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ELECTIVE LOCALIZATION OF STREPTOCOCCI.

LECTURE BY DR. E. C. ROSENOW.

POsT-GIl ADUATE lectur e was deliver-ed oni May 26tlh at tlse

Royal Denital Hospital of Lonidoni by Di. E. C. Rosenow of

tile Mayo Cliniic, Rocliester-, U.S.A., wlho relported the re-
stilts of certain experimenits whliclihe liad under-takeni. Tlle
devitalized teetlh of dogs w-ere iiioctulated witlh streptococci
(deri-ved fr-oia v-arious infective lesionis elsewhlelre iin the

bodies of iumnial patients; similar- lesionis were reproduced
ir miiany of the doos. TIre followin,, abstract hias beeri
cointributed by Dr. Rosenow.

If the streptococci slhown to possess elective localizinig power
onl isolation ill a considerable number of diseases (as slhown in
a seri-es of publislied reports) really have etiological signiificance
ili tire differe-it diseases studied, tllei they should localize anid
produce lesions in the specific organi or tissuies, following otlhel
methods of inoculationi. Owing clhiefly to their relatively low

viiuleince, this has beein demonstrable in particular instances in
different diseases followinig intraperitoneal, subcutaneous, intra-

fircheal, intratibial, and intraocular infections, and, in diseases
of the nervous system, after the intracerebral iiijectiois of suit-
able doses of cultures or of the material obtainied directly fiom
foci.
In order to remove all doubt that streptococci showin(g elective

localizinig power may prcduce disease in i-emote parts of the
body through clhronic, low-grade, symptomless foci of infection,
such as occur commonly in humain beings, we have inioculated
tIre teeth of dogs with str eptococci shown to possess elective

localiziiig powers. Under ether aniaestlhesia the four cuspids
were isolated, sterilized witi tinicture of iodine, and severed
with a bone-cutting forceps. The pulps 'were removed arid,
under sterile coInditioIns, the pulp chanmbers of thlree were ilnocu-
lated with tlhe cultures of the streptococcus in question. The

openiing was theni sealed witlh gutta-perchla arid amalgam, amid
the aniimals uvere observed, togetlher witlh conitrols, for froom
two to twenty-four nroniths. Highly specifio results were

ob)tained ill this series of experiments. Thus of 34 dogs in

which the teeth were iinfected witlr stIeptococci from foci cf
infection and the urine of nine cases of neplhrolithiasis, 26

dogs (75 per cent.) developed urinary calculi. Three (60 per
cent.) out of 5 dogs inoculated in ttie teeth witlh streptococci
from tw7o cases of alkalinie pliosplhatic cystitis developed similar
calculi. Thlirteen (65 per cenit.) out of 20 dogs with teeth
infected by streptococci from three cases of ulcer of the
stomach developed ulcer of the stomach. Seven (47 per ceiit.)
of 15 dogs wlose teeth were infected with the diplostrepto-
coccus fromn chlonic ulerative colitis developed ulcerative
colitis. In ino inistance were lesions other than the specific
oines observed in these experimenits, but some strains had insuffi-
cient infectinrg power- to pr-oduce the specific or other disease.
Thus, out of 40 dogs whose teeth were inioculated with the
streptococcus from sixteeni cases of clrroniic arthritis, not one

developed arthritis, nor did any of 38 dogs inoculated in tire
teeth with twenty-three strains of streptococci from onre or more
cases of clholecystitis, iritis, chronic encephalitis, spasmodic tor-
ticollis, chronic poliomyelitis, goitre. aind abortion, develop
specific lesioirs. Five (13 per ceiit.) shrowed small calculi in the
kidlney. Of 1,014 control dogs, the teeth of wlichl were riot
inoculated, ancd which were kept anrd fed in the same way at
the institute, 51 (5 per cent.) revealed smnall urinrary calculi,
arid 6 (0.6 per cent.) ulcer of tIre stomachi.

The relatioin of the resppctive streptococcus to the disease
produced was substantiated by demonrstrating its presence
microscopically in the specific lesionrs and granulomas about the
teeth, and lby proving that the streptococci isolated from the
focus at the apex of the tooth and systemic lesion had, at tire
end of the experiment, retained specific or elective infecting
power. The teeth, reiidered pulpless, remained firmly in the
jaws; they apparently caused ino painr, but became opaque and
dark in colour. At the apices, areas of rarefaction were found
filled with granulation tissue. Tire disease produced, especially
in chronic ulcerative colitis, rams a typical cinrical course, the
experimental lesions being esseirtially like those that occur
spontaneously in patients. Sections of tire grannilomas produced
experimentally were often inidistinguishable, botir as regards
the character of the cellular inifiltration and the diplococci,from

those that develop so commonily about the apices of pulpless
teeth in h1uIImani patieiits. In tire dogs that developed systemic
disease, as in patieiits havinig chronic disease, the antibody
conitenit of the seruum was -low. The tootlh froni whicl the-
pulp was merely emoved ofteni became infected witlh the
srtreptococcus inioculated into the other thlree teeth rendered
pulpless. The foci produced experimenitally with differenit-
streptococci, besides givinig rise to the specific disease cinaracter-
istic of the streptococcus inoculated, had other nmore genelral
deleterious effects. The dogs lost weight and hair, and lecame
lhighly susceptible to intercurrie!nt infectioins. A dietar y anid-
othelr liviing conditionis adequate to mainitaini lhealth in nlormnal-
cointrol dogs was iniadequate for the dogs in wlichl chlollic foci
were pr oduced experimenitally.
In ordelr to thlrow some liglit oni the mechaniisnm of elective

localizationi, we have injected ainimals simultaneously with the
living cultures, witl the corresponding heat-killed bacteria,

(600 C. for tlhirty miniutes) in larger amounit, and withl the filtrate
of rapidly growing broth cultures. In this way we have founid
that str eptococci hlaviIng elective localizing power develop inl.
their pr-otoplasm, anid set fr ee in tire brotli, toxinis or poisons
w.hich injure electively the -very tissues in which the living
streptococcus becomes localized and produces lesions. This lias
beeni shiowvn especially in the case of streptococci from myo-
carditis, enidocarditis, ulcer of the stomach, and epidemic
hiccup. Ani interesting Foinit emerged-namely, that after the
livilig cWltriie hrrld lost the power to localize electively from
artificial criltivatioii or- successive aniimal passage, the dead
bacteria anid filtrates also no longer lhad specific effects.

Oni the basis of our cliniical observatiois anid exper imnen1tal
restults, a focus of inifectioni which for mechlairical reasonis canlnlot
heal or drain slhould- 1)e regarded Inot only as a place affordiiig
favourable coniditionis for- enitranice inito the blood, or lymph
str eam, of bacteria anid their toxic produots, but as affordinig
also conditions (relative lack of oxygeni, miixture of bacteria)
favour-able for the bacteria to acquire anid maintain peculiar aind
relatively higlh inifectinig power. Thte focus makes for a forced
relationship between liviirg bactelia aiid the resisting mechaniism
of the lhost. Siiice the bacteria, usuially str eptococci isolated
from foci, lave beeni shlowni to possess elective localizing power,
to conitaini airdI produce specific poisoins aind anitigenis, anid tire
properties which may render the host aind the tissues in wllich
they localize hyper-senisitve or aller gic, the importaiice of tile
focus caimnot be igiiored ill any phase of a study of tIre
etiology, pathology, immunology, aid treatment of a large niumber
of inifective diseases. Since immuiiity to streptococcal inifectionls
is of short durationi, the focus will ireed to be coirsidered evenl
after highly specific curative vaccinies arid serums are dis-
covered and successfully appliedl. The importanice of hiigr
resistance from proper living irs the maiirteriaiice of conitinued
lhealth is takeni for gr anited.
Devitalization of teeth and the filling of root canals, practised

as a routine irs the past, at aily r-ate in America, slhould cease.
It is to be hioped that efficient methods will be found that will
iot oinly sterilize pulpless teeth and periapical tissues thmat have
become inifected. but will also preveiit subsequent iirfectioli,
especially of the periapical tissues. The fulfilmenit of the
latter requirement seems almost unattainable, and until this has
been accomplished by the- newer methods Inow being introduced,
aiid which appear more promising, it would seeni wiser- to
remove teeth that have become iilfected, or that require extir-
pation of the pulp, than to retain them at the risk of havinlg
them become tire source of an insidious infection later. Normal
vital teetlr, fn-ee from pyorrlhoea, pulp stones, and fillinigs, should
irever be extracted, except wheDi.ilecessary for restorative work,
but the extraction of pulpless teethl seems to ineto be indicatel,
regardless of the appearairce of the x-ray photographs It seenms
to me also that tonsils should be removed, regardless of wlhether
they are large or small, or whether they are visibly infected or

not, unless this is contrainidicated for various reasonis, in all

patients who have serious systemic diseases presumed to be of
focal origin, and provided that no otlrer focus can be found. It
must not be supposed, however, that other regions, not ilanly
sense foci, may Iiot also harbour the streptococcrs witlh wlhicil
the disease from which ttie patient is suffering may be riepro-
*duced. We have isolated streptococci in some instances. not
only from foci, but also from the more normal mucous nieni-
branes of tIre upper part of the respiratory tract, and fromthe
stools. This may explaini why the condition of some patients
does not improve following the removal of one focus or more.

[ THE BRITISH
I MEDICAL JOURNAL

1100 iu-,NE 149 I9301
I



JUNE I4, 1930] _ lBESEARCH DEFENCE SOCIETY. [MTiC,BRiT.8BX 1101

It also goes to show that our coinceptioni of the principle em-
bodied in focal infection must niet be too mechainical. Tile
bacteria that gain entrance throughl foci must overcome the
same iniherenit resistaince of the host as those that gaini enltranee
elsewhere; the factors determiningo their localizationi are the
sanme in bothl iinstances.

In the demllonistrated fact of focal infectioin and elective local-
ization there is Inothinlg incompatible with the broadest possible
concepts regairding the importaince of other and more general
factors at work in -the causatioin of disease.- It does nIot at all
miiinimize the importanice of peculiarities in the lhost, such as
those due to inhlerited coinstitutional predispositionis, to allergy,.
to undue fatigue anid exposure, to alcoholism, anid to intercur-
rent inifectionis. Iiideed, oui' iewer work emplhasizes the impor-
tanice of tlhese, and reveals more clearly hovw they are operative.
The streptococci isolated are believed to have etiological sig-

nificance because they have beein alniost colnstanitly demonistrated
in foci anid, wvhen available, in the affected- tissues. They
possess orn isolation elective localizinig pow;eir anid the character-
istic cataphoretic potenitials. The differenit diseases have beeni
simulated by various methods of inijection of freshly isolated
strainis, and some diseases have been accurately reproduced witlh
thie respective streptococci throughl chrionlic foci such as occur
commonly in humani subjects. Most of the strainis from the
different diseases studied are agglutinated specifically by the
respective hyperimmunie serums prepared' in ,horses, aind wlhiclh
possess curative properties in several of the diseases arising
sponitanieously in mani, as ini those experimentally induced in
aniimals with the respective streptococcus.

E. C. ROSENOW.

THE RESEARCII D".FENCE SOCIETY.

ANNUAL MEETING.
LORt1) LAMI-NGTON plesi(led at the annuiiial mlleeting of tl,-
Research Defence Society oni J.June 3rd, whenl the annluial
report of the committee was presented. The fourth1 Stephieni
Paget Memorial Lecture was delivered by Mrs. Mellalnby,
hier subject being tlle value of aninmal experimenits in deter-
miniing the. question of (liet anld (lenital disease.
The committee, whose rel)ort was plresented by Lord

KNJUTSFORD, pointed out that the Honie Secretary (who
was hiimself on the list of vice-presidents of the Britisht
Uniioni for the Abolition of Vivisectioin) lhid expressed the
opinion that, in vieew of the tlhoroughl inivestigation by
the Royal Commissioni, wlhicli re)orte(d in 1912, there was
iio call at plresent for furtlhe inquiry. This was precisely
the attitude taken up by the Resealr Defetnce Society,
taiild now that it came fromli a miani wvho in p)rivate life w'as
ani antivivisectioniist, buit wlho by virtuie of lhis office wias
in a p)ositioli to inquire into the trule facts, it deserved wide
notice. The miiain trend of anitivivisectioni endeavour du-iring
the year lad been propaganda against the al)peal of thew
Royal Veterinary College, and againist the wvork of the
Me-dical Researl'ch Couicil. Witlh regard to the formnelr,
the soeietv lhad exlpose(l the absurd positici wlihereby, oni
the onie ihand, antivivisectioniist societies stood for the
1prevelltionl and alleviationi of aniimal suffering, whlile, onl
the othler, they spent, their fuinids oii camiipaigns against
the piogress of veteriinlay medicinie. As for the Medical
Research Council, it was well to remenember tlhat, npart from
tlle valuable researche; conducted bv that body, it had
been- responsible for some time l)ast for the maintenance,
and, ini somiie cases, the developmII1ent, of the notional
biological stalndards for certain (rugs anid preparations of
the utmost value in everyday lpractice.

Sir LEONARD ROGERS, the honorary treasarer, bdI no VelN
encouraging report to Present. Th(e society hiad been1
obliged to realize some of its inivested capital in order to
meet expenditure; an appeal was miiade for increased. regular
anniual subsecriptiolns.

Stephen Paqet Lecturec.
MrS. MELLA2N-BY'S Step)hen Paget Lecture, wNhich was illus-

trated by laniterni slides, recounted lher wvell-known work
on the studv of thle teeth. Mrs. Mellainbv conifessed that
slhe lhad started as anl antivivisectionist, bu-t, like othler
alntivivisectionists, she kniew nothlinig about tlle matter

excep)t thie stoiies slhe had heard. At Camiibr-idge, lowvever,
slhe fouind lherself uinable to contiiue lier worik w-itlhout,
takiiig parat in a, vivisectioin xl)exrimelnt; slhe lhad sine seeni
thousands of so-called vivisection experimi-enits, aiidl ;iad
comielto realize wlhat ' a hiumllianie crowd( of people " were
those whio weree tlhus enlgaged. A very large proportion of
the total experimi-encts on animials w-ere fee(ding exl)erimiieints,
tllouglh for thlese, as for others, it was niecessary to hiave
a licence, and an insl)ector -as enititle(l to pay unianniiouniced
visits. The work she had to describe, fr om-; whstlich results
of advantage to ellildrleni particularly hladl emerged, enltailedl
the feeding of animials onl experimental diets,- witlh the
obj,ect of ascertaining the effect of variationis of feeding
upoIn the strucieturic anid alrr'anlgeiiienlt of teeth. Slhe mlien-
tioned that the aiinimals were kept in large cages, whicim
were cleanied out every- dav, tanid lha(l a bed lined witlh
slhavings. In attemnptinig to fiind out the effect of any one
set of conditions animials of the same litter were used,
the diets were star-ted at the same time, anid- the animl-als
killed at the samiie time. The value of vitamini -D in the
calcificcation of teeth was illtustrated by a l)lpotograp)ll of
the jaws of fotur puppies wlhose permianrent teeth were just
begininilog to (levelol. The diet of all foun consisted of lean
meat, separated iilk, white flour, a little oranige juice,
anid -a little yeast, the only difference beinig in the type
of fat given. The fats wer-e respectively salad oil, biitter,
egg yolk, anid cod-liver oil. Witlh the first of these food-
stulffs the structure of the teeth w-as extremnely bad, with
the second amid third it was good, and with the fourth
it was best of all. Vitamiini D was absenit fromll salad or
linseed oil, aidlplesent in abundance in cod-liver oil.

T'iiminise to the strutictur e of hIiuian te&thl, the lecturer
sai(l that it wI.as usually believeed that the milk teeth of
cllildreni were well calcified; but itinial experiment had
suggested that this could niot be widely true, and the
mesult of examiniing tIme teeth of a large iinumber of clhildien
had(! coniviniced her that a very large proportion of childreni

-ill this conmitry suffered fromn defective calcification, espe-
cially of the mlilk teetlh. In mlore thani 600 cases she found
only 1 per ceint. in wlich the milk teeth were nearly
perfect, and in 29 per cenit. tlhey wvere very defective.
A questioni arose wlhetlher the beginniimiig avnd spread of decay
in liuiianl t.cetlm could be influeneed by diet after the
teetlh weree fully formled. The experiments had shown tha-t
after tWof- str uctimm-e of teeth was established, diet could
influence tl,e spread of decay. The piol)cr diet-might not
be able to arrest decay, thoughi somiietimes it did. Mrs.
Mellainbv also spoke on- tile presence of pyorrhoea in
animials(dogs suffered greatly from this comiuplaimit, and
the l)eliod of ear-ly development was of the greatest signifi-
canice fromii the point of view of subsequenit pyomrhoea. In
con(llusioln, Mrs. Mellalibv- said that in the work she lhad
described, experiments oni aniimals ha(l beeni the means of
lea(ing to a better understaniding of tIme facts of lumaii
delntition. Experiments oni animnals and(i investigationis on
hlluluman beings lhad been interm-11ingled ini this research, but,
of couirse, it had to be rem-enhbered that only benieficial
influences could be tested on iiman. The wor0st error s ill
feedimig, especially of childien, were ilow kmiowii, and per-
manient imh)rovement only- became possible as a result of
animiial expelimenit, whlitilccoIledever have beeni un'der-taken if a small section of the community hadl had
its way.
At tIme conclusioni of the lecturle a la(dy in the auidience

desired to put some questionis to Mrs. Mfellaiiby, but these
were disallowed by tIle chair-ijialj aLs irrelevant. The pro-
ceedings closed witlh a vote of thanks to tlhe lectuirer, pro-
posed by Lord KNUTSFORD, whio comnmnented upon hier co1in-
bination of expert knowledge and disarming modesty.

THE annual meeting of the American Medical Association willbe held this year at Detroit from June 23rd to 27th, under the
presidency of Dr. William Gerry Morgan of Washington. Thescientific proceedings have keen organized in fifteen sections.A special feature of this meeting will be the presentation ofsymbolic medals to 'ex-presidents of the Association. All the
eighteen past-presidents now living, except Dr. W. W. Keeniwho is 93 years of age, will attend in person to receive theemnbleml. A portrait of each appears in the special Detroit
number of the Journal of time Amlerican M7edical A ssociation
dated May 24th.-


