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1t is the purpose of this paper to review the
clinical and experimental studies which have been
made on focal infection and clective localization
in rclation to systemic disease. The literature
on this subject in the field of medicine and
dentistry is so enormous that detailed deserip-
tions of results and complete refcrences are
beyond the scope of this report, Only the more
important recent clinical and experimental re-

sults of my own work and that of others with
references to the original communications will
Le given. For a more complete bibliography
the reader is referred to previously published
articles by myself (1-3) and by others (4-8).

The deleterious effects of bacterial infection
on the host wherever found are both general
and specific in varying degrees. As a rule, the
more virulent the infecting microdrganism the
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greater the general harmful effects, at the same
time the greater the antibody response; and the
more nonvirulent the infective agent, the less
" the general effects and antibody response and
the more important the factors of specificity
and focus. The former conditions usually pre-
vail in acute diseases which often are self-limit-
ing; the latter conditions usuully prevail in
chronic discases which are often progressive.

CLINICAL CONSIDERATIONS

The importance of acute symptom-producing
localized infections as a source of systemic
disease has for years been gencrally recognized,
Lut despite the large amount of evidence that
has been adduced since Billings first showed that
chronic, often symptomless, foci of infection
may also be a source of disense in remote tissue
this fact is still not sufficiently understood. The
reasons for the lack of appreciation of the im-
portance of this basic principle are manifold.
The principle applics in a wide range of condi-
tions and disenses. Its proper application i3
often difficult and calls for revision of well
established procedures and the cobperation of
the gemeral practitioner, internist and widely
different speciulists including dentists and bac-
teriologists. '

Symptomless foci urc prone ot to be
suspected. Tley are not easily detected and
may be situated in inaccessible regions. The
resulting systemic discuses from such foci as o
rule are mild in character and heuce are usually
not recognized in the early stuges—the very
time when elimination of foci does the most good.

Recurring inflammation in foci is still too often
considered necessary to indicate causul relation-
ship of focus to systewmic discase. The bucteria
isolated from symptomless foci, while having
high specific virulence, usually have only o low
general virulence and hence are incapable of
causing acute symptoms at the primary focus.
This is in accord with the fact that exacerba-
tions of existing systemic discase or the first
appearance of systemic disease following acute
tonsillitis, pulpitis, prostatitis or respiratory
infections ysually cccur not at the time of the
acute attack but in from one to two or more
weeks as the symptoms at the primary site
subside or have disappeared.

Methods for elimination of foci by surgical or
other means may be faulty. Removal of tonsils
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in the presence of focal infection in and about
teeth is illogical and may do wore harm than
good. Statistical studies on the remote effccts
of removal of foci made by some asuthors who
have had little or no clinical experience in this
field have usually erred in not considering suf-
ficiently the question of faulty methods, the
presence of other foci, and, most of all, the
development of new foci following the removal
of certain types of foci such as infected tonsils
and infected teeth. Conditions following re-
moval of tonsils, if improperly done, may be
worse than before (8-10). Quantitative bac-
teriologic studies made by Caylor and Dick (11)
lave shown that remnants of tonsils are more
heavily infected than tonsillar tissue removed the
first titne. Moreover they showed that tonsillar
tissue with a high bacterial count was more often
assoviated with arthritis, neuritis and heart
disease than that with a low bacterial count.
Tonsillar tags, sear tissue covering partinlly
removed tonsily, residual regions of infection in
the juw, with or without rout tips, following
removal of infected teeth, especinlly those which
contain large areas of rarcfaction, have been
shown to be infected (table 1) and to predispose
to disease in contiguous structures, such as
maxillary sinusitis, aud to systemic disense, and
to prevent recovery from systemic diseases
present at the time the primary foci were dealt
with. The proper elimination of these infected
structures has frequently been followed Dy
enduring improvement or recovery, especiully if
done early in the course of the systemic disease
(7, 12-15).

Roentgenographically  positive  teeth are
usually, but not always, infected tecth. Hence
their removal should not always be expected to
proeduce  beneficinl  effects and roentgeno-
graphically negative teeth are still nearly always
considered sterile and harinless and are allowed to
remain despite the fact that they have been
shown by specinl methods to be infected by
streptococei huving elective localizing power in
most instances (table 1) in which patients are
suffering from mild or severe systemic disease.
One cannot sce bLacterin at the apexes of these
teeth in the roentgenogram. The infection here
may or may not cause absorption of bone.
Streptococci isolated from roentgenographically
negutive pulpless teeth in my experience have
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been more specifically virulent than those
isolated from reentgenographically positive teeth.

Clinical studies on the effect of elimination of
foei without regard to the vrganisms present in
the focus or in the disease in question, as is
commonly done, do not always suffice to
establish cause and effect. Improvement, often
permanent, following removal of foci from which
the causative streptococei were isolated in my
experiences has occurred with such regularity
that I have come to consider lack of improve-
ment ay evidence that the removal was faulty,
that the focus did not contsin the causative
micro-organism or that other furi were over-
lovked (11). Revurrence of. the former symp-

tunity for the early application of a wmethod
such as this are especially great.

In general it may be said that the appreciution
of the importance of the principle of focul in-
fection by clinicians is indirect proportion to the
thoroughness with which it has bLeen applicd.
Purely theoretical considerations do not suffice.
The lack of appreciation of this principle by some
clinicians who admit that it applies in some in-
stances and with whom I have had opportunity
to examine patients is well illustrated by the
conditions found in one lurge European clinic.
The evidence of focal infection in relation to
systemic disease had been entirely overlooked
by its chief. Infection in foei was actually

TABLE 1
Resulls of Cultures from Dental Foci of Infection Obluined by Different Investigators

POAITIVE IN LIQDID POSITIVE, 50 cotomiea
MEDITMS, CUIRFLY OR MONK N BOYT
HATENIAL CULTURED gcyct'.c;:::; 0!-!?:::::”"‘ D“Tu::‘URDlIAIN
Number | Per Cent Number | Per Cent
Pulplcss teeth:
Apex, roentgenogram positive.............ooaelln 728 600 82 200 40
Apex, rocntgenogram negative................... 565 M7 - 79 164 27
oot eanal....coveieirineeriniiiieneniiaaseasnes 8 67 75
B 0T Y ooel| 1382 114 81 444 32
Vital teeth:
Nornal pulp; roentgenogrum negative; no fillings
or periodontoclasia. ... ... ..o 548 210 R} 4 0.7
Nornwul pulp; rocntgenvgram negative, with or
without degenerating pulp or perivdontoclusia....| 459 291 63
GranUlOMIB. .. oot eerees e aaaentenns 80 78 |
Itesidusl regions lollowing extraction of infected
LY 1 | VAU 285 241 84 27 of 75 36
RoOL FPORIMENES. ... .coiniiiianeanaennecatserarnenses 105 85 81 43 of 75 57

toms or the occurrence of new ovnes long after
relief resulting from removal of a fucus is taken
to indicate the development of a new focus or
activation of dormant foci.

The luck of striking clinical results from
climination of focal infection is often uttribut-
able to the fact that even now the attempts are
too often made after the disease process has cun-
tinued for a long time and secondary fuci such
as those in and about arthritic joints huve be-
come thoroughly cstablished. It is a curinus
fact that the best clinical results usually ure not
obtained in large medicul centers or lospitals,
where advanced conditions arc chicfly dealt
with, but by physicians and dentists in out of the
way places, where inclination, need and oppor-

demonstrated in five patients during my short
visit. One of these had had recurring attacks of
cholecystitiy, two had suffered from rheumatic
fever for about two months and two had had
acute iritis. A history of an attack of acute
tonsillitis shortly before the onset of systemie
disease was elicited in each of these cases and
large amounts of liquid pus were expressed from
the tonsils of each patient by the method T use.
Acute pulpitis with death of the pulp and drain-
ing dental sinuses accurred shortly before the
attack in the two cases of acute iritis, and finally,
the chief himself had been ill in bed sulfering .
from an unexplained fever for some time prior
to my visit. It was clearly evident that his
condition was an example of the very problem
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under discussion. His teeth were literally float-
ing in pockets of pus arising from pyorrhea and
his breath was inalodorous. He died several
years later, long before he should have died,
from cardiuc disense,

I recall other tragic oceurrences which indicate
the importance of unrecognized fucal infections
in men of note who had had little or no expericnce
in this field, who refused to permit removal of
symptomless, pulpless teeth which were normal
in the roentgenogram and who died of cardiae
disease or other diseases or in whaum disubling
systemie  discase developed not long  sub-
sequently, long before it should have developed.

These and many other examples which have
cume to iy attention illustrate how far from
accurate purely clinical observations may be
concerning the etiologic importance of symptom-
less foci, especially pulpless teeth which are
normal in the roentgenvgram, most of then with
fillings in the cunals of the roots. The patient
is not aware of their presence. Dentists and
physicians generally consider such teeth to be
sterile or harmless; roentgenograms are of little
help even if they are repeatedly made, und the
pathologist who perfonns the necropsy has not
been schooled to consider them as in any way
contributory to the cause of deuth. Experi-
mental evidence that such fuci ure of importance
is not lacking, Barnes and Giordano (16) have
isoluted from such foci, after desth of the pa-
tients, streptococci with which they reproduced
in animals the disease from which the patient
died. I have had similar results. The findings
in a most unusual type of case will serve to
illustrate. A patient who had uandergone an
operation for congenital dislocation of the hip,
although recovering satisfactorily, died sud-
denly from pulmonary embolisn one month
after the surgical procedure. Cultures by my
methods from the embolus after surfuce steriliza-
tion yielded the usual green-producing Strepto-
cocei found constantly in instances of pulinonary
embolism (17). A pulpless tooth normal in the
ruentgenogram was extracted after thorough
disinfection of the site. Cultures from the
apical end of this tooth yielded the same type
of green-producing Streptococei as the strepto-
cocei obtained from the embolus. Pulmonary
embolism was reproduced in rabbits and dogs
following inoculntion of the streptococeus from
both the emhbolus and tooth, and the strepto-

coccus was demonstrated in aond isolated from
the experimentally produced thrombi and emboli.

Failures to uchieve clinical results have re-
peatedly been traced to inndequate or improper
application of this principle. Nickel and Huf-
ford (18), in a study of a series of patients in
whom the symptoms of ulcer of the stomach or
ducdenum were not relieved following gastro-
enterostomy or other operative intervention and
after it was thought that all foci had been re-
moved and after some had received autogenous
streptococcal vaccines without effect, found
evident foci (rom which causative streptococci
were isolated. These foci had been overlooked
and after removal of them and further ad-
ministration of vaccines, relief from symptoms
and heuling occurred. In iy own experience it
is still common to find one or more evident fuci
in patients who have had every attention known
to medienl science, including the removal of
foci of infection without relief, and whose symp-
toms often disappear following remnoval, for
example, of one or wore pulpless teeth which in
the roentgenvgram appear to be normal, or
tonsillur tags or tonsils thut were considered to
be norinul but from the upper pole of which
liquid pus wus expressed, or an sbscess ruptured
by the method we use in examining tousils and
from which foei the causative streptococei were
isoluted.

Sitple though the question of the relutionship
of focal infection to systemic diseuse scems, the
proper application and interpretution of all the
factors concerned require dingnostic skill of the
highest order. The occasional occurrence of
exacerbations or extension of systemic diseases
fullowing removal or attempts at removal of
various foci, especiully infected teeth, empha-
sized by Ileimaun and Havens (8), deplorable
as thiy is, should not prevent the application of
this principle and should be interpreted as
proof that a potential or active focus has been
dealt with, but by inadequate methods. Such
foei would with reasonable certainty do far more
harm if retsined indefinitely than is eutailed
occusionally by their removal even Ly the
methoeds now employed.

In spite of the inherent difliculties which I
have mentioned, favorable results fromn the
application of this principle Ly criticul clinical
observers in the various branches of the healing
art, including dentistry, have been reported in
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such great numbers and in so many different
diseases, that any impartial reviewer must admit
that they lend the fullest support to this basic
concept. In a critical review of the case of the
oral focal infection idea, McCluskie (19) stated:

There are peeuliar difficulties due to the limita-
tions of almost every type of evidence and the
varying reactions of the individual. But on
considering the vast amount of clinical and
experimental observations which have been ue-
cumulnted in recent years, one is driven to con-
clude that oral foeal gepsie is more than mere
theory, and though imperfectly understuud, is
founded un fuct. From the practical point of
view the rational remedy is early recognition of
oral sepsis, nn nppreciution of its importance, and
cloger codperation in treatment between the
doctor and dentist.

EXPERIMENTAL STUDIES

Results of experimental studies support the
clinical evidence regarding the importance of this
principle. Of the different foci, those in the
tonsils and in or surrcunding the apexes of
pulpless teeth are perhaps the most important
primary foci chiefly for mechanical reasons, as
we shall see. The crypts of tonsils dilated by
scar tissuo furmed as a result of uttacks of
tonsillitis or of other causes, teeming with micro-
organisms, in well or sick persons, may be con-
sidered ns veritable test tubes with permeable
walls and as an ideal experiment in fucal infec.
tion, Atrophy of lymphoid tissue ufter middle
life of the putient, when systemic discase most
often occurs or tends to progress, and the almost
constant presence of fibrosis and pus, in extir-
pated tonsils (20), and of crosion or ulcera-
tion of the epithelial lining in their crypts
afford especinlly favornble conditions for ready
entrance into lymph or blood channels of the
bacteria and their toxic and sensitizing products
and for maintenance or acquirement of peculiar
virulence of the streptococei. The apical ends
of pulpless teeth, from the microscopic and
bacteriologic standpoint, represent a cancellous,
cavernous structure especially favorable for
localization and continued growth of bacteria,
and for forming a nidus for the dissemination of
bacteria and their toxic products. In this cir-
cumstance, as in chronic infections in ulcerated
crypls of tonsils, healing of an infective process
is for mechanical reasons almost impossible.
The routine, complete filling of the foramina at
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the apex with impervious materinl through the
root canal or any other means is microscopically
and mechanically well-nigh impossible. Anti-
septic agents placed into the root canal, although
they may sterilize the root, cannot always reach
or prevent the recurrence of infection at the
apex. The filling in of Lone after the antiseptic
treatment of the ruot canal uf teeth which are not
normal in the roentgenogram does not mean that
infection has disappeared (4). Cultures by my
methuds from the apexes of such pulpless teeth,
obtained in a sterile manner for me by Professor
Iless of Zurich with a trephine, after he reflected
the mucous membrane opposite the apex of the
tooth and sterilized the field of operation, yielded
the usual green-producing streptococei.

It is mainly for these mechanical reasons that
these two types of foci are more or less con-
tinously heavily infected and hence are especially
prone to cause systemic disease. Absence of
symptoms in these foci should not be inter-
preted as indicating freedom from infection, but
rather as evidence of adequate drainage into the
lymph or bloodstream of the bacteria and their
toxic products. The bLacteria contained in the
granulation tissue at the apexes of pulpless
teeth usually are not encapsulated by fbrous
tissue, ng is commonly taught; rather, since they
are the incitants they arc present in greatest
numbers at the very periphery in which new
blocd vessels are being formed and in which
inflammatory reaction is most in evidence,
precisely where absorption channels are espe-
ciolly abundant, Mechanical removal, for the
rensons mentioned, of such foci seems the only
sale thernpeutic method to employ. Experi-
ments are not lacking which demonstrate why
foci in tonsils or pulpless teeth are more im-
portant from the standpoint of systemic disense
than infections in other tissues, such as those of
lungs in bronchiectasis, cervix, prostate gland
and the nonpocketed lymphoid tissue of naso-
pharynx and the normally functioning intestinal
tract.

Injection of bacteria into soft tissues does not
suffice to produce a chronic focus from which
bacterin and their products are more or less
continuously disseminated. Prompt lhesling
with destruction of microdrganisms, unless the
microbrganisms are highly virulent, usually
occurs, whercas the implantation of infected
nonabsorbable or porous material such as agar
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(21-23), infected pieces of bone (24), suspen-
sions or emulsions or aleuronat (25) and pledgets
of cotton (26), does suffice to produce such a
chronic focus. It has been shown that the
infection in the nidus thus furmed continues
almost indefinitely, that it is associated with
recurring cellulur reactions (25), and that it is
the cause of systemic effects, especiully allergic
states (21-23) similar to thuse attributable to
foci, especially in tonsils and tecth. We have
shown that it is usually impossible to desensitize
or relieve symptoms of various diseases hy meuns
of specific vaccines in the fuce of active fuci.
Following removal of the responsible focus or
fuci, this often Lecomes pussible.

The importance of chronic fucnl infection was
well shown by Reith und Squier (27), who made
bluod cultures in large quantities of dextrose-
brain broth in 203 appurently well persons.
Pusitive cultures, chicfly streptococei, were ub-
tained in ffty-three, or 27 per cent, of 194
persons who had chronic facul infection, whereas
positive cultures were obtained from only 12
per cent of ninety-ning persons who had no
demonstruble focus of infection. OF twenty-
four persons harboring foci and lhaving pain in
juints or muscles, including chronic infectious
arthritis, streptucocel or diplocueri were iso-
lated from the blood of ten, or 42 per cent.
Morcover, Reith and Squier found that the
sensonal incidence of pusitive blood cultures in
persons harboring foei of infection wus con-
sistently two to three times higher than it was in
persons not harboring foct of infection, and in
Loth groups the incidence of positive blood
cultures was lowest during sumumer.

BACTERIOLOGIC ASPECTS OF FOCI OF INFECTION

Ordinury cultural methods usually do not
suffice for the isolation of causative streptococei
from dental and other foci of infection, or for the
demonstration of specific  virulence, elective
loculizing power and other specific properties.
It was found very early in my work that micro-
organizms, especinlly streptocueei in foci and
systemic lesions, are highly scnsitive to oxygen
and other requirements for growth. The ud-
dition of picces of brain to 0.2 per cent dextrose
broth and to soft dextrose-hrain agar made these
mediums highly favorable for the isolution und
maintenance of specific properties and of strep-
tococei from the bluud, from foei of infection

(especiully those at the apexes of pulpless teeth),
from prostatic fluid in prostatitis, from the
exudate from the cervix in cases of endocervicitis
and from metastatic or systemic lesions, The
successful use of these or similar methods by
others no longer leaves any doubt of their value.

Slight contumination of teeth may vceur during
extraction, despite every precuution which may
in part be the source of the higher incidence of
isvlutions of bacteria in liquid mediums than in
the soft agar. Cultures made from apexes of
pulpless teeth resected under sterile precautions
have been shown by Precht, Rickert (28) and
others to be infected. The much higher in-
cidence of isolations from pulpless than from
vitul tecth simply cannot be referable to the
uwforementioned source of contumination. The
chances for contamination are precisely the
same in the removal of the two types of teeth.
Moreover, we huve found in our studies thut the
streptocoeei  obtained from saliva and from
pyorrhenl pockets and gingiva grow readily on
the surface of blood ugur plates, whereus those
obtained from spexes of pulpless teeth are highly
sensitive to oxygen and asually do not grow on
bloed ugur plates. We have used this fact to
control our cultures, in addition to the swabbing
of the gingivae just beture extraction of teeth.
Heavy growth in our mediums (dextrose-brain
broth and dextrose-brain ugar, which uiford o
grudient of oxygen tension snd other favorable
conditions) und no growth on blood agur, and
 negative control swab culture, ure cunsidered
proof thut the organising which grew were {rom
the apex of the tooth und were not contuminunts.

Austin and Cook (29) found by the use of these
methods that anterior pulpless teeth quite with-
out regurd us to whether they were normal or
ubnormal in the ruentgenogramn, were not only
more often infected but were also more heavily
infected than vital teeth. Thus, 89 per cent of
100 pulpless teeth and 4 per cent of 100 vital
teeth yiclded streptucocei in dextrose-brain
broth; 75 per cent of 100 pulpless teeth yielded u
leavy growth in dextrose-brain broth and none
of the vitul teeth yielded s growth. Differential
quantitutive cultures were ulso made by Rhosds
and Dick (30) who found that the number of
colonies obtuined from the apexes of pulpless
teeth was from 700 to 1000 times greater than
the number obtained from vital teeth drawn and
cultured in identical manner. Swanson and
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Van Kirk (31) cultured the midportion and the
apical ends of roots of extracted teeth after
surface sterilization with alcohol and burning.
Ninety-six per cent of 1220 root-filled pulpless
teeth and 98 per cent of 582 non ruot-filled pulp-
less teeth yielded a growth, chiefly green-pruduc-
ing streptococcei.

By means of a serinl dilution method utiliz-
ing soft dextrose-brain agur, we have found that
the number of viable streptococei at the apexes
of pulpless teeth of persons having systemic
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reported on the use of this method in culturing
pulpless teeth with similar results.

In order that the render may visualize the .
bacteriologic aspects, as now recorded in the
literature, of infected teeth, granulomas, residual
portions and root tips, [ have sununarized the
results of cultures which have been made by
different investigators by what we considered
as adequate methods. The results of eight
different studies made by fourteen different
investigators (4, 33-41) are suwmmarized in

Fia. 1. Serinl dilution culture of the wushings of the upex of an extracted tooth uppearing normal in
the roentgenogram, in soft (0.2 per cent) dextrose brain ugar. Note the dilfuse growth in the
first two dilutions, innumerable colonies in the next two dilutions and a progressive diminution in
the number of eolonies of streptocoeei, with six colouics in the 1073 dilution (X }).

disease, or the ability of these viable strepto-
cocci to grow as dilutions are being made, is far
greater than the nuinber or ability to grow of
viable streptococci at the apexes of vital teeth.
The results of growth obtained from pulpless
teeth are well shown in figure 1. Washings ob-
tuined from the apex of the pulpless tooth yielded
six colonies of streptococei at 10-*° or a dilu-
tion of one billion trillions of the material inoc-
ulated, whereas those from nonvirulent strepto-
cocei, such as isolated from vital teeth, yielded
growth only to a dilution of 10~ or, one hundred
thousand. Thomas and Hubbell (32) have

table 1. It will be seen that there was a much
higher incidence of growth of chiefly green-
producing streptecocei in cultures obtained
from pulpless teeth, quite irrespective of whether
the teeth were normal or abnormal in the roent-
genogram, than in cultures obtained from vital
teeth. The number of visble streptococei as
indicated by the number of colonies that grew
was from fifty to seventy times higher in the
case of washings from the apexes of pulpless
tecth than from the apexes of normal vital
teeth without fillings or periodontoclasia, Nearly
all granulomas, residual regions following ex-
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tractivns of infected teeth und root tips were
found to Le infected, and wmany were heavily
infected.

The question of the value of different incthuds
used in the filling of root canals culculated to pre-
vent pulpless teeth from becoming infected hag
been studied in patients by myself and by Meisser
and Brock (42) in dogs. At one time I, with
many others, felt that if fllings of the canals of
roots of teeth were made first ufter the material
scraped from the canals had been proved to he
sterile or in sterile teeth at the time the pulp was
removed, then subsequently the infection from
blood stremn or otherwise might be prevented.
The results in one cuse will serve to illustrate,

After cultures in  dextrose-brain  broth of
scrapings of the root canals of two teeth had
remained sterile on two separate occasions after
rout canul therapy, a dentist highly skilled in
this work filled the canals of the roots in a sterile
manner, controlling the placement of the fillings
in the canals of the roots with the roentgenogram,
The patient, of middle age, was well at the time,
The teeth remained symptomless and normal
in the roentgenogrum, but the subject severul
years later began to suffer frumn severe progres-
sive myositis and arthritis associated with
exhuustion. Rest, fresh air and the best of care
proved of no avail.  The tonsils hud been cleanly
removed soine yeurs before,  No foci were found
other than the two teeth whose root canals hud
Leen filled, und the only pulpless tecth the pa-
tient hud, ‘These were drawn in u sterile manner.
Cultures from the apexes yielded innutnerable
colonies of streptococei in dextruse-bruin agar
und a heavy growth in pure culture of short-
chained streptococei in dextrose-brain broth.
Intravenous injection in rabbits of the strepto-
cocei isolated was followed by extreine myositis
and arthritis. The streptococeus was isoluted
fron the experimentally induced lesions in
muscles and joints, The putient made a
prompt, complete and permanent recovery.

The experiments of Meisser (42) perforined on
dogs on the question ol resistance to infection of
tecth from which pulps were amputated or re-
moved in a sterile manner and of which the
root canuls were filled by methods then in
cotnmmon use in human beings showed (1) that
that amputated pulps invarinbly degenerated,
(2) that all teeth from which the pulps wero
removed and in which the eanul had been filled

in a sterile manner became infected in from two
to eighteen months, (3) that stuphylocoeci and
streptococci having elective localizing power in-
jected intravenously could be isolated more often
and in larger numbers and for » much longer
time from the pulpless teeth with fillings of the
canals of the roots than from vital teeth and (4)
thut the pulps of vital teeth either remained
sterile or rapidly becume sterile at about the
smne time as the kidney, liver and blecd, fol-
lowing these intravenous injections of bacteria,
Tt is suggested on the bLasis of these experiments
and many other fucts that methods calculated
to render pulpless teeth sterile and to prevent
their Lecoming infected be proved efficacious in
dogs before Leing used in human beings. Tt is
of course taken for granted that any method
that fails to prevent loculization and growth of
bacteria at the apexes of such teeth falls short
of o basic requirement and should not be used.

THE INFECTING POWER Ot VIRULENCE OF
STREPTOCOCCI I1SOLATED FROM FOCt

The reproduction or simulation of a disease in

- experimental animaly is still the best evidence we

have to show the etiologic rulationship of an
inciting agent to a particular disease entity.
The results from intravenous injection of strepto-
cocei isoluted frum foci in a large nwnber of
diseases have been repourted previously (1-3).
I have summarized the results of experiments of
my owh in seven disenses also studied with my
or similur methods by my co-workers and by
others. The incidence of localization in the dif-
ferent organs obtained by the different investi-
gutors is summarized in tables 2 (1-3), 3 (43-51),
and 4 (52-65). In each of the seven diseases,
namely, ulcer of the stomach or duodenum, ar-
thritis, iritis and other discases of the eye, myo-
carditis, myositis, pyelonephritis and ulcerative
colitis, the incidence of grossly visible lesions was
consistently higher and usually much higher in
ench of the three serics of experiments in the very
organs or tissues affected in the patient from
whom the respective strains were isolated (elec-
tive localization). Aside from a relatively high
incidence of lesions of joints, greatest in the seriea
studied by other investigators, there was no high
point of lesions in the different organs following
injection alike of neuspecific strains and straing
from patients not suffering from systemic disease,
a point overlooked Ly Vualentine and Van

|
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Meter (61). The incidence of specific lesions,
although it is striking, does not adequately
express how very specific these strains usually
are on isolation as observed at necropsy.

The technic used by me in experiments on ani-
mals is described in detail in the original com-
munications, Although in most instances the
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in dextrose-brain broth were made in previously
warmed dextrose-brain hroth in rapid succession
(four to six or eight times n day), and single
colonies from young (usunlly six to eighteen-hour)
dilution cultures in dextrose-brain agar were
transferred to dextrose-brain broth for injection.
It is u curious fuct that the streptococei from foci

TABLE 2
Elective Localization of Streptococci Obtained in Ezperiments by Rosenow in Diseases Also Studied by
Other Iuvestigators

PER CENT OF ANIMALS BOOWING LESIONS IND
ANIMALS
TIAT a a B
SOUKCE OF BPREPTOCOCCE: DENTAL AND OTIHER casks o | RECEIYED | 235 3 2|8
OCH OF INFECTION IN PEKNONT HAVINGS aTHAINS inTias | 2§ 5 . 713
veNous |63 sjo| 2 g 3
waccrons| 83| 2| o | & 8| 8§ 2
oA | .2 > ~ 5 2 -1 '2 ‘a
s |3|&|s|al@d|S|ala
Ulcer of stomach or duodenum.......... 3 1530 {es| 9| 1] 1§ 2! 5] 3] 585|7
Arthritis. ... oo 721 1447 8163 0 1;12) 8] 1 6| 2
Iritis or other discuses of the eye....... 87 272 2| 5|42/ 0o} 3} 3] 0] 311
Myocarditis. ... 7 $6 6] 6] vi6rL|19: 3| 0]50({ 0
Myaositis.......oovvniiiiiiiiiiiaiaa 192 801 14 ] 30 1115172 9 110} 2
Pyelonepheitis.............c.coiiiiin 50 168 711221 06] 4}10|73| 33 5| 2
Vlcerativo colitiv, . ......c.cooivneennn 200 327 1 1| of o] 1} t|68)] 1] 1
No systemic diveuse (coutrol group).....| 334 1329 14]18| 8] 6] 3| 9| 65|11] 5
TABLE 3
Elective Localizalion of Sireptucocci Obtained in Ezperiments by Cu-workers of Rosenow
PER CENT OF ANIMALS !HO'".CO LEAIONS IN:
ANIMALS
sourcs o7 srxgrrococer: | NUMBER | ciang ReceivED .8 g ] 5
DENTAL AND OTUER FLCT OF or [y intuas | 62 3 3 -
inrcTioN I8 PEkuoNs HAviNG:] "EYERT! | prparne | vanoow | 28 5 » 2 2
OATONS INJKCe 3'3 - g g ° o Q K]
Ti0NS g 2 E ° 3 'g 5 3 %
g |l2|la|=|=]|2 g <
Uleer of stomach or
duodenum............ 6 430 1231 | 52 6 1 {13 16 | 3 0 2 1
Arthritis................ 8 all 1225 7 68 1 3 B ] 0 0 2
Iritis or other diseases of
theeye............... 2 107 328 1 4143 2 2 3 0 0 1
Myocarditis............. 1 1 39 0 I8 3 ]38 3l s 0 0 3
Myositis................ 2 19 30 4 22 0 [{] 58 4 0 2 4
Pyelonephritia.......... 3 21 96 5 | 17| 0 6 12 | 838 0 ¢ 8
Ulcerative colitia........ 1 15 60 7 51 0 0 g | 3 |60 0 0
No uystemic disease
(control group)....... 8 278 663 7 1n 0 3 71 7 0 0 3

primary cultures (usually pure or nearly pure
streptococei) were injected, it must not be sup-
posed that elective localization following intra-
venous injection was not also obtained following
injection of pure single-colony cultures or of pure
cultures otherwise far removed from their original
source. In order to not destroy the property un
which elective localization depends, subceultures

at the end point of growth in the serial dilution
method in dextrose-brain agar and dextrose-brain
broth, often representing an almost unbelievably
high dilution, have especially high elective localiz-
ing power and other specific properties. One or
two platings on the surface of blocd agar usually
sufficed to destroy this property.

The inoculated streptococei were isolated
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routinely from, and often demonstrated in, the
experimentully produced lesions and proved to
be absent in healthy tissues. On reinjection they
again caused the lesions churacteristic of the
disease in question. Reinjections in dosages
small enough for the animals to live for a long
time commonly produced a disease picture und
microscopic lesions resembling those at hund in
paticnts,

The inubility of Lehmaun (66) to obtain evi-
dence of elective localization i3 clearly referable
to varintion from our technie,  Ie injected frm

Nickel and Judd (49) not unly produced acute
but also chironie choleeystitis and gallstones with
streptocecci obtained from patients who had
cholecystitis. Nickel nnd Stuhler (67) produced
chronie villous and deforining arthritis in rabbits
with streptococei obtained from the prostate
gland of patients who had rheumatoid arthritis.

The results of experiments by [llingsworth (68)
and A. L. Wilkie (69) were purticularly striking,.
D. P. D. Wilkie (70) stated that [llingsworth,
working in his clinic, was able to show that, using
Rosenuw’s specisl medium, streptococei could he

TABLE 4
Elective Localizatiun of Streplococei Obluined in Ezperiments by Other Investigulors

PER CENT OF ANIMALS SHOWING LESIONS IN:
ANIMALS
. TUAT
souncs o mgerucocess | wownen | | cekiveol € : £
INVECTIUN I P'EMUNI INVESTI STRAINS YENUUS 2 s =1 . » ° g
HAVING: UATOIN it §-§ 3 § % § o g 3
THING & ° S ] 2 ° =
Fl31a|lalz|=z|8|a)3s
Uleer of stomach or
duodenum. ........... 2 101 250 60 | W} 2 2|l 13 6 5] 2
Arthritig............00 7 Mure 415 8| 0 13 9| 13| 0 12| 0
thun
75
Iritis or other lesions of
L T 3 47 186 i) #% | 63 1 171 & 1 n 3
Myocurditiy............ 3 More ™ 9 | 43 3 sl 32]0 8|2
thun
27
Myositia............... | 14 80 0 44 1 13| &8 8 0 13 +
Pyclonephritis......... 2 More 1) 3 {46 ] 2 13| 16| 68 7
than
10
Ulcerutive colitis,...... 3 More 119 20 13 3 8|42 12
than
20
No systemic discase
(control group)...... 7 141 | 300 7 31 2 17| 13|11 0 1 [}

1 to 2 cc. of broth cultures of streptococei ob-
tained from single colunies, presumubly from
bloud agar, and he killed surviving animals one
week or longer after injection. We injected from
5 to 10 ce. of the primary culture of streptococci
in dextrose-brain broth und killed animals to
search for lesions one to three duys following
injection. Despite Lehmann’s different technic,
he did produce enducurditis with Streptococeus
viridans in sixteen snimals, and by the use of
dextrose-brain broth, succeeded in isuluting strep-
tocoeci from 164 or 167 granulomas, results which
are in accord with our results and with those of
others.

grown from the wall of the gallbladder in quite
s large nuinber of cases in which the bile was
sterile, He further showed that organisms of the
coli group are relatively infrequent except in
acute suppurative cuses. This work has been
carried o step further by A. L. Wilkie (69), who
lius shown that cholecystitis is almost invarinbly
an intrumnueal streptococeal infection, and Rose-
now’s contention of a selective affinity of this
organism for the gallbladder in experimental ani-
muls is strikingly true. A. L. Wilkie concluded,
after his experimental studies, that (a) chole-
cystitis would appear to be s blood-borne strepto-
coceie intramural infection; (b) lute chunges in-

.- . awm



SCIENTIFIC SESSIONS

cluding formation of gallstones following repeated
injection of the streptococcus emphusized the
intramural path; (c) the intramural puthologic
changes produced experimentally resemblé in
every detail the changes seen in the human gall-
bludder in cholecystitis,

Jarlov and Brinch (8) produced chronie arthri-
tis, and concluded from their long series of experi-
ments that certain strains of streptococci espe-
cinlly those from arthritis produced arthritis more
often than others. Cecil und Angevine (71) pro-
duced in rabbits, with small doses of streptococei
obtained from foci of infection and blood and
joint tissues in arthritis, pathologic lesions very
similur to those of rheumatoid arthritis in man.

In addition to these aforementioned highly spe-
cific effecty, there is n close parallelism between
the incidence of involvement of various tissues or
organs as observed clinically and the incidence of
lesions as found in experiments in animals after
the intravenous incculation of organistus recove
ered from dental and other foci of infection.  ‘The
lesions most frequently seen in paticnts referable
to focal infection are those of the lecomotur
system, joints, muscles, tendon sheaths and liga-
ments. The kidney, skin, heart, stomach, duo-
denum and cyes are often affccted. Less com-
monly, other organs such as those of the nervous
system and blood-building tissues may Le in-
volved. Rarcly, very unusual localizations of
streptococei from dental und other foci of infec-
tion such as onychia occurred as shown by Iaden
and Jordan (72), thyroid disease (especinlly thy-

roiditis) as shown by Cuntero (73) and lesions’

of the gasserian ganglion produced electively in
experiments of my own in cases of trigeminal
neuralgia. The removal of fuci in instances of
trigeminnl neuralgin (and in my expericnee their
presence is constant in this condition) obviously
should be done as a preventive measure Lefore
central irreversible lesions have occurred, rather
than as a curative measure long after the disease
has existed, Van Kirk and Swanson (74) pro-
duced encephalitis in rabbits Ly the intravenous
injection of streptococei obtained from the pulp-
less teeth from patients who had encephalitis, an
observation corroborative of our own studies.
Nickel and Mussey (73), Fasting (76), Cur-
tis (77) and Reith (78) have shown that strepto-
cocci, isoluted from foci of infection in women
who had spontaneous abortion not caused by
syphilis, had predilection for the uterus and
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caused abortion in rabbits. TFollowing removal
of such foci, pregnancies went to full term. Hor-
ton and Dursey (79) produced vascular lesions
with gangrene of the toes in rabbits with material
containing streptococei froin patients who had
thrombo-angiitis obliterans. The intravenous
injection of relatively small numbers of strepto-
cocei grown not in the test tube but in various
foei such as pyorrheal pockets, apexes of pulpless
tecth and tonsils, often sufficed to enuse lesions
referable to streptococei clectively in various
discases.

ELECTIVE LOCALIZATION OF STREPTOCOCCI
QUTAINED FROM EXPERIMENTALLY
INDUCED DENTAL FOCI

Metheds other than the intravenous inccula-
tion of freshly isoluted living cultures of strepto-
cocei have sufficed to show the existence of the
property of elective localization. Marked uleera-
tion of the stomach in guinea pigs oceurred fol-
lowing the intraperitoneal injectivn of the strep-
tococeus from a vinus draining an infected tooth
of a patient who had acute ulcer of the stomuch
and recurrent hemorrhage. Cure was prompt
and permanent following removal of the infected
tooth from which the sinus issued. Suppurative
pulpitis and hemorrhagic edema of the peri-

. usteum opposite the roots of the teeth of animaly

followed the intraperitoneal injection of the
streptucoceus from the pulp of u tooth of a pa-
tient who had recurring attacks of pulpitis, dental
neuritis and myositis. Squier and Bach (80)
produced hypotension in rabbits by injecting the
streptococcus isolated fromn dental und other
foci of infection in patients having hypotension
into the juints (foci) of rabbits, Moreover,
streptococei  that manifest clective localizing
power have been shown to preduce within them-
selves, and to free in dextrose-brain broth cul-
tures, poisons or toxic products which specifically
localize and produce lesions in the same tissues
as do the living microdrganisms.  Specific effects
have Leen produced by the intravenous or intra-
cercbral injection, respectively, of the living
streptococei, the dead bacteria or filtrates of
active culturey obtained from paticnts suffering
fromn pyelonephritis, myesitis, endecarditis, myo-
carditis, arthritis, dental neuritis and pulpitis,
ulcer of the stomach or duodenum and myasthe-
nia gravis.

Thus, the induction by Meisser and me (81) of
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chronic foci in the teeth of dogs with streptococei
and staphylococei shown to have elective localiz-
ing power was followed by a high incidence of
specific localization in the cuse of strains of strep-
tococei obtained from patients who hud nephro-
lithiusis (7), alkaline phosplutic cystitis, ulcer
of the stomach and ulcerutive calitis, chores,
encephalitis and epidemic hiccup; and the afore-
mentioned induction was followed by a high
incidence of loculization in the kidney of staphy-
lucoeei obtained from the maxillury sinus of a
patient who had nephritis,

Jones and Newsom (82), lvllowing the produe-
tion of similur foci in the teeth of dogs with strep-
tococei having alfinity for the vascular system,
produced symptoms und lesions of the myocar-
dium and endocardium resembling those chur-
acteristic of chronic heart disease in human
Leings. The conditions in the experiments in
which elective localization through fuci was pro-
duced simulated in important respects those at
hand in patients. The teeth from which the
pulps were removed became discolored. They
remained free from pain or tenderness, and at- the
apexcs absorption of bone with formution of
granulation tissue in varying degree occurred
similar to that observed at the apexes of pulpless
teeth in luman beings, and as this oceurred, spe-
cific systemic disease developed in addition to an
increased susceptibility to intercurrent infections.
At the end of the experiments the streptococci
having elective loculizing power were isoluted
from pulp canal and from the granuloma, and
were demonstrated microscopically in large num-
bers in sections. The intravenous inoculation in
rabbits of the strains thus isoluted revealed the
fact that they hud retained their elective loculiz-
ing power for months in the experimentally in-
duced dental foci. The results of these Lusic
experimenta were not considered by IHolman (83),
and Reimann and Havens (6) in their critical
reviews. Ilolman concluded: “However, what
Resenow und his followers particularly showed
and what all the other investigators of the prob-
lem have definitely demonstrated is thut strepto-
cocci do localize in various organs and tissues and
can produce lesions at least sufficiently sugpestive
of those found in man so that their potential dan-
ger in infected foci cannot be neglected.” Rei-
mann and Havens and other critics conceded that
the principle of focal infection applics in some
eases.

DENTAL CENTENARY CELEBRATION

I wish now to discuss other observations which
indicute that the streptococei commonly isoluted
from foci, that is, streptococci that have elective
luenlizing power, huve etivlogic significance.

RELATIONSHIP OF FOCI OF INFECTION TO
HYPERSENSITIVENESS AND ALLERQY

Although I have studied chiefly the specific
leealizing and necrotizing power of the bucteria
isulated from fuci and their products, the question
of the effect of theso und of the fucus on the host,
aside from the induction of specific disease, has
also been considered. Symptoms resembling
those of unaphyluxis were produced in guinea
pigs, rabbits and dogs by primary intravenous
injections of autolysutes and of leukocytic digests
of pneumococci, streptococei and other bacteria.
The appearance, and later disappearance, of these
highly toxic properties were associated with pro-
teolysis. Hypersensitiveness to extracts and
autolysates of pneumococci and streptococci was
also ubtained, a point reported on mure recently,
and with similar results, by Zinsser and Grin-
nell (84). Leukocytusis and destruction of or-
ganiss following the intraperitonesl injection
of the correspouding untigen or bacteria in the
hypersensitive animals were greater and more
rapid than in normal snimals. The hypersensi-
tive animals exhibited decreased resistunce to the
intraperitonesl injection of lurge numbers of viru.
lent pneumocucei, but exhibited increased resist-
ance or immunity following the incculution of
small numbers.  The induced hypersensitiveness
or ullergy in guinea pigs to pneumacoccic extracts
disappeared on repented inoculutions of dead
pucumococei or  pneumococcic  extracts and
sutolysates and after recovery of the animals
frum pneumococcic infections,

The difference in the heluvior of normal and
sensitized guinea pigs townrd unautolyzed and
autolyzed extracts of pneumecoeei was especially
illuminating in these early studies. The unau-
tolyzed extracts were nontoxie to normal animals
und very toxic to the sensitized animals. Pur-
tinlly autolyzed extracts were very toxic to nor-
mal animals, and only slightly toxic, or nut at all,
to sensitized animals, whereas more completely
autolyzed extracts were nontoxic to buth.  These
results and those of Zinsser and Grinnell (84)
indicate that a parentersl digestion of bacteria
and bacterial antigens into highly toxic cleavage
products accurs more rapidly, and, it would seem,
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in greater amount, in experimental or sponta-
necous hypersensitiveness, or in the presence of
allergy, than in normal animals. Zinsser and
Grinuell (84) assert that in the autolysis of vari-
ous bacterin there are set free substances which
stimulate the allergic stale and that such autoly-
sutes are the best reagents with which to test
hypersensitiveness,

Patients who have foci of infection, especially
those who have chronie infectious arthritis or
inyositis and neuromyositis, often were found to
De exceedinggly sensitive to streptococcic vaccines,
The dogs in which we successfully preduced
chronie foci about the teeth, in addition to ex-
hibiting lesions specific for the strains of strepto-
coeei inoculated, lost weight and hair, and became
more susceptible to intercurrent infection. A
diet sulficient to keep the control animals well
was inadequate for the doga who had chronic foei
of infection.

Derick, Hitcheock und Swift (85), and Claw-
son (22) have shown that focul infection resulting
from the inoculation of nonhemolytic streptococci
may be followed by a state of hypersensitiveness
and they have emphasized the relationship of
allergy to streptococei in rheumatic fever.  Swift,
Derick nnd Hitcheock (21) induced a hyperergic
state in rabbits by the production of fucal lesions;
this state was maintained for months by making
an agar [ocus infected with allergizing green-
producing streptococci. Clawson (22) and Birk-
haug (23) obtained similar results. Moon and
Stewart (86) produced lesions in rabbits and dogs
essentially like those of rheumatic fever by estab-
lishing foci of infection in the subcutaneous tis-
sues with pledgets of cotton soaked in cultures
of streptococcus viridans obtained from persons
who had rheumatic fever. Harkary (87), in a
memortinl volume to Dr. Emanuel Libman,
stressed the importance of focal infection in bac-
terial allergy in asthma and arthritis, Cook, in
his paper at the Dental Centenary Celebration
at Baltimore stressed the imnportance of focal
infection in relation to allergic states. Weisber-
ger (88) showed that dissemination of bacteria
from foci cstablished at the apexes of teeth in
rabbits wns far greater [ollowing injection of
horse serum into sensitized animals than it was
following injection of the same serum iuto non-
sensitized animals,

Patients whom [ have found to e extremely

sensitive and whose condition improved following
removal of foei and guarded use of vaccines be-
came less sensitive to the vaccine as improvement
oceurred.  The mechanisin of bacterinl and pro-
tein hypersensitiveness has been shown to be the
same. Henee, a focus, in addition to affording
conditions favorable fur the production of spe-
cific systemic discase, may have more general
deleterious effects, the nature of which may be
determined in part by the bacterinl antigens
absorbed from chronic bacterial foci, and in part
by the peculiar reactivity of the hest.

Streptococei which had specific elective localiz-
ing power and characteristic cataphorctic velocity
repeatedly huve been detnunstrated to be present
in various foci of infection and clsewhere (cartier
state) for a pericd of years, und long after the
onset of symptoms among patients suffering from
certain chronic diseases, such as arthritis and
encephalitis, This is believed to be of fundu-
mental significance, for it indicates that the pa-
tient's tissues or tissue juices atford the conditions
favorable for streptocucci to acquire and main-
tain particular elective localizing power and
cataphoretic velocity, peculiar to the disease from
which the patient is suffering,

May not this be a reason why so many chronic
diseases tend to persist, recur and run o progres-
sive course with so few localizations clsewhere,
and why they are so diflicult to cure? Might not
the inherited rheumatic diathesis, the neuro-
pathic or the allergic constitution and other
“diatheses” and “constitutional predispositions”
e expressions in part of a peculinr internction
between host and invading organism, and not
expressions merely of an inherited “weakness’ of
joint, brain or other organ, as is usually assumed?
The focus furnishes a ready source of infecting
organisms and bacterial antigens to which the
host reacts variously, depending, among other
factors, on inherited or acquired constitutional
peculiarities. If of allergic tendency, loeal and
general hypersensitivenesy are prone to develop;
if of normal constitution, increased resistance or
immunity is probable. The particulur tissue in
which local hypersensitiveness develops and in
which allergic nanifestations are especially
marked is determined, it would seem, by the spe-
cific or elective loenlizing puwer of cither or hoth
the bacteria and their antigens or toxins.
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ELECTROPHORETIC MOBILITY OR VELOCITY AND
ELECTIVE LOCALIZATION OF STREPTOCOCCI

To obviate the use of animals and to determine,
if possible, more precisely wherein lie the reasons
for elective localization, Jensen and I (89) have
studied cataphoretically streptococci that have
clective localizing power, and Sheard, Pratt and
I (90) have studied the cifects of exposing strepto-
cocei having elective loenlizing power und char-
acteristic cataphoretic time and velucity to the
ligh frequency field., Among other interesting
facts, it hus been discovered that there is a close
parallelism  between elective localization and
cataphoretic time and velocity of streptococei.
The details of the technic are deseribed in pub-

Rlectrophoretic
Groups W4l time snd mobllity
(Rend up) 59 of streptaococct
I EME N
Well parsans 30 T
162,167.2388) C T
[ esodern
S ..]end estodern 2 .H
.3:3 {84,%64,4660) jti]
.:'n‘n' ¥egodera goo 11 {
] {71,169, 1708) o -
g >llatodern 30 HA1t
s uijor eatodern . %8 T
A8 8] Lles,202,8304)

Time in segonds 2.0 3.0 4.0 5.0

Migrons per second, 3.45 2.30 1,72 1.38

volt pep centiceter

"!'ho figures in parenthesis indlcate, respectively,
the nuabor of strains, cultures and atreptogoact
rimed Ln eash group studled.

I16. 2. Distribution curves of cntuphoretic
time and velocity of streptococei isolated from
dental and other foei of infeetion, necording to the
embryulogic origin of the tissues chicfly aifected,

lished reports. It is sufficient to state herein thut
the migration rate, under constant voltage in an
clectrical field, of the different streptococci is
determined in the entaphoretic cell of the North-
rop-Kunitz-Mudd apparatus.  Since under these
conditions migration rute is directly proportional
to surface churge, it follows that the greater the
charge, the faster the streptococei move. For
example, streptococei from atria of infection of
patients who have clironie infectious arthritis
and other diseuses involving tissues derived {rom
the mesoderm and which huve respective clective
luenlizing power, have, by our measurements,
chielly a cataphoretic time of 3.0 seconds and
velocity of 222 microns per second, volt per
ceutimeter, whereas streptucocei from  similar
sources, atnong patients who have encephalitis
and certain other discases of the nervous systemn

and which tend to localize electively, have a
cataphoretic time and velocity of chiefly 4.0

seconds and 1.67 microns per second, volt per

centimeter.

In figure 2 are given the average distribution
curves of cataphoretic time and velocity of strep-
tocoeci isolated from infected teeth and other foci
of infection of persons having streptococeic dis-
cases affecting tissues derived from ectoderm or
endoderm, mesoderm, and mesoderm and ecto-
derm and of well persons. The higher the column
at a given time or velocity, the larger the number
of streptococei that traversed the unit distunce
(50 microns) at that particulur time or velocity.
The cutuphoretic time and velucity of strepto-
cocei isoluted from the depths of the jaws and
from apexes of pulpless teeth of persons having
various diseases during epidemics of influenza,
although characteristic of each disease when
influenza was not at hand, were, as in the case of
streptococei isolated from the nasopharynx, also
more like those of streptocoeci from influenza.

Lxposure to the high-frequency field caused
marked changes in the cotaphoretic time and
velacity of streptocecei and, concomitantly, in
their elective lucalizing power. Thus, in a series
of experiments in which animuls were injected
with unknown cultures of streptocucci, it was
found that when the eataphoretic time and veloc-
ity of streptococci isolated from instances of
chronic infectious arthritis (which streptococci,
when untreated, manifested marked aflinity for
juints) had become cutaphoretically like thuse of
streptococei isulated from instances of encepha-
fitis, the streptococei had lost affinity for joints,
and concomitantly, had acquired aflinity for the
nervous system. Conversely, when streptococei
isulated from instances of encephalitis (which
streptococei on isolution lud mucked aflinity for
the nervous system) had become cataphoretically
like those isuluted from instances of arthritis,
they had lost affinity fur the nervous system and
hud acquired aflinity for joints of animauls that
lud received intravenous injections.

The work on catuphuresis has proved of impor-
tance in still uther respects. [ could often pre-
dict befure injection of a given culture whether or
not localization would Le specific by detenmining
the distribution curve of cataphoretic time and
velocity of the streptococei.  This has made clear
an otherwise puzzling fuct, often observed in elec-
tive loculization work; namely, the sudden disap-

-
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pearance of clective or all loculizing power, or the
appearance of new affinities following successive
animal passage and repeated transfers in cultures.
It has yielded information which mokes more
explicable certain discrepancies of some workers
in this field, for consideration of the inherent
property of changeability of streptococei, is basic
in studies on focal infection and clective localiza-
tion. A lack of appreciation of this fact and lack
of sufficient attention to technical details have
led to wmisinterpretations and failures to repeat
some of these results.

Of great importance is the fact that the me-
dium dextrose-hrain broth with which [ have
obtained the best results in experiments on clec-
tive localization, is by far the hest medium for
preserving characteristic cataphoretic time and
velocity of streptococci of any mediums that we
have tested. Several transplants in other me-
diums, such as pluin broth, dextrose-beefl broth,
veal infusion broth, heart muscle infusion broth,
yeast broth and cven the same dextrose-brain
broth minus the brain, often sufliced to convert
o strain in which originally most organisms had
characteristic cataphoretic velocity and which
had elective localizing power, into one of very
different velocity with changed localizing power
or without this faculty.

As has been pointed out, the antibody content
of the serum of patients suffering from the dif-
ferent diseases studied was not uniformly high
enough to obtain consistent results by the usuul
methods of agglutinution and precipitation to
prove causal relationship.  The work on catapho-
resis has furnished o method whereby consistent
results have been obtained. The serum obtained
from patients suffering from various diseuses in
which elective localization hus been detnonstrated
has specific slowing (charge-reducing) action on
the respective streptocacei having characteristic
distribution curves of cataphoretic time und
velocity and clective localizing power.  Among
the discases in which this has been demonstrated
are acute and chronic arthritis and encephalitis,
epidemic hiceup, persistent postoperative hiceup,
epidemic vertigo, acute and chronic paliomyelitis,
and multiple sclerosis and chorea.

SENROLOGIC PROOF OF SPECIFICITY OF
STHEMIOCOCCI

Because of the great varinbility of streptococci
as isolated from infected teeth and other foci
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of infection in various diseases, the prompt loss
of specific properties on artificial cultivation,
their tendency to agglutinate spontaneously
as grown on the usual mediums, and the use of
inadequate methods of agglutination with the
serums of patients, little evidence has been ob-
tained with which to indicate the causal relation-
ship of streptococci to chronic disease. In a
large measure, these difficulties have been over-
come by the use of dextrose-brain broth for the
primary isolation, by growing the streptococei
for purposes of agglutination in this medium or
in dextrose broth for one culture generation and
Ly preserving the centrifuged streptococei
in dense suspension in glycerol (two parts) and
25 per cent solution of sodium chloride (one
part). One cubic centimeter of this menustruum
was made to contain the growth of from 50 to
500 ce. of the culture. The antigens for agglu-
tination were prepared by diluting the suspension
in glycerol-sodium chluride solution to the den-
sity of  broth culture with salt solution to which
0.2 per cent phenol had been added. The pa-
tient’s serum was likewise diluted in sodium
chloride solution to which 0.2 per cent phenol
had been added, to one-half the desired dilution
and then 0.2 per cent of suspension and serum
dilutions were mixed and placed at 50°C. (122°F.)
for from cighteen to twenty-four hours, at the
end of which time readings were made. Highly
specific results were obtuined with many, but
not all, of the serums obtained from patients
who had chronic discase.

The streptococei isolnted, grown and pre-
served in the manner indicated were found to be
highly satisfactory also for the prepacation of
hyperimmune serums in horses und for ugglutina-
tion experiments with these untiserums. More-
over, the antiserums prepared in this way caused
precipitation (antibody-antigen reaction), often
specific, when overlaid in small precipitation
tubes with cleared washings in sodium chloride
solution of nasopharyungeal swabbings or with
the serum of patients. The results swnmurized
in table 5 show how very specific this reaction
was with the serums obtained from the respec-
tive patients, The demonstration by the pre-
cipitation test of the comnon presence of strep-
tueoeeic antigen in the serums of patients who
had chronic discase that was antigenically re-
lated to the streptococeus with which the react-
ing serum was prepared is new, and, {rom the
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TABLE 3
Precipitation Reaction with_the Serum of Patients and the Serum of Horses yperimmunized with
Streptococei
PERCENTAGE OF POSITIVE REACTIONS WITH
Antisorums Prepared with Stroptoccceci from: Control Serums
SOURCE OF 3x10MS (ANTIGENS) Boririt - -
Encopt| Polio- | Divees | 232 | e’ Posume-{ erina)
At | mycliti| wtive | thani | oy | eoocts | "o
. Culitis | GFavis | Arcbricia |t Ue 1
Encephalitia................coooviins 55 78 3 40 45 G4 0 0
Spasmadic torticollis................... 12 75 41 11 25 &8 0 13
Chronic poliomyclitis. .................. 20 K 60 1) 25 35 0 3
Acute poliomyelitis:
Human beings. ... i 28 40 (12 4 17 18 0 7
Monkeys....coovvvvviiviennaneeaenes 9 33 8Y + : B8] v 0
Neuritis, herpes, hiceup................ 12 92 8 33 17 42 0 0
Epidemic gastro-enteritis............... 3l 67 33 90 (1] 45 0 0
Myustheniv gravis. ...l 8 43 % 38 88 75 0 13 :
Neurofibromyouitis...........oooouel 24 63 ps} 41 33 83 0 13
Asthinutic bronchitis................... 16 63 25 37 31 37 0 0
Chronic infectious arthritis............. 12 50 8 3 8 67 0 0
Ieftig. oo .. i1 ke Y Y )] 13 L] v .
Normul controls..........ooovvvininn. 48 3 0 4 2 10 0 0
TABLE ¢

Erythemalous Keoctions to Intradermul [njection of the Euglobulin Fractive of Antistreplocvccic Serums

SOUMCE OF yEHUMS (ANTIOKNS)

Encephabitis..............ooooeeiini
Spusmodic torticollis............ ..ol
Hiceup. ..oooooii i
Amyotrophic luterul selerosis. ...
Clironic poliomyelitis....................
Optic or peripheral neuritis..............
Chronic ulcerutive colitis. ...............
Epideniic gastro-enteritis................
Uleer of stomach. ......oovviviinin.n.
Ncuromyositis and ibrogitis.............
Rheumatic arthritis, neuromyositis und

carditis..... et e ersea e
Myusthenin geavis.........cooeeneniennn.
Chronic infectious arthritiv..............

Pyclonephiritis.......ooovviininiiin,
Discuses not due to streptocoeei.........
Well persoms. .....ovevvvniiiiiioinnn

EES | PLRSONS TEBTED

gzs%e
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AVERAQE REACTIONS (8Q., CM.) TO:

Euglubulina Progured with Streptucucei from:
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4] 5158 a 1
112188 1] 3] 2
81717 3] 4
5 3{10] 4 3
] 121 3] 2| 5
5613|4510 11 4
6| 66| 6 41 2| 3| 9| 3
6] 616 4 9] 1
4| 212 1 1] 3
3{3]013 31 3 1 8
31 2 1 1 8
[} 1 3 14111
1{8 1 5] 2 3
0j 0|1 1] 0] 0 1
1 i 1 1 0 1

[ | Pyelonepliritis

&S 10 = D

NeUnoCoCtuUs

|
—-Ctd N1l CSCN e~~~ .-......l LI

-0 C— O~ COmmCCCr—m=D l Norais) Horse

* St. Louis type.



SCIENTIFIC SESSIONS 277

standpoint of pathogenesis and specific therapy,
is considered to be of great importance.

It was also found that intradermal injections
of the cuglobulin fraction of the antiserum pre-
pared in horses, in the manner indicated, elicited
an immediate (ten minutes) erythematous-
cdematous reaction in patients suffering from a
streptococcic disease identical to, or closely re-
lated to, the one in studies of which the im-
munizing strain of streptococcus was isolated.
This test is an application to streptococcic dis-
eases of the Foshay antigen-antibody reaction,
first noted in relation to tularemia. It serves
to detennine whether or not a patient is suffering
from a streptococcic infection, and if so, of what
particular type and what antiserum or stock vac-
cine had best be used thernpeutically. The
results recorded in table 6 well illustrate how
specific the test is us applied to patients having
diffcrent disenses,

COMMENT AND SUMMARY

A review and results of further studies of
clinical, bacteriologic and experimentsl ob-
servations on focal infection and elective localiza-
tion are repourted.

Despite the lack of clinical improvement or
cure following the elimination of foci of infection
in many cases and in certain diseases, alleviation
of symptoms occurs so often and in s0 many
discascs that this principle should be applied
not so much as a form of therapy unrelated to
other conditicns but as one of other well-es-
tablished procedures in diagnosis, prognosis
and treatment,

Bacteriologic studies conducted by adequate
methods no longer leave any doubt that chronic,
often symptomless, foci, especially thuse of
tonsils and teeth, are infected, usually heavily
infected, and chiefly by green-producing strep-
tocacci. The results of earlier experimental
studies have been corroborated sufficiently often
by myself, my co-workers and other investiga-
tors to indicate conclusively that the bacteria
(especially the green-producing streptococei
found in the presence of chronic focal infection)
are not only virulent but are usually specifically
virulent. Their probable or undoubted causal
relationship to a number of diseases has been
shown by intravenous and other methods of
injection in animals, by the induction with
streptococei of chronic foci espeeially at the

apexes of teeth in dogs, by cataphoretic studies,
by diagnostic cutaneous tests made with the
cuglobulin fraction of the serum of horses hyper-
immunized with the respective freshly isolated
strains, by the precipitation reaction with the
respective undiluted antistreptococeic serums of
horses and the blood serum of patients and by
agglutination tests made by special methods,
The property or tendency of these streptococci
to localize and to produce lesions electively has
Leen shown to be refernble to a toxic substance
or substances claborated by the organisins within
themselves and free in the medium in which they
grow. Piltrates of actively growing cultures of
the respective streptococci, the dead bacteria
and the live culture, sll tend to loealize and
produce symptoms and lesions specifically or
clectively in the tissues or organs characteristic
of the disease the patient had and from whose
foci the streptocucei were isolated. The speci-
ficity of the streptococeus on isolation from dental
and other foci is often so0 marked that the clinical
and pathologic pictures of certuin diseases have
been reproduced by the induction of chronic foci

- of infection at the apexesof pulpless teeth in dogs,

und these pictures simulate in all essential re-
spects thuse commonly ut hand in human
Leings. The streptocucci in chronic foci main-
tain their specific infecting and other properties
for many monthy, whereas artificial cultivation
(especiully on aerobic mediums) destroys speci-

“ficity promptly, especinlly the property on which

clective localization depends.

The focus affords ready entrance of bacteria
and their toxic products which may, depending
on inherited or nequired predispositions or other
factors, cause infection in remote Lissues, genernl
ill eflects, hypersensitiveness or allergy or a
combination of some or all of these in the same
persons, or perhaps ot times incrensed resistance
and immunity.

The localizing and necrotizing power peculiar
to these organisms (usually streptococci) deter-
mines largely the site or tissues to be affected.
The sooner foci are climinated, after the onset of
a disease, or preferably even before systemic
symptoms have occurred, the better should be the
immediate and end results. The common prac-
tice of waiting until the disease is far advanced
or until a serious condition, such as a hemorrhuge
in ulcer or a cardiac attack in heart disease, has
developed, or until advanced age has occurred,
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before evident foui, especially pulpless teeth,
are removed, is most deplorable.

Since streptococci appeur to be a cause of so
many diseases, since immunity is of short dura-
tion, and since mechanicul factors play so large a
part in maintaining infection in structures so
commonly the seat of foci, mechunicul correction
or removal, so fur us pussible, probubly always
will be necessary, even if highly effective specific
or other remedinl agents are discovered,  Recur-
rence of the previous condition or new localiza-
tion is prone to cccur unless the predisposing
cause, the focus, is ecliminated. Likewise,
operation probably always will be indicated in
muny of the chronic systemic lesions, such as
chronic  indurated ulcer, cholecystitis  with
gallstones and appendicitis with fecal stones or
a constricted hunen resulting from previous
attacks,

The removal of pulps of teeth and the flling
of the roots of teeth calculated to prevent sub-
sequent infection and root cunul therapy are so
difficult, so expensive and the results so uncer-
tain, as to preclude their routine adoption.
Many who formerly skillfully practiced the art
find it no longer necessary, and consider it safer
to reinove pulpless teeth and to attuch restoru-
tions in a way harmless to vital teeth, It is to
be hoped that efficient methods may be found
that will not only sterilize pulpless teeth and
periapical tissues thut have hecome infected,
but will also prevent subsequent infection,
especially of the periapical tissues. Considering
the mechanieal ditficulties, the fulfiliment of the
latter requirement seems slinost unattainable,
and until this hus been accomplished, it would
seemn wiser to remove teeth thut have become
infected or thut require exticpation uof the pulp,
rather than to retain themn at the risk of having
them become the source of an insidious, in-
capacitating and perhaps fatal infection. Vital
tecth free from pyorrhea and fillings should never
Le extracted except as it becomes necessary for
restorative work, but the extraction of pulpless
teeth seems to me to be indicated, wholly regard-
less of the appearance of the roentgenograms.
Not teo much should be expected or promised
from the removal of a given focus, especially in
chronic conditions, because u similar condition
may be present in inaccessible foci and in foei
teo small to be detected. Tle source muy not
be n focus at all. Moreover, recovery may be

made difficult by local tissue sensitivity or un-
usual mechanical conditions, and living bac-
teria in a metastatic lesion may continue the
process independently of the focal source.

Elective lucalization of streptococci isolated
from pyorrheal pockets occurred cotumnonly
following intravenous injection, emphasizing
the importance of recognizing pericdontoclasin
us a focus of infection. Steps to prevent and
correct this most common of evils should con-
tinue.

Teeth, especially multirooted teeth, with deep
fillings or carics, which manifest evidence of in-
fection of the pulp, with or without pulp stones,
and even symptomless teeth which react posi-
tively to vitality tests and that have deep
fillings, may be the source of systemic effects and
may need to be removed. However, this should
he done only after due consideration hus Leeu
given to other sources of infection. [ huve
repeatedly seen marked benefit following the
removal of such teeth when all other efforts had
fuiled, especially teeth in which pulps had died
and were found to be heavily infected. Direct
injection of the materiul containing the hacteris
in such teeth often was followed by extremely
specific effects,

The importance of goud hygiene, proper living
and inheritance as fuctors in preventing infective
diseases from any source is granted. But why
jeopurdize or break down these burriers of nature
through foci of infection, provided the lutter
can be prevented or eliminated? The fact thut
some persons may harbor fuci of infection for o
lung time without apparent harm or systemic
disease should not be interpreted as proof of the
harmlessness of such fuci, any more thun pol-
luted water was considered blameless in the days
of water-borne typlioid because only a few of the
many who drank the contaminated water
contracted typhoid fever.

It must not he supposed that other regions, not
foei in a mechanical sanse, may not also hurbor
the streptococcus or other bacteria with which
the disease from which the patient is suffering
may be reproduced. [ have isulated streptococei
in some instances, not only from foci, but also
from the more nearly normal mucous membrane
of the upper part of the respiratory tract and
from the stool, This may be a reason why the
condition of some patients does not improve
following removal of one focus or more. It also

-
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serves Lo show that the concept of the principles
emmbodied in focal infection must not place too
much cmphasis on mechanical factors. The
bhacteria that gain entrance through foci must
overcome the same inherent resistance of the
host to produce disenses as those that gain
entrance elsewhere. The factors determining
localizution are the same in both instances,

The clinical, bacteriologic and experimental
studies now extant no longer leave any doubt of
the basic fact that loculized or pocketed infec-
tions or foci in the dental and other regions
predispose to systemic disease, that prevention
and removal of foci at the proper time and by
proper methods are indicated and that mere
climination of foci does not nlways sulfice to
cope successfully with the many diseases which
still beset human beings. More than removal
of foci is necessary; this much seems established;
these are matters on which all can agree. How
uften foci are responsible for the occurrence
and fur the progressive course of systemic dis-
cases and how often preventive and curative
cffects may be expected frum the climination of
primary or secondary foci in different disenses
are still unsettled questions and call for further
study.
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