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IT is not possible to study the bacteriology of'disease with-
out lioticiing tlhat, whlile inl many cases the invading micro-
organiisiims are to be founid solely in the fluids of the body, in
not a few affections tlhey preselnt tlhemselves inl tlle interior
of certain cells, an-d this eitlher partially-soine' being withlinl
thte cells, others free in the blood plasma anid the lymplh that
latlles tlhe various tissues-or exclusively, all the bacteria
that are visible being initracellular. Many of the facts bear-
inlg uponi the terms of this relationslhip between7 tissue cell
and micro-organism are Inow well known, yet it is wortlh
whlile to recapitulate the more important, in order to showiv
that from them it is possible to gain a general law,7and whlat
is more, that from a study of suclh facts some insiglht may be
gained into tlte pllenomenia of immunlity.

It may, in the first place, be postulated tlhat, wlhenever a
micro-organism is discoverable withlin a cell, its passage
tlhitlher lhas been by means of protoplasmic movemenits, of
amoeboid movements eitlher on the part of thle microbe, or of
the cell itself. The first alternative is the rarer, althoughl it
certainly exists, and of this the malarial parasite affords an
excellent example; for here in the amceboid stage of its ex-
isteniee the lirematozoo5n makes its way into the interior of a
((11 that possesses nio active movements of its owni, namely,
tlhe redl blood corpusele, an(d from the substance of this cor-
puscle the parasite gainis its niourishlment. Otlher sporozoa
furniislh instances alinost equally good. More commonily,
liowever, as in the case of all bacteria, wlhere we have to (leal
vith miero-organisms w-hich, even when mobile, are destitute
of protoplasmic appeiidages, it is the cells whiehl play the
active part; certain cells include the parasites. Of suchi, the
aniebiformn leucocyte of the blood and lymplh is tlhe most
typical example, capable, as it is, of sendinig out pseudopodia
in all (lireetions, whlile a closely-allied form is the cell of tlhe
splenic pulp. But there are also cells, as, for instance, those
forming the endothelial lininig of the vessels, whlichl are very
definiitely fixed, wlhiel, nevertheless, can give off proto-
plasmic processes from tlleir free surface, and so capture and
illn'lude l)acteria.

All these may be spoken of as Phagocytes, and may be
divided into the two broad groups of fixed phIagocytes (endo-
tlhelial cells, etc.) and free (leucocytes); not that the terms
"plhagocyte" and "leucocyte" are synonymous, forof the latter
tlhree main forms may le distinguishled, of whlich one is prac-
tically immobile and never takes up bacteria. This is the

Iymphocyte, clharacterised by its relatively small size, its large

siiigle nucleus, and the small amount of surrounding pro-
toplasm. The two remaining (phagocytic) forms are (1) the

large iuniinuclear leucocyte, whose prominent nucleus is at
times lobed or reniform, which stains well with aniline dyes
anid possesses much protoplasm and active amceboid move-
ments-the macrophage-and (2) the microphage, a small form,
also staining well, but either multinuclear or with one nucleus
in the process of breaking up. (See Fig. 3.) If now we com-

pare the endothelial cells with these, it is evident that their

properties connect them closely with the macroplhage; and,
in fact, there is now little or no doubt that a very large pro-
portioni of the macrophlages are of endothielial origin.
Leaving aside the subject of ameboid microbes and their

life within animal cells, it is to thle phagoeytes and their
relation to the bacteria tbiat I wish specially to draw your
attention.

Taking as wide a view as possible of this relationship, we
can first determine that the more malignant the micro-oryanism
the rarer is itspresence within the phagocyte. Thus in those
which of all diseases are the most rapidly fatal-in chicken-
cholera affecting birds and rabbits, in hog-cholera
("cholera des pores ") given to pigeons and rabbits, in the
anthrax of mice and other specially sensitive animals, in the
"septiecmie vibrionienne "' of guinea-pigs and birds, and in
yet other diseases of peculiarly swift course-the correspond-
ing bacteria are only very exceptionally to be found within
the cells, but remain free in the neighbourhood of their in-
troduction, and thence invade the blood. For all the above-
mentioned diseases are not localised, but, on the contrary,
present the characters of general acute septieemia, causing
death within twenty to thirty-six hours, or, in certain cases,
even within six hours.

6~~~~~~~~~~~~

Fig. 1.-Staphiylococcus pyogeuces aureus contained in epitlielial cell
a. anid leucocytes (iciirophiages) b b of alveoli of lunig of rabbit
(Laehr), cc vacuoles.

And whien we pass to those diseases in whichi thle bacteria
are to be found eithier in part or almost wholly within the
phagocytes, the same law still applies; for in suchi cases the
disease has lost its suddenness, tending to hiave a slower
course, or, indeed, to be of a chironic nature. Even in those
affections in whiceh an acute course is accompanied by con-
siderable phiagocytosis, the fatal termination is far from oc-
curring at the same early period as in the diseases recorded
above. Thius mouse septiciemia, characterised as it is by
frequent intracellular bacteria, hias a duration in thle mouse
two and a hialf times as lonig as that of anthrax in the same
animal. But in general a well-marked phiagocytosis is asso-
ciated witli diseases presenting an essentially chironic de-
velopment; it is in affections suchi as tuberculosis, leprosy,
rhiinoscleroma, glanders, that the specific bacteria are most
readily taken up by thle phagocytes; it is hiere that at the
seat of the disease we meet withi innumerable macropliages-
epithielioid cells in whichl lie the individual micro-organisms.

Furthier if we consider the phienomena associated with the re-
solution of an infectious disease, this inverse relationshiip be-
tween the malignancy of the malady and the occurrence of
phiagocytosis is, if possible, yet more clearly demonstrated.
Notice, for instance, whiat obtains during the progress of re-
lapsing fever, a malady' still fairly common in Russia and
other Selavoniie countries, and one whichl, whiile presenting
many difficulties to the bacteriologist in that the specific s'piro-
chaete has so far resisted cultivation, and in that it cannot be
communicated to th.e ordinary animals of the laboratory, is
nieverthieless in miany respects niot ill adapted for our present
purpose. Here, during thec sudd(enl access of thle fever, the
spirilla are present in the blood in enormous niumbers, they
all are free in the plasma, and niot a single intracellular spiril-
lum is to be met withi. D)uring thle apyretic stage (and in the
monkey this is, at the same- time, the stage of resolution) not
a single free spirillum is (liscover-able in the blood, whiile the
phiagocytes of the spleen contain the microbes. The like
phienomen-a repeat thiemselves in all those cases whiere it is
possible to follow thle fate of the micro-organisms of acute
disease during thle stage of recovery. Thlus rats and pigeons
very frequently survive an attack of anthrax, and, whiere thlis

1The disease produced b)y a, inmro-organlislin, wliceli in appeara-nce and
miethiods of growthi is curiously like Koch's chiolera spirillumn. Gamialela.,
its discoverer, niamed it " Vibr-io M_Netschinikovi ;" and as suchi, in place of
M. Metschnikoff's owni vaguer- " septicanmic ivibr-io,"1 it will he spoken of in
later reference to its pr-oper-ties. The disease it originates will be spoken
of as "1vibrionie septieRmnia."-TRANS.
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occurs, the bacteria, which at the commencement of the dis-
ease were for the most part free, now, during resolution, are
for the most part included within leucocytes and splenic pha-
gocytes.

Fig. 2.-Resolutioni of acute inifectious disease (relapsing fever), spleen
pulp of mnolnkey (Macacus erythr.), showing (a) a microplhage,
nultinuc lear, with inicepted spiroclhaetes; (b) solitary, and (e)
formiiing denise tamigle, (d d) ilumlei of splenic tissue (Zeiss,119 ocular
4; x 1515; dia.m.).

Nor is this all; analogous phenomena as a rule attend im-
munity, wlicil, most often, is but recovery in operation from
the ver-y onset of r disease. The more closely one studies this
condition of immunity, the more is one led to the conviction
that immuiiity and recovery are very intimately connected,
that one can pass by slight gradations from the resolution of
disease to the production of immunity. So it is that, in in-
oculating refractory animals with the microbe to whose
action they have beeni rendered immune, it is found that the
parasite beyins to develop, but thatfront the onset a reaction on
the part of the oryganis2nm shows itself, accompanied by a con-
siderable emigration of leucocytes which soon include the
bacteria in great numbers.
This relationship of pliagocytosis to acquired immu-

iiity is in tlhe highest degree instructive. Where a given
species of animal is specially sensitive to tlle onslaught of
one or other micro-organism, there, during the course of the
disease, the phagocytes are inoperative, iineluding none, or
almost none, of the bacteria. On the other hand, when by
previous vaccination these aniimals have been rendered re-
fractory, tl-heir phlagocytes have acquired the property of in-
cluding the same bacteria. As an example of this I may cite
the actioni of the bacillus of anthrax and of tile vibrio

Fig.d ! -Aitilirax of )igeolm (ain an:iimal but slightly susceptible to time
disease) to sllow stages o1 destlruction of bacilli by phlagocytes. 1
amid °? macrlopllaes: 1. from exudation fi-omii eye of refractory
l)ird fr.om mutscle of regioni of iinoculatiomm of bird that sii(-
cumlbeld, A. 5. miiiclopliages-all fromi eye twventy-seven hour s
after inoculation; a, a, unialtered bacilli: b1 b2 b: , bacilli becoming
More anld m1or1e (degeilerated amid imidisthict; cc, debris of bacilli
(Zeiss '. occmlar :3).

MNetschn-ikovi. In ordinary rabbits the development of
anthrax is only followed by a very feeble phagoeytosis, while

in vaccinated rabbits this phagocytosis is very extensive.
Corresponding, but yet more strongly marked, differences are
to be made out between the unvaccinated guinea-pig-an
animal most readily affected by the vibrionic septiceemia-
and the guinea-pig vaccinated against the same; after in-
oculation with the vibrio Metschnikovi, none of the vibrios
are to be found in the cells of the former, in the latter the
phagocytes are simply replete witlh the microbes.

1. X,
Fig. 4.-Plhagocytes, niacrophage and microphage, to slhow stages of

digestion anid destruction of bacilli, froom spleen and eye respect-
ively of wlhite rat witlh anthrax. In I part of the bacillus is unl-
affected, but a vacuole lhas foriiied arouild the otlher part, wlhiell
furtlher has now lost the power of takinig tilc stain. In,?, var-iouis
stages are seen, the bacilli passing throughi tlle grnnular badly
stainiing, to tlle vacuolated unistainied, unitil filially but faimit
"sladows " are observable (Zeiss Ig, oc. :3).

The facts einumiierate(d tlius far would seenii to prove that
there exists a certaini antagonism betweeii the microbes and
tlle phagocytes, and this view is confirmed by the fact that
in general the microbes finid time initerior of the pliagoeytes
ani unfavourable medium for their development and loil-

CZ

Fig. 5.-Two giant cells seen unidei higlh mnagnification (x 1315 diam11.)
from a rodent, the spermophile, inoculated with tuberculosis, to
show stages in the destructioni of the bacilli. a, unaltered bacil-
lus; b, bacillus staining badly, andwith greatly thickened cap-
sule; c, bacillus gr-anular and breaking up; d, e, " shadows."
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tiniued existeince. Very ofteni it is possible to determine
a'solutely that the parasites are killed within the plhagocytes;
after inoculating refractory animals witlh bacteria, an afflux
ot white corpuscles towards the region of inoculation, fol-
lowed by tlhe iniclusion of the bacteria and by their
death, is seen to occur. These staaes cani be well fol-
lowed where tlhe anitlhrax bacilli are taken into thle phago-
cvtes of aniimlals that are, or lhave been rendered, immune.
They occur also wvithl a long series of otlher micro-orgainisms
stldied(l in this connectioin, anid among" othlers ini thle case of
the tubercle bacillus iinvadinig animals that are more or less
resistait. Tle giant cells of tuberculosis are, in fact, lhuge
multinuclcar pliagocytes: and lhere the intracellular destruc-
tioni of the bacilli is tlhe more clearly demonstrable inasmucll
as the micro-organisns exlhibit sucli very evident signs of
degI-eneration; the bacilli swell, their enveloping membrane
becomes much tlhickened and hiiglly refractive, and in time
the eoiitents lose their power of fixing the stainiig material,
sO that evenitually niothling,c is left but sliglhtly yellowish forms,
r-ecallinlg in proportions anld positionl the enlarged bacilli, anld
thlese shladowy-37' bodies uniite. inito simi-all imasses of an- amber-
like appearance. A,nalogous transformationis niever beinig
obsevrvable ouitside the phagocytes-that is to say, eitlher in
cultures or in caseating inasses-tlhese clianges nlay well be
regar(led as due to a specific actioni uponi the l)art of the
gialnt cells.
The broad fact thlat the inv,asion of the oigainism by

imicrobles imiost ofteni induces, oni tlhe onie lianid, aii iniflainiiia-
tory reaction with its associated eimigration- of leucoeytes, anid
thiat-, On the otlher hiand, the plhagoeytes are capal;le of in-
eludinig anid destroying tflie inivaders, leads us to a(dIilit that
the afflu.v ofphraqocqtes to the invazded region, and their bacteri-
cu/actl properties, are mnechanism?s which serre to 7ward off bac-
ferial attrtck a-tnd to martintaiin the inteqIritil of the organismn. Where
thewpliagocytes do niot, eitlher immediately or evenitually, initer-
v'ene, but leave thIe field free to the micrb()es, these last
mulltiplyl wsithlout hlindrancl(eX, and1 suctec(l in killing thle at]uimnlll
withill, it imiay be. ani excessively slhort peri.od. Thus tin
1i1(cn)-or-anism of hog cholera, wlhicl is left quite umi-
touclied. kills the pi(g,on in the course of a few hiours often
withiim five hiours after inoculation : chicken chlolera kills
niot only pJigeos b)ut also rabbits in ani equally shlort period.
1lt othler diseases in wlhiclh the plhagocytes appear uponi tle
s(ell( in relativtely lar'ge iiumbers, al(l even include the nlicro-
org.anlismnts, the latter gaimi the day whenever anid wherever
thep1lagoeytes are immcapalble of destroying tlhenm or of pre-
venting their growtl.

This mainifest bactericidal actioni is to be compared wvitlh
tle plhlitoineia of intracellular (ligestiomi eharacteristic of
amIneboid cells iml general, and of leucocytes aiid otlher microbic
p)lmagro(cytes ill particular. These cells hiave the power (of di-
gestfimg wvitlh ease reol corpuscles aiild other orgammised edc-
mnents; just, as hav-e the amaioebwe proper, anid other protozoa.
Amnonig these last arte miiany wlhichl lhave beeni found(a to include
anlid transformii bacteria il; exactly the same way a(10o the
phagocytes of the hligher animiial.
Now, in (letermininig the intervenitioi or nion-int ervention

of tlme leuc(cyvtes in this wvar between the organiism-i anld the
bhacteria. a very great part is played by the,senssitivelness of
thlese cells to external influences, ancd especially to tlle clieimni-
cal (omnl)osition of their enivironment. The leucocytes are
plowerfully attracte(l by many micro-organisms and the re-
sultants of their gr-owvtli, aind as powerfully repelled by others
and their resuiltanits, or, as it is expressed, they have a positive
chentootra.is for certain nicrobes, a neqative chemniotax,vis for
others. The existence (of these chemiotactic properties has
been so clearly proved of late by tlhe researchles of Leber,
Massart amid Bordet, and (Gabritschlewski that I need not enter
inito a fuller explanation of tlie subject liere. AW'lhere negative
(chemiotaxis manifests itself, tlhere, being slhunnied by tlhe
white corpuscles, the parasites freely propagate tlhemselves
and iniduce tIme deatlh of their host. Nevertheless, this clhemio-
taxis is niot immutable, anid tIme cells can become accustomed
to substances from whlicll they slhranik at first-a negative
may tlhus be transformed into a positive clhemiotactic state.
Suchl obtainis in acquired immunity; tlhe. cells wllich, in the
uinvaccinated ailimal never included the bacteria, Inow, in the
xNacinated, take them up readily.

* * * * * * * *

There is not a single portion of the tlieory which I have just
expounded but has elncountered a lively opposition. Eveln
the fundamental fact that the phagocytes are capable of in-
cluding the microbes lhas had doubts throwil upon it; it has
been held that the latter insinuate tlhemselves ilnto the former.
Only after successive series of observatiolns upoln the plhago-
cytes and the living microbes lhas it beeln proved that assuredly
it is tlheplhagocyteswhich by the aid of tlieirpseudopodia them-
selves inlclude the micro-organisms. The observer can see the
wlhole process in the case of immobile bacilli, can see the leu-
cocyte approach, send out pseudopodia, and gradually include
the individual bacillus. Or conversely in cases of negative
clhemiotaxis, one can, iniblood takenfrom the nmonikeyduringthe
access of relapsing fever, observe tIle actively moving spirilla
come ilnto coontact withl a leucocyte, and even become attached
by one end to its surface; yet, lhowever active the movement,
one never finds that the spirillum succeeds in piercing the
surface and gaining an eintrancee. If it be suggested that
this entry may take place in con-sequence of the force of active
growthl and elongationi of bacilli, thlemi apart from the fact that
here but one set of cases is embraced, it can be determined
that this force is too feeble, it can be seen tlhat, during the
active growth of tIme anthrax organism in the blood, the elon-
gating chainis of bacilli curve in and out between the corpus-
cles, but never penetrate the cells.
From anotlher side the objectionl has beeni formulated that

in maniy cases the organism gets rid of its invaders without
the aid of the plmagocytes. According to those who support
this objectioln, this h-appens in the antlhrax of pigeons
(Czaplewski), and of refractory rats (Belhring, Franek), in sym-
ptomatic antlhrax of various refractory animals (Rogowicz),
anid in the septieemia of vaccinated guiniea-pigs due to the
vibrio Metschnikovi (R. Pfeiffer). A re-examination of the
cases hlere adduced lhas, lhowever, slhowni that in eaclh a very
(onsiderable phlagocytosis can be proved, aind that the niega-
tive results of time above observXers hiav,e been duie to insUfficient
mnetlhod0s of observ-at ion.

Fig. 6.-Bacilli of antlhrax growing out of plhagocytes that have been
killed by the additioin of bouillon to time drop of exudation in
whImich. tlhey were contained from the refractory pigeomi. 1 and 2,
stages ini growvth of samiie bacillus; 2, 3 wer e later tlhani 1 (Zeiss F,
Oc. 4, for 1, 2, 3, D x oc. 5 for 4, - and oc. 2 for 5).

Wlhile accepting that the plhagocytes do truly absorb tlle
micro-organislmis, otlher opponents of the tlheory have urged
tlmat these cells are only capable of ineluding micro-organiisms
already killed by other mealns, and that living microbes are
solely to be found within tIme cells in those cases wlhere there
lhas been a fatal ending-in tuberculosis, mouse septicTmia,
and so on. Against this may be brouglht the fact determineid
by Lubarsch. that time pliagocytes of several animals refractory
to ailtlirax take up livinig bacilli that lhave been injected witlh
greater eagerlness than they include those wlhichll lave beeni
killed before injection. But furtlher, this objection may be
disposed of by direct observation of bacteria undergoing de-
velopment from within the interior of phagocytes after the
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latter have )eell (lestroyed iy a sublstance whlicil is at tlie
saime timie a favourable medium for bacte rial growvtlh, as, for
instance, beef broth. Such observations have beei1 nmade uponi
pigeons rendered immune to anthlrax.

Duriing tie last year or two great stress lhas been laidl upon
the fact that the bodily lhumnours tllemselves possess mnost
marked bactericidal properties, and, in fact, again'st the
theory of phagocytosis lhas been brought another lased i1poi0
thlis power of the lhumours to dlestroy the micro-organisms.
Observer after observer lIas remarked that in blood plasma,
dlefibrinated bloo1(, 1l10(o1 ,eril0, alnd in the blood as a whole,
in the removeol aqueous lhumour and otlher fluids and(i exuda-
lionis of the body, mnany species of b)aeteria perislh after a

longer or shorter interval, and fortlhwitlh an endeavour lhas
been made to find in these facts some elucidation of the
phenomena of immnunlity. Yet the, more deeply one examines
into the question, tlhe, more one is convinced that no relation-
ship exists between tle twvo. Tlhus it lhappens often that tlie
bactericidal property is more developed in susceptil)le species

thaln in refractory; so witlh regard to tlhe anthrax b)acilli, in
the very sensitive rabbit. the bactericidal properties of the
liumours are more, proniounced tllani they are? in tlhe refractory
dog; a(ld Bellring and Nissenl, tle tvo wlho almiiost simul-
taneously first olrew our attention to these plhenomena, in their
combined researclI receintly publishled, admit that, as against
the bacteria of anthrax, pneumonia, anid diplhtlheria, this
b)actericidlal property exists to the same degree in the juices
(If animals of the same species, whether tlhey be susceptible or

have leen. rendered immune. Often, agaill, ithas been (leter-
mnined that tle 0lood( removed from the organism lhas a

greater power of (lestroying bacteria tlhan itlias witlill theorganlism. A simiall qluatntityof blood withdrawn from the
body will, ill certain instances, kill a mass of bacilli greater
tllain tllat whlichl, injec(ted iiito tlhe irculation, would inevitably
cause deatlh. Evi(lently, therefore, in tlhis bactericidal in-
fluelnce, extravascular lp)lleomena eniact an importanit role,
-pllenonmenia, tlhat is, wlilich have nio con-nectionl witl wliat
occurs in the living refractory organism.
From anotlherpoilt of view, strollg argumenits have ibeen

directed against tltis tlieorv of the tissuefliui(hs. It has beenshown-, specially by thle reisearclies of M. Haffkiie, that the
oleatli of the ba(terica transported illto organic fluli(ds is
largely (lue to tle, sud(ell ellange of mnediuim, aild that in
p)issillg from one0 medium to another by successive sliglht
inio(lificatiolls ill the fluii(d of growtl, it is easy to make
lbacteria live ill flui(ls w0iicll, when tie chlalnge of environ-
Ilnlelt lias been abrupl)t, swiftlv lea(l to their destruction.

Iii order to gaini an i4ea ias to thel)art played intfle refrac-
tory anlimal by the fluids 111i(d the lllagocytes respectively,
the eldlleavour hlasbleell ina(le to se)paralte tie two by placillg
ilil(lTer tle skini (f frogs (whicil are niatuirally imimune to
alltlriax) minute l)packets formed of filterlpaper or of animal
membrane, an(d containing the i)acilli. Time paper, wlile
permitting tle p)assageo(f fliid, wvar(ls off tlhe wanlllering
lllncboi( cells for a certail timie. Slielded in this wayfron
thelplhagocytes, thllolugl (expose(l to tile actiomi of tlte juices,
IIilel)acilli grow well and produee the characteristic felted
mass of aiitllrax filaments. 13aumg-iarten lhas iiot )eell able
to(olnfirm tlhis exl)erinellt, but Iluippe alld Lubarschllave re-

peatedly verified it.
But it isllot evllnecessary to take tlhese pr'ecauitioiis in

(order to assure oneself that antllraxslpores germillatei tle
juices of refractory animals. Recently, for instance, MA.
rr.Fr,ipeznikoffhlas founild that wlleni tilese spores are iinjected
inito tlhe dorsal lymnplh sac of the frog, theyconstaintly tend to
dlevelopilito b)acilli whliose furtimer growlth is stoppedby tlie
phlagocytes, ivhicl include tlhem, aloing with suchl spores
ais lhavellotl1a(l timie, to g,erminate. Eveiitually tlle b)acilli
absorbed are digestedby theirlhosts, whlile time included
spores reinaiin ita(t, althloughm incal)able of giving birtlh to
bacilli for so iloiig a tiulle as tlhe phagocytes remain alive.
And Inighlt adduce othler similar cases. Suclh a coml)arative
exaininiatioII proles that in tlhe living body tlhe baeteri(idal
property resides ill tlhe )hlagrocytes, and niot in tie fluids.

Still it m-ay oeiirge(l that possibly tlhese cells. which(all
tlius(levour and destroy the livilig microbes, are ollly ill a

positioni to attack bacteria wliose virulenieehas alreadybeeil
lesseniedi by other inealls. AWere thois so, tlhe mierobes
present in a refractory organism shlouldbeelave, iiot like

parasites, buot as sinipl e ilnoffensive sapropl)1ytes. Hence thlese
microbes-powerless to prodluce uponl a refractory soil the
toxic substanices which ren-der them patliogeinic and dalnger-
ous-slhould easily be inieluded aind destroyed, so tilat, ac-
cordiing to thlis lypotliesis, wlicih hllas frequently been broughlt
forwvard, time plalagocytes play a purely secolldary ammd de-
pelldellt part, wvaitinig ulltil tlhe microbes are weakenied beforetlley seize uponi tileni. Ill favour of this viewv tlhe fact ilas
been cited tlhat certain Ilicro-organislns cultivated ill tile
blood or serun of vaccinated animiials ec(olne attenuated, so
thlat thley I11 longer induce a fatal disease. Tlhe bacillus
allthlracis growimi in time )loo0( of vaccillatedl sllOep 11o loniger
kills rabbits, and, accordinig to Rloger, tlle streptococcus ery-
sipelatosus grown in tlhe blood of vacciinated rabbits onily (Ic-
casionls a sliglit and passinig disturbancee ill susceptible mmein-
hers of tlhe same species. Buti liere agailn we are dealing witlh
fluids witlidrawn from tlhe lbody, anid so modified in various
ways. Let us make ani obsservation more strictly to tile
poinit. Take, for instancee, a ralbbit vacciniate(d against aintllrax
alld ilnoculate it witli anltlhrax bacilli, tlius ailowinig tilese to
exist directly witliiii tlie refractory organisml. Sucl bacilli
as are not (lestroye(l preserve tlmeir virulelmee for a sufficiently
long periool, aild it is possible to kill a guinea-pig wvitll a drop
of exudationi taken from tlle regioim of injectioii tliirty liours
after subcutanieous inoculation, ei glit days after inoculationinito tile alterior clhamber of tlhe eye. A sojourni of so loii-
duration witliin time vaccinated organisili, tlien, lias niot ole-
prived tlhemicrobes of thieir virulen-ce, altlioughi twenty-four
lhours suffices to completely atteniuate the bacilli cultivated
in time removed blood of vaccinated sheep.
Years ago, it was establishmed in Al. Pasteur's laboratory

t1iat time refractory organism, instead of being aim unfavourable
soil for tlhe preservatioim of virulence, tends tle ratlher to re-
inforce thlis property. To exalt tlhe viruleimee of an attenuated
inicro-organism, one always employs, not aniimals very sus-
ceptible to tlhe specific disease, but tllose whlicli are sliglltly
susceeptible, or it may be, unider many circumstances, refrac-
tory. Im tllis maimner, the most active anitlirax virus lias
usually been obtained by passage tllrougli birds, niotably
fowls; the greatest virulence of cliicken chlolera was gained
by passage tlirougli tlhe vaccinated cock. and quite receimtly
M. Malm hias sliowni-i tlhat passage of the antlirax bacillus
tlirough tue orgaiiisins of(logs, wliiell of allimanmmals are thle
most refractory in tl is respet, iMeireases its viruleniee in a
mnost relnarkable inammiier, so thiat tbe gemleral law may be
laid dowim tilat aim organiism wmich islout sliglitly susceptibl)e
oor is refractoory is able miot onily too preserve, but eveni to
exalt, the \virulenee of bacteria. Tlhe principal argumieit
ill favour of the imypothiesis, tlhat patlogellic inicro-organisiims)eco(lne siinple inoffensive sapliropliytes wlheni they fill(a
thieniselves ill a refractory region, loses tlherefore its raisoa
d'Wtre.

l.lBouclhard, in Iiis objectioni to tle thleory of pliagoytosis,
may be regarded as introducing but a moodificatioii of tlhis
ltypotlbesis. Helholds that patlogenic b)acteria placed under
favourable1 conditionls give rise to sulbstalnmes ivlicll iiiider
tMe inflammatory process, and tlhat olily whmeim tllese ill-
llibitory substances are illa(le(quately represented do tue cells
initerveime. Wimeni, therefore, tle orgaiiisll relmdered refrac-
tory by vaeccinatiomi beconmes an unmfavourable soil for the
production of theseihmibiitory bodies, tlhe b)acteria can 110o
loniger prevenit the inflanlinatory reactioli; free emigratioll of
tlhe leucocytes enisues, tlhese cells seize upoln the impotenit
microbes, and put a stop to tileir furtlher growth. Im tlis
theory, tlle part played by tlhe plhagoeytes is again secondary,depending upoIn a deartlh of anti-inflammatory substance.

If thethleorycould be accepted in certain cases, it is never-
timelessinapplicable as a general rule. In allthose affections
whicli arechlaracterised by the absence of leucocytes upoii
the field of battle there iscertaiimly no lack of inflammatioim.
Tlhe very reverse obtains. In anthlirax affecting small
mammals,just as in the vibrionie septiemnmia of pigeons and
guinea-pigs anid otlier analogous diseases, we find that thiere
is a very(listinct dilatation of the vessels, accompanied by
great exudation; time inflammatory reactioni iswell marked
ilotlimig is waimting savetlhe determiniatioln of tlle white cor-
puscles. Or employiig yet furtlier that affection, whieci is, as
it were, time touchmstone of time bacteriologist, a still clearer
proof of our contentioni is to be gained, ifwe inoculate a
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rabbit on the on1e ear with a small quantity of virulent, on
the otlher witlh a like quantity of attenuated, anthrax virus. In
the course of a few lhours the external signs of inflammation
are far miiore con(spicuous in the former; the vessels are
g-reatly enlarged, aild there is liteirally a lhuge exudation of
clear scions fluiid inlto the part; in the latter the external
sign1s are less promilnenit, but examiniation of the seat of in-
oculation shows it to be packed witl leucocytes. Conse-
quenitly, thle plhenioiimenon-*we are discussing is to be explained
Inot by an absenice of the inflammatory process, but much
more, satisfactorily by a negative clhemiotaxis of the leuco-
cytes, wNhich, instead of being attracted by the bacterial pro-
ducts,, are ropelled ; where the animal is vacciniated or refrac-
tory a much slighter inflaimmation is sufficient to prodluce an
aliinfiiiant (lliglration of the leucocytes.

l)uring the last, few days l3ehring lhas brought forwvard
ainotlfir view whliiclh Awould explaini immun-ity in a wlholly
difftlerent way. According to himi the bacteria can live and
eVeni preserve thleir virulenice in the refractory organism, but
the to.xi>Ies excreted by tlhemii nowl unidergo a m-iodificationi so
-as to 1b rend('ered completly in1offen1-sive for the animal.
And to this "toxicide property" of the organiism is to be
attributed the essenitial quiality of the immune state. It is
impossible to pronounce upon the argum1111eints that lhave led
up to this tleo-ry, for as yet they have niot been circumstan-
tially set fortlh. but alrea(ly onie can declare that suchI a
theory is in iii wise applicable to the plhenomena of immu-
niity in-general. In thlree diseases remarlkable for their prQo-
nouinced toxic cliaracter-vibrionic septicTemia, pyocyaniic
diseas(e, anId hog cloldera affecting the rabbit-as shlown by the
experi mi ntss of (<Iiarrin, G(IamaleYa, and Selanider, the toxilnes
are so little attacked by the refractory orgianismli that tlhe
same (quianltity of tleset substances (freed from bacteria)
sutliecs to kill an aniimal very susceptible to one or other
dlisease, aniid ain animiial vaccinated ag-ainist it and thus coIl-
pletely inlie. So too nioni-fatal doses of thlese toxines
pro(luce ini aninmals of the two categrories the same febrile anld
inflaininmt rv reactions. The proof is clear that there is nio
specidl dcstruct ion of toxines in thle( refractory aninial, anid
that tle " toxicide property," if it exists, is not olle wlhit
imore deb\'l pc(l after vaccination tliaim before.

Passing, iii re(view all these couniter tlheories wve see that
each of tlown (all only be applied to a certain number of
facts ; iin some an aitteiliatting or eveni bactericidal influenice
of thle juices is relied uiponi, in otlhers an anti-inflammlia-
tory actioin; iii yet otlhers a toxicide propertv. Still the
pliagocytic rea'iction is the oiily constanit in all those cases of
immiiiiuniity ani(t recovery that lhave as yet been sufliciently
studied, and while certain of the factors imientioned (tlle,
atteuau.lt iii- aiid( toxicide properties) (1o iiot ill the least toucl
upoii thle (clintimuct existence or otherwise of the micro-
torgaism, tlo bactericidal power of the plhagocyte puts an

ell(ndto tliaal',site itself, anid thlus at a given moment pre-
venlts furthler nianifestation of its virulenceV, or preserves the
aiinimal ittaciked(l at a timiie when the toxicide properties would
be fouiiind wanilting. aind the microbe remainingir alive would
oiisequieiit ly gain tlhe? upper lhanid.
But while thlus placing before you the importanit part

played 1by the phag(ocytes, I (lo iiot wislh it to be thloughlt that
tlese (ells are unaided in their contest by otlher defensive
mleansIlls p(issssid by tle organlism. This is far from beinig
mIiy view. Tliu,-iin the feb)rile reaction, we see a puissaint
auxiliacrly very delinit ely favourinig the workl of tIme phago-
cytes. This febrile reaction lhas oinly to be inhibited-as was
donewbv -\I. Pai'steur in the antlhrax of fowvls-and animals
natural ly refractory to) the affectionl succumb to the ravages
of the bacilli. It is niot possible at the present time to state
fullv an-id accurately all these influences wvlichl are associated
iln aidiing l)hpa-ocytic action., but already, we have the righlt
to malintaill tfliat in fthe pr,¢operty of its amaihoid cells to in-
(11e(l(tode.itr'ol 'microo((le*!(le a,itdX to 7f iC'0-or(.animns., the ciiiinaiil od(/f }))oSSeSspsC aRtoin d(i.Ji'.' c/N' 0f/ C(nd defenco (i/Cfa(ist thesezn fctious

A IAiEN-GNwas receintly lheld at the Academy of Medicipe,
New York, for the purpose of organising an American Electro-
Therapeutic Atssociation. The committee consists of Drs. G.
Belton MAIassey, A. H. Goelet, and H. R. Bigelow.
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A CASE OF TACHYCARDIA OR RAPID
HEART SUCCESSFULLY TREATED BY
ELECTRICITY AND LARGE DOSES

OF BELLADONNA.
By THOMAS OLIVER, AI.A., .D., F.R.C.P.,

Physician to the Royal Infirmary, Newcastle-upon-Tyne, and Professor of
Physiology, University of Durham.

IN July, 1890, I was asked by Dr. Farquharsoln, of New-
castle, to see with hiim iin consultatioln a younig mani, age(l
28-a nervous, anxious-lookinlg anld emaciated man, whlo was;
sliglhtly cyanosed. There was no hiistory of rlheumiatismi.
Five or six years ago hwe met witlh ani accidenit, and againi,
two years ago, wlhein lhe fell over a ''tippinig " witlh hiis lhorse
and cart. TlioughI not materially inijured at the time, lie felt,
as if hle lha(l had a slhock. Fromn this date lie became ex-
tremely niervous, and beganl to lose all hiis energy and pluck;
lhe becanme afraid even of hiis owni horse. IIe, now began to
suffer fronm attacks of violent palpitation, which w)ould last,
for several days, anid withlini the last thlree monthls le hlas beeni
seldom free from these attacks of palpitationi anid a sense of
car(liae distress for more tlhani a wveek at a timne.
Whenl.seeni first ly Dr. Farquliarsoni in these attacks tfle

pulse rate was generally from 190 to 230 in the minute. In
hiis quiet state the pulse seldom exceeded 90, anid whleni this
was tle case tlhee couild be lheard a well-marked mitral sys-
tolic murmur. There was nio albuminuria, nio disten-ded
jugular veinis, anid lo (edema of feet, but thle left pupil was
noticed to be smaller tlhani the riglht-a conidition of thlinlgs
whlicl became miore proniouniced, Dr. Farquh)arson stated,
if the stomacli were dlistenided witlh flatus. Hle had lately
leen thwe subject of dyspepsia anid constipation, and wheni
tlhese were presentlhis cardliac distress was incereased. Beyond
a sense of discomfort, of priecordial paini anid uneasiness
whichflte excited action of the lheart caused, there was no
marked dyspno-,a. Ilis sleep was broken and fitful. By his
illness lie lhad been re(ldered quite unifit for work.
The sliglht cyaniosis alluded to was noticed in the lips, on

tlhe face, aii(l in the filn(er enids. Thle pulse wvas small and
extrem(ely rapid. I counited up to 240 beats in the minute
anid tlheni lost it. It was upwvard(s of 250 oni Dr. Farquhar-
son's reckonling, but oln this poinilt we speak guardedly.
Knee-jerks were slighltly exaggerated. The lunigs were per-
fectly lhealtlhy. Heart: the apex beat, wlichl was very dif-
fused, was felt two inchles external to the nipple; thereiwas
also marked epigastric pulsatiol pulsation, too, was seen
and felt to the right of the ste-rnuimi at the level of the riglit
ventricle. The area of cardiac dculness wvas increased trans-
versely. The tap of the lheart could be seeni and lheard quite
distinctly several inclhes fromi the clhest-I tlhouglht abouit two
feet. Over the aortie area-extendinig up to the episternal
notchl and dowin the sterniuml to the xiplioidl cartilage-was
lheard a rouglh grating systolic inurmur, followed by a well-
marked second sound. It was only by counting the loud
second sound of the lheart that we were able to estimate tlle
rate of cardiac pulsation. In addition to the grating sys-
tolic murmur mentioned above a soft mitral systolic conild be
hleard, which wvas carried towvar(ds the left axilla, and par-
ticularly towards the back at tle level of the fifth dorsal
spine. Pressure upon the pneuiimogastric nerve in the neck
slowed the action of the hleart. The urinie wvas normal* the
internal organs of the abdomen appeared to be healthy.

Wre arranged that lie should lhave 30-minim doses of tinct.
belladonne, witlh small doses of Fowler's solution; that for a
few days the ether spray should be applied to the back of the
neck, and afterwards the interrupted current to the pneumo-
gastric, one pole bellind the neck high up, and the other
along the course of the nerve in the neck. Within a fort-
night lie was very muclh better. Ilis pulse was never highertha'n 120 a minute, and that only during excitement. A
sphygmographic tracing taken at this time showed low
arterial tension and well marked dicrotism. There was still
the well-marked pericardial grating and mitral systolic mur-
mur. The area of cardiac dulness remained as before; in its
lateral diameter it measured 6- inches.

It is now seven months since I sa-w hiim and Dr. Farquhar-


