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The conclusions from all this are, it seems to me, very clear :—

(1) It is easy to prove the presence of the typhoid bacillus in cases
of typhoid fever if one can get access to such internal organs as the
spleen and mesenteric glands in the first weeks of the fever and before
post-mortem decomposition has set in.

(2) It is not easy to separate the bacillus typhosus during life,
unless one obtains blood from the spleen (which is not to be recom-
mended), or from a rose spot. The separation of the bacillus from the
stools and urine is attended with serious difficulties.

(3) The separation of the bacillus in the most favourable cases takes
at least twenty-four hours, and the testing of pure cultures of tke
suspected bacillus by the ordinary methods takes from twenty-four to
forty-eight hours, so that a perfectly reliable diagnosis of the bacillus
typhosus cannot be made by the methods known till the beginning of
last year in less than from two to three days, but under ordinary
circumstances such a diagnosis would take three or four days.

A first improvement in this state of things was due to the discovery
made by Pfeiffer* of a specific reaction which occurs when the vibrio of
cholera is injected into the peritoneal cavity of a guinea-pig immunised
against cholera. This *Pfeiffer’s reaction” was found afterwards by
Pleiffer and others to be applicable to other micro-organisms than the
microbe of cholera, and more especially to the bacillus of typhoid fever
and to the bacillus coli communis,

Metchnikoff and Bordet showed that it was not necessary to inject
the micro-organisms into the peritoneal cavity of a living animal in
order to demonstrate the specific reaction ; it was enough to add the
fresh serum of an immunised animal to the microbes ““in vitro,”

Gruber and Durham studied more specially the reaction exhibited
by various micro-organisms when brought in contact with the blood
serum of animals severally immunised against each of these microbes.
They confirmed the specificness of the reaction within certain limits
carefully indicated by them. They agreed with Metchnikoff and Bordet
in showing that the reaction observed “in vitro” is as specific as
Pfeiffer’s reaction observed “in vivo,” and they established, by careful
experiments, the conditions necessary to obtain a reaction sufficiently
8pecific to be of diagnostic value when the special technique which they
adopt is followed,

With special reference to diagnosis, the outcome of the work of these
zli)::l:v“erz;mlﬂetllu.t, w]han n.l:ra.mllua had .been isolated .fl"ﬂl?'l. pathological
e b inmnll X e?na media, and C:Ilﬁ.wtﬂhﬁd to establish itg identity, it

possible to do so within one hour by means of the blood

* Preirren (R.).—Zeitschrist fiir Hygiene, 1304, XVIIL, p, 1; 1305, XIX p. 194
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the drop may be used as a hanging drop, for continuous observation
in the usual way. To this mixture a small guantity of the fresh serum
of an ordinary animal is added when a complete reaction is wanted. The
incomplete reaction can be observed without addition of fresh seram, and
in this case also a very minute dose of preventive serum is sufficient.
The incomplete reaction consists of immobilisation and of the forma-
tion of heaps or clumps, produced by the running together of the
paralysed bacilli. After the addition of the fresh normal serum, the
complete reaction is manifested by the transformation of the vibrios into
granules,

Bordet considers that this reaction is based on the same principle as
that of Pfeiffer, and says it is quite as specific.

(3) Max Gruber and Durham’s Method. Though the paper by Dr.
Durham, in the Journal of Pathology and Bacteriology (July, 1896,
p- 13), was not available at the beginning of this investigation, the
following account of the method which these authors have specially
elaborated is taken from that communication, The bacillus to be
tested is grown at 37°, for 12 to 24 hours, on agar. A loopful of the
culture, equal to about 3 mgs., is made into an emulsion by thorough
mixing with 0'5 cem. of bouillon. The preventive serum, which is used
as a test, is diluted with bouillon also, Generally 5 to 10 mgs. of
serum are mixed with bouillon, so as to make the total amount of fluid
equal to 05 cem. The 05 cem. of emulsion are added to the 0'5 cem.
of diluted serum, the mixture being placed in narrow specimen tubes,
measuring three-eighths of an inch in diameter, In such a mixture,
when 10 mgs. of serum are used, the quantity of serum is o part of
the whole fluid. The two fluids are well mixed, aud then allowed to
stand for 30 to 60 minutes. At the end of this time, if the bacillus
examined be the specific one corresponding to the preventive serum used,
a sediment will be found at the bottom of the specimen tube ; the fluid
above this will be clear. The Precipitation is due to the formation of
clumps, as has been described above in connection with the microscopical
method of Bordet,

Durham has also used the hanging-drop method, introduced by
Metchnikoff and Bordet. Durham points out, in connection with the
application of this method, that complete action may be obtained between
microbes of apparently different species, and that it is not absolutely
specific,

It will be noticed that all the methods so far mentioned bad been
propoged only for the purpose of testing doubtful baeilli,
ke on the 1o of 3 s 0 A et e
bt chice i & mnf’:l gan working at this subject,

; plete account of all the methods used by
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minutes the case is one of typhoid fever; it is, according to Griinbaum,
impossible to say whether a negative reaction indicates a negative
diagnosis,

A consideration of all these methods will show that they can be
reduced to three types, if we exclude Pfeiffer's method, which is
inapplicable in ordinary practice, and which has been mentioned here
chiefly on account of its scientific importance :—(1) The bacillus is
cultivated in a medium containing a greater or less proportion of the
immunised serum (this is really a modification of Charrin and Roger's
method, used as far back as 1889), the reaction being indicated by a
precipitate which is visible to the naked eye after 24 hours; (2) an
emulsion of the bacillus is mixed with the more or less diluted serum
and allowed to stand in specimen tubes, the reaction being indicated
by the formation of a precipitate which is visible to the naked eye within
one hour (this is Gruber and Durham’s method) ; (3) an emulsion of the
bacillus is mixed with the more or less diluted serum, and is examined
under the microscope (this is Metchnikoff's method, modified by Bordet
and adopted by Widal) the reaction being indicated by immobilisation and
formation of clumps visible under the microscope within a few minutes.

In my first attempts I tried these three types of methods with several
variations, using in my experiments : (1) Various cultures of typhoid
bacilli ; (2) various dilutions of the serum of a strongly immunised
animal ; (3) the blood of some typhoid patients, and of other individuals,
I used either the whole blood or the serum of the same blood separated
by coagulation or centrifugalisation. The blood was also used after
drying it for one or several days.

(@) The first conclusion I came to was that « moderately attenuated
culture of the typhoid bacillus, which I had obtained from the spleen of
a typhoid patient two years previously, gave invariably good results,

Cultures of this bacillus were typical in every way. They gave clearly
and constantly all the reactions which have been given above as typical
of the Eberth’s bacillus. Their pathogenic action, which was strong soon
after isolation, had become weak. A bacillus, recently isolated from
a typhoid spleen and of great virulence to guinea-pigs, is, however, pre-
ferable to an old attenuated culture, as I have found by repeated trials,
tI“he form of cultivation which has given me the best results is that
In neutral peptone bouillon. Cultures on alkaline bouillon or agar
were unsuitable. The culture should not be older than 20 to 24 hours.

_ , resinoculation being made every day or
every other d:}y, the cultures become so attenuated that they begin to
clump of their own accord, and that the addition of any blood

: 1 a may
cause a reaction similar to that produced by typhoid blood .
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