible to obtain the
bacillus from the blood during life in a very con-
siderable percentage of cases. Working on these lines
Kiihnau was successful in 11 out of 41 cases. It
should be noticed, however, that the number of colonies
which developed were always extremely small, the total
number varying from two to nine. If, then, when we
examine only 10 cubic centimetres of blood we are able to
demonstrate the bacillus in 25 per cent. of cases of typhoid
fever, it is no rash assumption to believe that, were we able
to examine the whole, we should always find it in the circu-
lating blood during life. The reason why the bacilli are
not found in greater numbers in the blood during life
probably depends on the fact that in ordinary cases the blood
is an extremely bad medium for their growth. Indeed,
owing to its bactericidal power it is likely that such
bacilli as do not succeed in finding shelter in some
viscus are rapidly destroyed. This would not occur to the
same extent in fatal cases (perforation and similar cases
being excluded), for often it is owing to such patients

uiring this power that a fatal termination ensues, and on
this fact doubtless in part depends the greater ease with which
the bacilli can be demonstrated in the blood after death. We
may believe, therefore, as indeed we should expect from the
distribution of the bacillus in the body, that the micro-
organisms pass into the blood in all cases of typhoid fever.
They are, however, rapidly eliminated from it into the
various organs or destroyed. In rarer cases, on the con-
trary, probably always fatal, when the blood fails to
acquire bactericidal properties, the typhoid bacilli may
develop therein and be found after death in considerable
numbers.

THE TyprHOoID ERUPTION.

The general distribution of the typhoid bacillus in the
organs of a patient suffering from typhoid fever has now
been considered, and it is obvious from the facts brought
forward that typhoid fever is far from being merely an

48 Jahresbericht iiber Pathologische Micro-organismen, 1894, p. 265,
49 Centralblatt fiir Innere Medicin, 1896, p. 1249,
50 Bulletin of the Johns Hopkins Hospital, l&?. p. 119.
51 Feitschrift fiir Hygiene, vol. xxv., 1897.
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intestinal disease. Bearing this in mind it will be interesting
to consider the relation of the bacilli to the *‘spots”—the
roseolous eruption characteristic of the illness.

The early observers for the most part were unable to
demonstrate the presence of the bacilli in this lesion. Thus
Wiltschur,*2 Seitz,* Curschmann,* Merkel and Goldschmidt, **
and others in their numerous experiments all obtained
negative results, while Rutimeyer®® obtained one positive
result in six observations. 1In the light of these results
the statement of Neubhaus,”” made as long ago as 1886, that
he had obtained nine positive results in 15 cases, was
generally received with incredulity. It may be said, there-
fore, that until quite recently the received opinion was that
the spots in typhoid fever were not due to a local growth of
the typhoid bacilli, but were more probably due to the
absorption of the typhoid toxines into the general circulation.

Observers, however, were not entirely satisfied and con-
tinued working at the subject. In 1895 Thiemich** reported
that he had found the bacilli in the spots in three cases out
of seven, while early in 1899 appeared the important paper
by Neufeld,” which apparently explained the discrepancies
between the results of various observers. Neufeld argued
that if the bacilli really were the caunse, it was evident they
were only able to obtain their foothold in the skin and sub-
cutaneous tissue for a very short time, otherwise the spots
themselves would not be so fleeing—hence to find them
spots should be examined quite early in their development.
Secondly, to eliminate as far as possible the bactericidal
power of the blood itself, which would come in contact with
the bacilli as soon as the spot was opened, he advocated the
use of liquid culture media (broth) in order to dilute the blood
and so diminish this source of error. The value of these
suggestions was shown by bis results. He examined the
spots in 14 cases and in 13 he obtained a positive result.
His methods of testing the bacilli obtained were, it may be
stated, admirable. These results were confirmed in November
of last year by Curschmann * of Leipzig. Following Neufeld's
methods he examined the spots in 20 cases and in 14 he was
able to demonstrate the typhoid bacilli, certain of his negative
results also being evidently due to his having in some cases
chosen spots already beginning to fade. Lastly, within the
last few weeks, Richardson™ of Boston, an extremely careful
observer, reports similar successful results, the baeilli being
isolated from the spots on an average six days before the Widal

32 Quoted by Janowski. Loe. eit., vide note 44.
53 Loe. eit., vide note 43.
58 Der Unterleibstyphus, Wien, 1838,
5% Centralblatt fiir Klinische Medicin, 1837, p. 392
54 Ibid., p. 145.

5 Berliner Klinische Wochenschrift, No. 6 and No. 24, 15886.
58 Deutsche Mediciniseche Wochensehrift, 1885, No. 34, p. 550.

59 Feitschrift fiir Hygiene, 1899, Band xxx., p. 498.
60 Miinchener Medicinische Wochenzehrift, Nov. 28th, 1858,

;;}Juurnal of the Boston Society of the Medical Seiences, Jan. 16th,
1900, p. 110
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reaction was obtained. It should be added, however, that
the number of typhoid bacilli in each individual spot must
be very small, for though many observers have endeavoured
to demonstrate them microscopically therein, they have never
yet succeeded (Ernst® and Neufeld **). There would seem,
then, to be hardly any doubt whatever that the rose spots
are truly specific in nature and are the result of the direct
presence of the typhoid bacillus.

Tig EXCRETIONS.

Having now discussed the usual distribution of the specific
microbe in the various organs in an uncomplicated case of
typhoid fever we may turn our attention to the excretions,
for it is of great importance to know how far each of these is
infections. There are four which have been so described

with more or less frequency—the sweat, the expectoration, the
faaces, and the urine.

The sweat.—With regard first of all to the sweat.
There would seem to be & priori no reason why typhoid
bacilli should not be found therein, since there is no doubt
that the bacillus always passes into the blood. At present,
however, there is really no evidence to show that they do
ocecur in this excretion. Three positive observations have, it
is true, been recorded in addition to numerous negative
ones, but the observers, Geisler® and Sudakoff,”” seem to
have taken no special care to prove the identity of the micro-
organism found, and for the present, therefore, their results
may be disregarded.

The expectoration.—With regard to the expectoration the
case is somewhat different. 1 have shown that the typhoid
bacillus may be present in the lung in large numbers, and
whenever this occurs we must believe that the sputum will
always contain the micro-organism. Fortunately, however,
these cases are rare, but nevertheless we should always look
upon the expectoration in a case of typhoid fever, if there be
any, as a possible means of spreading the disease and should
take measures accordingly.

The feces.—The idea that the feces were the chief means
whereby the disease was conveyed seems to have been first
explicitly stated by Canstatt in 1847, and in this country
Dr. William Budd long and ably maintained this view.®®
Indeed, it is probably due to his enthusiastic teaching that
the doctrine of the intensely contagious character of typhoid
stools throughout the whole course of the disease has held

82 Ziegler: Beitriige zur Pathologisechen Anatomie, viii., 1890, p. 195.
83 Loe. eit , vide note 59.
6+ (Centralblatt fiir Bakteriologie, vol. xiii., 1893, p. 76T.
85 Thid., vol. xxv,, 1899, p. 5T5.
28 Faor an interesting, if somewhat highly-eoloured, deseription of the
dangers r&sulbiug from the stools reference should be made to Dr.
Budd's work on **Typhoid Fever,” London, 15873, p. 52
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its ground ever since. Lately, however, a distinction has
been drawn between the alvine dejections and the urine, and
though it is absolutely certain that excremental pollution in
its broad sense is the great cause of the spread of typhoid
fever, it is at the present moment still debated how great is
the share taken by the fseces and the urine respectively, and
at what period of the disease each should be re%arded as
most dangerous. In the early days of bacteriology no
difficulty was experienced in isolating the typhoid baeilli
from the stools. It was open to anyone to effect
this. The rapid progress of knowledge, however, soon
showed that these were not typhoid bacilli, out merely
bacillus coli communis or one of its numerous varieties,
and it was then recognised that so far from
being easy it was a matter of most extraordinary
difficulty to find the true bacilli in the faces. Thus
Walthelet °7 in 1895 could only isolate the micro-organism
in four stools, though he examined as many as 51. In 1896,
however, the introduction of Elsner's medium somewhat
facilitated matters and led at all events to renewed investi-
gations. As a result we may say that there can be now no
reasonable doubt that in the first and second weeks of
typhoid fever the stools are highly infections. The numerous
observations of Pollak,*® Jemma,” and Richardson™ show
that the typhoid bacilli can be found in them in practically
every case at this period of the disease. An extremely
important point, it may be remarked in passing, for it com-
pletely annihilates the fanciful but well-known theory of
Sanarelli that typhoid fever is primarily a septicemmia and
that the intestinal lesions are merely secondary. At later
periods of the disease, however, and also during convales-
cence, if care be taken to obtain faces uncontaminated with
urine, it is extremely difficult to isolate the micro-organism.
Thus Jemma,”™ Richardson,’” and Lazarus ™ all found great
difficulty at this stage, and my own observations bear out their
results, Thus out of 20 observations (Table IV.) made during
the later periods of the disease, sloughs being actually present
in the stools in some instances, in one only was a positive
result obtained, and in this case a relapse very shortly
followed ; though in the three cases in which the examina-
tions were made before the seventeenth day in each the
typhoid bacilli were demonstrated at the second attempt.

It would be wrong, of course, to assume that because the
micro-organisms cannot be demonstrated by our imperfect
technique after the beginning of the third week that there-
fore they dre not present. We have seen, indeed, that the
gall-bladder may contain a pure culture of typheid bacilli at

&7 Annales de I'Institut Pasteur, 1895, p. 252,
&% Centralblatt fiir Innere Mediein, 1896, p. T85.
@8 Miinchener Medicinische Wochenschrift, 1897, No, 33.
70 Boston Medical and Surgical Journal, 1897, p. 443; Brit. Med.
Jour., Dee. 25th, 1897, {
71 L. eit., vide note 63, 72 Loc. cit., vide note T0.
7% Berliner Klinische Wochenschrift, Dee. Sth, 1835, p. 1068.
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the patient’s death late on in the disease, and as a matter of
fact this condition may continue for weeks, months, and
even years after the primary attack, Whilst this lasts we
must assume that the specific germ is carried with the bile
into the alimentary canal, and we might therefore expect to
find it in the faeces. It is possible, however, that if present
only in small numbers the typhoid bacilli may be rapidly
destroyed as soonas they come in contact with the other micro-
organisms in the alimentary canal, for the toxines of not a
few of them are extremely inimical towards the typhoid
bacillus. This, however, though possible, has not yet been
actually proved, and at present the following are the facts of
which we are in actual possession. The specific micro-
organism can be demonstrated in the stools if care be taken
during the first and second and early part of the third week of
the disease and possibly during the early part of the relapse.
Later it cannot be demonstrated by our present methods.
It follows, therefore, that the fmces are highly infectious at
the commencement of the disease and that later they become
much less dangerous. How soon they become absolutely
innocuous cannot be stated, but we must be prepared for the
possibility of their remaining in some cases a source of
danger for long periods after the patient is apparently well—
as long, that is to say, as the bile continues to harbour the
parasite. It is quite possible, indeed, that certain epidemics
in which the sanitary conditions were at fault and in which
no obvious case of typhoid fever had been previously
imported may have been caused by cases of this kind—
epidemics which must always bave a high interest for us,
since it was from a consideration of them that Murchison
was led to formulate his belief that in some cases at least
typhoid fever could originate d¢ novo and which prompted
him therefore to name the disease ‘‘ pythogenic fever."”

The wrine.—Passing now from the stools to the urine,
the other great secretion by means of which typhoid
fever is spread—or, as I believe myself, the chief
means—I will only say now that, unlike the faces,
the urine only becomes dangerous in one out of every
four cases of the disease and that as a rule it is towards
the end of the disease or during convalescence that this
condition occurs. In one other point, too, we notice a
contrast and that is that while it is always difficult to find
the typhoid bacilli in the stools in the urine it is always easy,
for when they occur they are nearly always in pure culture
and not uncommonly they are present in such extraordinary
numbers that one cubic centimetre may contain as many as
500,000,000 micro-organisms. The danger of such a *‘ con-
stant supply ' needs no comment, though incidentally it
shows that our means of protection against the invasion of
the typhoid bacillus are much greater than is generally

supposed.
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CONCLUSION.

If, now, we consider the facts which have been brought
forward in connexion with the bacteriology of an ordinary
case of typhoid fever we obtain the following data. The
typhoid bacillus can always be found in the stools in the early

ods of the disease. It can also be demonstrated always
in the Peyer's patches and the mesenteric glands. It does
not, however, remain limited to these situations but very
soon and in all cases passes into the blood (from which it
can be very often isolated) and by means of which it is
distributed to the most diverse organs. Thus it can be always
found in the spleen and in the liver. It gives rise in the
skin to the typical eruption. It is in most cases present in
the marrow of the bone and in the bile. It is frequently
present in the urine, and is not uncommonly found in the
kidneys. Occasionally, also, it may be detected in the lungs
and sometimes in other organs.

And now we may ask, How do these facts bear upon our
conception of typhoid fever? The answer is clear. Any
conception of the disease which regards it merely as affect-
ing the alimentary canal only can no longer be maintained.
On the contrary, so far from considering it as an intestinal
disease pure and simple, we should rather look upon it as a
modified form of septicemia. It is septiceemia in that
always and in all cases the bacilli pass into the blood and
then into the various organs, and in that the symptoms,
excepting as far as they are intestinal, are referable to the
poisons there produced. It is a modified form, however, in
that in nearly all cases there is a definite local and primary
disease whence the secondary dissemination of the micro-
organism takes place.

Looked at in this way we have a ready explanation of the
fact that the severity of the disease bears no relation to the
number and character of the intestinal lesions. ¥or just as
a fatal septiceemia may originate in a scratch, so one or two
small typhoid ulcers may be quite sufficient to allow the
entry of the micro-organism and the development of the
disease.



LECTURE II.

MR. PRESIDENT AND GENTLEMEN,—In my first lecture I
discussed the bacteriology of an ordinary case of typhoid
fever. To-day 1 desire to consider abnormal varieties of
typhoid infection, and the relation which the bacillus bears
to the chief complications and sequel® of the disease.
Before, however, passing to this subject it will be well to
turn our attention for a short time to the question of
relapses, for recent work enables us to offer at least a partial
explanation of this interesting condition.

RELAPSES 1IN TYPHOID FEVER.

In the first place it must be allowed that a relapse is
nothing less than a complete renewal of the primary disease.
As a rule the whole cycle of changes met with in the first
attack is again passed through. Thus fresh intestinal
lesions are produced and a second generalisation of the
bacilli occurs, as evidenced by the recurrence of the typical
eruption. Indeed, the only difference which can be noticed
between the attack and the relapse is that, as a rule, the
duration of the latter is somewhat less than that of the
former, though even in this respect exceptions are by no
means uncommon. How, then, are we to explain this com-
plete re-infection, at a time, too, when the protection acquired
by the former attack has already begun to manifest itself ?
The experiments of Chantemesse and Widal and of Sana-
relli throw light on the matter.

Itis well known that the typhoid bacillus, whether isolated
from the tissues after death or obtained from the stools or
urine during life, has, for animals at least, but a low degree
of virnlence. If injected in large quantities into the peritoneal
cavity of a guinea-pig it is capable of causing death;
subcutaneously, however, as a rule it is without effect.
Chantemesse and Widal,* however, show that if in addition
to injecting the bacillus subcutaneously the toxines of the
streptococcus pyogenes are injected intra-peritoneally. then
the virulence of the typhoid bacillus becomes greatly
increased, so that after several such passages the typhoid
bacillus finally becomes so pathogenic that even by itself,
without the aid of streptococcus toxine, a small quantity
injected under the skin is sufficient to cause death within
24 heurs from general typhoid septicamia.

1 Delivered on March 22nd
2 Annalesde I'Institut Pasteur, 1892, p. 759.



35

The toxines of the streptococcus, however, are not the only
soluble poisons which, by diminishing the resistance of the
organism, allow of the rapid growth and increased virulence
of the typhoid bacillus. The toxines of bacillus coli and
bacillus proteus vulgaris may be used instead, as Sanarelli”
has shown. Now it is noticeable that these very micro-
organisms, the toxines of which when absorbed so assist the
growth and further the generalisation of the typhoid bacillus,
are normal inhabitants of the human intestine. In addition,
it is known that during typhoid fever they themselves, and
especially the bacillus coli, rapidly increase in number,
while their virulence becomes greater.® Lastly, in many
cases of the disease their toxines are absorbed, for, as
I shall show, it is by no means uncommon to find that the
blood of a typhoid patient is also agglutinated by the
bacillus enteritidis, while Lorrain Smith® has shown the
gsame to be true for other varieties of bacillus coli, evidently
proving that the toxines of these bacilli have been absorbed
into the system.

It is evident, then, that these facts offer us a clue whereby
to explain the occurrence of relapses. If in a given case at
the end of the attack the immunising properties have been
as yet but poorly acquired, only just in sufficient degree to
destroy the majority of the bacilli but leaving others intact,
and if under these circumstances a further absorption of
toxines from the alimentary canal should take place, then we
shall have all the conditions which will enable the typhoid
bacilli to acquire fresh virulence and to re-invade the
organism.

Further, the experiments of Sanarelli,® if they should be
fully confirmed, seem to lift this view from the domain of
theory into that of fact. Thus Sanarelli showed that it is
quite easy to produce experimentally a relapse of the acute
septicemic typhoid fever from which animals in general
suffer. All that is necessary is to inject into a guinea-pig
at first a dose not quite sufficient to be fatal. The animal
recovers, but for some time afterwards attenuated typhoid
bacilli may still be found in the purulent focus at the seat
of inoculation, If, now, in this condition a dose of toxines,
either of bacillus coli or of bacillus proteus vulgaris, be
injected into the peritoneum, the typhoid bacilli at once
acquire fresh virulence, the organism is invaded afresh, and
the animal dies from acute experimental typhoid fever. More
important still, on two occasions he was able to determine
such a relapse by injecting small quantities of the toxine into
the stomach and so into the intestines, thus exactly repro-
ducing the conditions occurring in the human subject.

It would seem, then, probable that auto-intoxication plays
a very important part in the causation of relapses—a con-

3 Ibid., p. T25.
) 4 Thid., 1894, p. 214.
$ Brit. Med. Jour., Jan. 28th, 1899.
* Annales de I'Institut Pasteur, 1892, p. T41.
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sideration, be it remarked, in favour of the antiseptic treat-
ment of the disease and one which also emphasises the
wisdom of the common practice of withholding solid food for
some considerable time after the normal temperature has
been reached. If this be given too early, before the digestive
juices have recovered their full power, marked fermentative
changes would be likely to occur in the undigested mass and
thus the conditions favouring a relapse would arise.

Is, however, the rile played by auto-intoxication limited
to its connexion with reFapses'l‘ May it not be of equal or
even greater importance, as indeed Chantemesse and Widal
suggest, in determining the primary disease? The knowledge
which we now possess concerning the enormous numbers of
bacilli which may be excreted from a patient suffering from
typhoid fever renders it more and more evident that the
typhoid bacillus is not the only factor necessary for the
production of typhoid fever. Were it so no one should
escape, least of all those who work at the disease. To
originate the fever other factors must coiperate after the
introduction of the bacillus. The gastric juice has no power
to destroy the micro-organism and it therefore always passes
into the intestine, and yet typhoid fever, as we see in cases
of epidemics, by no means always results. May it not be
that, in some cases at least, disease only follows when as
the result of some trifling derangement of the bowel the soil
has already been prepared by the absorption of toxic products
or, in other words, by auto-intoxication 1

TypPHOID FEVER WITHOUT INTESTINAL LESIONS.

In my first lecture, after discussing the relation which the
bacillus bore to an ordinary case of typhoid fever, I showed
that the evidence pointed convincingly to the view that the
disease was really of the nature of a septicemia—modified
septiceemia, it is true, in that in nearly all cases the primary
lesion is in a definite situation, but septiceemia none the less,
in that in all cases the generalisation of the bacilli throngh
the blood takes place, with the subsequent growth of the
organism in the most diverse organs of the body. Closely con-
nected with this more modern view of the disease is a ques-
tion which has lately been exciting much interest, whether,
namely, it is possible to have typhoid fever without intestinal
lesions—to have, in fact, a typhoid septiceemia without a
marked primary focus of disease. Evidently, from what bas
been said, there would seem to be nothing to prevent such a
variety of the disease occurring. Indeed, we might go
further and say even that we might expect it. The question
is one which can only be settled finally by bacteriology,
but it should not be forgotten that in reality this is no
new idea. It is, indeed, as old as our knowledge of
typhoid fever itself. Thus Louis? records among his cases
one (Observation 52) in which, while clinically the case

7 Recherches sur la Fidvre Typhoide, deuxiame édition, tome ii., p. 201.
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seemed undoubtedly one of typhoid fever, yet post mortem
there were no intestinal lesions. It is true that he
himself refused to believe that this and similar cases were
really typhoid fever, but such was not the opinion of all
his contemporaries. Since the time of Louis, also, many
similar cases have been reported from time to time, and of
late years a certain number with bacteriological examina-
tions. In all some 18 of the latter have now been described.
Of these a considerable number, especially those of earlier
date, have to be excluded for our present purpose, since the
tests applied to the isolated bacilli were not sufficiently
stringent. Bat even if we thus eliminate the cases of
Vaillard,” Karlinski,” Vincent,'? Beatty,!' Pick,'* Chiari and
Kraus,'* we are still left with others, which are almost
certainly representatives of this group, such as, for example,
those described by Du Cazal,’* by Dr. Cheadle,!* by Dr.
Bryant,'® by Flexner and Harris,'” and finally by Lartigau.'”
In these cases the patients, after having suffered during life
from a disease resembling typhoid fever, presented no in-
testinal lesions post mortem, but the typhoid bacillus was
recovered from many of their organs and often from the
blood of the heart as well. It is true that in none of
these cases was the reaction of the isolated bacillus to
high dilutions of typhoid serum investigated. Dilutions
of 1 in 20, of 1 in 50, and of 1 in 100 have been
made by different observers, but not higher, and a possible
source of error has thereby been introduced. BStill, remem-
bering that we are not dealing with a single case but with a
series of cases all of which present more or less similar
characters, remembering, too, that during life these patients
have often presented the typical symptoms of typhoid fever,
including the presence of rose spots, and bearing in mind
that some at least of them have evidently been exposed to
typhoid infection, other members of the family being ill with
typhoid fever at the same time, there cannot be any moral
doubt that the bacilli found were in truth the typhoid bacilli
and that this variety of typhoid fever does really exist. That
it is uncommon is proved by the fact that at St. Bartholo-
mew's Hospital no case has occurred during the last three
years, though Widal examinations have been made in all
suspicions cases as a matter of routine, and therefore such a
case if it had occurred could not have been overlooked.

% La Semaine Médicale, March, 1890, p. 99 ; Bulletins et Mémoires de
la Société Médicale des Hopitaux de Paris, 1890, p. 201,
4 Wiener Medicinische Wochenschrift, 1891, 1p . 470 and 511.
10 Annales de 1I'Imstitut Pasteur, Egl
11 Brit. Med. Jour., January, 1897, p. 148.
1% Wiener Klinische Wochenschrift, 1897, No. 4., pp. 82 to B6.
13 Feitschrift fiir Hellkunde, xviii., p. 471.
13;'3 Bulletins et Mémoires de la Société Médieale des Hipltaux de Paris,

15 THE LANcET, July 3lst, 1897, p. 254.
16 Brit. Med. Jour., April 1st, 1899,
1T Johns Hopkins Hospital Bulletin, 1897, p. 259.
1# Ibid., April, 1899, p. 5.
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It is interesting to speculate on the entry of the bacillus
in these cases. In this connexion an important fact strikes
one on reading the records of the post-mortem examinations.
It is that, though in all cases the intestine is described
as being quite natural, yet in nearly all we find that
the mesenteric glands were affected, being for the most part
enlarged, swollen, and reddened, very much indeed as we
find them in ordinary cases of typhoid fever. This would
seem to suggest strongly that in these cases also the bacilli
commonly enter the body through the intestine, passing,
however, directly through the intestinal wall into the
l;r,rmphatic glands, where they germinate and whence they
become generalised as wusual. The passage of micro-
organisms such as bacillus coli through an apparently
healthy intestinal wall is by no means uncommon. There
is no reason, therefore, to doubt that a similar passage
might be sometimes effected by the typhoid bacillus.

There would seem, then, to be the strongest evidence in
favour of the view that sometimes, though rarely, the
typhoid bacillus may pass into the blood and become
generalised in the organs, just as occurs in ordinary
typhoid fever, but without first causing any intestinal
disease, even though, as is probable, the bacilli enter
through the intestinal tract.

TyprHOID FEVER IN THE F@®ETUS.

In conpexion with this class of cases it is interesting to
notice that a very similar form of the disease is by no means
uncommon in the feetus. Indeed, foetal typhoid fever of the
primary septiceemic type is a frequent, though by no means
the only, cause of the abortion which so commonly occurs
during the disease. Experimentally it was shown many
years age by Chantemesse and Widal 1? that the placenta
formed no bar to the typhoid bacillus, and at the present
time a considerable number of cases are on record in which
the micro-organism has been found in the human fcetus.
One of the most interesting of these is the following,
observed by Dr. Andrewes, in the case of a fcetus from a
woman suffering from typhoid fever, who aborted in the
fourth month during the epidemic at King's Lynn. The
typhoid bacillus in this instance was found in pure culture
in the heart's blood and also in the spleen. Morpho-
logically (including flagella) and culturally in all respects
it resembled the typhoid bacillus while its agglutinable
qualities were so marked that for a time it was used as the
laboratory standard culture.

It should be noted, too, that in these cases, though the
bacillus may be found in the blood and in many of the
internal organs, the intestine is always natural (Etienne,®
Freund and Lévy,? and Janiszewski®*®), and this indeed is

18 Archives de Physiologie, 1887, p. 21'0.
20 Gazette Hebdomadaire, 1856,
21 Berliner Klinisehe Wochensehrift, Fﬂaﬁ. Bg.
22 Miinchener Medicinische Wochenschrift, 1893, p. "705.
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what we might expect, seeing that the bacilli having broken
through the placental barrier pass directly into the circulating
blood without coming first in contact with the alimentary
canal. Typhoid fever, then, in the feetus is an example of
a primary typhoid septicemia.

LocAL TyprHOID INFECTION.

We have seen, then, firstly that ordinary typhoid fever
consists in a primary intestinal lesion followed by a
secondary generalisation of the bacilli, and, secondly, that
cases may occur, very similar, clinically, in which the
septiceemia is present but in which the primary focus of
disease is wanting. We may now ask ourselves whether it
is possible for the typhoid bacillus to produce merely a local
disease without there being any symptom of general infec-
fion at all. Analogy would lead us to believe that this
might be possible. Thus the pneumococcus is the s (fae-:uﬁc
cause of acute pneumonia, but sometimes it may produ
fatal septiczemia, and, again, in other cases it may give rise to
merely a local disease such as an otitis media. As regards
the first two lesions, therefore, it presents an almost exact
parallel with the typhmd bacillus, and we have now to ask
whether the parallel may not be drawn yet closer by an
agreement on the third point. Experimentally in the lower
animals there is no doubt that this is the case. Thus it has
been shown by Dmochowski and Janowski ** that in dogs and
guinea-pigs, if a subcutaneous injection of typhoid bacilli be
made under certain conditions no general disease follows but
merely a localised abscess. We might, therefore, expect
that cccasionally in man a similar result might occur if from
any cause the general resistance of the orgamism to the
typhoid bacillus be increased. Two cases at least of this
kind have been described and probably a third, two being
examples of cholecystitis and one of cystitis. The first case
to which I may refer is that of Dr. Coshing.** The patient
was a woman, aged 26 years, who, with the exception of an
attack of pneumonia 10 years before, had never had any
illness whatever, the history being perfectly clear on this
point. She was admitted into the hospital with pain in the
right hypochondrium which had attacked her five days
before and had continued since. Her temperature was
101° ¥., but it fell the next day to normal and
remained down. The total duration of the fever there-
fore could not have been more than seven days at the
most. The pain soon left her and a tumour, which proved
to be the enlarged gall-bladder, was then felt. A fortnight
later, the patient continuing well, abdominal section was
performed and the gall-bladder was found enlarged, inflamed,
and containing 15 stones. The typheid bacillus was found in
pure culture in the contents of the gall-bladder. The

23 Fiegler's Beitriige zur Pathologischen Anatomie, 1895, Band xvii.
Heft 2, p. 221

24 Johns Hopkins Hospital Bulletin, May, 1858,
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patient made a rapid recovery. Here then we have a case
of typhoidal cholelithiasis and cholecystitis, but without any
evidence of typhoid fever, such as we understand it, having
occurred at any time.

The case recorded by Dr. T. Houston #° is also very similar.
In this case the patient had suffered for three years from
symptoms of cystitis. The trouble began soon after she
had been nursing a child who had died from *‘diarrhcea,”
but she herself had never had at any time any illness to
suggest typhoid fever. After the symptoms had lasted for
three years a bacteriological examination of the urine was
made. It was found to be acid, to contain some pus and
typhoid bacilli in pure-culture. '

In the third case, one of cholecystitis, recorded by
Hunner,*” the patient’'s symptoms, mostly attacks of severe
pain in the right hypochondrium, had lasted on and off for
some three and a half years. Operation was at last performed
and the gall-bladder was found to be greatly distended and to
contain pus. Typhoid bacilli were obtained in pure culture
from the latter. In this case, however, the patient had had
what she described as ‘‘remittent fever” 18 years before,
so that it is conceivable that we are here dealing with a
case of prolonged retention of typhoid bacilli within the
body and not a local infection. The evidence, however,
seems to point to the latter.

These cases, tnen, lend support to the view that the
typhoid bacillus is capable of causing sometimes merely a
local disease, and it is probable that with the increasing
number of careful bacteriological examinations now being
made similar cases will soon be described.

COMPLICATIONS OF TyPHOID FEVER.

We may now pass from typhoid fever itself to a considera-
tion of the complications and sequele which occur so
frequently in connexion with it and which form so
important a part of the disease. In considering them it was
impossible not to be struck with the fact that we have no
very comprehensive data concerning their frequency in
England, none, at all events, comparable to those collected
by foreign observers, and since there is no doubt that in
different countries the relative frequency of various com-
plications differs much it seemed that it would be of
interest to analyse the results of the post-mortem examina-
tions in cases of typhoid fever which have occurred at St.
Bartholomew’s Hospital during the past 30 years. The
results are given in Table V. In all 300 post-mortem examina-
tions have been analysed, but, all the viscera not having
been examined in each case, the percentages often depen
on a smaller namber. This, however, is noted in the ta.ble

25 Brit. Med. Jour., 1899, vol. i., p. T9.
28 Johns Hopkins Hospital Bulletin, August and September, 1889,
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TABLE V.—BHOWING THE RELATIVE FREQUENCY OF THE
VARIOUS CoMPLICATIONS oOF TypHOID FEVER AS
THEY OCCURRED IN THE FATAL CASES EXAMINED AT
ST. BARTHOLOMEW’S HOSPITAL DURING THE PAST 30
YEARS,
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V.— Continved.
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If, now, these results be compared with those of other
observers as, for example, with the elaborate statistics
obtained by Hoélscher® from the Munich records, it will at
once be seen that whilst some of the figures agree well
together others show the most extraordinary differences.
Thus, to name a few, while broncho-pneaumonia, empyema,
and meningitis seem to occur as frequently in London as in
Munich in conuexion with typhoid fever, ulceration of the
larynx is nearly five times more frequent in London, while
perforation occurs in 306 per cent. of our cases as compared
with only 5'7 per cent. in Munich. In London, that is to say,
nearly one out of every three fatal cases is due to perforation;
in Munich only one in 17—a truly extraordinary difference.
On what exactly these great variations depend it is difficult
in all cases to say, but the figures obtained at any rate
clearly show the danger of believing that foreign statistics
r]::::ia}' represent even approximately the condition of affairs at

ome.

In considering the complications of typhoid fever one is
naturally tempted to try to divide them into two great
groups according as they are truly typhoidal—produced, that
is to say, by the typhoid bacillus—or merely the result of a
secondary infection by the pyogenic cocci. This, however,
is impracticable, for, as we shall see, it is not uncommon for
a given complication to be in one case homologous and in
another heterologous in nature. Nevertheless certain com-
plications are especially associated with the typhoid bacillus,
and to a consideration of them I now propose to turn.

NERVOUS SYSTEM.

Meningitis —Two complications referable to the nervous
system may occur in typhoid fever, meningitis and neuritis.

oth agree in being uncommon, both, too, in being truly
typhoidal. The rarity of meningitis is well shown by the
fact that it only occurred once in 117 cases at St. Bartho-
lomew’'s Hospital, the Munich records also in this case
giving a very similar percentage. From the literature Keen *
has collected 15 cases in which a bacteriological examination
was made, and in all of them the typhoid bacillus was
described as being present in the meninges and the
meningeal exudation and in a considerable proportion in
pure culture. Some of the cases doubtless are open to
criticism, but the later ones, and especially one by
Ohlmacher,*® have been carefully worked out and may be
accepted. Meningitis, then, occurring in typhoid fever,
unless it be secondary to otitis media, should for the most
part be regarded as directly caused by the typhoid
bacillus, and to typhoid fever so complicated the term
‘“ meningo-typhoid " may be justly applied. It should be

27 Miinchener Medicinische Wochenschrift, 1891, p. 45.
2% The Surgical Complications and BSequels of Typl:lzmid Fever,
London, 18398.
28 Journal of the American Medical Association, 1897, p. 419.
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noticed, also, that in these cases the usual clinical symptoms
of meningitis, strabismus and opisthotonos, are not as a rule
present, but simply delirium or profound unconsciousness
and coma. It is probable, too, that if the meninges were
examined more frequently, especially in cases with severe
nervous symptoms, the typhoid bacillus would be found not
infrequently in this situation even in the absence of definite
meningitis.

Neuritis.—The pathology of neuritis occurring after

phoid fever was not at first so clear. Thus it had been
found by Dr. Sidney Martin® impossible to produce an
artificial neuritis in animals by the injection of typhoid
toxines, even though these were powerful enough to give rise
to fatty degeneration of the beart and to kill the animals.
It was conceivable, therefore, that it might be due to some
secondary infection. Recently, however, Nicholls? in a
very careful paper has shown in the case of the rabbit, that
if the bacilli themselves be injected and the dose of poison
thereby be greatly increased, then neuritis follows. Experi-
mentally, then, the typhoid poison is capable of producing
neuritis, and there seems no reason to doubt that when this
complication occurs in man it is in general due to a similar
cause.

RESPIRATORY SYSTEM.

The complications affecting the respiratory system in
typhoid fever are numerous. Among the most important we
may class ulceration of the larynx, bronchitis, and pneu-
monia, both lobar and lobular. Of these, bronchitis and
broncho-pnenmonia need not detain us long, for though of
very great importance clinically their pathology seems clear.
They are examples of a secondary infection and are produced
by the rapid growth under the influence of the fever of the
pnenmococel, streptococei, and staphylecocei, normally
present in the respiratory tract.®*

Uleeration of the larynz.—Ulceration of the larynx, how-
ever, deserves a more special mention, both on account of
its frequency (it occurred in 25 per cent. of our post-mortem
examinations) and also because the condition was for long
regarded as a specific part of the disease, the ulcers being
looked upon as directly caused by the typhoid bacillus, in
exactly the same way as are the ulcers of the intestine. The
observations, however, upon which this view depended were
made at a time when the widespread distribution of bacillus
coli communis was unsuspected, and therefore cannot be
relied upon. Moreover, the late Professor Kanthack and
Dr. Drysdale,® in their interesting paper on this subject,

30 (roomian Lectures, THE -LAXCET, 1898, vol. i., pp. 1665 and 1737,
wol, ii., pg. 1 and T1.
31 Journal of Experimental Medicine, veol. iv., 1899, p. 189,
32 Horton-Smith : St. m%“{'fﬁew{%‘jwiml Reports, 11339‘?. p. 45
:. o "
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showed how unlikely such a view was and how much more
probable it was that the laryngeal ulcers were due to
secondary infection, the tissues being predisposed by the
disease itself. The accuracy of this view also has been
strongly supported by the fact that since their pa%er was
written no recent observer has discovered the typhoid bacillus
in the ulcerations, though bacillus coli, streptococei, and
other micro-organisms have been found. There is little
doubt, then, that the complication is not really specific but
due to the pyogenic micro-organisms.

Lobar pneumonia.—We may now consider the pathology
of lobar pneumonia occurring in typhoid fever, a complica-
tion probably rather more frequent than is generally sup-
posed, it having occurred in nearly 5 per cent. of our fatal
cases. It has been argued by some that, in certain
cases at least, this complication is directly produced by the
typhoid bacillus, while others hold that in all cases the
poneumococcus is responsible for it, whether the pneumonia
occur quite at the commencement of the typhoid fever or
during its course. The matter is not a very easy one to
settle finally. In the first place, it must be allowed
that the typhoid bacillus may be found sometimes in the
lungs even in large numbers, just as it may be found in
other organs. Thus in a recent case in which infarction
of the lung had occurred I obtained a pure culture of the
bacillus from the infarct itself, the heart’s blood, however,
being sterile. There would therefore be nothing improb-
able in finding the specific bacilli in the consolidated lung,
though this alone, of course, would not prove that they stood
in causal relation with the pneumonia. In the second place,
it is beyond question that in a great majority of the cases
the pneumococcus is found in the lung, either alone or more
rarely associated with the typhoid bacillus. This is generally
admitted, and as an example it may be added that in two
cases which bave occurred recently at St. Bartholomew's
Hospital the pneumococcus was on each occasion present,
the typhoid bacillus not being found in the lung. When-
ever, then, the pnenmococcus is present we must attribute
to it without hesitation the pneumonia, and must
assume that the typhoid bacillus is present only in a
secondary capacity, just as it may occur sometimes
in an infarct or in a fairly normal lung. As a
result, then, we must allow that without doubt the
great majority of typhoid pneumonias are due to the action
of the pneumococcus. A few cases, however, are on record
in which the typhoid bacillus has been found in culture but
in which the pneumococcus has not been obtained, in one
case at least, even after the incculation of a mouse, the
most certain test for the presence of the organism. It has,
therefore, been hastily assumed that in these cases at all
events we huve to do with true typhoidal pneumonia. If,
however, these cases be carefully investigated it will be scen
that, as Karlinski originally pointed out, those cases in which
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the pneumocuccus was not found were only examined quite
late in the disease, at a time when commonly this micro-
organism has already disappeared. In the very interesting
case recorded by Bensaude,® for example, in which the
patient had all the symptoms and physical signs of an initial
pneumonia passing directly into typhoid fever, the explora-
tory puncture of the lung was only made on the tenth day.
The fact, therefore, that only the typhoid bacillus could be
grown from the exudation withdrawn while the pneumococcus
could not be found, has but little weight. Similarly in the
case recorded by Flexner and Harris¥ the patient had been
ill for about two months, and from the history it would seem

robable that the pneumonia started about two weeks before
gaath. The absence here again of the pnenmococcus has but
little significance. At the present moment, then, we may
say that no evidence exists to show that true lobar pneu-
monia is ever the result of the action of the typhoid bacillus.
The future may conceivably reveal such cases, but before we
can accept them two things are necessary: the bacterio-
logical examination must be made early in the disease and
several cultures from various parts of the diseased lung must
be made. The absence of the pneumococcus, in fact, must
be clearly demonstrated, not merely taken for granted as it
were. If, then, the term *‘ pneumo-typhoide,” so commonly
nsed by French writers, be retained, it must be understood
that reference is merely made to cases of typhoid fever com-
plicated by pneumonia, and that the term does not imply
that the pneumonia is typhoidal. Probably, therefore, at
present it would be wiser not to use the term.

Similarly with regard to the term ** pleuro-typhoide.” A few
old observations are on record in which apparently the first sign
of the typhoid fever was a pleural effusion, and in one case
Valentini,*® and in a second Fernet and Girode,”" isolated, as
they thought, the typhoid bacillus in pure culture. Hecent
observations, however, have not confirmed this discovery, so
that if the term be retained it must be merely as a clinical
expression and must not at present be taken to imply that the
pleurisy has bzen directly caused by the typhoid bacillus.

CARDIO-VASCULAR SYSTEM.

With the exception of phlebitis the complications refer-
able to the heart and blood-vessels in typhoid fever are very
rare, and even phlebitis in fatal cases is most uncommon.
Thus in the last 30 years at St. Bartholomew’s Hospital only
four cases with endocarditis have come to necropsy, two with
pericarditis, and one with phlebitis. The cases in which
arteritis leading to gangrene has occurred have all ended
in recovery. As yet the pathology of these affections is
somewhat obscure.

34 Theése de Paris, 1897, p. 115
35 Johns Hopkins Hospital Bulletin, December, 1897.
36 Berliner Klinische Wochenschrift, 1889, p. 368.
37 Bulletins et Mémoires de la Société Médicale des Hopitaux de
Paris, 1891, p. 236.
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Endocarditis.—It may be said, however, that the endo-
carditis is generally of the malignant type and that it is the
result of a secondary infection. This, however, is not so
always, for the typhoid bacillus has been found in the warty
vegetations. In one case observed by the late Professor
Kanthack it was so found, not however in this case alone,
but in conjunction with the pyogenic cocci.

Agrteritis.—Of arteritis, the common cause of that dreaded
though fortunately very rare complication, spontaneous
gangrene, it is difficult to speak with certainty, owing to the
extreme difficulty in obtaining material. In a recent case of
typhoidal meningitis, however, described by Ohlmacher,
produced by the presence of the typhoid bacillus, marked
acute endarteritis of the meningeal vessels was found. It
is, therefore, probable that when the affection attacks the
peripheral vessels it may have a similar pathology and may
be due directly to the specific micro-organisms, or their
toxines, and not to any secondary infection. It is likely,
too, that if the state of the peripheral vessels were more
garefully and frequently examined a mild degree of the
condition would not uncommonly be found.

Phlebitis.—With regard to phlebitis a considerable
number of recent observations have been made (Vincent **)
and in many of the cases streptococci and staphylococei
have been found in the clot and vessel walls, suggesting that
the inflammation is really septic in nature, though prob-
ably produced by micro-organisms with but a low degree of
virulence.

URINARY SYSTEM.

Nephritis.—The exact relation which the typhoid bacillus
bears to the nephritis which in varying degrees of severity
occurs 80 commonly in typhoid fever is hard to decide. It
is certainly true that the typhoid bacillus may be present
in the kidney after death in cases which show some
evidence of nephritis, but lesions similar or even more severe
frequently occur in cases in which the kidneys are sterile
and in which therefore nephritis is evidently due to the
excretion of toxic substances produced either by the
typhoid bacillus alone or combined with those of other
micro-organisms in cases where a secondary infection has
occurred. Melchior*® thus in his monograph records three
cases of nephritis in which casts were found in the urine
but in which in two cases the urine was sterile during life,
showing that the kidneys could mnot have harboured the
bacillus, while in the third case, which ended fatally, cultures
proved the absence of the bacillus in the kidneys after death.
The conclusion at which we may arrive, then, is that nephritis

3% Loc. cit., vide note 29,
39 La Semaine Meédicale, 1895, p. 377.
#0 Cystitis und Urininfection, Berlin, 1897.



49

in typhoid fever is no proof of the presence of the bacillus in
the kidneys. The toxines of the typhoid bacillus alone (or in
combination with those of other micro-organisms) are quite
sufficient to account for the majority of cases of nephritis
which occur in typhoid fever. In some cases, however, in
addition the bacillus may be present in the kidneys and will
tend therefore to aggravate the condition.

Nephritis directly produced by the typhoid bacillus.—Very
occasionally, indeed, cases of typhoid fever do occur, com-
plicated by marked nephritis, in which it seems that the
inflammation is directly produced by the local growth of the
bacillus. The best known case of the kind is that reported
by Thue*! as early as 1889, in which on the thirteenth day the
patient was found to be suffering from hamorrhagic nephritis
and in which post mortem the typhoid bacillus, as it was
believed, was found in pure culture in the spleen and
kidneys. The date of this observation, however, forbids us
to place implicit confidence in it. Recently, however, a
somewhat similar case has occurred at St. Bartholomew’s
Hospital. The patient, a man aged 22 years, who was under
the care of Dr. Hensley, was taken ill on Dec. Zlst, 1899,
with pain and difficulty in micturition. He, however, con-
tinued his work until Dec. 30th, the ninth day of his
illness. On Jan. 1st, 1900, he was admitted and was found
to be suffering from typhoid fever (spots being present and
the Widal reaction positive) and also nephritis. The urine
contained blood, very many casts, a good deal of pus, and one-
tenth of albumin. On Jan. 3rd (the thirteenth day) it was
examined bacteriologically and was found to contain a pure
cultivation of typhoid bacilli. The patient had a severe
attack of fever, complicated by laryngitis. The temperature
reached normal on the thirty-fourth day. The nephritis con-
tinued throughout the illness and the bacilli still persisted
in the urine in undiminished numbers. (For exact
details concerning the date and number of the observa-
tions made on the urine compare Table VI., Case 17a,
and Appendix, Case X.) On the thirty-fifth day, the
day after the temperature had reached normal, the urine
under the administration of urotropin was freed from
bacilli and the thick deposit of pus which had hitherto
been present (typhoidal cystitis). After a few days, also, the
casts became less and with the albumin gradually dis-
appeared. It would seem, then, that in this case the
nephritis stood in direct relation to the typhoid baeilli,
for, apart from the striking effect of treatment, the im-
provement in the condition dating almost directly from
the elimination of the bacilli, it seems difficult to ascribe
so marked a nephritis observed on the eleventh day,
and undoubtedly present earlier, to toxines only. Moreover,
the bacilli were evidently present in the urine and kidneys
from a very early period of the disease. They were cultivated

#1 Charcot : Traité de Médecine, tome i., p. T75.
E
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first on the thirteenth day, but the first symptom which drew
the patient’s attention to his condition was some pain and
difficulty in mictarition, due doubtless to typhoidal cystitis,
and evidencing the presence of the micro-organisms even at
this earlier stage. For these reasons, then, we must regard
the case as one of true typhoidal nephritis, or in its truest
sense one of *‘ nephro-typhoid.” The extremely early date at
which the generalisation of the bacilli must have occurred
is of great interest.

TypPHOID BACILLURIA AND CYSTITIS.

I may now pass to the bladder and the urine in typhoid
fever. In drawing attention to the presence of the bacilli in
the urine some little time ago?* I was only able to prove
without doubt the existence of the condition and could not
venture at that time to state how frequent its occurrence
might be. Lately, however, I have had the opportunity of
examining a larger series of cases and the results of my
observations I now bring forward. They are recorded in
Table V1., p. 52. It will be seen from it that inall 45 cases of
typhoid fever have been investigated. In 28 of these, though
examined on several occasions, the urine was never found to
contain typhoid bacilli, while in 17 the bacilli were found.
This would give apparently a percentage of nearly 38 for the

sitive results. It is, however, undoubtedly too high,
or out of the 17 positive results six were cases in
which the abnormal condition of the urine had attracted
attention and in which a bacteriological examination
was therefore requested. Eliminating these, then, we
find that 39 typhoid fever cases have been taken at
random in the wards and the urine examined on several
occasions. Of these cases 28 never contained typhoid
bacilli, while 11 contained them in large quantities, con-
stituting a percentage of 28. In London, then, at all events
it will probably be correct to say that at least 25 per cent. of
all cases present this serious and dangerous condition. This
conclusion is also supported by the fact that it agrees
approximately with the results obtained by Richardson.%
This observer, working in Boston, examined the urine in 102
cases of typhoid fever, and in 23 he was able to isolate the
bacillus, obtaining therefore a percentage of 22'5. At the
present time, then, the evidence would show that the condi-
tion is one frequently met with and that it probably occurs
in one out of every four typhoid fever patients.

Naked-eye recognition of typheid ** bacteriuria.”—An im-
portant point, also, in connexion with the condition is the fact
that very commonly the bacilli are present in enormous
numbers, so that the urine is rendered turbid. I was at first
inclined to regard these cases as rare, but really they are the

42 Transactions of the Royal Medical and Chirurgical Society, 1897.
4 Journal of Experimental Medicine, vol. iii., May, 1898, and vol. iv,,
January, 1899,
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rule rather than the exception. Thus out of 14 recent cases in
which this point was especially looked for, in 12 I found
that the urine was turbid with bacilli, while in two only
was it noted as ‘‘clear,” and the microbes were accordingly
first discovered on cultivation., The enormous numbers
in which the micro-organisms may be present, though it
increases the danger of the complication, brings with it the
advantage that the condition can be recognised, or rather
suspected, more easily. Indeed, this can often be effected
by the naked eye. All that is necessary is to pour the turbid
urine into a test tube and then holding it up to the light
gently to shake it. If the turbidity be due to the presence
of micro-organisms we notice at once a curious shimmer
in the liquid exactly comparable to that seen in shaking
any turbid broth culture, a phenomenon which, as Krogius
first pointed out, is not seen when the urine is cloudy from
other caunses, such as phosphates, urates, &c., probably
becanse the amorphous particles of which these deposits
consist are unable to catch and reflect the light in the same
way as the regularly shaped bodies of the bacteria. If,
then, in a turbid typhoid urine this curious shimmer is
seen it may at once be predicted that the urine is full of
micro-organisms, and the typhoid bacillus should be at once
suspected, for experience shows that when this condition is
noticed in typhoid fever, if the case be a male, it is most
commonly due to the presence of the true typhoid bacillus.
This, however, can only be proved by cultivation, and even
in the male the same naked-eye appearance may sometimes,
though much less commonly, be produced by other microbes,
such as the bacillus coli communis, the streptococcus pyo-
genes, and the staphylococcus aureus. In the female,
however, much less reliance can be placed on a mere inspec-
tion of a naturally passed urine, the sources of contamination
being too gross.

Conditions governing the appearance of the bacilli.—The
conditions under which typhoid bacilluria occurs are subject
to great variation. Thus, the bacilli may make their first
agpearanca in the urine at any period of the disease, from
the early days of the fever down to a time when convales-
cence is already established. The earliest date on which 1
have myself isolated them was the thirteenth day, and in
this case they had undoubtedly been present from a much
earlier period. The latest date, on the contrary, on which I
have known them first to occur was the fourteenth day of
convalescence. Speaking generally, however, we may say
that the condition is rare before the third week of the
disease. After this it may occur at any time during the
fever, but not uncommonly its occurrence is delayed until
the early days of convalescence. It is, therefore, much
more closely associated with the later stages of the disease.
The duration of the bacilluria also varies much, but it nearly
always persists for some considerable time. The shortest
duration recorded is eight days, butin four other cases it had
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not disappeared until after the lapse of 21 days, 25 days, 30
days, and 70 days. Occasionally it may persist, not for
months, but for years, as in a remarkable case recorded by
Gwyn.'* In this case the patient had been in hospital
five years before with an attack of typhoid fever. Ever since
his discharge he had had trouble with his bladder, and on
re-admission five years later he was found to be suffering
from cystitis and the typhoid bacillus was obtained in pure
culture from his urine.

Frequency of associated pyuria. —The condition of the
urine, too, offers no constant qualities. Not uncommonly,
even when millions of bacilli are present, albumin is totally
absent, and when present it usually does not amount to
more than a trace or a cloud. Inrare cases it may be present
in larger quantities—one-sixth or one-seventh in two of my
cases. In one case hsmaturia occurred. Although, however,
albuminuria is not conspicuous in these cases it is not at all
uncommon to find pus, sometimes even in considerable
guantities. Thus of my 17 cases nine, or over 50 per cent.,
showed pyuria. The urine in nearly all cases was acid. It
was never ammoniacal.

Lastly, it has sometimes been said that the cases in
which typheid bacilluria occurs are more severe clinically
than those not showing this condition. Taken as a whole
this is true, but it is equally true that patients may
have typhoid fever of extreme severity without the urine
ever becoming infected. In no case, then, we can say from
the condition of the patient or from the presence or absence
of albuminuria that bacilloria has occurred. We should,
however, suspect it if either the urine becomes suddenly
turbid and manifests the ‘‘shimmer” appearance or if
pyuria occurs.

THE PATHOLOGY OF THE COXNDITION.

A few words may now be devoted to the pathology of this
condition. How is the bacilloria produced and on what does
it depend ! The simplest explanation which suggests itself—
namely, that we have to do with a mere filtration of the
bacilli from the blood—may be at once dismissed. The
extreme difficulty in finding the bacilli in the blood during
life, to which I have already referred, would point to its
improbability. Moreover, I have on four occasions examined
the blood bacteriologically, at a time when the urine was
swarming with bacilli, and on all occasions I failed to find -
the typhoid bacilli therein. Evidently we are not dealing
with a mere filtration. A second possibility is that the
condition arises from suppuration set up in the kidney by
the typhoid bacillus, accompanied by the secondary passage
of the bacilli and pus into the urine. BSuch cases of sup-
puration do undoubtedly occur, one being recently recorded
by Flexner,** but they are extremely rare. Thus out of 289

44 Johns Hopkins Hospital Bulletin, June, 1899, p. 109.
45 Journal of Pathology and Bacteriology, 1895, vol. ii.
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typhoid post-mortem examinations at St. Bartholomew's
Hospital in one case only were abscesses found in the
kidneys. This rare condition, therefore, could hardly
explain the very frequent presence of the bacilluria.

We are driven, then, to our third possibility to offer an
adequate explanation of the condition. According to this
view, which I believe to be correct, the whole would depend
on the rapid growth of the bacillus in the urine itself within
the bladder, a stray micro-organism having found its way
there from the blood, doubtless after its passage through the
kidney. This explanation would seem to meet the facts of
the case, for it would explain the chief peculiarities of the
condition—viz., the sudden onset of the affection, the
enormous numbers of the micro-organisms, and not un-
commonly the total absence of albuminuria. It would also
readily explain the frequency of pyuria in these cases,
which would be thus due to the onset of cystitis. It
has, however, by some observers been doubted whether
the typhoid bacillus can grow and multiply in urine. As
a matter of fact, there is no doubt that it is able to
do so. Thus I found that out of six samples of urine
taken and inoculated with the typhoid bacillus and then
incubated at 37°C. four showed general turbidity, though
varying in degree, from growth of the micro-organism at
the end of 18 hours, while two did not. These latter, how-
ever, showed good growth at the end of 48 hours. The
typhoid bacillus evidently, then, can grow in most urines,
though the rapidity of growth varies with the specimen of
the urine used. On the latter fact also doubtless in part
depends the absence of the bacilli in the urine in so many
cases of typhoid fever. We must believe that in every case,
since the bacilli always pass into the blood, every now and
then a stray bacillus is carried into the kidney and so passes
into the urine. If, however, the urine be in this case
not very suitable to the growth of the micro-organism,
and if, too, the bladder be evacuated frequently and
completely, then no harm will result, for the micro-
organism will be excreted in the urine before it has
time to multiply. If, however, as is often the case in
typhoid fever, the patient only passes his urine at long
intervals, perhaps not emptying the bladder completely, then
if the urine be a favourable medium the bacillus will have
ample opportunities to grow and multiply, and marked
infection of the urine will result.

In addition, however, to the above considerations we have
positive evidence that the fons et orige of the condition lies
in the bladder itself. In the first place, the condition can
be cured by local treatment—viz., the injection of antiseptics
into the bladder. This was shown very clearly by Richard-
son ¥ who in a given case, having failed with borie acid,
was at once successful when perchloride of mercury (1 in
7000) was substituted. Gwyn *" also has had a similar
experience. Secordly, a short time ago I bad the oppor-

48 Loe, eit., vide note 43, 47 Loc. cit., vide note 44,
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tunity of examining one of these cases post mortem. The
atient- was a man, aged 31 years, who died on the nineteenth

y of the disease from heart failure. The urine was ex-
amined a few hours before death and was found to contain
one-seventh of albumin and to be strongly turbid with typhoid
bacilli in pure culture. Death occurred a few hours later.
At the post-mortem examination the usual intestinal lesions
of typhoid fever were found. The Peyer’s patches and solitary
follicles were swollen and beginning to ulcerate. The spleen
was enlarged and soft. The kidneys to the naked eye showed
only engorgement and microscopically nothing beyond
‘‘ cloudy swelling” could be demonstrated. The bladder,
however, showed a few scattered hamorrhages and its mucous
membrane was slightly injected. Bacteriologically the
typhoid bacilli were demonstrated by culture in the spleen,
the liver, and the gall-bladder, as well as the bladder
urine, but the cultures from the heart’s blood, the lungs
and both kidneys were sterile. I should say that four
separate bacteriological examinations were made from the
k‘iEIIE.IE». two from each organ, but all four yielded abso-
lutely negative results. In this perfectly typical case,
then, there can be no doubt as to the source of the baecilli.
They were not found in the blood or in the kidneys, but
they were present in the urine in enormous numbers. There
would seem therefore to be no reasonable doubt that a stray
bacillus had passed into the urine and had multiplied there
and so given rise to the condition.

If, then, this proves to be, as I believe, the true pathology
of the affection we are evidently dealing with what may
be called a specific *‘ bacteriuria,” meaning by this term
that the urine is swarming with micro-organisms, though
no definite symptoms are produced by this condition. This
affection has been known for years. Indeed, it was the late
Sir William Roberts*® who first drew attention to it. His
observations, however, did not attract general notice and
it was not until 1894 that Krogius'’ again brought the
matter forward. In the Annales &énito- Urinaires for that
year he published eight cases of this condition all due to the
presence of bacillus coli communis, and since this date other
writers have confirmed his observations. Indeed,the condition
is almost certainly more common than is generally imagined.

It is, however, recognised by those who have worked aé
this subject that no hard-and-fast line can be drawn between
bacteriuria and cystitis. That is to say, that while a typical
case of bacteriuria will give rise to no symptoms and will at
most show under the microscope a few scattered pus cells in
addition to the bacilli, there are others in which the [}mtie:nt
may complain of slight pain in passing the urine and slight
frequency of micturition, the number of lencocytes
increasing, but still not forming a deposit visible to the
naked eye. Finally, these cases merge again into cases of

4% PBrit. Med. Jour., vol. ii., 1881, p. 359 and p. 623.
49 Annales Génito-Urinaires, 1894, p. 1
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frank cystitis. Now this is exactly what is also noticed in
the bacilluria of typhoid fever. According to my experience
about half the cases are examples of simple bacteriuria.
The patients complain of absolutely no symptoms whatever ;
there is no frequency of micturition and no pain accompanies
the act. The urine itself swarms with bacilli and beyond
this nothing can be seen abnormal in it. Under the micro-
scope, however, an occasional pus cell can generally be
found. These cases are nearly always undetected because of
the absence of symptoms. There are, however, others in
which, in addition to the baecilli, there is an evident deposit
of pus visible to the naked eye, showing that the bladder
mucous membrane has become slightly inflamed. The in-
flammation, however, must be very slight, for usually in
these also no symptoms are manifested. Lastly, we have
cases in which, while the urine remains the same—that is to
say, contains bacilli and pus, but remaining of course acid,
since the typhoid bacillus has no power to decompose urea—
we have clinical symptoms—namely, pain and frequency of
micturition and possibly tenderness over the region of the
bladder. These cases of obvious typhoidal cystitis are rare.
No. Ba, Table VI. of my series (Appendix, Case II.) was, how-
ever, such a case, and other cases have been reported, for
example, by Krogius*® and a notable one by Melchior.”* To
this latter case I should like to draw special attention, for
though published in 1897 in his monograph on cystitis it was
observed in 1892, and is probably the first case of cystitis
due to the typhoid bacillus ever diagnosed.

How are we to explain these differences—viz., that in some
cases we have merely a bacilluria and in others a true
cystitis? Evidently from our knowledge of the fact that the
mere presence of bacteria in the bladder is not sufficient of
itself to cause cystitis. Some predisposing cause is also
necessary, as, for example, some injury to the bladder walls.
Now, in typhoid fever so many tissues suffer from the effects
of the fever that it is not a very hazardous assumption to
believe that in some cases the mucous membrane of the
bladder may be damaged with the rest.

If, then, in a case of typhoid fever the bladder mucous
membrane is in a natural condition and if the urine be
passed at the usual intervals, then if bacilluria cccurs it will
remain a simple bacilluria. But should there be marked
retention or should the bladder walls have been damaged in
any way during the course of the disease then we have the
condition in which a frank cystitis may be set up.

It is interesting to note, too, that this view receives valuable
support from experiment, which shows that according as the
circumstances vary the typhoid bacillus is capable of causing
now a simple bacilluria, now a pure cystitis. Thus, Melchior **
showed that if a rabbit be taken and one cubic centimetre of
a broth culture of typhoid bacilli be injected into the bladder

50 Ibid., May, 1894, p. 370. 51 Loe. cit., vide note 40.
52 eit., vide note 40.
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Similarly, though cystitis in typhoid fever, when not the
result of catheterisation, is far most commonly set up by
the typhoid bacillus, we must remember that other micro-
organisms may produce it. Thus cases exactly similar to
the typhoidal ones may result from the invasion of bacillus
coli. Indeed, it is surprising that invasions by this and other
micro-organisms are not more common when we remember
the opportunities offered by the ulcerated intestines.

CHOLECYSTITIS,

It is interesting to note that a very close parallel may be
drawn between the relation of the bacillus to the urinary
bladder and that which it bears to the gall-bladder. In the
latter, just as in the former, it is not uncommon for the
micro-organisms to be present in large numbers, but to give
rise to no symptoms. Should, however, retention be produced
or the walls irritated by the presence of gall-stones then
cholecystitis follows, just as cystitis does in the case of the
urinary bladder. Ten such cases have been recorded by
Hunner,* many of them occurring at some considerable time
after the attack of typhoid fever, and in all the typhoid
bacillus was found at the time of operation in pure culture.
Moreover, the parallelism may be pressed further, for, just
as cystitis in typhoid fever will sometimes depend on the
presence of bacillus coli and not on that of the specific
micro-organism, so also the same may occur in the case of
the gall-bladder. Thus five cases of post-typhoidal chole-
cystitis in which bacillus coli communis was found in pure
culture in the inflamed organ are recorded in Cushing’s %
interesting paper.

T¥PHOIDAL CHOLELITHIASIS.

In reading the record of the true typhoidal cases of chole-
cystitis it is noteworthy how almost constantly gall-stones
were found at the time of operation. Indeed, so striking is
this fact that it early led to the idea that the typhoid bacilli
themselves were the cause of the cholelithiasis, and that, as
a rule, it was only after the formation of the stones that the
inflammation of the gall-bladder took place—a view which
would well agree with the fact that not uncommonly it may
be months, or even years, after the original fever before the
cholecystitis occurs. The theory is supported by the fact
that, as Naunyn °* and others have shown, micro-organisms
may often be found in the centre of recently formed stones,

53 Loe, eit., vide note 26. 54 Loe. eit., vide note 24,
55 Cholelithiasis, New Sydenham Society, 1896, p. 51.
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and also by the observation of Richardson® that not
uncommonly after death the typhoid bacilli in the bile may
be found agglutinated. He observed this in five out of six
cases in which he examined the bile, and although these
numbers give too high a percentage they certainly prove
that the condition is no uncommon one. It is easy to see how
this agglatination, when it occurs, would form a nucleus
round which biliary salts would be deposited and thus lead
directly to the formation of stones. Recently the matter has
been carried a stage further, for both Gilbert and Fournier ®
and also Richardson *® have succeeded in producing artificial
biliary calculi—the former in the rabbit by the injection
into the gall-bladder of attenuated typhoid cultures and the
latter in the guinea-pig by the use of already agglutinated
bacilli. From the centre of Gilbert’s calculus, also, typhoid
bacilli in pure culture were obtained. There can be hardly
any doubt, then, that the typhoid bacillus is capable of lead-
ing directly to the formation of gali-stones, and it is easy
to see how the latter would assist the former in setting up
the cholecystitis. If, then, inflammation of the gall-bladder
occur after a case of typhoid fever, and the specific bacilli be
found in pure culture, the sequence of events in all prob-
ability has been, first the formation of gall-stones and only
secondly cholecystitis. In a few cases—and this is especially
seen in those rare ones occurring during the fever itself —the
gall-bladder may become inflamed primarily through the
action of the typhoid bacillus, without gall-stones being
present. But in these cases, just as with typhoidal cystitis,
the walls have in all probability been damaged through the
stress of the disease and the predisposing cause is therefore
already present.

SUPPURATION IN TypHOID FEVER.

We may now turn our attention to suppuration in typhoid
fever. In the earlier days of bacteriology all suppurations
occurring in typhoid fever were regarded as due to a
secondary infection by the pyogenic micro-organisms, and
the experiments of Dmochowski and Janowski *’ and others,
showing that experimentally the typhoid bacillus itself is
quite capable of producing suppuration, came therefore some-
what as a surprise. Their correctness, however, was soon
demonstrated, for it was shown that not uncommonly in man
the typhoid bacillus could be obtained from the pus in pure
culture. These cases have lately been collected by Keen,®

50 Jcl%::{na] of the Boston Society of Medical Seiences, January, 1899,
iii., p.
sk 1 Comptes Rendus de la So2iété de Biologie, 1897, p. 936.
38 Loe, eit., vide note 56,
59 Loe, eit., vide note 23 €0 Loe. eit., vide note 28,
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and they show clearly that in the most diverse sitnations
suppurations due to the typhoid bacillus have occurred. It
would be a grave error, however, to suppose, as is some-
times done, that the majority of typhoid suppurations are
directly due to the typhoid bacillus. This is certainly not
the case; the greater number are without doubt the result of
secondary infections and are produced by the ordinary micro-
organisms of suppuration. This point was very clearly
brought out by Vincent,”” who in 1893 examined
bacteriologically 41 cases. 32 of these cases were pro-
duced by the staphylccoccus aureus or citreus, elght. by
the * streptococcus pyogenes either alone or in uﬂn]un-::t.mn
with the typhoid bacillus,” and one only was produced
directly by the typhoid bacillus alone. [he great prepon-
derance of cases due to the pyogenic cocci is thus well
shown ; and this is a point which we are apt to forget at a
time when nearly every case due to the typhoid bacillus
rapidly finds its way into print.

In suppuration, however, connected with bones, post-
typhoidal periostitis and osteomyelitis, which 8ir James
Paget®® was one of the first to describe, it is undoubtedly
much more common to find the typhoid bacillus, and the
reason of this is not far to seek when we remember how
constant is the presence of the bacillus in the bone marrow
during the disease. Keen® in a careful survey of the
lately published cases finds that of 51 cases in which a
bacteriological examination was made, 38 contained the
typhoid bacillus and 13 the pyogenic micro-organisms ;
while Parsons® in six cases found the typhoid bacillus
in pure culture in four cases and associated with the
staphylococcus citreus in one case; in only one case did he
find the staphylococcus aureus alone. At St. Bartholomew's
Hospital the typhoid bacillus has not been found guite so
frequently. Thus out of four cases of periostitis examined
in two only was the typhoid bacillus found, once alone and
once associated with the staphyloccus.

Speaking generally, however, it will be true to say that
while it iz very common to find the lyphoid bacillus in pure
eulture in the abscesses connected with bone, in suppurations
occurring elsemhere its presence is undoubtedly rare.,

The following table from the records of St. Bartholomew's
Hospital, the observations having been made by the late
Professor Kanthack, Dr. Drysdale, or myself, demonstrates
these points clearly and especially shows the rarity of the
typhoid bacillus in inflammations unconnected with bone.
In eight such cases examined it was not once found.

81 Annales de I'Institut Pasteur, 1883,
62 St. Bartholomew's Hospital Reports, 1876,
8% Loe. cit., vide note £E.
64 Johns Hopkins Hospital Reports, 1895, p. 417T.
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TaBLe VIL.—Typhoid Suppurations.

No.| Nature of the suppuration. Micro-organisms found. =

1 Periostitis, sternum, Typhoid bacillus (pure | —
culture). |
2 v right tibia. Typhoid baecilli + stapbylo- | —
cocel.
3 i left tibia. | **No typhoid baeilli.”
4 | Periostitis, distal phalanx “ Pyogenie cocei.”
of the thumb. |
5 Parotid bubo. Staphyloecoccus pyogenes =
aureus. o
6 Ischio-rectal abscess. | Bacillus coli and strepto- | | =
. cocel. %
i o 0 Streptocoeei. g
8 Subculaneous abscess. Staphylococeus pyogenes | L2
aureus and albus, i =
9 ik o Staphylococcus pyogenes =
aureus, | ;
10 B " Staphylococens pyogenes |i 2
aureus. - §
11 | Subcutaneous and intra- ‘¢ Pyogenie cocel.” g
muscular, |
12 Mammary abscess., | Staphylocoecus pyogenes
| Alreus. |

THE PERSISTENCE 0F THE TYPHOID BACILLUS IN THE
Bopy.

There is one other point which it may be of interest now
to consider, and that is, what is the length of time during
which the bacillus may remain in the body? It was
naturally supposed at first that as the fever passed away
and as health returned the bacillus, the cause of the disease,
would disappear from the tissues also. This apparently was
demonstrated by the earlier observations. Thus it was shown
long ago that if the spleen or mesenteric glands—the
classical breeding grounds of the microbe—be examined
late in the disease mno typhoid bacilli are found, the
organs being either sterile or possibly containing bacillus
coli communis. This has been noticed by Flexner® as early
as the sixth week, while Dr. Klein® has recorded it
in the ninth week of the disease. The experiments of
Blackstein and Welch,”” however, showed that, sometimes
at least, the typhoid bacillus might remain for much longer

65 Johns Hopkins Hospital Reports, 1895, p. 377.
55 Report of the Medical Officer to the Local Government Board,

1892-93.
67 Johns Hopkins Hospital Bulletin, 1891, pp. 96 and 121.
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periods in the body. Thus after intravenous injections of the
bacillus into rabbits they found that the bile still contained
the micro-organism when the animals died or were killed at
such long intervals as 84 days, 109 days, and even 128 days
after the date of inoculation. The other organs were, how-
ever, found sterile.

These experimental results in animals naturally suggested
that the same thing might occur in man after typhoid fever,
and this has been amply demonstrated, for we now know
that it is nothing uncommon for the bacilli to remain
dormant in the bile or the bone marrow for long periods, the
patient, just like the experimentally inoculated animal, being
meanwhile often in perfect health, and then under the influence
of some passing stimulus to resume their activity and to
give rise now to periostitis, now to osteomyelitis, or it may
be to cholecystitis. Of the later cases belonging to the
former group (bone affections) the chief interest centres
round those recorded by Buschke,® Sultan,” and Bruni,™ in
which the bacilli were found in pure culture in the pus in two
cases six years after the primary fever and in one case seven
years afterwards. Dy far the most important is that of Bruni,
on account of the very great care exercised in testing the
isolated bacillus, so that his case may be accepted without
hesitation. The patient was a woman, 36 years old, who
suffered from typhoid fever in September, 1889. During
convalescence she had some pain over the right tibia which
lasted for some time, but which gradually disappeared. After
some years, however, it returned and becoming worse she pre-
sented herself at the hospital in the year 1895 six years after
her primary attack. The upper part of the right tibia was
found to be swollen and reddened, and osteomyelitis was dia-
gnosed. The bone was consequently trephined and in the
centre a cavity filled with grumous pus was discovered.
The contents contained the typhoid bacillus in pure culture.
This case may be accepted without any doubt, and is only
a type of many others recorded though not so rigorously
examined. If we now turn to cholecystitis we find the same
remarkable facts. Thus, to mention but a few, though
many are recorded in Hunner’s interesting paper.™
In one case the bacilli were found in pure culture
in the inflamed gall-bladder three months after the fever,
in another eight months, and in a third after an interval
of seven years. The most remarkable case of all, however,
and one very carefully tested, is that recorded by Von
Dungern ™ in which fourteen and a half years after the
attack of typhoid fever the bacilli were still present in
pure culture in the pus.

8% Fortschritte der Mediein, 1394, p. 572
&0 Deutsche Medicinische Wochenschrift, 1 . 54
0 Annales de 1'Institut Pastear, 1896, p.
7L Loe. eit., vide note 26,
72 Miinchener Medicinische Wochenschrift, 1897, p. 699.






LECTURE III:

Mgr. PRESIDENT AND (GENTLEMEN,—In my previous
lectures I have discussed the warions manifestations of
disease which the typhoid bacillus is able to evoke. To-day
I desire to consider certain of the changes which occur in
the blood during and after an attack of typhoid fever and
in conclusion to refer to one point in connexion with the
treatment of the disease.

The alterations which may be noted in the blood as the
result of an attack of typhoid fever, as indeed of any specific
infectious disease, are of two kinds. In the first place, we
find gross and visible changes—changes, that is to say,
relating to the number of the red and white corpuscles and
to the amount of the hsmmoglobin. Of these I do not propose
totreat. In the second place, delicate and invisible changes—
alterations which do not force themselves upon our notice
but which nevertheless are of the highest importance to the
organism in combating the disease, and which manifest
themselves by conferring upon the blood bactericidal, lyso-
genic, agglutinative, and other properties. The most striking
of these in typhoid fever, and the one which has most
recently become known to us is the agglutinating power, and
to it I propose chiefly to confine myself.

THE AGGLUTINATING POWER.

History of its dizcovery.—As is well known, this property
was first demonstrated in the blood of patients suffering
from typhoid fever by Widal in June, 1896, and the reaction,
used so frequently as a means of diagnosis, has since been
known by his pname. It would be wrong, however, to
suppose that his discovery was in all senses a new one. He,
indeed, would be the last to claim it so. The great advance
which Widal effected was the application to the bedside, for
the diagnosis of disease, of those methods which had been
perfected by other observers and notably by Gruber and
Durham, but used hitherto exclusively for the identification
of micro-organisms. In doing homage, therefore, to the
services rendered by Widal we must not forget the work
of previous observers, to which as it were he placed the
keystone of the arch. The first step in the direction of this
great discovery was made in 1889 by Charrin and Roger.”

¥ Delivered on March 27th.
2 Charrin and Roger : Comptes Rendus, 1889, p. T10.
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These observers, working with bacillus pyocyaneus, the
micro-organism of blue pus, showed that if a culture were
made in the serom of an animal immunised against the
bacillus the growth resulting presented an unusual appear-
ance. Instead of rendering the serum uniformly turbid, as
would have been the case had a normal serum been used,
the liquid remained guite clear while the growth formed a
mass at the bottom of the tube. The bacilli had, in fact,
become agglutinated even during their growth, though at
this early date the true interpretation of the fact was not
appreciated. In 1891 these facts were confirmed by
Metchnikoff,® who also showed that similar phenomena were
manifested under corresponding circumstances by the pneu-
mococcus and the vibrio Metchnikovi. In 1894 Issaeff and
llvanuE ! extended the law to the vibrio named after the
atter.

The culture method, however, had it alone been proceeded
with, would never have revealed the true importance of the
phenomenon, for tested in this way it is by no means
uncommon for the sera of non-immunised animals to produce
similar modifications of growth. It was therefore a great
step in advance when in 1895 M. Bordet, one of the Prépara-
teurs at the Pasteur Institute, showed that the caltivation
method was unnecessary and that the agglutination occurred
equally well, and indeed immediately, if the serum from an
immunised animal be added to the already developed culture.
It was not, however, until the following year that the full
importance of the reaction became evident, when Mr. H. E.
Durham® demonstrated that by highly diluting the serum
before adding it to the culture its action was restricted to
the micro-organism previously used for the immunisation of
the animal. It followed, therefore, that the reaction, if
properly used, was of the highest importance, for it presented
us with one of our most effective means of distinguishing
these micro-organisms from their numerous allies. To
Gruber and Durham, then, must be given the full credit of
first thoroughly appreciating the value of the reaction and
working out carefully the conditions under which alone it
could be used for bacteriological diagnosis.

The work of these observers had been done with the sera
of animals already thoroughly immunised, and though
Gruber was prepared to find the agglutinating properties
present in the blood after an attack of typhoid fever it
did not at first occur to him that the blood during the
attack itself might also show the phenomenon. Here, then,
was the opportunity of Widal,” who on June 26th, 1896,
announced his discovery that even during the disease itself

8 Metchnikoff: Annales de 'Institut Pasteur, 1891, p. 473.
4 Issaeff and Ivanoff : Feitschrift fir Hygiene, vol. xvii., 189, p. 122
5 Bordet: Annales de 1'Institut Pasteur, 1895, p. 496.
§ Durham : Proceedings of the Royal Society, January, 1896,
T Widal : Bulletins et Mémoires de la Société des Hopitaux de Paris,
June 26th, 1896.
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the agglutinative power was present in the blood and that
therefore the reaction could be used as a means of clinical as
opposed to bacteriological diagnosis.” It should be noticed,
however, that Widal's observation was no chance discovery.
It was, indeed, directly the result of his earlier work. Four
years previously he had shown in conjunction with Chante-
messe” that the blood of typhoid fever patients even during
the attack acquired considerable ‘‘ preventive power,” or, in
other words, if injected into a guinea-pig together with an
otherwise fatal dose of typhoid bacilli it was often able to
prevent the death of the animal. It was natural, therefore,
for him to inquire whether the agglutinative power which
Gruber regarded as a sign of immunity was not also present
during the disease itself. His search was successful and
from it directly sprang our present method of serum
diagnosis.

Such, then, is the history of this great discovery and it is
pleasant to think that the credit of it belongs exclusively to
no one country alone, but that it is an honour in which
Frenchmen, Germans, and Englishmen may alike claim a
share.

TECHNIQUE.

In considering the reaction the techmique to be employed
is of the first importance, and in this connexion several points
have to be considered relating to the dilution of the serum
used, the time-limit, and the typhoid culture employed.

The dilution te be used.—As originally proposed by Widal
for the ‘* extemporaneous” or microscopical method, which
is the one generally in use at the present time and to which
the following remarks apply, a dilution of the serum 1.10
was adopted, one drop of the serum being, that is to say,
diluted in 10 drops of culture. It was soon seen, however,
that this was somewhat too low, a considerable number of
cases being recorded in which a positive reaction was
obtained although the patients were not suffering from, and .
had never had, typhoid fever. The dilution has therefore
been generally raised, and the only question at issue is
the exact dilution which should be decided upon. At
present there is no unanimity in this matter. In Paris
1.10 is still in use, at St. Bartholomew’s Hospital 1.20
is employed, Fischer (Dantzig) recommends 1.25, Neufeld in
Berlin 1.30, Schumacher (Halle) 1.50, while Durham suggests
1.100 or preferably higher. It should be noted that the ques-
tion is not merely an academic one. If we raise the dilution
considerably—to 1.100, for example—we ipso facfo diminish

& It is but just to add that anterior to the puoblication of Widal's
dizscovery Dr. Grilnbanm working in Vienna had independently observed
the agglutination reaction in two cases of typhoid fever during
disease, Before, however, he could extend or record his observations
Widal's fuller results were published k
¥ Chantemesse and Widal: Annales de I'Institut Pasteur, 1892, p. 768.
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the value of the test, for some 20 per cent. of cases ncver
show a clumping power as marked as this, while others,
again, only reach this height late in the disease, when the
reaction is as a rule no longer needed. If, on the contrary,
we choose too low a dilution we run a risk of error, of
diagnosing as typhoid fever cases which are not really so.
The problem before us, then, is to choose a dilution which,
while reducing error to a minimum, will still enable us
to diagnose nearly all cases of the disease. Without
pursuing the subject further at thiz moment it may be said
that on the whole a 1.20 dilution would seem from a
practical point of view to attain these results in the most
satisfactory manner.

The time-limit.—Another extremely important point, and
one which cannot really be separated from the question of
dilution, is the time-limit which should be employed. How
long in doubtful cases should the serum be allowed to act
on the culture before a negative or positive reaction be
finally determined upon? Some authorities recommend half
an hour, some one hour, some two hours, some four, or even
longer. It would seem, however, that without doubt a
short time-limit should be employed, one hour, perhaps, being
the most suitable. It is, of course, possible that slight
delayed reactions may be due to the presence of small
amounts of the typhoid agglutinin, but it is equally true
that they may also result from the agglutinins of other
micro-organisms, such as Giirtner’s bacillus enteritidis, which
in small amounts would only produce an effect after some
considerable time. In any case, then, a long time-limit,
in addition to being inconvenient, introduces a source of
danger, and therefore a limit of one hour at most may be
taken as a working and safe basis.

The typhoid culture.—Lastly, with regard to the typhoid
culture used, it is extremely important to select one which
is agglutinated readily by appropriate typhoid serum. As I
pointed out in my first lecture, if broth cultures are used
most marked differences in clumping power between various
typhoid bacilli can be demonstrated. The difference seems
to be in some way connected with the culture media and
does not mark, as a rule, any inherent difference in clumping
power between various typhoid stocks, for often an agar
culture from the same bacillus will clump admirably in
high dilutions with the very serum which produces no effect
on the broth culture. Since, however, the latter from their
convenience are always now used in performing the reaction
it behoves us to select a culture the clumping power of
which in this medium is not diminished.

The use of dead bacilli.—It was early shown by Bordet
that the reaction was by no means concerned with the life
of the bacillus and that dead bacilli might be used equally
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well. This point was confirmed by Widal and Sicard " as
regards the typhoid bacillus, and they showed that perhaps
formalin was the best reagent for killing the bacillus, while
yet leaving its sensibility towards the agglutinating serum
absolutely intact. It is easy, if Widal’s directions as to the
amount of formalin required be followed exactly, to confirm
this observation, and it is undounbtedly correct. It might be
thought, therefore, that it would be best after having found
a typhoid bacillus, the 24 houars’ broth cultures of which are
very sensitive, to prepare a considerable quantity of such a
culture and, after killing the bacilli, preserve it for general
use in the laboratory. From a practical point of view, how-
ever, it may be said that while dead cultures act admirably
if the agglutinating power of the serum be marked they are
less satisfactory in doubtful cases, which would be returned
merely as *‘ suspicious,” for owing to the bacilli being dead
we no longer see those characteristic movements made by
the bacilli in their efforts, as it were, to free themselves,
which so often attract attention and lead us to examine the
blood again a day or two later. The routine use, therefore,
of dead cultures would thus seem to be hardly advisable,
though for emergency use they are of great value.

What reliance to be placed on the test if performed as
suggested.—We may now ask ourselves, what reliance may
be placed upon the test if it be performed in the manner
suggested, that is to say, wsing a very sensitive 18-hour broth
culture, a dilution of 1.20, and a time-limit of one hour, a
““ positive reaction” only being returned, when the clumping
is marked and general and when the few bacilli not clumped
are rendered motionless”? 1n the first place it may be stated
that tested by experience at St. Bartholomew's Hospital, even
though here as a rule a time-limit of two hours has been
allowed, this low dilution does not seem to have failed.
During the last three years, 1887 to 1899, the reaction has
been tested and the result noted on 546 occasions. OF the
cases so examined over 200 proved themselves later by their
clinical course, verified not uncommonly by post-mortem
examination, to be not typhoid, and yet in only a single one
of these non-typhoidal cases was a positive reaction obtained.
The one exception was a case of great interest. It was that
of a woman who while in the hospital had symptoms
resembling those of typhoid fever. The Widal reaction was
returned as ‘* just positive.” At her death, however, a few
days later the case proved to be one of septicemia. No
typhoid lesions were found at all nor was the typhoid bacilius
found in her spleen. This organ, however, contained the
staphylococcus pyogenes aureus in enormous quantities. It
seemed at first sight as though the reaction was here at
fault. Inquiries, however, were made by Dr. Drysdale and
it was found that four months before her death the patient

10 Widal and Sicard: Compfes Rendus de la Société de Biologie,
Jan. 30th, 1897, p, 116.
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had been treated at home for typhoid fever. An easy ex-
planation was thus afforded for the presence of the agglu-
tinating reaction during her stay in the hospital.

Objections wrged te a low dilution.—So far, then, these
facts would show that a 1.20 dilution, with a time-limit of
one hour, is one which may be relied upon. In January,
1898, however, it was shown by Mr. H. E. Durham'! in a very
interesting paper that the serum of typhoid fever patients
not uncommonly reacted strongly to the bacillus enteritidis
(Giirtner) as well as to the typhoid bacillus, producing
admirable clumping in both cases up to a dilution of
1.100. In higher dilutions, however, bacillus enteritidis as
a rule no longer reacted, while the typhoid bacillus in
general did. The two accompanying photographs (Fig. 1 and
Fig. 2) illustrate this clearly. An inference which has been
very commonly drawn from these facts is that in performing
Widal's reaction a dilution over 1.100 should always be used,
since with any lower dilution it would be impossible to be
certain in any case that the agglutination of the typhoid
bacillus was due to the presence of the typhoid agglutinins
and not to those of Giirtner’s bacillus only.

The agglutinins of bacillus enteritidis present in the blood
in many cases of typhoid fever.—Of the presence of the
Giirtner agglutinins in the blood in many, though by
no means all, cases of typhoid fever there cannot be
any doubt. The following observations made in the
early part of 1898 show this clearly. In the first
place, if Giirtner's bacillus were clumped only by the
typhoid agglutinins present in the blood, the degree
of agglutination manifested by the former should vary
directly with the amount of agglutination shown by the
typhoid bacillus—that is to say, whenever the typhoid
bacillus is clumped in a high degree by a given serum, then
the maximum dilution capable of clumping Giirtner's bacillus
should rise also, though, of course, always remaining far
below that of the former. Similarly the reverse should
obtain with a weak typhoid serum. The two curves should,
in fact, follow each other closely, though of course at a con-
siderable distance. This, however, is not the case, The
typhoid bacillus may with a given serum be clumped in
a high dilution and the bacillus enteritidis only in
a low dilution, while with another serum the typhoid
clumping power may be less marked and that of
bacillus enteritidis more marked, facts brought out clearly
by the three accompanying sera charts (Case I., Case II.,
and Case IIL.). Moreover, if cases are followed into con-
valescence it is not an uncommon occurrence to note
that after a time the serum ceases to clump the typhoid
bacillus, while continuing to agglutinate Giirtner’s bacillus.
The two curves, in fact, become transposed, as the sera
charts from Case IV. and Case V. show, a condition

11 Durham: THE LANCET, Jan. 15th, 1898, p. 154.
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SERA CHARTS FROM Two CAsEs oF TYPHOID FEVER, SHOWING
THE PERSISTENCE OF THE GARTNER AGGLUTINATING POWER
AFTER THE SERA HAD CEASED TO HAVE AXY EFFECT OXN
THE TYPHOID BACILLUS.
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The unbroken line is the typhoid agglutination eurve ; the broken line is the
Giirtner agglutination curve.

The figures represent in each case the maximum dilution eapable of causing

complete agglutination of the baeilli within one hour.
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of affairs which it is impossible to explain upon any other
hypothesis except that of a double infection. It should be
noticed, also, that the secondary infection in cases of
typhoid fever is not limited to the bacillus enteritidis. Thus
Lorrain Smith,'® from observations made during the Belfast
epidemic, showed that often evidence of infection by other
varieties of bacillus coli could be obtained. The importance
of these facts in connexion with the etiol of the disease,
and especially their relation to relapses, already been
dwelt upon.

It may be accepted, then, that in many cases of typhoid
fever Giirtner- as well as typhoid-agglutinins are both
present in the blood. But is this any reason against using a
1.20 dilution in performing the test as has been urged? It
would seem not, for, as the following experiment shows, the
serum of an animal artificially immunised against Giirtner's
bacillus does not completely clump the typhoid bacillus in a
1.20 dilution (microscopical method, time-limit one hour)
until the serum is capable of agglutinating Giirtner’s bacillus
itself, at least in a dilution of 1.1000. Now such a condition
of affairs rarely if ever occurs in human typhoid fever or in
cases resembling it clinically. If, then, the serum of a case
which suggests typhoid fever produces complete clumping of
the typhoid bacillus within one hour in a dilution of 1.20 then
only in the rarest cases can this be due to the presence of
Giirtner and not true typhoid agglutinins.

Experiment.—A guinea-pig was immunised against bacillus
enteritidis and its sernm was tested as regards its clumping
power from time to time against both this bacillus and
a instdthe typhoid bacillus. The following results were
obtained :—

Table showing the Agglutinating Effeet upon the Typhoid
Buacillus of Girtner Sera of Varying Strengths.

— v. Giirtner's baeillus. | v. Typhoid bacillus,
. June 28th, 1896, after | 1.20 = + 1.20 =0
three injections. 1100 = 4+
1200 =10
b. July l4th, after four | 1.200 = + 1.20 = faint trace.
injections. 1L.B00 =
1.1000 = trace
1.2000 =0
1.5000 =0
1.10,000= 0
¢. Dec. 22nd, after five | 1.20 = + 1.20 = <+ (just).
injections. 1.200 = 4+ L100 = 0
1.1000 = 4+ 1.200 = 0
12000 = lre-
action

+ equals & complete reaction within one hour.
12 Lorrain Smith : Brit. Med. Jour., Jan. 28th, 1893.
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So far, then, as typhoid fever is concerned it would seem
that the objections raised on the above grounds against the
routine use of a 1.20 dilution, with a time-limit of one hour,
are more theoretical than real—a conclusion which is sup-
ported by the results of the numerous serum observations
made at St. Bartholomew’s Hospital to which I bave already
alluded.

Rare cases in which the reaction iz at fault.—It should be
noticed, however, that a positive reaction obtained with a
1.20, or even a 1.40 or 1.50 dilution and a one-hour time-
limit is not an absolute proof that the patient is suffering
from typhoid fever. A certain number of cases have un-
doubtedly been recorded in which such reactions have been
obtained in cases which afterwards proved themselves to
be not typhoid fever. They are, however, rare, and
not a few of them may have been possibly due to
anterior attacks of typhoid fever, or in the earlier days to
faulty technique, too long a time-limit, for example, having
been allowed. Including all, however, Bensaude '* in 1897 was
only able to collect seven in which in apparently non-
?Fhoidal cases the reaction was stated to be given in a

ilution of 1.20, which, considering the thousands of cases
examined, is a very small percentage of error, even if we
accept them all as authentic. Since then a few other cases
have been reported but they remain rare. With a dilution
of 1.40, again, the reaction has proved at fault. Thus Van
Oordt ! reported the case of a man, 50 years of age, who had
never bad typhoid fever but whose blood reacted positively
in dilutions of 1.30 and 1.40 both macroscopically and
microscopically (the exact time-limit, however, is not
mentioned). At the post-mortem examination the case
proved to be not one of typhoid fever but of malignant
endocarditis produced by the pneumococcus. Cultivation

ved the absence of the typhoid bacillus. Again, using a

ilution of 1.50 Kasel and Mann '° have twice obtained the
reaction in cases of pneumonia, and in both cases the
reaction was ‘‘strongly positive” well within an hour. In
neither case could the reaction be ascribed to a former
attack of typhoid fever. How the reaction is produced
in these cases is doubtful. But the fact that not
uncommonly such abnormal reactions are very evanescent,
being present one day and gone the next, suggests that
we are really dealing with some chemical substance
which happens to be temporarily present in the blood.
Certain bodies, such as safranin and vesuvin, possess, as

13 Bensaude : Thise de Paris, p. 90.
12 Van Qordt: Miinchener Medicinische Wochenschrift, 1897, No. 13,

p. 32T,
15 Kasel and Mann : Ibid., 1889, No. 18, p. 581
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Malvoz '® has shown, a remarkable capacity for agglutinating
the typhoid bacillus, and it may be that some analogous
body is in these cases present in the blood.

As yet, so far as I know, no case without a history
of former typhoid fever has been recorded in which with a
higher dilution than 1.50 the reaction has been positive, and
yet the typhoid bacillus has been proved absent by a
bacteriological examination. If, then, we sum up the
considerations which have been brought forward it would
seem that the following conclusion is justified.

Conelusion.—For all practical purposes a 1.20 dilution with
a short time-limit (one hour) gives admirable results. A

itive reaction so obtained has a diagnostic value about
equal to that of the eruption—that is to say, that in very
rare cases both may be observed in cases which are not
typhoid fever. If, however, in any given case we require
from the test absolute infallibility them we must use in
addition greater dilutions, such as 1.100 (or even higher),
employing of course the same time-limit as before—namely,
one hour. But to use such dilutions as a matter of
routine would be an error, since we should thereby wilfully
diminish the value of the test by excluding many cases of
typhoid fever (nearly 20 per cent.) which never reach even
the 1.100 limit during any part of their course.

Proportion of cases in whiek the reaction ocours.—
Supposing, then, the test be applied in this way, in what
proportion of cases may we expect a positive result? Dr.
J. H. Churchill, in a paper in the St. Bartholomew’s Hospital
Reports for 1898, analysed the cases which he had observed
in the hospital during that year. He found that out of 71
cases 60 gave a positive reaction at some period of their
course, giving a total percentage of 97.1. It is noticeable,
also, that Widal's cases in which the blood was examined
quantitatively gave an almost exactly similar result. Out
of 34 cases examined 33 of them reacted positively to a
dilution of 1.20, making a total percentage of 97'0. It is
probable, therefore, that these numbers represent fairly
accurately the true state of the case and show that in 97
per cent. of all typhoid fever cases the reaction can be
obtained in a dilution of 1.20 at some period of the disease.
If, however, a 1.100 dilution be used as a routine then the
percentage falls very graat?. Widal's cases show that under
these circumstances out of every 100 cases 17 would never
show the reaction, while Lorrain Smith’s cases would place
the percentage of negative results even higher.

16 Malvoz: Annales de 1 Institut Pasteur, 1897, p. §85.



81

Date of appearance of reaction.—At what date the
' reaction first appears is a matter very difficalt to settle
owing to the insidious onset of the disease. Dr. Churchill
was, however, able to analyse 40 of the positive cases at St.
Bartholomew's Hospital in which the commencement of the
illness could be fixed, and he found that the average date
of the first appearance was not later than the thirteenth
day, though nine of the 40 cases gave a positive reaction
between the fifth and eighth days. We may say, then, that
while the reaction may occur before the end of the first week,
this is unusunal. It is more common for it to make its first
appearance during the second week, but not rarely it may
be delayed until the third or fourth week or even beyond
this period.

Complete absence of the reaction throughout the disease.—I1t
has been stated that the reaction is not to be obtained in
roughly 3 per cent. of all typhoid fever cases. TPos:ibly even
this number may be too high, for conceivably some of the
negative cases may not have been really typhoid fever. There
is no doubt, however, that cases proved bacteriologically to be
typhoid fever do exist, in which thronghout the whole course
of the disease no reaction can be obtained. A case of this
kind was recorded by Widal in 1897'7 in which the reaction
totally failed though the patient had typhoid fever followed
by a relapse and in which puncture of the spleen demon-
strated the presence of typhoid bacilli in this organ on two
occasions. Similar cases have also since been Euhlished by
Fischer® and Schumacher.'” Carefully tested cases are,
however, very rare and from a theoretical point of view are
so important and interesting that the following cases may be
shortly mentioned.

Case 1 (Rahere Ward; Sir T. Lauder Brunton).—The
patient. a male, aged 18 years, was admitted with typhoid
fever. He died on the seventeenth day with perforation and
general peritonitis. The serum was tested in a 1.20 dilu-
tion on the eleventh and fifteenth days by Dr. Drysdale, but
with a negative result. The heart’s blood obtained post
mortem two days later showed only a partial and incomplete
reaction. At the necropsy the lesions of typhoid fever were
found and the spleen and mesenteric glands contained a pure
culture of typhoid bacilli, which themselves were agglu-
tinated strongly by suitable typhoid serum. It may be
argued, however, that this was merely a case of delayed
appearance of the reaction. Buch an objection, however, is
not applicable to the next case.

17 Widal: Annales de I'Institut Pasteur, 1897, p. 424.
18 Fischer: Zeitschrift fiir Hygiene, 1898, xxxii., p. 421,
1# Schumacher: Ihid., 1899, xxx., p. 364,
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Case 2 (Mark Ward ; Dr. Church).—The patient was a
male, aged 16 years. His illness began on Jan. 4th,
1898. On Jan. 12th he was admitted into the hospital with
typhoid fever. The attack was pmlnnfed, the temperature
reaching normal on the thirty-fourth day. A mild attack
of phlebitis, possibly combined with a relapse, followed,
after which the patient made a complete recovery. Spots
were never present, but in every other respect clinically
the case was a typical one of typhoid fever. On the
seventeenth day typhoid bacilli were found in the stools;
they reacted positively to all the morphological and cultural
tests a+nd on being tested against the serum of a highly
immunised guinea-pig they gave a complete and immediate
reaction in a dilution of 1.1000. The serum reaction was
performed (dilution 1.20, time-limit one hour) on the 18th
and 19th, the fourteenth and fifteenth days respectively,
with a negative result. On the twenty-fifth day (Jan. 29th)
an incomplete reaction was obtained at the end of an hour,
and in this case the preparation was again examined
several hours later, but showed no further change. On
Feb. 2lst, during the second access of fever, the reaction
was again negative and on March 16th and 30th, when the
temperature had been normal for 16 and 30 days respectively,
similar results were obtained. In this case, then, though
tested on six occasions at periods of the disease when the
reaction is usually marked, on five it was found to be com-
pletely absent to a dilution of 1.20, while on the sixth
occasion, though there was some clumping, the reaction
could only be called indefinite. There can be no doubt,
then, that in some cases proved bacteriologically to be
typhoid fever it may be quite impossible ever to obtain a °
positive reaction, even though numerous attempts be made
and at suitable periods of the disease.

Duration of reaction.—Another point of great importance
to consider in connexion with the serum reaction is
the length of time during which it may persist after
the patient’s recovery. In other words, how soon may we
expect the reaction to disappear after an attack of typhoid
fever 7 A certain number of observations have been made
at varying intervals on suitable patients and the results have
been sometimes negative and sometimes positive, the latter
sometimes at very long intervals, many years after the
primary attack. Such isolated observations, however, are
always open to criticism. The only way, indeed, of settling
the question how long the reaction may last is to follow a
series of cases month by month until the final disappearance
of the clumping power be noticed. The following cases were
examined in this way. The numbers represent the highest
dilation in which a complete reaction could be obtained,
while the zero means that in a dilution of 1.20 no agglutina-
tion was observed. The time-limit in all cases was one hour.
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TaeLE VIII.

Cuse 1.—A male, aged 16 jyears.

1HRARY b e O
15th ., e i o )
25th ,, partial reaction (1.20)
48th ,, et real,
After the fever.
IBABYE ... ve ser san wee U
Tavonth’s s s e D
6% months ... .. ... ... 0

Result.—Reaction never observed.

CAsE 2.—A female, aged 18 years.
tﬁth ﬂﬁ? (TR} (1] o L ]-lm

25th ,, . Blight trace (1.20)
After the fever.

5 days ... 4

b e s 0

1 month ... 0

Etmonthe ... o v wee U0

. S I e )

Result.—Reaction never observed
after defervescenee.

Case 3.—A female, aged 17 years.
gth dey ... ... viat 10
After the fever.
14 months ... ... ... trace (1.20)
o E . .« trace (1.20)
ﬂ ‘r mmE e Ly u

Resull. — Heaction disappeared
within one and a half months.

CAsE 4.—A male, aged 20 years.

After the attack,
ARt e s
14 days ... e e 1.100
Tmonth = ... . e e 1200
2 months ... ... i . O
Result. — Reaction disappeared
within two and a half months.

1.500

CASE 5.—A male, aged nine years.

After the fever.

3 weeks... ...

{Had scarlet fever.)

ONANE L e een aee

B R |
Resuli.—Reaction ﬂ[m&p&amﬂ
within five months,

lim

Casg 6.—4 male, aged 52 years.

Beginning of relapse 1.100
After the fever.

10daYE i wor in bus 1.300
4 wwks-if aRE LL L) LLL ) llm
R L gk T L TR
Zmonths ... e o e 1100
" e | 1]

"é " Ll EE Pﬂl'tiﬂi (l-m}
B e wee brace (L.20)
T‘& bl LLL] R ﬂ

Regull.—Reaction diutgpeamﬂ
within five months.
CasE T.—A male, aged 42 years.
During the relapse ... (1.20)%
After the fever.
lﬁ 'ﬂﬂ-?ﬂ e (L] e LLL] L1}
B mONthE s e e wwsn B

5& " waw  wdE @@ s8s 1-m
4 . ws e partial (1.20)
5} i e wEs - wan ﬂ

E:* L L] #ER LT} LLL waw ﬂ

Result, — Reaction disappeared
within five months.

(1.20)*

Case 8.—A male, aged 14 years.

10th day T e I 1

1Tth ,, A A T 1.300

Eq'tlh T TT] T BEE BEE 1+1m
After the fever,

E dars LT T anE R EEE EE llm
e e e e e a0
m il‘ EEL LR L L] Ll gas l'm

I months ..o e s 1.50

5 ll LR LS llm

6k .. FA A T L
8 trace (1.20)

Resull.—Reaction disappeared
within eight montgs.

CASE 9.—A male, aged 18 years.
After the fever.

B ARTE e e e e cane R
2% months ... e LBO
4 LE ] L1} EEE B EE BER l.m
5 . 1.50
6% ,, 1.20

* Higher dilutions not examined.
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TABLE VIIL.—(continued).

CasE 9—(continued).

8 months ... ... partial {1 o0y
9% .

Result, —Ramtmn din
within nine months.

Eﬂ

Case 10.—A male, aged 26 g;reara.
. After the fever.

Imonth ... . .. (1.20)%
8 monthe ... ... R 0 1) L
W PRl L ]
S o e TR R
.Raamt.—REnctqu disappeared

within 10 months,
Casg 11.— 4 male, aged 22 years.
Sth day... 1.400
1 b e e e L R
don v iRl R e 1100
1st day after the at.tack et sl
Bth W - 140
dth day of re]apse 1.150
After the fever.
2 days ... 1.400
B G Rt e D NI
ITdaws ... .. b i s EIBD
5 weeks 1.100
4 months 1.300
L e i o L150
2 1.80
Bk ., 1.80
g e i o TR
1 e .o partial (1.20)

1 yearand 2 months...trace (1.20)

Result.—Reaction disappeared
within a year.

CAsE 12.— A male, aged 15 years.

During the attack (1.20)%
Temperature down 9 days 1.80
A relapse followed.

After the fever,

5.08BY8 1o e e 1.400
b e 1.500
34 weeks .. .. 1.1000
b R e 11000
T i S e R L
2 monthe ... ... .. .. 1300
4 . ea et el Y]
8 e Mt L

Casg 12—{continued).
Tt months ... .. e oe 1100
R Vi L b s e RO T T
1} ., el (el e st R

1 year and 1 month...partial (1.20)

Resulf.—Reaction disa ed
within 1 year and 1 nff:l?]:.

CasE 13.—A4 male, aged 26 years.

During the faver ... .. (L20)*
After the fevar.

12 daFE ... sei nen 1.20
Imonth .. .. .. 1.100
6 weeks 1.300
dmonths .. .. .. .. 1800
[ S e S S
T3 1.20
2 I e L me Vi LSRN
1 year . SRR s
1 year 2 mont.hs e b
1 S R S e S
| PR ) 4 1.30

Result.—Reaction Btlﬂ prnseut
after 1 year and 6 months.

CAsSE 14.—A male, aged 16 years.

15th day... partml (1.20)
e 1 i o ]
=1 S S M L 1)
After the fever.
3 days ... ... 1.1000
e S s e HEEE
Imonbh . .ii i e oew LelDOD
GweekB... v i v s L0OD
34 months ... ... v o 1.00
o oy Sl E R e L
B2 1.30
g i SRR 1.40
10 . i e 1.40
L ORRE e i 1.100
1 yearl munt-h s 1.B0
1 year 24 m:mtha 1.160
L e
A Sl 1] o i el S o HE
I S R R e
L i L e IO
BVBRTE s~ tian nan e e L)

Result.—Reaction still present
at the end of two years.

* Higher dilutions not examined. .
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From these results it will be seen that while in the
majority of the cases (12 out of 14) the reaction had dis-
appeared by the end of a year, yet in two cases it was still
present after one year and six months and two years respec-
tively. Further, the individual cases themselves show the most
marked variations in the persistence of the reaction. Thus,
of the 14 cases examined in two it was never obtained after
defervescence, in five others it disappeared within six
months, in four more within one year, while in two it was
still present at periods of one year and six months and of
two years after the attack. How are we to explain these
extraordinary differences? In great part, doubtless, owing
to the fact that the cells of each individual organism
react in a different manner to a given stimulus. We
shall see that in all probability the agglutinins are
produced directly by the body cells, and just as in
different animals of the same species, after an injection
of an equal quantity of virus, the amount of agglutinin
present in the blood at the end of a given time is by no
means equal, so it is not difficult to believe that the length of
time during which the formation of agglutinins may continue
will also vary much. But may there not be sometimes also
another explanation?! May not the long duration of the
reaction be connected in some cases with the persistence in
the body of the bacilli themselves, which, as we have seen, is
by no means uncommon. Without doubt this is the

ation in some cases, but it is doubtful as yet how far
~ the mere persistence of the reaction proves the point. At all
events it has recently been shown that after typhoid
inoculations in man, the dead bacilli only having been
injected, the reaction may still be present for at least
two years. Further continuous observations on inoculated
cases are, however, much wanted. In any case in the light
of these facts there would seem to be no reason at all
to doubt that in certain cases the reaction may still be pre-
sent even years after the attack, as in a case observed by
Widal? in which after 26 years it was still present in a
dilution of 1.30.

Serum prognosis,—It has been suggested by some observers
that it is possible to base our prognosis in a case of typhoid
fever on the serum reaction—to use the reaction, in fact,
both as a means of prognosis as well as of diagnosis. This
opinion naturally suggested itself at once to those who
regarded its presence as a proof of immunity and of this
school M. Courmont *' bas especially investigated the matter.
In a lengthy treatise devoted to this subject he comes to the
conclusion that if observations be taken frequently enough
during the course of the fever, so that an agglutinating
chart comparable to a temperature chart be made, then
the reaction may give valuable indications for prognosis.

20 Widal : Annales de I'Institut Pasteuar, 1897, p. 424,
21 Courmont : Thése de Lyon, 1897.
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It is evident, however, that, even if thought desirable,
such a practice would be very difficult to carry out
as a matter of routine in our best-appointed hospitals,
while in private practice it would be even less feasible.
Moreover, a careful perusal of Courmont's work itself cannot
but leave one very sceptical as to the truth of his proposi-
tions. Certainly, too, so far as my own observations extend,
I have seen nothing which lends support to his views. The
two following cases (Diagram 6), indeed, seem to demonstrate
clearly that if we were to rely much in giving a prognosis on
the amount of the agglutinating power acquired by the serum
we should not uncommonly go astray. The two cases are
of interest because the patients were both of the same age
(16 years), and both were in-patients of St. Bartholomew's
Hospital at the same time suffering from typhoid fever.
Their cases could therefore be well compared. Clinically
the two cases were almost exactly similar. In both
the attack was long continued, lasting in the one case 35
days and in the other 31 days. In both there was also an
absence of delirium and the so-called *‘ typhoid state” and
in both there was constipation. In neither case was the
attack followed by a relapse, but on the contrary uninter-
rupted recovery took place. The cases, then, clinically were
exactly similar, but, as the reproductions show, the most
marked differences were exhibited by the sera charts,
for while in the one case the reaction reached a height of
1.1500 in the other it was never present in dilutions greater
than 1.20, and was for the most part totally absent.

It is evident, then, that a very weak serum reaction even
in a severe case is no bar to a complete recovery and
should not therefore indicate a bad prognosis. Again, it
has been thought that a low serum reaction at the end
of the attack may suggest the probability of a relapse.
None, however, occurred in the case which has just
been quoted, in which the reaction was absent at this
period of the disease. Also if the reaction in Cases 8 and 11
(Table VIIL.) be compared it will be seen that while in both
cases immediately after the attack the reaction fell to
1.50, in the latter only a relapse followed, the former pro-
ceeding at once to recovery. The only conclusion, then,
which can be drawn from these facts is that no certain
prognosis should be based on the intensity or the reverse of
the serum reaciion, and that consequently quantitative
measurements, except for diagnostic purposes, are of but
little value.

THE ORIGIN AND NATURE OF THE AGGLUTINATING
SUBSTANCE.

We have thus far studied the agglutinating reaction from
the practical point of view. Let us now turn and examine
it from its theoretical aspect and consider what is the nature
and the mode of origin of the agglutinating substance, and,
finally, what is the meaning of the reaction. On some of
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these Eqints it is impossible as yet to speak with certainty
though our knowledge is steadily widening.

The agglutinin a ferment,—In the first place, as to the
nature of the agglutinating substance. The evidence as yet
available points strongly to the conclusion that we are here
dealing with a body of the nature of an enzyme or ferment.
Thus minute quantities are often sufficient to produce their
effect over enormous quantities of cultuare. Mr. Durham,
for example, was able to prepare a serum which reacted in
dilutions of 1 2,000,000, or, in other words, one drop of the
serum was sufficient to agglutinate over 100 litres of culture.
The faet that such sera are not commonly met with would
simply mean that the amount of ferment present is, as a
rule, really infinitesimal. Moreover, the chemical reactions of
the agglutinin associate it strongly with the ferment group of
bodies. Thus the typhoid agglutinin is, like all the enzymes,
extremely sensitive to the action of heat. Raising the solu-
tion to the boiling point immediately and totally destroys its
action, while more prolonged exposure to temperatures higher
than 65° C. produces a similar though more gradual result.
Evaporation to dryness also leaves the agglutinating power
intact. Again, like all enzymes, the typhoid agglutinins are
completely precipitated by alcohol in excess. Ammonium
sulphate also in saturation possesses a similar power, pre-
cipitating the agglutinins completely (Winterberg*), just as
Kiihne and others have shown to be the case with the
majority of soluble ferments. BSo, too, as regards their
behaviour towards dialysis, a similarity exists, for just as
the enzymes are incapable of passing through the membrane
so0, too, is the typhoid agglutinin. For these reasons, then,
it seems most probable that the typhoid agglutinin is really
of the nature of a ferment—a view, moreover, which agrees
well with the fact that neither putrefaction nor the gmiﬂnged
action of digestive ferments, such as pepsin and trypsin,
has upon it any effect.

MeTHOD OoF FORMATION OF THE AGGLUTININS.

The next question which presents itself is this, How is the
ferment produced ?

The view which originally suggested itself, and which
probably is indeed the correct one, is that the agglu-
tinins are secreted by the body cells, much in the
same way as are the antitoxines, both bodies being
produced under the stimulus afforded by the invading
micro-organism. It should be noted, however, that
recently a totally different theory has been put forward,
according to which the agglutinins are a direct secretion
of the bacilli themselves, the body cells taking absolutely no
share in their formation.

The evidence upon which this view is based is interesting.

22 Winterberg : Zeitschrift fiir  ygiene, 1899, xxxii,, p.
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In the first place it is a well-known fact, as Emmerich and
Liw® remind us, that a certain agglutination of micro-
organisms does take place naturally in the cultures of not a
few microbes after a certain lapse of time. In a feeble
degree it is not uncommonly present even in 24-hour-old
cultures, hence the necessity of examining the culture itself
in performing a Widal reaction, but it becomes much more
marked at a later period. Thus, for example, if a typhoid
broth culture be examined at the end of three or four weeks
it will be noticed that the majority of the bacilli have sunk
to the bottom and that if the culture be now shaken the
micro-organisms do not re-distribute themselves through the
fluid but remain stuck together in large ropy masses. It
might be thought that this was possibly due to the bacilli
having remained so long in contact that their flagella had
become entangled, but this is not so, for if a broth culture
24 hours old be taken and the bacilli be killed by the
addition of four drops of formalin the culture may be kept
for weeks and months and yet whenever shaken the bacilli
show no tendency to cohere but are at once redistributed
through the fluid and we have the appearance of a normal
broth culture. The seeming agglutination can then
only be due to the fact that during their growth the
bacilli have been acted wupon by some body which
they themselves have produced and which has so
altered them that they now cohere together. But are we
justified in assuming that the active body in this case is
really the specific agglutinin? According to M. Malvoz *
we are, but his experiments, confined only to anthrax, are
very inconclusive, and it would seem more probable that this
pseudo-agglutination is rather the result of the action on the
bacilli themselves of the digestive ferment which they
normally secrete, and which as their vitality diminishes
gradually alters and destroys them.

Another point relied upon by the supporters of the theory
is that the effect of repeated bleedings on the agglutinins
is said to be different from that noticed in the case
of the antitoxines. As is well known, an animal
whose serum has been rendered strongly antitoxic by
repeated injections may be bled repeatedly in small doses
to such an extent that in a short time an -amount of blood
equal to the total quantity in the body may be removed. If
a few days later the antitoxic power of the new blood
formed to take the place of the old be examined it will be
found to be appreciably the same as that of the original
blood, even though no further injection of toxine has been
made. This fact was demonstrated first by Roux and
Vaillard ** in the case of the tetanus antitoxine, and
recently Salomonsen and Madsen *® have confirmed it for the

23 Emmerich and Liw : Zeitscheifi fiir Hygienc, 1899, xxxi , p. 1.
24 Malvoz : Annales de I'Institut Pasteur, 1899, p. 630.
25 Roux and Vaillard: Annales de I'Institot Pasteur, 1893, p. 82.
23 Balomonsen and Madszen : Ibid., 1898, n. 752
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antitoxine of diphtheria. It can only point to fresh formation
of the antitoxine from the cells of the body. Gengou,*”
however, has recently stated that as regards anthrax at
least the facts are different in the case of the agglu-
tinins, and that if an animal be bled the aggluti-
nating power falls very rapidly and does not rise again.
His statement is, however, based on very slender evidence
and it is obvious that in a matter of such importance no
such dictum could be accepted unless most fully proved.

At the present moment, then, it may be said that the
positive evidence in favcur of the view that the agglotinins
are direct secretions of the bacilli, the organism merely
playing a passive role during their formation, is insufficient.
Moreover, various strong objections may be brought against
it. In the first place, if the agglutinins are formed directly
by the typhoid bacilli how can cases of typhoid fever occur
in which the reaction is never present thronghout the whole
course of the disease? It may be argued that in these cases
the agglutinin is excreted as fast as it is formed. But this
explanation seems hardly sufficient when we remember that
the urine, as indeed also the bile, very often shows no
clumping power at all and never contains more than traces
of the agglutinin even when the blood is very active. Thus
in a patient at St. Bartholomew's Hospital whose blood
reacted in a dilution of 1.2000 the urine showed no agglu-
tinating power even when equal quantities were added to the
typhoid culture. In another case, too, in which the blood
gave a complete reaction in a 1.5000 dilution (and a trace in
1.10000) the urine agglutinated in a dilution of 1.10 but not
higher. If, then, in these favourable cases the agglutinins
are only excreted to so slight an extent it is difficult to
believe that there are others in which the cells of the
kidney excrete at once every trace of the agglutinin as soon
as it makes its appearance in the blood. The occurrence
then of cases of typhoid fever in which the agglutinating
reaction remains totally absent constitutes a most serious
objection to this theory of the formation of the agglutinins.

Again, certain facts in connexion with the agglutinating
reaction itself are extremely difficult to explain on this view.
For instance, it is not uncommon to find that the agglu-
tinating reaction reaches its maximuom at some considerable
time after the patient is convalescent. Perhaps the best
example of this is given in Case 13 (Table VI11.). In this case
12 days after the temperature had reached normal for good
the maximum agglutinating reaction was obtained with a 1.20
dilution. The agglutinating power then gradually rose until
three months later it had reached 1.800, after which it again
began to fall. Such a fact, which is not an isolated one, can
hardly be explained except by believing that the agglutinins
are secretions of the body cells. For if at a time when the
micro-organisms can only have been still present in very

37 Gengou : Ibid, 1899, p. 642
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small numbers (twelfth day of convalescence) the reaction only
reached a height of 1.20, how could it later have reached a
mazimum dilution of 1.800 through the agency of the bacilli,
since the latter, even if still present at this advanced stage,
could not have increased in number? Lately, too, Foulerton**
has shown that after preventive typhoid inoculations, dead
cultures only being used, the agglutinating reaction may still
be present in some cases for as long as two years afterwards.
It is very difficult to believe that if the reaction depended on
a ferment present in the liquid and directly injected at the
time of the inoculation it could remain present in the body
for so long a period of time, since on this view no fresh
formation could take place. How. too, can we explain on this
theory the fact that certain normal sera manifest sometimes
a low degree of clumping power towards the typhoid bacillus!
It may, of course, be assumed that such ‘‘normal” agglutinat-
ing capacity is not brought about by means of the true
specific agglutinins and that bodies, perhaps analogous to
safranin and vesuvin, which even in very dilute solutions
can agglutinate the typhoid bacillus (Malvoz?) just as chry-
soidin acts on the cholera vibrio (Blackstein®'), may be
present in the blood in these cases. But of this we bhave no
evidence and the fact that the normal serum of the horse can
always agglutinate both the cholera vibrio and also the
typhoid bacillus and that, as Bordet® shows, the bodies
acting on the two micro-organisms in this case are separate,
distinct, and seemingly specific, points very strongly to the
view that even in normal sera we are dealing with the
presence of traces of the true agglutinins and that therefore
they can only be formed by the body cells.

The evidence, then, at present in our possession points
strongly to the view that the agglutinins are ferments not
directly secreted by the bacilli themselves but produced by
the cells of the body and especially those of the spleen, the
lymph glands, and the bone marrow (Deutsch) ** wnder the
influence of the stimulus produced by the invading micro-
organism.

THE MECHANISM OF AGGLUTINATION,

Concerning the mode of action of the agglutinins—the
mechanism of agglutination, in fact—we have yet much
to learn. According to the view which was first put forward,
the agglutinins were thought to cause the outside sheath of
the bacillus to swell up and become viscoid, so that whenever
the bacilli in their movements touched each other they at
once cohered. This is, however, inadequate. Without doubt
the bacilli are altered in some slight degree by the action of

2% Foulerton : Middlesex Hospital Journal, October, 1899,
2 Malvoz: Annales de I'Institut Pasteur, 1897, p. 582.
30 Blackstein : Miinchener Medicinische Wochenschrift, 1896, Nos. 44
and 45, pp. 1067 and 1100.
81 Bordet: Annales de I'Institut Pasteur, 1859, p. 225.
3% Deutsch: Ibid., September, 1899,
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the agglutinins, though whether in the manner imagined by
Gruber may well be doubted, for no swelling of the sheath
can be demonstrated even by patient search in the case of
the typhoid bacillus, while Roger's experiments on oidium
albicans, on which alone the theory rests experimentally,
are open to criticism, since his serum in all probability con-
tained lysines as well as agglutinins. But the mere fact
that dead bacilli can be agglutinated as easily as living ones
shows clearly that the clumping of the bacilli does not
depend fundamentally on any increased adhesiveness of the
sheath (even if this be present), but must be brought about
rather by variations in the intermolecular forces, which
result from the delicate alterations produced in the bacilli
by the action of the agelutinins.

THE RELATION OF AGGLUTININS TO LYSINES AND THE
CONNEXION OF THE FORMER WITH IMMUNITY.

Let us now consider what is the meaning of the reaction.
As it occurs in typhoid fever the agglutinating reaction is
obviously, as Widal has long maintained, a reaction of in-
fection, for it is produced as a direct result of the invasion
of the typhoid bacillus. Buot may it be more? May it also
have a connexion with immunity, as Gruber has from the first
believed, and may we thus reconcile to some extent the two
diverging views! Emmerich and Liw® are of this opinion,
and they believe that it has the most intimate connexion
with the development of the bactericidal power, on which
acquired immunity and recovery from the disease so closely
depend. In short, agglutination, according to them, is
nothing more than the first stage in the destruction of the
bacilli. Under the influence of a single enzyme the sheath,
they affirm, first swells up and later the bacilli are gradually
destroyed.

This view is delightful from its very simplicity, but never-
theless it presents the very gravest difficulties. In the first
place, if agglutination is but the first stage in the destruc-
tion of the bacilli, and if, as seems certain, recovery in a
case of typhoid fever really occurs throngh the development
of bacteriolytic properties, then it seems difficult to under-
stand how cases can and do recover without the blood ever
acquiring agglutinating power. Further, Neufeld * in a case
of this kind was able definitely to prove that though the
serum possessed no agglutinating capacity, yet it did possess
very considerable preventive or bacteriolytic power, a
minute quantity of the patient’s serum protecting a guinea-
pig from an otherwise fatal peritoneal injection of typhoid
culture, while four times the amount of normal seram had no
effect on a control animal. An exactly similar result was also
obtained by Pfeiffer and Kolle ° with an anti-cholera serum.

33 Emmerich and Liw : Zeitschrift fiir Hygiene, 1899, xxxi., p. 1.
¥ Neufeld: Ibid, 1899, vol. xxx.
35 Pleiffer and Kolle : Centralblatt fiir Bakteriologie, 1896, vol. xx.,

p. 129,
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The serum in this case possessed no agglutinating pro-
E:uﬂeﬂ whatever, but bacteriolytic qualities to a remarkable
gree.

1t is obvious, therefore, that a serum may be strongly
bactericidal without being agglutinative at all. The reverse
also may occur. It may agglutinate strongly but possess no
bacteriolytic properties. This was first shown by Friinkel
and Otto,* who by feeding guinea-pigs on large quantities of
typhoid cultures were able to render their blood agglutinative
in dilutions of 1.200 and upwards, and yet out of 15
animals examined only three showed any bactericidal pro-
perties whatever. Similarly Widal and Sicard,®” experimenting
on frogs, were able o show that after an injection of typhoid
bacilli the latter remained in the tissues for long periods and
could 35 and 40 days later be recovered in the lymph sac
alive and with their virulence unimpaired at a time when the
lymph itself showed an agglutinating power of 1.1000. Lastly,
the lack of correspondence between the agglutinative and
preventive powers in animals inoculated with the typhoid
bacillus has been clearly brought out by Deutsch® in his
careful observations, To take but one example. If we com-
pare the five sera in his table which had the highest pre-
ventive value (0-05) we notice that the agglutinating capacity
of the same sera varied between 1.40 and 1.1500 instead
of being identical in each, as on Emmerich and Low’s theory
it must have been. From a consideration of these facts one
result stands out clearly—namely, that agglutinins and lysines
are absolutely distinct. Consequently Emmerich and Low’s
theory in its original form cannot be maintained. It is true
that as a rule both bodies are most often present together, so
that a serum which is highly agglutinative is generally also
highly bacteriolytic ; but this does not by any means always
occur ; and to say therefore that because a patient’s serum
agglutinates therefore it ipse facto also contains bacteriolytic

perties and that consequently the patient is protected
against typhoid fever is clearly an error.

Agglutination, then, is a reaction of infection. But at
present we have no direct evidence proving that it takes a
share in the production of immunity, probable though this is.
It may be, as Bordet® states, that agglutinated bacilli are
more sensitive than others to the action of the alexines, or
bactericidal bodies, and that the object of agglutination
is therefore really to prepare the way for the action of the
latter. This, however, is not yet proved, and meanwhile we
must remember that a patient or an animal may be rendered
abgolutely immune to typhoid fever or cholera without the
blood ever acquiring definite agglutinative properties at all,
so that agglutination in the ordinary sense cannot be essen-

a8 aFg‘rink%E& and Otto: Miinchener Medicinische Wochenschrift, 1897,
No. . 1065,

S;DEM&I and Sieard: Comptes Rendus de 1a Société de Biologie, 1897,
p. 1047.
38 Deutsch : Annales de I'Institut Pasteur, September 1839,

¥3 Bordet : Ibid., 1899, p. 225.
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tial to the production of immunity. Possibly, however, even
in these cases traces of the agglutinins may by slightly
affecting the bacilli further the action of the lysines, and
thus assist in bringing immunity about.

Bacteriolytic power.—We have seen, then, that in cases
of typhoid fever the blood of the patient in the great
majority of cases develops agglutinative properties. Bacterio-
lytic or bactericidal power is also actually acquired, as
demonstrated by the observations of Chantemesse and
Widal, and Pfeiffer and Kolle,"! and others. Indeed, on
the acquisition of this power recovery chiefly depends. It
should be noticed also that while the mode of origin of the
agglutinins is open to discussion, our knowledge concerning
the lysines is much more explicit. Thanks to the discoveries
of Bordet,'* Pleiffer,’” and Ehrlich,*! it is now certain that
for a serum to possess bacteriolytic properties two bodies
must be present in it: first, a body of the nature of a
digestive ferment, in no wise specific but present in
minute quantities in normal serum, and to which Ehrlich
has given the name *‘complement” or ‘‘addiment"; and
secondly, the specific *‘ immune bodies,” side chains secreted
directly from the cells of the body, and formed especially in
the spleen, lymph glands, and bone marrow (Wassermann),
as the result of the stimulus afforded by the presence of the
specific micro-organism. The function of these latter bodies
is to bring the addiment or digestive ferment, present only in
minute traces, into direct connexion with the micro-organisms,
a process effected, as Ehrlich has shown, by their possessing
two different haptophoric groupings, the one impelling them
strongly to unite with the bacteria (or red corpuscles in the
case ﬂg hzemolysis) and the other joining them to the
addiment. In thls way the ferment which of itself would
have but the feeblest power of acting on the bacilli, since
only traces of it are present, is brought into immediate
contact with the micro-organisms and its digestive action
becomes at once apparent.

Antitoxic power.—Lastly, with regard to antitoxine. Is
there a formation of this also and does the blood
acquire antitoxic as well as agglutinative and bacteriolytic
properties ? At present we have no evidence whatever that
such formation takes place. Sanarelli,*® Pfeiffer and Kolle,**

40 Jhantemesse and Widal : Ibid., 1892, p., T68.
41 Pfeiffer and Kolle : Zeitschrift fiir H:r,rglene 1896, xxi., p. 203,
42 Bordet: Annales de I'Institut Pasteur, 1895, p 498.

43 Pfeiffer: Deutsche Medicinische Wochenschrift, 1395 Nos. T and §,
pp. 97 and 119.

41 Ehrlich and Morgenroth : Berliner Klinische Woehensehrift, 1899,
No. 1and No. 22. I am indebted to my friend Dr. Bulloch, Bacterio-
logist to the London Hospital, for pointing out to me the full value of
Ehrlich’s remarkable work.

45 Sanarelli: Annales de I'Inetitut Pasteur, 1894, p. 375.
46 Pfeiffer and Kolle: Zeitschrift filr Hygiene, 1896, xxi., p. 203,
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and Funck,* are all agreed on this point, and the result of
their observations both on typhoid patients as well as on
immunised animals shows that, just as in cholera, so also in
typhoid fever, antitoxines if developed are formed only in
such small quantities that their presence cannot be demon-
strated. From analogy we should expect that some forma-
tion would take place and it may be that, though the
cells secrete enough to neutralise the typhoid toxine, yet no
hyper-secretion of these side chains takes place. At any
rate, the fact remains that in typhoid fever the blood never
acquires active antitoxic power.

FRiésumé.—If, then, we picture to ourselves the delicate
changes which occur in the blood of a patient during the
course of typhoid fever we should say that very early in the
disease, as a rule during the commencement of the second
week, agglutinative properties are in general acquired. But
the date at which the agglutinins appear, the amount in
which they may be present, and the length of time during
which they may persist are subject to extraordinary varia-
tions. The reaction is undoubtedly one of infection, and its
connexion with immunity, though grobable. has not as yet
been proved. A little later in the disease bacteriolytic pro-
perties make their appearance, and with the graduoal increase
in their amount the further growth of the bacilli in the body
is checked, and finally the latter are gradually digested and
destroyed. DBut even now the disease is not quite at an end,
for the toxines set free by the destruction of the bacilli have
first to be dealt with. In part they may be neutralised by
antitoxines, but of this as yet we have no direct evidence, in
part they are probably excreted by the usual channels and
thus eliminated from the body.

TREATMENT.

During the last few years, then, our knowledge concerning
the pathology of typhoid fever has materially increased.
We know now that the disease consists in a general infection
of the body by the specific micro-organism, instead of being
a merely local disease as was once imagined. In addition
to this we are beginning to gain a definite insight into
the changes which take place in the blood and tissues
as the result of the presence of the bacillus, and which
eventually lead to the destruction of the micro-organism and
recovery from the disease. Unfortunately, so far a similar
advance has not as yet been made in the domain of treat-
ment. The anti-typhoid serum, from which at first much
was hoped, has not answered to its expectations, possibly
becanse the serum so produced has only possessed bacterio-
lytic qualities and not antitoxic properties as well.

47 Funck : Le Sérothérapie de la Fiavre Typhoide, Bruxelles, 1896,
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Preventive inoculation.—The method of preventive inocu-
lation, indeed, worked out by Professor A. E. Wright ¥ offers
more immediate prospects of success. By means of similar
injections of deutf' cultures animals may be rendered immune
against an otherwise fatal dose of the living virus through
their blood having acquired the bacteriolytic and other
properties which are normally present in the human organism
after an attack of typhoid fever. If, therefore, the virus be
properly standardised, and a sufficient dose be injected,
there is every reason to believe that immunity against the
disease can be regularly acquired in man, though how long
this immunity may last we cannot as yet say, a mere exami-
nation of the agglutinating power of the blood being in no
wise sufficient to determine the point. The results of the
method so far published are at least encouraging, the per-
centage incidence of the disease in nearly 3000 cases having
been reduced from 2-5 per cent. among the uninoculated to
0-95 per cent. among the inoculated. The mortality also was
somewhat less,

THE VALUE oF UROoTROPIN IN TYPHOID FEVER.

In one other direction also progress has been made. Our
knowledge concerning the infectious character of the urine
has led almost at once to the introduction of a drug which
eliminates this danger altogether. I allude to urotropin, and
I desire, in conclusion, to bring before you the marvellous
effects which are produced by its administration in cases of
typhoid bacilluria and cystitis, thongh I may say at once
that my own observations do but confirm the results already
obtained in this field by Richardson. Urotropin is formed by
the action of formalin on ammonia and was introduced six
years ago into medical practice by Dr. Arthur Nicolaier¥ as a
urinary antiseptic. It was soon found to have considerable
value in checking the decomposition of the urine in cases of
ammoniacal cystitis, the effect being due, as Dr. Nicolaier
has shown, to the liberation of free formalin from the drug
after its passage into the urine. It is true that in the acid
cystitis produced by bacillus coli it is almost without effect,
so that it cannot be regarded, as some too hastily have
thought, as a specific for all forms of urinary infection. So
far, however, as one variety is concerned it does deserve the
name. I allude to its effect on the true typhoidal affections
of the urinary tract. Attention was called to this matter
last year by Richardson,’” who in nine cases found that the
typhoid baecilli rapidly disappeared from the urine after its
use, and from my own observations I can now most strongly
support his results.

4% Wright and Leishman : Brit., Med. Jour,, Jan. 20th, 1900, p. 121
Profeszor A. E. Wright: THE Laxcer, Jan. 20th, 1900, p. 180.

4% Wicolaier: Feitschrift fiir Klinische Mediein, I&B, p- 3580 (with
bibliography).
50 Richardson : Journal of Experimental Medicine, 1839, vol. iv., p. 1.
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It would be unbecoming on this occasion, even if time
permitted, to describe in detail my observations—these I
have placed in an appendiz—but I think tbat the following
reproductions of photographs represent more clearly than any
figures can do the valuable action of the drug.

Fig. 3 (Appendix, Case I.) shows two tubes of gelatine.
Tube A, that on the left, was inoculated on the twenty-
fourth day of the illness with two drops of the patient’s
urine. A pure cultivation of what proved to be typhoid
bacilli developed (the opaque atypical appearance of the
colonies being due to their having sunk a little from
the surface into the gelatine owing to the very hot
weather). The patient was then put on urotropin,
10 grains three times a day, and on the twenty-sixth
day of his illness, after 30 grains of the drug had been
taken, cultures were again made. The photograph on the
right shows such a one made with two drops of urine.
Nothing, however, grew. The typhoid bacilli had all been
destroyed and eliminated, and though the drug was stopped
after 60 grains had been given, cultures made on four
subsequent occasions never showed any return of the micro-
organisms,

Fig. 4 (Appendix, Case VI.) shows a somewhat similar
result. The photograph on the left represents a gelatine tube
inoculated with a #Zrace of the urine of Sept. 16th (the
fifty-first day); a pure culture of typical typhoid colonies
is seen. The patient was then put on urotropin (30 grains
ter die) and the photograph on the right represents a gelatine
tabe over the surface of which fhree large drops of urine
were spread, the urine having been obtained after 30 grains of
the drug had been taken. The cultivation bas proved sterile.
The typhoid bacilli had been eliminated and destroyed.
The drug was, however, continued until 120 grains had been
given (four days in all), but the typhoid bacilli did not
return, as proved by subsequent cultivation of the urine.

Fig. 5 (A) and (B) (Appendix, Case V.) represents the same
result, but in a somewhat different way. In this case a drop
of the urine itself was stained before and after the administra-
tion of 30 grains of the drug. In the one case enormous
numbers of typhoid bacilli are seen, in the other none are
visible. Cultures also showed their absence. The drug was
continued until 120 grains had been given and was then
stopped ; the bacilli, however, did not return.

Fig. 6 (Appendix, Case III.) shows the marvellous naked-
eye change which is produced in the urine by the administra-
tion of the drug. The photograph on the right represents
the urine itself, on the eighteenth day, turbid as it was
with bacilli. That on the left shows the test-tube full
of urine passed on the following day after 20 grains only
of the drug had been taken. It was now quite clear to the
naked eye. Cultures also made with three drops of the urine
showed no growth. Further examination, however, proved
that in this case a few bacilli were really present, even after

H
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Fic. 3 (ArrExDIX, CASE 1.).

The tube on the left (Tube A) represents a gelatine tube over the
surface of whiech two drops of urine were spread. Many typhoid
colonies have developed. (The opaque atypical appearance of the
colonies is due to their having sunk a little into 1he gelatine, owing te
the very hot weather.)

On the right Tube B shows a second tube over which two drops”of

urine from the same patient were spread, but after 30 grains of
urotropin had been taken. Nothing has grown.
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Fic. 4 (AprreENDIX, CAsE VL.).

A ' B

The tube on the left (Tube A) shows a gelatine tube over which a
trace of urine was spread. Very many typical typhoid colonies are
SEEmn. ‘

On the right Tube B shows a second tube over which three large
drops of urine from the same patient were spread, after 30 grains of
urotropin had been taken. Nothing has grown.

(Reprodvuced from the British Medical Jowrnal by kind permission of
tha Editor.)
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Fic. 6 (ApPENDIX, CASE TT1).

|
i
i §
E
b
:
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On the right a test-tube full of turbid bacilluric urine is seen, on the
left the clear urine passed about 18 hours later, after only 20 grains of
the drug had been taken. The absence of the bacilli was confirmed by
eulture. (Reproduced from the Biitish Medical Journal by kind permission
of the Editor.)
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60 grains had been taken, and that, therefore, to be quite
certain of curing the condition, it would always be wise to
continue the use of the drug for a week.

The photographs which I have shown happen to deal with
cases of bacilluria, but in cases of typhoid cystitis, as the
detailed record of the cases shows, the effect of the drug is
almost as instantaneous, the pus as well as the bacilli dis-
appearing within one, or at most two, days.

If, then, we sum up the effect of the drug on cases of
typhoid bacilluria and cystitis we may say that the imme-
diate effect of the drug is extraordinary., If the urine has
been turbid before with bacilli, at the end of 24 hours—that
is to say, after 30 grains have been given—the urine will now
be found quite clear. Possibly cultures may reveal a few
bacilli, but this is not always the case. So marked and
immediate, indeed, is the effect of the drug that, if the
urine is not clear at the end of 24 hours, we may at once
suspect most strongly that the bacillus present is not the
typhoid bacillus but one of the varieties of bacillus coli. If
the drug be continued a permanent cure will be effected
(unless possibly in the event of reinfection from the blood).
Such a permanent cure may sometimes be effected by 60
grains of urotropin, but to make certain it would be well
always to continue the drug for at least one week.

Under what circumstances, then, should the drug be given
in cases of typhoid fever? Evidently whenever a urinary
complication due to the typhoid bacillus has occurred. But
seeing that at the present time the bacilluria and even the
cystitis most often passes unnoticed from the patient com-
plaining of no symptoms, and seeing that they are always a
source of danger, the question arises whether the drug should
not be given (30 grains daily) in all cases of typhoid fever,
throughout its whole course and during the first three weeks
of convalescence, as was first suggested by Richardson, with
the intention of preventing these complications. It should
be added that, taken in such doses, and during such a pro-
longed period, the drug produces no ill effect beyond occa-
sionally some urethral pain if the urine is allowed to
become concentrated. It may be combined, too, with any
ordinary medicine, and therefore interferes in no way with
the usual treatment of the disease. The routine use of the
drug, therefore, would seem to be strongly indicated, for
no nursing, however good, no care taken with the urine, can
possibly prevent some soiling of the linen and the possible
spread of infection if the case be one of typhoid bacilluria.
In hospital practice, however, with good nursing the matter
is of less importance. In private practice the case is very
different. I do not here refer to cases treated in the houses
of the rich but rather to those occurring in the squalid
dwellings of the poor, to those sad cases where whole
families live in single rooms, and where the spread of
infection from the sick to the healthy is no fiction
but an actual fact, and one, too, which is becoming more
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generally recognised.” Since in all probability in such
cases, as I have elsewhere pointed out, the urine rather than
the feces is chiefly at fault, it is ?armiaaibla to hope that by
eliminating the former source of danger altogether a very
sensible diminution in the spread of the disease may in time
be brought about.

I have now brought to a conclusion the task with
which I have been entrusted. In expressing my deep sense
of the honour thereby conferred upon me by the College I
desire also to record my gratitude to the Physicians and
Pathologists of St. Bartholomew's Hospital for the hel
which they have at all times given to me in my work. If
have succeeded in any way in carrying out the wishes of
the founder of these lectures it is to their unvarying kindness
that I must attribute my good fortune.

5t Dr. A. Hill, the medieal officer of health of Birmingham, in his
report for 1898 cmeuteﬂ that in that city during the year ‘*at least 86
cases of typhoid fever, or one-seventh of the total number, were
directly due to infection from another case.” Others elsewhere
have expressed a somewhat similar opinion.
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APPENDIX,

The following cases of typhoid bacilluria and cystitis
treated with urotropin demonstrate clearly that in this drug
we possess, as Richardson first stated, an almost specific
remedy. To be certain of effecting a cure the drug should
be given for a week (10 grains three times a day) though
often very much smaller amounts are in reality sufficient.
The urine in the following cases, the patients with one
exception all being males, was passed directly into a
sterilised vessel, and cultures were then made on gelatine or
agar. One tube received one drop of urine and a second
three, or more.

Case I. (Luke Ward ; Dr. Gee).—The patient was a male,
aged 21 years. He had an attack of typhoid fever of
medium severity. On Sept. 5th, 1899 (the twenty-fourth day),
tie urine was obtained and was found to be clear, acid, and
to contain no albumin, but cultures made from two drops of
the urine revealed a pure culture of typhoid bacilli (Fig. 3).
On Sept. 6th the patient was put on urotropin, 10 grains ter
die, the drug being stopped on the 8th, after 60 grains
had been given. On the 7th (the twenty-sixth day of the
disease) three drops of the wurine proved sterile on
cultivation. On the 8th (the twenty-seventh day) the same
result was obtained with eight drops. The temperature
reached normal on the 9th and the urine though tested by
cultivation on four subsequent occasions (Sept. 16th and
23rd and Oct. 5th and 16th) never showed any return of the
typhoid organisms. In this case, then, not a very severe
one, the bacilli were entirely eliminated after 30 grains of
urotropin and they never returned, though only 60 grains
were given in all. The following case is also somewhat
similar, though unfortunately it was not followed up after
the cessation of the drug.

Case II. (Hope Ward ; Dr. Gee).—(In this case, the only
female case recorded, the urine was drawn off by catheter.)
The patient had an extremely severe attack of fever followed
by a relapse. The temperature was, however, coming down,
when on Oct. 4th, 1899 (the fiftieth day of the disease),
she experienced some pain and difficulty in micturition.
The urine also was found to contain pus and typhoid bacilli
were present in it in enormous mumbers, On Oct. Gth the
condition of the patient’s urine was the same. She was put
on urotropin—eight grains night and morning—and four
days later, on Oct. 10th, on which day the temperature
reached normal for good, the urine was found to quite
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natural in every way ; cultures also proved it to be sterile.
72 grains of urotropin had in this case eliminated the micro-
organisms.

It seemed probable from these cases that small quantities
of urotropin—60 grains, for example—would be sufficient to
free the urine permanently from typhoid bacilli. As a
matter of fact, though this is sometimes the case it is not
always true. If the urotropin be given only for a couple of
days it may happen that after an apparent total disappear-
ance from the urine the bacilli may return after the drug has
been stopped and even become as numerous as before. The
explanation doubtless is that a few isolated bacilli, having
become lodged among the cells of the bladder wall, are
thereby protected from the action of the drug and so escape
destruction. As soon, however, as the urine ceases to
contain formalin they begin to germinate again and the
bacilluria returns. The following case is a good example of
this class.

Casg III. (Matthew Ward; Sir Dyce Duckworth) —The
patient was a male, aged 24 years, He had a very
severe attack of typhoid fever. The temperature reached
normal for good on the twenty-seventh day (Nov. 17th, 1899)
and did not rise again. The urine was examined on the
eighteenth day (Nov. 8th) and was found to be turbid
from the presence of myriads of typhoid bacilli. It was acid
and had a faint cloud of albumin. On the same day the
patient was put on urotropin, 10 grains ter die. The
drug was continued until 60 grains had been given and
was then stopped. The urine was examined after 20 grains
of the drug had been taken and the most marked change was
noticed in it (Fig. 6). Instead of being turbid from bacilli it
was now quite clear and cultures (three drops of urine)
showed no growth. Similar results were obtained from the
urine after 40 and 60 grains had been taken. It seemed, there-
fore, that the patient was cured. This, however, was not
so, for a week later, though the urine was clear, acid,
and contained no albumin, cultures revealed the presence
of many typhoid bacilli. Three days later, on the 20th,
the condition was worse, the urine was now turbid with
bacilli and contained pus. The upper layers of the urine
after the pus had settled showed no albumin. On this
day, therefore, the patient was again put on urotropin
for two days, the drug being stopped after 60 grains had been
administered. The result is instructive. After 20 grains
had been taken the urine had again changed most mar-
vellously. Instead of being turbid it was clear and contained
no albumin or pus. Under the microscope, however, a few
typhoid bacilli were seen and culture revealed the presence
of many. After 30 grains cultures from three drops of
the urine showed only 30 colonies of typhoid bacilli, after
40 grains only six colonies, while after 60 grains (Nov. 23rd)
one colony only was obtained. The bacilli evidently had not
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been entirely eliminated and, as might have been expected,
they at once returned when the urotropin was stopped
(Nov. 23rd). Thus four days later (Nov. 27th) the urine was
again turbid and typhoid bacilli were found ; it contained
a little pus but no albumin. Urotropin was again
ordered in the same dose but for a longer period of time.
It was given from Nov. 27th to Dec. 4th, 210 grains
being given in all. This proved completely successful.
After 20 grains the urine again became clear and cultures
revealed no typhoid bacilli. So also after 110 grains bad
been given. On Dec. 4th the urotropin was stopped, but
the urine, though examined on Dec. 6th and 16th, never
showed any return of the bacilluria. The case is of interest,
then, as showing that sometimes the drug must be given for
longer periods in order to effect a cure, and accordingly in
the following case this was dore.

CasE IV. (Luke Ward; Dr. Gee).—The patient was a
male, aged 36 years. He had an attack of medium severity,
though the fever was prolonged, the temperature reachin
normal only on the fifty-third day. The urine was examin
bacteriologically three times during the attack, but it was
always natural; typhoid bacilli were never present. Five
days after defervescence, however (Nov. 24th, 1899), the
urine was found to be turbid with typhoid bacilli and to
show a deposit of pus. There was no pain or frequency of
micturition ; there was a cloud of albumin. On the %ﬂlluwing
day (the 25th), the condition of the urine being the same,
the patient was put on urotropin, 10 grains ter die. It
was given for three days (Nov. 25th to 28th) and then
stopped, 90 grains being given in all. After 20 grains had
been taken the urine again showed the same marvellous
change observed in other cases. Instead of being turbid
with bacilli not a single bacillus could be seen under the
microscope, though 24 colonies grew on a tube inoculated
with three drops of urine. After 50 grains the urine was
sterile and again after 80 grains (Nov. 28th). On this da
(the 28th) the urotropin was stopped, but the urine, thoug
tested on Dec. 1st, 6th, and 12th, never showed any return
of the bacilli or pus; the cure was complete.

The three following cases are very similar. They
all show the total disappearance of the bacilli after 30
grains of the drug, but to make sure of its permanence the
administration was continued for a few days longer.

Case V. (Elizabeth Ward ; Sir T. Lauder Brunton).—The
patient was a male, aged six years. He had a severe attack
of fever. The temperature reached normal for good on the
thirtieth day (August 19th, 1899). Nothing abnormal had
up to that time been noticed with regard to the urine. On
the following day, however (the 20th), hsematuria suddenly
occurred. On the 22nd the hsmaturia was still present.
Under the microscope, in addition to red corpuscles, pus



107

cells and many bacilli were seen, which latter proved on
cultivation to be typhoid bacilli. The hamaturia then
ceased, but the bacilluria continuing the patient was put on
urotropin, 10 grains three times a day, for four days
(August 25th to the 29th), 120 grains being given in all.
On the following day (the 26th) after 30 grains of the
drug had been given the bacilli were found to have
entirely disappeared. None could be seen under the micro-
_ scope and none demonstrated by culture (Fig. 5). The same
result was obtained on the 28th after 70 grains of the drug
had been given. On the 29th the urotropin was stopped (120
grains having been given in all) and two days later
%ﬂ@lat) cultures still showed the absence of typhoid
i

Case VI. (Mark Ward ; Dr. Church).—The patient was a
male, aged 20 years. He had a very severe attack followed by
a relapse. The temperature reached normal for good on the
fifty-first day. On Sept. 9th (the forty-fourth day, or fourth
day of the relapse) the urine was natural in every way. It
was clear, acid, and contained no albumin ; cultures showed
the absence of typhoid bacilli. On Sept. 11th a marked
change occurred. The urine was now turbid and contained
innumerable typhoid bacilli; it was acid and showed a very
faint cloud of albumin. Five days later, on the 16th, a
similar result was obtained. On this day the temperature
reached normal for good. The patient was put on urotropin,
10 grains three times a day. On the following day, the 17th,
after 30 grains of the drug the same marvellous change that
has been noticed so often before was here again seen. The
urine instead of being turbid with myriads of typhoid bacilli
was now clear. No bacilli were seen under the microscope
and none were revealed by culture. (Fig.4.) After 60 grains
also the same result was obtained. The urotropin was con-
tinued for four days (Sept. 16th to 20th), 120 grains being
given in all. The urine was examined again on the Z8th,
but with a negative result, the cure being complete.

Casg VII. (Colston Ward ; Dr. Hensley).—The patient was
a man, aged 42 years. He suffered from an extremely severe
attack of the fever, followed by a relapse. The temperature
reached normal for good on the fifty-second day. The urine
was examined on four occasions (the fourteenth, twenty-first,
thirty-third, and forty-sixth days) during the attack. But
though on the fourteenth day it contained one-fifth of
albumin no typheid bacilli were ever found. Nine days
after defervescence, however (on Dec. 22nd, 1899), it was
found to be turbid with typhoid bacilli. A week later (on
the 29th) the bacilli were fewer in number but could still
be seen under the microsd¢ope. The urine was acid and
contained no albumin. The patient was now put on
urotropin, 10 grains ter die, and on the following day, after
30 had been taken, the bacilli were found by culture
(four drops) to have entirely disappeared. A similar result
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was obtained on Jan. 2nd, 1900, after 160 grains had been
administered. On the 4th the drug was stopped, 180 grains
having been given in all. The urine was again examined on
Jan. 8th but was still sterile.

Lastly, I may quote the following two cases in which after
50 and 60 grains respectively the bacilli were present, but
in which they disappeared finally after a few more doses of
the drug.

CaAsE VIII.—The patient was a male, aged 13 years. He
was admitted late in the disease. The temperature reached
normal on the twenty-seventh day. wo days later
(Nov. 29th, 1899)—that is to say, when the temperature had
been normal for two days—the urine was found to be bacilluric
to the naked eye. It was acid and contained the faintest
trace of albumin but ro pus. The bacilli proved to be
typhoid bacilli. On Dec. 1st and 2nd the condition remained
unchanged. On the latter date urotropin, 10 grains three
times a day, was ordered. On the following day (Dec. 3rd)
a marked change had occurred after 20 grains only had been
taken. The urine was found to be quite natural to the
naked eye and to the microscope. It was clear, acid, and
contained no albumin. No bacilli could be seen and culture
(four drops) revealed nonme. A few, however, were still
lurking in the bladder, for on Dec. 4th, the patient then
having taken 50 grains of urotropin, one single colony did
develop on the culture media. The drug was continued and
the urine was again tested on Dec. 6th, when 140 grains
had been administered. The urine now proved sterile. The
urotropin was stopped, 140 grains having been given in all,
but the urine tested by culture on subsequent occasions (on
Dec. 9th and 16th) showed no return of the bacilli.

Case IX,—The patient was a male, aged 31 years. The
temperature reached normal on the thirty-first day for good.
On Nov. 25th, 1899 (the twenty-third day), I first saw the
urine. 1t was immediately seen by the naked eye to be
turbid with micro-organisms which on culture proved to be
typhoid bacilli. It was acid and contained no albumin, but
showed a sediment of pus. There was no pain or frequency
of micturition. On Nov. 29th the condition of the urine was
the same; urotropin was prescribed in the same doses as
before. On the following day (the 30th), after 30 grains had
been taken, there was a marked improvement. The urine,
however, still contained a little pus and under the microscope
a few bacilli could be seen. Cultures showed many colonies.
On Dec. 1st, after 60 grains had been taken, the urine was
clear, contained no pus, and no bacilli could be seen; 21
colonies, however, developed on the cultures (four drops of
urine). On Dec. 4th, 110 grains having been now given, the
urine proved sterile. Two days later (Dec. 6th) the drug
was stopped. In all 200 grains had been administered.
Cultivations proved that the urine on this day contained no
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typhoid bacilli and similar results were obtained on Dec. 9th
and Dec. 16th. The bacilli in this case, then, disappeared
after 110 grains of the drug had been given. To make
per;aﬁin, however, of a permanent cure 200 grains were given
in all.

In conclusion, the following case may be briefly men-
tioned because it shows so clearly the long duration of
the bacilluria if left untreated and the immediate and per-
manent effect of the drug in arresting it.

Case X, (Colston Ward ; Dr. Hensley).—The patient
was a man, aged 22 years. On admission, on the thirteenth
day of his illness, he was found to be suffering from typhoid
fever and nephritis. (The case is referred to in Lecture 1II.)
The urine was turbid with typhoid bacilli, and this con-
dition continued unaltered throughout his illness, being
confirmed by bacteriological examinations made on the
sixteenth, twenty-fifth, thirty-second, and thirty-fourth
days. On the latter day (Jan. 24th, 1900) the tempera-
ture reached normal, the urine still containing myriads of
typhoid bacilli. Urotropin, 10 grains three times a day, was
ordered and was given from Jan. 24th to 3lst, 210 grains
being taken in all. On Jan. 25th, after 20 grains had been
taken, colonies of typhoid bacilli still appeared in the
culture tubes. But on the 26th, 27th, 29th, and 31lst the
urine was sterile. The drug was now stopped, but the cure
had been permanent, for further bacteriological examina-
tions made on Feb, 3rd, 5th, 9th, 14th, 19th, 26th, and
March 7th showed no return of the micro-organisms.
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