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Spirochaeta.

Though most of the work on Spirochaeta has been done
within the last two or three years,the organism was de-
scribed and pictured as early as 1833 by Ehrenberg. Both
Spirochaeta and Spirillum he classed as animals,together
witﬁdesmids ,volvox and other low plant forms. He describ-
ed Spirochaeta and Spirillum as belonging to the family
Vibrionia,characterized by an imperfect spontaneous div-
ision,the products of which remain together forming a
spiral, However,he drew a distinction between the two gen-
era by describing Spirochaeta as flexible,Spirillum as
rigid. Later,the two genera were put into different king-
doms, the Spirochaeta being considered as Protozoa, the
Spirilla as Bacteria. As each new spiral or-gahis\n was
discovered,a discussion arose as to whether it should be
congidered a Protozoon or a Bacterium. This raises the
question as to the distinction between Protczoa and Bac-
teria, Bacteria were formerly believed to have no nucleus,
but Shaudinn has shown that the nucleus is present in the
form of distributed chromatin granules,which divide equal-
ly when the cell divides. This is also true for the nu-
cleus of the lower protozoa,for exampleTetramitus,which
has the nucleus in the form of scattered granules. We

cannot therefore distinguish Bacteria and Protozoa on
the maphological structure of the nucleus. It has also
been commonly held that the two can be distinguished by
the method of division,a transverse division taking place
in the Bacteria,a longitudinal division in the Protozoa.
This,however,does not always hold,for there are soue

simple flagellates in which the division is transverse
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as it is in the Bacteria. Another criterion has been sug-

gested with regard to cultivation on artificial media,that
Protozoa cannot be cultivated,while Bacteria can. But this
does not hold,for there are many Bacteria which cannot be
cultivated,and the Protozoon Trypanosoma can be cultivated.
There is then no hard and fast line between Protozoa and
Bacteria;an organism is referred to the one or the other
group rather on general considerations than because of any
single characteristic.

Spirochaetaecare placed in the simplest group of
flagellate Protozoa,orMastijophora. They may be described
in general as thread-like,flexible, spirally-wound forms.
The type of the genus is the one discovered by Ehrenberg,
Sp.plicatilis,a free-living form which was found in water
that had stood over winter. According to Schaudinn,this
organiam has an elongated body with a perdiplast wound
spirally around it in the form of an undulating membrane.

The ends are bluntly round off and there are no flagella
The body shows-'a small number of irregular spirals which
are not fixed and may disappear and reappear from time to
time. The nucleus appears as a long thread-shaped structure
running along the axis of the organism,representing the
kinetic nucleus of tks a trypanosome; scattered about this
are chromatingvanules which represent the vegetative nu-
cleus,

The Spirochaeta that most resembles Sp.plicatilis
is the organism described by Certes in 1882 as Trypanosoma
balbianii,which Shaudinn believes belongs rather to the
Spinochaeta. This is a parasite in the crystalline style
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and gut of oysters and other bivalves. Sp.balbianii is

. quite large being from 5 to 150 microns in length and 1
to 3 microns wide,the spiral having three to eight turns
which are inconstant. It has no flagella and may or may
not have an undulating membrane which,if present,is wound
spirally around the animal leaving the rounded ends of the
body free. The two latest accounts have been given by
Laveran and Mesnil ,and Perrin,and are somewhat at variance
Fhat Perrin regards as a true undulating membrane,Laveran
and Kesnil think is merely a wide periplasmic sheath with-
in which the body of the organism is more or less free.
The nucleus,according to both accounts,consists of numer-
ous small chromatic messes in the form of rodlets which
are equidistant from one another. Perrin describes these
rocdlets as arranged in a single row upon a delicate spir-
ally wound thread of dphronatic material on the undulat-
ing membrane,connected at one end of the nuclear spiri:}
by a delicate thread. This nucleus Perrin homologizes with
the kinetonucleus of a trypancsome,but Woodcock denies this
hor ology. The process of longitudinal fission,as Perrin
describes it,begins with the division of the undulating
nenbrane., The rod — = like chromatic masses along the spir-
al thread fuse to form a rod of chromatin extending the
length of the body. This rod then fragments giving rise to
szall bacilliform rods which become dumb-bell shape;the
dumb-bells by transverse division produce chromosoﬁes, a-

bout sixty-four in number,lying in a double row. The split
vhich starts along the undulating membranekontinuea rapid-
ly till it reaches the outer extremity,when the two organ-
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isms may remain unite d for someﬁime before separating;
this giving the impression of a transverse division. In
this condition of the body,the chromosomes fuse together
ard the nucleus is reconstituted. Besides the organism
Jjust described,which Perrin calls the"indifferent form",
he also describes male and female gametes. The male gamete
is formed from the indifferent type;a refractive swelling
appears in the middle of the body,half of the chromatin
is given off to it,and it eplits off as a sort of polar
tody. A thin organism results with a reduced number of
chromosomes, thirty-¢wo. The female gamete ig thicker than
the male;its development has,however,not been observed.
Conjugation between the two gametes was observed in very
rare cases when the crystalline style was melting in the
gut of the oyster. These reproductive forms of Perrin are
regarded by Yesnil as involution forms. Endystment of
the "indifferent" forms has been described by Perrin.
There is no cyst membrane,but the periplast bursts and
the protoplasm flows out and hardens to form a cyst-cover-
ing,while the organism becomes compact within. This Perrin
congiders intermediate between the spore-formatio_n of
the Bacteria where the protoplasm is cut d £f within the
cell to form reproductive bodies,and the Protozoan encyst-
ment where the whole cell surrounds iteelf with a protect-
ing membrane. The cyst here is extremely small although
the organism nay be as large as a paramoecium. If the smald~
er spirochaetes,such as Sp.ob ermeieri or Sp.pallida en-
cyst ard the cysts are relatively the same size,they are
absolutely inpisible. An encystment of female forms has
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also been described by Perrin. Here the nucleus is said

to break up into several parts,all but two of which degen-
ate;these two fuse,suggest{\ng parthenogenesis. The exist-
ence of cysts,however,has been denied by Mesnil who con—
siders the so-called cyst forms as inveldion$ phases.

As to the position of Sp.balbianii there are SevV—
eral different views. Shaudinn considers it very similar
toﬁp .plicatilis in the presencéTan undulating membrane,
absence of flagella and the form of the nucle us,ard would
therefore class it with the true Spi rochaeta. Perrin who

was working in Shaudinns laboratory and seems to have
been permeated w ith the life-history of the trypanosones

is convinced of the trypanosome charac ter of the para-
site,finding in it the ancestor of the trypanosomeghnd the
connecting link between these and the Bacteria; it resem-
bles Bacte ria,he says,in the form of the nucleus and in
spore-formation. [averan and Mesnil together with Léger,
who has recently studied the organism,think that Sp.balbi-
anii is not a Protozoon but a Bacterium.

Several other free-living or non-pathogenic para-
sitic spirochaetes have been found,one form much like Sp.
plicatilis but living in salt water,another form resembling
Sp.balbianiiyparasitic in the crystalline style of the
fresh-water mussel and called Sp.Anodonta. However,most
of the spirochaetes seem to be pathogenic. Sp.dentium
which lives in the human mouth was thought to be harmless
but Miller has recently claimed that it has pathogenic
Froperties. Another parasitic found in the movth is Sp.
buccalis described by von Prowazek. Spirochaetes have also
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been found in the human intestine and in ulcers in differ-
ent parts of the body. Among animals ,too,they seem to be
quite wide-opread. Theiler described a form,Sp.Theileri,
parasitic on calttle and transmitted by the tickalso a

form w hich he called Sp.ovis, parasitic in the blood of
the sheep,which may, however be the same as the one in
cattle. A third spirochaete he found in the horse's
blood,and called it Sp.equi. The parasites have also been
found in bats(Sp.vespertilionis),and recently in insects,
in the in testine of the mosquito Anorheles maculipennie ,
and in Tsetse flies(Sp. glossinae),Sp.Anserinum,parasitic
in geese,was discovered in 1890 by Sacharoff in the Cam-
casus., The disease produced by the organism i§ fatal, .
death occuring some days after the parasites disappear
from the blood. It can be transmitted to geese by inject-
ing into them blood containing the organisms;ducks and
chickens can also be infected but they recover more easily.
The natural mode of in Tection is unknown, though it is
supposed to be by an insect.

Perhaps the most carefully studied sp irochaete
disease occurming in animals ie Spirochaetosis or Spiril-
losis of the fowl,Sp.gallinarum,the cause of the dig ease
was discovered by Marchoux and Salimbein at Brazil in 1903
and was found to be transmitted by the bite of a tick,
Argas miniatus,when the insect is kept at a temperature
of 30" to 35°'but not when kept at 15°to 18, The disease is
a relapsing fever,an alternation of high fever with normal
temperature occuring,ard it is often fatal. The spiro-
ch aetes have been found especially in the blood of ves-
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sels,the liver and the spleen. T he organisms lie among

the cells,but not within the cytoplasm,being distinctdy
intercellular not intracellular. They have however been
found in all stages of degeneration in the leucocyte
cells,indicating their destruction by these cells. Espec-
ially are they found in great numbers in the phagocytic
cells at the end of the fever,when they disaprpear complete-
1y from the circulation. Some of the parasites evidently
gscape destrﬁction at the crisis and reappear to give rise
to a recurrence of the fever. The organisms were foun d by
Levadity to be present not only in the liver and spleen,
but also in the ovary and within the ova;he suggested

that they might be carried there by phagocytes which he
found present in the ovary. Borrel,by experiments,s howed
that he could infect chick embryos with spirillosis by
introducing into the fertilized egg a certain quantity of
blood from a hen containing spirochaetes,even in eggs at
the beginning of incubation;these embryos died within six
or eight days,of spirillosis. With the unfertilized egg.,.

he obtained no results. Levad¥iti confirmed the work of
Borrel and by further experiments he reached the following
conclusions. (1)The spirillosis does not end by a disap-
pearance of spirochaetes from the circulation in embryos

as it does in adults. This is due,he thinks,to the imper-
fect means of defense developed in the embryo. Thus the dis-
ease is much more severe in embrvos than in adults,as is
the case in congenital syphilis.(2) The liver is the orgau
first to be infected, by'means of the umbilical circulation

(3)Spirillosis is not hereditary;this is due either to
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the eggs containing the parasites being killed by them be-

fore they develop,or to the inability of these infected eggs
to be fertilized. It has also been shown that chickens can
be immunized against the action of the spirochaetes;and

that the blood of such immune birds possesses marked pre=-
ventative properties,even a slight curative action;in a '
mixture of immune serum and spirochaetal blood the organ-
iszs become immobile and agglutinate.

There are conflicting accounts of the morphofﬁbgy
of Sp.gallirarium. Borrel claims that it thas peritrichous
flagella,that it has no undulating membrane and that it
divides by transverse fission. From Borrels account,Navy
and Knapp conclude that Sp.gallinarium is not a Protozoon
but a Bacterium., Levadfiti gives no description of the or-
ganism,but believes with Borrelthat transverse fission oc-
curs,indicated by the presence of many spirals united end
to end,and the absence of Y-shaped spirals such as would .
indicate longitudinal division. Von Prowazek has more re-

cently given quite a different account. He describes a
deeply staining elastic band running from one end of the
animal to the other which he compares to the undulating
membrane of a trypanosome. Division,he says,is longitudinal
beginning with this undulating membrane and continuing
ungil the two organisms lie in a straight line but with a
thin place in the spiral which Borrel took as evidence of
transverse division. Von Prowazek has found no flagella.
From these facts and from the fact that plasmolysis char-
acteristic of bacteria is not produced,he concludes that :

the organism is a Protozoom.
Similar to Spirochaetosis of the fowl is the human
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disease,relapoing fever,likewise caused by a spirochaete.
The organien was discovered by Obermeier in 1868,but owing
to the fact that the fever occurs mainly in Ruseia and the
Balkan peninsula,it has been 1little studied. The relation
of Sp.oberneieri to the digease was demonstrated by inocu-
lating man,zonkeys,rats and gice with blood containing the
spirochactes. As to the natural mode of trar smission noth-
ing is definitely known,though the bed-bug Acanthiz lectu-
laria is commonly credited with being the carrier of the
infection. The organsisms are supposed to remain alive in
these insects for a nonth or more;it ic unknown whether they
zultiply there or not. According to vy and Knapp, the
length of Sp.obermeieri iz from 7 to 17 microns or more.
Short forms,? to 9 microns long,about the length of a red
tlood corpuscle occur;these they believe represent 4he sz
of single celle wkich are united to form the long organis=s
The actual unite may,however,be shorter BpireechastiSforms
into which the spiral brezke up in disintegration within ta
the phagocytes, T he whole organiem would thus be a catencid
colony of these spiPdshaest forms strung together. If the
blood of patients in which these forme alo ne were found
vae nixed with normal blood,the fornms were found to grow
out into typical cork-screws. The width of the spirochacté
15.25 pioror: ,the number of turns in the short ¢ piral
(7-9 microns) two or threef{the increase to four being pre-
lipinary to divieion. The turns in short forms are 2-2.7
microns apart;in the larger foras 1.5 microns from crest
to orast,ard the extreme width averages about 1 micron.

The spirochaetfe has a long flagellun at one end. Novy and

Knapficscribe no internal otructure, TuY Others have shown
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crarules to be present,which seem by the statn and by anal-

ogy with other organisms to be chromatin granules. The spix
ochacte is extremely mobile;it moves forward and backward
and rotates along its long axis making a screw motion. It
reproduces by transverse fission. Novy and Knapp have car-
ried out extensive experiments on relapsing fever with the
following results. A characteristic feature of the infect-
ion is the rapid disappearance of the spirochaetes in the
circulagtion and their reappearance in a day or two,causing
the alternation of fevers with crises. This is so in the
case of man,monkeys and mice but there is no relapse in
rats and consequently no reappearance of the organism .By
examination of the blood of rats,it was found that the
spirochaetes décrease in nunber as the disease goes on.
This J‘-C?t‘&;tls believed to be due to a germicidal sub-
stance which form%Zg result the multiplication of the sp1r-
ochaetes. As evidence that such a substance exaﬁpts,bl [ ood
ir wvhich the organisms had been present was mixed with
blood rich with spirochaetes;the spirochaetes were found to
die in a very short time. An immunizing body distinct from
the germicidal agent is also believed to be present,for
blood with very little germicidal action was shown to
prevent infection. Active immunity follows recovery from
the infection;passive immunity can be imparted by inject-

ions of recovered Dblood. In relapses,a temporary immunit y

is thought to take place due to the destructiong of ¢ he
organiems by the germicidal agent and,secondly,fo the
Presence of a special immune body. Each relapse has the ef-

fect of an injection of spirochaet® blood. Some organiens

egcape and are hidden in s”ome part of the body,probably
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in asztravascular places, til! the snticfodies have decrens-
od,vhen they multiply and reappear {"n the bloo d causing
another relapoe. Hereditary immunity can be obtained and
iz provably due to infection®ir utero®. Prevensetive in-
noculatione can be nade nuccescfully in rate,mice ard mon-
keye,anxd & cure can be obtained by injection of fzmunized
blocd.

The organiex of rolaposing fever has usually been
regarded ao o Bacterium,though recently ite rrotosoon
nature ha o been suggested. Yovy ard Knapp are convinced
that it fc a Spirillun;they give the following reascno-—

(1)Structural characterictice;there iz no vndulating zen-
trane,and no nuclear structuvre ie visible,

(2)A flagellun of wavy character is present at one erd,
girilar to cholera spirillum. The flagella of the Protozea
ars coarse ard thick and have no regular wavy bterde.

(3) Division is transverse,not lengitudinal as it should
te for Protozoa.

(4)Papid multiplication agrees with the Bacteria and ie -
at variance with trypanosone &ard plagsmedial infections.

(5)Plaszolytic changes, When dialyzed in dictilled water,
Protozoa such as trypanosomes change their forz amd are kil
1ed in an hour or co:Bacteria come to rest without change
of form and can be revivified.Cp.oberzeieri actes like a
Pacterium,

(8)Heat action--tryranosomes(ly.lewisi)exposed for 30
vinutes at 45° are killed and dieappcar. Bacteria ero stil

alive under sinilar circumstances ard undergo no change
when dead. Sp.oberreierimote like a Eaoterium in resist- _
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ance to heat.

(7)Persistance of form- Protozoa tend to round up,Bacter-
ia and Sp. obermeieri keep their form under adverse ciroun-
gtances.

(8)Active immunity--Bacteria form powerful anti-bodies so
that the serum acts like an active germ icidal agent. This
is not true for Protozoa,though it is for Sp.obermeieri.

(9)Absence of A8rotropism--If a bubble f§ rms under the
cover glass,trypanosomes group around it;this is not so
for Bacteria nor doe”s Sp.obermeieri show any such tendency

Many of these arguments arec based o n too little evi-
dence, generalizations being formulated for which there aré

not sufficient grounds., As against these arguments we may

urce:-
= (1)Transveres division does occur in Protczoa.
(Z)Some Racteria do plasmolyze.

Sorthin et there s 4 insereediate fost. Mo o
terial organism is so transmitted. )
Tick fever which is prevalent in many parts of equator
izl Afiica was shown to be due to a spirochaete in Novembe r
1904, Ross and Milne made the discovery in Uganda,and Dut-
ton and Todd independently at the same time in Eastern Con-
go. The fever caused by the organism is much like relap-
sing fever,the patient having a high fever of 104° or 105°
for three or four days,then an intermission occurs of about
sixteen days during which he feels well,th en the fever re-
curs, The symptoms correspond so closely to those of relap-
sing fever thadKoch as well as Dutton and Tedd believed it
to be an African form of the European fev ‘er.Novy,however,

is convinced that the two organiesms arec different. As exper-

inental evidence,he has found that this spirochaete,which
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he calle Sp.duttoni after Dutton who lost his life in stud-
ying the disease,is usually fatal to monkeys while they
recover from relaﬁﬂbing fever. In innoculated rats,the or-
ganisms weee present from three to nine days after innocu-
lation whicn is not the case with Sp,obermeieri. Mdoreover,
Tick fever is characterized by chorter attachs,and there
are much fewer spirochaetes founz in the blcod than in the
case of relapsing fever. Brenl and Kingnor have pointed out
that rate and mice innoculated with Sp.duttoni usually die
vhile Sp.obermeierl is not fatal;ard that in zats, the for-
mer causes relapses while the latter does not.Yorphologi-
cal evidence as w ell as experimental is given to p rove to
the distinction between the two organisms. The length of

Sp.duttoni is 16 microns;of the long,dividing forms3Z2 uicrons;

that is twice th e length of Sp.obermeieri. There are but
t¥o or three turns in both spirochaetes though one 4§ 1$
twice the length of the other. Sp.duttoni measures 4 or §
zicrons between the turna,Sp.obermeieri?only half that dis-
tance. The width of the whole spiral is 2 to 2.7 microns

in Sp.duttoni,l micron in Sp\ebermeieri. Uther differences
are the rarity of the spirochaetes in Tick fever in compar-
ison with their frequency in relapsing fever;the tendency
of Sp.duttoni to curl up into figure-8 forms or circles
which is absent inSp.obermeieri;the presence of diffuse
flagella,a terminal one corresponding to that of Sp.ober-
meieri and besides many all along the organism. There are
several divisional zones in Sp.duttoni,and there is the
sane tendency as in Sp.obermeieri for the organism to break

Up into S-ghaped fragments. The nucleus consist s as in the
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other case of scattered chromatin granules,and in both cases

division is transverse. The organism is transferred by the
bite of the tick,Ornithodorus Mowbata. Dutton and Todd

found that young ticks hatched in the labozatory were cap-
able of transmitting the disease,that is,the young ticks
inherit this power from the mother. Koch,moreover,showed
that spirochaetes were present in the egge of the tickgzihat
a foutth or fifth part of the eggs were infected. On exam-
ination of ticks from different localities it was found that
11: to as many as 50% contained spirochaetes. There is,how-
gever,no sign of multiplication in the tick; it seems that '
the parasite is merely harbored in the tick until transmis-
gion to a human host.

As in the case of Sp.obermeieri,lovy and Knapp are
convinced that the parasite is a Bacterium,ard for practi-
cally the same reasons,transverse division,absence of a :
definite nucleus and undulating membrane,Bresence of flagel
la. The presence of diffuse flagella does seem to point to
the bacterial nature of the organism,but it has been ques-
tioned whether they are true flagella,and moreover the fact
that the parasite exists in an intermediate host would in-
dicate ite protozoon nature.

At the suggestion of Professor Kdhler,President of
the Izperial Board of Health,BShaudinm,working with Hoffman,
undertook investigation to find out whether micro-organisma
were present in syphilitic lesions. In the first report
April 10,1905,he states that both in the living subjeet

and in stained preparations,he found organisms which must

be referred to the protozoan genus Spirochaeta ., The organ-
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jexe. were found not only on thehurface of 'sy philitic

rapules and primary lesions,but also deep within the tis-
sues and aleo within specifically infected inguinal glands.

In another report,Nay 17,C8haudinn announces the discovery

of spirochaetes in secondary syphilitic papules. Soon af-

ter,Yetchnikoff and Wecheelaann also found typical spiro-
chaetes in secondary papules in which the surface was quite

intact,and which were far removed from the genital organs,
on the breast and back; these oboervations were confirmed by
Hoffzan and Shaudinn., On May 5,Shaudinn found Spirochaetes

in blood drawn by puncture from the spleen of a syr2ilitic
ratient,the day before the appearance of the rash, Drs.Buc-

chke and Fischer about the same tize diescovered apirochaetén
in a case of congenital syphilis;in such caees they were
alss found by Levaditi,Shavdinn and Salzon socon after.
Yetchnikoff made the important discovery of the saze spiro-
chaetes in primary lesions of monkeys which had been innoc-
ulated with syphilis. Finally,only very receatly,they have
been found in tertiary lesions. After the first discovery

of Spirochaetes by Shaudinn,there were confirzmations by
various workers;from all sides came reports that spirochaets
had been found in eyphili& material;in fact in alzost every
case of syphilis xatxxixx whether congenital,primary or sec-
ondary,spirochaetes have been found to be present. The spir-
ochaete which Shaudinn first diecovered and which was

found subsequently in all cases,he called Sp.pallida. In

the living state,this organism is extremely delicate,weakly
refractile,has steep and narrow spirals. It is very diffi-

cult to stain,Giemsa's azur-gsin stain being the only one
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shich Shaudinn used with success. Further,Sp.pallida is

snaracterized by the possession of a single flagellum at
cach end; Shaudinn has been unable to demonstrate the pre-
sence of an undulating membrane, though he believes that it |
is present. The length of the organism,fhaudinn gives as vary |
ing between 4 and 14 microns,the width almost unmeasureable
and at most .25 micron. The number of turns varies between

six and fourteen;the distance between the nodes is 1.25 to |
1.5 microns. The movements during life are charasteristical-
1y of three kinds,rotation about the long axis,gliding mov-
nents forwards and backwards,and movements of flexion of the
whole body. |
In some cad’ba,Shaudinn;and others found another Spir-
ochaeta present in the syphilic lesions together with Sp. |
pallida and of about the same size as it. At first Shaudinn
was uncertain whether the two were distinct species or not,
but he became more and more convinced that they were. The 3
secord one,to which he gave the name Sp.refringens,is much
like the type spirochaete,Sp.plicatilis Ehrenberg. He dis-
tinguishes it from the Sp.pallida by being more refractile

in the living state,having a coa¥ser form,having wider and
flatter spiralgzﬁzing deeply staining with any ordinary
Spirochaete stain,gentian violet,carbol fuchsii,Romanowsky,
The extremities of Sp. refringens are blunt without flagella,
and there is a distinet undulating membrane present. The

:'0 Organisms are therefore quite distinct morphologically;
hey Bay occur side bytside in the same lesion,or one may
Oceyr alone, The question arises whether both species are

Te
*Ponsible for syphilis or only one. Since Sp.refringeng

| - .
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was been found in complicated syphilis and in non-syphili-

4ic diseases,whereas Sp.pallida occurs alone in uncom-
p1icat0d syphilis and in congenital syphilis,and together
cith the other variety in cases of syphilis complicated with
other diseases,it is probably Sp.pallida ard not Sp .refrin-
gens that is concerned with syphilis. Other workers,however,

krzysztalowicz and Siedlecki,although they agree with Shau-
dinn}in finding the two varieties,believe that the distinot-
ion between the two breaks down at certain periods in the
life-history of Sp.pallida. When Sp.pallida contracts, they
say,it takes on an appearance like Sp.refringens;it refracts
the light,stains deeply and becomes coarser. Moreover the
flagella which most of all distinguish Sp.pallida from
Sp.refringens, these workers believe to be merely the ends
of the body drawn out into a thread. Still other observers,
for example Sh’Bnnan,have shown that there are many inter-
mediate forms between typical Sp.pallida and Sp.refringené,
S0 that it is often impossible to refer forms to the one or
the other group.

With regard to the nucleus of %he Sp.pallida,owing
%o the emall size of the organism,there have been conflict-
ing statements, Shaudinn does not describe a nucleus;Krzy-
Sztalowicz and Siedlecki,however,assert that in every spirw
OChaete thqyefian clear space near the ce nter of the or-

anism; this round enpty space is,according to their inter-

Pretation,a cellular nucleus. The empty appearance is caused

by the Very small amount of chromatin present. Just as in
°®ldia, the chromatin is not present in the nucleus itsels

- .
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put in the nuclear membrane and karyosome;so here, they be-

lieve,the ch romatin is not all in the nucleus,but in small
deeply staining bodies co mparable to karyosomes. Woodcock,
however, thinks that what these workers take for a nucleas
recalls the cytoplasmic vacuole of typanosomes,and is very
unlike the typanosome nucleus. Wechselmann and L8wenthal
claim to have seen nuclei in Sp.pallida with the aid of an
ultranicroscope. Herxheimer describes small scattered chro-—
matin granules which he compares to the blepharoplast of
typanosomes,and larger chromatin granules which he thoug ht
represented the vegetative nucleus. The statements conflict
and we may say that nothing is really known about the nucleus
of Sp.pallida. As with the nucleus,so in the matter of div-
isionjrorkers do not agree. Ldwenthal ‘describes areas in
the spirochaete where there are no stains,and where it breaks
apart into two or more organisms;those areas occur at the
nodeé,ao that here as in the case of Sp.obermeieri and Sp:
duttoni, these Spisechaede-shape segments may represent the
units of the organisn;reprpduction is therefore accomplish-
ed b y transverse division. Goldhorn also believes that trans-
verse division takes place. Shaudinn,on the contrary,found
in his preparations,spirochaetes w ith two flagella at
one é:pd,vhfzph he interpreted as a stage in longitudinal
division, Krzysztalowicz and Siedlecki describe all stages
in the longitudinal division., It commences,they say ,at the
tgﬁéﬁ’ﬁm extremity,proceeds through the body until the
two daughter spirochaetes are united end to end. S o they
interpret the colonies of several spirochaetes in a single

line as stages in division,before the daughter individuals
completely break away from eacch other, This is the sane
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explanat ion as was given by Perrin for the colonies of Sp.
balbianii and by von ProwazeX for Sp.gallinstum. Schultz
says that he has been unable to find any trace of trans-
verse fission in his preparation s,while on the contrary

he often finds two organisms closely united for a half ora
third of the length of the body,which he interprets as a
phase of longitudinal division. Besides this asexual repro-
duction by means of fission,Krzystalowicz and Sieﬁlecki

claim that sexual reproduction als o takes place. So me
Sp.pallida,they say,enlarge and pass into the typanosome
stage;these are much like the contracted spirals but are
wider and more fusiform. The body is drawn out as a long fil-
anent at one end,while the other end is short and conical.
Between this extremity and the middle of the body lies the
large ovoid nucleus. At one side of the nucleus is a deeply-—
staining corpuscle. Sometimes a deeply-stair_ing filament

can be recognized,starting at the corpuscle and running q:pp-
erficially in a sinuous cousse. This is regarded as compa r-
able with the flagellar border of the undulating membrane

of a trypanosome,the corpuscle representing the kinetonucleua
These forms Krzysztalowicz and Siedlecli}%rypanosoma lins!
and they say that they play the part of fekhale gametes or
zacrogametes;they may divide longitudinally just as the or-
dinary spirochaete. These macrogametes result from the

growth of an ordinary individuval,the contracted spirals re-
presenting a transition stage between the two. Probably,

they think,all the organs,nucleus,undulating membrane etc.
which are visible in the trypanosome =fi;z phase are also

to be found in the spirochaete form,but here they are too

snall to be discerned. Other individuals were also found,
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gonewhat elongated and having several nuclei;besides these

were other very minute individuals,3 microns long,with a
gingle nucleus;these they believe come by fragmentation of
the multinuclear forms. These small ones become still fur-
ther reduced. by repeated longitudinal division, They are
regarded as micro-gametes or male gametes. Only in one case
where Krzysztalowicz and Siedlecki able to find stages which
resembled the process of conjugation,in a preparation from

a large primary ulceration which was commencing to cicatrise.
A male gamete becomes attached to a female by one extremity
and the two gragiually join together laterally and at length
fuse completely. The subsequent development was not follow—
ed, The authors believe that a resting period ensues in which
the parasite becomes encysted. Various enigmatical ,rounded
aed kidney-shaped bodies were observed which might have to
do with cyst forms. Thus these workers claim a complete cycie
for Sp.pallida such as is found in other Protozoa;a non-sex-
usl,sexual and resting stage following each other in suc-
cession, Schultz objects to this work of Krzysztalowicz and
Siedlecki on the ground that the smears were,for the most
part,derived from ulcerated and secondarily infected lesions
ithe cyst forms,he considers\stages in involution. Similari-
ly Schultz attempts to establish a life cycle. He found Sp.
pallida and Cytovyctes 1v'Ls Siegel in syphilis and thought
then to‘ be stages of the same organism;further,he suggested
that Sp.refringens might be a macrogamete stage,and Sp.palli-
da a xn.icrogamete.. But this theory is invalidated,as Schultz

Poitits out,by the occurrence of Sp.pallida. in all cases
of BYPh1114§nd in syphilis only,while Sp.refringens is pres-

|
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ent in many non-specific lesions. Bach worke r gites to

gp.pallida a life cycle analogous to that of the organism
to thich he thinks it most nearly related,In reality we know
nothing definitely of a sexual reproduction or the life
cycle of Sp.pallida, .. In fact about all we do know of it
ig that it is a spiral organiem with a fine flagellumat eith-
er end,which probably reproduces by longitudinal division.
Is Sp.pallida the cause of syphilis? Such would seem
to be the case from the occurence of the organism in all
cases of syphilis,primary and secondary lesions,congenital
syphilie and in innoculated monkeys,and its absence in othed
conditions. The demonstrations of the spirochaetes,however,
in smear preparatiohs seemed insufficient to establish their
etiological significance;it was deemed necessary to stain a-
and examine the organisms in the tissues. After many stains
had been tried in vain;eilveqéitrate was suggested by Bert-
arelli,Volpino and Bovero,and this was ueed with success.
Finally,Levaditi announced a method which has proved most
successful in all spirochaete material. It consisted essen-
téally of impregnating formalin-hardened material with ni-
trate of silver and reducing with pyrogallic acid;Giemsa
is used as a counter stain. W ith this method the nuclei
are stained blue,the spirochaetes black. By means o £ the
Levaditi methodpreparations of different tissues were made.
Levaditi himself and Sbhultz examined especially cases of
congenital syphilis in children still-born or dead two or
three days after birth, Various organs were examined for
8pirochaetes and the organisms were founl to be present in

varying numbers. Levaditi found them in greatest numbers
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in ﬂ%’f’llow1ng or gar hjfﬁe same order,that he found by

histological examination to be most attacked by syphilis;

the bq:ain and kidney which are ¢ omparatively free from
gyphilitic attack have few spirochaetes. # e concludes that,
gince this isthe case and since many spirochaetes are found
in still-born infants the Sp.pallida is directly connected
with syphilis. The infection,he believes,in cases in which
the disease comes fromthe mother,is by way of the placenta.
This is made probably by the fact that the liver which is
the first organ to receive the blood from the mother con-
tains the most parasites,just as was the case in spirochaes
tosis of embryo chicks(Borrel and Levaditi). Althoug h the
blood is the path by which the spirochaetes are carried from
the mother to thekoetus and from one organ of the foetus t o

|

!
|
|
|

anofﬁﬁer,thie is not the place where the spiroé’haetes choose‘

to develoyr,for they are rarely found in the circulation;es-
pecially rare are they in the placenta. On the contrary,as
in the case of Sp.gallinarum,they leave the vessels and
penetrate their walls,thus reaching the connective tissue

vhere they multiply. The parasites are fourd in the connect- |

ive tissue of all organs but show marked preference for
glardular epithelium,the cells of which they penetrate. Sp.
pallida in contradistinction to all other spirochaetes,

with the exception of the cancer spirochaete,is intra-cellu-
lar, Schultz points out that their presence in the cytoplasy
of epithelial cells cannot be considered a phenomenon of
Phagocytosis, for the organisms are in a perfect condition
and stain well, That phagocytoais,however,does occur has
been shown by Levaditi;in congenital syphilis,this is very
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active. He has fourd them in all stages of degencration,and

the fact is further proved by the rarity of them in the
spleen ard the large amount in the liver. As to the position
of Sp.rallida,most workers consider it a Protozoan though
a fer hold to its bacterial nature. Shaud\inn concluded that
it was a Protozoon for the following reasons;--(1)It has a
single polar flagellum at each end instead of a group of
flagella;(2) the spirals are numerous and very flexible;(3) |
Trere ar e undulatory movements over the whole body and the
body nay bend or lash,so that there are not stiff longitud-
inal axes as in Spirillum. Moreover the organism is cell s
teretrating,a feature not found among Bacteria. Sihudinn,
bowever,recognized the differences between Sp.pallida ard q
the type Sp.prlicatill}is Ehr. Tne two cnaracteristics of the
sp.plicatilfas are tne aosence of flagella and the presenc ¢
of ar undula” tinc menbrane,features & bsent from Sp.pallida.
He therefore took Sp.pallida out of the Bpirochaeta group
and accepted the name proposed by Vuillémin,Spironé:ha,
which was later changed td?reponema. Sp.refringens,on the
other hand,agrees closely with the type Sp.plicatiliis ard |
is generally considered as a true spirochaete. l
Kl though cancer is so prevalent that 11,000 deaths
vere caused by it in Wew York alone in the past year,its
cause has always been a puzzle. All tumors are characterized |
by a great proliferation of cells in a certain region of the
body. In contradistinction to a non-malignant tumor, the cells |
of 2 malignant tumor,or cancer,proliferate at the expens e
of the neighboring tissues;they penetrate the tig sues and

OTgans and send cells to other parts of the body through the

L.
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circulation.zi"ine rise to netastases,or new growths in other |

rezions. Until six years ago carcinoma was known as a pure-
1y husan disease,but since then it has been found in all |
vertabrates as low down as the fighes. In 1899,Leo Loeb
founrd a rat with a curious sarcoma;he transplated this from
rat to rat for three years when it was lost. Inl902,Jensen
of Copenhacen discovered a mouse with cancer,the histolog ¥
of which was identical with that of human carcinoma, With
this discovery began the cancer research in many laborators
ics in all parts of the world,at Buffalo,Paris,Liverpoocl,
Berlin,Heidelberg etc. Attempts have been made to transplant
the mouse cancer to other amimals but without Buccess. In
transplanting it to other amie®3 two methods are used,eith-
er the tumor is removed and grournd up with about three times
its bulk of normd 1 salt solution with a mortar and pestle
ard this is injected beneath the skin or in the periton-
eun;or elee,a small piece of the tumor is cut out and placed
under the skin of a2 normal mouse. The result is the sane;
in about two weeks a swelling appears whi ch grows rapidly
till a large tumor is formed which may be a third or half
the'size of the mouse. It is supposed that the growth is

not on the part of the nornal mouse,but that it is a growth
of the transplanted cells themselvea,causeq by the virus in-
jected with them. The Jensen tumor has been transplanted
eighty times with about 90% of "takes™ in some strains. The
arount of tissue that has been proliferated as a result of
the first Jensen tumor is enormous;it has been estimated that
1t would take a ray of light 105 years to penetrate the side
°of the cube such as this mass of tissue would form,and that
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it would be greater than the diameter of the sun. This _
great proliferation is only parellelled in Biblogy by the
grovth of cells from a fertilized egg and by the process of
regencration,both of which are normal growth s,there being
no breaking through tissue boundaries. To account for the
growth,chenists, botanists and physiologists have proposed
various theories. Ehrlich in 1906 working at the Frankfurt
laboratory applied his well-worn®side-chain" theory. Farmer,
Yoore,and Walker in studying the cytology of carcinora at
the Royal Besearch Laboratory,held the view that cancer is
due to the fertilization of an epithelial cell by a lenco-
cyte,accompanied by the ordinary mitotic process. Prg f.
Calkinel‘has,hovever,shown that this so-called fertilization
process is rather a degeneration of the lencoccytes ins{ de
the epithelial cells,giving rise to"cell inclusiors", The
nost satisfactory theory was given in 1882,called the Con-
Hein theory,still held by many people. According to this
hypothesis,some of the embryonic cells,instead of develop—
ing at the proper time,are secreted in the o rganism where
they oy remain inactive for from ten to forty years,when
they suddenly become active,giving rise to these abnormal
growths, Prof.Calkins has pointed out that this theory is
biologically impossible;we cannot conceive how these embry-

onic celle lie latent for so many years and yet retain such
vitality as to give rise to this enormous mass of tissue.

According to Beardy the pancreas stops the proliferation of

exbryonic tissues. Applying this idea to cancer. ,he treated
several mice with amylopsin and trypsin,and on finding that
the cancé r disappeared,he published . an account of this |
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20 & cure for cancer. 4s a criticism to his work,it may be
said that 40% if transp:1anted tumora‘&ecover spontaneously
ard even if th_is extract does cure the disease,it leaves
the cause unexplained. Still another suggestio n was offer-
ed by Bibbert’who thought that the growth was caused by! the
an archistic ‘development of a cell which had gotten loose
from the control of the organism., He has however not shown
that such a cell is present,nor how it might give rise to
the tuzor if it were. Another line of argument was follow=-
ed by Marchand,who conceived that there were toxine libera—

ted from the organism: from some such cause as mal-nutritigﬂi.

that these acted on susceptible eells causing them tp pro-
liferate. Now,either this toxin is an initial stimulus suf-
ficient to keep the division energy going in this long ser-
ies of Jensen mice,or the stimulus is recreated in each new
mouse. If the forner were the case,the stimulus wou 1ld weak-
en,but on the contrary,whereas there were only 4 % or 5% of
successful transplants in the beginning,there are now 90%.

If new stimuli are set up in each new organism,we might sup-
pose that the stimulus reproduceé itself. No known toxin,

no inorganic thing can do so; it must therefore be a liv=-

1

ing organism, The parasite theory is in utter disrepute afnong :

nedical men,for the symptoms of cancer are very different
from those of other parasitic diseases. The parasite,how-
ever,of the mouse tumor was discovered by means of the Leva-
diti method by Gaylord. Spirochaetes have been found in all
the Jensen tumors examined,in the Buffalo tumor ard in a

Primary tumor which recently developed in & mouse at Columbia |

University by Prof.calkins,The rarity of spirocha etes in
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prisary tumors may be related witﬁ}:great difficulty in trans
plerting Pr imary cancers,only 2 out of 38 having been done
cvocessfully. Spirochaeta microgyrata(Lowenthal) var. Gaylord_l
‘the cancer sparochaete,was first found in an exposed lesion |
of husan cancer. It is characterized by the cloce approxi-
sation of the nodes,of which there are about g ix but varying
fron four to thirteen. The thickneae[:f the spiral is .6 mi-
cronithe length from node to node is .8 micro:n:it has blunt !
ends with no flagella., This spirochaete like Sp.pallida is
intra-cellular. This organism was alsc found inadog tuma,

|

Borrel discovered some other spirochaete in the blocd of
rice which developed a tumor. Another organism Sp.murielras
fourd by Wenyon in mouse carcinoma,differing from Sp.micro-—
gyrata in having the nodes about twice as far apart;thies
has not been found in other cancers so that it is pro:bably
g specific organism. Since the parasite theory .has been pro-
poeed,it has been suggested that the pro liferation of tis—
suekay not be a malignant response to a stimulus by the tis-
sue,but that it may be a protection against foreign invas—
ion,a phagocytic reaction to draw the extraneous matter in-
to its cells, This idea is given weight by the fact th at
the parasites are fourd in all stages of degeneration in the
lercocytes. Interesting in this connection is the experi-
zent’' of Dr. Fischer who injected some olive oil mixed with
8carlet red into the ear of a rabbit, After a couple of

Yeeke it was found that proliferations of the epithelium ex-
‘etded down toward the oil drops and enclosed them.After a
"Mile this epithelioma ceased and the normad’ skim was left

Thig €xperiment showed a definite response of the epithellal
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yesue to a foreign substance,a sort of cnemotaxis. Now if

e apply tnis to cancer,we find the explanation of the pro-
1iferation of tissue, the metastasés and the transplanted
tyzore. TEe parasite theory is given still rore weight by an
ipfection of rats which took place from come cages fn which
rats vith cancer had been kept by Loeb a year or esc before.
this infection suggests an intermediate host in which the
¢pirochaetes pass part of their life history,just as cther
srirochaetee have been found to live a while in ticks.

S8ince Spirochactae have been so universally found in
rouce tuzors,it would seem probable that thsy are present al-
go iz human carcipoma,which is 80 similar to the zcuse car-
ciroza, Yaterial from human cancer has been put upby, the Lev-
editi cethod,but spirochaetes similar to Sp.zicrogyrata have
rot teen found. Two possibilities are open,(l)Spirochactes
are rot present, In this case either the two cancers are
alike ,and the spirochaetes found in the mouse tumor have
rothing to do with it;or: the two cancers are utterly dif-
ferent,ard spirochaetes are connected with the :o';\xse tazor
tut not with the human, Neither of these alternatives seexs
Itotable.(2) Spirochaetes are present but have not yet been
discovered, This sesms very probable when = consider the
rarity of the parasites in primary mouse tumors. It is neces-
@ry to look through a great deal of material before one can
fesl sure that the tumor is absolutely free from spirochaetes.
Intil rore material has been examined,the possibility exists

"at spirochaetes somewhat similar to Sp.microgyrata will be

discoVered in human carcinoma.

Created with Scanner Pro



https://apple.co/3zkbMwu

| il
re
=== Literature---

gchavdirn,F. and Hoffmann,E.-

"Essays on Syphilis" in Sydenham Society Pub%%ca-

Levaditi,C.- e
aL'His%ologie pathologique de 1a syphilis heréditaire."

Schultz

*Distribution of Treponema pallidum Schaudinn
(Spirochaesa pallidg) in tgg Tissues in Congenital

Syphilis.

Krzysztalowicz F. and Siedlecki,M,-
"Contribution & 1'étude de la structure et du cycle
évolutif de Spirochaeta pallida Schaud."

Yovy,F.C and Knapp,R:E.~-
"Spirillum obermeieri and Related Organisms,®

Levaditi and Manouélian-
"Nouvelles recherches sur la spirillose des péules."

Levaditi,C-
"La spirillose des embryons de poulet!

Toodcock, H. ).
"?he Haemoflagellates: a Review of Present Knowled g

relating to the Trypanosomes and allied forme."

Created with Scanner Pro



https://apple.co/3zkbMwu

