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PRE FACE.

THis memoir was sent to the National Board of Health, in the form now
published, about September 20, 1882, and of course contains no reference to articles
of later date. Since that time Professor Klebs has claimed ( Verhandlungen des
Congresses fiir innere Medicin, Wiesbaden, II. Abth., 1883) that there is a
bacillus in the false membranes of diphtheria, and Dr. Liifller ( Mittheilungen aus
dem Kaiserlichen Gesundheitsamte, Bd. 11., 1384) has also asserted the presence
of such an organism. Dr. Lifler states, however, that bacilli were absent in a
number of typical cases of diphtheria, and offers no conclusive evidence that they
have etiological relations with the disease. Further, it does not appear that Dr.
Lisffler ever found the bacillus in the freshly-poured-out membrane, and we think
that his bacilli are the same as our rod-bacteria, which, for reasons sufhiciently
stated in the memoir, we believe to be connected with putrefactive changzes in the
exudate, and not to be the virus of the dizease. The prize essay of Dr. Huebner,
entitled “ Die Experimentelle Diphtherie” (Leipsie, 1883), does not seem to us
to require discussion here.

A very important faet, which has only become known to us sinee the completion
of our memoir, is the apparent passage of diphtheria back from our infected animals
to a human being. A young son of Dr. Michael O'Hara visited the laboratory
and participated in one or two post-mortem examinations upon infected rabbits,
Four days after this he was taken with diphtheria, which ran a moderately severe
course. There was no other known exposure in this case, and the father of the
child is very fixed in the belief that the disease was contracted from the rabbits.

In the text of this memoir are wood-cuts purporting to be reproductions of the
micro-photographs made in the University Laboratory by Dr. William Gray,
The cuts are so imperfect that we have added, as a frontispiece, an autotype of
some of the original photographs. The upper fizures correspond to Figs. 5 and
6 of the text; the central, to Fig. 7; the right-hand lower fizure, to Fiz. 8. They
represent—Fig. 5, micrococei from blood in diphtheria ; Fig. 6, micrococei from
normal mouth, mixed with rod-bacteria; Fig. 7, a zooglea mass from a freshly-
burst corpuscle ; Fiz. 8, an earlier stage of the same, the corpuscle not burst;

the remaining fizure, micrococci from eultivation—all magnified 1000 diameters.

UsivERSITY oF PENNSYLVANIA, June 9, 1884,







APPENDIX A.

MEMOIR ON THE NATURE OF DIPHTHERIA.
By Drs. H. C. Woop and H. F. Forsman, of Philadelphia, Pa.
FPREFACE.
The research of which the present memoir is the ontcome was originally undertaken
at the instance of the National Board of Health, and has been prosecuted under their
auspices, In detailing and discussing the results we have divided the subject into

several chapters, more or less arbitrarily it may be thonght, bnt yet, as we trust,in
manner to add to the completeness and perspicacity of the memoir,

UXNIVERSITY OF PENNSYLVANIA, Ocfober 1, 1882,

CHAPTER L
ON THE STRUCTURE OF THE DNPHTHERITIC MEMBRANE.

Experimental studies made npon the lower animals and careful histological studies
of the morbid process as it occurs in the human subject have convineed us that a

F1c. 1.—Transveras aeetion throngh the floor of a diphtheritic uleer of pharvnx of child, represent-
ing snbmucous tissue with blood vessels and lym . i the n

e L I‘.' e T 1h-3pnutizzml:|1lud Wirllti“iWWMEL Part of the necrotic
is seen in npper portion, the of it havin T r v 5 :
brane, Magnified 2%1}}. B g been removed together with the psendo-mem
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52 ANNUAL REPORT OF THE NATIONAL BOARD OF HEALTH.

wendo-membrane has asimilar constitution in whatever part of the body it may have

een formed, and whatever may have been the canse of the inflammation which gave
rise to it. The slight differences which exist are due to the var.ous structure of the
parts affected, to the degree of the inflammatory process, and to the GI)EI::rtunit.F which
has been afforded for the development of microscopic organisms,  In the present chap-
ter we will therefore not employ the terms diphtheritie and croupous membranes, but
pseudo-membranous exudates, which, it is to be rembered, may besituated superficially
upon a membrane or part, or may be deep seated in a tissue. Many clinicians consider

Fra. 2.=—A micrococens-embolns obliterating a :I:rn:&l] vein in kidnay,
from caseof diphtheria in child See case 5, Magnified 500,

diphtheria and psendo-membranous eronp to be distinct diseases, The discussion of
this question must be postponed until the latter part of this memoir, : at present we
are only concerned with the anatomical point of view, i. e. with the structural charac-
ters, and with the relations of the exudates,

It is easy to demonstrate that the apparent difference in the lesions of diphtheria
and psendo-membranonus eroup, and in the morphology of the exudates, is partly depend-
ent upon the anatomical r]muulinritics of the pharynx and respiratory passages, and
partly upon the degree of the inflamation.

Fia. 3.—Transveras and longitndinal view of micro-
eoccus-emboli from kidney. Seecase2?, Magnified 300,

The submucous tissue of the pharynx is made np of a loose, highly vascular connect-
ive tissue, which does not restrict the congestion of the vessels and the extravasation
of the corpuscular elements. At the same time the rapidly coagulable exudate only
partly reaches the surface of the mucous membrane, the bulk of it being kept below
by the heavy layer of stratified epithelinm.

‘Thtz submucons tissue of the trachea, on the other ]I:ml], 15 e up of a dense
elastic fissue and of an only slightly vascular cellular tissne, backed by the avascular
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cartilaginous rings. Hyper®mia and ex-
travasations from the vessel are here lim-
ited, and only severe inflammation will give
rise to exudates, which, when produced are
rapidly expelled by the dense matrix, and,
meeting with no resistance on the part
of the single-layered epithelial covering,
coagulate mostly on the surface,

Agrain, the mucons membrane of the
fances and mouth has a squamons not easily
detached epithelinm, and consequently
membrane connected with or springing
from such surface is firmly adherent., The
epithelinm of the trachea is columnar,
eiliated, and detaches with the untmost
facility even in normal conditions of the
organ; hence exudate attached to it sep-
arates readily. The exudate of diphthe-
ritic trachitis is always readily detached
in the line of the epithelinm. The detach-
ment is, according to Rindfleisch, further
facilitated by the excessive secretion of
the tracheal glands, the liquid foreing itself
between the mucoussurface and the psendo-
membranons exudate,

Another distingnishing point made by
authors between the pharyngeal and tra-
cheal lesions in question is the independ-
ence of their individual occurrence, it being
asserted that, if a real malignant diph-
theritie trachitis oceurs, it is only by exten-
gion from the pharynx downwards into
the air passages. It is true that diphtheria
usually begins in the fances, but we have
observed in several instances the reverse to
have taken place ; and in two of our rabbits
in which an artificial pseudo-membranons
trachitis was induced the disease extended
also upwards, producing o secondary mosy
violent psendo-membranous angina.

Asan important difference between diph-
theritic and inflammatory cronp, anid be-
tween diphtheria and the so-called true
croup, some authorities insist upon the
presence of micrococei in one and their ab-
sence in the other affection.

This is, however, an error. We have
never been able to produce artificially in
the animal or to obtain from the human
subject a membrane free from mierocoeei,
although under some cirenmstances the
micrococei are very much fewer than in
ordinary diptheritic exudate.

I'he frequent absence of the systemic dis-
turbances in the local affections of the air
Passages can likewise also be explained by
the anatomical peenliarities of tIEm trachea
and larynx; the dense unyielding subenta-
neous and ecartilageous tissnes of these
parts, their deficiency in blood vessels, and
uuperfect connection with the lymphatic
apparatus, prevent in a great measure 1he
absorption into the system of the necrotic
products, so that either recovery or death
from stenosis usnally takes place before a
systemic infection ensues. In some in-
stances in which the tracheal affection has
lasted long enough, we have seen distinet
E'-:Fﬂt-l.'-lllll.'! infection manifested by the By I -
toms and evident from the presence of mi-
erococel in the blood.
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A subdivision of membranous croup into a diphtheritic and inflammatory variety
is anatomically not justifiable,

We have observed that the exudation on the trachea, even in the simplest inflamma-
tory croup, is met with not only on top of the epithelinm, but also below the latter, pre-
cisely as in true diphtheritic anging, only in a slighter degree,

Our preparations show that the exudation of the croupous inflammation excited
artificially in the trachea is not merely superficial, but also extends below the base-
ment membrane, as illustrated in Fig. 4.

In easzes of artificial eroup as well as in those observed in man, in which the submucous
infiltration is prominent, we have seen loss of substance, viz, necrotic nlcerations
gimilar to those oceurring in genuine diphtheritic angina,

It would seem therefore that there are no specific anatomical characters in the
diphtheritic exudate which separate it from other acute false membranes ; also that
31 i]r:-ﬁl.‘-cﬂcci are always abundant in the exudate, usually forming a great part of its

ulk.

The microscopic picture obtained from our sections, made perpendicnlarly through
diphtheritic nlcers, show that simple inflammatory changes are the initial step in the
local diphtheritic process. This is also in accordance with the description of all
relinble observers.

All the peripheral layers of the part affected are seen to be intensely infiltrated by
the pzeudo-membranous exudate, all the blood vessels are obliterated, and life and
nufrition of the part nearly eeases. Thetissue undergoes fatty degeneration, and henee
is quite easily penetrated by the micrococei on the surface. ‘This produces a con-
dition histologically not unlike gangrene and probably identical with it. The miero-
cocei advance from the periphery inwardly to enter the lymph-spaces opened throngh
destruction of the connective tissue. Onece having entered the lymph-spaces, the
micrococei are not seen to produce any histological changes in the surrounding
deeper tissues, They next enter the blood vessels, While all the lymph-spaces are
overdistended with micrococei, the blood vessels can be frequently observed to be
empty side by side with the lymph-spaces. In other places a gradnal-filling of the
blood vessels (veins chiefly) with micrococei is seen. This evidently proves that the
micrococei enter the blood through the medium of the lymph-spaces.

The drawings which we append show the way in which the micrococei enter the
gystem. We have endeavored to make photographic illusirations, but found it impos-
sible to bring out the structure satisfactorily. The cuts are photographic reprodue-
tions of very accurate and careful camera-lucida drawings.

Fig. 1 represents a perpendieular section through the floor of a diphtheritic nleer
of pharynx of child (age three years) who died on the seventh day of the disease (see
Case No. 5 in tables). The false membrane proper had nearly altogether sloughed
away and the rest of the exndate become detached during the preparation of the sec-
tion, leaving the bare submucons tissue. A vein running parallel to the surface is seen
completely blocked up by micrococei. The latter crowd also all the lymph-spaces of
the connective tissues everywhere. A small eapillary blood-vessel crossing the vein
at nearly right anglesis also seen to be filled by micrococei. The upper portion of the
drawing represents gradually advancing necrotic change of the peripheral granula-
tion tissue.

Figs. 2 and 3 represent camera-lucida drawing of micrococei emboli from kid-
nevs. Theseemboli will be often referred toin the tables and text of this monograph.

For the sake of comparison we print here Fig. 4, which shows a narrow strip of a
transverse section of trachea with artificially-produced (by ammoma) pseudo-mem-
brane in rabbit. The exudate 18 seen both above and below the epithelinm and
basement membrane. Y

The results which have been arrived at in this chapter may be summed npin conclu-
sion, briefly as follows: First. No anatomical essential differences exist between
diphtheria and eroup ; the apparent differences being conditioned by the location of
the exudate. Second. Micrococei are always present in the local diphtheritic exudate.
Third. If the local diseased process goes far enough, the micrococei foree their way
throngh the lymph-spaces, opened by the necrosis, inte the veins and finally into the
blood, The obvious conclusion is that whilst the clinico-pathological evidence t_lclB&
not prove that the micrococci are essential to diphtheria, it leads towards such a view,
and at least shows that some close connection exists between these organisms and the
disease.
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CHAPTER II.
ON THE CLINICAL RELATIONS OF MICROCOCCI TO DIPHTHERIA.

Having found that the mierococei are an essential part of the diphtheritic mem-
brane, the important question presents itself as to whether the micrococei found in
the diphtheritic lesions are identical in form and size with those which are present
not only in the membrane of a non-diphtheritic trachitis, but also in the exudation
of an inflamed tonsil? We do not hesitate in affirming that it is not possible to deter-
mine, even with the highest powers of the microscope, whether an individual mi-
erococeus colony or mass of such colonies bave come from the surface of a furred
tongue, or from an ordinary case of simple throat inflammation, or from one of a diph-
theritic character. As evidence of this we offer the following microphotographs,
Fig. 5 taken from an undoubted case of diphtheria, Fig. 6 from an ordinary tongue
seraping.,

FiG. 5. =Micrococci from blood in diphtheria = 1,000, Fia. .—Microecocct from normal month > 1, (040,

A second question,no less important than that just discussed, is, Are the micrococei
present always in the bleod of persons having diphtheria, or only in some cases ¥t
The vital nature of this query scarcely requires pointing ont.  If micrococel are really
always tobe found in the disease it is very probable that they are at least an essential
part of it ; on the other hand, if they are only occasionally present it is probable that
they are an accident of the affection.

In attempting to answer the guestion just propounded we have examined a large
number of cazes, Without further discussion, we desire onee for all to state that every
precantion has been taken to make the examinations at once careful and exhanstive,

The cases examined are naturally divided inte two sets, according to their geo-
graphical and epidemic relations. One of these sets (No. 1) represents what we may be
allowed to call endemic or sporadie diplhtheria. The other series (No. 2) illustrates
trne malignant epidemic diphtheria. In the eity of Philadelphia there are always
more or less numerons cases of the disease of varying type as to severity, but at no
time during our studies has there been anything which could properly be termed an
epidemic of diphtheria. Cases of zet No. 1 were all observed in Philadelphia or its
vicinity. .

The town of Ludington, situated on Pere Marquette Lake, upon the east shore of
Lake Michigan, in the State of Michigan, is a center for the lumber trade, and an
enormons amount of sawdust is annually produced there. A part of the town is sit-
uated upon a high platean, but the third ward, bordering nupon the lake, is built npon
a swamp, which has been filled largely with the great staple of the place—i. e., saw-
dust. The drainage i8 so bad that in many places a hole dug a eouple of feet in the
ground soon fills with water, and only in a small percentage of the honses has any
attempt been made to construct cellars,  During the winter of 18230 and 1851 diphtheria
appeared in this low region and spread with sneh thoronghness that it is said scarcely
a child escaped an attack, and abont one-third of them died., Dr. Formad was sent
in the month of June to Ludington, and made studies there of the disease, with espe-
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cial reference to the micrococcus question. In the spring of 1882, Dr. Formad went
to Lakeview, in the center of Michigan, to study an epidemic at that place.

The blood examinations during life were made directly at the bedside. They were
all purely microscopical, and attention was especially directed to the presence or
absence of mierococei, and, when they were found, to their mode of grouping, &ec.

:||| |]||| |||.| il "ll' ]| ! l'ﬁ'nnl.ll,' I '.!'_"I“I'TI I.l-lll |I|I|I || 'II il |III I|
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Friz. 7.—Microcoeei in blood from diphtheria > 1,000, showing a zooglea mass,

In all cases the blood was taken from the finger with doe precaution as to eleanli-
ness.  Uniformity of method was strietly observed in the examinations. In doubtful
cases caustic potash, glacial acetic acid and aniline dyes were used as tests for micro-
cocei,

Asa role in all fatal and in many favorable cases the quantity of the white blood
corpuscles was found increased ; the average proportion of white tored was frequently

Fic. 8.—Micrococel in blood from diphtheria > 1,000,
showing a zooglea mass.

about one to fifty and oceasionally one to twenty. Great irregularity in size and coarser
granulation than normal of the protoplasm of the corpuscles was observed in all bad
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Lases and only rarely in favorable ones. A peculiar appearance of the white blood cor-
puscle was also observed, which we will call *‘loculated.” Such white corpuscles con-
tained vacuoles usually intercepted by delicate partitions, and were usunally irregular,
lobulated, enlarged, and as a rule contained a few to many micrococei.

Nearly all cases of diphtheria in which these modified white blood corpuscles were
observed terminated fatally, and all such cases showed large quantities of micrococei
in the blood. Sometimes these corpuscles appeared, as it were, ruptured and zooglea-
masses of micrococei were seen alongside or in their immediate vicinity. The red blood
corpuscles very seldom form rouleanx in diphtheritic blood, ap‘.{:eaﬂug also paler and
apparently losing their bi-concavity. They are never affected by micrococei. Pre-
cipitation of fibrin is unusually well marked in the blood from diphtheritic cases.

?E‘c}r the opportunity of examining the cases, particular thanks must be tendered to
Drs. Lamareau and Adams, of Lakeview, Mich., and to several physicians of Phila-
delphia, especially to Dr. Jno. M. Keating, of the Philadelphia hospital.

The reproductions of the microphotographs in this paper are not successfol, and do not fairly repre-
resent the o@;liginala sent with the report. The original microphotographs were executed in our laborn-
tory by Dr. William Gray.
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A study of the first of these tables shows that examinations were made of the blood
of twenty-one cases of diphtheria in Philadelphia, and that in eleven of these cases
no organisms were found at all, whilst in ten cases microcoeei were detected in more
or less abundance during life or divectly after death,

A further study also shows that but one case of the eleven without micrococei died,
and that in this case (Case 4) the canse of death was laryngeal stenosis, produced by
the local discase, and no autopsy was permitted. The experience in Case 2 shows
that it is possible to fail in the detection of micrococei, although they may exist in
the blood which is in the central organs, for a very careful examination of the blood
in the finger, made by both of us conjointly, did not reveal the existence of micrococei
which the antopsy, only thirty-two hours later, showed to be in advanced development
in the blood, It is therefore very probable that if an autopsy had been permitted in
Case 4 organisms would have been detected. Of the ten cases in which fungal
organisms were found six died.

When the epidemic cases are serutinized it will be perceived that, of the Luding-
ton cases, micrococei were present in six cases and absent in four cases, the latter
all very mild and in ove family. Case 26 is not considered, as the child was conva-
lescent at the time of examination.

Of the Lakeview cases, in only seven were micrococei found in the blood, whilst in
ten cases no micrococei were apparent. In regard to the mortality, we have no
knowledge of a fatal termination in more than two cases, but it is very plain that the
cases in which no micrococei were present were much less severe than those in which
the organisms were detected.,

The observations made in Philadelphia, Ludington, and Lakeview are therefore
in accord. Ineach instance, the cases in which there were no micrococei were nearly
all of them light or in the stage of convalescence, and the amount of the fungi present
in the malignant cases seemed to be proportionate to the severity of the constitutional
symptoms, and to steadily progress with the disease in the fatal cases.

The study of these cases is sufficient to enable us to formulate as established the
proposition that in the endemic diphtheria micrococei are always present in the part locally
diseased, but are usually not present during life in the blood or in the glandular organs, even
in cases which prove fatal from the inter fevenee with the breathing by the local disease ; that
in epidemic diphtheria micrococci are always present in the part locally diseased, and are §
also wsually, and perhaps always, to be found in the blood and tissues of severe cases with |
niarked constitutional symploms, but are frequently, if not uswally, absent from the blood of
mild cases ; that the difference is in degree, not kind, as the micrococei are usually present in
the blood of malignant cases, whether of endemic or epidentic origin.

At first thonght this proposition might be considered to prove that bacteria are not an
essential but an accidental phenomenon of diphtheria. We think, however, that
this is hardly a warranted deduction. The micrococei are always present in the
throat, and are probably also always present when very marked constitutional symp-
toms occur. It must be borne in mind that the distinction we have made between
epidemic and endemic diphtheria is a purely arbitrary one, for convenience, and in
either instance the disease may be mild or malignant, and that in the two classes of
cases the symptoms are precisely parallel and the result identical.

CHAPTER III.
THE NATURAL HISTORY OF MICROCOCCI.

In the present chapter we propose to discuss the methods of recognition of micro-
cocci, their life-history wirthin the body, and the methods and results of their eulture. §

I.—MORPHOLOGY OF THE MICROCOOCI.
A.—Recognition of micrococei.

jreat diffieulty is sometimes encountered in distinguishing baeteria from other
minute organic and inorganie particles. Certain mycelial threads and vibrios, coagn-
lated fibrin, and protoplasmic and fat molecules often closely resemble microcoeci. .

As this is a question of importance, we will briefly enumerate the various methods
which we have employved and found serviceable in the recognition of micrococel.

In zooglaea forms the mierocoeci can be distinguished at one glance by an Ex]‘!ul‘lﬂl.‘iﬂ:&d. :
eye, as the micrococei of an individual zooglea mass are always uniformly of one sizeé
and are always at the same distance from one another, in contradistinetion to albu-
minous and fat molecules, which vary in size and are at varying distances from one
another 1

Isolated micrococei may vary in size, ns may also the micrococei in the differen
zooglea groups, some of the latter being made up of smaller and others of larger
micrococel.
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Micrococei may arrange themselves in pairs and in chains ; non-living molecules or
granules cannot. ; : : :

Microcoeei are not soluble in strong acids and alkalies, nor in aleohol and ether, as
are fat and most other moleenles.

Miecrococei take the staining well, partieularly with hemotoxylin and aniline dyes,

and the aniline dye canpot so easily be washed out as in the ease of animal tissues.
For this reason sections of tissnes may readily be prepared in which only the bacteria
are stained, Beantiful preparations may also be made by simply treating seetions
with a mixture of glycerine and acetic acid; the micrococei in snch preparations
become yellowish brown and prominent amid the perfectly translucent structures.
. Tinetnre of iodine has proved in our hands an excellent staining fluid for bacteria
within tissues. If a section has first been {reated with a solution of caunstic potash,
iodine stains the micrococel deep yellow, while the rest of the tissue is only slightly
tinged.

Tghc wost important distinguishing peint between micrococei on one hand and
organic and inorganic particles on the other hand is obtained by culture.  Microcoeci
will always multiply, though at somwe times much more rapidly than at others, They
elongate, divide, form ehaing or zooclea masses if brought into a soitable eulture
medinm, .

If the above-mentioned distinetive points are observed, mistakes in recognizing
micrococei and other bacteria are entirely out of the question.

In regard to the question of magnifving powers used in recognition of micrococei,
we can affirm (contrary to statements of some other investigators)that a good one-
fifth objective is sufficient for the detection of the diphtheritic microcoeci, particularly
when approvriate staining is used. We have seen no micrococei with a magnify-
ing power of 1,500 which we conld not detect with an amplification of 500 diameters.
For the finer morphological details of mierococei a high magnifying power is required,
and we have habitually nsed a one-twellth Zeiss Homog-Immerson.

We desire also here to state that as the result of much experience we are }Iumlli'»'l}
that the excr ssive precantions often insisted upon by authors as necessary in looking
for micrococei in the blood, &e., are not in fact necessary, Micrococel do not exist
in the air to any great extent, and exposure of blood slides for a few minutes to the air
is never followed by the appearance of micrococei when none have previously ex-
isted. This is not troe of moving baeteria, which in their early growth we ourselves
have in some of onr former researches mistaken for micrococei, and which may ap-
pear rapidly in exposed blood. In order, however, to disarm eriticism, we have in all
our ood examinations nsed the ntmost precautions.

B.— Morphology of the micrococei as observed in cases of epidemic diphtheria, in the local
cases of sporadic diphitheria, ond in induced diphtheria in animals,

When a diphtheritie false membrane was examine? (by teasing it in glycerine or
fresh aqueons humor) under the microzecope, immediately after its removal from the
pharynx, or the air passages, there was seen, besides the cellular constituents, only
one kind of bacteria, viz, micrococei.

Diphtheritic membrane removed some hours previous to examination or removed post
morten, in addition to micrococci, yielded other forms of bacteria as described by anthor-
itiez, [Inlezs the diphtherilie alteration becomes of gangrenous character, we are
not able to detect any other bacteria than mierococei. Eberth, who deseribes only
rorl bacteria in diphtheria, or those investigators who deseribe different varieties and
mycelium of bacteria, probably examined only membranes removed some time pre-
viously, or such as were removed post morfent.

Our experience with a large number of cases is so absolute that we believe the
ocenrrence of rod bacteria is proof that a membrane has begun to putrefy. 1t may be
that in endemie or mild diphtheria the micrococei have not the poweér of growth that
they bave in malignant diphtberia, and that consequently rod bacteria have a better
chance to develop than in the membrane of the malignant disease.

The micrococei were in every case of at least two sizes, according to their stage of
development, or to earlier or later generation (see eulture accounts). The smaller
ones mostly infested lencoeytes and muecons corpuscles, within which they were seen
dancing in a trembling motion (the appearance has been well eompared with flies
caught in afly-trap). The larger micrococei were nearly all in zooglma form, or infesi-
ing and apparently destroying the epithelial cells, The latter fact is not in accordance
with the observation of Klebs and Eppinger, who assert that the mierococei in diph-
theria never infest the epithelinm, but merely penetrate between the cells,

In the blood of patients snffering from the epidemic diphtheria at Ludington we
always found micrococei within the white blood corpuscles (never the red ones), or
in zooglea form or to some extent free, just as they exist in the membrane. Notably
the quantity of micrococei was always in the direct proportion to the intensity and
the stage of the disease, as recorded in the first ehapter of this memoir,
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C.—Methods and objects of culture,

We have employed two distinet methods of culture, The first is that described by
Dr, E. Klein, of London, in his report on infections pnenmo-enteritis, from whose
paper the following cut is abstracted :

Fic. 9.

Figure I represents, of natural size, one of the culture cells.

A 15 the object-glass; B is the covering-glass, fixed by means of a thin layer of oil
upon the upper (polished) surface of the glass ring C, which is cemented on the ob-
ject-glass, The covering-glass, which should be as thin as is obtainable, has on its
ower surface the droplet 1), in which the fungus has been planted. In using this
method the minutest speck of the infected material is removed with the point of a

clean (previously heated) needle, and placed in a drop of fresh agueous
humor of the eye of a healthy rabbit, or some thoronghly sterilized culture
fluid, on a thin square glass-slip. This is inverted and fixed, drop down-
wards, by means of a thin layer of pure sweet-oil on the glass ring.

The preparation thus mounted was placed in the incubator or oven, whera
the temperature was antomatically maintained at varions points, not below
329 and not above 45° C. In most cases we wsed a temperature of 37° C,

After twenty-four hours the specimen, which we will call the first gen-
eration, is nsed to establish a second generation in a new drop of culture
fluid in the following manner: The covering-glass of the above *‘cell-speci-
imen " is lifted up, and, with the aid of a fine capillary tube, a minutest
quantity is removed from the edge of the droplet. In the accompanying
Figure Il this capillary tube is portrayed in its natural size; the contents
of the tube between a and b represent abont the quantity that is removed
from the drop D of the previous specimen.  The capillary tube is then filled
with eulture fluid up to about the mark ¢, A new clean covering-glass is
taken ; on its center is deposited a droplet of flnid from onr eapillary tube,
and the covering-glass is then inverted and fixed with a thin layer of oil on
the glasa ring of another *¢ cell.” This new preparation, which represents

...gthe second generation, is also placed in the incubator and kept there at

the above-named temperature for twenty-four hours. After this time it
is nsed to inoculate another ** cell-specimen,” representing the third genera-
tion, and so on, from generation to generation, until the end of the enlture,

The second method employed was that perfected by Dr. Sternberg, which
we helieve has been already described by him in the pablications of the
National Board of Health. This plan has the advantage over the method
of Klein that the cultures can be made on a larger scale for the purpose of
inoculation of animals, but we have found the cell and glass cover more
useful in observing the growth and development of the fangns.

The following objects were put in cultivation:

Sporadic diphtheritic psendo-membrane, fresh and dried.

Epidemic diphtheritic psendo-membrane, fresh and dried.

Fragments of spleen and kidney from epidemic diphtheria.

Psendo-membrane from artificial eroup, produced by ammonia.

Blood from diphtheria.

& Blood from septicemia.
Blood from scarlatina.
44 Gangrenous matter from foot.

e, 10. Serapings from tongue and mouth of normal individuals.

As a medinm for the culture of the diphtheritic fungi the following fluids were used
with the best results: Bouillon of chicken or rabbit, perfectly sterilized by protracted
boiling ; ascitic fluid whenever there was opportunity to put it in sealed tubes imme-
diately after tapping; aqueons humor, which is drawn from living animals by a
little sharp-pointed pipette, as represented in Figure II, with great facility. Other
cultire medinms, such as solution of gelatine, egg albumen, Pasteur's flnid, solntion
of dextrine, and simple syrup, were also tried, but with less satisfactory results.

As control experiments the culture fluids were usually tested by placing sealed cells
in the incubator for twenty-tour hours, but ne organisms developed in successful
cells or tnbes,
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D.— Riology of the diphtheritic micrococei as observed in culture.

If a minute particle of fresh diphtheritic matter or some scraping from tongne be
put into a drop of pure enlture ﬂul{i‘ in a,_:sElI I.ixed‘iuha. manner as llf!HvL‘.l'i._hl.‘:{L there are
seen under the microscope a few epithelial seales infested by mierococei averaging in
gize gehng, but sometimes reaching a maximum of yylqy of an inch, and a few lenco-
cytes, filled with minunte micrococei, which, on aceount of their f‘r!{l-[‘ﬁl'lll!]}' small size
and their trembling motion within the cell, cannot be measured ; the surrounding
liguid is clear, and will remain so for from six to twelve hours if kept in a cold room ;
but after having been placed for one single hour in the inenbator at a temperature of
40= (., slight clonds appear around the particles in the droplet.

Observed nnder the microscope and watched for several hours, the mierococei are seen
to undergo the following changes:

The micrococei contained in the lencoeyte after o period of slight but very active
movement, during which they look as if they were eating up their foster nurse, pass
into a quiet state. They now
completely fill the corpuscle,
which appears to burst, and
the whole internal mass es-
capes as an irregular glass-
like body, full of guiet uni-
form micrococei of abont 5 haq
of an inch in diameter, the
whole constituting the so-
called “‘zooglea masses”
Often the collapsed vesicle
was seen lying alongside of
snch a mass just escaped from
it.
The finer micrococci and
those infesting the epithelial
cells have grown larger and
acquired a faint yellowish-
green color.  Some of them
can always be seen to be un-
dergoing the process of divis-
ion, which is better studied,
however, a little later.

After twenty-four hoursthe
woogliea masses can be seen to
be breaking up aud setting
free small individoal micro-
cocel.  The larger micrococei
have in the meanwhile elong-
ated ; gome of them resemble
I appearance short rod bae-
teria, whilst others of them
are constricted in the middle Fi6. 11.—=Micrococei from blood in diphtheria = 1,000, showing
like the Arabic fizure 8. The aureole.
latter forms have a peculiar trembling motion, as if they were making an effort to
separate the two parts.  Except in the case of the peculiar vibration alreidy noted in-
side of the lencoeytes and this trembling before division, we have found the micrococei
always motionless,

The anrcole of mucous substance surrounding the isolated micrococei, particularly
sWell described by Pastenr and Sternberg, is well marked at this stage, and is a mark
of a stage of development not of a specific form. In eolor the larger microcoeei are
somewhat greenish-yellow, while the smaller ones are colorless,

After the lapse of forty-eight hours multiplication is seen to have continued, gnd to
be occurring in micrococei originally derived from the balls. A large number of
micrococel are observed clongated or in pairs, and also a few are arranged in fours, so
a8 to resemble a sarcina, and in chains, After this no forther multiplication will
oceur, unless new enlture pabulum be added,  In a second generation the multiplica-
tion wlll_prnunnd in a very vigorous manner, so that within twenty-four to forty-eight
honrs i t_r'i"ﬂh droplet of enlture finid to which on I» o few |1|i--|'nm|:1¢i have been added
on a pin is completely filled ont with millions of mostly round mierocoeei. The dif-
ferent forms of grouping are b st expressed on the second and third day of culture,
Vigorous multiplieation continnes also in the third and fourth generations, and ocea-
sionally in the fifth, but in later generations up to the cighth the l':l]'rii”.,t-‘\' of mul-
tiplication gradually subsides, and is hardly perceptible in a ninth or tenth generi-
tion. Itis aa:nd by some authorities that micrococei kept for a while in a eulture tube
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will diminish in quantity and even disappear; we cannot affirm this from our own
experiments.  Micrococci may cease to multiply, but in many instances a dimination
in their quantity had not been perceptible even after the lapse of months.

The above history refers to micrococeil from true malignant diphtheria; in the case
of cultures of tongne-scrapings the micrococei ceased to multiply as early as the third
generation, and frequently in the second generation their growth was very slow, In
addition, in tongue-scraping. some leptothrix threads frequently accompanied the
micrococei in the first and second eunlture, and, as also as in diphtheritic enlture,
bacterinm termo made occasionally its appearance in early generations, but it promptly
disappeared if the temperature in the incubator went for a while fo 40° and did not atter-
wards sink below 35%. Later generations in successful cnltivation remained always
clean in well-regulated temperatnres and never showed any kind of myeelial fungi.
Cultures with sporadic l’hi!udi}lphin diphtheria gave results very similar to those
achieved with tongue-serapings; the microcoeei possessed some but not very much
more vitality or proliferating power, their growth usually ceasing in the fonrth gen-
eration.

In regard to temperature we can affirm from onr own enlture experiments the fol-
lowing interesting facts with special reference to diphtheritic micrococei.

The micrococei multiply best at from 37° to 40° C.; higher temperatures up to 70°
C. do not destroy them, but only partly arrest their multiplication, which returns,
however, if the 707 is again reduced to 40° or 35°.

Fungi other than microcoeei, if met with as an admixtare in our enltore, perished
at a temperature above 50°, and proliferated well only at 30° C. and below. Too low
temperature frequently spoiled our eultures, for if any spores of rod bacteria were
}1-11_‘51_']“ they usnally developed and displaced the mierocoeei. In high temperatures,
wwever, the micrococei are stronger and displace easily the several kinds of bacteria
we observed in impure cultures.

The diphtheritic microcoeci do not seem to need a large supply of oxygen for their
growth; they even appear to multiply better when distant from surfaces, in contra-
distinetion from the bacteria of putrefaction. .

In culture tubes the diphtheritic micrococeci are always seen as a Pm{;ipimtﬂ. If
there is any mycoderma at the surface it is always a sign that the culture is impuore,
since the bacteria found on the upper surface are always rod bacteria and bacilli, with
very few micrococei, This property renders the micrococei especially fitted to flourish
in tl{rlnim membrane and in deep tissue, where the supply of oxygen must be very
small.

In the following tables are given, in sufficient detail, the several series of cultiva-
tions which we have made.
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All the cultures of this series yielded crops of pure microcoeci. No other bacteria
interfered in successful tubes. Myecelial fungi were never observed.

SECOND SERIES,

Endemic diphtheritic matter obtained from time to time in Philadelphia.—Twenty-five
cnltures were made, and all the mentioned enlture fluids were tried in this series up
E:r i"l fourth generation. The comparative values of the culture fluids were referred to

e1ora,

The general results of the eulture experiment were similar to those of the first series
up to the second generation. In the third generation the microcoeei already began to
fail in growth and multiplication, and the fourth generation yielded a still poorer
crop. The cultures were occasionally impure—the rod bacteria supervened.

The regulationof the temperature was sometimes defective during the experimenta-
tion with this series on acconnt of imperfeet working of the mechanism of the incun-
bator. Sometimes the temperature fell down to 20° ihu‘ing the night, and it was fre-
t{uent-ly observed that rod bacteria made promptly their appearance in large numbers
during such intervals and spoiled the cultures. The same ocenrred with elean enltures
when heat was suspended purposely for several days. Those enlture tubes, however,
which were subjected to a uniform temperature of not helow 372 C. did not show any
in\r_:;.sidou of rod bacteria, and the growth of micrococei continned in the manner de-
seribed,

The careful measurement of the micrococei in this series, which was best accom-
plished by measuring the chains of micrococci, revealed a size of trigg t0 7ohom of an
inch in diameter, the first size relating more to micrococei in zooglea form, The
torula chains were usnally made up of the smallest micrococei, approaching in this
respect to those of the mierococei balls which we have proven to be formed by the
invasion of lencocytes by micrococei,

THIRD SERIES.

Thirty cultures were made with matter other than diphtheritic, being carried on to
the fourth generation. Although the matter nsed was of the most diverse character,
such as ammonia croup {eroupous exudation prodonced in the trachea of a rabbit by
':ulllmqni:]l ), slongh from gangrene of foot, yet the results in culture were nearly all
ldentical.

One and the same thing gave at one time an excellent crop of micrococei if the tem-
perature of the incubator was kept up high enongh and pains were taken to keep the
culture pure ; whilst at another time with the same enlture flnid the same tube showed
only a few micrococci, but rod bacteria in
abundance ; this conld nearly always be traced
to low and irregular temperatare of the ineo-
bator. In some cases after the replacing of
the micrococei by rod bacteria, the tubes were
subjected to a high temperature for several
days, when the bacteria disappeared, whilst
the micrococci did not reappear, so that the
liqluid was left clear. DBut even in snceesstul
cultures the growth and multiplication of
micrococel wers observed to be prosperous
only to the second or very rarely to the third
generation. In later generations the fungi
grew scantily.

In size, shape, and color, as well as in the
mode of grouping, the microcoeci were the
| same as those from the diphtheritic pseudo-
membrane. If this were not the case in one
generation, it invariably was so in the next.

FOURTH SERIES.

Twenty-five cultures were made with epi-
demic diphtheritic matter from Ludington,
and were carried on to the fifth generation.
The results were identical in every one of the
gnecessful cnltures, and the record of one

- experiment holds good for all the rest.
Microeoeci from epidemic diphtheria, fifth gen-  Neither rod-bacteria nor mycelinm could be
eration > 1,000. detected at any time of culture. One of the
culture tubes did not show any change in appearances when examined two months
later, it having been kept during the whole time in the incubator.
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SIXTH SERIES.

Cultivation of tongue-seraping.—To test the behavior of the micrococei from the mu-
cous membrane of the tongue in cultures, five experiments were made and carried to
the fourth generation. In every experiment a result was obtained that the proliferat-
ing power of these micrococei was very weak in comparison with those of the diph-
theritie exndate. Only inthe second generation they multiplied rapidly and precisely
in the same manner as the diphtheritic micrococci, and in this generation they are
morphologically perfectly identical with them.

SEVENTH SERIES.

Five cultures were made with epidemic diphtheritic matter which bad been for two
wonths exposed to air and light, frequently to the direct rays of the sun.  The results
of the enlture were surprising, as it was found that the microcoeel of this dried mem-
brane had lost a great deal in their proliferating power. In the second generation a
moderate crop of micrococei were obtained, whilst in the thind generation very slow
or hardly any multiplying property could be observed.

This shows distinetly that the same diphtheritie micrococei which in the fourth
series of cultures had a vigorous power of growth and multiplication had lost greatly
these properties (simultaneously with the loss of virnlence npon animals).

CHAPTER 1V,
ON THE RELATIONS OF THE MICROCOCCI TO DIPHTHERIA.

In the present chapter we propose considering fhe rile which micrococei play in
diphtheria. Before detailing our own work, it seems but proper to give a brief résume
of that which has been done by others. We shall do this under two headings.

BECTION A.—BIBLIOGRAPHICAL™
(1.) I¥ FAVOR OF THE FUNGOID ORIGIN OF DIFHTHERIA.

OERTEL ( Studien iiber Diphtherie Aderzil, Tntelligenzblatt, 1868, No. 31) was the first to
speak of micrococei as ocenrring in diphtheritie psendo-membrane, and also in the
blood, the lymphatic vessels, and the kidueys of persons affected by diphtheria. He
deseribes them as “point-like, dark-contoured, round or oval (immovable)” little
bodies, oecurring either izolated or in zooglea form.  Later ( Deulsches Avchiv . klin,
Medicin, 1871, p. 242, and in Ziemssen’s Encyclopedia, 1874), Oertel describes the diph-
theritic fungi to be spherical bacteria (microcoeei, accompanied by a larger or smaller

uantity of bacterinm termo). He thinks that they are the direct canse of the diph-
theritic inflammation; that long before any false membrane is formed they attack
the mn ons membrane and indoce the discase,

Oertel experimented as follows:

First series.—Produced ammonia eroup in rabbits; found few or no microcoeei in the
false membrane, and never any in the hl‘nml and organs, Hence he thinks that croup
must be strongly separated from diphtheria.

Second series.—He inoculated with frue diphtheritic matter in the trachea, twelve
rabbits, three pigeons, and two chickens; and produeed local lesions and constitu-
tional disturbances perfectly identieal with those of diphtheria in man ; micrococei
were found abundant in the blood of the poisoned animals.

Third sevies.—He inoculated rabbits with true diphtheritic matter, placing the
poison below the skin and in 11# muscles, with the same resnlts as in the second series

Fourth series.—He inoculated rabbits with pyemic pns and gangrenons tissues with
negative results,

ifth series.—He succeeded by inoculations in the trachea in transmitting the dis-
i se—

1st. From man to rabbit No. 1.

2d. From rabbit No. 1 to rabbit No. 2.

Jd. From rabbit No. 2 to rabbit No. 3.

4th. From rabbit No, 3 to a pigeon.

5th. From the pigeon to rabbit No. 4.

All the animals died with lesions peculiar to diphtheria within thirty to forty hours,

How the bacteria acts he says is not known.

* This paper was sent by its anthors to the National Board of Health in S8eptember,
18523 of conrse literatnre of a later date is not considered.
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Oertel further affirms that the gquantity of fungi present in any case bears a directrela-
tion to the intensity of the morbid process; they multiply as the disease advances and
diminish with its retreat. Also, that the special form of fungus is never present in
simple inflammation of the fauces or in mercurial stomatitis; but that, if’ the diph-
theritic process intervenes on these disorders, the fungus at once makes its appear-
ance, and quickly displaces the more common forms of bacteria which are present.

NassiLorr ( Firchow's Arehiv, vol, 50, 1870), from his observations and experiments,
came fo the conclusion that the fungi fonnd in diphtheria are identical with those
oceuring in decomposing animal tissnes, His conclusions are:

(1.) Fungi are always present in diphtheritic membranes.

(22.) The development of the fungi precedes the formation of the membrane, and the
fungi are the direct canse of the necrotic changes in diphtheritic inflammations,

(3.) The fungi penetrate into the tissnes by way of the juice channels and lym-
phatics before any changes in those tissues can be observed, so that fungi are the
canse of the inflammation and the destruction of the parts affected.

HueTeEr AND TosMasst ( Mod. Central-Blatt, 1868, Nos, 12 and 34), also established by
experiment the direct cansative relation of micrococci to diphtheria, They placed
particles of diphtheritic membranes in the muscles of the back of rabbits. Death fol-
lowed promptly within forty bours., The tissues at the seat of inoculation were in-
flamed and inves ed by very small, roundish mierococei. The latter were found also
during life in the blood of the infected animals,

TrEspELENBURG ( Areh. f. Elin, Chirurgie, 1869, vol. 10) put diphtheritic matter in
the trachea of rabbits and pigeons, Hesuvcceeded in producing false membrane only
in eleven ont of sixty-eizht experiments; in the blood of rabbits inoculated with
diphtheritic matter he frequently fonnd microcceei, sometimes even in those animals
in which a distinet false membrane had failed to appear. Frequently, but not always,
he found wicrococei in the blood of children suffering from the disease.

Trendelenberg donbis whether the micrococel as fonnd in the blood of diphtheritic
patients are Eu-i_'u]i:n' to diphtheria, and does not believe it to be proof of the trans-
mission of diphtheria to animals if at the seat of inoculation a diphtheritic inflam-
mation is produced.

EserTH (Corvespondenz-Blatt der schweizer devzte, No. 1, 1872) discovered in 1871
micrococei in the blood and the tissues of persons who had died of diphtheria, but
was not able to detect the fungi in the blood or even the false wembrane of patients
suffering from troe cronp.

Experimentally he svceeeded in reproducing diphtheria in animals, which died in
three days.

Diphilieria of wonnds, Eberth thinks, stands in close relation to pyzmia. Py®mia,
he says, *“is a diphtheria proceeding from a wound.” The bacteria of diphtheria and
pyemia he believes to be identical.

LETzrRICH ( Firchow's drehiv, 1573, vol. 58) claims to have produeed local and gen-
eral diphtheritic lesions with the fungi filteréd out from the urine of individuals suf-
fering from that disease, When the dried urine filter, with the pure fungi on it (all
other foreign matter having been washed out by means of hot water), were intro-
duced into the uninjured months or vaginas of rabbits, diphtheritic pseudo-mem-
branes and death followed in from three fo five days.

He deseribes the fungus as oceurring in fonr forms.

First, Constituting small balls composed of a hyaline substance, which is colored
bLlue by iodine and sulphurie acid, and of small punctiform roundish or elliptical little
bodies, which may increase until the whole mass becomes very dark.

Second. Large balls  Plasmakugeln” with a seeming outer membrane.

Third. Large irregular masses formed by the barsting of these balls.

Fourth. Trae mycelial filaments which produce spores of a tilletia, and are named
by Letzerich Tilletia diphtheritiea.

Coax (Peitrdge zur Biologie der Pflanzen, 1872 and 1873), who regards bacteria as
algme, elasses the diphtheritic plant with the schizophytgs; tribe, spharo bacteria, and
calls it Micrococeus diphtheriticus. He gives as its specilic character: Perfectly ronnd,
less than one micromillimeter in size ; in multiplying, first forms in pairs, then several
joint, then chains, and finally zooglea masses, but never any mycelinm. ; \

KrLEBS ( Correspondenz-Blatt der schweizer derzie, 1871, No. 9) thinks that micrococel
do develop a myceliunt resembling Leplothriz buccallis, but somewhat thinner or more
delicate than it is. This diphtheritic myes linm forms on the surface of affected mem-
braues dense bunches npon which spores are produced. The latter collect in masses
in zooglwa form of various size and shape. Between these groups occur free micro-
cocei (** Monades™ ), micrococei chains, and rod bacteria, The greatest destruetion of
tissues is produced by the zooglaea. : »

Klebs agrees with Eberth concerning the identity of diphtheritic and septic micro-
cocei,  Inm his latest publication ( Avchiv fiir experiment. Pathologie und Therap., vol. 4,

. 191), Klebs deseribes the diphtheritic fongi as follows:

First stage.—Very small micrococci forming in the quiescent state sharply defined
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round balls, the individual micrococel being united in rows or chains and imbedded
in a very scanty gelatinous matter. : :

Second stage.—Peripheral layers of the micrococei balls give rise to mobile bacteria,
which do not need much oxygen, and have a tendency to penetrate into and live
within the tissues and juices where not much oxygen is present. :

Third stage.~The highest form of development consists in the formation of a myce-
linm in the tissues. The threads are never branching, and arrange themselves paral-
lel to one another, covering the outer surfaces like the grassin theturf. Occasionally
mycelinm masses may form in deeper structures of the organisms.

Professor Klebs also gives the following as peeunliarities in thelife-history of the diph-
theritic fungus:

{(a.}) They can grow and develop without oxygen.

(b.) They are killed only by a temperature of 65° to 702 C. (Not below that.)

(e.) In themselves they do not develop any foetid gases,

{d.) They are sometimes of intenst-.lli,' i,J'e]luw color.

(e.) They may circulate in the blood, but preferably are deposited outside the blood-
wesssels, where they may form mycelial masses,

They never penetrate into the substances of the epithelial cells, but go between
them (Klebs and Eppinger). They afford a distinction between diphtheritic and in-
flammatory croup.

M. CH. TaLaMOXN deseribes a fungus as the true diphtheritie poison, which has a re-
markable resemblance to a penicillom. We quote from a translation in the Chicago
Medical Examiner, He says he has cultivated it in damp cells, and, that after its evo-
lution is completed, it appears under the shape of mycelia and characteristic spores,
These mycelia sometimes appear as long tubes, partitioned from distance to distance,
specially refracting the light, and generally very clear; they are from 2 to 4 and b
thousandths of a millimeter wide (000002 to 000005).  When the flnids are well con-
ditioned they stretch extremely, at times branch off, and these divisions are themselves

reculiar; they form by their slightly ineurved branches a figure best eompared to a
}51‘11 or a tuning fork. At other times the mycelia do not stretch in this way, although
multiplying so as to rapidly eover the surface of the liquid of cultivation, they re-
main short, take on odd shapes, the most common of which resemble a eruteh ; there
is always present, then, a multitude of straight eylinders, 4 or 5 thousandths of a milli-
meter wide by 15, 20, or 40 thousandths long {.00004™ by 00005 or 000047,

There are two kinds of spores—round or oval—which may be considered the spores
-of germination, and rectangular spores which represent the last phase of growth of
the fungus, and which we will call conidia (conidies). These give the species its par-
ticnlar character ; their shape is rectangular and their size very liable to vary ; their
width varies from m, 000005 to 000015, Sometimes they are isolated, other times
they are in groups of 2 or 3; often they form beads of 10, 12, or 15 individuals, or a
small chain in zigzag., Homogeneous at first, they soon become filled with small, round,
bodies, very brilliant, the size of common micrococei, which appear to me as the true
germ of the fungus.

The round or oval spores form the mycelinm by stretching ; they look like bright
specks m. 000003 to 00005 in diameter, in the middle of granular matter, spread in
sheets of greater or lesser extent, which represent what is called zooglea. The spores
streteh one of their poles so as to form a tube m, (000002 to 000004 in diameter which
branches as above stated. When the lengthening of the myeelinm is tirst begnn, the
space with its prelongation represents a tadpole. Mr. Talamon elaims to have pro-
duced diptheria in rabbits, guinea pigs, cocks, and pigeons by inoenlating with this
fungns, and even some frogs who were fed upon the fungus promptly sucenmbed to
the disease. ;

(II.) AGAINST A FUNGOID ORIGIN OF DIPHTHERIA.

SENATOR ( Berliner Klin, Wochenschrift, 1872, Nos. 26,27,31, and 33, and Folkmann's
Sammlung kiin. Fortrige, 1874, No. 78) declares himself decidedly against a fungoid ori-
gin of diphtheria, on the following grounds:

Other diseases of the month and the pharynx are aceompanied by the same micro-
cocei which are alzo found in the muens between the teeth and in the nurine of the nor-
mal man, mierococei being only the spores of Leptothrir buecallis. The diphtheritic
micrococel do not differ in culinres in any way from those of other origin,

Experimental proof.—Inoculations with any putrefying substances have given the
game local and secondary changes as those prodneed by trune diphtheritic material.

Scarlet fever produces precisely identical local lesions in pharynx as those which
occur in diphtheria.

Microcoeei multiply enormously on account of the favorable conditions in the

harynx ereated by the deep-seated uleeration; when ulceration is absent, as in the
larynx, the micrococei are in only very moderate number; probably the carbonic acid
18 exerting also some autiseptic effect in the latter case.
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BrrrrorH ( Untersuchungen iiber Vegetationsformen der Cocco-bacteria Septica, §¢., Berlin,
1874), who investigated the bacteria question exhaustively, came to the conelusion that
they are only concomitant with diseases, and expresses himself positively against the
view that the different affections are cansed each by special forms of bacteria, He
says that the so-called pathogenic bacteria of diseases are positively identical with
those found in putrefying dead tissues.

LeBERT (Ziemssen's Handbuch der acuten Infectionskrankheiten, vol. 1, p. 255) is also
against the fungoid theory, on the ground that nothing has yet been proven.

WaeweR thinks there is a great difference between the human psendo-membrane
and the experimentally-produced false membrane.

Brare (Diseased germs, London, 1872) denies specific fungi altogether,

NaGeLl thinks that all varieties of bacteria are derivatives of one and the same
gpecies of fungi.

Dir. Jacorr, of New York, also entirely dissents from the fungal origin of diphtheria.

Dr. C. Harrey (Pathol. Transact., vol. x, p. 315) failed to inoeunlate animals with
diphtheritic membrane.

In a voluminous study of the subject, Dra. SATTERTHWAITE and CurTis ( Report of
Dr. Edw. Curtis and Thos, Satterthwaite to the New York City board of health, New
Yorlk, 1877) are also opposed to the fungal theory, on account of the following facts
and dednetions, founded npon their own researches:

First., The bacteria of diphtheritic membranes do not differ in optical or chemical
behavior from those found in putreseent but non-diphtheritic animal material.

Second, They believe the disease produced in rabbits by diphtheritic inoculation is
not diphtheria, and find that “ Serapings from the upper sarface of a somewhat furred
tongue from a healthy person” produce, when placed in the cellular tissue of the
rabbit, symptoms and results exactly similar to those ecaunsed by inoeunlations with
diphtheritic membrane; also that inoculationsof rabbits with putrid Cohn’s fluid pro-
duce similar results to those.

Third. Salicylic acid added to the diphtheritic matter dges not prevent its action,
although, as they believe, it acts fatally upon the germs,

[ This last objection is not, as it seems, a conclusive reason, for it is very possible
that salieylic acid may arrest the growth of microcoeei without killing them. In the
experiments of Cuortis and Satterthwaite it was shown that before the injection the
micrococei did not grow in the presence of the salicylic acid; after the injection the
galieylic acid is undoubtedly removed from the injected material by being absorbed into
the system, the micrococel remaining largely at the seat of inoculation. TUnder these
circumstances, if the microcei were only benumbed, not killed, by the acid, they would
of course soon begin to grow and assert themselves.

SeEcTioN B.—ORIGINAL STUDY.

The first series of experiments with the lower animals which we made had for
their object to determine whether it is possible to produce the diphtheria in them by
inoculations of diphtheritic matter. Clinically the mild form of the disease which
is geen so constantly in onr large cities separates itself from the malignant epidemic
which ocenrs at intervals in various localities, althongh even in what may be termed
endemic diphtheria malignant cases occasionally do ocenr. Following this clinical
variation, we have separated our experiments with inoculations into those made with
material obtained from cases occurring in this city when no epidemic inflnence was
rife and those taken from cases during distinet epidemies in several localities.
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In the table just given there are recorded forty-four experiments, in only fourteen
of which the animal died unless killed aceidentally or otherwise.

The time between thedates of death and of the last inoculation was: Experiment 4,
six days; experiment 6, seventy hours; experiment 11, fifteen days; experiment 16,
eleven days; experiment 23, thirteen days; experiment 25, two days; experiment 33,
seventeen days; L:qwrmwnt 34, twenty-two days; -::x[mrlmcnl; 36, fuur days; experi-
ment 37, five days; ELanmi-nt 38, nine days; l!K[IElII'IlEllt- 39, one and a hnlf days;
experiment 41, two and s half ﬂ.i—"\H, experiment 44, eight days.

The tmcstiuu naturally arises as to whether the few 'animals in which the inoculation
was followed by death died of diphtheria or of some other disease. Of these fatal
eages there were only seven in which a strong suspicion of septic poison conld fairly
be eutertained; death was too long delayed. In one of these, experiment 25, the
animal died two days after the third inoeulation, but it had been first inoeulated fifty-
two days previously, and was very tubercular; so that the last inoeulation may have
had nothing to do with the fatal resalt. In experiment 6, no bacteria were found
except in the lungs; no false membrane existed anywhere; the lungs were full of hem-
orrhagic infarctions, and the peculiar, long-continued convulsions are not a symptom
commonly seen in septic diseases of rabbits. There is, therefore, no proof that the
rabbit died of diphtheria or of septic poisoning; it is probable that the wound of the
larynx brought about the fatal result. Experiments 36, 37, 48 constitute a group of
inoculatious from one case in which there were very decided evidences of septicemia
in the rabbit both before and after death ; the same statements apply to experiments
39,41 : omitting these two groups of fatal cases, we find that in only ene of the fatal
cases were there any exudalions present in any organ which could give rise to the
slightest suspicion that the animal died from diphtheria. In this case, experiment 16,
there was only a catarrhal inflammation of trachea (with an exudation) which pre-
sented some of the characteristics of false membrane. In none of these cases were
microcoeei fonnd in the blood. There is, therefore, little reason for believing that the
rabbits died from diphtheria or even from septic poisoning. Of what, then, did they
die

A study of the post-mortemn reports will show that in nearly every ease the internal
organs were tubercular, and in many cases intensely so; also, that tubercular disease
was fonnd in the or rans of those rabbits which were killed some days after inoculation.
It is, therefore, a ve ry natural belief that in those cases in which death was long de-
layed it was due to tuberculosis. In order to discover whether the diphtheritic exuda-
tion acted specifically in the production of tubercle, or whether it merely set up a
local inflammation which formed a focns of infection, we experimented by putting
under the skin of rabbits small masses of innocuous foreign matters.
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It will be seen that in five out of nine of these experiments tubercle was found after
death ; this large proportion apparently demonstrates that a simple local inflamma-
tion may in the rabbit act as a source of tubercular infeection. Now, when in our first
experimentsrabbits were inoculated with diphtheritic matter, inflammation was almost
always induced at the seat of the lesion, with the formation of large lnmps contain-
ing cheesy matter. These facts being so, it is a fair deduction that the tubercles were
secondary to the local inflammatory foei, and were therefore an indireet and not a direct
result of the inoculation.

These experiments seem to warrant the dedonction that inoculation with materials
taken from patients suffering from the endemic mild diphtheria of Philadelphia fre-
quently produces a secondary or indirect tuberculosis in the rabbit, but very rarvely, if
ever, causes any disease in the rabbits comparable to diphtheria in man, or even any
septic disorder; of course the experiments do not prove that malignant cases of diph-
theria may not oceur in Philadelphia and have different relations to inoeunlation. In-
deed, the groups of experiments omitted from the discussion { Exp. 37 to 41, inclnsive)
prove that matter taken from malignant cases of endemie diphtheria does produce in
rabbits a rapidly fatal disorder.

The method by which Trendelenburg asserts that he succeeded in producing diph-
theria in rabbits consists in placing the exndation matter in the trachea. We natur-
ally have suspected that the membrane when placed in the trachea produces simply a
trachitis. This suspicion has been strengthened by the observation that acute pseudo-
membranous trachitis and angina occur in rabbits. Soch an epidemic destroyed,
during the winter of 1879, a number of rabbits kept by one of us in a ¢lean but damp
place. The rabbits first showed sickness by refusing food ; examination then detected
swelling of the tonsils with exudation. There was a high fever with increase of the
loeal symptoms until the animals became entirely unable to swallow, Death occurred
in from three to seven days, preceded by great diffienlty of breathing and profound
exhanstion. TIalse membrane was abundant in the mouth and trachea, and on exam-
ination showed all the characteristics of diphtheritic exudation.

In October, 18582, we observed a similar disease (spontaneous psendo-membranons
anigina and trachitis), from eause unkoown, in white rats. Three ont of seven ani-
mals died with very marked local lesions and the blood crowded with micrococel.
The symptoms and phenomena of the disease were identical with those just described
in the rabbit epidemic. The room in which the animals were kept in cages was very
cold and draughty, but as well as the cages had been kept very clean and no diphtheritic
material had been brought to the laboratory within three months. Bix months pre-
vious these same rats had been inoculated with diphtheritic material, but had recov-
ered and remained well until the time stated.

In order to determine whether the tracheal inoculation of rabbits with diphtheritic
membrane taken from the mild type of the disease will cause pseudo-membranous
trachitis, the following experiments were performed:
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The experiments which are recorded in the last table show that ammonia is able to
produce in the cat and dog, as well as in the rabbit, a psendo-membranouns trachitis.
Professor Oertel states that the membrane produced by eauterization of the trachea
differs from diphtheritic membrane in containing no micrococci. What has led him
to such an assertion, we cannot comprehend. In all our studies, when the death
occurred very quickly, micrococei were somewhat less abundant in the traumatic
membrane than in that taken from the throat of patients, but when the animal sur-
vived some days and the micrococei had sufficient time to develop themselves—when,
in other words, they were afforded as good opportunity of growth as in the natural
disease—they were immensely abundant, in some cases seeming to make up a large
part of the bulk of the membrane.

A priori we would expect this result since we have demonstrated that there is no
physical difference to be found between the microcoeenus of the month and the miecro-
cocens of diphtheria, When then, trachitis under the influence of the irritant, is set
up and exudation poured out, it seems a necessity that the micrococeus shall rapidly
spread in the soil thus provided for it. To see whether organic irritants other than
diphtheritic exudations will produce a pseudo-membranous trachitis, the following
experiments were performed;
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In looking over the last table, it will be seen that in two of the ten experiments
pseudo-membranous trachitis was caused by the introduction of organic matter into
the trachea. In both of the cases in which false membrane was produced the injected
material was pus; and it will be noticed that only four such experiments were made,
so that the proportion of successful result is very large; larger, indeed, than with
true diphtheritic exudation in our experiments.

Tre-udelanburig; fonnd that not only ammonia, bat also various other chemical irri-
tants are capable of causing the formation of false membrane in the trachea. Many
years since it was proven that tincture of cantharides will do the same thing. It
would seem, therefore, that in the trachea the formation of a psendo-membrane 18 not
the result of any peculiar or specific process, but simply of an intense inflammation
which may be produced by any irritant of sufficient power. The experiments so far
detailed seem to establish the following propositions:

First. That it is difficnlt to produce in the rabbit a rapid septic disorder with the
marﬂ]er taken from ordinary cases of so-called diphtheria as we see them in Phila-
delphia.

Eler:nnd. There are, however, certain malignant cases of diphtheria oceurring in Phila-
delphia, inoculation with membrane from which produces rapid illness and death in
the rabbit.

Third. That tracheal inoculations with membrane from endemic diphtheria will
sometimes cause a psendo-membranous trachitis.

Fourth. That both septic animal matter and non-organic irritants placed in the
trachea caunse psendo-membranouns trachitis which eannot be distingnished from diph-
theritic trachitis, the membrane in both cascs containing micrococci.

Fifth. The occurrence of a false membrane in the trachea is the result not of the
specific character but of the intensity of the inflammation.

SgcTioN B.—EPIDEMIC DIPHTHERIA.
After Btud;iug the subject of endemic diphtheria, we next made trial of membrane

from cases of the epidemic diseases. In the following report the membrane was ob-
tained in experiments 75 to 89, inclusive, at Ludington; in the remainder, at Lakeview.
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* An examination of the records just given shows that the Ludington diphtheritic
matter acted as a very deadly poison upon the animals inoculated with it. In three
rabbits, portions of the membrane were placed in the trachea with uniformly fatal re-
sults (experiments 75, 76, 77).  In three rabbits (experiments 80, 81, 52) the membrana
placed under the skin or in the muscles acted as promptly as did that inserted in the
trachea. The experiments in which the inoculation of membrane had no effect were
those in which the poison was placed upon an open surface, where it was liable to be
washed off. Such were experiments 73, 79, and =53, where the vagina and mouth were
| selected. In experiment 24 the membrane was more or less imperfectly retained in
position by fastening the eyelid over it, and the result was somewhat doubtful.

In two instances (experiments B85, 86), instead of using membrane we employed
minute pieces of kidney for inoculation, and with precisely the same effect, namely,
rapid death, with characteristic lesions. Injections of minute quantities of blood and
saliva into the veins (experiments 87, 82, 80) gave, however, entirely negative results,
with one very doubtful exception.

The experiments made with the Lakeview material were not quite so decisive; out
of five inoculations only two proved fatal, but these two were t-Ln only ones in which
rabbits were used. In two others the animals were rats, which, in various other ex-

eriments, we have found to enjoy a singular immunity from being saffected by the
Pl.i htheritic poison. In Enrope it has been found that these animals are very slightly
ected by any septic virns; and it wonld seem as though long-continued residence
in sewers and similar places through successive generations has produced a power of
resisting these organisms, which naturally are to be found in such localities. It
ought further to be noted that the malignancy of the Ludington scourge was far
greater than was that of the Lakeview epidemie.

It will be seen that the effects produced were entirely different from those which
were obtained previously with Philadelphia matter. The result of the two series of
experiments may be summed up in a few words, as in the following proposition:
Whilst inoculation of the rabbit with false membrane from endemic or ordinary Phil-
adelphia diphtheria 13 not usunally followed by rapid systemic infection, it is so fol-
lowed when the cases furnishing the false membrane have been malignant ; further,
the placing of material from cases of malignant epidemic diphtheria in the trachea or
under the skin is usually fatal, the characteristic post mortem lesions consisting in
the presence of micrococei in the blood, and sometimes also in the internal organs,
along with severe inflammation at the point of injury, where there is produced an
exndation resembling diphtheritic membrane and crowded with micrococei.

The guestion which naturally arises at the present junctore is: Is the affection pro-
duoced inrabbits the same as diphtheria of man? Any one who has carefully studied
the able, though not sufficiently known, pamphlet of Drs, Curtis and Satterthwaite
will agree with us in believing that they obtained in some cases results similar to
those which were yielded by the Ludington material, but in other instances effects
like those produced with Philadelphia diphtheritie material. The portion of their
text relating to this matter is so important that we quote it in full.

* In the above-described disease we failed to see anything specifically resembling
diphtheria as it ocenrs in the human subject. The whole story seemed to be one of
local-irritant poisoning, which always tended toward the production of an abscess at
the site of inoculation, with greater or less concomitant hypodermie, ecchymoses,
and serous infiltration of neighboring tissnes, according to the degree of virulence of
the inoculated poison. According, also, to the severity of the primary lesions, the
animals would die or survive the immediate effects, and, according to the secondary
history of the mass, infiltrated with lencocytes—according, namely, as the mass was
reabsorbed or softened and ulcerated—the animal survived unaffected or slowly wasted
away and died of exhaustion. But it might, not without reason, be argued that a
rabbit is a widely different animal from a man, and that a disease induced by suben-
taneous inoeulation might naturally differ in its manifestations from the same occur-
n_nﬁ idiopathically ; hence, that the described affection of rabbits might still be true
diphtheria, althongh wanting in the specific characteristics of that dizease as seen in
the human subject. To determine this point we proceed to try if effects similar to
the foregoing would follow the inoculation of a material resembling diphtheritie
membrane in its anatomical and chemical character, but vet not only not diphtheritic,
but even incapable of producing any noxions efiect under eirenmstances where diph-
theritic membrane often proves highly infections. Such a material presented itself
in the scrapings from the upper surface of asomewhat ‘ furred’ tongue from a healthy
person. These scrapings, while obviously not infectious when brought in contaet
with the pharyngeal mucons membrane, yet contain anatomical elements of similar
character and in similar vital condition to these of the diphtheritic membrane. They
also swarm with countless bacteria.

* Buch scrapings, inodorous when fresh, acquire a peculiarly offensive, fetid smell
even within a few hours. Inoeunlations with this pulpy material were then made in
the nsual way, with the following results: Three animals were inoculated with the

S. Ex. b f|
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matter freshly removed. Of these, one died between the fourth and fifth day with a
Iump in each thigh in all respects similar to that produced by the diphtheritic inocu-
lation. One died on the fourteenth day, with similar lnmps, which had softened and
ulcerated ; and the third on the twenty-fifth day, with widely extended burrowings
of pus and secondary peritonitis. Four other rabbits were inoculated with tongune-
serapings twenty-four hours old and fetid.  Of these the first developed a large lump
of the usual character in twenty-four hours. This was then removed entire for study,
and the animal survived, with no further lesion. The other three animals were let
alone; all developed the usual lesions, and all died on respectively the fifth, nine-
teenth, and twenty-fifth days. A third series of two rabbits were inoculated with
the mixed scrapings of five successive mornings, which were exceedingly. offensive to
the smell.  One died on the sixth day with the usnal Inmps, but as this was a yonn
animal from a litter some of which died without having been experimented on av a.].E
it is an open question whether or not the death in this case was due to the inocula-
tion. In the otherrabbit Inmps developed, which vlecerated and discharged foul mat-
ter. The animal suffered also in its general health, but ultimately recovered.

These series of experiments thus developed the important fact that certain non-
diphtheritic and non-infections matters will, when inoculated npon the rabbit, pro-
duce a disease closely similar to, if not identical with, the disease cansed by the
incculation of diphtheritic membrane, and one, also, equally fatal in its effects. But
inasmuch as tongue-serapings are open to the suspicion of containing some peculiar
peison derived from the animal body, we determined to experiment with substance
which should be free from such objeetion, while still resembling diphtheritic mem-
brane and tongne-scrapings in the matter of being putrescent and swarming with
bacteria, We accordingly chose Chon’s fluid which had passed into a state of de-
composition. This fluid is simply a solntion in distilled water of ammoninm tartrate,
potassium phosphate, and magnesinm sulphate, to which alzo a little caleium phos-
phate is added. Upon exposme in a warm plaee, bacteria appear in this fluid in
great numbers, and of all the salts present new compounds are formed.of a atm¥13
putrid smell. Inoeunlations were made with this putrescent material, as follows: Twao
animals were inoculated in the usual way with the pulpy sediment forming at the
bottom of the bottle and obtained by straining the fluid. Both developed the usual
purulent lumps, but with little attendant irritation or constitutional disturbance. In
both the lumps gradually disappeared by absorption and atrophy, and the animals
survived. Four rabbits were inoculated by hypodermic injection with the lower
stratum of lignid in another sample of the decomposed fluid. Lumps, as usnal, formed
at the site of each injection; one animal died on the tenth day; the other survived,
Four rabbits were injected hypodermically with the upper stratum of liguid in still
another gample. Lumps again appeared at each inoculated spot, but they were small,
and all the animals survived.

“The same procedure in four other rabbits with a fourth sample of fluid produoeed

like effects in three of the animals, but in the fourth no lnmps discoverable by feel-

ing the spot could be found. Fourteen animals in all were thus inoculated with the
putrid Cohn’s flnid. Thirteen of them developed lesionsidentieal in appearance with
the characteristic lesions from inoculations with diphtheritic membranes and tongue-

scrapings, but the collateral effects were not so severe, and only one animal died from

the effects of the inocnlation.  In short, then, putrid Cohn's fluid, inoculated upon the
rabbit poisons after the same manner as diphtheritic membrane, though not to the
SAlnG Measure,

¢ It would seem, therefore, that the disease produced in the rabbit by inoculations
of diphtheritic matter iz not only not specifieally diphtheritic in character, but not
even peculiar to the diphtheritie infection, since a disease essentially similar, if it ba
not pathologically identical, is produecible, though in variable intensity, by inocula-
tions of material at once non-diphtheritic and non-infections to human mueous mem-
brane, and even, it may be, not of animal origin. This fact being apparently estab-
lished, the important corollary follows, that pathological and pathogenetic conclusions
drawn from the effects of diphtberitic inoculations of the rabbit do not, of necessity,

apply to the disease, diphtheria, as it appears in the hnoman subject.  The many current

hypotheses in the premises, therefore, which rest upon such animal experimentation
are built npon a quicksand.

 This conclusion being accepted, it was plain that to attempt to elaborate the pa-
thology of the diphtheritic process by stndy of the rabbit’s inocunlation disease wonld
be a waste of time, and all thonghts of the same were accordingly abandoned. But
though the inoculation disease is not necessarily nor even probably diphtheria, yet it
is possible, and indeed probable, that the poizonous element in the diphtheritic mem-
hrane, which will produce diphtheritic infection in man, is the same kind of thing as
that which prodnces the inoculation disease in the rabbit. Hence it seemed fo us to
be a usefnl researeh to try to discover the nature of the infecting prineiple, whether
of diphtheritic membrane, tongne-gerapings, or Cohn’s finid, which produces the inoe=

nlation disease,”™
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We give this extract in full becanse it seems tous very important, althongh we think
there s no difficulty in showing the incorrectness of the conelusions reached ; indeed,
we believe that if the anthors of the paragraph had had at their command facts now
established, they would have arrived at different conclusions,

The fact that something else besides diphtheritic membrane will produce in the rab-
bit symptoms gimilar to those cansed by the membrane does not disprove that the dis-
ease developed by the diphtheritic inocnlation in the rabbit is diphtheria; it may be
that putrid tongne-scrapings are capable of acting as a diphtheritic infective matter.
In a previous chapter we showed that the micrococei of such tongue-serapings are not
distinguishable from those of diphtheria.

The most important objections to the conelusions drawn by Drs. Curtis and Satter-
thwaite are not, however, to be found in such reasoning as this. It is certain that in
most cases the authors quoted failed to prodoce anything like diphtheria in the ani-
mal, and it is most probable that they never produced with Cohn’s fluid anything more
than a local inflammation. We have proven that almost any substance placed under
the skin of the rabbit is capable of producing death, and that such death is preceded
by the formation of cheesy lumps. ‘The membrane of malignant diphtheria kills the
rabbit rapidly without producing these Inmps.  Evidently the tongne-serapings, &e.,
unsed by Curtizs and Batterthwaite acted like the membrane from our Philadelphia
enses, and did vot eanse true systemic infection,

On the other hand, if we examine the general constitutional symptoms exhibited by
the systematically infected rabbit, we find they are a progressive failure of strength,
with fever, such as are seen in the man suffering from diphtheria. If we examine the
local syinptoms the similarity is even more close; a membrane not to be distinguished
by the microscope from that of diphtheria in the trachea, or if the inoeulation has been
made in the musecle, a local exndation similar in all its elements to this membrane,
Dirs. Cortis and Satterthwaite seem to rely upon the fuct that in inoculated animals
membranes do not form, except at the point of inoenlation. We do not think this
cogent. The cases of diphtheria in which membranes form elsewhere thanat the orig-
inal point of disease are certainly in the minority in man; and according to the hest
modern pathologists, it is probable that these secondary formations are the result of
gecondary local infections, and are not the direet resnlt of the constitutional disturh-
ance. Wonld any one deny that a case of disease in a child was diphtheria becanse
membrane did not form el:ewhere than in the throat ?

Finally, the post-mortem lesions are not to be distinguished in the rabbit dead of
an artificial diphtheritic trachitis and a child dead of a malignant diphtheritie tra-
chitis. As, therefore, the poison is the same in the rabbit and in the man, as the
symptoms induced are very similar and the post-mortem results identieal, we are
toreed to believe that the disease produced by the inoculation of the rabbit with ma-
lignant dipbtheritic membrane is essentially dipbtheria.

Afain, on page 101, we report some experiments which we have made to determine
whether it is possible to pass the disease from rabbit to rabbit, and which show that
the animal diphtheria does not differ from human diphtheria in its contagions power.

Further, there can be doubt of the spontaneons occurrence of diphtheritic epi-
demics among the lower animals. As examples of records of such, we wonld refer,
infer alie ; to the Dentsche Zeitschrift f. Thierkeilk, 1877, 111, p. 1; also, Fbid, 1878, p.
G4, for very excellent studies of the atffection as it ocenrs in calves, by Professor Dam-
mann and by F. Blizekovie; and to the Marseilles Medical, xvi, 1579, p. 104, for an
account by Dr. W. Nicati of epidemics among pigeons. These and other articles we
might cite are in aceord with the studies made on rabbits and rats by Dr. Formad and
prove that there is a contagious epidemne disease, which affects especially the young
of domestic animals, and is exactly gimilar in its etiology, its clinical phenomena,
and its post-mortem lesions to diphtheria in man. It is this disease, wlliuh we be-
lieve, that we have casued in our rabbits by inoculation. The Experimenium crucis,
the absolute proof of the identity of hnman diphtheria with that of the lower ani-
mals would be its production by inceulating human belngs with membrane taken from
diseased animals.  For obvious reasons we have not made any such experiments, but
we have found in medieal literature several reported cases in which the production of
buman diphtheria has been aseribed to the animal virus.

The account of the first of these cases we know only as it is quoted by Mr. George
Fleming, a veterinary inspector of the British war office ( Peterinary Journal, 1881, p.
166), who states that a Mr, Macgilloray asserts that the disease (diphtheria) has been
very common amongst calves in his practice for fifteen years, and that **isolated cases
of sore throat often oceur among farm servants, when ugly looking, yellowish spots
or deposits are found in varions parts of the throat.”

Not having been able to obtain a copy of the original journal we are indebted to
the New York Medical Record for the statement that Mr. Cole, a veterinary surgeon
of Hinckling, in Australia, published in the Australian Velerinary Jouwrnal, February,
1882, a report on a severe epidemic of diphtheria amongst the lower animals, with

‘an account of an epidemic (human) that oceurred in the Oakleigh police station,
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the disease being, on this oeccasion, traced to a diseased cow, whose milk had beer
used by the inmates of the station.”

Mr. George Fleming ( Felerinary Journal, September, 1381) is inclined to believe that
the contagionsdisease known as*‘ garget,” or *infections mammitis,” in cows is a form
of diphtheria. In 1879 a very violent ontbreak of diphtheria in one of the London
districts was officially investigated by Mr, W. H. Power, medical health inspector,
who traced it to the milk supply, and came to the conclusion that the epidemiec was
due to the existence of “ garget” among the cows ( Medical Times and Gazette, Janu-
ary, 1879, p. 67). It is also stated in the journal just quoted, *‘ that during the recent
outbreak of dipbtheria in the Princess May Home garget was found to be prevalent
at the farm supplying milk to the home. We do not, however, attach very much
weight to this evidence. It only has foree enough to excite attention on the part of
medical men having opportunities for observation as to the relations between the in-
fections mammitis and diphtheria.

Much the most decisive of the reported instances of the transmission of dipththeria
from the lower animals to man is that which is detailed by Professor Dammann in the
Deutsche Zeitschrift fiir Thiermedicin, 1877, 111, p. 1. Professor Dammann’s position as
director of the Hannover Veterinary School, and the highly seientific careful method
of his study and report of the epidemic give great weight and aunthority to his obser-
vations. The outbreak of the epidemic was among calves and the contagionsness of the
disease was thoroughly established, At the suggestion of Professor Dammann, the vet-
erinary officer in charge began, April 29, to make loeal applications to the mouths and
throats of affected calves, On May 5, after some premonitory throat symptoms, he
became ill, and four days later Professor Dammann found him confined to bed, with a
high fever, complaining of very sore throat, great weakness, thirst, and cephalic dis-
tress; there was swelling of the cervical and submaxillary glands and slight membra-
nous exudation upon the now highly inflammed tonsils; a day or two later, aceording
to the report of his attending physician, the membrane in the throat became very
well developed ; snbsequently the disease followed the usual course of a severe, but
1ot malignant, diphtheria. The dairy maid, who took the place of the inspector in
waiting upon the calves, was similarly but less severely affected. The origin of the
outbreak among the calves could not be distinetly established, but it was traced with
probability to the child of a coachman, who died of diphtheria at the hostelry before
the first calf sickened.

We have, therefore, in the paper of Professor Dammann a clear record by a
thoronghly competent observer of an epidemic of diphtheria in ealves })mha.bly origi-
nating in man, and certainly spreading from animal to animal and from animal to
man. This, taken with the other similar recorded cases and our own experimental
facts, seems to us to establish the identity of homan and animal diphtheria.
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These experiments certainly demonstrate that not only the local exudation but also
the blood of animals dead of diphtheritic infection is capable of induecing similar infec-
tion in previously healthy animals. Thosemade with material originally from Luding-
ton (experiments 95 to 99 inclusive) indicate that passing throngh the system of the
rabbit lessens the activity of the poison, since in about half the cases tuberculosis and |
not acute systemic infection was produced. The remaining experiments of the series |
do not, however, accord with this, the animal virus showing itself to be very deadly.

The question now presents itself squarely before us, What are the relations of the
micrococei which exists in diphtheria to the disease?  Ave they the poison of the disease, or, in
other words, are they capable of producing it?  The absolute final answer to this question
can only be made by producing disease in the animal by mierococei isolated from the
remainder of the diphtheritic poison. The difficulties to be overcome in such an
attempt are very apparent. Three elasses or lines of experiments at this juncture
present themselves: |

First. The study of the influence of filtration upon the poison as contained in the
diphtheritic membrane.

Second. The study of the action of the isolated mierococei as they are to be ob-
tained from urine,

Third. The study of the action of micrococei raised in eulture chambers entirely
away from the original poison,

: Fourth. The effect of boiling upon the infections properties of diphtheritic mem-
irane. .

In regard to the first of these methods, it is plain that the attempt must be to filter
as completely as possible all solid partigles from membrane, rubbed up with water;
and also that if it be found that the filtrate is innocuous and the matter remaining
on the filter still poisonons, the only logical deduction is that the poison is particu-
late and not soluble. It is impossible by this method alone to progress further and
prove that the micrococei, and not the bits of fibrin, white blood cells, &c., are the
maleries morbi. ;

Dirs. Satterthwaite and Curtis made an infusion of diphitheritic membrane and filtered
it through a double paper filter. The filtrate, which was clear and odorless, was injected
hypodermically into three rabbits. All survived, two without even any local lesion,
but the third with a large lnmp of the nsual character, containing living bacteria npon
one side. None of the animals seemed to suffer in general health. At the same time
the unfiltered infusion was injected into three other rabbits, and all of them died be-
fore the end of the third day with severe lesions.

It is evident that these experiments, as far as they go, indicate that filtration takes
out the poisonous properties of diphtheritic material, since the formation of the
lump in the side of one of the rabbits of the first series was due simply # loeal irri-
tation. Want of material prevented Doctors Satterthwaite and Curtis from carrying
this potionr of their research any further.

We have made a number of filtration experiments, using always the vacuum filter,
sometimes forcing the liquid through porous clay ceylinders such as are employed in
certain galvanic batteries, sometimes drawing it through three or four thicknesses of
filtering paper. The liguid for filtration was obtained by triturating the membrane
with water. In some cases the membrane was allowed to macerate in the water for
a few hours before the filtration.

The experiments are given in two tables, the first containing those in which the
liquid filtrate was injected, the other those in which the solid matters left npon the
filter were employed. A “syringeful” equals about half a fluid drachm,
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In looking over these records of experiments it will be seen that there were 20 in-
ocilations with filtered liguid and eight with solid materials, and that of the first
series ten, or 50 per cent., died; whilst of the second series, five, or 60 per cent. of the
inoculations resolted fatally. This at first sight indicates that filiration has but lit-
tle effect upon diphtheritic matter, but a close study reveals a very different state of
the case. In no case when a liguid filtrate was employed were there decided local
evidences of diphtheritic inflammation at the seat of inoeulation, and in no instance
were there unmistakable signs of general systemic infection, such as abundant mi-
crococeil in the blood and internal organs; indeed in only a single instance were a
few microcoeei found in the blood, and even in this case the internal organs escaped.
Several of the deaths were produced by secondary tuberculosis. Take these out and
take out also the very fatal experiments made on July 8 (Exps, 119-124) and the
deaths are rednced to a minimum. The cause of five out of six rabbits inoculated on
July 8 (Exps. 119-124) dying so quickly is not elear, but points to the existence of
some poison in the flnid used other than that of diphtheria. It must be remembered
that the weather was intensely hot, that the membrane had been obtained in gquan-
tity at a post-mortem examination, and was in a state of partial decomposition, and
that a large quantity of concentrated infusion was employed. Under these eircum-
stances it 18 very probable that some alkaloidal or other soluble chemical poison was
present in the stinking mass and rendered the infusion a deadly poison. However
this may have been, it is plain the animal did not offer either the symptoms or lesions
of diphtheria and did not die of diphtheria. Of conrse filtration does not remowve
absolutely all of the microscopic solid particles; a few will escape, and occasionally
a filtrate may act feebly in producing the disease.

Further, when micrococei are so infrequent in a liguid microscopic examination
may readily fail to detect them. When it is rememberved that in no single case out of
20 experiments were distinet diphtheritic symptoms produced, although in one or two
experiments a few mierococei :%uwlopml at the point of injection, it seems to us that
results more striking than we have obtained conld not be expected. Control expe-
riments show that in all instances the matter nsed was active; the water was bronghft
in contact thorouzhly with it and the amount injected into the animala was enor-
mons.  Moreover, in the control experiments it was proven that washing with water
does not remove the poison from the solid mass, We must therefore consider it es-
tablished that the poison of diphtheria is solid and particulate, and is not soluble in
water. :

As already stated insome detail in onr biblographical review, Dr, Letzerich has found
that if the clear urine of a patient saffering from diphtheria be run through paper filters,
angl these filters afterward washed so as to remove all possible soluble contaminating
matter, and then dried, a paper is procured full of micrococei, but containing no other
of the nrinary elements except it be minute traces of epithelinm, &e. The prepared
paper Dir. Letzerich found to be as poisonous as is diphtheritic membrane,

In repeating these experiments of Dr. Letzerich we did not wash the filters before
inocnlation, so that ourexperiments may not seem to be as conclusive as they otherwise
would be. When, however, it is remembered that the poison has been shown to be
insoluble, solid, and particulate, and that it has been proven that water is unable to
remove from diphtheritic material its noxious properties, the failure to wash the filter
loses all importance,
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TENTH SERIES OF EXFPERIMENTS.

With filter taken from urine.

Tg| 1

2 E lI | Autopay and microscopical exam-

X.E| Date. Animal. Inoculation. Iesault. [ pay inations. P

8 E | | |

Z 2| : ! |

] | e T Y ke e k! fims e o et s L ERE

136 | June 23 | Rabbit.._. viﬂi'ﬂ‘h without | Negative.

| | GIOE10T.
137 | Jone 23 ! . do ... | Filter paper in DiedJune 23 about  Auntopsy some hours after death,
| month;scarified | %6 hours after in- Blowl taken by tobes from the
[ and tied unp | oculation. jugnlarvein full of micrococei in
| mouth, | large numbers, both free and
in zooglea masscs, No o
I | brane in m, m. mowth, larynx, or
trachea, Lungs pale and col-
| lapsed. Liver full of small ab-
| seegses. (Other orgaps normal.
| No microroceus embali fonnd
{ | | in organa.
138 | Jone 22 | ...do..... Filltcr paper as | Negative.
| nst. !

139 | June 23 |....do..... Filter paper put | Died during night | Autopay some hours after death.,
under skin of of June 25, Blood full of micrococei; white
thigh. [ blood corpuscles fll of microe.

[ oeci; punmerous balls of them in
| Blood amd zooglea masses also.
| At seat of inocnlation a slough-
| img uleer covered with diph-
|  theritie exudation with much
| edems aronnd it Liver with
| praemic abscesses,  Other or-
gang notmal and  containing
| | micrecoccns emboli.
|

The experiments just reported show that the filter paper loaded with micrococei
from the urine is even more poisonous than is the membrane itself. It will be remem-
bered that in no ease did we suceeed in inoculating with the membrane placed in the-
mouth of the rabbit, yet one out of two experiments with the filter paper was sue-
cessful. No varinal inoculation with any kind of diphtheritic matter has in our
hands succeeded, so that the failure of experiment 136 goes for nothing., In the ouly
remaining trial the paper with the micrococeei was placed under the thigh, and death
occeurred in less than three days, the blood being crowded with micrococei and the
internal organs markedly affected.

In order to determine whether ordinary urine contains any solid material poisonous
to rabbits, we inoenlated four of these animals with filter paper through which had
been passed large quantities of normal urine, In one instance the paper was placed
in the trachea through an artificial opening; in the other rabbits the pellets were
put_iﬂ the muscles, None of the rabbits were sickened. The tracheal wound healed
rapidly.

The force of the urine-filter experiments seems to us very great. The amount of
other solid particles in the nrine was so small that it is very improbable that the
particulate poisons which caused the diphtheria was other than the micrococei., As
the experiments have been performed by three observers (Letzerich and ourselves),
their correctness can scarcely be challenged. They seem to us to prove that the
micrococei are either the poison, and by their growth enter the tissues and destroy
the blood corpuscles, or else that they by the processes of growth in the body pro-
duce a poison whieh is the true materies morbi, or else that they are saturated with
the poison and act as earriers of it.

Our next seriesof experiments were made to determine whetherit is or is not possible
to produce divhtheria with the artificially enltured microcoeei. In them a piece of
blotting-paper, which had been moistened with the enlture flnid containio growing
micrococel, was placed in the tissues or trachea of the rabbit. The experiments are
as follows; those from experiment 140 to experiment 160, inclusive, were made in
Philadelphia from eultivations of material obtained in Ludington ; whilst experiment

161 to et:qmﬁlm-.ut 180, inclusive, were made at Lakeview from cultivations of fresh
material:
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An examination of the records of these experiments shows that there is only one in
which it can be affirmed that diphtheria was produced by the inoculation with cul-
tured micrococci. This was the experiment 160 made with the second generation.
All the experiments made with the third and fourth generations failed, or at least

ielded very doubtful results, in that after death no distinctive evidence could be
ound of the existence of false membrane at the place of inoculation or of micrococei
in the blood. In experiment 160 the result was somewhat decisive. There is, how-
ever, a special reason why all the experiments, save the 160th should have proved un-
successful. The diphtheritic matter was two and more weeks old at the time of inocu-
lation, as our first studies were naturally directed to the morphology of the micrococei
under culture. It will be shown later on in our memoir that the fungus must have
lost some of its vitality ; moreover, wo allowed the individual generations of the cul-
tures to grow longer than we shounld have done. Moved by these considerations and
aided by the generosity of the National Board of Health, Dr. Formad went to Lake-
view, Mich., and there made a series of eultures and inoculations. They are as fol-

* lows:
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Many of these experiments were made with rats, because it was very difficult to
obtain the requisite supply of rabbits at Lakeview during Dr. Formad's visit to
the place. At that time we did not know, what we have since abundantly proven,
that rats are infected with diphtheritic poison only with diffieulty. Dwelling in
drains, sewers, onthouses, and similar positions for generations, the domestic rat
seems to have acquired a power of resisting all septic organisms, as has been shown
not only by our experience, but also by that of various Eurcpean workers, In one of [
the experiments (169), however, the first generation of cultnre did produce a fatal |
diphtheritic infection, and in another case (experiment 163) the second generation
cansed a local inflammation, with formation of fallsn membrane. Of experiments upou
animals other than rats there are five in which diphtheritic symptoms and lesions were
produced. Thegenerations employed were trom the first to the fourth, It will be seen,
therefore, that in seven cases we have produced unmistakable results with cultivated

micrococei, and that in several other instances have had evidences of infection, but
that we have never been successful beyond the fourth generation.

It is true that in a number of cases we have failed to produce the disesse ; but this
only rarely when the original stock was fresh. All of the experiments which were
made at Lakeview are reported.

It has been established by the labors of Pasteur (address before the International
Medical Congress, 1851) and others that fungal organisms are capable of losing their
noxious powers under altered conditions of cultivation. For reasons which shall be
detailed hereafter, we believe that this is eminently trone of the micrococens now
under consideration. Failure, therefore, to produce diphtheria with the third genera-
tion of cultivated micrococei from old stock is no evidence that the microcoeci is not
the materies morbi of diphtheria. The explanation of such failure is probably to be
found in the tendency of the micrococei to relapse into its inert stage or state under
the more or less defective conditions of artificial enltivation. Then, again, we are
convinced that quantity is a very important factor in the action of the diphtheritie
microcoeci ; that not only must the plant be in an active state, but that also it must
be in sufficient amount at the place of inoculation. The cultivated plant exists in
very minute amount as compared with the natural plant, and in our enlture inocula-
tions the amount of the plant inserted into the animal was very small as compared
with the mass inserted where membrane or kidney was employed. Whatever may be
the cause of failure in some cases, it is certain that we have nroduced diphtheritic
septiciemia with cultures up to the fifth generation.

It is evident that we have proven that the poison of diphtheria is solid and particu-
late: that it i3 found in the urine when the only solid particles present are micrococei,
and it is producible by micrococei which have been grown entirely away from any
animal organism. It seems to usestablished that micrococei cause diphtheria by their
power of foreing their way into the tissues, and by their own excessive vitality over-
coming the vitality of those tissues, changing their nutritive processes, destroyin
them, and finally getting into the blood itself, destroying its white corpuscles an
obstroeting the cireulation ; during this infective process it is very probable that
the micrococei may by assisted by chemical prineiples, which are developed during
the growth of the fungi, and which act as depressing poisons to the human system,
althoungh they are not the poison of diphtheria, and if existing by themselves in
the blood would not canse diphtheria, but a general vital depression. :

If the poison of diphtheria be, as we believe has been shown, microcoeci, boiling the
membrane for a length of time should deprive it of its noxious properties. The appli-
cation of a temperature of 212° Fahr, may be endured for a short time by these lower
organisms, and it is even possible that prolonged boiling may be withstood by some
of them ; but our present knowledge indicates that this is not the case. e have
made a number of experiments as to the effect of high temperatures upon the toxie
properties of diphtheritic membranes, and append an analysis of them :
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On looking over this table it will be seen, first, that there were five experiments in
which the dipltheritie material was hoiled only five minntes, and that in each case
death with abundant evidences of diphtheritic infection oceurred, although in one in-
stance the diphtheritic matter was a culture fluid. Second. That there were eighteen
experiments in which the boiling was kept up for fifteen minntes or longer, and that
in only one case (experiment 200) was there clear diphtheritic infection. In experi-
ment 203 a few micrococei were found in the blood, but the wound was in a condition
of cheesy rather than diphtheritie inflanmation, and the case wust be considered as
one of very doubiful specific infeetion ; in all these experiments (200 to 204, inclusive) a
very large amonnt of material was put under the skin, and it was but natural to ex-
pect local tronble, even if the diphtheritic poison was destroyed. In the only other ex-
periment open to any doubt (experiment 129) no microcoeci could be found at the seat
of the inoculation orin the blood, so that the death was, withont reasonable doubt, the
result of an unhealthy slonghing, but not specific, wound produced by the operation,

The first set of experiments of the present seriesshow that exposure to a tempera-
ture of 2122 F. for afi w minntes is not sufficient to destroy the noxious powers of the
diphtheritic poison, but the last set certainly indicate that the infective powers of the
membrane do not survive a longer exposure, and the whole series warrants the con-
clusion that prolonged boiling destroys the infective properties of the diphtheritic
membrane at the same time as it kills (see experiments 186, 187, 188) the micrococel.
Of :J'.uunsu this conclusion corroborates the theory that the micrococel are the maleries
morhi.

In all our experiments with diphtheria we have noticed that unless local symp-
toms are developed at the seat of the injection no systemic infection follows. The
evidence we have brought forward certainly shiows that usnally diphtheria is prima-
rily a local disease; we have made a few experiments in order to determine whether
diphtheria is ever primarily constitutional, i. ., whether the micrococei are capable of
entering the blood at once before they effect a local lodgment and of sustaining them-
selves in the vital fluid so as to cause the disease. :
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These experiments are too few to be decisive, but, when taken with previouns evi-
dence, they are sufficient to show that the diphtheritic micrococcus is specially prone
to produce a local before a general disease. In two of the experiments (experiments
205, 208) an enormons mass of active micrococci were injected directly into the blood
and so swept into the torrent of the cirenlation that they could not make a loeal lodg-
ment, and in both these experiments the animals survived. On the other hand, in two
other experiments (experiments 206, 207), the same membrane having been used as in
the other two experiments, the micrococei did get a loeal hold, and the animal died.

If these results be contrasted with those obtained with the poison of anthrax, in
which the blood is the chief seat of the disease, the primarily local character of
diphtheria becomes very apparent. We do not say that i1t is impossible in diphtheria
for the blood to be primarily affected, but it seems to us very evident that such cases
are rare and that the habit of the affection is to begin as a local disease. The prac-
tical import of this conclusion must be at once apparent to every one.

A very interesting accidental or natural, so to speak, experiment has come under
our notice, which strongly confirms this view of the primarily local character of diph-
theria. One of the families visited by Dr. Formad in*Michigan lived in the woods in
a rather isolated place. Nevertheless, four of the children suffered with the disease.
The slops from the sick room were thrown out with the kitchen refuse and eaten by
the pigs. One of these latter aﬂocdiiy sickened and in a few days died. An autopsy
was made by Dr. Formad and the stomach with the lJower end of the wsophagns was
found in a state of intense inflammation and covered with a dense, very thick, false
membrane, presenting all the macro- and microscopic appearance of atruediphtheritic
exudation. It was simply loaded with micrococei. Moreover, the blood of the pig
wias full of micrococei both in zooglea masses and in the white cells, and microcoect
emboli were found in the kidneys, spleen, &e. Further, in a number of experiments
we produced fatal diphtheria in rabbits and other animals by inoenlating them with
material taken from the pig.

The pig nndoubtedly died of gasirie diphtheria, in which a local affection of the
stomach produced a general systemic disorder. )

A very important practical point to which we have paid some attention is as to
whether diphtheritic matter loses iis infective power. When we were working with
the Ludington material our time was for some months so closely ocenpied with the
more immediate necessities of our research that we were not able to make any experi-
ments as to when the membrane begins to lose its activity ; but the following experi-
ments show that after a time the membrane, even it kept perfectly dry, does lose its
contagious powers,

SERIES FIFTEENTH.

Tnoculated with fwo monihs’ old dry Ludington diphtheritic malerial,

= — e ————

v
L -
53 k d

2 i : | Remarks, autopsy, and micro-
&5 Date. | Animal. Inoculation. Result. | aropical examinations.
EE | .
:f“ |

1882, |
200 | Aug. 20 | Rabbit. ... Dried diphtheritic membrane, Negative..|]

| | in muscle.
210 | Ang. 20 ... do.....[......do ilo
211 | Ang. 29 |....do .....
212 |Ang. 29 |....do !
213 | Aug. 20 |....do All these rabbits had been pre-
214 | Aug. 2 (....do.... | » wionsly inoculated with cult-
915 | Aug. 20 |....do | . ure plantsa.
216 | Aug. 20 |....do ... | |
217 | Aug. B | ..o, .. |
218 | Aup. 20 ... do.....|
219 l‘iE]lt..11|... do .....| Dri L [---
290 | Sept. 11 |... do ..... | Dried kidoney in musclea. . ..|... do .....]]
021 | Sept. 18 |... do J.... | Dried membrane in trachea
222 | Sept.13 ... d0 . ens ceneen® L aeeensiaooannn ..o | Died Octo. | Autopsy some hours after death.—
- ber 1. No micrococci in blood, no s
| vore trachitia or any aigns o
| ndo-membrane ; severs doo-
[ . mpm‘umunin. Eeat of organs
| normal and no micrococe] found.
223 | Sept. 13 |....do .....feeendo eeeiiiaeao ooo....| Negative..| The last four experiments wers
224 | Sept.18|....d0 ...ccfeunnes P R L S e . Erimnr:r inoculations, i e., rab-
' | itad had not been previously
| | naed. i




NATURE OF LIPHTHERIA—WOOD AND FORMAD. 119

These experiments do not =seem to need comment. The diphtheritie matter em-
ployed had m".i%inaliy possessed the most virulent properties.  But insixteen inocula-
tions, four of them into the trachea, not onee did it prodoce any signs of disease. On

lacing the micrococei in the enlture chambers the reason of this was obvions—they
Eﬂ.ﬂ lost their power of rapid growth, and were as sluggish as plants taken from a
furred tongue—a further evidence of the close conneetion between the power of growth
of the micrococei and the infections properties of the membrane containing them.

We bave made o number of experiments with Lakeview membrane, which indicate
that the loss of infective power is, at leasr, under some circumstanees, very rapid., The
dried membrane was only one or two weeks old. In original infective power we be-
lieve it did not eompare with the Ludington membrane, which we found when recently
dried to be very active,

SERIES FIFTEENTH—Continued.

Tnoculation with dried Lakevicw diphtheritic matter.

[ |
1
Tate. Animal. Incculation. Result, | Femarks, autopsy and mi-
| |
|

' c:ma(:upi::ul examination.
|

periment.

| Nomber of ox-

1883, !
225 March 16 Largeblack rab. | Inscrted into muscle of left | Negative..

bit. buttock dried diplitheritic | |
membrame
226 March 16 Large mouse col- | Tnserted into trachea dried D
ored rablhit. diphtheritic membrane. |
227 March 16 (... do ...l Ml e e e e e s e e e | Breathing very labored
aml stridolonz for two
days, hut ultimately re.
| coverad.
228 March 16 I.f.r:ﬂ- o R Y SR e e S D,
it. ,
220 March 16 Large papper|...... e e e e T Da.
| amd salt ralibit, |
230 March 25 Large Albine | Insertadinto muacle of left |....do ..., Checay lumps formed,
| rabhbit. thigh dried diphtheritic |
| | me mbrane. [
241 March 25 |... do........... e G e e e | O Waonmil was glonghing for

a while, then healed,

Before considering finally the nature of diphtheria, it seems proper to recapitulate
the facts which have been demonstrated in this memaoir.

Micrococei are an essential part of the diphtheritie process, being always found
locally at the seat of inflammation, and, when blood poisoning develops, also in the
blood, attacking and destroying the white blood corpuscles, forming emboli in the
kidney, splecn, and other organs.

It is possible to prodnce in animals by inoenlation with membrane, pieces of internal
organs, urine, blood, &e., taken from persons suffering from diphtheria, a disease
which offers doring life the symptoms of diphtheria in man, and afrer death presents
similar lesions, and which is also contagions—capable of reproducing itself; which we
therefore consider to be diphtheria.  Further, epidemics of diphtheria ocenr amongst
the lower animals, and recorded cases by competent observers show that the diseased
animals ean produce diphtheria in man,

The poison of diphtheria is solid and particnlate.

Washing the solid poison does not remove its toxie properties, and the filtered wash-
ings do not cause diphtheria.

‘he microeocei isolated in the nrine or obtained by eulture away from the body are
capable of producing a systemic diphtheritic infeetion in the lower animals, if the
loeal lesions develop of sufficient intensity.

Endemic and epidemic diphtheria are similar in their nature, but usually epidemic
diphtheria is much more contagions than endemie, although endemic cases do ocenr
possessing intense malignancy and contagions power,

The micrococei of diphtheria do not differ, so far as observed, from the micrococci
of furre.l tongue, &e., except in their tendeney to grow in eulture fluids,
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The micrococei of furred tongue or ordinary sore throat have a less tendency to grow
under culture than have the micrococci of endemic non-malignant diphtheria.

The micrococei of endemic or non-malignant diphtheria bave a much less tendeney
to grow under enlture than have the micrococei of malignant diphtheria.

The rapidity of growth of the micrococei is in direet proportion to the malignaney
of the case yielding them, and its contagiousness.

On exposure to the air diphtheritic membrane of the most virulent type loses its
uc-ntlagiuuu power, and the micrococei pari passu lose their power of growing in culture
fluids.

I'nder sneccessive generations of artificial culture the diphtheritic mierococci lose
their growth-activity, and alse their power of infecting the rabbit.

It has not been experimentally directly proven, but it is a necessary inference from
the two facts just stated, that under certain favoring circumstances the sluggish micro-
cocens puts on growth-activity, and, in all probability, poisonous properties.

Every grade of case can be found in man from an ordinary sore throat, through
simple psendo-membranous angina and trachitis, up to malignant diphtheria,

A ease may begin as of sthenie **psendo-membranons croup” and end as one of
adynamic “ diphtheria™ with blood poisoning ; and in cases of this character not infre-
quently no exposure to contagion is discoverable, and there is clinically every reason
to believe that the blood poison has been developed within the body of the patient.

The theory of the disease which we would deduce from these facts is that the miero-
coceus, which causes the diphtheria, is not a specific organism different from that
common to healthy and inflamed throats, but is an active state of that organism; that
certain cirenmstances outside of the human body are capable of throwing this com-
mon micrococens into the condition of active growth and engendering an epidemie of
diphtheria. When diphtheria is thus epidemie, the microcoeei light upon a throat
and, if the throat bave little resisting power, as in the child, inflame it or increase
a catarrh already existing into a violent inflammation, and also rapidly enter the blood
anid cansze systemic poisoning.

There is a divergence in opinion between the anthors of this memoir in regard to
the question whether the diphtheritic poison is capable of originating the local in-
flamation or must find an existing wound or catarrh asanidus,  Dr, Formad believes
that the micrococcus can only obtain lodgment and produce the primary local sore
when there is a lesion of the parts or an already exeited inflamation. According to
this view an attack of diphtheria must always be preceded by a simple eatarrhal sore
throat. Dr. Formad's opinion is founded npon the fact that in no case did we sne-
ceed in ecausing a diphtheritic inflamation by placing the diphtheritic false mem-
brane npon an uninjured mucons membrane of the rabbit,

It is proper to state that onr experiments were not made with any intention of test-
ing this point; that those applicable to the question in which a malignant false mem-
brane was used were only very few ; and to the thought of Dr. H. C. Wood they only
show that the mucons membrane of the rabbit bas great resistive powers, and is not
as easily inflamed as is the mueons membrane of the child’s throat. In none of the
experiments was the poison placed in the trachea, where the membrane is delicate
and where the micrococei wonld be little apt to be washed away by secretion, Ihr.
Wood believes that this experimental negative evidence is of no avail against positive
¢linical evidence. He eonsiders it absolutely certain that diplitheria is contagious,
and if, as we have demonstrated, the micrococens is the maleries morbi, clinical facts
prove that it is capable of inflaming a delicate throat in which no abrasion exists.
Moreover, Dr. Wood believes that there is positive experimental evidence in favor of
the view he holds. The case of the pig with gastric diphtheria is in point, since it is
altogether immprobable that there was any lesion of the stomach before the ingestion
of the membrane. The animal was a healthy pig, showing no signs of® neeident or
illness, Then, again, if we have had in regard to this point in a few experiments
negative results, other experimenters have obtained an abundanee of positive resonlts.
Letzerich in especial has sneeeeded in producing diphtheritic inflamation by placing
false membrane upon uninjured mucous membranes, and Professor Dammann has sue-
ceeded in epidemic animal diphtheria in causing the disease by placing the membrane
in the nostrils of calves. Dr. Wood believes, therefore, that the negative resnlts we
have obtained are due to imperfect experimentation; are opposed to positive resnlts
obtained by other observers, which positive results are in accord with an immense
mass of clinical evidence, showing that the immediate canse of diphtheria is capable
of infecting the system, not only by finding entrance through a wound, but also by
inflaming a delicate mucons membrane having peculiar snsceptibilities and low re-
sistive power, and then, throngh the abundance of the exudate, causing necrosis of the
superficial parts of this membrane and foreing its way through the thus opened lymph
spaces in the manner previously ex plained. il bl

Although the diphthertic attack produced by contagion is cansed in this way by a
microceocus from without, dipbhtheria may also be autogenetic. Thus, a catarrh
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in a weakly subject may, in the beginning, be simply an inflammation from cold, but
the ordinary mierococei in the throat or wouth, favored by the special conditions,
i. €., by the lowered resistive power of the diseased tissue, by the abundance of exu-
date, and by the increased local warmth, may gradually -‘.:imnge from the dormant to
the active state and by and by act upon the throat, and at last foree their way into
the system and a self-generated diphtheria be formed out of a ““cold.”

———

CHAPTER V.

ON THE RELATION OF DIPHTHE%E&A QESD ITS MICROCOCCUS TO OTHER

The studies which we have made with the view of determining the relation of diph-
theria and its micrococeus to other diseases have not been as complete as ﬂﬂﬂimlg]]ﬂ,
or as definite in their results. Nevertheless they do throw light upon the subject,
and we offer them without reserve. They have been in two directions, i. e., clin-
ical examinations and experimental trials,
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A study of the tables just given will show that there was examined for micrococei
the blood of twenty-two cases of erysipelas. In thirteen of these the organisms were
found in the blood, whilst in the other nine there were none. Of measles twenty-nine
cases were studied ; in six only were micrococei detected, whilst in eight cases of
Roetheln or German measles there were no organisms. We have also investigated
four cases of malignant fatal scarlel fever, in all of which we found the blood a
few hours before death loaded with micrococei, both free, attacking the white corpus-
cles, and in zooglea masses, and in one of which micrococei emboli were abundant in
the kidneys. We have also studied four cases of glﬁueryrmr fr:rrr, . probably septic
metritis, in all of which mierococei existed in the blood before death,

It is very certain therefore that micrococei are not peculiar to diphtheria. The ques-
tion which immediately presents itself at this juncture is, are the micrococei of these
various discases identical among themselves and with the plant that we have found
to have etiological connection with diphtheria, or does each disease have itsown
gpecific micrococcus ?

As already stated, it is very certain that there are no physical differences to be de-
tected even with the highest powers of the microscope ; nor is there any difference in
the growth of the organisms, either in the blood of the living body or in the culture
liquids of artificial propagation.

e have also trm{ll} staining with all chemical reagents that we have been able to
procure ; and the various micrococei have tespundt.d in no way different from one
another. Of course, not being able to detect differences either Pln sical or chemical,
does not prove mentlrv, sinee, asit is asserted that the specific character of these low
organisms are chemical rather than physical, we cannot be eertain that in the future
some investigator will not discover a method which will determine differences not
now to be perceived. All we can say, therefore, is that at present no physical or chemi-
cal differences can be detected between the micrococei of various seplic disorders.

In order to discover, if possible, physiological distinetions, we have made a large
number of experiments to determine whether the micrococei taken from eryeipelatous
affections produce in animals phenomena parallel to those caused by micrococcus
diphtheriticus. These experiments are as follows:
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There are reported in the series of tables just given the results of thirtv-three inoc-
ulations made with pus of a most unhealthy character. In twenty-one instances
death, preceded by the presence of micrococei in the blood, resulted ; and in several
instances the animal was very sick, but eventually recovered, the blood duoring the
period of illness containing organisms which disappeared as the symptoms abated.

It is perfectly evident, therefore, that the unhealthy pus of erysipelatous cellulitis not
only contains a micrococens which exactly resembles that present in diphtheria, bt
also produces, when introduced into an animal, results, both local and general, simi-
lar to those caused by the inoculation of diphtheritic membrane.

A point which is worthy of attention is that when pus was employed from idio-
pathie erysipelas of the face the local effects resembled erysipelatous inflammation,
rather than diphtheritic, a diffuse swelling being cansed, and a general slough rather
than a false membrane, This difference, however, is hardly constant.

We have also made several inoculations with material taken from a case of what
might be termed hospital gangrene, as follows:

Tnoculation with gargrenous matler.

2 |
= 2 |
_Eg | Date. | Animal [ Inoculation. Tiesult. | Remarks.
B8 |
=a | i
281 | Aug. 28 | Rabbit....... Inoculated in trachea | Died Sept. 2, | Blood full of micrococei in-
| with matter taken |  after suffer. distimgnishable from thoss
[ | fromacaseof apread- ing 2 daya of diphtheria; inflamma-
| ing gangrens, which with severe | tion of trachea with false
[ destroved the foot trachitis, membranes liver foll of
of & man in the Phil- collegtiona of micrococei ;
[ [ adelphia hospital ; it other organs not examined
! [ was full of micro- microacopically.
[ oo,
282 | Aug. 28 ... 00 .ccuu.... As the last ...........| Rabbitwasill,
| but recov-
L&
| .

e — s — s s -—_ —_ ———

These experiments seem to show that this so-called spreading or hospital gangrene
is capable of producing in the rabbit symptoms and lesions similar to those cansed
by diphtheritic exudation.

In order to probe the matter more deeply we have made experiments with reinocn-
lations.

Inoculations with slough from local pseudo-membrane produced in rabbit which died from
inoeulation with erysipelatous pus.

T :

£ z Autopsy, mi i

Fy= . pay, microscopical ex-
2 .E Diate. Animal. Imoculation. Resnlt. - aminations, and rgmaﬂ;n.
=& -
=8 .

1882, | :
282 | June 2 | Large rabbit.. | Imocolation in side of | Was in dying | Paendo-membrane in wound.

| | |  neck; slongh from condition Blood examined just befora
| anotherrabbit, Exp. when killed, death showed a few zoog-
| | b 7L May 5 laen masses of microcooed,

| marrow of bones contained
[ micrococci in moderate |

, ' quantity.
984 | June 2 | Albino rabbit. In Left hind leg, same | Died May 5...| Nomicrococeiinblood ; other-
s laat. wisn anma na lnst,

285 | June 2 | Larse rabbit.. Inoculation in back.. .| Found dying, | Blood examined immediately
and was after death; did not show
killed May 5.,  micrococci; the marrow of
| hone contained a moderata
| quantity of micrococei; dis-
tinct pseudo-membrane at
| seat of inoculation ; micro-
| corcl in liver and kidne

088 | June 11 | Young alkine | Imoculated with mat- | Died May 17.. Micrococed in blood in ce

|

|  rabbit ter from rabbit Exp. | amd free; local lesion per-
i | 239 in baclk. _ | fect; micrococei in kidneys.
ag7 | June 11 | Gray rabbit,  Tooculated in thigh ... Died May 16. ' Same as last.
| moderalegize. |
288 | June 11 | Small  black | Same as last ......... Aol gt Do,

ralilsit. |
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" These six experiments are abundantly sufficient to show that the micrococeus pres-
ent in the pus of diffuse cellulitis does not lose its power by passing throngh the
gystem of the rabbit, and that the membrane it invokes at the seat of inoculation is
possessed of a deadly viruleney.

The facts which have been established in the present research prove that the micro-
cocens of slonghing wounds, and of the so-called phlegmenous erysipelas, agrees in
its physical, chemical, and pathological properties with that of diphtheria.

As we have submitted Micrococcus septicus and M. diphtheriticus to all known tests,
optical, chemical, and vital, and found them always to respond alike, we conclude
that the two organisms are specifically one,and that diphtheria is a septic sore throat,
or is simply what it was called a century ago, putrid sore throaf, with or withoul a sec-
ordary constitutional seplticania.

The exceedingly pressing question whether the micrococei we have found in malig-
nant measles, scarlatina, puerperal fever, &e., is the M, septicas, we are not prepared
to answer ]msitiw]y. We have not practiced inoeunlation upon the lower animals,
bug the microscope and chemical reagents certainly indicate an identity. There is
an explanation of the known facts which we offer with reserve as probable, though
not positively proven.

In our examinations of the blood in the various diseases under discussion, we have
never detected the mierocoeei before the second day of severe illness, and very rarely
before the fourth day. We think that we have proven that the M. septlicus is always
about the human body in an inert state. It is very possible that in the conditions or
vital depression and diseased secretions soch as occur during low fevers, the organ-
ism finds the conditions for its development, and commencing to grow invades the
system and produces a secondary blood-poisoning or septicemia. This theory gains
in plaunsibility when it is borne in mind that in searlet fever, measles, and puerperal
fever, the diseases which we studied, there are local foei of inflammation in which all
the conditions are present for the urging of the micrococens into growth and malig-
nancy. There is no anatomical difference between a scarlating sore throat and that of
true diphtheria; the micrococens isasabundantin the scarlatinal exudate asitisin the
diphtheritic, and what we know of its life history shows that it must, under such
circumstances, develop and invade the system. In malignant measles there are severe
catarrhal inflammations; in erysipelatous cellulitis abundant local foei. It is there-
fore extremely probable, from the facts we have been able to establish, that secondary
esoterie septicmemias are exceedingly important in the history of various diseases, and
that often the patient dies, not directly from the original disorder, but from the sec-
ondary septicemia it has brought about.



















