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Part L] FOUND IN THE BLOOD. 9

spective of any particular theories, that terms should be adopted which will
suffice to distinguish the leading forms.

Dujardin suggested three terms for the group: (1) baclerium, (2) vibrio,
and (3) spirillum. Notwithstanding the
great advance which has been made in
our knowledge of these organisms since
the date of Dujardin’s classification, there
still remains very much to be done before
anything like a satisfactory settlement of
the matter can be accomplished. It will,
therefore, perhaps be better for the present
to accept these simple terms, especially
as, with very trifling modifications, they
are sufficient to indicate all the forms PI0:8. e ety 000 diam,
which have hitherto been found in the VT“;’" ;““f“gl’-‘; Fi“?“"';““ﬁi‘f‘g"'"‘““‘f””3~
blood. The following brief description g Eru:;:;d ;::;?ar(;;::::‘::,:,’::;m;
will suffice to explain what forms of this - Vbrees
group of organisms are comprehended  E. Spirilla.
by the terms adopted: 1, Spherical bac-
teria—minute, vitalised bodies, barely visible with the highest powers
(fig. 2, A); 2, Flongated bacleria—almost equally minute cylindrical rods
(fig. 2, B); 3, Fibriones, short, undulating filaments manifesting somewhat
screw-like movements (fig. 2, C); 4, Bacilli, or Vibrio-bacilli—fine, short
filaments, indistinetly jointed, which, when they attain considerable length,
are sometimes described as leplothriz filaments (fig. 2, D); 5, Spirilla—{fine,
more or less flexible, spiral filaments, which manifest well-marked screw-like
movements (fig, 2, E).

It may be mentioned, in passing, that examples of each of these forms may,
commonly, be detected in the muco-salivary fluid from the mouth of healthy
persons.

The question which naturally suggests itself now is : Under what condition

DR et k- dovgsila are organisms of this character found in the blood ?
organisms sre found in the blood. M, Pagteur states that the blood in health is abso-
lutely free from anything of the kind. His words are: ‘Le sang d’un animal
en pleine santé ne renferme jamais d’'organismes microscopiques ni leurs
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Part 1] POUND IN THE BLOOD. 11

they do not accumulate to any great extent therein, and it may be safely affirmed
that their presence in appreciable numbers is, judging from experience, incom-
patible with a state of perfect health, It will hereafter be seen that the same
remark does not hold good as regards parasites of, apparently, animal nature.

It may be affirmed, further, that in certain diseased conditions micro-

e o Hastse pany plrytes;are Very generally present, though perhaps

e I Ity R, not invariably, nor is their number co-incident
with the gravity of the malady. Omitting the cases in which these organ-
isms have been found associated with disease in insects (on account of the
difficulty of isolating and clearly identifying such organisms as are found
in the blood in these cases, from those found in the tissues generally), it may
be stated that it has been clearly established that one or other of the forms of
fission-fungi have been found in the blood in two diseases, viz., in charbon,
mal de rate or splenic fever ; and in recurrent fever. M. Pasteur has recently
maintained that a third should be added to the list—septicemia ; and, still more
recently, a fourth has been added by Dr. Klein, namely, the disease commonly
known as ¢ fyphoid-fever’ of the pig.

These matters have, during the last few years, received great attention
from thoughtful members of the medical profession, and probably at the present
time no subject of a scientific character is being more closely investigated.

The importance of thoroughly sifting the evidence on which the interpreta-

Phe formentation theorios of the 11018 Which have been placed on the significance of
R TN A such organisms in the blood can scarcely be over-
rated, seeing that, should the views now commonly advanced prove to be correct,
the theory and practice of medicine would be radically affected, and, possibly, the
future action of the State with regard to disease be materially modified. Before
making an attempt to institute such an examination, it may be well to refer
briefly to the more salient circumstances which have conduced to make the
present doctrine of the causative relation to disease of these low forms of plant-
life so attractive to botanists and to the medical profession. *The foundations
of the germ theory of disease in its most commonly accepted form,’ writes
Dr. Charlton Bastian,' ‘ were laid in 1836 and shortly afterwards. The discovery
at this time of the yeast-plant by Schwann and Cagniard-Latour soon led to the

! Paper read before the Pathological Society of London, April 6ih, 1875. Lasces, vol. i, page 501, 13;5 British
Medical Journal, vol. i, puge 469, 1875.
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more general recognition of the almost constant association of certain low
organisms with different kinds of fermentations. But it was not till twenty
years afterwards that Pasteur announced, as the result of his apparently conclus
sive researches, that low organisms acted as the invariable causes of fermenta-
tions and putrefactions; that such changes, in fact, though chemical processes,
were only capable of being initiated by the agency of living units.” These
observations and the interpretations applied to them very rapidly caught the ear
of the medical profession, as from a very early period in the history of medicine
the supposition that disease was propagated by means of a ferment—a leaven—
had taken a firm hold. Previous to the publication of M. Pasteur’s observations,
a physico-chemical theory had been almost universally acknowledged as suffi.
ciently explanatory of the phenomena manifested by certain classes of disease.
This was notably the case with regard to the fermentation-doctrine of Liebig, a
doctrine the truth of which he strongly advocated until the day of his death in
1873, and which, somewhat modified as a result of later researches, i still upheld
by some of the most eminent chemists of our own time.

The leading features the ¢vital’ and the ¢ physico-chemical’ theories of
fermentation' have recently been lucidly sum-
marised by Mr. C. T. Kingzett in a paper read
before the Society of Arts* With regard to the first of these views and in
illustration of them this chemist remarks: ‘ When a solution of sugar is exposed
to the action of healthy yeast it suffers a change ; the atoms comprised in its
molecules are broken up and re-arranged into new forms which are recognised as
alcohol and carbonic dioxide. Glyeerine and succinic acid are also formed at
the expense of the sugar, but the lactic acid which generally accompanies
aleoholic fermentation is considered as proved to be due to the presence of a
ferment distinet from, but accompanying, the yeast. . . . The fermentation
alluded to is regarded as a particular instance of a biological re-action, manifest.

The vital theory—Fastaur's.

!4 Ceortain organic compounds, when exposed to the nction of air, water, and a certain tempernture, undergo decom.
position, eonsisting either in a glow combustion or oxidation by the surround-
Fermentation and Putrefaction. ing nir, or in & new arrangement of the elements of the compound in different
proportions {often with assimilation of the elements of wuter), and the consequent formation of mew products. The
former process, that of slow combustion, is called Eremacausis or Decay ; the latter is called Putrefaction or Fermenta-
fiom,—putrefaction when it is aceowpanied by an offensive odour, fermeniation when no such odour is evolved, and
especiully if the process results in the formwation of useful products: thus, the decomposition of a dead body, or of a
gquantity of blood or urine, is putrefuction; that of grape-juice or malt-wort, which yields aleohol, is formentation,'—
Wait's Dictionary of Chemistry, vol, ii, p. 624, 1875
* Journal of the Society of Aris, March 1878.
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14 MICROSCOPIC ORGANISMS OF A VEGETABLE NATURE [Part 1.

are in reality the result of a ferment of some kind, the various theories of the
causation of the fermentative processes have always proved an attractive subject
of study to the more thinking section of the medical profession. As already
stated, the physico-chemical theory of Berzelius, and subsequently of Liebig
and his followers, was very commonly accepted as fairly sufficient in connection
with the etiology of disease, so long as it was favourably received by the
majority of the chemists of the time ; but latterly Schwann’s views, as expounded
and amplified by Pasteur ard others, have undoubtedly taken the lead. Pro-
bably no single incident has tended so much towards enlisting the attention
of the medical profession to it than the publication of the experiments of
M. Davaine, which went to shew that minute organisms were, to a greater or
less degree, constantly present in the body of animals which had died of the
disease known as malignant pustule in man—the ¢ Milzbrand’ of Germany ; the
¢ charbon’ of cattle and pigs, and ‘mal de rate’ of sheep, in France. The terms
“splenic fever’ or ¢ splenic apoplexy,’ ‘anthracoid disease,’ &ec., are commonly
adopted in England in describing the affection. Birch-Hirschfeld® states that
the organisms found in this affection were first deseribed by Brauell in 1849 and
by Pollender in 1857 ; but, undoubtedly, it was M. Davaine’s researches which
were the means of drawing serious public attention to the matter. In August
1850 M. Davaine, in conjunction with M. Rayer, published an account of these
organisms, describing them as minute filamentous bodies, motionless, and about
double the length of the diameter of a red blood-corpuscle. M. Pasteur* main-
tains that the time just mentioned represents the date of the first publication of
the existence of these bodies in charbon, but this idea is manifestly erroneous.
Instigated thereto by the publication of M. Pasteur’s researches (which
went to shew that butyric fermentation was not,
as believed, due to an albuminoid body in process
of spontaneous decomposition, but to vibriones, which presented the greatest
resemblance to the ¢ corps filiformes,’ found in the blood of animals dying of
charbon) M, Davaine returned to the subject in 1863 and 1864. The organ-
isms were at first considered by M. Davaine to be bacteria; but finding in certain
cases that the filaments or rods varied in length, he modified the name, and they
have consequently been, until lately, commonly designated bacteridia. At this

Baoteridia.

1 Behmidt's Jahrbiicher der gesammben medicia, Band. 1688, 8. 203, 187,
? Etude sur In maladie churbonneuse ; par MM, Pastenr et Joubert. ﬂ'ﬂnrpffl Rendus, t lxxziv., P- D00, 1577,
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lated rabbits, for example, being often so free from them as to be traced with
difficulty, though the spleen and glands contained plenty, whereas in guinea-
pigs the number of bacilli in the blood was often so great as to qulﬂ.l,. if not
exceed, that of the red blood-eorpuseles.

FiG. 4 - ; % G50 diam. Fic. 5 F : - x Bgo diam.
Bacilins anthracis from the blood of a guinea- Bacillus anthracis from the spleen of a mouse
E';,l_f Translucent bacillus-rods, undergoing after a j-hour 'cultivation’ n a dmp of
segmentation. Blood-corpuscles are scattered aqueous humor. (After Koch.)

throughout the field. (After Koch.)

On adding a little of the spleen affected with bacilli to perfectly fresh
aqueous humor and subjecting the preparation to
a temperature of 35-37° C. for from 15 to 20
hours, the bacilli became elongated to from twice to eight times their original
length, and gradually still further increased, till more than a hundred times this
length (fig. 5). Some of the filaments now were finely granular, and, here
and there, dotted, with strongly refractive molecules, which are believed to
be the desired ° resting-spores.”  Very soon nothing remained visible but these

Cultivation of the bacilli,

“spores,’ as the filament appeared to undergo solution, but the persistence of
the arrangement of the former in rows is sufficiently marked to identify them.
They will remain unaltered in this state for several weeks.

[t will be remarked that the interpretation placed on the character of these
refringent bodies clashes with what is so strongly
maintained by Nigeli, who, as mentioned already,
declares emphatically that the group of lower organisms to which these belong
r1:ul'ii111:«' ,5.-.1.1,-.!":_; !._1.- fission. [t is, therefore, of gruater iulpm‘l‘;uwv to note

The "apores " of bacilli.
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24 MICROSCOPIC ORGANISMS OF A VEGETABLE NATURE [Part I.

These observations had been published in an abbreviated form previous to
M. Pasteur's researches as to thﬁil‘ bBi]lg submjtted t{)t]]-e Academy.‘ M Pﬂﬂflﬂll‘
charbon: cultivation-experiments. Jynd PmmPﬂT taken up the E’llb] ect, an d_, as he
himself was not versed in the medical and veterinary arts, had associated him-
self with M. Joubert of the Collége Rollin for the purpose of more satisfactorily
dealing with the matter. Their joint paper® was published a few wecks before
the publication of the defails of M. Bert’s experiments; it was their remarks,
indeed, which led to the latter being published. They obtained charbon-blood
and made numerous cultivations of it—transplanting it from vessel to vessel or
from animal to animal. Outside the body it was found that almost any fluid
adapted to the nourishment of minute organisms was suitable to the cultivation
of the bacilli— one of the best and most easily obtained in a pure state being
urine made neutral or slightly alkaline.’ In this way, it is affirmed, poisonous
bacilli could be prepared by the kilogram, if required, in the course of a few hours.
When the material was filtered, the clear fluid was found to be inert, even though
from 10 to 80 drops were taken, whereas a single drop of the same unfiltered
proved fatal to the inoculated animal : hence it is inferred that the organisms
were left behind on the filter and were the cause of their death.?
The foregoing paper was followed by another in July 1877* by the same
e authors, in whi{:‘h it is stated that they had repeated
WAL Y. M. Bert’s experiments and found that he was per-
fectly correct as to the destruction of the bacilli and of the poisonous property
of charbon-blood at a certain stage under the influence of compressed oxygen,
and that, too, even with but a moderate amount of pressure; but that when
the bacilli had proceeded to the formation of spores, they withstood the heat of
boiling water, the prolonged action of absolute alcohol, as also the influence of

! Comples Rendus de la Sociefé de Riologis, January 1877.
! Comptes Rendus, t. lxxxiv, p. 800, April 1B77.
3 A siwilar result was obtained by M. Onimus, but the interpretation was very different. M. Onimus found that
if the blood of an ox, horse, or person suffering from * typhoid fever,” be placed in
Dialysis of putrid blood. & dialyser, and the latter placed in distilled water at a temperature of 35° C., =
prodigions quantity of arganisms would wppear, identical in appearance with
those in the putrefying blood. Bot whereas all the animals which were inoculated with a drop of the blood contained
in the dialyser died in a short time, those which were treated with the dialysed material (though erowded with organ-
isms) were unaffected. The same result followed when putrefying blood from a rabbit was subjocted to similar treat-
ment. Henee M, Onimus infers that the poisonous material is an albumoid substance, and therefore mnot dialysble
( Bullatin de UAecadémie de Médicine, March 1878, Cited by M, Ch. Robin in Lecons sur les Humeurs, p. 261, 1874).
Clementi and Thin, Schmitz, Bergmann, and others, have obtaioed more or less similar results.
' Comples Bendus, t. lxxxv, p. 101
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compressed oxygen (= 10 atmospheres for 21 days). The ‘spores,’ therefore,
are most remarkable organisms, seeing that they withstand influences which are
destructive to every other form of vegetable or animal life. True ‘invisible
germs ’ are accredited with this marvellous power, but, as yet these ¢ spores’ are
the only visidle bodies for which such persistent vitality has been claimed by
eminent authorities. Now, however, that it has been shewn by Dr. Cossar Ewart
that they are not more exempt from ¢ the tendency to death ’ than other organisms
of a like kind, seeing that they can neither withstand the action of compressed
oxygen nor boiling, it is probable that MM. Pasteur, Koch, and their adherents
will apply the doectrine at present fashionable, and aver that, though the
‘spores’ may be dead, their invisible germs still live, and, under favourable
circumstances, will re-appear.

With the foregoing explanation as to the difference between baeilli and

their ¢ spores,’ in their power of withstanding agen-
uﬁ?ﬁfﬁ; %En:.fﬁ:dﬁ .Egt'i’EE cies ordinarily destructive to life, M. Pasteur was

able to convince his former pupil, M. Bert, of the
cause of the discrepancies in their respective results, and this the more readily
from the circumstance that when a little of the dried alcoholic precipitate of char-
bon-blood was placed in urine the fluid not only manifested virulent properties,
but also gave rise to a plentiful crop of bacillus-filaments identical in appear-
ance with those which had existed in the blood previous to its being treated
with alcohol.

It does not seem to have occurred either to M. Pasteur or to M. Bert that
under certain circumstances the addition of any dried organic substance to suit-
able urine would probably be followed by a crop of bacillus. Indeed, it not
unfrequently happens that such a crop may be obtained without intentionally

adding anything.

Whilst this paper was in preparation it occurred to me to place such a
‘Bacilli & common accomprniment samPle of urine under different ﬁﬂhditiﬂl]ﬂ as to
of the decomposition of urine, temperature, &c., and to carefully observe the
results. Some specimens were made slightly alkaline, others made neutral, and
others again left untouched. All the specimens were kept at temperatures
varying from 85° to 40° C. (95° to 104° Fahr.), and it was found on the following day
that nearly half the specimens were coated with a thin pellicle consisting of

d
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exist in septiccemia. Three animals which had died of charbon were
examined—a sheep, dead 6 hours; a horse, dead 20 to 24 hours; and a cow,
dead over 48 hours. The blood of the sheep, which had only recently died,
contained charbon-bacteridia only ; that of the horse bacteridia, together with
¢ pibrions de putréfaction ;’ whereas that of the cow contained only *vibrions’
of the kind last mentioned.

Inoculations with the blood of all three animals were followed by death.
The autopsies (conducted immediately after death) of the guinea-pigs which
had died after inoculation with material from the two last-mentioned animals,
revealed extensive inflammation of the muscles of the abdomen and limbs, with
accumulations of gas here and there, the liver and lungs discoloured, the
spleen normal in size, but often diffluent; the blood of the heart not coagulated,
although this characteristic was more evident in the liver—quite as evident as
in any case of charbon. Strange to say, writes M. Pasteur, the inflamed muscles
contained mobile ‘ vibrions ;” these were still more numerous in the serosity of
the abdominal cavity, and some of them were of great length.' A drop of this
fluid would rapidly kill an inoculated animal, but ten or twenty had no effect
after it had been filtered. The “vibrions’ are not found in the dlood till after
or very shortly before death, and such blood is said to manifest no virulent
properties if taken direct from the heart without contamination with the tissues
outside it.

The movements of these ¢ vibrions’ were stopped on subjecting them to
The sction of compressed oxygon t]?e action of cnmpma&eq. oxygen, but they were not

killed, because on coming into contact with the
oxygen they were transformed into corpuscles-germes, the ‘spores’ of Dr.
Koch. This, it may be remarked in passing, is a novel and rapid method of
producing reproductive elements in plants.

Not only do these ¢vibrions’ of septiczemia withstand the action of com-
pressed oxygen, or rather become transferred by its action from perishable fila-
ments to apparvently imperishable corpuscles-germes, but they, like the ‘spores’
in charbon, also withstand the action of absolute alecohol. Hence, M. Pasteur

! M. Pasteur, on noticing this condition, asks why it is that a eircumstance so general in deaths of this kind
bad hitherto escaped notice ; and replies to the query, that it was doubtless owing to the attention of previouns observers
having been devoted solely to the blood. It seems strange that M, Pasteur’s specinlly selected coliaborafewr, and adviser
in medical matters, did not inform him that this very appearance was about the best known of all the phencwena
characterising septic poisoning.




Part L] FOUND IN THE BLOOD. 29

infers that septiceemia, as well as charbon, is caused by organisms—the parasite
of the former being mobile, but that of the latter not.
It will be more convenient to analyse these results hereafter.

C.—Vegetable Organisms in Pneumo—enteritis * Typhoid-fever ’—of the Pig.

In February of the present year Dr. E. Klein, F.R.S., brought before the
O TR DAL e 2B R Royal Society a portion of the result of an experi-
RN DR Rk mental enquiry (which had been conducted for the
Medical Officer of the Local Government Board) into the etiology of a disease
sometimes described as typhoid fever of the pig, also as hog plague, mal rouge,
red soldier, and malignant erysipelas. Dr. Klein, however, proposes to shew
that the disease is not typhoid fever, nor anthrax, but an infectious disease of its
own kind, which he proposes to call ‘infectious pneumo-enteritis’ of the pig
(Pneumo-enteritis contagiosa).! The disease appears to present considerable
pathological resemblance to septiceemia and to charbon, except that, as re-
gards the latter, the fresh blood does not, as a rule, contain any foreign matter,
and in most instances does not possess any infectious property. Of five animals
inoculated with the fresh blood, one only was affected, but the specimen of
blood which produced this retained its activity when closed in a capillary tube
for several weeks. The peritoneal exudation, however, always contains the
virus in an active state, and solid lymph obtained from such an exudation will,
if dried at about 38° C., prove active, This accords pretty closely with what
has usually been observed in septiceemia. Inoculation can also be effected by
means of portions of diseased lung, intestine, or spleen, as also with the frothy
sanguinous exudation in the bronchi, and infection may take place when the
virus is introduced directly into the stomach.

It would seem that like organisms were discovered by Leisering some

Character of the Baoilli previ- €ighteen years ago, in apparently the same affection
phoi, o wesocited With BIE" ¢ the pig as that now described by Dr. Klein.

Dr. Falke, in referring to the bacilli of splenic-fever, and after alluding to

the circumstance that Delafond had been able to induce the disease in other

animals by inoculating them with g¢,th of a drop of bacillus-blood, states that

1¢Experimental Contribution to the Etiology of Infections Diseases with special reference to the Doctrine of
Contaginm Vivam :* Quarterly Jowrnal of Microscopical Science, April 1878, p. 170,
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the spores, regarding them as a kind of micrococci, and only after repeated
observations have I succeeded in tracing them through their différent stages
of development’ TUnfortunately Dr. Klein has not detailed the grounds
on which this very important statement is based, nor are figures given. It can
scarcely bhe supposed that any of the figures in the plate are intended to
represent the germination of a particular spore. As this distinguished ob-
server well knows, it is not what takes place before the supposed germination, or
after it, which has been the subject of debate for so many years in connection
with the development of the schizomycetes, but the act itself. None of the
figures furnished by Dr. Klein present any resemblance to Dr, Ewart’s germ-
ination-figure (fig. 10) in which this process is unmistakeably depicted, but
some of them are somewhat like those of Koch (fig. 6); on the other hand,
Dr. Klein writes regarding the conclusions of the observer who first ventured
to pronounce these bodies in Bacillus anthracis to be spores, I entirely differ
from Dr. Koch with regard to the mode of germination of the spores of bacillus.’
The points of difference are matters of secondary moment and need not be
specially referred to here.

Dr. Klein concludes his paper thus: “Seeing that splenic fever, pneumo-
enteritis, and specific septiceemia possess a great affinity in anatomical respeets,
and seeing that in splenic fever and pneumo-enteritis there is a definite species
of bacillus,—the difference of species being sufficiently great to account for
the differences in the two diseases,—we may with some probability expect
that also the third of the group, viz., specific septiceemia, is due fo a bacillus.*
This, however, remains to be demonstrated.’

Dr. Klein, therefore, believes that whilst the evidence adduced by himself
in support of the cause of pneumo-enteritis in the pig being a baecillus is suffi-
cient to warrant a positive statement in the affirmative, that adduced by
Davaine, Pasteur, and others in favour of a like cause for septiceemia is not.

D.—The Vegetable Organisms in the Blood in Recurrent Fever,

There is one other disease in which vegetable organisms have been found
: in the blood, namely, recurrent fever (ZFebris
The spirillum of recurrent fever.  on qyphus recurrens). In this affection also the

organisms belong to the lower fungi-group, the schizomycele,—that is to say,

—_

! The italics are mine,—T. B, L.
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the fungi which multiply by cleavage, in contradistinction to the groups which
multiply (1) by sprouting or (2) by germination. The fission-fungi, however,
present themselves in this disease in a different form from that witnessed in the
preceding, anthracoid, class of affections. 1In the latter the organisms recognis-
able range from the spherical bacterium to the bacillus or vibrio-bacillus form,
—the bacillus being by far the predominating form; but in recurrent fever the
representative of the schizomyceltes is a spirillum—a form of the fission-fungi
which, so far as I am aware, has not hitherto been detected in any of the
anthracoid affections referred fo in the preceding pages.

‘We owe the discovery of this organism in the blood to Virchow’s former
assistant, the late Dr. Obermeier. They were
found in the blood and also in the mouth of
persons suffering from this form of fever, and minutely described by him in
1873.) It would appear that this observer had already seen them as far back
as 1868. In all the cases observed by him they were present in the blood
during the height of the fever, but were absent during the remission or inter-
mission, as the case might be; nor were they observed, except rarely, after the
crisis. Obermeier describes them as fine fibrine-like threads, equal in length
to the diameter of from 1% to 6 red blood-corpuscles ; and manifesting screw-
like, progressive movements, which may continue from one to eight hours after
removal from the body. The inoculative experiments which he undertook,
consisting of the injection of spirillum-blood of fever patients into the veins of
dogs, rabbits, and guinea-pigs, proved abortive, nor was there any effect pro-
duced by the injection, by means of a subcutaneous syringe, of small quantities
of such blood into the bodies of healthy persons.

Obermeier’s observations as fo the existence of the spirilla in blood in this
kind of fever were speedily confirmed by numerous observers, and the negative
results which followed his attempts at inoculating persons and animals like-
wise characterised the attempts of several who followed in his footsteps. Mot-
schutkowsky, however, states that, although he also had failed to inoculate ani-
mals, yet he had succeeded in inoculating persons with the blood of patients
suffering from the fever, no matter whether it contained spirilla or not.?

Obermeier's researches,

1 Cﬂ.#rﬂmﬂi‘ﬁr 'd'l-‘ ﬂfdlli:iﬂmhq Wi"ﬂmhﬂﬂ’, Nﬂi lﬂ,. h]ﬂ.mh 15?3' lnll i“ aﬂbﬁequent uu-l-nber. i.]l.lt‘ihg thﬂ
snme year,
? Heydeureich : ‘Ueber den Parasiten des Riickfullstyplius,” 8, 38, 1877,
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It was, however, soon found that whereas spirilla could generally be detected
ik i in cases of fever of this kind, nevertheless cases
DEOHETERY SEYAT every now and then oceurred in which perfectly
competent observers failed to deteet them in the blood from first to last, and
this too in cases mot a whit less severe than those in which the organisms
abounded and which were under the care of the same observers during the
same period.

Some discrepancy exists in the results of different observers as to the pre-
sence of spirilla during apyrexia periods, as well as regards their absence during
the height of the paroxysm ; Birch-Hirschfeld, for example, observed them two
days after the crisis' ; and Laskousky, basing his observations on thirty-two cases,
says that they increase contemporaneously with increase of temperature?;
whereas Heydenreich maintains that high temperature tends to destroy them—
he having found that not only were they most numerous in the blood shortly
before the fever was at its height, but that, also, outside of the body they would
retain their movements longer in a room at 18° to 21° C. than at a higher
temperature. He had been able to keep active spirilla in a preparation from a
week to a fortnight at this temperature, whereas the spirilla died in from 15 to
21 hours when kept at blood heat (37°—38° C.). At 40°—41° C. they were found
to perish still sooner,—namely, in from 4 to 12 hours.?

Although, as above shewn, they can be preserved alive for a comparatively
long time outside the body, nevertheless every attempt which has been made
to ‘cultivate’ them has proved abortive; no change has been observed to
take place in them either in size or in number, notwithstanding that they have
been ‘cultivated’ in media of various kinds and at different temperatures.

E.—The relation of Microphytes to Disease,

In the preceding sections the leading facts regarding the connection of
living organisms with the occurrence of disease

witors SEETEE RS have been detailed ; it now remains to consider what
grounds there are forbidding the adoption of the

doctrine of a germ theory of disease;—why, for example, we should not at

1 Schmidt's Jahrbiicher, Band. 116, 8. 211, 1875,
# Heydenreich's Rickfallstyphus, page 39.
# Loc. cit, pages 100 & 101,
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With reference to the organisms which have been found associated with

The Bacteridia of Charbon said the first-named group, taking Malignant Pustule as
pot:to be s peenliss pIADE the type, it is to be observed that M. Robin® in 1865
pronounced the bacteridia of Davaine to be identical with Leptothriz buccalis ;
and the well-known botanist Hoffmann has stated his opinion that they do
not differ from like bodies which appear in milk and in meat solutions.* Fer-
dinand Cohn, again, in his observations as to the growth of bodies of the same
character in hay solutions, declares that the bacilli in the latter are identiecal in

Fie. 14 . . : ! x G50 diam.

Bacillus subtilis: formed on the surface of a boiled infusion of hay which had steod 24 to 48 hours,
(After Cohn.)

form and size with those found in splenic disease, and that the various stages in
their development correspond in every particalar—the only difference which
distinguished them being that, whereas Bacillus anthracis presented no move-
ments, the bacillus of hay solutions did. This distinction, as has already been
stated, has disappeared. Cohn’s figure of the hay-bacillus is reproduced (fig. 14),
as it may, in the absence of the original paper, prove useful to such as would
wish to get a clear conception of what Bacillus anthracis itself is like by exa-
mining so easily obtainable a substance as a little of the scum which forms on
the surface of an infusion of hay.
F.—The Vegetable Organisms found in Healthy Blood after death considered in relation
to the Bacteria and Baecilli of Diseases.
Several years ago Dr. Cunningham and myself were, whilst conducting
b Mol e e, various observations together, freqr:lentl}f struck
ing blood. with the rapidity with which organisms appeared

——

| Traité du Microscope, 1871, p. 826,
? Birch-Hirschfeld, loe. cit,, page 206.
3 Uohn's Beifrdge, Band. i1, Heft. 8, 1877.
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Several ¢cultivations’ were started by adding a little of the blood to fresh
aqueous humor. The preparations were then set aside for a few hours in a moist
chamber. As the temperature of the atmosphere at that time was generally
over 90° F., no special appliances were necessary for supplying artificial heat.
The development of the rods into filaments and subsequent appearance of
highly refractive oval bodies in the latter corresponded so completely with what
Cohn, Koch, Ewart, and others have desecribed, that it is not necessary to give
ficures of the changes that took place. A series of such cultivations was

conducted by transferring a little of the last cultivation to fresh aqueous
humor, and so on from one preparation to another,

It was then determined to ascertain whether the bacilli found in the blood
The rapid appearance of baili 01 Animals which had been set aside for a few hours
the blood of asphyxiated animals.  aftep death would manifest, under like conditions,
similar changes during their growth. Rats were obtained, killed by means of
chloroform, and set aside for from three to twenty-four hours, or longer, according
as the temperature of the atmosphere was high or low. The result proved that,
almost invariably, bacilli were to be found in. their blood, in the spleen, and in
other organs. On one occasion the rapid appearance of organisms after death
was exemplified in a somewhat remarkable manner, and possibly the mode of
death was not without some influence in determining their exceptionally early
and plentiful appearance.

The man employed to procure the rats determined that he would get a
sufficient number to last for some time, and proceeded to a large granary with
his rat-traps. Having, however, found that he could procure more than could
be accommodated in the cage which he had brought with him, he obtained a
large earthen vessel, transferred twenty-seven rats into if, and tied a piece of
cloth over the mouth of the vessel. As may be supposed, the rats had perished
before he got home—all except one.

I examined the blood and the spleen of twenty of these rats within about
six to eight hours of their having been caught, and found in each case that there
were innumerable bacilli present, in every way morphologically identical with
Bacillus anthracis. In some of the cases the number was astonishing. They
were present chiefly in the form of rods, but here and there some were seen
to have grown to such a length as to cover two fields of the microscope.




Part L] FOUND IN THE BLOOD. 89

This experience tends to give support to the statement made by M. Signol
before the French Academy to the effect that motionless bacilli, identical with
those found in charbon, will be found in sixteen hours or less after death in
the blood of animals which have been asphyxiated by means of a charcoal fire.
M. Signol, moreover, found that eighty drops of this blood would kill a goat or
a sheep very rapidly, notwithstanding that putridity could not be detected, so
far as appearance and odour went; but that bacilli would not be found in the
blood of the inoculated animals, either before or immediately after death.'

It has been urged that the microphytes which appear in the blood after
death simply make their way into it from the
intestinal canal as a result of the breaking down
of the tissues. This objection is ecertainly no longer tenable, for many observers
have shewn that if some of the organs be removed from the body immediately
after death, or indeed isolated from the ecireulation whilst the animal is still
alive and under the influence of chloroform, these organisms will nevertheless
appear if the preparation be kept for some hours at a suitable temperature.

Some of the specimens of blood which furnished several of the preparations
about to be deseribed were obtained in this manner.
Rats, mice, kittens, &c., were placed under chloro-
form, and either killed and placed on one side for some hours; or, whilst still
under the influence of the chloroform, ligatures were passed around the several
viscera so as to isolate them before death had taken place. Finally a ligature
was passed around the vessels at the base of the heart, and the organ severed
from the body.

The specimens thus procured were repeatedly dipped into either melted paraf-
fine or wax, by means of the string attached tothem. TIn this way they became
eoated something after the manner of the cotton wick of a candle. Preparations
thus made were set aside for from 12 to 24 hours, according as the average tem-
perature of the atmosphere was over or under 90° F., and it was almost inva-
riably found that organisms appeared in them, almost, if not quite, as rapidly
as they appeared in the bodies of animals which had been simply set aside
under like conditions. In the former case, however, the supposition that they
were derived from the alimentary canal after death is not possible; nor can it

The relation of the blood-bacilli
to the alimentary canal.

Paraffine-preparations.

1 Comples Rendus, t. lxxxi, p. 1116, December 1875,
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well be maintained that they derived their germs from contact with the scalpel,
string, &e., seeing that the entire surface was exposed to the influence of
melting paraffine or wax.

The first figure in Plate I represents a tracing of a micro-photograph of
Tracing of micro-photograph of the bacilli obtained in the manner above described
Pl S Of B RIREOE RS from the blood of a mouse, to all appearances per-
fectly healthy when killed. A little of the blood was spread in a thin layer ona
glass cover and allowed to dry, then, a drop of a solution of aniline-blue, was
added to the slide, so as to stain the microphytes and thus render them more
distinetly visible when focussed in the camera. The photographs were obtained
by means of a 15" object glass (immersion) made by Messrs. Powell and Lealand.
When first seen in the blood, the majority of these bacilli are motionless ; in
Character and size of these bs. SOMEPreparations completely so, but in others they
L can be observed to manifest more or less distinetly
marked, independent movements. They vary in size—in length chiefly, accord-
ing as their development into filaments has advanced. The average length of
each rod is found to be either 5» or 10.." In the latter case a more or less dis-
tinctly marked bend will be recognisable indicative of a joint. In more ad-
vanced stages of growth, two, three, or more such joints may be detected,
especially on the addition of re-agents, such as tincture of iodine. In this case
the bacilli will measure either 15, 20, 25, or more micro-millimeters. The
length of these segments, whether attached or free, varies considerably in
preparations from different animals, and even in preparations from the same
animal ; so that staves may be seen to range from 3 to 6. in length, and occa-
sionally even to exceed these limits. The average width of the staves was 1,
but deviations from the average were equally evident in these measurements
also. Bomefimes it was found that the specimens present in one organ are

smaller or larger than they are in another belonging to the same animal.
If a very minute quantity of blood of this character be placed on a slide
with a little aqueous humor, it will be found that

Cultivation of the bacilli of or-

Suser hlood, in the course of 4 or 5 hours, if the temperature be
I B = micro-millimeter (001 mm), This mode of stating the measnrements is adopted in connection with this
series of observations for convenience of comparison with like observations regarding Bacillus anthracis. It will be con-

venient to remember that the average size of a human red blood-corpuscle = 8.







T. K. Lewis, ad nat. dal.

DEVELOFPMENTAL STAGES OF ORGANISMS FOUND IN THE BLOOD OF HEALTHY ANIMALS
SHORTLY AFTER DEATH.

Lithagraphied st the Surveyor General's Ofice, Oaloutts, August 187
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saying positively that they germinated: I can only support what Niigeli,
de Bary, and others have persistently affirmed, namely, that the Schizomycetes
multiply by fission only. The bodies described and figured as @érminating by
Cohn, Koch, and others (figs. 6, 7) may be seen in most preparations, some of
which will be found figured by myself in Plate I, fig. 5, but, so far as my
experience goes, none of the objects delineated represent the germination of
‘spores’ or conidia ; certainly, here and there, bodies may be seen which at first
sight appear very like it,—such, for example, as the refringent molecule figured
at ba as seen by Powell and Lealand’s one-sixteenth immersion,—but fre-
quently the extremely translucent filament attached to it extends beyond the
‘spore ' at either end (fig. 50), thus shewing that the filament is not formed of
plasma which had proceeded out of the spore, but is, in reality, a tube envelop-
ing it. It has been observed already that the observers who maintain that these
refractive bodies germinate, base their opinions on different grounds Their
figures in most cases agree, but their interpretations differ. 5

I't may be suggested that, although the bacilli found in the decomposing
blood of healthy animals do produce spores, they are not of the same character
as the spores found in Bacillus anthracis. To this it may be replied that Cohn
states that the sporesin the latter are identical in appearance and run through the
same developmental stages as the spores of the Bacillus subtilis of hay-solutions,
so that the remarks which I have ventured to make regarding the *spores’ of
the bacillus of ordinary blood apply equally to baecillus of hay-infusions, for I
have been unsuecessful in witnessing anything like the germination-process in
the “spores ’ of the latter also. Nor were the ¢ spores ’ which formed in baeilli

associated with the anthracoid-blood of the horse, observed to germinate.

With regard to specific distinetions which have been based on the differ-

e el de e of size which microphytes of this character
tions among bacilli based on size. I)I‘EEGDt—BPECiﬁG distinctions W]]iﬁh, in all Pl'[)babl-
lity, will be still further advoeated in the future—itis of interest to note that the
bacilli found in the blood and tissues of animals which, at the period immediately
preceding their death, had been perfectly healthy, manifest considerable latitude
in this respect. The following extracts from my note-book may serve as illustra-
tions of this, and, at the same time, furnish a brief epitome of the changes
which bacilli-filaments undergo under very slightly varying circumstances.
The first series of extracts will refer to bacilli of a smaller size than ordinarily
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filaments, though well preserved at one end, were seen to be undergoing the
process of fission at the other, each fragment being equal to 1—1-2« in its
longest diameter. It seemed asif the 4 to 5u-segments, of which the filaments
were composed, had first become freed from the thread, and had, instead of
giving rise to a ‘spore,’ undergone fission (fig. 11, 4). In other cases cleavage
of this kind took place whilst the individual segments maintained their linear
arrangement (fig. 11, ¢). In some instances it secemed as if the two first halves
of the originally 4 to 5u-segments had each become elongated (and correspond-
ingly thinner) and undergone further division, thus forming four more or less
spherical plastides (fig. 11, d). When the whole filament had undergone such
a process and the plastides had retained their linear arrangement, it presented
the appearance of a rosary chain (fig. 11, ¢). It was ascertained that four of
the plastides forming a part of the particular chain sketched were equal to the
length of one of the segments of the original filament, viz., 5.
It will thus be seen that filaments of bacilli may disappear, at least, in
two ways: (1) by giving rise to minute highly
in rao waaments may dissppear  pefractive, long-oval molecules, the filaments them-
- selves becoming at first transparent, and then, ap-
parently, disappearing more or less completely ; and (2) by undergoing cleavage,
and giving rise to minute plastides. These may, occasionally, be observed to
present a rosary-chain arrangement, but usually their identification becomes
impossible owing to their mixing with other molecules in the field.

I am not in a position to offer any suggestion as to which is the normal
course for bacilli to take, seeing that bacillus-filaments may re-develop under
suitable conditions from material derived from preparations in which either of
the two foregoing processes has been observed to take place. Probably, to
a greater or less extent, both processes occur together; at least it is seldom
that filaments will give rise to the bright, refractive molecules, in a highly
nutritious fluid, without a contemporaneous formation of plastides taking place
at some part of the preparation.

G.—The relation of the Bpirillum of Recurrent Fever to other known Spirilla.

Having thus endeavoured to prove that no sufficient grounds have been
adduced for accepting the doctrine that bacilli

Spirillum O ieri. : ie di i i
M have been found in splenic disease, septiceemia and
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so forth, which differ, not only in any maferial respects, but in any respects
whatsoever, from baeilli which may be found under certain easily induced con-
ditions, it remains to be seen what evidence there exists to shew that the other
member of the schizomyecetes group found in recurrent fever—Spirillum Ober-
meieri—differs from other spirilla known to be harmless.

On this point also considerable diversity of opinion exists, though perhaps
not quite to so marked an extent as with respect to the microphytes which
have just been considered. The matter is, moreover, made somewhat simpler
from the circumstance that those who have had the greatest opportunities for
personal observation are, on the whole, the observers least inelined to claim for
this spirillum specific characters in the ordinary botanical sense of the term.

FiG. 17, : x G650 diam,

Spirillum (Spirochaete) plicatile.
(After Cohn.)

Figc. 16 1 : : : % Goo diam.

Spirillum (Spirochaie) Obermeieri. The spirilla among blood-cells * * in
active movement. Those marked * sketched a short time before the
cessation of the fever. (After "v'u"tige:rl; published by Cohn.)

Since the period of its discovery in the blood by Obermeier it has been
referred to under various names : Spirothriz, Pro-
tomycetum recurrentis, in Lebert’s article on recur-
rent fever and in Ziemssen's ‘ Handbuch’ of Medicine ; Spirillum by Erichsen,
Litten, Birch-Hirschfeld, &ec.; Spirillum tenue by Naunyn; and Spirochaete
Obermeieri by Cohn (fig. 16).

The last-named observer, and the only one with an extended botanical
experience, gave it a specific distinction solely on physiological grounds, as,
after careful examination, he was unable fo detect any difference, either of
size or in character of movements, between the spirillum of recurrent fever-

Bynonyms.
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of some of the leading forms to be made and have had them engraved on wood !
(fig. 18).

FiG. 18 : - . : x 700 diam,

Spirilla in the blood of fever-patients in Bombay: Traced from micro-photographs taken with
Ross' " immersion objective. Some of the longer spirilla in the wood-cut are in the micro-
photographs seen to consist of two fibrils loosely attached at the ends. This peculiarity
cannot be reproduced in the engraving. Several of the blood corpuscles present a stellate ap-
pearance.

In the last number of Cohn’s Beifrdge (Band. II, Heft. 3), Dr. Koch has
supplied some excellent permanent micro-photographs of the spirilla as observed
at St. Petersburg. The spirilla in the osmic acid-preparation which I possess,
though presenting the same general characters as those in Dr. Koch’s photo-
eraphs, are somewhat thicker than those depicted in the latter ; whether this
points to any slight difference in the blood between the fever which prevailed
in Bombay last year and the fever which prevailed in St. Petersburg I am not
prepared to say, but this much, I think, I may venture to state, namely, that
the difference between the spirilla in the preparation in my possession, and
those received from St. Petersburg, as photographed by Dr. Koch, or the
spirilla sketched by Weigert (fig. 16), is as great as the difference which exists
between the Spirillum Obermeieri and the Spirillum plicatile on the one hand,
and the Spirillum of the mouth on the other. As has already been seen,
these differences are exceedingly trivial, and it is quite possible that such
slight differences may exist in these microphytes in different persons during
the same epidemic, and at different times in the same individual, as has

e — e

! Two of these micro-photographs will be found reproduced in Plate 111
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been shewn to be the case in the preceding pages with regard to the bacilli in
the blood.
It may be-useful to say a few words, in passing, regarding the fever which
was so prevalent in Bombay during a great part of
ﬁ;’%f@;ﬁ% *the %ﬁ“ﬁ. 1877, as some misapprehension appears to exist as to
- its exact character. What is deseribed as recurrent
fever, and sometimes as bilious typhus or bilious remittent fever, and recurrent
typhus,in Germany,is frequently assumed in England to be the same as the ‘relaps-
ing-famine fever,” which was witnessed some years agoin Ireland and elsewhere.
Whether in reality the latter fever was or was not the direct offspring of want is
not a matter calling for comment here, but what is very definitely known is that
outbreaks of recurrent fever in various parts of Russia and Germany, and which
were found to be associated with spirilla in the blood, have occurred in dis-
triets wholly unassociated with want of any kind. In some cases, indeed, the
outbreaks occurred in districts and during periods in which the labouring
classes were exceptionally well off. This is a point concerning which no doubt
whatever can exist. With regard to the supposed connection of the fever in
Bombay with the famine which prevailed in certain parts of the country, I can
only state that, so far as I could gather as the result of personal observation and
careful enquiry, no sufficient grounds existed to warrant any such supposi-
tion; and Surgeon-General Hunter, after a most careful analysis of the official
records, and writing from personal acquaintance with the disease, thus sums up
his report on this particular point: ¢ Any distinet causal connection, therefore,
between the famine and the fever must be abandoned.”*
It thus follows that the term ¢ relapsing-famine fever’ is not applicable to
the affection hitherto associated with spirilla in the blood, whether in Germany,
Russia, or Bombay.

H.—The probabilities in favour of the Bacilli and Spirilla of the Blood being Epi-
phenomena.

There is one circumstance in connection with the mieroscopic appearance
R s which these :Drgamsm.s sumctl‘mes present which
BORAEY SR ORAIOE deserves special mention, as it may serve as an
explanation of their sudden disappearance from the blood; and that is that

! Indian Medical Gazeife, October 1st, 1877.
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they may present a well-marked beaded or rosary-chain appearance (fig. 19).
This feature I was able to observe on one
occasion only. The spirilla of the ordinary
character were plentiful in this person’s
blood on the evening previous to the day
on which this observation was made but
when examined on the following morning
there were only linked or rosary-chain spi- Fic. 19.—Beaded or rosary-chain appearance
rilla in his blood. They were not very ::”:T:ferh; a:::’ﬂ:?;:":;‘ﬂ:;‘;‘f '{:k::‘:;‘:i“':i
numerous and their movements were not EEEII: by Hartnack's immersion objective No. o
of that rushing character ordinarily observed, il

but conveyed the impression of tumbling across the field.

The inference which such an observation appears to warrant is, that when
the blood acquires a certain as yet undetermined condition it becomes unadapted
to the existence of spirilla, and that the fibrils thereupon undergo segmenta-
tion, after the manner of other schizomycetes [ compare with figure 11, Plate T],
and the separated plastides become diffused throughout the cireulation ; possibly
they then gradually disappear in the same manner as we have seen other plastides
(minute bacteria, &ec.) disappear very rapidly after being injected into the
circulation. This appears to me to be more probable than that they continue in
the circulation until the blood re-acquires the state suitable to their growth
into fibrils, seeing that the time for their return is so uncertain—it may be two
days, may be six days or a fortnight even, and perhaps they may not return
at all. Be that as it may, it is clearly evident that their existence as spirilla
is dependent on the composition of the fluids of the body.

Heydenreich suggests that their disappearance is due to the elevated tem-
perature of the blood at the height of a paroxysm. If that were the case, they
ought to become more numerous with the fall of temperature after death, but
it is well known that they disappear exceedingly rapidly when life becomes
extinet, in this respect offering a marked contrast to other members of the cleft-
fungi group—bacteria and baeilli.

The fact of their total disappearance immediately after death, or probably
Dt o e .
donth Suggoats thas (R iy  after  significant as shewing the extremely close relation

which exists between them and the blood in living

changes occur in the blood itsell,
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tissues, seeing that when the blood is removed from the body the spirilla will,
under favourable conditions, retain their power of locomotion for several hours
or days. What these subtle changes of the blood during fever-processes may
be, chemistry and physiology have not yet revealed ; we can therefore only judge
of them by the changes of the temperature, &ec., of the patient; and, in the
particular condition under consideration by the occasional appearance and
re-appearance of spirilla, whose presence is manifestly dependent on antecedent
changes. That the temperature commences to rise and that other subjective
symptoms are manifested before the appearance of spirilla testifies to this, for it
cannot be that they can exert an influence before they are themselves existent.
Dr. Charles Murchison, at the discussion on the germ-theory of disease at
the Pathological Society,' put this matter very
ggaf"ﬁ*fﬁfﬁ“fﬂ“?fiﬂ"% clearly when he said, ‘The fact that in relapsing
' fever and sheep-pox distinet forms of bacteria have
been found in no way proves any causal relationship between these diseases and
the bacteria, and is readily accounted for by the acknowledged fact that the
form taken by many minute growths depends not upon the germ, but upon the
nature of the medium in which it grows. Indeed, the observations which have
been made on the spirilla of relapsing fever are strongly in favour of this view,
for they are present in the blood during the first paroxysm, but disappear before
the crisis ; are absent during the intermission, but return with the relapse of
fever, and again disappear before the erisis. It seems difficult to account for
their appearance and annihilation twice over, except on the supposition that the
soil was suitable for their development during the febrile process, and unsuit-
able when the febrile process was complete.’” The remarks which Dr. Bastian
made in opening the same discussion on his very interesting observation
as to the presence of bacteria in the fluid of a blister-bleb of a febrile patient so
long as the bleb remained intact for forty-eight hours, whereas in the fluid of a
blister from a healthy person no such appearances would be seen, point in the
same direction.
A like conclusion must be arrived at regarding the bacilli in malignant
Bacilli not detected in the esriiee  PUStULE, septiczemia, and the so-called ¢ typhoid fever’
MSNERN pLCIS RN, in the pig, horse, and other animals. With regard

SR TR R T e —— o —

| The Lancet and Brifish Medical Jowrnal, April 1875,
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to the microphytes just named, it may be confidently stated that they are
never to be detected in the earlier stages of the disease, but only at a brief
period before and after a fatal termination. To my knowledge they have never
been found in the blood of animals which have subsequently recovered; they
have always been recognised only as one of the concomitants of impending dis-
solution. This is undoubtedly the case so far as the two diseases first cited are
concerned, and judging from what is known regarding them, I presume that the
development of such organisms in the blood of the inoculated pigs was not one
of the symptoms which Dr. Klein had observed as indicative that the bacilli
which had been introduced into the system of the animals had induced the
disease. Should this inference prove to be correct, it is somewhat difficult to
understand on what grounds so emphatic an opinion could have been expressed
as to their specific action. - It does not appear that Leisering in his account of
like organisms, in apparently the same disease of the pig (as already mentioned),
had found them in any but fatal cases.

I.—The evidence which has been adduced shewing that the virulence of Septinous
Substances is not dependent on vegetable life.

Seeing that so much evidence can be adduced to shew that these organisms,
whether bacilli or spirilla, are but epi-phenomena,
phyte-tree fuids will induce die. the specific change in the fluids of the body having
N taken place before the slightest indication of their
presence can be detected, the question which naturally suggests itself is : whe-
ther sufficient evidence exists to shew that inoculations ean be effected with
like material in the absence of such living organisms. The reply to this ques-
tion, so far as anthracoid and cognate diseases are concerned, is distinctly in
the affirmative; but, with regard to recurrent fever, it cannot be as yet defi-
nitely stated that the malady is inoculable, so that for the present it may be left
out of consideration.

When Brauell published his paper in Virchow’s Archiv in 1858 detailing
his experiments to prove that splenic-fever was an
inoculable disease, he further stated the opinion
that the organisms found in the blood could not be the carriers of the virus,
seeing that blood not containing bacilli had been found to generate the disease.
Bouley has arrived at a similar conclusion, and Bollinger, who has repeated

MM. Brauell, Bollinger, and Colin’s
experiments,
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connection with the nature of the poison existing in certain solutions of decom-
posing animal matter. Panum’s researches were published so far back as 1855,
but having originally appeared in Danish they had for several years been to a
great extent overlooked. They were brought more prominently into notice on
their publication in 1874 in Virchow’s Archiv. In1875' Dr. Cunningham and
myself drew attention to these experiments, as we had found that the results of
observations made by us, with a like object, based on a series of experi-
ments which included the inoculation and dissection of about 170 dogs, were, in
so far as they were comparable, almost in complete accord with those which had
been obtained by this distinguished experimentalist.

Panum found that the coagulum produced by boiling a septinous fluid was
more virulent than the fluid itself. The principal facts demonstrated by him
may be thus summarised :—

(1.)—That the perfectly clear fluid which may be obtained by filtering
solutions of putrefying animal substances through several lay-
ers of filtering paper would induce the characteristic symptoms
of the same kind as the unfiltered material,

(2.)—That boiling such a fluid for even 11 hours would not materially
impair its toxic properties.

(3.)—That although an alcoholic extract of such a fluid proved to be
inert, the virulent action of a watery extract of the same fluid
was very intense.

Panum therefore concludes that a fluid which can retain its specific pro-
perty after being filtered, boiled, evaporated to dryness, and the residue digested
in cold and in boiling aleohol, then re-dissolved and again filtered, cannot owe
this property to living organisms of any kind.

In 1865 Dr. W. B. Richardson shewed that the sero-sanguineous fluid

Richardson's and Bergmann's re- fmm the PEI‘itD]‘]B&] ﬂﬂ.‘?ity '[}'E o Pﬂrﬂﬂﬂ Eﬂ.ﬂ-ﬁﬁﬂg
SYRECIRY: from pysemia would communicate fatal disease
from one animal to another in a direct series, and that the poison (designated
“septine’) which effected this could be made to combine with acids so as
to form salts which retained the poisonous qualities of the original substance.*

! “Cholera : Microscopical and Physiclogical Researchies,” Series 11
1 The Lancet, April 3rd, 1875, p. 490,
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A few years later (1868), Bergmann succeeded in obtaining apparently a similar
substance and named it Sepsin.' This poison induced symptoms of a like
character to what are induced by putrifying solutions, and was frequently even
more fatal, in very small doses. Still it appears not to reproduce symptoms
exactly similar to the original material, in this respect differing slightly from
Panum’s ‘putrid-extract,’ which reproduces the ordinary symptoms of septic
poisoning without any modification whatever.

To Pasteur and his adherents, who ascribe what may be almost termed

B T el S supernatural powers of resistance to the ‘resting

es induced by purely chemieal  gnopes’ of anthracoid and other diseases, the facts

tants aheawin aramount in-

the

Susmos of isoails of heBoariiselt. o 3q0d in the foregoing paragraphs can carry but
little weight. But another series of phenomena have been recorded which
point in the same direction. It has been shewn that the living tissues of
the body will under certain conditions, when irritated by means of purely
chemical irritants,—such, for example, as a strong solution of iodine or liquor
ammonia,—secrete a fluid which, when transferred from animal to animal,
proves not one whit less virulent in its properties than an exudation which has
resulted primarily from the introduction into the system of material which has
swarmed with bacilli. Observations to this effect have been published by many
observers, and Dr. Cunningham and myself have placed on record that we
found a large number of bacteria in the blood of a dog which had died as a
result of such chemical irritants. These bacteria could not have been the
cause of death, nor, most assuredly, could they have derived their origin from
the liquor ammonia which had been resorted to to excite the inflammatory
process.

It would seem from these results that the living tissue elements of the
body itself play a much more important part in the elaboration of septinous
and allied poisons, than what has been of late ordinarily ascribed to them.

Such, so far as I have been able to learn, are the main facts which have
been recorded with regard to the microphytes of the blood in health, and in

diseased conditions.

— e -

! Centrallbl, f.d. medicin, Wissenseh, 1868, p. 497 ; cited by Dr. Arnold Hiller, op. cit,
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siderable distance from any visible motile filament, would suddenly quiver. On
carefully arranging the light, it was eventually observed that this movement was
due to the existence of a very long and exceedingly fine flagellum, apparently a
posterior flagellum, as the organisms seemed generally to move with the thicker
end forwards—the flagellum being seen following it, and lashing the fluid during
the moment it remained in foeus. I have not been able to detect any flagellum
at the opposite end. The greater number of the figures reproduced in the wood-
cut (fig. 20) represent these organisms as they are observed a few hours after the
blood has been obtained, when their movements are not so rapid and the flagel-
lum becomes recognisable. They may sometimes be kept alive for two or three
days, but generally the greater portion will have died within twelve or twenty-
four hours ; and not only have died, but also disappeared from view.

When very carefully watched, the plasma constituting the thicker portion
of their substance may be seen suddenly to swell out at certain places—some-
times so as to divide the “body’ into two parts, as shewn in the middle figure;
at other times two or three such constrictions and dilatations may be detected,
the dilatations being possibly ohservable only on one side. At other times they
assume an arrow-shaped aspect, as shewn in the lowest figure. Occasionally
something like granularity may be observed before their disappearance, but not
a trace of them is left after their disintegration: it seems as though they
had been dissolved in the serum in which they were found.

Fig. 20 * 700 diameters.

Flagellated organisms in the blood of healthy rats A few red blood-corpuscles and one white
corpuscle are included in the figure.

They may readily be preserved by spreading out a thin layer of the blood

a thin coverin lass and
APDestainge of pressrved Fnsols containing them over c g
g inverting it over a weak solution of osmic acid.

The preparation should be removed as soon as it presents a dry, glazed appear-
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ance, and may be thus mounted in the dried condition or in a saturated solu-
tion of acetate of potash. I have, however, never been able to detect the
flagellum in such a preparation; apparently the refractive index of the sub-
stance forming the flagellum and that of the serum approximates so closely
that the last can only be detected when creating a current by its movements.
The “body’ remains nearly as translucent after the action of the osmic acid-
fumes as it was in the living condition, so that the presence of the protozoa in
such a preparation may readily be overlooked owing to the absence of any
movements to direct attention to them.

‘When, however, a preparation of blood of this kind is dried in the manner
ordinarily suggested for preserving specimens of blood, and especially if a little
of a weak solution of aniline-blue be afterwards poured over the dried slide,
the body of the protozoon will present a very different appearance. It will be
found to have contracted irregularly, and to manifest a somewhat granular and
shreddy appearance, suggestive of a coagulated, fibro-albuminous substance.
The “body ’ portion becomes flattened towards its middle to double its original
width, and both ends become almost acutely pointed. The flagellum part is
only visible for about half its true length, and this portion of it appears to
consist of the same substance as the body. Possibly the now invisible portion
of the flagellum may consist of a substance slightly different from that of the
body ; or may have been retracted during the drying. I have made micro-
photographs of slides prepared in both ways, hoping that possibly an image
of the entire lash might thus be obtained, even though the eye could not
distinguish any, but have not succeeded, notwithstanding that the rays of
light were caused to pass through glass of various colours.! The logwood
solution recommended by Koch for this purpose also failed in my hands.

It is impossible to secure accurate measurements of these organisms during
the period of activity, nor of the lash at any time,
seeing that the latter becomes for the most part
invisible in preserved preparations. The body portion, however, may readily be
measured after they have been killed by means of osmic acid. The width of
the anterior half, or body portion, averages ‘8 to 1x, or precisely that of
ordinary blood-bacilli, and its length from 20 to 30k, or an average of 25g.

— - i

Measurements.

! Facsimiles of two of these micro-photograpls will be found in Plate T1L
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The flagellum, so much of it as is visible, is somewhat of the same length,
so that the total length of the organism equals about 50y, or about L’
The lash, however, may be considerably longer than this, as the slope from the
body portion is very gradual, and when the eye follows it to the bounds of
visibility an impression is conveyed that there may be still more of it, beyond
the power of either Ross’ /4" or Powell and Lealand’s /" to reveal.

They are not very sensitive to the action of re-agents; a weak solution of

B S i e SR ammonia did not affect them for some time, but a
taums. stronger solution of potash affected such of them
as it came into contact with at once: others in the middle of the field con-
tinued to exhibit movements for several hours; probably they had not been
touched by the potash. A weak solution of bichloride of mercury in acetate of
potash and camphor water (as used for preserving preparations) did not seem to
affect them materially, seeing that they maintained their activity in such a solu-
tion for eight hours. They retain their vitality longer in a weak salt-solution
than in pure distilled water. A cover-glass with an aqueous solution contain-
ing them was inverted over a bottle of chloroform for several minutes, but the
movements of the organisms were unaffected ; if, however, a drop of blood con-
taining them be similarly placed over chloroform they disappear, probably
owing to the action of the chloroform-vapour on the blood itself,

A drop of the blood was placed on a slide arranged for the application of
Ronut of sppliation of inter. - :lectricity to.micrﬂ-scﬁpiu preparations, and it was

i ound that an interrupted current of such a strength
as could not be comfortably borne by an individual was tolerated by these beings
for several consecutive hours. The only difference appreciable between a pre-
paration thus dealt with and one not so treated was, that the movements ceased
a few hours sooner in the former than in the latter, possibly owing to the
chemical change induced in the blood itself by the current.

I have examined the blood of a great number of rats for the purpose of
ascertaining what proportion of them contains these
organisms in their blood, and find that of those
specially examined for this purpose their existence was demonstrated in 29
per cent. Sometimes, however, the numbers detected were very few, not more
than one or two in a slide, but in the greater number of cases they were very

numerous, every slide containing several hundreds,

‘EPchiiggFtinn and species of rats
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Seeing that the blood of such a large proportion of rats contain these
organisms, I can hardly suppose that their existence
has hitherto escaped notice, unless it be that rats in
Europe do not harbour like parasites. Davaine® in the recent edition of his work
makes mention that M. Chaussat had found minute nematodes in the blood of
a black rat (Mus rattus), but I have not seen any nematode in the blood of rats
in this country. In the tissues, bladder, &c., of rats such parasites are very
common, but their deseription does not come within the province of this paper.

The nearest approach to the flagellated hsematozoa of rats which I have
seen deseribed is to be found in a foot-note in Dr. Bastian's ¢ Beginnings of
Life,”* where it is stated that Dr. Gros had seen minute worms (vermicules) in
the blood of a field-mouse (mulof) which were so numerous as to cause the
blood to present an animated appearance; and that the blood of the mole was
often found to be in a similar condition. They were so small as to be barely
visible under a power magnifying 400 diameters. I have not been able to
obtain any minute deseription of these vermicules, but I anticipate that it will
be found that they closely resemble the flagellated protozoa found in the blood
of Indian rats.

With regard to the health of the rats in which these flagellated organisms
e organiam often found i th were detected, there was nothing to suggest in any

ol iy . way that they were less healthy than others not so

affected, and I have repeatedly kept rats for a considerable time for the purpose
of observing whether any special symptoms would be manifested suggestive of
the existence of such organisms in the circulation. It should be mentioned
that it frequently happened that the rats caught in a particular room would be
affected, whereas the blood of rats in another part of the building would not
contain them, The servants had ultimately come to recognise this, as, when-
ever they learnt that a particular rat’s blood contained the desired organisms,
they diligently endeavoured to secure the rest of the family.

When it is considered that thousands of active beings of this character can

S alosisd Saidian i one Tk blood without in any appreciable man-

i ner affecting the health of their host,and when it is
further considered that these organisms must consume at least as much, if not

bability of former obBerva-
HE:E of & like kind.

———— e

! Traité des Entozoaires, Edit. 11, pp. 11, 957 : 1877. Leuckart’s * Parasiten,” vol. ii, p. 636
* ¥Yol. 1i, p. 338: 1872,
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Professor Lankester considers it improbable that this heematozoon has not
been previously seen and described. He speaks of it as a mouthless infusorian
closely allied to the Opalinide, but possessing no cilia, the latter being replaced
by an undulating membrane and a flagellum. It is therefore believed to repre-
sent the type of a new group of infusoria, and is named Undulina ranarum.

Some years ago Auguste Riittig' described an ‘ameeboid’ organism which
he had found in the blood of some frogs. Judging
from the description and figures, it is evidently
identical with Lankester’s Undulina. Lieberkiihn® appears to have described a
somewhat similar protozoon in the frog’s blood under the designation Admeba
rotatoria, and which, according to Waldeyer,® was named Zrypanosoma san-
guinis by Gruby. :

In the same paper Riittig deseribes another hsematozoon, which he had
often seen in the capillary vessels whilst examining the frog’s mesentery during
the months of May and June; they were of elliptical form and of granular
aspect, with a length equal to the long diameter of about 1} of a frog’s red
blood-corpuseles, Channels with ceecal terminations could be distinguished in
them ; these, however, disappear in the course of a few hours, and thus the appear-
ance of the animalculse becomes completely changed (fig. 23, a,4). They moved

Hattig on organisms in blood of
« frogs.

a . [ £
FiG. 22.—a, b, ¢, Changes undergone by a protozoon found in the blood of frogs in the course of a few
hours: Magnified so0 diameters, (After Rittig.)

rapidly in the serum, propelled by means of cilia placed along the dorsal aspect
of the body, and it was observed that they could travel in both directions of the

1*Ueber Parasiten des Froschblotes;* Inangural-Diss, Berlin, 1875, p

* Lieberkiihn: * Ueber Bewegungserscheinungen der Zellen:* cited by Riittig, op, cit,, p. 16. Fide also Davaine's
* Entozonives,” 11 Edit., p. XVI (foot-note).

 Virchow and Hirsch’s Jahresberieht, vol. i, p. 96, 1875,
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in width, and which were stuffed with ova and embryos. Towards the anterior
third of the body the latter were free and measured from ,},” to g%,” (106 to
07 mm.) in length. The male was not seen.!

Dr. Cobbold also describes a parasite, Filaria hebeta, which was found in
the heart of a seal. The length of the female in this case also was 6 inches;
that of the male, distinguished by the possession of a spirally curved tail, was
up to 4 inches. The embryos were considerably larger than the measurements
given by M. Joly as those of his parasites, being ¢',”, and about the width of
a human red blood-corpuscle.®

Wedl found a filaria with a broad head and a filamentous tail in the blood
of a whale, together with a peculiar body ( ‘aus acht in einander geschobenen
Ringen bestehende Korperchen’) double the length of a blood-corpuscle.

This observer likewise, on two occasions, found nematoid worms in the
blood of a carp (Cyprinus tinca). They were 5, of a Vienna inch in
length and *0001 in width.®

It has long been known that the blood of many birds is infested to an
extraordinary extent with the em-

e bryos of nematoid helminths. The
first record of them is by Schmidt, who appears to have discovered
them in 1826.* They have since been frequently described ;
and, according to Virchow,* they have also been found by Herbst
in the blood of hawks, jackdaws, jays, &e. Borell ® writes re-
garding a condition which he deseribes as ‘ Trichiniasis of the
Crow.” The parasites found were ‘13 mm. in length by 004 in
width, but as they appear to have, for the most part, only been
found in the blood vessels, the term °trichiniasis’ is scarcely
applicable ; moreover, the worm is manifestly not a trichina. Fic. 24 . x s00
It is worthy of special note that specimens of precisely the , Fiwria from the

blood of the Indian
same size as those in the blood were also found in the aqueous crow.

E
%
a

B "

! Annals and Magazine of Natural History, vol, I, 1858,

! Procecdings of the Zovlogienl Svciery, Nov, 1873, p. T41.

¥ Wedl cited by Unrus, loe. cit.

! Gervais and Vin Beneden : * Zoologie Medicala:' 1850; quoted by Sonsiuo, op. cit
¥ Virchow's Archir, vol, lxv, 1875, p. 400.

® ldem, puge 309,
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humor and in the eorpus vitrewm of one eye. Sonsino' has likewise often
found them in the crow in Egypt, and states that they are § of a millimeter
in length. One of the crows in which he found these embryos contained three
examples of Filaria attenuata in its ventral cavity. Ecker suggests a genetic
connection between the latter and the former?; and Leuckart, in his standard
work on the Parasites of Man, appears to coincide in this view.’

I have examined a considerable number of the ordinary Indian crow
( Corvus splendens), and have found that the blood
of nearly half of those which have come under my
notice have contained embryo heematozoa of this character. Sometimes they
are in such numbers as to make it a matter of surprise how it is possible that
any animal can survive with so many thousands of such active organisms dis-
tributed throughout every tissue of its body. The birds did not appear to be
affected in the slightest degree by their presence. In their movements they
are very similar to the nematoid embryos found in man ; they are, however, con-
siderably smaller, and manifest no trace of an enveloping sheath (fig. 24).
Those measured by me were found to be 09 mm. in length by *004 in width,
which is, roughly, more than one-third the length and one-half the width of
the embryo of Filaria sanguinis-hominis, to be subsequently referred to.

They were not in the least affected on the addition of half per cent. salt-
solution, and continued to manifest active movements in it for from 6 to
8 hours. A drop of blood containing numerous hematozoa was placed
on the slide arranged for the application of electricity; and an induced current
of considerable force was passed through it for two hours without the slightest
appreciable effect on the filariee being observed. As the current applied was
stronger than could be tolerated by a man for any lengthened period, it would
seem that the application of such a remedial agent to persons affected with
organisms of a like character is not likely to be followed by any satisfactory
results.

The blood of several of the crows examined was, when perfectly fresh,
strained through linen, but no parental form was caught on the strainer, nor
were any ova to be detected. :

The hmmatozoon of the Indian
Crow,

! Op. eit. :
? Diesing’s * Systema Helminthum,” vol. xi, pp. 266-7, 1851.
# ¢ Die meuschlichen Parasiten,’ Band. I, p. 52; Band. 11, p. 614; Leipzig, 1876.
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In Solipeds—the horse, ass, mule, &ec.—aneurismal dilatations of the
mesenteric arteries are very commonly observed, the
result of an arferitis set up by the palisade worm
(Sclerostomum equinum) during one of the stages of its growth. As, however,
it does not appear to take up its abode in the blood itself, the matter does not
call for further reference here. It would seem, however, that occasionally the
blood of the horse does contain dbond fide nematoid hsematozoa. Leuckart'
refers to a case of the kind as having been observed by Wedl in which the
nematoid hzematozoa were associated with the presence in the abdominal cavity
of Filaria papillosa, the ordinary worm of the anterior chamber of the eye in
horses, &e.; and Sonsino® found three minute nematodes in the blood which
was drawn from the jugular vein of a horse. They were ‘23 mm. in length,
the length being to the width as 37 to 1, and in general appearance they
resembled the heematozoa of the crow.

Hmmatozoa of horsea, &e.

Of all animals which have been found to harbour hmmatozoa, the dog,

perhaps, takes the first place. Dogs affected in this

G otk manner have been observed in nearly all parts of the

world, notably in China, India, and some of the southern parts of Europe. It is,

moreover, probable that the embryos of different species of nematoids are found in

this animal’s circulation : that mature helminths of different species are found in
it is a well-ascertained fact.

The interest in this subject dates from the observations which were made
more than twenty-five years ago by MM. Gruby and Delafond, which went to
shew that 4 to 5 per cent. of the dogs in France harboured microscopic nematodes
in their blood. In a paper entitled ‘The Pathological Significance of Nematode
H:iematozoa’ published by myself in 1874, it was pointed out that more than a
third of the pariah dogs of this country are similarly affected ; and Dr. Patrick
Manson has shewn that this kind of parasitism affeets at least an equal propor-
tion of dogs in China.* The embryos which have been found in the dog’s
circulation appear to correspond as to size, form, and character of movements

! Op. eit., vol, ii, page 635.

2 (. eit.

* Tenth Annual Report of the Sanitary Commizsioner with the Government of India, App. B T gl
g_!l'- Mf"'rflll'fll.? -‘ir'llf‘ﬁ‘['d'_ M. xxﬁl |._r+ J“]I 1875 : Il]!”, in !“ITt. in Qﬂ'ﬂrﬂﬂ{# Jﬂﬂfﬂﬂ! ﬂf Miﬂl B-I#ﬂpl:l‘ﬂl* E[-'I.EH{'-?J IBTE.

**Report on Hmwatozoa* in China Customs Medical Reports, vol. xiii. Shavghai, 1877,
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These parasites, or parasites very closely allied, have now been found in the
blood of man in many parts of the world. Dr. Prospero Sonsino,! in January
1874 (having no knowledge of previous observations of a like character), found
them in the person of a Jew-lad at Cairo. They have been found in China by
Dr. Patrick Manson? of Amoy, and in Australia by Dr. Banecroft * of Brisbane.
They have also been found in the blood in Brazil; and, within the last few weeks,
in England, by Dr. Hoadley Gabb of Hastings.*

In considering the possible relation which may exist between the several

parasites which have been found in different
e olirye fatie of difterent latitudes, it will be well to bear in mind the history

of somewhat similar organisms in the circulation of
dogs, a brief epitome of which has been given above. There is another matter
to be taken into consideration as regards the identification of like parasites in
man,—namely, their association with diseased conditions. Are these conditions
invariably of the same general character in all countries? If so, it would be
sufficient to shew that a distinet relation of some kind existed between the
disease and the parasite; but if it be found, notwithstanding the existence of
a general correspondence between them, that nevertheless minor differences were
more or less constantly present, this would indicate either that some slight
difference existed in the parasite itself or that it bore no causal relation to the
disease.

It so happens that nematoid hsematozoa are found associated with a
disease which, whilst manifesting a close general resemblance in different
countries, is nevertheless characterised by a marked difference. In Asia,
or at least in India, it is known by its most characteristic appearance,
viz.,, milky or chylous urine; whereas in Africa and Bouth America it is
described as the ¢ heematuria’ of various localities, or as * hématurie chyleuse’
or ‘graisseuse,” a term doubtless adopted on account of its being a more correct
deseription of the malady than chyluria. In India, however, although the term
may be more or less applicable at some period or other of the disease, it is never-

! *Richerche intorno alla Billiarzia hematobia in relazione colla ematuria endemien dell’Egitto e nota intorno ad un
pewatoideo trovato nel sangue umano.” Naples, 1874.

? Dp. cit.

* *On Urinary and Renal Diseases,” by W. Roberts, 8rd Edit. 1876, p. 342.

* The Lancet, June 22, 1878, p. 921,
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of a parasitc which he had found associated with ova,in the urine of an
insane old lady suffering from severe ©ecys-
tinic rheumatism,’ and affected with par- —
tial paralysis of the bladder and of other
parts of the body. A drop of urine fre- _
quently contained 10 to 15 ova. It was _ o ik st e S L
nol a case either of heematuria or chyluria, parous nematode, obtained in urine.
although it is sometimes erroneously stated Tpfeﬁ‘:::?“:tn;sﬁ;ﬁﬁlﬁ
that she was suffering from the latter disease. diameters to = X 300 diam.
This impression has arisen from the fact of
eystinuria having been confounded with ehyluria, two totally different disorders.
The helminth is deseribed as Trichina eystica (fig. 25).

Writing in 1872, Dr. Cobbold, after describing the history of a little girl

sinarous helminthe W10 had been suffering from hzematuria associated

tound by Cobboid. with the Distomum hematobium, refers to the
circumstance that he obtained from the patient some other urinary parasites
in the egy condition.! ¢On five separate occasions,” writes Dr. Cobbold, “I
obtained one or more specimens of the eggs or embryos of a minute nema-
tode. In one instance there were about fifty of these ova in the urine, their
embryonic contents being well developed, and in a state of activity, Usually
they were all in this advanced condition ; but on the 25th of July 1870 several
were observed in much earlier stages of development.’” The fully grown eggs
zave a longitudinal measurement of 35" by 1o5s in breadth. Judging from
the deseription of the ova and their contained embryos, it would seem that the
parental form must have been oviparous. The embryos, when freed artificially
from the egg, measured 35" in length by 545" in breadth. On two occasions
free dead specimens were observed which had been lying in water some time,
and these measured 15" by 5555~ The parents of the patient had mentioned
that the latter had ¢passed three small vermiform entozoa by the urethra.”

Dr. Cobbold writes : I have been thus particular in recording these facts,
because future discoveries may enable us to identify the species of nema-
tode to which these ova are referable. I know only one set of observa-

[y

et

' During the lnst seven years I must have examined the sediment of very many gallons of chylons urine, but never
observed any ova of nematodes, though, from time to time, | kave found many hundreds of embryos,
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in the same insect. Repeated examinations at the same periods tend, however,
to minimise this source of error. During the first twenty-four hours no marked
change takes place in the form of the organisms.

On the second day, however, it will probably be seen that the blood has, to
a considerable extent, undergone digestion, and the
stomach will no longer manifest the distended con-
dition of the first day. Probably a few altered heematozoa will be observed in
it moving very languidly, presenting the appearance of partially disintegrated
fungal filaments when the movements are not manifested. Some of them may
be actually dead ; these will be found to be stained by eosin solution very readily.

Between the second and the third day further changes occur, but in order
to be able to follow these it will be necessary to
examine the other tissues of the insect, as possibly
the stomach may contain none ; it will, however, probably be found that some
of them have migrated into the tissues immediately outside this viseus. It will
now be observed that some of the parasites have become considerably thicker
(fig. 7) ; and occasionally specimens will be seen with the tail presenting the
appearance of a lash (fig. 9) ; the movements are still very sluggish.

About the fourth day it is probable that examples in various stages of
growth will be visible, rendering it extremely difficult or impossible to state
precisely what it is that actually does take place ; at least hitherto I have not
been able to satisfy myself. About this period, however, I have sometimes seen
bodies, apparently composed of precisely the same material as figs. 6, 7, 9,
undergoing something so very like cleavage (fig. 8) that I hesitate to state that
this act is not one of the stages in the development of the filaria. The figure
given (No. 8) is very carefully sketched, and, like all the others, accu-
rately to scale. It will be noticed that one end is partially hidden by some gran-
ular matter. This T was not able to press away from the preparation. Other
preparations of a like kind were also more or less hidden by granular matter, and
in some cases (unassociated, however, with any indications of fission) the para-
site appeared to be covered with an encrustation. With regard to the pro-
cess of division suggested by the appearance of No. 8 I can offer no opinion ;
it is quite possible that it forms a part of the developmental changes undergone
by some other parasite,—such, for instance, as a gregarine. About the fourth
day there will also be seen short, thick bodies (very appropriately described by

Becond day.

Third and fourth days.
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the mosquito has been seen to go through its ordinary course of depositing its
ova on the surface of water, and then perishing itself. Either no filarise were
found in its body, or if present they were dead, and careful examination of the
water invariably yielded negative results in my hands. It would seem that
the larvaee had perished. As the quantity of water used was so small, it is
hardly possible, had filarize in any stage of growth been present, that they could
have so completely escaped observation. Possibly the more or less artificial
conditions necessarily associated with the conduct of such experiments may
account for these negative results. In the meantime I cannot, as a result of
personal observation, affirm that a sojourn in the body of the mosquito, and
subsequent transference to water, suffice to bring the Filaria sanguinis-hominis
to maturity.

A few words may be said regarding other heematozoic parasites which
_ appear to find their way into the bodies of

The varieties of nematoid hema- 3
RS RN T Sl e mosquitoes. In the first place, it may be men-
tioned that dogs appear to furnish a certain proportion, as I have repeatedly
found filarize in these insects in which not the slightest trace of the enveloping
cyst, which characterises the human hamatozoon, could be detected. Unfortu-
nately the corpuscles of the dog’s blood are so like those of man, as to size and
appearance, that it is not possible to distinguish them with certainty, so that
the examination of the fluid contents of the
mosquito’s stomach does not tend to throw
any light on the source of the hsmatozoa
in this instance. It is probable that other
animals also contribute towards rendering

the diagnosis more difficult.

It is not uncommon, for example, to find
the blood-corpuseles of birds forming a por-
tion of the contents of the mosquito’s
stomach, and I have on several oecasions ]
observed extremely small embryo-nematodes FI0.89 iR e O
associated with such corpuscles. Some of Erbryos of & e B T s
these are represented in the accompanying  few blood-corpuscles are included in the
wood-cut (fig. 27). If these helminths be
compared with the figure given of the heematozoon of the erow (fiz. 24), they
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specimens were, however, so greatly mangled by the needles used in teasing
a clot under a dissecting microscope, that the deseription of the parental forms
cannot at present be so complete as desired.

The specimens consisted of portions of two worms, male and female (Plate
11, figs. 1 to 4) ; the former, however, had unfortunately been torn across at two
places, and the terminal ends could not be discovered. Both specimens mani-
fested very lively movements, notwithstanding their mangled condition. They
were of a white colour, the cuticle was smooth and devoid of transverse mark-
ings except such as were due to the contraction of the subjacent muscular walls.

The fragment of the male specimen which was found measured half an inch
in length, and {5 of an inch (*14 mm.) transversely ;
it was thinner than the female, but of considerably
firmer texture,—so firm, indeed, that whilst endeavouring to make out its
anatomy a considerable portion of it was lost by one of the needles used for dis-
secting, snapping and carrying a portion of worm along with it. On tearing the
helminth across, the severed surface does not present a ragged edge, but an even
outline (fig. 4, Plate II). The male manifested also great tendency to coil, and
it was only with difficulty that it could be separated from the specimen of the
female parasite, around a portion of which it had twisted itself. Itis unfortunate
that its caudal end especially could not be found, as the definite decision of the
genus to which it should be referred depends in a great measure on the charac-
ters which the posterior end of the male worm presents. The intestinal canal
measured 335 ("039 mm.) across, and the sperm tube 1555 (016 mm.)

The caudal end of the female worm also had been severed and could not
be found ; this, however, is of less moment. The
length of the portion of the helminth secured was
1} inches, and its greatest width about 45 inch. It was packed with ova
and embryos in various stages of development; the latter, especially those
of them which were mature, manifested active movements. The head is
slightly club-shaped ; the mouth does not manifest any very distinctly marked
labial subdivisions, nor are there any chitinous processes evident either before or
after death. The cesophagus is faintly striated and shades off imperceptibly into
the intestinal tube, the latter being filled with moleculo-granular matter.!

The male spaciman.

The female speciman.

! A micro-photograph of this specimen is reproduced at fig. 5, Plate 111,
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removed from the heart of a person who, during life, was known to harbour
heematozoa, and the other obtained from the blood-vessels of a dog similarly
affected. In not a single instance have I been able to distinguish the least trace
of an enveloping tube in the latter, whereas in the former this tube can be
clearly demonstrated in the majority of instances. Hence, notwithstanding their
almost complete accord as to dimensions, the character just referred to is sufficient
to distinguish slides prepared from either of these twospecimens. A like distinc-
tion has been ascertained to exist between the two kinds of embryo-filariee in
China by Dr. Manson; but, according to Dr. Sonsino, those of Egypt, and
apparently those of the Brazils, do-not present this distinguishing feature.
As may be recollected, it was mentioned that a distinetion also exists be-
tween the disease with which the human hgematozoon is associated in the
different countries,—mnot a great difference certainly, but, nevertheless, one
which should be borne in mind when deciding as to specifie distinctions befween
the parasites.
It must also not be forgotten that the inhabitants of Brazil and of certain
: ~ parts of Africa are, as has been known for at least
?ff fﬂiﬂ&'mﬂﬂa“ﬁ?fﬂmf a century, peculiarly liable to be the hosts of tissue-
parasites. The minute thread-like sub-conjunctival
ﬁlarm (Filaria loa), for example, though from two to six inches in length,
has never been accurately described, and its precise thickness is not known yet,
although it was discovered by Bajon so long ago as 1768,' and has since been
frequently observed  beneath the skin and conjunctiva of negroes and other
persons. M. Guyon brought it before the notice of the French Academy in
1838, and again in 1864. On the former occasion, the specimens measured
30—40 mm., but the helminth described in 1864 was 150 mm. in length.
It is not quite clear that they belonged to the same species. It is not impos-
sible that the embryos discovered by Dr. O’Neill ¢ in a disease of the skin
termed Craw-craw, on the west coast of Africa, may prove to have been the
offspring of some such helminth.
Again, the minute, thread-like nematoid descnhed in America by Leidy, 5
inches in length and % inch in greatest breadth, is not to be overlooked.

1 Comples Rendus, t. lix, 1864, p. 745.
* The Lancet, Feb. 10, 1875, p. 266.
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This trifling oversight will, I have no doubt, be duly corrected should this
distinguished observer have occasion to write regarding these subjects in the
future.

In considering the question of the relation which may exist between
ple il gt et the presence of organisms in the ecirculation and
¥igely reiation §f Cigaatie; disease, the conclusion is forced upon us that in
reality but little of a definite character is known. Ome thing, however,
is clearly manifest, that the supposition that beings become asphyxiated
as a result of the existence of living organisms in the blood, is untenable.
The study of their natural history as they occur in man or animals does
not afford the slightest support to such a view. Indeed, so far as we at
present know, it would seem that the presence of embryos in the blood,
no matter how numerous, exercises no marked deleterious effect on the
organism. It is probable, however, that the parents of these orgamisms,
especially when helminthie, do exert a deleterious influence on the well-being
of their hosts,—as, for example, the lesions which exist in the walls of the
blood-vessels caused by the Filaria sanguinolenta, would seem to indicate.
With regard to allied conditions in man, it is to be inferred that the influence
exerted by nematoid embryos in inducing disease is apt to be overrated, as it
would seem that the parasites may sojourn for long periods in the system
without inflicting obvious injury. That certain injuries are effected, however,
cannot well be doubted, but, judging from what we know of the like
condition in animals, the injuries result, not from direct action of living organ-
isms on the blood-current in which they dwell, but from their action on some of
the delicate tissues through which the blood circulates—such injurious in-
fluence being probably exerted more especially during the migrations of the
parents of future embryo-hematozoa.

As it cannot be said that the vegetable organisms which may be found
in the blood undergo any such transformations, the injury which their pres-
ence is supposed to occasion must be due to some other influence. ‘What
this may be it is difficult to conceive: the ordinary explanation that they
consume the oxygen which is required by the blood itself cannot be regarded
as sufficient.

Calentta, August 1578,
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