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Spirochaeta.

Though most of the work on Spirochaeta has been done
within the last two or three years, the or ganism was de-
soribed and pictur ed as early as l833 by Ehrenber g. Both

Spirochae ta and Spirillum he classed as animals, together
withdesmids ,volvox and other low plant forms. He describ-
ed Spirochaeta and Spirillum as belonging to the family
Vi brionia, characterized by an imper fect spontaneous div-
ision, the products of which r emain together forning 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 differ ent king-

doms, the Spiro chaeta being consider ed as Proto zoa, the
Spirilla as Bacteria, As each new spiral or -gaiis m was

discover ed,a disoussion arose as to whether it should be
consider ed a Protozoon or a Bacterium. This raises the
question as to the distinction between Protozoa and Bac-
teria, Bacteria were forner ly believed to have no nucl eus,
but Shaudinn has shown that the nucleus is present in the
forn of distributed chronatin granules,which divide equal-
ly when the cell divides. This is al so true for the nu-
cleus of the lower protozoa, for exampleTetrami tus, which
has the nucleus in the form of scatter ed granules. We

cannot ther efor e distingui sh Bacter ia and Protozoa
thetmorphological structure of the nucleus. It has also
been commonly held that the two can be distingui shed by

the methọd of division, a transver se division taking place
in the Bacteria, a longitudinal division in the Protozoa,.
This, however ,do es not always hold, for there are sone
sinple flagellates in which the divi sion is transverse

on
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as it is in the Bacteria. Another oriterion has been sug-
gested with regard t0 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
cul tivated,and the Protozoon Trypanosona can be cul tivated.
There is then no hard and fast line betueen Protozoa and
Bacter ia;an or ganism is referr ed to the one or the other
group rather on general considerations than because of any
single characteristic.

Spirochaetae are placed in the simplest group of
flagellate Proto zoa, or Hastiğophora. They may be described

in general as thr ead-like,fl exible,spirally-wound forns.
The type of the genus is the one discover ed by Ehr enber g

Sp.plicatilis, a free-living forn which was found in water
that had stood over winter. According to Schaudinn, this

or ganism has an elongated body with a periplast wound
spirally around it in the form of an undulatingmenbrane.
The ends are bluntly round off and there are no flagella

The body showssa small nunber of irregular spirals which
are not fized and may disappear and reappear from time to
time. The nucleus appears as a long thr ead-shaped structur e
running along the axis of the organism, representing the
kinetic nucleus of thn a trypanosome; scattered about this
are chronatin ranules which represent the vege tative
cleus.

nu-

The Spirochaeta that most resembles Sp.plicatilis
is the or ganism described by Certes in 1882 as Trypanosoma

bal bianii,which Shaudinn believes belongs rather to the
Spirochae ta, This is a parasite in the orystalline style
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3
and gut of oysters and other bivalves. Sp.balbianii is
quite large being from 5 to 150 microns in length and l
to 3 miorons wide, the spiral having thr ee to eight turns
which are incons tant. It has no flagella and may or may
not have an undulating membrane which,if present, is
spirally around the animal leaving the rounded ends of the

body fr ee. The two latest accounts have been given by
Laveran and Mesnil ,and Perrin, and are sonewhat at variance
What Perrin re gards as a true undulating menbrane, Laveran
and lesnil think is merely a wide periplagic sheath with

Wound

in whih the body of the organi su is mOre or less fIee.
The nucleus, according to bo th accounts, consists of numer-
ous small chromatic nasses
are equidistant from one another. Perrin descri bes these.
IOdlets as arranged in a single row upon a delicate spir-
ally wound thread of achrona tio material on the undulat-
ing nenbrane, connected at one end of the nuclear spira 1
by a delicate thr ead, This nucleus Perrin homologizes with
the kinetonucl eus of a trypanosone, but Wocdcock deni es this

in the form of rodlets which

ho ology. The process of longitud inal fission,as Perrin
desoribes it, begins with the division of the undulating

membrane. The rod like chromatic masses along the spir-
al thr ead fuse to forn a rod of chronatin extending the

length of the body. This rod then fragments giving rise to
small bacilliform rods which become dumb-bell shape; the
dumb-bells by transveIse division produce chromosomes, a-
bout sixty-four in nunber,1ying in a double row. The split
which star ts along the undulating membrane
lụ till it reaches the outer extr emity,when the two organ-

ontiues rapid-
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isms may remain unite d for sometime before separating;
this giving the impression of a transver se division. In
this condition of the body, the chronosomes fuse toge ther

and the nucleus is reconstituted. Besid es the organi sm
just described,which Perrin calIs the"ind i ffer ent forn",
he also describes male and f emale gametes. The male gamete
is formed from the indiffer ent type ;a refractive swelling
appears in the middle of the body, half of the chromatin
is given off to it,and it splits off as a sOrt of polar
body. A thin organism resul ts with a reduced number of

chromosOmes, thirty-two. The female gamete is 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 mel ting in the
gut of the oyster. These reproduc tive forns of Perrin are
regardėd by lesni} as involution forms. Encystuent of

the tindi ff erent" forns has been described by Perrin.
There is no syst membrane, but the periplast bur sts and

the protoplasm flows out and hard ens to forn a cyst-cover-
ing, while the organismbecomescompact wi thin, This Perrin
consid ers internediate between the spore-fornation of
the Bacteria where the protoplasm is cut off within the
cell to form reproductive bodies,and the Protozoan enoyst

nent where the whole cell surrounds itself with a protect-
ing membrane. The cyst here is extr emely small although
the or ganism Tnay be as lar ge as a paramoecium. If the snall-
er spirOchaetes, such as Sp.ob erneieri or Sp. pallida en-
cyst and the cysts are relatively the same size, they are
absolutely invisible. An encystment of female for ns has
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also been described by Perrin. Here
to break up into several parts, all but two of which degen-
ate; these two fuse, suggesti ng par thenogenesis. The exist-
ence of oysts,howev er ,has been denied by Mesnil who con-
siders the so-called cyst forms as invgltion$ phases.

the nucleus is said

As to the position of Sp. bal bianii ther e are sev-
eral differ ent views.Shaudinnconsiders it very similar

toSp.plicatilis in the presenceăn undulatingmenbrane,
absence of flagella and the forn of the nucle us, and would

of

ther efore class it with the true Spi rochaeta. Perrinwho
was working in Shaudinns laboratory and seems to have

been perneated w ith the life-history of the trypano sones
is convinced of the trypanosome charac ter of the para-

site, finding in it the ancestor of thetrypanosomegandthe
connecting link betweenthese and the Bacteria; it rese-
bles Baete ria,he says, in the forn of the nucleus and in
spore-for mation. Laveran and Mesnil together vith Leger,
who has recently studied the organism, think that Sp. bal bi-
anii is not a Protozoon but a Bacterium.

Several other free-living or non-pathogenic para-
sitic spirochaetes have been'found,one forn uch like Sp.
plicatilis but 1iving in salt water,another form resembling

Sp.bal biani,parasi tic in the erystalline style of the
fresh-water myssel and call ed Sp.Anodonta. However ,no st

of the spirochaetes seem to be pathogenio. Sp.dentiun

which lives in the human mouth wa thought to be harmless,
but Miller has recently olaimed that it has pathogenic
Proper ties, Another parasitic found in the mouth is Sp.
buccalis descri bed by von Prowazek. Spirochaetes have also.
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been found in thehuman intestine and in ulcers in differ -
cnt parts of the body. Among animals , too, they seem to be
quite wide-spread. Theiler described a form,Sp. Theileri,
parasitic on cattle and transmitted by the ticķ also a
forn w hich he called Sp.ovis, parasitic in the blood of

the sheep, which nay, however, be the sane 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 Anopheles naculipennis ,

and in Tsetse flies(Sp. glossinae). Sp.Anserinum, parasitic
in geese,was discovered in l890 by Sachar off in the Cag-
casus. The disease produced by the organism iš fatal,
death occur ing sOmedays after the parasites disapp ear
fr om the blood, It can be transnitted to geese by inject-
ing into them blood containing the organi ss;ducks and
chickens can also be infected, but they recover more easily.

The naturalmodeof in tection isunknown,though it is
supposed to be by an insect.

Perhaps the most carefully studied sp irochaete
disease occuring in animals is Spirochaetosis or Spiril-
losis of the fowl,Sp. gallinar um,the cause of the dis case

was discover ed bt Mlarchoux and Salimbein at Brazil in 1903
and was found to be transnitted by the bite of a tick,
Ar gas miniatus, when the insect is kept at a temperatur e
of 30° to 35° but not when kept at 15° to 18. The disease is

a relapsing fever, an alternation of high fever with nornal
tenperatureoccurdng,and 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 distinctày

intercellular not intracellular. They have however been
found in all stages of degeneration in the leucocyte
cells, indicating their destr uction by these cells. Espec-
ially are they found in greatnumbers in the phago cytic
cells at the end of the fever, when they disappear conplete-
ly from the circulation. Some of the parasites evid ently
escape destruction at the crisis and reappear to give rise
to a recurr ence of the fever. The or ganis 8 were foun d by
Levaditi to be present not only in the liver and spleen,
but al so in the ovary and within the ova;he suzgested
that they might be carried there by phago cytes which he

found present in the ovary. Borrel, by experinents,showed
that he could infect chick embryos with spirillosis by
introducing into the fer tilized egg a cer tain quantity of
blood fron a hen containing spirochaetes, even in eggs at
the beginning of inoubation; theseembryosdied wi thin six
or eight days,of spirillosis. With the unfer tilized egg
he obtained no resul ts. Levad¥iti confirLed the work of
Borrel and by fur ther experiments he reached the foll owing
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 think s, to the imper-
fect means of defense developed in the embryo. Thus the di
ease is much more severe in erbryos than in adults,as is
the case in congeni tal syphilis. (2) The liver is the orgau
rirst to be infected, by means of the unbilical circulation
(3)Spirillosis is not hereditary; this is due ei ther to
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the eggs containing the parasites being killed by them be-
fore they develop, Or to the inability of these infeoted eggs
to be fer tilized . It has also been shown that chickens can
be imnunized against the action of the spirochaetes, and
that the blood of such immunebirds possessesmarked pre
ventative properties, even a slight curative action;in a
mixtur e of immune serun and spirochaetal blood the or gan-
isrs becomeimmo bile and agglutinate.

There are conflicting accounts of the morphol ogy
of Sp. gallinarium. BorIel claims that it thas peritrichous
flagella, that it has no undulatingmembrane,and that it
divides by transverse fission. FIOm Borrels account, Navy

and Knapp conclude that Sp.gallinarfum is not a ProtozOon
but a Bacterium, Levaditi gives no deseription of the or-
ganis, but believes with Borrelthat transverse fission oc-

cur s,indicated by the presence of many spirals united end
to end,and the absence of Y-shaped spirals such as wouldre
indicate longitud inal division. VonProwazekhas noTe re-
cently

deeply staining elastic band running from one end of the
animal to the other which he compares to the undulating
nenbrane of a trypano some. Division, he says, is longi tud inal
beginning wi th this und ulating membraneand oontinuing
until 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.

IIon these facts
acteristic of bacteria is not produced,he concludes that

the organi sm is a Proto20 Om.

given quite a differ ent account. He describes a

and fromn the fact that plasnolysi s char-

Similar to Spirochaetosis of the fowl is the hunan
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disease,r elapsing fever , likewise caused by a spirochaete.
The or gani sm was discover ed by Obermeier in 1868, but owing
to the fact that the fever occurs mainly in Russia and the
Balkan peninsula,it has been little studied. The relation
of Sp.obermeier i to the disease was demonstrated by inocu-
lating man,monk eys,rats and mice with blood containing the
spirochaetes. As to the natural mode of trań smission no th-
ing is đefinitely known,though the bed-bug Acanthia lectu-
laria is commonlycredited with being the carrier of the
infection. The organ$isns are supposed to remain alive in

these insects for a month or more;it is unknow whe ther they
nultiply ther e or not. According to eYy and Knapp, the
length of Sp.oberneieri is from 7 to 17 microns or nOre.
Short fosns,7 to 9 miorons long,about the length of a
blood corpuscle occur ; these they believe represent the size
ef single cel1lg which are united to forn the long organisms
The actual units may, however , be shor ter Spireehaetis-forns
into which the spiral breaks up in disintegration within te.
the phago cytes. T he who le organi sm would thus be a catenoid
colony of these apit8haett forns strung together. If the
blood of patients in which these forng alo ne were found
was mixed wi th normal blood, the forns were found to grow
out into typical cork-ser ews. The wid th of the spir ochaetè
is.25 micron: , the number of turns in the shọr t piral
(7-9 nicrons) two or threef the inorease to four being pre-
Iiminary to division. The turns in short forms are B-2.7

nl crons apart;in the larger forms.. 1.5 microns from orest
to crest, and the extreme wid th averages about l micron.
"he spirochaet4e has a long flagellum at one end, Novy and

Knapriescribe no internal structure

r ed

but others have shown
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ranules to be present, which seem by the stabn and by anal-
ogY with other or ganisms to be chromatin granules. The spir
ochaeté is extr enely mobile;it moves forvard and backward
and rotates along its long axis making a screw notion. It
reproduces by transverse fission. Novy and Knapp have car-
ried out extensive exper iments on relapsing fever with the
following results. A characteristic feature of the infect-
ion is the rapid disappearance of the spirochaetes in the
circula tion and their reappearance in a day or two,causing
the alternation of fevers wi th crises. This is so in the
case of man,monkeys and mice but ther e is no relapse in
rats and consequently no reappearance of the organism By
examination of the blo0d of rats, it was found that the
spirochaetes dèerease in nunber as the disease goes on.
This dicreaseis believed to be due to a germioidal sub-

stance which formsja result the multiplication of the spir-
ochaetes. As evid ence that such a substance exi sts, bÍ ood
in which the organi sns had been present was mixed with
blood rich with spirochaetes; the spirochaetes were tound to
die in a very short tâme. An immuni zing 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 inmunity follows recoveryfrom

as

the infection;passive immuni ty can be impar ted by inject-

iong of recovered
is thought to take place,due to the destruction# of t he
0rganiems by the gernicidal agent and, secordly, to the
presence of a special imnune body. Each relapse has the ef-

blo od, In relapses,a tenporary inmunit y

fect of an injection of spirochaetè blood. Some organisng
eBcape and are hidden in some part of the body, probably
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in extravascular places, till the anti bfodi es have decreas-
ed,when they multiply and reappear i 'n the bloo d causing
ano ther rckapse. Heredi tary immunity can be obtained and
is probably due to infection"in uterof, Preven tetive in-
noculations can be made successfully in rats, mice and mon-

keys, and a cure can be obtained by injection of inmunized
blood.

The organi em of relapsing fever has usually been
regarded as e Bacteriun, though recently its protozoon
natur e ha s been suggested. Novy and Knapp are convinc ed

that it is a Spirillun; they give the following reasong--
(1)Structural characteristice, there is no undulating men-

brane, and no nucl ear structure is visible.
(2) A flagellun of wavy character is present at one end,

sinilar to chol era spirillun. The flagella of the Protozoa
coar se and thick and have no regular wavy bends.ar

(3) Division is transverse,not longi tudinal as it should
be for Protozoa.

(4) Rapid multiplication agrees wi th the Bacteria and is
at variance with trypanosomeandplasmódial infecti ons.
(5)Plasmoly tic changes,Whendialyzed in distilled water,

Protozoa such as trypanosomeschange their forn and are kił
led in an hour or so:Bacteria come to rest wi thout change
of forn and can be revivified.Sp.o berneieri acts like a
Pacterium.

(6)Heat action--Trypano somes(Iy. lewisi) exposed for 30
minutes at 45° are killed and disappcar. Bacter ia are stil
alive under similar circumstances and und ergo no change

Whendead. Sp,o berneier i &ots 1ike a Baoterium dn restst-
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ance to heat.
(7) Per sistance of forn- Proto zoa tend to round up, Bacter-

ia and Sp. obermeieri keep their form under adyerse circut-
stances.

(8) Active immunity--Bacter ia forn powerfulayti-bodies so
that the serun acts like an active gern icidal agent. This
is not true for Protozoa,though it is for Sp.obermeieri.

(9)Absence of ABro tropism--If a bubble fó rms under the
cover glass, tr ypanosomes group around it;this is not so
for Bacter ia nordoe s Sp.obermeieri showany such tendency

Many of these ar guments are based o n too 1ittle evi-
dence, generalizations being formulated for which there are.
not suffici ent grounds. As against these ar guments we may

urge:- (1) Transvere9 divişion does occur in Protozoa.
(2)Some gacter iạ do plasmolyze.

(3) By analogy with other diseaseg,it seems almost
cer tảin thať ther e is an intermediate nost. No Bac-
terial organisn is so transmitted.

Tick fever which is preval ent in many parts of equatoF
ial Afiica was shown to be due to a. spirochaete in Novembe r
1904. Ross and ilne made the discovery in Ugarda,and Dut-
ton and Todd indeperd ent1y at the same tine in Eastern Con-
g0. The fever caused by the or ganism is much like relap-
sing fever, the patient having a high fever of 104° or 105°
for three or four days, then an internission ocour s 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 thatKoch as well as Dutton and Todd believed it
to be an African form of the European fev er. Novy,however,
is convinced that the two organisms are differ ent. As exper-
imental evidence, he has found that this spirocha etè, which
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he calls Sp.duttoni after Dutton who lost his life in stud-
ying the disease,is usually fatal to monkeys while they
recover from relap sing fever. In innoculated rats, the or-
ganismsWeee present from thr ee to nine days after innocu-
lation, whícn is not the case with Sp.obermei eri. Moreover ,
Tick fever is characterized by shor ter attachs, and there
are much fewer spirochaetes founa in the blood than in the
case of relapsing fever. Brenl and Kinghom have pointed out
that rats and mice inno culated with p.duttoni usua1ly die
while Sp.obermeieri is not fatal; and that in tats,the for-
er causes relapses while the latter does not. Morphologi-
cal evid ence as w ell as experimental is given to p rove tO
the distinetion between the two organisns. The length of
Sp.duttoni is l6 microns; of the long,dividing formg32 microns;
that is, twice th e length of $p.obermeieri. There are but
two or three turns in bo th spirochaetes though one 1S
twice the length of the other. Sp.duttoni measures 4 or 5

microns between the turns, Sp.obernei erižonly half that dis-
tance. The width of the whole spiral is 2 to 2.7 microns
in Sp.duttoni, l micron in $p\obermeieri, Other differ ences
are the rarity of the spir ochaetes in Tick fever in compar-
ison with their frequenoy in relapsing fever ; the tendency
of Sp.duttoni to cur l up into figure-8 forns or circles
which is absent insp. oberneieri ; the presenoe of diffuse
flagella,a terninal one corr esponding to that of Sp.ober-
meieri and besides nany al1 along the organi sn, There are

several divisional zones in $p.duttoni,and there is the
same tendency as in Sp.oberneieri for the organi sn to break
up into S-shaped fragments. The nucleus consist s as in the
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other case of scatter ed chromatin granules,and in bo th cases
division is transver se. The or ganisn is transferred by the
bi te of the tick, Ornithodorus Moubata, Dutton and Todd
found that young ticks hatched in the labozatory
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 eggs of the ticks,that
a foutth or fifth part of the eggs were inf ected. On exam-
ination of ticks from differ ent localities it was found that
11% to as nany as 50% contained spirochaetes. There is,how

ever,no sign of multiplication in the tick; it seems that
the parasite is merely harbored in the tick until transmis-
sion to a human host.

wer e cap-

As in the case of Sp.oberneieri, Novy and Knapp are
convinced that the parasite is a Bacteriun,and for practi-
cally the
definite nucleus and undulatingmembrane,presence of flagel-
la. The presence of dif fuse flagel la does seem to point to
the bacterial na ture of the or ganisu, 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.

same reasons, transverse division, absence of a
nd

At the suggestion of Professor Köhler, President of
the Iuperial Board of Health,Shaudinn, working with Hoffman,

under took investigation to find out whether micro-0r ganisms
Werepresent in syphilitic lesions. In the first report
April 10,1905,he states that both in the living subjeet
and in stained preparations, he found or ganisns which must

be referr ed to the protoz0an genus Spirochaeta. The or gan
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ig19. yere found no t only on thesurface of 'sy philitic
rapules and primary lesiona, but also deep wi thin the tis-
sues and also wi thin specifically infected inguinal glands.
In ano ther report, May 17, Shaudinn announces the discover y

of opirochaetes in seconiary syphilitio papules. Soon af-
ter,Metchnikoff and Wecheelmann al so found typical spiro-

chaetes in secondary papules in which the our face was quite

intact,and which were far renoved fron the genítal or gans,
on the br cast and back; these observations were confirned by
Hoffuan andShaud inn. 0n May5,Shaudi nn found Spirochaetes
in blood drawn by puncture from the spleen of a syphilitic
patient, the day before the appearance of the rash, Drs.Bus-
chke and Fischer about the same tine discover ed spirochaetes
in a case of congeni tal syphilis;in such cases they were
al3o found by Levaditi, Shaudinn and Salzon soon after.
Metchnikoff made the inpor tant discovery of the same spiro-
chaetes in primary lesions of monkeys Thich had been innoc-
ulated wi th syphilis. Finally, only very recently, they have
beenfound in ter tiary lesions. After the first discovery
of Spirochaetes by Shaudin, there were confir nations by
various wOrkers; from all sides came reports that spirochaets
had been found in syphilig naterial;in faot in alzost every
case of syphilis XxÍEIİzi whether congeni tal, prinary or sec-
ondary, spirochaetes have been found to be present. The spir-
ochaete which Shaud inn first diocover ed and which was

Tound subsequently in all cases,he call ed Sp.pallida. In

the living state, this or ganism is extremely delicate, weakly
reïractile, has steep and narrow spirals. It is very diffi-

Cult to s tain, Giemsa's azur-esin stain being the only one
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ch Shaudinn used with success, Further, Sp.pallida is
oharacterized by the possession of a single flagellum at

oach 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 organisn, Shaudinn gives as vary
ing beteen 4 and 14 microns, the wid th almost unmeasurea ble
and at mOst .25 mioron. The nunber of tur ns varies between
six and fourteen; the distance between the nodes is l.25 to
1.5 microns. The movements during life are charaģteristical-
1t of three kinds,rotation about the long axis, gliding mov-
ments for wards and backwards,and movenents of flexion of the
whole body.

In some cas es,Shaudinn and others found ano ther Spir-
tiochaeta present in the syphilic lesions together wi th Sp.

pallida and of about the same size as it. At first Shaudinn
was uncer tain whether the two were distinct species or not,
but he became more and more convinced that they were. The $

second 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 beingmore refractile
ln the living state, having a coatser forn, having wider and
rlatter spirals,being deeply staining wi th any ordi nary

Spirochaete stain, gentian violet, carbol fuchsin,Ronanowsky.
ne extreni ties of Sp. refringens are blunt ,without flagella

and there is a distinct undulating menbrane present. The

MO or ganisns are therefore quite distinct morphologically:
ney may occur side by bside in the same lesion, or onmemay

nd

VCUT alone. The guestion arises whether both species are

esponsible for syphilis or only one. Since Sp.refringens
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bas been found in complicated syphilis and in non-syphili-
+ie diseases, whereas Sp. pallida occurs alone in uncom-
n1icated syphil18 and in congeni tal syphilis, and together
wi th the other varie
other diseases, it is probably Sp.pallida and not Sp .refr in-
gens that is concerned with syphilis. 0ther workerS,however,

Kr zysztalowicz and Siedlecki,al though they agree with Shau-
dinnin 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 anappearance like Sp.refringens ;it reiracts
the light, stains deeply and becones coarser. Moreover the
flagella whichmost 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 otheI observers,
for example Sh ennan, have shown that there are many inter-

mediate forms between typical Sp.pallida and Sp.refringens
80 that it is often impossible to refer foIIS to the one or
the other group.

in cases of syphilis complicated wi th

Wi th regard to the nucleus of the Sp.pallida, Owing
vO the small size of the or ganisn, there have been conflict
1ng statements, Shaudinn does not descri be a nucleus;Kr zy-
$Ztalowicz and Siedlecki, however, assert that in every spir-
ochaiaete ther finda clear spaoe near the ce nter of the or-

$128m; this round empty space is,acoording to their inter-
Petation, a cellular nucleus. The empty appearance is caused

ile very small amount of chrOmatin present. Just as iin
GG1dia,the chromatin is not present in the nucleus itself

by the
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but in the nuclear menbrane and karyosome, so here, they be-
lieve, the oh romatin is not all in the nucleus, but in snall
deeply staining bodies co mparable to karyosomes. Woodcock,
however, thinks
recalls the cytoplasnic vacyole of typanosomes,and is very
unlike the typanosome nucleus. Wechselnann and LBventhal
claim to have seen nuolei in Sp. pallida with the
ul tramicroscope. Herxheimer describes smal1 scatter ed chro--
matin granules which he compares to the blephar oplast of

typanosones,and larger chr onatin granules which he thoug ht
represented the vegetative nucleus. The statements confliat,
and we may say that nothing is really known about the nucleus
o$ Sp.pallida. As With the nucleus, so in the matter of diy-
isionyorkers do not agree. Lówenthal

the spirochaete where there are no stains, and where it breaks
apart into twO or more organisms; those areas occur at the

nodes.,s0 that here as in the case of Sp/oberneieri and Sp.
duttoni, these Spirechaete-shape segments may repr esent the
units of the or ganism;repr oduction is
ed b y transverse division. Goldhorh also believes that trans-
verse division takes place. Shaudinn, on the c ontrary, found
in his
one e nd, whí ch he interpreted as a stage in longitudinal
division, Krzysztalowicz and Siedlecki describe all stages

that what these workers take for a nucleas

aid of an

describes areas in

therefore accomplish-

preparations, spirochaetes w ith two flagella at

in the longitud inal division, Itcommences,they say ,at the
. pointedtöngitxtnat extremity,proceeds through the body until the
tro daughter spirochaetes are united end to end. s o they

interpret the col onies of several spirochaetes in a single
line as stages in division, before the daughter individuals

Completely break away fr omeacch This is the sameother.
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explanat ion as was given by Perrin for the colonies of Sp.
balbianii and by von PrOWazeK: for Sp.gallinaum. Schultz

says that he has been unable to find any trace of trans-
verse fissi on in his preparatiońs,while on the contrary
he often finds two organisms closely united for a half or a
thi rd of the length of the body,which he interprets as a
phase of longituàinal division. Besides this asexual r epr o-
duction by means of fission, Krzystalowioz and Siedlecki
claim. that sexual reprod uction als o takes place. So me
Sp.pallida, they say, enlar ge 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-
ament at one end, while the other end is short and conical.
Between this extremity and the middle of the
large ovoid nucleus. At one side of the nucleus is a deeply-
staining corpuscle. Sometimesa deeply-staiń ing filament
can be recognized, starting at the corpuscle and running s up-

erficially in a sinuous couBse. This is regarded as conpa I-
able wi th the flagellar border of the undulating membrane
of a trypanosome, the corpusole representing the kinetonucleua

Theseforms Krzysztal owicz and SiedleckiTrypanosoma lirs
and they say that they play the part of fenale gametes or

naorogametes ; they may divide longitud inally just as the or-
dinary spir ochaete. Thesemaorogametes result from the
gTOwth of an ordinary individual, the contracted spirals re-

presenting a transition stage between the two. Probably,
they think, all the organs,nuoleus,undulating menbrane eto.
which are visible in the trypanosome xtxya phase are also
to be found in the spirochaete form, but here they are to0

body 1ies the

call

Small to be discerned. Other individuals were also found,
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sOmewhat elongated and having several nuclei; besides these
were other very minute individuals,3 microns long, with a
single nucleus; these they believe cone by fragnentation of
the multiņuclear forms. These small ones become still fur-
ther.reduced by repeated longitud inal division, They are
regarded as miT O-gametes or male gametes. Only in one case

whereKr zysztal owioz ad 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 extr emity

and the two grad ually join together laterally and at length
fuse completely . The subsequentdevelopmentwas not foll ow-

ed, The authors believe that a resting pericd ensues in which
the parasite becomes encysted. Various eniguatical,r ounded.,
amd kidney-shaped bodies were observed which might have tO
do with oyst forns. Thus these workers claim. a conplete cyohe
for Sp.pallida Buch as is found in other Protozoa ;a non-sex-
usl,sexual and resting stage following each other in suc-
cession, Schultz objects to this vork of Krzysztal owicz and
Siedlecki on the gr ound that the smears wer e, for the most

part, derived from utcerated and secondarily infected lesions
;the oyst forns he considers, stages in involution. Similari-
ly Schultz attempts to establish a life cyole. He found Sp.
pallida and Cytoryotes lws Siegel in syphilis and thought
them to be stages of the same organism; fur ther , he suggested
that Sp.refringens might be a maorogamete stage,and Sp.palli-
đa a nicrogamete. But this theory is invalidated, as Schultz
poihts out, by the occurrenge of Sp.pallid in all cases
0f syphiligand in syphilis only, while Sp.refringens is pres-
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ent
Sp.pallida. a life cycle analogous to that of the organi sm
to thich he thinks it nost nearly related, In reality we kngN

in many non-specific lesions. Eachworke r gites to

nothing definitely of a sexual reprOduction or the life
cvcle of Sp.pallida,.. In fact about all wedo kno of it
is that it is a spiral organism with a fine flagellum at ei th-
er end, which probably reproduces by longitudinal division.

Is Sp.pallida the cause of syphilis? Such would seem
to be the case from the occurrence of the or ganism in all
cases of syphilis, primary and secondaTy lesions, congeni tal
syphilis and in innoculatedmonkeys,and its absence in othet
conditions. The demonstrations of the spirochaetes, hovever,
in snear preparations seemed insuffici ent to establi sh their
etiological si gnificance;it wasdeemednecessary to stain ar

and examine the organisns in the tissues. After many stains
had been tried in vain, silvernitrate was suggested by Bert-

arelli,Volpino and Bovero,and this was used wi th success.
Finally, Levaditi announced a method which has proved

successful in all spirochaete material. It.oonsisted essen-
tỏally of inpregnating fornalin-hardened material wi th 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 f the
Levaditi me thodpreparations of different tissues weremade.
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
spirochaetes and the or ganisms were founi to be present in

Varying nunbers. Levaditi found them in greatest nunber s

most
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nged in deereasingorr;ivSY,lungisoyr2rewaleapsolesayitheshin.Aydth
Ollowing organs tn thesame order, that he found byin

histological examination to be most attacked by syphilis;
the br ain and kidney which are c omparatively free from
syphilitic attack have fewspirOchaetes. e concludes that,
since this isthe case and since many spirochaetes are found
in still-born infants the,Sp.pallida is directly connected
with syphilis. The infec tion, he believes, in oases in which
the disease comes fromthe mother ,is by way of the placenta.
This is made pro bablg by the fact that the liver which is
the first organ to receive the blood fron the mother con-
tains the most parasites, just as was the case in spirochae+
tosis of embryo chicks( Borr el and Levaditi). Al thoug h the
blood is the path by which the spirochaetes are carried from
the mo ther to thefoetus and from one organ of the foetus t o
anof her, this is not the place where the spiroć haetes cho0se
to develop, for they are rarely found in the ciroulation; es-
pecially rare are they in the placenta. 0n the contrary,as
in the case of Sp. gallinarum, they leave the vessels ard
penetrate their walls, thus reaching the connective tissue
rhere they multiply. The parasites are found in the connect-
ive tissue of all organs but show marked prefer ence for
glardular epi theliun, the cells of which they penetrate. Sp.
pallida in contrad istinction to all other spirochaetes,
with the exception of the cancer spiro chaete, is intra-cellu-
lar, Schultz points out that their presenoe in the oytoplas,
of epi thelial cells cannot be considered a phenomenon of

phagocy tosis, for the organisms are in a perfect condition
and stain well, That phagocytosis,however ,does occur has
beenshownby Levad iti;in congenital syphilis, this is very
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actitive. He has found then in all stages of degeneration, ard
the fact is further prov ed by the rarity of then in the
spleen and the large amount in the liver, As to the position
of Sp.pallida, most wor kers consider it a Protozoan though
a few hold to its bacterial nature. shaud inn concluded that
it was a Protozoon for the following r easons;--(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)

There are undulatory movements over the whole body and the
body may bend or lash, so that there are not stiff longitud-
inal axes as in Spitillum. Moreover the organism is cell:
fenetrating, a feature not found among Bacteria. Shaud inn,

however, recognized the differences between Sp.pallida and
the type Sp.plicatilIis Ehr. The two cnaracteristics of the

Sp.plicatil{1s are tne absence of flagella and the presenc e
of an undula ting merbrane, features a bsent from Sp.pall ida.
He ther efore took Sp.pallida out of the Bpirochaeta group
and accepted the name proposed by Vuill émin, Spirone ha,
which was later changed tor eponema. Sp. refringens, on the
other hand.„agrees closely with the type Sp.plicatilžis ard
is generally consider ed as a true spirochaete.

A1 though cancer is so prevalent that ll,000 deaths
werecaused by it in New York alone in the past year,its
cause has alyays been a puzzle. A1l tumors are characterized

by a great proliferation of cells in a cer tain region of the
body. In contradistinction to a non-maligrant tunor, the cells
of a malignant tumor,or cancer, proliferate at the expens e
of Uhe neighboring tissues; they penetrate the tis sues and

OFgans and send cells to other parts of the body thr ough the
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oixculation, giving rise to metastasès,0r new growths in other
regions. Until six years ago caroino ma was known as a pure-
lyhumandisease, but since then it has been found in all
ver tebrates as low down as the fishes. In 1899, Leo Loeb
found a rat with a curious sarcoma; he transplated this
rat to rat for three years when it wag lost. Inl902,Jens en
of Copenhagen discover ed a mouse with cancer, the histolog y
of which was id entica1 with that of human carcinona, With
this discovery began the cancer research in many laborator+
ies in all parts of the wọr ld , at Buffalo, Paris, Liverpool,
Berlin, Heidelberg etc. Attempts have been nade to transplant
the mouse cancer to o ther aninals but without uccess. In
transplanting it to other amicts twomethods are used, eith-
er the tumor is removed and ground up with about three times
its bulk of normá l salt solution with a mortar and pestle

and this is injected beneath the skin, or in the periton-
eum;or else,a small piece of the tumor is cut out and placed
under the skin of a nornal mouse. The result is
in about two weeks a swelling appears whi ch grows rapidly
till a lar ge tunor is formed which may be a third or half

thesize of the mouse. It is supposed
nọt on the part of the noTIal mouse,but that it
of the transplanted cells themselves,caused by the virus in-
jected wi th them, The Jensen tumor has been transplanted

from

the same;

that the growth is
is a growth

ei ghty times wi th about 90% of takest in sOme strains. The
amount of tissue that has heen proliferated as a result of
the first Jensen tumor is enornous;it has been estimated that
it would take a ray of light 105 years to penetrate the side

OI the cube such as this mass of tissue vould forn, and that
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t would be greater than the diameter of the. sun, This
Teat proliferation is only parellell ed in Biblògy by the
TOvth of cells from a fertilized egg and by the process of

regeneration, bo th of which are normal growth s,ther e being
no br eaking through tissue boundar ies. To account for the
gTOwth,chemists, bo tanists and physiologis ts have proposed
various theories. Ehrlich in 1906 work ing at the Frankfurt
laboratory applied his well-worntside-chaint theory. Farmer,
Hoore,and Walker, in studying the cytology of carcinoma at
the Royal Research Lab0 ratory, held the view that cancer is
due to the fertilization of an epithelial cell by a lenco-
cyte,accompanied by the ordinary nito tic process. Pró f.
Calkinshas,however,shown that this so-called fertilization
process is rather a degeneration of the lencocytes insi de
the epithelial cells, giving rise tocell inclusiors ". The
IOst satisfactory theory was given in l882, called the Con-
heim theory, still held by many people. According to this

hypo thesis,some of the embryonic cells, instead of develop-
ing at the proper tine,are secreted in the o rganism where
they máy remain inactive for from ten to forty years, when
they suđd enly 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 cells lie latent for so many years and yet retain such
Vi tality as to give rise to this enormousmass of tissue.
According to Beardy the pancreas stops the proliferation of
embryonic tissues. Applying this idea to cancer.. he treated
Several mice with amylopsin and trypsin, and on finding that
the cancer digappeared , he published : an account of this
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2g a cure for cancer. As a oriticism to hi8 Work, it may be
said that 40% of transp lanted tumorsr ecover spontaneously
andeven if th is extract does cure the disease,it leaves
thecause unexplained, Still another suggestio n vas offer-
ed by Ribbertwho thought that the growth was caused byrthe
an archistic development of a cell which had gotten loose
from the control of the or ganism, He has hovever not shown
that such a cel1 is present, nor how it might give rise to
thetumor if it were.Another line
ed by Marchand , who conceived that there were toxins libera-
ted from the or gani sm
that these acted on susceptible cells causing them tp pro-
liferate. Now,either this toxin is an initial stimulus suf
fici ent 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 ld weak-
en, but on the contrary,wher eas there were only 4 or 5%
successful transplants in the beginning, there are now 90%.
If new stimuli are set up in each new organisn, we might sup-

pose that the stimulus repr oduces itself. No known toxin,
no inorganic thing can do so; it must ther efore
ing organism, The parasite theory is in utter disrepute among
nedical nen, for the synptoms of cancer are very differ ent
irom those of other parasitic diseases. The parasite, how-
ever, of the mouse tumor was discover ed by means of the Leva-
diti nethọd by Gaylord, Spiro chaetes have been found in all
the Jensen tumors examined, in the Buffalo tumor ard in a
prinary tumor which recently developed in a mouse at Columbia

of argument was folloy-

andfrom some such cause as mal-nutrition;

of

be a liv-

University by Prof. Calkins, The rarity of spiro cha etes in
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primary
planting primary cancers, only 2 out of 38 having been done
suCcessfully. Spirochaeta microgyrata(Lowenthal) var. Gaylordi,

thetumors may be related with,gr eat difficulty in trans

the cancer spårochaete, was first found in an exposed lesion
ofhumancancer. It is characterized by the close appr oxi-
mation of the nod es, of which there are about s iz but varying
fromfour to thirteen. The thicknesspf the spiral is .6 mi-

eron;the 1ength from node to node is 6 micro n:it has blunt
endswith no flagella. This spirochaete like Sp.pallida is

intra-cellular. This organi sm was also found inadog tuma,
BorTel discov er ed some other spirochaete in the blocd of
rice which developed a tumor.

found by Wenyon in mouse carcinoma, differing from Sp.micro--
gyrata in having the nodes about twice as far apart; this

has not been found in other cancers so that it is pro bably
a specific or gani sm, Since the parasite theory has been pro-

Fosed, it has been suggested that the pró liferation of tis-
suezay not be a malignant response to a stimulus by the tis-
Sue,but that it may be a protec tion against for eign invag-

ion,aphagooytic reaction to draw the extraneous matter in--
to its cells. This idea is given veight by the fact th at
the parasites are found in all stages of degeneration in the

lencocytes. Interesting in this connection is the experi-

Ano ther organism Sp.murisas

ment of Dr, Fischer who injected some olive oil mixed with
Scarlet red into the ear of a rabbit. After a couple of

Teeks it was found that proliferations of the epi theliun ex-
tetied down toward the oil drops and enolosed them, After a

Thi experiment showed a definite response of the epithellal

Hnile this epithelioma ceased and the norma} skin was left
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to a foreign subs tance,a sort of chenotaxis, Now iftissue
apply this to caneer ,We find the explanation of the pro-

Jiferation of tissue, the metastasès and the transplanted
tusor8.The parasite theory is given still mOre veight by an
infection of rats which to ok plaoe from eone cages In which
rats with cancer had been kept by Loeb a year or so before.

This infection suggest an interned iate host in which the
spirochaetespass part of their lite. hístory, just as other
spirochaetes have been found to live a while in ticks.

Since Spirochaetae have been BO univer sally found in
LOU8etumors, it Would seem pro bable that they are present al-

s0 in human carcinoma, which is so similar to the mouse car-
cirora. Material from human cancer has been put upby, the Lev-
aditi zethod, but spirochaetes similar to Sp.microgyrata have
Iot been found

are rot present. In this case either the two cancers are
alize,and the spirochaetes found in the mouse tumor have
othing to do wi th it; orr the two cancers are

Two possibilities are open, (1) Spirocha etes

utterly dif-
ferent,and spirochaetes are connected with the no use tanor
but not with the human,. Neither of these alternatives seems
probable.(2) Spirochaetes are present but have not yet been
discovered, This seems
rarity of the parasites in primary mouse tumors. It is neces-
sary to lo ok through a great deal of naterial before one can

feelsure that the tumor is absolutely fr ee fron spirochaetes-
Until more material has been examined, the possibility exists

very probable when We consider the

that spirochaetes somewhat sinilar to Sp.microgyrata will be
18Covered in human carcinoma..
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