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PREFACE

This paper Ls devoted So the olassification and iden-
tification of streptocsced isolated from sllergic individesls
snd furthermore, %o sorrelste differsnt types of skin resctions
with the specles of etreplocecel.

This wvork would not have been possible without the kind
and pincere guidance and counsel of Dr. H, J. Sears, under whom
I hed the plessure snd privilege of working. I &» also indebied
to Dr. Sesrs for lesrnmed oriticiss and correction of thies pepery:
$o Lucille Esllmer for her very kind sad esreful proof resding:

and to the sooperative staff of the Allergy Olimle for specimens.
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1. INTRODUCTION TO ALLERGY AND ANAPHYLAXIS

Allergy (ergis, freactivity" and sllos, “altered®) is
& term introduced by Vom Pirquet, which Doerr adopted to sig-
nify any degree of specifically altered resctivity increased
or decreased from the usual conditions, snd depending upon the
antigen-antibedy reactions or upon the effects of sntirely non-
sutigenic substances, such &s hypersusceptiblility to 1ight aand
drugs. Allergy is usually spoken of 8s & condition musual or
exaggerated specific susceptibility to & substance vhich {2 barm-
less 1n equal amounts for the majority of the members of the same
species. The term silergy is now ussd iz & pather irregular and
loose way. - The present tendency is %o classify 8llergy under a
more gemeral term, hypersensitiveness, which iz the technical
gense mebns an inoressed specific reaction capasity in en indi-
vidusl, men or snimal, to & substance which in & normal indivi-
dusl of the ssme species, prodmces little or mo resction. It is
ovident that the manifestations of hypersensitiveness are varied
and include such widely separated phemomens aa the protein hyper-
sensitiveness of maimals, spoken of as mnephylaxis, end the aller-
gles of man as hayfever, food, bacterial, and drug idicsyncrasies.
Pechnioally, =1l phencmena of specific hypersensitiveness are
thought to be essentially immumologic in mature; thus it may be
gaid thet say classification of this nature is purely ome of con-

venience for discussion. For seemingly all specific hypersensi-
tivencss is the result of an appearance in the semsitized dody of



& specific reastion product, a true antidody or its smalogus,
which, first, is incited by the contact of the cells with in-
citant and, secondly, in ths mechanism of manifestation, med-
jates between the incitant amd the cells, rendering them more
than normally sessitive or espable of abmormsl reaction.

Even at present these statements c¢an be sade only with
reservation for in certain types of hypersensitiveness the mech-
gaism is not well understood. There 1s one type of hypersensi-
tiveness in which an sntidody mechoniam has been plalnly demon-
strated by smether iyps in whish, vhile remaining of specifi-
oully incressed resation capacity for an smtigenioc subgtance or
for pertial amtigens, occurs without say definite evidence of
the presence of the eirculating satibodied. The statement hes
been made that basically, the mechanism of hypersensitivensss in
men and salmel may be due to the same immunologlcsl mechanism. The
correlation of the humsn hypersensitivensss with the protein an-
aphylazis in animale is obscured by the difficulty of determim-
ing the observed discrepamcies. Whether the observed discrepan-
cles were dus to the fundsmental differences of the mechaniem or
whether they are depemdent upon the mpecies’ peculiarities of the
anatomical structures or the physiologloal functious, is mot yet
certain.

Obeervations show thet the conditions governing seneitis-

ation and the mature of response vary comsiderably with the indi-



vidual animal species. In bumma forms of hypersensitiveness,
meny are incited by trus protein antigens; it seems apparent that
the basic mechanism is one analogous to protein ansphylaxis of
animals., Whether the evidence of human hypersensitivenese and
the animal hypersensitiveness of snephylaxis may be 2ttriduted

to the -lixfestationa of basically the same mechaniem: it remesins
to be seen. The gquantitative experiments, as conducted in lower
snimals, have not been extensively performed in human beings,
which may agconnt for the lack of extensive experimental evidences
correlating human hypersensitiveness with proteis asmsphlaxis or
aaimal hypersensitiveness.

In early experimentsl work with the enimals, Wells (1921)
laid down certain oriteris which must be met in & coemdition to be
regarded as & true smaphylaxis. It is well to review these cri-
teria for as the experimentsl evidences are discovered in human
hypersensitiveness; they seem %o be closely related to animal an-
sphylsxis, if mot the same manifestation of the basic mechanigm.
The oriteria are as rnilauaz.

*(1) The observed toxlcity of the injected material must

depend upon the sensitisation of the animal, i.e.,
the substance must mot produce similar symptoms ia
non-sensitiszed animels,

(2) The symptome produced must be those charscteristic
of maaphylactic imtoxication as observed in the
usual reactions with typicel solmable proteins,
being, therefore, the same for all antigens with

the same test animals, bdut differing characterie~
tically with each species of amimala.



{3) It should be possible to demonsirate typicsal re-
astions in the non-striated muscle tissve of the
gensitiged animals.

(4)  The possidility that the observed symptoms are
coused by capillary thrombosis or eabolism wust
be excluded.

(5) After the recovery from ansphylactic shock there
should be sxhibited & condition of specific de-
sensitization to the same amtigen under the proper
conditions.

(6) 1n mddition to the sbove, but not always, possible
{s) to demonstrate passive sensitization with the
gerum of sensitized animals; end (b) %o demomstrate
amelioration or prevention of the bronchisl spasm
in guines plge by proper use of atropine and sphed-
rine. ¥

1t would be inasdequate at present %o basse conclusions on

eriteris, for seemingly new experimental evidences sre found

which would necessitate brosder interpretation or accepting

those eriteria as supplemeatary facte. It remains to be seen

in the light of the future experiments whether human hypersensi-

tiveness and the protein snasphylaxzis of the lower snimals are

the same menifestations of the basic mechanism as presently thought.
The protein hypersensitiveness or anaphylaxis in animals

has been thought as the remction of an sntigen with the tissue

cells which have become semsitised from active treatment with an-

tigen or serum sontaining specific antibodies. Whether an sctive

or passive sensitization, it is thought that the reacting oells

are aspsociated with or contain specific antibodles which reader

them cspable of abnormally repid and exceseive reaction with the



5.

sntigen vhen 4% reacts with the ntihpdy ia or upon the eell

surface; consequently there is an injury of cells., an interfer-
eice with the mormal funmction.and perheps causing sa irritation,
which are racaglinqd by sudden or pmtragted ansphylactic shock.

With apparent similarisy of the basic mechaniem, no two
epeg:iu of animals dieplay the same type of symploms of hyper-
sensitiveness.

The salient features differentiating the two conditions
are the following: ‘;Eha quitang agent in amsphylaxis is always
an antigenic substance; the exciting sgent in human hypersensi-
tiveness is often non-antigenic. Ansphylactic hypersemsitive-
ness ig induced by the injection of & sensitizing dose of enti-
gen; hypersensitivenese in man often exhibited upon first éontwt
with the exciting agent. The amaphylactic state, spart from con-
genital passive anaphylaxis, is not en inheritable conmditiong
patural human hypersensitiveness shows & definite tendemcy to run
in femilies, though the hypersensitiveness is often exhibited to-
ward differeat substances in parents snd offspring. Specific de-
~ sensitization is far more easily demomstrated in snsphylaxis tham
in hypersensitiveness.

Acute anaphylaxis, natural hypersensitiveness, the aller-
gle response, and epscific satibacterial imsunity appear to depend
upon the fundmmental mechanism, the union of the antigen with its

specific antidody. The differences between them depend on the



nature of the amtigen comcerned, the mature of the amimal inte
vhose tissue it penstrates, the rate and the route of penetra~
tion, the distribution of the sntidody in the animal's tissue,
and the body flulds, the secondary effects of the primary cellu-
lar resctions, and 8 varisty of other factors.

Althouszh an extensive review of the literature may seem
lpyrppr&nta. & reviey will not be presented in the customary form.
Since the subject of hypersensitiveness has been reviewed thor-
oughly by many workers, only attempte will de mads %o review brief-
ly. in chronslogieal arder, that particular phase of the subject
wvhich seems to be most pertinent to the systematic development of
the knowledge of hypersensitiveness. The chronologiezl tadulation
contnins the essence of the stepping-stone experiments and the im-
portent comelusions, the only necessary observations which has

directly advenced the theories of hypersensitiveness,



REVIZY OF OUR KNOWLEDGE OF HYPRRBENSITIVITY
CHEOMOLOGY CALLY ABRANOED

BstJ Hature of experiment and

obaservation.

Significsnce and
gonaluaion.

-

-
-

1565

577

1662

1673

1798

1839

1856

Botallus gtates that smel-
1ing roges cauged aneszing,
and itehing of nose.

Von Helmont gives & de~
seription of seasonal aage~
thma in a man and his mather.

Bochneider observed & pe-
gulisy renction to rose pole
len and wrote o detalled
article on rose omtarrh,

Benningerus also made an
obeervation on rose saterrh.

Jenner noticed an ususual
reaction in second vaccination
with small-pox vacoine mater-
fa).

Magendle found that dogs
which had been sensitized
with egg aldumin, uwpon re-
injection dled of shock.

Blagkley observed the re-
sstion that he received from
pollens and also obhserved the
reaction on his patienta; he
reproduced typioal symptoms
on himgelf by aspplication of
pollens and pollen solutions
%o the mucouvs membranes of
nose, eyes, and wouth. He
also performed slkcin tests by
spplylag =mall smounts of
pollen on searified area on
the ekin.

Refreining from the use
and contact of them pre-
vented the aymploma.

He sttaches no other aslg-
sificance then the detailed
desoription,

Made no conclusions sone
garning the nature of tha
reagtion.

Hig article offered no
essential explansation for
the reaction.

Explanation for the wun~
usual resction iz not given.

Dogs repeatedly injected
with egg albumin often died
suddenly: he also gave a do-
soripsion of the symptoms.

Statement io made that
hayfever is caused exclue~
ively by pollens; that aymp-
tomns of hayfever varied with
the pollen eontent of the
aly.



1891

1894

1899

1902

1903

1903

1504

Koch observed that wvhen &

| tuberculous patient had re-
| ceived tuberculin; he reac-
! ted in an wnusual way vhich
| wae charmsoteristic.

Flexner statos that rab-

| bite vhich withetood ome
| dose of dog serum womld suc-

eumb to 2 gecond dose if glv-

| on after a lapse of some days

er weeks, even though the

| second dose was sublethal for

conbrol animals.

Bostock recognised hayfever

| a8 being esnsed by pollem.

Fortier and Riochet noticed
that dogs which had been in-
noculated with esl serom bo-

| came sensitive to thelir ag-
I tion 20 that second doses %oo

mall to be harmful %o mermal
aninals caused violent symp-
toms and desth. Richet oal-

| 1ed this phenomens “"anaphylax-

igh,

Dunber confirmed the work of

Blackley and isolated the se-

$ive albuminouns subgtance from

| the various pollems for trest-
| ment of patients.

Arthus and Breton found

| that repeated sbentaneouns
| injections of horse serum ia

rabbite ot intervals of seve

| oral days gave rise to edema,
i sterile abscessen and gangrene
i ot the site of inmnooulation.

Theebald Smith in standard-

| izing the diphtheria santitoxin
i by the uwse of gulnea pige ob-
! served hypersansitiveaess %o

i second injection of entitoxin.

Attribtuted the reaction
to additional injury to the
already iasjured tigeme by
the dacterial product (tu-
berculin).

Flexner node & careful
observation, dut gave no ex-
planation for the mechaniem.

Thought hayfever was caus-
ed by pollens and heat and
eun's ray.

The reaction was sttri-
buted to manifestation of
the animel Yo become withe
out ¥protection®,

Thought algo that hay-

fover wes caused by polleas

in the air.

fuggested that the condi-

tion was samlogous %o the ex-

perimente of Richet.

He made no conclusions.



1905

1906

1906

1906

1906
1907

Otto made the first ays-
tematic study of amsphylaxis;
found that an interval of 10
days elapsed after the semsi-

tigzing dose before hypersensi-

tivenese was established; and

that ne hypersensitiveness re-

sulted when large injections
of serum were given a% shord
intervals.

Yon Pirquet and Schick ob-

soerved the first cose of serum

sickness due to second injec-
tion of diptheris toxin-anti-
toxin.

Wassermen and Bruck made
the first euggestion of the
immunslegicnl mechanism of
$he tuberculin reaction.

VYdff-Ef sner observed ser-
fos of hayfever cnses sad
attriduted the symploms %o
the pollens.

Bosenaw and Anderson wers
the firast to establich the
specific nature of the snm-
phylactic reaction.

1. Cuinea-pigs sensitip~
ed with horse serum
showed no remction to
serum of other enimals.

2. Single dose of horse
serum vhich vas hara-
less to normal guinea-
plgs made the sensitis-
ed animal very resctive
to second dose after an
interval of 10 days.

3. The sensitizing dose
was oxtromely small,

4, The hypersensitiveness

Attributed the toxielty
of the second innoculation
to the effect of the seruvm
iteelf.

They stteapted no explan-
ation of the reaction the-
oretic&llr-

Attributed the ressgtion
to haraful aniosn of bac-

 terial antigens and anbi-

ogeplores attached to the
infected tissues.

Concluded that masal path-

| 0logy which occurred ses-

sonally was due to hayfever
osused by the pollens.

They concluded that "the
fact that other snimals be-
sides mam and the gulnes-
pigs resct to & second in-
Jection of horse serum
would seem to imdicate that
we are dealing with one and
the same action?®?, "¢ is pro-
bable that mem may be rea-
dered sensitive to the in-
Jeotlion of & strange pro~-
teld, %,



1907

1907

1507

1907

| gitization.
| sublethal doses of horse ser-
| wm not only desensitized &

| sensitive animal bul within

| & short time a high degree

whs lasting and also
conld be tranemitied
from mother to the
of fapring.

5., Found that sensitivity
could be induced by the
extracts of bacteria mnd
believed that this may
have & possible relation-~
ship to saaphylsxis and
infections diseases.

Otto made the first con-
tribution toward the knowe
ledge of desensitization. He

| found that snimals recoverying
| from ansphylactic shock are ,
| desensitised for varying lengths period of condition ia
| nf ti"c

Beasredka and Steinhardt

| made & more detalled study

of the mechaniom of decen-
They found that

of tolermnce was conferred;

| as much ss one handred to
! sne thounsand times the le~
I thal dose.

¥icolle pudbliched the

etrliest account of the pas-

sive transfer of the hyper-
gensitive condition. He no~

| ticed that if & highly la-
| munized rabbitts serum was

injected into & normal rabdb-
bit, the injection of the

| originsl seneitizing serus

rendered the rebdit resg-
$ive.

Gay and Southard are the
first workers to support the

10

He conciuded that ingtead
{ death in properly de-
ensitized animals after

‘ficlent doses of anti-~
en wore givem there was a

ich ordlnary dose sould
tolerated.

They concluded that de-~

|sensitizsation can be pro-

j[duced by the injection of
sublethal doses of serum
instead of production of a
severs anaphylaxis.

Bioolle concluded that
the serum of the sensitised
must contain & substence
capable of responding to
the horse serum.

Thelr idea was haged on
the faet that the sensi-




1908

1309

1909

antigen-antibody theery
of the aneaphylactic re-
action.

Hicolle and Abt attemp-
ted to disprove the work
of Gay and Southard by
using horse serum sensi-
tiged guinea-pigs.

Pistsr Vaughan oheerved
the so-called toxic smd non-
toxic {ractions of tubercle
colon, proteus, and other
bacilli to study the reac-
tivity wpon injestion inte
normal and infected guines~
pige; aleo they observed
hypersensitivenese of &
person infeoted with mic-
ro-organisms to protein ex-
tragts of the infecting or-
ganiems,

Friedberger presented one
of the earliest theories of
the ecellular cite of the an-
aphylactic reaction.

Doerr and Russ using the
serum of verious snimals
made the greatest comtridu-
tioa toward the kmowledge of

passive transfer of sensitive

ness.

Hypersensitiveness to &
given antigen oan be pas~

131

tizing fraction could be
separated from the toxie
froction of the original
antizen by samonium sule
fate precipitation.

They concluded that en~
gymes may de the cause of
the snaphylactic mechanism
instend of exotoxins or en-
dotoxins.

They determined the pre-
sence of antidodies in sen-
gitized animale by compli-~
ment-fixation, Proved that
gsensitizsing and toxogenic
powers could not be separ-
ated,

Attributed the reactioan
to liberation of nonspec-
ific poison by the parental
digestion of proteins by
specific ensymes developed
under the conditions of the
infecting organisas.

Thought that & precipi-
tation reaction uwpon the
surfance of the tissue cells,
loaded with receptors in
the sense of Ehrlich re-
presented the irue mechan-~
im of shock,

fonciunded that *the mest-
ing of antigen and antibody
in the blood stream alone
could not account for the
condition of hypersensitive~
ness.



1509

1910

1910

1910

by the serum of an animal

sively traneferred not only
by the serum of en actively
sensitized animal but also
by the serum of an animal in
& state of desensitization
or an anaphylaxis asnd even

born congeniially sensitive.

Doerr shed the first prob-
able explanation of drug idie~
synerasies; he found that ad-
dition of iodine or nitro

group changed the specificity
of the satigen.

Manvaring reenforced the
theory of cellular site of re-
action by exsanguinating &
dog sensitized to horse serum
and re~infused him with blood
of & normal dog until there
had been an almost gomplete
replacement of dlood; yet the
dog remained gemeltive.

Schults contributed the in-
controvertible prool of the
eellular theory; he found that
an isolated intestinal muscle
of & sensitised gulnea-pig in
presence of a specific anti-
gen would show contrsetion
characteristic of ansphylag-
tioc remction.

Aver and Lewis published the
firet adequate account of phys=
iclogiecal reaction that led %o
the death of an saimal. They
found that on post-mortem ex-
sainstion of guinea-pigs they
died of anaphylactic shock dis-

tension of the lungs, due %o t:

constriction of the Dreomchiocle
vhich reteined the air in the
alveosli. Desth was due to suf-
fication.

12

Thought that the exper-
iment helped to explain
the speoific mature of the
anaphylactic reaction.

"That the site of mma-
phylsotic resction does not
take place wholly in the
blood etream®,

He concluded that since
there wes no blood in the
isolated smooth muscle them
the reaction must take place
in ths cells.

The death of the guines-~
pig was due to asphyxiation.



1916 || Dele snd Hartley confirmed

1920

1921

| albumin fractiomn of the horse

the work of Rosemau and Ander-
son by using the euglobulin and

sorum; found that emch fraction
seneitized separately.

Coca was the first to make
& thorough investigation om
hypersensitivenesns wvhich he
ealled "atopy®. He contri-
buted the differential char-
acteristics between mnaphylax-
is in animale and hypersensi-
tivenese in man. ,

Prausoitz and Kustner
record the first experi-
mental study of pussive
gengitigation in men.

Kustner wae sensitive
to fish and found that his
serum did not contaln pre-
cipitation nor could they
demonsirate passive sensi-
tisation of guinsa-pig, but
1f small amount of his ser-
un wag injected intc 2 nor-
mal person followed by ine

13

"The sensitisation seems
to be riglidly specific ns
when euglobulin produces
 sensitisation to euglobulin,
but not to pseadoglobulin.

Es concluded that the fol-
lowing were the differeantial
charscteriastice:

1. Execiting agent in ana~
phylactic shock is always
an antigenic substance;
while the exciting agent
in humsn hypersensitive-
nese is often non-anti-
genie.

2. Anaphylaxis is induced
by injection of an anti-
gen; hypersensitiveness
i{s often exhibited upon
contset with the exoliting
ageatd.

¥. Ansphylactic state i
not inheritable; while
buman gensitivenens tends
to run in families.

4, Specific desensitime~
tion is more easily dem-
onstrated ia anaphylexis
than in human hypersen-

sitivensss.

tApparently the idiosyn-
cratic serum contained some-
thing analogoues $o an anti-~
body but probably not idem-
tical in every sense.®




1921

I

n

Jeotion of extrs
there wis & marked resction

| %t the site of injection.

Velis estaklished & group
of eriteris for amaphylactic
reagtion,

1.

2.

3.

b,

)

6.

ik

The eriteria are as follows:
"The observed toxicity

of the injected material must

depend upon the sensitize-

tion of the amimal, i.e.,

the substance must not pro-

duce similar symptons in

non-sensitized animals.

The symptoms produced wust
be those characteristic of
ansphylactic intoxication
as observed in the usual
reactions with typieal eol-
uble proteins, but differ-
ing characteristically for
esch species of animals.

It should be possidble to
demonstrate typicel reac-
$ions in the nonstriated
mugcle tissne of the sensl-~
tized eanimal,

The poseibllity that the
observed symptoms ars ceused
by capillary thrombosis
mst be exeluded.

After the recovery froam
ansphylactic shock there
ehould be exhibited a con-
dition of specific desen-
sitization to the same ma~
tigen under the proper con-
ditions.

In nddition to the sbove,
it is usually, bui not al-
ways possible (&) to show
pessive sensitisation with
the serum of the sensitized
animal; (b) to show ameli-
oration or prevention of the
bronchial spasm in guinea-
plgs by proper use of atro-
pine and ephedrine.



1927

1929

Best, Dudley, Dale, and
Thorpe studied the effect of
histemin on organs of the
guinen-pig and attributed the
ghock %o histeming found that

toxis syndrome prodused by his-

tamine reproduced very faith-
fully several of the charso-
teristic features of acute
snaphylexis,

Avery aad Tillett gave early
account of basterial haptens
in anaphylaxie. They found
that pneumocoesal polysacchar-
ide will not indusce sn active
sensitization in guinea-pige,
but will induce an seoute ana-
phylactic in animale passive-
ly sensitized by the injec-
tion of presipitating snti-
sera prepared in the rabbit,

15

A sudden relemnse of hise
tamine in the ciroulation
jof an animal would have
profound shock-like action.

Concluded that the hapten
fraction combined with the
{aatidody produced in the rab-
bit previously and gave the
resction of amaphylaxis.




16
I1. BAOTERIAL HYPERSENSITIVENESS

As bacterial h;pernensxtiVenots was studied in more de~
tail, 1t became spparent that the mechaniems governing the ana-
phylactic reactions did not explain the tuberculin reaction, either
in its systemic or in ite locsl manifestations. It became clesr
that there were probably two distinet types of bacterial hypersen-
aitiveness, one correspondimg wi!.th considerable accuracy to pro=~
tein mmaphylaxie, the other, typified by resmctions similar to
tubsrculin hypersusceptibility, which seems in many respects to
differ from the lnlphyllékie;phenanunt. .At present bacterial hy-
persensitiveness is discussed under two distinct headings: bac-
terial snsphylaxies and bacterial allergy.

Zinoeer, 1921, found that the %we types of hypersensitive-
ness, that ig, typical spmephylaxis to tuberoulous proteins and
the charscteristic tuberculin ellergy could exist in guines-pigs
independent of each other or could be separately present in the
same animal at 4ifferent times. Guinea-pigs suffering frem $ue-
berculosis would give 2 marked skin reaction t0 0. 7. 1 = 10
within ten days after innoculation without developing hyper-
sensitivenees; while symptome of ansphylaxis develop five to
six veesks after the infection and sometimes does mot develop &t
all., This important observation led to am attempt to separate
iz the tubercle bacillus the individual sntigemic fractlons re-

sponsible for emch remction, an effort which resulted im the dif-
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ferentistion between nucleo-protein snd u substance that Zins-
ser (1921) called the "residue smtigen®. Since antibodies sould
not be produced with these materisls amd yet they united with an-
tivodies, & suggestion was made that they represented partizl ea-
tigene or haptemes. A true snsphylaxis can be produced with ta-
bercle becillus material ss with the antigemic substences of other
bacteriz, but snimsls so sensitized may mot show any signs of that
form of hypersensitiveness vhigh is spoken of as allergy.
Bacterial ansphylaxis seems to be anslogous in every re-
spect to p:atein anaphylaxis, fulfilling all the eriteria of
Wells (1921). Sensitizetion takes place by antibody response to
the whole or complete antigenm in which mucleoprotelin and sarbo-
hydrate fmtiqnu are combined. When such antibodies are sessile
upon the cells, shock can be elicited in vivo and upon the iso-
lated uterus with the specific carbohydrate substance alons.
Bacterial allergzy is enother form of hypersenesltiveness
which is not limited to the tuberculinm reaction, UYut ocecurs in
glanders snd sbortus infections. Allergy to bacteria say de de-
soribed as a state of specific hypersensitivity to these micro-
organisms and their products which may be imduced experimentally
in snimals and human beings or which occcur sponteneously during |
the course of disesse. During or after most infectione &n alter-
ed reactivity towards the products of the causitive agent of &

dilsgense may ocour.
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Koeh (1891) contributed » basic observation leading to
the recognition of bacterial allergy. Normal guilnea-pigs may De
injected with tuberculin in considerable amounts w1§h§ux causing
noticeable symptoms., Tuberculous gulnea-pigs remct to compare-
tively mall doees in a very characteristic maaner. The funde-
mental characteristic inm other tesis of this nature seems to be
the sppearsnce of looal snd systemic resctions inm infected sub-
Jects to contact with specific antigenic matorial which, in the
sane gquantities, produce nmo effects im normal individusls. The
likeness with the phenomena of snsphylaxis is thus indicated. The
passive transfer which is cherscterietic of amsphylaxis has not
been so far possidle in tuderculia type of hypersensitiveness.

Zinsser (1921), in attempting to :onsitiza guines-pigs
with the mucleo-protein fraction of tubercle dacillus “ound tu-
berculin-like skin reactivity daveloped upon the use of unfil-
tered wucleo-protein. This observation led to further investi-
gations. Tuberculin resotivity waes demonstrated with deed tubercle
bacilli as well as living, provided & tubercle had been formed.
The filtered material 4id not produce allergy. This fact is im-
portant in demonstrating that the tuberoculinm remction is not sa
infection reaction, possibly depeandent upon the liberation from
the living organisms of toxin or other products of secretion, baut
depende upon the formation of inflammatory tissue reaction.

These views were strengihened by subsequent studies on

streptococcus and pneumocoscus allergies. As & consequence the
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sllergic mechaniem hap been considered ss & possible factor ia
the pathology of & number of important disesses of man.

Consideration of these few stated facts indicates that
becterial allergy is & specific hypersensitivenses to antigenie
materisls of the nucleo-proteis type, which are discharged into
the body from the bacterisl focl where they are liberated by
the action of the inflsmmatory tissue.

The role of basteria in sllergy hed not deen seriously
considered uatil recently when certain conditions as asthma,
rhinltis, migraine, urticaris, snd angio-neurotic edema and other
allergie conditions could not be explained on the basis of the
reactions to ordinary food and inhalants. VWalker and Adkinson
{1919) and Hodge and Cohen (1921) reported finding predominence
of certain types of sireptococcus. 7Thomas, Famulener, snd To-
uart (1923) confirmed the esrlier resulte. ¥The evidence stromgly
indionted thet the causes of moat af these allergic manifestations
mast be sought in the infectious processes within the bedy. Cer-
malt-Jones (1909) treated asthmatic patient with sutogemous vaa-
cine, first of the kmown recoerds in literature. He resorted %o
autogenons vagoine treatment when he could not find the patient
sensitive to the ordinary foods end imhalants. It is mow gen-
erally accepted that the bacteria plays a certain role in aller-
gio conditions vhere semsitization te food, imhalamts, and con-

tactante have not been found to be the responsible factor. Roger
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{1921) snd Valiery-Hadot, Dlsmoutier, and Fitti (1936} found in
sllergic patients predominence of virileus streptosocous. The
natter of dissgresment concerms the question of epecifielty or
n;an-npaéiﬁaity in the bacterial cases.

In bronchiel asthma, it can be guite possible thet the
bacterial infection may by its presemce ia the bruchial tree,
esuse certain psthologloal chamges to take plase. The patho-
logically changed areas subseguently induce abnormal function of
the organ which may be responsible for the observed symptoms in
the asthmaties. Ia accordancs with this, meny authorities main-
tain thet vagolne treatment is mothing more tham foreign protein
shock therspy (Bozendsal and Haytum, 1936; Yeinberg, 1934; and
¥ilmer and Cobe, 1932). 1t is poesible that any one or mors of
these non-gpecific chemical faotors may be responsible for the
relief iﬂyéﬂﬁ#lpﬁﬁifiﬁ protein treatment. The ploneer research
of V. 8. Vaughan {1902) has imdiceted that aany bacteris, incluwd-
ing relatively avirulemt B. Coll group, have imherent toxicity
for the animal organism.

’fhu opponents of non-specificity of bacterial allergy
contend that specificity ias demonstratable and that favorable
relief depends uwpon specific remction. This is characterised by
thone bhcterial sctions which are definitely sensitizetion phen-
omena.

At unce when such & guestion arises, several 4ifficulties
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sonfront ma. The supposed discrepsacy between bumen 2llergy and
snimal easphylsxis, owing to ithe frequent failure to obtain pes-
sive sensitization of snimels by injectlon of allerglc sers. But
'in spite of the kmown disorepoacy. the mujority of the lnvesti-
getors are imolined to sgree with Zinsser (1928) that the basic
prineiples of hyperseasitivenees should mot be neglected in favor
of diserepencies which vevesl lscik of experimentel imovledge, rather
then fundsmental 2ifferences.of tha‘ywamph. The fagt that bac~
tarial eutigens snd satibodies are extremely osouplex & compared
with those of the simpler cosgulsble protelns, prasonts snother
forsidable obateale in the general agrecmemt of the mechanlems.

"Sensitization to Dacterial mntigens canmot, however, De
produced with the some ecase and aertainty, as in the case of horse
serun or sgg-vbite. 4 single injsotion of bacteria or bagterial
sxtract frequently falls to produce any Aempnatratable sensltiss~
tion, snd the most successful resulte have boeen obtalned by those
vorkers who have esployed repeated sanll injections of antigen for
sensitizetion, fellowed By sa ianterval of three weeks or so. *
Topley and Wilson.

Bacteriel ansphylaxis has beem sccepted and thoroughly es-
tablished s & scientific fact. Rosensu and Apderson (1907) were
able to induse motive smd passive sensitization with besterial
satigen. Zinsser snd Parier (1917) established the bacteriel an-
sphylaxis as & solentific feob by the Tale's - Schmlts techalc
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with the isolated uterus. The reactione were demenstirated %o be
specific and desensitization cen be brought about by the use of
specific antigen.

The bacterial hypersensitivensss or bacterial allergy which
concerns us in asthma and other allerzic conditions is essemtially
different from the smasphylsctic phenomens. Zinsser and Temiys (1926)
state that in the cases of bacterial hypersensitivenesa that tue
protein sasphylaxis plays & relatively unimportant role and that
the true mechanism is not well understood. Themcterial allergies
or bagterial hypersensitiveness are of great lmportsnce since they
develop ri@ialy and render the infected snimsl highly vulmerable
to the products of bacterisl growth, which are relasively in-
nocuous for sormal animals. They also believe that allergy is in
no way related to that phase of resistence which is determined by
the matibodies. Zinsser ond Grimnell {1925). working with hemo-~
lytic streptococous snnounced that there seems to be certain
points of close anmslogy betwesa sireptococcus ellergy sad the tu-
berculin reaction. This observation is perticularly important in
that they believe all bacterial allergies are based on identioal
fundemental phenomens, To bring the tuberculin amslogy closer,
i1t was found that Dick filtrate, which corresponds in manner of
production to an nnconcentrated "0ld tuberculin® without glycer-
ine, is most potent material for demonsirating allergic atate of

skeian resction.
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The bacterisl allergy is usually dependent wpon the pres-
ence of whole dacteris in the host and appears to be relsted to
the nucleo-protein - sarbohydrate combination of Avery, Zinaser,
et al. This nucleoprotein sad §5.85.8. fraction suggests the
probability of & multiplicity of speeific soluble products of
bacteria.

A brief snalysis of the role of bacteria in sllergic con-
ditions is 4ifficult to achieve chiefly due to the complexity of
the bagterial effects in the humen orgsnism. These include not
only the foreigm protein factor, but the apparently more signif-
fcant wpecific nucleo-protein - carbohydrate antigens, and are an
entirely different hemolytic streptococcaus faotor of Sabins (1931)
and Emders {1930), & true toxin which is heat resistant, dut
which incites & specific antitoxin. Aay of these componeats of
the bacteria may be present inm various amounts; also they may de
concerned with the allergic reactions of asthma, angioneurotic
edems, rhinitis, amd gther allergic conditions.

These developments in bacterial allergy have beuﬁ reviewed
thoroughly by maay workers. 4 brief reviow has been mads chron-
ologieally to show the development of the kmovledge of bacterial
allergy aad 1%s poseible significance to humen disemse. ¥From
these reviews it seems very probable that bacterial allergy has

én important role in human disease.



CHRONOLOGICAL IEVELOPMENT OF BAOTERIAL ALLERGY

Date Bature of HExperisent and
Obeervation.

Koch showed that 0.7. {old

| large amounte without caueing
i noticeable effect, whereas &

il tuberculous guinea-pig re-
acted to & comparatively small
dose.

1396 || Babes snd Broes, using
| tudberculin made similar ob-

| servation to Koch.

1906 Vasserman and Eruck first
| suggested the immumologioal
i mechani am of the tuberenlin

i reaction.

1907 | Vom Pirguet, using the
tuberculin, iatroduced skin
itest and slso & term allergy

lor altered resction capacity.

| Rosensu snd Apderson, using
lextracts of tubersle, esloen,

| typhold, and anthrax dacilli
lobaerved one of the earliest
lanaphylaotic resctions to bac-
terial extracts which resemdbles

1907

gignificance and
Conelusion.

A besiec observation lead-

|iag to recognition of bas-

terial sllergy. Xoch's
econclusion:

That tuberculin containg
& substance responsible for
the necrotising sctien, which
wvas particularly powverful
upon tlgsues saturated with
toxiec substance.

They attridbuted the sys-
temic eymptoms %o a sudden
lighting up of the exiast-
ing lesions by the tubercu-
1lin added %o that already
present.

Tuberoulia resctior waa
eavsed by the union of the
tubereculin with the seseile
receptors upon the 4isessed
tissuss.

He gave no basic theeories
of the mechanism of altered
reaption.

From the remult of the ex-
periment, suggested that the
incubation period for many
of the infectious disenses
represented the time neges~
sary for the development of
sensitization.




1909 |

| action using mash of tuber-
| culous orgen; the guines-

| plgs iajected with finely

| divided materisl intra-

| peritoneally died when they

1910 |

1921 |
| zuinea-plg sensitized with

1923

Bail attempted & passive
tranafer of tuberculin re-

were injected 24 hours later

} with tubercalin

Baldwin made the first
theoretical explanation of

I the tuberculin veaction.

Well showed that the horse

| serum which sensitized celle
| passively could be detected
| by the Dale method to bde

| present as a foreign proteln

in the celis of the sensitiged
asuimala.

Zinsser demonstrated that o

tubercle baclilli 2 $rue ana-

| phylectic sensitivity as shown

by the isolated uterus, and

| typical tuberculin reactivity

of the skin could be separestely

i precent at different times in
| the same animal or could exist
| alone in 2 eingle saimal.

Eeldelberger and Avery

| purified the residue entigen

of stsphlococccus and other
organisma.
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Conoluded that passive
transfer caamot be re-
garded as possessing char-
aster or regularity of pas-
sive tranefer in saaphylax-
is.

He showed that the eskin
sensitivity was produced
only wvhen actual infection
had taken place; alee that
there seeams to be & discrep~
anoy between the skin sen-
sitivity and genersl ann-
phylazie.

The cells of & given
species may be capable of
association with the glob-
ulin from one foreign epecies,
but not with those of another
gpecies.

Concluded that the tubercle
bacillus was composed of at
least two antigenic fractions
which were responsible for
the two reactions. Iavesti-
gations led to differentia-
tion between nuclec-protein
and so=called residue anti-

gen.

They found 1t to be & car-
bohydrate substsace which
was type specific end was
inoapable of antibody form-
atlon, but combined with
the antibody made by & com-
plete antigen, the mon-
hydroliszed organism,
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19285 |

1926

1927 |

S$inseer and Parker obtalned
s definite anaphylactic re-
| sotion with pneusoconmus Sx~
gracts and isolated uteri of
geusitized guinea-plg by the
il Dale method. Both setive
sad paseive sensitisation wes
succassful,

tatdlew and Dudley demon~
strated with tudercle bacsilli
that the residus satigen which
gave the skin reaction could
be esparated from that which
was precipited by the sabi-
bacterial serum.

long produged en sctive
| tuberculin resctivity in
gainea~pige by the injeo-
tion of dead tubarcle dae-
1314,

Sineser and Orimnell, by

| uping pneusmococons sutoly-
eat, formulsted on the bes-
{ 42 of the experimental imov~
| 1edge the probable mechaniss
of baoterisl sllergy.
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Led %o the following con
clusion: ,

1. That the so-scalled ree-
i3ue sntigens were prod-
ably sot proteln and since

sntidodles could not be in-
duced, they must be haptems.

2. That in the course of any
infestion in which baster-
12l faocl sre formed, there
follows the development of
8 type hypersusceptibility
vhich ip distinet from pro~
teis smaphylaxis, which
later wore sssocisted with
the bacterial mucleo-pra-
teins and which csa be de~
termined By intradersal
skin reaction.

Separation of the two sub-
gtances was - thought %o be
fundamentsa) %o the underciand-
ing of the bDacterisl anfi
mmil«

Phe mecheniss opposing the
super iafection is essentislly
allergio; and that such sllergy
is means of attacking the speo-

§fic inwders.

1. The specificity of the
tuberonlin and similer
reactions neassaliate
the sasumption that the
stimulating subatancss waet
emanate from the basteris.

2. The development of
sllergy ofter the injec-
tion of desd tuberele
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bapgilli excludes the
participation of a
soluble or other sube
stances produced by
enly the living or-
ganiams,

3. Allergy develops typ-
ically only when the tie-
sue resction has peour-
red around the injection,
and 1% would therefore
seem that the action of
the inflamsmatory %tissues,
possibly ensymes, is
necessary for the liber-
ation of the sensitising
antigen from the bacteria.

k., Waclec-protein thst
pensitizen to the tuber-
culin type of reaction
cannot be obtained from
the tudercle bmeillus; in
case of which severe and
prolonged treatment i»
necessary, & fact which
wonld indlcate that test
tube menifestation de-
stroye the antigzenic
properties of something
which is formed more
gently by the sction of
the inflemmatory tisesues
upon the bacteria.

5. ¥With the organiems in
which the nucleo-protein
fraction can de obtained,
without chemical manipu-~
1stion by auntolysis, typ-
teal tuberculin-like re-
sotion can be induced by
astive sensitimation.



111. SEREPTOCOCOUS IN ALLEROY.

1te wide diﬂﬂb&tiaﬁ sad prevalsnce has placed this
orgenien under suspiclea in aui of allergy where evidences
point toward bacteris as & probdebdle nkuao. ¥alker nad Adirin-
son {1919) mede 8 thorough study of the groups of nraptoeeﬂt
found in ths sputums of broachial nsthnthﬁ. They reported
finding © predominence of the hemolybic variety, the alpha snd
gamma varietios in eppyroximately equal pumbers. In studying
shronie men-tubsroulous respiratory infections, Hodge and Ochen
{1921) comoluded thai the flera of the wpubum varlsd very litil
ip sethmatics. They report that ne many as eight to fourteen
types of streptocsect had deea fousd in & sisgle specimen.

& careful sné thorough bacterblogicsl study of the strep-
tocooeds in the sputwm by Hooker smd Anderson (1928) has revesl-
ed thoe predominence of the alpha type of Brown. It ves found
thet the alpha type constituted seventy-six per sent, the bois
typs nime per cent, and the gamma aise per cent of a1l the or-
gaaime found in the sputum. These results were confirmed by
VYallery-Radot, Blamocutier, and Hitti {1936), They reported pre-
dominence of the Virideans type of streptococcus in ssthmatice
snd aleo in the cnses of bromchitls. Bray (1937) reviéws the
role of bagteris in asthma amd states Shat Wilmer and Code {1933),
comparing the incidemse of bassterin in 500 asthastios and 200
nofmal controls, found that ufsmum showed 3he highest incli-
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dence of streptococcus (67 per cent), while the normal coatrol
showed & predominence of staphylococous (84 per cent) .

The chief objective of this experimental work was the de-
termination of the species of streptococsi isolated from the as-
thmatics and further to sorrelate them with positive eokin reac-
tions and certain other phenomena exhibited by the patient ss high
eosinephilia of the blood and sputum. The streptosocel were all
fsolated from sputum, stools, masopharynx, and skin of ellergic
ipdividuals in the Allergy Clinic. Almost exclusively the sirains
vere isolated from dronchial msthmatics, but & few wers from &l-
lergic rhinitis, eczema, and other conditions in which no apprec-
jable sensitization was attributadle to foods, inhalante, and con-
tactant. The patients were routinely tested for sensitization to
pollens, epidermals, foode, gresses, end other non-bacterial pro-
teins. The cases showing negligible eskin remctions to these were
suspected of bacterial allergy. Sputum sad steol specimens were
taken routinely in suspected bacterisl allergy ceses, but fre-
quently other specimems from the nasopharynx and from skin les-
ions were also teken for preparation of sutogemous vaccines and
filtrates to be used in the skin tests and desensitisation treat-
ments. The method of vmcoine and filtrate preparation is describ-
ed fully in the section on methods sad technigue. |

The carefully prepared vaccines and filtrates vere used in
skin tests to determine the therspeutic dose of sach preparation.

For the skin tests, .02 cc. of the sterile, undiluted preparation
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was injected intredermally inte the inner aspect of the upper arm.
The skin resctions were read in 15 mimutes as immediate reactions
and after 24 hours, as delayed resmctions. The intensity of the
skin remction was primarly bdbased upon the size of the wheal snd the
erytheme. VWhenls not exceeding 1 em. in size were recorded - or
(£) questionable, & 1 es. wheal was regarded 1 plus (+), a 2em.
vheal 2 plus (++), 2 3 ca. wheal 3 plus (+++), & U em. wheal U
plus (++4+). Tests vere made with the vaccines and the filtrates
made from the throe predomineat types of streptococel from each
specimen.

The size of the reaciion to the skin test determimed the relative
amounts to De used in the deseasitisation treatment. The sige of re-
action indioated the degree of sensitizatiom %o the bacterial sub-
stences. Alse, it has been thought that skin remotion to sutogenouns
bacterial substances indioates specificity.

Benson (1932) believes that the immediate reaction of a large
whesl and 1%s surrouniing erythems is of mom-specific origin due to
the foreiga meterial in the mediui - snd purely toxic effect of the
dbacterial extractn. If this assumption is correct, it offers 8 pos-
sible source of error in rmiﬁg the skin test reactiomns. If such
resdings were made without regard to the possible non-specific re-
action, much confusion and misinterpretation could only be expected
to follow. Benmson further claims that in 2 great majority of cases,

the medium produces an immediate istradermal resction entirely
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comparabls to that with the sorresponding whole vmscine. The
exceptiones to the previous statement that immediate resctions
are non-gpecific resstions, are oited by Benson. He found theg
aztogescus bacterinl wascines of viridans streplococens prepered
from the stool cultures gave immediste reactions with erythema
and wheal oz the allergic patient,while the same treatment on the
normal control individusl rescted only slightly. It is his de-
lief that it 1g & gpecific remction beotuse the remction upon the
normal control wes much emaller aad that the patiesnt responded
favorably to the desensitization procedures.

Thomas, Femulener, snd Towart {1923) foumd that the viridsms
streptococcns ususlly gave early skia reactioans end the hemolytic
varjiety next im ervder, but they claim that late or esrly reastions
ere considered to be of egual importamce in therspeutic ireatment.
Brown (1925) felt that late or 24 hour reaction had o definite
diagaostic value. W. 7. Venghan (1931) states, ®A delayed posi-
tive reacticn indiestes not only actunl sensitization, but also ine
feation"., Thomms and Touart (1932}, whe ﬁlve made an extensive
study of broterial allergy.delieve, as Coce, that the late skin
reagtion %o bacterial sntigen indicates a basterisl allergy. They
also contend that the early end the late positive reactions are
specific phencmena snd are due io forms of hypercensitiveness. Ioret
sod Hopphan (1936) find that delayed resction must indicate bac-

terial allergy.
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Remember that positive skin test reactions may be spec-
1fio or non-spesific. If the positive skin reastions are specifie,
oareful desensitisation procedures will result in amelioration and
relief from the sllergic aymptoms. But if the positive reaction
1s not due to & epecific couse, desensitisation procedures will not
yield results sisilar %o specific desensitizatios.

Yo ore mot sttempting to disouss procedures for desensitise-
tion, dut are-merely pointing out thet the possibilities of er-
roneous isterpretations of the positive skin reactions are ever
present. Ii is needless to stress the necessity of eaploying con-
trole; the esrlier experimental investigetions prove that & good
control ie indispensible.

Positive shin resctions ers defisitely of walue ae evidence
of allergle condition imterpreted properly.

The importanse of sge ms possibility in altering skin re-
actions mus$ noﬁ e igmored. Brown (1325) delleves thet asthma
bginning efter the fortieth year ie almost slwayes of bacterial
nature due to the probable lowered resistasce. Uske (1927)
cloims thed in hie investigations of the various age groupe re-
sponding to skin reactions, the sikin remctivity decressed with
alvensing Bge. DBut Prmesess and Miller (1932) disagree with this,

Whatever significance age mey have upon skin reactions, the
possidility that it ie @ source of non-specific resotion must mot

be forgotten. Treut (1936) found that skinm tests have little value
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in determining what etiological members of the sireptococei are
present, and he found that allergiss were much more sensitive
than the non-allergic individuals, regardless of their age.

Many debating smd conflisting articles mre pudlished con-
cerning skin sensitivity.to the basterial substances and the ex-
act relatlionships. The questien is; Is the reaction an indica~
tion of specificity or non-specificity?

Sioard (1917) treated ssthmatios with antogemous strepto-
cocous vaccines. Fe found that bacterial preparations showing pro-
nounced local remections to intradermal akin tests, proved to be
most effective in the process of desensitisation. Valker and Adkin-
son (1919) and Thomas, Famulener, &nd Tousrs (1923) slso mgree that
the most uﬁiutuatqry results were obtained in the allergic patiemts
when autogenous baclerial substances were used for the treaiment.
¥. 7. Vaughan {1931) claims that dacterial allergy is a specific
teoaction and that speoific desensitization idemtieal to that of
anaphylactic desensitisetion is possible. Benmson (1932) reports
- that desensitization to streptococous hypersensitivensss in al-
lerglic patients is specific in carefully selected cmses. It g
the opinion of Thomas and Tousrt (1932) that the late skin reac-
tion to bacterial vaocine indicates bmoterial allergy, also thag
both the immediate mnd delayed reactions are specific in their
reaction. Dorst and Hopphen {1935) maintain that skin reactions
and desensitiszation are specific, but emphasize that the treat-

ment of allergic cases is an individual problem. Helief and cure
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of ellergzic conditions, Tlevisaker (19%37) writes, sre due %o de-
sensitization, not to protein shock therapy.

But ¥Wilmer and Cobe (1932) maintein that relief in the
treatment of allergic eanﬁitians‘with.ltrcptocaeeﬁa‘ﬁuhutlueet ge-
cured by & non-specific protein reaction exists. And Valdbott end
Ascher feel that skin resativity is purely s mon-specific protec-
tive response of loeal nature. Peinberg and Bosendmal (1934) ad-
vocate non-speaific reaction irn effects produced by the autogenous
vaeccines.

Opinione favor the spescific nature of skin teet reactions
and desensitization.

It 15 not our objective to sttempt any further explamatione
or conclusions beyond the present beliefe. The present tendency of
the investigatore is to favor specifiolty of bacterial allergics,
such as those found in cases of bronchizl asthma, migraine, esngio-
neurotic edeme, rhinitis and other axiargic'aanditions vhere the
patient doees mot elicit any significent signe of sensitization to
comuon foode, inhalants, and aontlétaat proteine. fhia opposes
earlier beliefs that bacteriasl aliergy is nen~-gpecific and that de-
gensitization 1s due primarily to non-specific shock therspy.

This opposition is strengthened by present experimental sand c¢lisg-
ical observations of bacterisl allergy whioh reinfores each other
and verify the theory of specificity.

In view of the present theories, one cen maintain that
bacterial allergy s specific in selected coees. Selected cases

means that the patients are carefully disgnosed to exclude any non-
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bacterial sensitization, that the etiological agent be atiri-
buted to bacteris, and mainly that they respond $o desemsitisza-
tion procedures with favorable results.

The skin resctions to the autogenous hacterial esubstances,
a8 we have attempted to establich them, indicate specific meni-
festation of bagterial allergy. Investigetions have foumd other
manifestations are present with bdacterial allergy. The moet in-
portant one which we will discuss is the high eosinophilia of spu~
tum and blood. |

In the past eosinophilisa was thought to have direct re-
lationship with allergic conditions in genersl. It has definite
diagnostic valuss in the determination of bacterial allergy wvhen
non-bagterial allergy and parasitic infestations have been ruled
out. The value of eosinophilia es & definite disgnostic aid in
bacterial allergy is not yet firmly establiched mnd mocepted.

Sterling (1920) found that the aversge blood eosinephile
per centage varies from § - 13. Brown (1925) does not believe
that high eosinophile has mumeh diagnostic significance. The
reporte that highest eosinophile counts have been found frequent-
ly in non-gensitive patients; and that a definitely asthmatic
patient was found to be without eosinophiles, have been made by
Brown. In 1926 Brown made another extensive repor$ oa the pos-
sible significence of ecsinophilia in various sensitive patients.
Asthmatice gave an average of 7 per cent blood ecsimephiles; non-

asthmatics gave & 2 per cent count. He concluded that Blood and
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sputum eocsinophiles were parallel. He believes that eosinophiles
have no effect upon sensitization. Coates snd Ersemer (1930) main-
tain tha$ the ecsinophiles were due to an irritative resction
pather than to the infective mature. Oooke (1932) believes that
local tissue remctions mre responsible for the eosinophilia. And
Van Leewen (1932) does mot 2ccept the theory that eosinophiles have
saything to do with allergic conditions. Thomae and Touart (1932)
found eosimophilia with many of their allergic patiemts. FHume
(1936) finds eosinophiles in the nseal secretions of great impor-
tance in the diagnosis of allergy. Bunt (1938) states that eosin-
ophiles are guite common in broanchiel asthmatics, an average count
being about 5 per cent. In hip opinion ths eosinophile count in
an individeal ip not & static condition but is subject to large
variations. He also found that any differentiation between in-
fective and non-infective sethma is impossidle. We have & theory
that there may be & dorrelmiou between high eosinophile count

end skin veactions.
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PART 11
Experimental

1. 0bject of the experimeatsl work.

Ag previously steted the main objective of this experimen-
tel work concerns the determination of the species of streptocos~
oo isolated from the asthmatics and i%s correlatios with skin
resctiones; and also the correlation of ekin resctions to high
ecosinophile counts of the sputum sad the bPlood. Our fnterest in
the possible relationship between the species and the skin resctions
was promoted by several factors: From & purely bacteriological
standpoing, it ie definiteciy wvaiuwsble %o kmow the bastericiogy of
the sputus, stools, nasopharyax, kud skin of sllergic individunle.
Should the classifioation give a pr;ami_nme of gartain up-clén,
it would be » great dimgmostic value %o the colisicisns. A gorre-
lation between the skin tests and the species would bde & great
impetus and value $o the allergists. By far, these are mot the
most fmportamt walues of such sa experiment and moreaver it would
be Bn interesting scientific coatridution and perbaps & coafirm-

stion of some earlier results,



il. Procedures

Although sn extessive review of methode and techniques
might appear eppropriste, oaly reference 1o the originel suth-
ors contributing %o the particular wmethod will be mede. Since
Sherman (1937) has written an extensive snd & thorough review
dlsonesing end evalusting the various methods used in streplo-
socei clessifioation, we hive made no sltempte to review the wast
amount of work that hes beem publishad. n:i nethods of olassifios-
tion of streptococcl used by Shermsn {(1937) were sdopted and used
in sur lsboratory; sismce the method sxeellantly serves the impor-
tant purpose of &sohtiﬁg the related streptococel into distinet
and managesble grovps.

All the straine of streptocecel olsesified were inmolated
from specimens received st the Alinrnr Clinio of the University
of Oregon Out-Petient Clinin. The specimens wers submitied in
sterile containers. With few veriations, the msthod of isolation
whe similer im 21l csses.

Sputum epecimens: Five-tenths co. of the apﬁtm vas ground
in & gterile mortar with send and 4.5 co of sterile esline, mok-
ing & 1-10 dilution of the sputum. From sudbsequent dilutions of
1-100, 11,000, 1-10,000, peur plates were made using 0.5 co of the
diluted solution. 0.7 s¢ of oxalated humen blood was sdded %o
the infusion mgar in making the blood ager plates. Direct smears
of the sputum were stalned by the ¥Wiber modification of Wright'se
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stain and 100 vhite oells wers counted for the sosinmophile per
gontage.

Stool specimens: A lsrge loopful of stovl waz fnmoounlated
isto 4.5 ce saline. This solution was considered e 1-10 dilution
of the specimen. As with the sputum specimen, Wicod sgar plates
wore made of the 1-100, 1-1,000, sud 1-10,000 dilutions.

!’uo-phaw‘anh;. Skin Cultures, ete: The svad vas
placed in 4.5 ecc ealine. This solution wne considered o 1-10
dilution. Blood agar plates vere made of three dilutions. and the
easinopbile per centage was determinmed in the nssopberynx speoci-
men in the ssme manner as the sputum specimen.

The medie used for the cultivation of pure cultures of the
streptococel was infusion broth %o which had been sdded 1% dex-
trese. A small plece of beef brain was placed in each tube, the
broth was added and the whole stwil;uﬂ at 15 pounds pressure for
30 minutes, The organiems grew luxuriaatly in 2% hourd incube-
tions. Thres of t&g four isolated quleniu of each wariety of
streptococel vere selected from & plate of every spscimes, inoc-
ulated into the bdrain droth tubes, and slloved to imoubate 18 to
24 hours. Orgeniess from esch specimen showing the same iype of
hemolyois, growth on broth end etaining charscteristics wvers con-
sldered to be of the amme strain. Suspensions of similar strep-
togocol were decanted into sterile centrifuge tubes and ceatri~-

fuged. The cupernatant solution in the centrifuge tube was decan-
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ted snd filtered through 2 Seite filter. The fillrete wes subd~
seguently pipetted into & 10 cc sterile vaccine vial, which was

then sezled vith & sterile riber stopper. The sediment remalning
in the centrifuge tube whs washed twice with sterile Cocs’s wol-
ution, 28d resuspended in 10 co. of the duffersd salt solution.
This suspension was pipetted to & wacolaue Dottle, oapped, snd heated
for two hours at 58° €. Both the filtrate snd suspencion were
tented for sterilidy in broth tubes. In this msssner & sterile
broth-free suspension snd broth filtrate were made for esch var-
iety of streptococel preseat iz a singls specimen.

The organiems obiained for classificedtion and study were
inoculsted into 1.0 per cemt dextrose veal iafuslon brals broth
medis (pH 7.4) and incudbated for 18-24 hours st 37* €. Crowth
sppesred in the enriched basic medin as & flocoulatant, homogen-
ous suspension, or hesvy precipitate iz the bdottom of the tube.
Before preparing the dilutions for plate inmoculation, the culturs
had besn sudbjected to aglitation vhich thoroughly dispersed the
lerge aggregates of the organismes ia the culture medis.

The initinl step in clessification ie performed on the bloed
ager plate. Moat satisfactory resulte sre obtained by using
0.7 ml. of vabbit blood with 0.3 per cent potassium oxalste an-
ticongulant. Care must be exercised to add blood sad orgenisse
only to previously smelted veal infusion mgar cooled to W5® C.,

for a higher tempersture destroys the red corpuscles and less
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heat ruiﬂmt orgenims. Following the addision of the Blood
snd ineculatfion of the organisms, the tubes were oarefully shaken
and the contents poured isto & sterile petre dish. The platesn
vere gently whirled sad sllowed $o remain spproximately 10 min-
ates 8t room temperature defore final {ncubation at 37° G, for
2-28 hours. Iscubation of 18 to 2 hours at 37* 0. yielded
most satisfactory results; hovever, further incubation of U8
Boure was frequently necesssry for the slow growing vurﬂm.

The colonies on the plate were classified as produsers of
hemolyein, methemoglobin or mon-producers of reastion wpon blood.

The micrassepic sppesrence (Brown, 1919) of hemelytie or
beta solonles upon blood agar is characterised by s clear, or
distinot, sharp hemolysic zone immedistely surrounding sa eliip-
tieal or round colomy which upen refrigerstion and farther ilancu-
bation does mot produce the so-called "halo® or comcentric ring
formation.

Whereas the umethemoglobin producsrs or the slpha types are
usually recognized by a dlstinet and definite greenish sone iam-
medintely surrounding sa oval or round colony which upos refrigera-
tion produsces the "halo" effect. The "halo® phencmens is char-
acterized by 5 clesr sone of hesolysis ccossionslly containing
eel) fragments emcircling the methemoglobin sons. Further incu-
bation of 18-3% hours will result ia preduction of & green meth-
oglobin ares peripherally to the exieting sone of hemolysls, pro-
ducing the "helo® appesrancs. GSeveral consecutive "haloa® may Dbe
prodused in this meaner.

Following the isolation snd cleseificetion wpor dlood
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ager & mont typleal colomy is removed snd inooculated ints 1.0

per ocent dextrose vesl infusion broth and incubated at 37° C.

for 18 to 24 hours. If the Oram etain prepared from the suspea-
sion appears homogenous and free from contsainents, they were con-
aldered satisfactory for further classification. The pure culture
in 1.0 per ceat aﬁwau veal infusion Droth served ne & source
of inoculum for stock cultures and for clmssiiication,

The stook cultures wers grows upod & comaercisl prepare-
tiom, North's gelatin agsr (Difce). Treasplantation of strains
wers necessary every tweaty to twemty-five daye. Previous to
retransplantation the slow grewing stralas vere greatly inar_annd
in the ability to grow vigerously upon the solid media by inoou~
lation from broth culture. |

The classification of the organisme were prompily pur-
sued ss imnediately s possible. The temperaturs tolerance tesis,
30 minuten ot 65° ¢, sad 60® C. were begun first; since thné
the lacubation other tests could be simultaneously performed with-
out apprecisble loss of time.

Heavy Broth cuspenston containing 6pproximately 500, 000,000
organiemn wers inoculated into & previcusly heated basic (pB 7.%)
veal infusion broth comtaiasiag 0.0005 per cent scid fushein
(1.0 per cent Andrades indicator) snd 1.0 per cent dextrose which
45 utilised by the orgaaiom with the production of meld, and oson-

sequent lowering of hydvogea-ion concentration. The lowered bydro-
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gen-lon concentration is indicated by appearsnce af. ecolor vdry«
ing from piak %o red due %o scid hydrolysis of acid fuchsin. To
ineure an sgusl smount of heat trestment for essh tubs, broth
heated to 65° C. or 60° 0. were inoculated every minute watil all
of the tudes vers inoculated. In this msumer the second tube
would De taken out one minute after the first tube, third tube
would have been removed two sisutes sfter the firet tube, ete.,
end the vemnining tubes were removed in & like manser. Esch tuds
taken out of the droth after thirty minutes was promptly cooled
to 37° 0. and immediately incubsted at 37° O. In &ll cmses the
grovih of heat tolersnt orgsmisms appesred ﬁithia forty~eight
bours. Further mcmtigm of five days produced no asppreciable
change in solor of the indicator or the turbidity of ths broth.
The sbility of the orgenisas to grow ia 10° O. anad hse g,
waa aleo performed 1is the medis used for maximum temperature
tolernace test. Ineculations were made into the medis abt room tem-
perature and plased in respective temperstures. These strains
whick would grow im L4%® temperature, gmﬁu& sufficient grovih
within 24 hours sud ia spite of further mmu@ no changea
wers sSpparent aﬁu forty-eight hours imoubatlon. 2&& growih at
10° ¢. reguired wminimum of twenty days for spprecisble growth
and color change in the imdieator. If no ohoagee were appareat
after 24 daye of refrigeration the test wes regerded as negﬂiu.

The test tn determime the ability of the streptococel %o
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grov ia 6.5 per cent HaCl, 0.1 per ceat methylene blue, and high
sikalinity, pH 9.6 were performed by isoculsting the orgenisms
into freshly prepared medis at roca Sempersture.

For the 6.5 per cent NaCl tolersnce test, 5.0 ml. of 1.0
per cent dextross veal infusion broth (pH 7.4) wes sdded to 2.0 ml.
of sterilised 30 per cent NHall shortly before imoculation. Urowth
sppeared sith!n tventy~four hours, Nowever, further imcubation of
twenty-four hours was frequeatly necessary.

The methylene blue tolersnce test was prepsred shortly be-
fors use by addition of 1.0 ml. of 1.0 per cent of sterile methylene
blue to 9.0 ml. of sterilized skimmed millk. Inoculations were made
at room Semperature and imcubated at 37° €. for twanty-four %o
forty-elght hours., The abdbility to reduce methyleme blue wilk
within twenty-four hours was cousidered very stromg reduction.
Wheress egusl reduciion regquiring seveniy-two hours wee conpider~
o2 wesk in reduoing ability. If aoc apparent changes wore visidle
asfter seventy-two hours the test was regarded negative.

The nd!# for pH 9,6 was prepared sccurately by the use of
glass electrode pi-meter just befors the imoculation. To 9.0 ml.
of 1.0 per ceat luctoee vesl iunfusion broth suffislent sterile
1/8 ¥eOR was added to give the reaction a pH of 9.6. The turbi-
dity of the broth withia forty-sight hours served 2o an index of
positive growth.

The hydrolysis Sest of starch was perforsed in 1igquid

media, containing veal infusion broth, and 0.1 per ceat soluble
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starch. The organiems vere inoculsted sad incudated 37° C. for
five days. One millter - of Gram's lodine was placed in the
medis. One ml. of Graa's lodine wes sleo placed in an uninscu~
leted medis. The test was recorded as positive if the color of
the lodine trested medie was lighter then the control $ube, which
was almost blacit.

An sesoulin hydrelysis test was aleo perforuwed in liquid
media containing 0.1 per cent sesculin snd 0.05 per cent ferric
citrate. Aftor the organiems were inooculated in the medis, incu-
bation of twenty~-four hours &t 37° €. was oufficient to indicate
hydrolysis of sesculin. The formstion of & dark brown or black
eolor throughout the medis by the combimation of hydrolysed pro-
ducts, assoulin snd ferric ioss was positive indicstion of hyiroly-
sle, |

$taba vere made in gelatin medie for gelstin liquifsotion
tent. Iacubation of twenty to tweniy-five days at room temper~
ature followed by liguifaction was regarisd as poeitive,

Sterile skimmed wmilic inoculated with o heavy droth suse
pencion gave somgulation without peptonisation regerdless of
length of imcubstion, cosgulation snd peptonisation., or no ap-
parent resction wpon milk. Osaguletion took place within twenty-
four hours and 1f peptonisation wes So be affected, the reaction
waa complete wilhin seventy-two bours.

In order %o miniaize the hmsard of contemiasnts lm the

tests, two broth cultures were made of sach strain. Second bdroth



46

gulture was emwployed in fermentation or scid production fron var-
lous sugars. Approximately 5 x 10° organisas were imoculated to

insure heavy growth. The medis vomposed of basic (pE 7.4) Hart-

ley broth costalaing 5 x 10-H per cent scid fuchsia (1.0 per cent
Andredes) proved guite satisfactory for fermentstion medin. Con-
trol tubes without the sugars were prepered to be inoculeted for

each test organiem.

The sugars were sterilized in meutral solutions %o mini-
nize hydrolysis snd sdded to previously sterilised HBartley broth
in 0.5 per cent concentration for rare sugers sad 1.0 per cent
finel concentration for less rare ones. Seversl days previous %o
slaseification, the concemtrated suger solutions were added %o
sui table comgeatrations of 90 ml. of Hartley broth followed by
twenty-four hours incubation at 37° C. 1f no growth of contam-
inents or changes were spperent, the medis wis ssepiloally tubed
snd incubsted mgainm to insure perfect sterility. The sterile
clear medis was heavily inoomlated and inoubated at 377 C. for
five days; nlthough twenty-four hours to forty-eight hours vere
sufficient for indlcation of stromg fermentstion resction.

Although there are varying degrees of fermeatationm, say
degree of positive change wae recorded as positive Sest. Fre~
quently, the test or the “eugar® tubes contsined sugar vhich gave
2 positive resction, in which oage comparison was made with the
control tube snd "sugar® Subs. If the ®sugar® tude gave desper
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golor tinmt theam the control, the test was regarded as positive,

These groups of tests vere oarried out in the firet ser-.
ies iumedintely upon fsolation of the etrains. The second cor-
ies of Sests were composed of fibrinolysis test and Lancefield's
presipitin test for the serologioal claseification of ibe pyogen-
ie atreptosocel. 7The oultures for the second series of tests

vere taken from stock cultures which were kept in refrigeration.



11X, Methods and Techmnigues.

| Hemolysis. %he resctions of the streptocceci upon blood
wers deternmined by the use of rabbit bdlood sgar, e method intro-
duced by Brown (19193. Instead of defibrinanted hovse blood,
0.3 per ceat oxalated rabdit ‘b‘.lmd was used, because of greater
mﬁmim« of obteining fresh lots of blood snd the remctions of
the organisms upon the fm’a‘blt. blood sgar seemed %o reproduce quite
faithfully the resction obtained wpon the humsn or hovree Bdlood.
The agar base iu conposed of veal infueiom broth prepsred ia the
sguel memner, lImsculstion was made upon coolisg (12 ml.) of
melted vesl imfusion agar %o W5® C. snd upon addition of 0.7 sc.
of 0.3 per cent oxalated Tadbit blood. By mesns of serisl dilo-
tions, 75 to 250 orgeaisms were imoculated ia%o the liguified
blood sger, which was ecarefully poured iante o sterile Petri dish
and permitted to cool 10 minutes afser gentle mixing.

She rate of growth of & particular strein deterained the
length of the incubation wﬂad. in most iniﬁmn 24 hours' in-
cubation at 37° ¢, wese sufficient %o yield differsntial charac-
teristies. Preliminary resdings vere sade imasiistely as alphs,
bete, or gaume types. The oriteris of Browa (1) was followed for
dstermination of types of hemolysis. |

The alpha colontes were surrouaded by s definite sres of
gresnish sone of methemoglodia. Under & low powver of the micro-

scope the greenish sone wee less apparent, but is outer portions
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of the soue there was poseidly & olight zone hamolysie. Grosely
te the sye the deep colonies mppesred as smsll dloonvex,greenieh
colonien, while the surface coloslies were round, flastly glisten.
ing, and gresnish by tronsmitted light. The alpha prime, methe-
moglobin producers,upon ice-chest starege of &4 hours prodwsed

e definite ring of hemolysis immedietely vut-side of the methe-

woglobin gome, thus concentric vones of hemolysis were produced

by incubation and ige-chesting until several ringe of hemolysis

vere produced.

The alpha prime type of Frowa (1919) is & streisn of etrep-
togocel resembling closely the beta type upsn the blood agar.
Grossly it has all the chersoteristics of & bete colony with a
zone of spparsntly olesr hemolysin lmsedistely to the outer edge
of the colony, but upen exsmimation with the low pover of the
migrascope, many discolored and fﬂpaniaa gelle are found most
abundantly in the proximity of the periphersl edge of the colony,
vhich presents » hasy sppearance. Upon storags of 24 hours in the
fece-chest, apparest concentric ring of hemolysis were observed;
the initial sone of hemolysia wes noticesdly ealarged aad had
become rether diffuse.

 The Deta types wers isolsted wpon the following oriteria
of Browva {191%8):
This type of remgtion upon bBlosd agsr sway be desoribed es

& solony surrounded by a definitely clear, colorlsss sons of han-

®
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olysis. A micrescopic exsmination reveals no fragments of par-
tially discolored sorpuscles im the ares immedistely surrouading
the colony. The distimguishing characteristics sppear much esr-
lier then the alphe types and are guite definitely developed in
1€ hours at 37° C. The colony has & greyish appesrance by the
transmitted or reflected 1light. The surfece and the deep colonles
alike are surrounded by characteristic sones of hemolysis.

Further incubation at 37° C. for 24 hours does not Epprec-
iably increase the sres of hemolysis. A period of 2l hours re-
frigeration ss one might expsct, does mot increase the ares of
hesolysis, mor does the second perlod of incubation substentially
produce apparent changes in the hemolysis area. |

The geama types of appearance om blood agar are character-
ized by the following properties:

According to the accepbed criteria of differentistioam, the
gamms type produces & growth of colonies withia and on the bdloed
sgar plate without the production of any perceptidble hemolyeis
or discoloration of the surrounding mediwm during the incubstion

or refrigeration period.
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Aegculin Hydrolyois

The ability of the streptocosel to hydrolyse sesculin
whs deternined in the mbeence of bile salts by & modification
of Weatherell and Didle's (1929) method.

A heavy broth suspension of 18 %o 20 Dours ves incoulated
inte 8 broth cosmtainisg 0.1 per ¢ent sesenlim, 0.05 per oont
ferrio oitrate. Immediately after the imoculatfion the tubes were
fnoubated ot 37° &. for & period of § days; slthough twenty-four
hours ylelded sufficlently necssssry resctions of the test. 4
formation of dsri brown coloration throughout the medim, due fo
the ferric salt of the hydrolysate aesculin, ferriec mesoulitin,
was consldersd charscteristic imdiostion of seseulis hydrolysis.
Any detectable discoloratione varying from the comtrol tube 1o«

dionte hydrolysie or s positive resotion.
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Sterch Hydrolyeis (11)

Une tenth per ceant soluble starch im veal infusien broth
wes used %o detersine the ability of the sireplocseci to hyd-
rolyse starech. The starch broth medisa wues inoculated heavily
with & suspension nt 18 te 20 hours emitnn‘m‘d {macdintoly ine
cubated at 37° 0. for five days which was sufficient incubation
for the complete hydrolyeis of the atarch; frequently within 48
hours some strains were able to completely hydrolyese the starch.
FPive tenth ml. of 0.33 per vent lodine snd 0.7 per ceat poitassium
jodide in sgwus solution wse placed in the broth medis. After
ten miznutes, 1f no dlstinet or epparent reaction had taken place
betyesn the starsh and the lodine, the positive resction is clear
spd slightly reddisk blue,or ylelds ns resciion with the addi-
tion of the lodine,umlike the dark blue colorstion of the sontrol

or & pegative test.
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Hethylone Blue Tolerance (7)

The method introduced by Sherssa snd Albus (1918) proved
%o be the most satisfactory for the determination of the ability
of the streptocoeci to grow in the presence of B final concen-
$ration of 0.1 p&r gent methylene blue. The medis was prepared
by adding ;.Q i}.. af sterile 1.0 per cont medicinel methylens blue
solution to 9.0 ml. of previcusly sterilised skimmed wilk.

A heavy suspencion of 1§ to 20 hours bBroth culture served
ss sa lmoculus for the test. The positive resulte were apparent
and recognizeble ususlly at the end of 24 hours inocudation wish
partial reduction the methylems blus sccompanied by only coage-
letion of the milk or coagulation uﬁh subsequent proteclysis of
the cosgulum. Freguently, some skraine required 48 to 72 hours
incubstion to yleld an appreciabdle reduciion. The indication of
the positive test was deternined by the pregence of any apparent
redustion of the wethylene blue with cosgulstisn or coagulation

and liguifaction of the cosgulum.
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Neximus Hest Tolerance (5, 4, 1B, 15)

Instead of following striotly the method of Sherman and
ssark (1931), & slightly modified method wes used for the thermal
resistsnce determinntion. The original test used by Sherasa end
geark {1931) consisted of inosuleting previously heated tubes with
1.0 w1, of milk culture which had been grown for 2 daye et 37° C.
Viability and She spparent nusber of orgunisms vere detormined by
plating upon the lsctose sger plate after and previous to the ia-
soulation st the respective twgorﬂturn. Beste (pH 7.%) veal
infuslon broth sontsining spproximately 0.0005 per cent seid
fushein (1.0) per seat Andrades) snd 1.0 per cent dextrose re«
placed the silk media of the origimal Sest. Appreximately 500,000,000
orgaaniome were imoculsted from & 24 hours veal infusion broth
culture into & previcusly heated medis, {60° and 65° 0.) end after
the inoculation 1t was incubated exaotly 3O simutes at the desired
tempereture. In order %o iasure an egusl temperature treatment,

2 tube was inoculsted every minute until ell were lnooulated. In
this menner the second Best tube would have had the ssme amount of
iasgubation one ainute after the first mﬁ- hed bdeen inoubated ex-
ectly 30 sinutes snd the third tube would have hed the required
amount of incubation 2 sinutes after the first tube, and so on %o
the last tube. 4 care wvas exeroieed to minimize the differences

of temperature on the surface of the medlis.due to the evaporation
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by meiztaining constently the level of the hot weter 5 to 6 mm,
above the level of the medis within the tube. The test tubes
were promptly subjected to ccoling after exactly 30 minutes of
heating and pleced in an iscudator at 37° ¢. BReading of the re-
sults was poesidle after 24 hours, but 48 hours iucubation seemed
nore satlisfegtory for the final determimation.

& popitive test was charactorized by the chemge of the color-
less medie to wvarious degrees of piak o red of the scid fushain;
the living heat resistant orgenisms hydrolising the dextrose to

acid ie responsible for the change in the indicator system.
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Temperature Limits of Growth
10 ¢. smd ¥5° ¢, (2,3)

The weos of w& temperature limits of growth of }the strep~
Socooct was introduced by Shermem sud Albus (1918) ‘mé Sherman
{19,5?}, The original experiment at low Semperstures of incube~
tion wes conducted by lnmoculating iitwus milk with the cultures
m fncubating them at desired temperatures. Orovih wae deterz-
ined by the presence or the adbseace of visible chenge in the 1lit-
mas milk. |

Por this ewxperiment. instead of the originel litaue milk,
1.0 par cent dextrose veal infusion broth with 1.0 psr eent An-
drades indicator was used. Immedliately ngem to the inocule~
tion the tubes of media were placed in 45° 0. water bath sad for
the 10® C. growth teat, the medla wes p;mzld ia the ice chest for
30 minutes before inoculation. Inoeculsmtions wers made os rapidly
s possible at the room temperature, folloved immediately by plac-
fng them in thelr respective temperatuves.

The resction of the N5® 0. test was spperent sad visible
8t the end of 2k hours incubation, Usually sn additionsl 24 to
%8 hours incubation did mot produce aay ayérniublu change in the
iatensity of the indicator.

A% 10" ©. the growth required to produce appreciable changes
in the indicalor ranged from sizbeez %o tuﬁty days., Aﬂw ro«

fﬂﬂﬂﬂa# of £l days the intensity of the tudiocator was not
changed. Tha resctions wers recorded as positive or negative af.
tor 2B days of refrigeration.
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Sodium Chloride Tolerasce (&)

The test to determine the abdility of the streptocecel to
grov in the finsl concentration of 6.5 per cent sodium chloride
{Shermen, 1921) gave consistent and satisfsotory results when the
media wos prepared immediately before the inooulation. A final
sonasntration of 6.5 per cent sodium chloride was obtsined by the
addition of 2 wil. of 30 per cent sterile sodium chloride solue
tion S0 2.0 ml. of 1.0 per cent dextrose iafusion droth previously
sterilized with C.0005 per cent actd fuchein {1.0 per ceat Ao~
aradss).

The inoculation was made immedimtely with 2 heavy broth
suspeasion of orgsnisms grown 1E to 20 hours is wveal dextrose
tnfusion broth. The indication of growth was usually appareat
8% the end of 24 hours, but 48 bours inoubsdion yielded much more
satiefastory results. Although the reactions were seemingly com~
plete at the end of 48 houre, the readings and final observations
were not made un%il the end of four to five daye. The tubes cone
taining cloudy suspension or heavy preacipitate agcompsaied by
the changes of the indicator %o warious huss of pink to red were
regarded as positive. 4 olear broth tube without 2a epparent change

1n the indicstor was regarded ns segative or absense of growth.



Proteolysis (6)

Sterilized skimmed milk heavily inoculated with 1€ %o
20 hours dextrose veal iafusion broth culture snd imnbatid ab
37° €. for K& hours ylelds satisfactory eﬂd@nae of proteolysis
and cosgulation of milk proteins. ~ Bome stains were only able to
cosgulste the milk regardless of the hnﬂk of the incubation. Oth-
ers were adle to coagulate and liquify the cosgulus, while fre-
quently some would not produce any applr@t redctions upon the
milke, %he final recordings snd readings were made ofter five daye
of incudation,

For gelatin liguifaction teet large loopfuls of broth
culture were stabbed into the molid gelatin medis. The imcuba-
tion was made at room temperature for 4-5 daye. The gelstin

medin was liquified in the positive test.
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The pH 9.6 Tolersance (8)

The method istroduced by Shermsn (1921) for the detera~
ination of high alkaline tolerance proved to be very satisfactory
and effective in classifteation. To previonsly sterilized lactowe
veal infuston broth iz 9.0 wl. quamtities cosntainiag 0.0005 per
cent sold fushsin (1.0 per gceat Andrades imdicstor), immedintely
defore, wse,sufficient 1/ NeOE fe sdded to give n reaction of
pfl 9.6, The initial volume of I/N HaON to be added was detersined
by the glass electrode pH meter (Beckman). A nev deternisation
of the correct amcunt of I/ Ba0H to be added for each teol was
necesssry bessuse the slkali invariably absorbed Co2 frow the alr,
subsequently lowering the norsality of the alimll. Thus, if the
originsl volume was sdded the resulting pi would be lower than
pE 9.6.

An inoculum of approximstely 500,000,000, organisms from
18 %o 20 hours dextrose vesl iafusion broth was added $o the tube
and immedistely incubsted at 37° O. for 48 bours. If mo growth
ocours &t the end of 48 hours incubatior peried the test is re-

corded aegative.



Fidrinolytic Activity (12.,13)

The method imtroduced aad used by Tillett asd Oaraer (1933)
vz folloved in the determinstion of the fibrimolytic activity.

Pon ml. of norssl humen blood wae placed im & tude contain-
isg .02 gn. of potnssium oxalate. 4 2.0 per ceat solution of
potassiua oxalate is placed {5 tubes which are placed in the dry
heat sterilizer snd dried 10 sl. of Blood, immediately after with-
dravel, 1o mized with the dvy powder. The blood was then imued-
intely centrifuged to lessen any spontsncous hemolysis. The super-
satent plasss was asspiicslly removed esad placed in & sterile ocon-
tajiner. v

The cultures were grova 18 to 20 hours in & veal ﬁnfnaiaa
broth containing 0.05 per ceat dextrose. In perforaing the test,
0.2 81, of fresh pluess, mot over 24 hours old (simce withdrawel),
was dilated with O.& ml. of 0.85 per cent saline solution in @
tube to be used for the test., To this, 1:5 dilution of the plasam,
0.5 ml. of 3the supernstsat fluld of the ouiture snd 0.25 al. of
2 .25 per ceat solution of 0aCly in 0.85 per ceat sodlium chloride
solution wes added snd thoroughly mixed. The tubes were then
placed in & water bath at 37° G, snd the time at which cosgule-
$ion osourred wes noted. Bolid cosgulstion was considered com-
pleted when the tube could be laverted without affeoting the sol-
14 fowm of the olot, which adheres to the botiom sad sides of the
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tubes. Ugually so fluld, or only emall drops esoape {rom %the
tube. The tubes wers left in the vaber dath for two hours of
continunl obgervation for ths complete Sissolution of flbrin
olot snd wae regarded positive when the contemts of the tube
wers complstely liguified. The test was regarded negutive if

no 4issolution occurred aftsr s pariod of two hours.
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Precipitin Reaction

For the determination of groupe of hemolytic streptococei,
the original Lancefield method wae strictly followed:
I. Immune Sera.

Babbits were immunized with formallised culiures
es follows: The bﬁcﬁorial sediment from 18 hour brothlculturo
was suspended in one-twentieth volume of 0.85 per cent sodium
ah&aridé golution to which fermalin was added in & final concen-
tration of 0.2 per cemt. After U8 hours im the ice box these
tscterial suspensions were sterile. lmmedistely hefare use they
were diluted with physiclogical smlt solution to the original
volume of the eculture., Dally intravemous injections of 1.0 ce.
were given for a week, followed by & week's rest. %Two to four
geries of injections were made. Although good antisera were ob-
tained sfter two series, for or more courses wers sometimes re-
guired. On the fifth day after the last injection test bhlesdings
" were made and the serum of animale showing & good titer wes cole
lected and stored in the ice box without & pressrvative,

All streing tried gave vsable antisera by this method, al-
though some were better antigene tham others. After serial subl
cultures in 10 per cent type specific immune serum, the resulé-
ing culture was relatively devoid of type-specific substances
snd proved the beget antigen for inducing the formation of anti-C

precipitin specific for each group.
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Antisera for the strain of human original (group A) were
chiefly those which had been prepared by a method alresdy deserid-
ed employing increasing doses of hﬂ‘t-kll}ed‘orlllilll followed
by living cultures, although the method slready descrided was
satisfactory for these also. With many of the straine of the other
groups it was impossilble %o use & scheme of immunization nacéa-
pitating the injection of living culture, iine& too great & loss
of animale resulted.

Antisera were tested with extracts of both homologous aad
heterologous strains of the same growp in order to make sure of
the presence of the group eant-0 precipitin. The type-specific
snti-body for & subgroup, or iype, was often present in addition
to the group aati-C precipitinm used im this classification, and
was sometimes the only mntibody present. Consequently if am extrect
of the homologous strain werse the only one used im testing & ser-
um, & type-specific resction might be obtsimed which would mesk the
group, or anti-C precipitin remction, sad the preseace or sbsence
of this snti-C precipitin might not be éiaaovsre&.

Singe this olaseificetion is based on the anti-C precipl-
tin reastiom, it was essential in testing antlisera to employ an
extract of & strain of heterologous type dut homologous greup,
2s messured by the snti-C reaciion.

11. Bxtracts.

Extracte were made by & method previously employed in pre-

paring the type-specific substance, M, of strains of buman origin.
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e bacterial sediment from 250 ce. of an 18 howur broth
aulsurs wis cuspended in 5 ec. of physiological salt solution
containing sufficient nornmal hydrochloric meld to make a finel
concentration of N/20 HCL. The resciion of the suspension was
teated with %m red paper, sad if neceseary, encugh hydrochlor-
ic aold was added to Surn the paper bBlue. The tube was them im-
merssd In bolling water for 10 minutes, sooled umder ruaning
water, and ocentrifuged. The superantant fluid wes neutralised,
the resulting precipitate disomrded, Bad the water-clesar swper-
satont fluld wves used in the precipitin Ss<t. Obwiouely, such s
crude extract sontalzed & uixture of substances, but these did
not interfers with the resction usder consideration.

111. Preocipitia Test.

In performing this $e0t, increasing smounts of extragt
were plaged in & series of tudbes, usually up %o 0.4 oo. with pors-
el sald solution, and & control tubde with O.h ac. of the sasme 411-
veat was insluled. A constont wiluse of 0.2 ce. of wndiluted
sntiserum wvas layersd in emch tube and allowed %5 stmad for 10 to
30 minutes either &t room temperature or in the weter bath at
37° €. in order %o observe ring formation. The tubes were then
sheken and incubnted for 2 houre et 37? 0. ia the water bath,
Sometines 8 larger series of dilutions wes employed, but mo 4if-
fersace in result was obtained. Extrects from all etrains were

tosted 1z the sssme way.
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Formentation Esagtions

Gordan (1905a and 1905b) applied fermentetion in & broad
way, using meay disaccherides, momosaccherides and glucosides for
the clasgification of the streptocoaci.

Many other investigators have deen given credli for such
work, but & variation of Gard#u's method gave satisfactory resulte.
instend of sugar free beef broth, we used Hartley bdroth. Hart-
ley broth sontalins forelgn fermentable substances, which were elim-
inated by the use of aéntmlu for each strain of orgeniem. The
inoculated coatrol tubes contsined no sugars: consequantly any
renction shown wes due %o the foreign sugsrs. Comparisons were
made with the coutrol and "test® tules. Im all cases reactions
were found to be clear-cut and definite. The Hartley droth was
prepared iz 90 ml. smounts with 1f endrades imdicator aad ster-
ilized a8t 15 1b for 30 minutes. The various sugars were separ-
ately sterilised inm sutral concentrated solutions to minimize sny
hydrolysie. Rare sugars were prepsred in 5 per cent solution
while others were made up in 10 per cent soluticns. They were
sterilized ia 50 ml. vaccine visls and aseptically cepped. Tor
preparing the media, 10 ml. of the concentrated solution was
withirawn with sterile 10 ml. syringe and sseptically injected
into 90 ml. of Hartley broth. This broth wes them placed in the
incubation at 37° C. for 48 hours. If there wes no spparent

contamination, the medis was promptly pipetted aseptically into
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tubes im 5 ml. amounts and sgain incubated to imsure sterility.
Heavy 18-20 hour broth suspensions were imoculated inte
the medis and usually & 24 hours incubation was sufficiemt to
bring shout differential results, iﬁt 5 days of incubation was
given to 2ll.
Positive Maaita were those chowing definite deeper col-

oration of the media than the contrel tubes.

The test involving the use of media containing U per cent
peptone for the determination of ability of the streptocoeci to
produce ammonia proved sarly ia our sxperiment confusing and inm-
coneistent. The test was adandoned effer several careful teste
failed to zive consistent resulis.

Sodium hippurate hydrolysis slso seemed frequently to give
inconsistent results in spite of metioulous care in iis prepara-
tion and use of controls. Becsuse of its umpredictable deviations

and inconsistency the test wos not used.
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1¥. Clagsification of the Streptocoocus

Ia the clagsification of ths etreptococcus extreme osre
snd cdution wust de alertly sxercised to obtsin wniform sad sc-
curete results. In spite of the precmutions in technigue and in-
terpretations, some groups of the streptococous were found 4if-
fioult to eclsesify. The viridane group demsonstrated that irregu-
larities snd varistions wvery freguently ccour. One of its chief
varistions wvas 1%s resotion on Blosd agar. The gasma $ype of
Brown geve tesciions identical in wa:"y respect %o that of viri-
éeas type. Those mpecies giviog geame type resotions on blood
sgar and giving other resctions identicsl to virideae were olae-
#ified as variants of the viridane. The most aumerous of viri-
danp were the salvarius. Typleal salvariue constituted 24.5 per
centum of 8ll the speoies ieolated. A typlcal sslwerius giving
ganua reaction blood compossd 10.7 per cent of all the species.
the total salvariue species was spproximately 35 per ceas. ¥ith
iaterest was the discovery thet Streptococcus eqguinus was found
fa larger number 3heu expeated with 7.5 per cent. B-nn; species
of streptococcus bovis snd thermophilue were fouwmd. One stirain
of streploccccus lsotis and oremous in also tncluded.

The classification of the pyogenic growp offered very few
obstacles in differsntistion. Careful isolabion on the disod
agar ensbled primery differemtiation to be estadliched. Grest

esution must be exercised iz the selection of this growp for the
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go-called alpha-prime of Brown msy be classified as & pyogenic
group. The Lamcefield precipitin test gave unguestionable and
dependable results. The other blochemical resciions faithfully
correlated with the Lancefleld precipitin test. With interest
i2 the pathogenic specls, &aazerialé 4, whioh was found and 1t
constituted 5 per cent. Lancefield C® gr the so-called Human
#C% yhich may at times be pathogenioc, composed 7 per cent of all
the mpecies. lunther‘lpeaia which may be patbogenic, the Lange-
field G, was freguently found (6 per cent). Several other species
with & sum of 2 per cent wers found. The total pyogemic grouwp
constituted approximately 20 per ceni of the isolated eiraias.
The majority of the pyogenie, viridans, and Lactic species were
isolated from the sputum of the nagopharynx.

The ayeaiea giving the lesst difficulty in classification
were the members of the dntercgccci. Thelr resctions were regular
and dependmbdle. Streptococous fecalis was the most abundent of
all the enterococei specles, 27.% per cent. The hemolytio entero-
soccl, sireptoeoccus zymogenes was next in arder of sbundance
(7.5 per cent). A few streptocumcous ligquifmetions and dursns were
found {1 per cent).

The total number of viridans étrthouuacnﬁ fdentified in
routine classification is 60 per cent of &1l the streins. The
tota) hemolytic epecies, 2] per cent, snd the remaining per cent
is composed of gamma type of Brown, which fell into Salwarius

specles by biochemical reaction mnd the lactic species.
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The alacsified snd 1dentified species were gathored in a
table with ekin resctions end eowinophile counts and the unwield-
1y table wes placed in this section for & icf»rmu to the subse-
cuent analytieal charts snd tadlen.

Species are ldentified by & serial ammber which 1le somposed
of & number snd two letters. Example:t 56 ~ A - 5. 56 represente
the order pumber of the specie ladl tia uAR npnamhﬁm firat
letter of the patient's name aad the PS? represeats the source ia

this oase spudum,
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70
Y. Skin Teets.

o avolid discrepancies in ths gorrelation of the skin re-
sstions to the species of streptococcus, it is necessary to be
svare of posesible sources of error which would result in confus-
‘{on snd inscouracy of resulbs.

The firet souree of error would be the skin reactions.
Since the skin resctions are read routinely in large numbers, the
srror wgulﬁ not be significsat in the sctual reading. The age of
the patient may have direct influence on the skin resctivity; as
the age incresses thers may possibly be increased predisposition
of the patient for bdacterisl infection due o the lowered resle-
tenss. Although skin resgtions mre fairly well eetablished, & man-
{festation of specifioc remction, it is still worthy to never neg-
lect the posasidility of the preesence of non-specific reaction due
to age, medin, or other non-specific bacterial substences. The
necessity of controls and meticulous care in testing ecannot be

over-atressed.
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The effsct of age ugen the gkin resgtion. In table 11X
Bge groups are arranged in decades, and the percentum of the straine

from the nembers of thie sge grouwp are tabulated so that the re-
sotions correspond with that psriioular age group. The percentum
of positive reacting straias roughly seeas to indicste sn increased
resctivity as the sge advances. The delayed reaction of the wme~
cloe which ts genernlly sscepted as landicative of bacterial al-
lergy graduelly incremses with age. While the delayed remotion
to the filtrate in the tabulstion desreases with age, whalever the
affect age way have upon the skin remotivity, it csnnot be found
without n;o of normel non-allergic contrals for comparison. Hince
the cases are 81l of the same utuﬂ, the age factor may olimin-
ste itealf. It is necessary, however, o Reep mgh factors in
mind as possible sources of &isoﬁpuw snd misinterpretation.
Bffest of ege woon the eoeimophile coust. Ve have cone
stdered the age factor in amothsr phase. A hizh eosinophile count,
thought to be indiostive of allergic condition, has Deen treated
in the ssme menmer s the ekin resction. Although sosinephilia is &
non~gpecific phenomens, many investigators support ite dlagnostic
velus., Bhould akies reactivity insremss with advancing age, it
should be possible to observe inoresee in eosinophbile counte. The
sputus eosinopidle counts seem to lacreass elightly with age.
The age group 1-10 has 2.<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>