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The significence of & aumbey of cellulsr
attridutes of the hemolytis streptoscecus in virulence
has been the subjest of a great deal of investigation
dm:\c the past few years, ARMORg other substances,
the "M" protein of Lancefield and the eapsular poly~
saocharide hysluronie aeid, have oome under suspieion
as eontridbuting to the pathogenieity of this species,
umh in neither case has & complete corvelation
between She presenge of the materiel in gquestion and
virulence been demonstrated.

This paper embodies further work along this
line, in whieh a growp of hemolytie streptocccous
strains derived from various buman pathologiecal
conditions have been analyzed with respest %o their
ability to form the eapsuler yﬁ:uuwxu’ hyaluronie
aeid, and to elaborate the sorresponding hydrelytie
enzyme, hyaluronidase.



Study of the hyaluronie aeid = hyaluronidase

system of streptococel aotually had its inception in
1929 in connection with investigations of Duvm-aqm;.
(1939) in an entirely different field, In that year
this worker called attention to the peouliar property
of aqueous extracts of nihtt. guinee-pig, and rat
testis of enhaneing vaccinal ianfeetion in rabbits when
these extracts were injected into the skin along with
the ﬂrﬁ. He was also able to show that the effect
was on the host tissue and not on the virus, since (1)
the ssme enhanoing effect could be observed when virus
was injeoted into @ skin site that had beew prepared
several days previously by an injection of extract and
(2) virus recovered from such lesions showed no altera-
tions in its infectivity, |

This substance present in testioular extracts
which inereased tissue permeability was termed "spreeding
faotor.”

Subsequently, spermatesoa were shown by Hoffmann
and Duran~Reynals (1931) to contain a prineiple having
spreading properties, and similar substances were found
in extracts of malignant tissues (Duran-Reynals snd
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Stewars, 19G1), suaxe end spider venoms (mr’smmﬂh,.
1959), and in leeches (Claude, 1987)e

Duren-Reynals (1938) found evidense of spreading
gactor in the oulture filtrates of hemolytie streptoeoeci
and staphylogosei. This property was engountered 1n
most strains of Staphylocoseus aureus examined. Fourteen
strains of hemolytie streptoscecus were studied end
olassified as "invasive” or "men~invasive on the basis
of virulenoe tests in rabbits and mice. Spreading fagtor
was sssayed by comparing the area of spread in rabbit
okin of India ink, injeeted intredermally both with
without oulture filtrates or aquecus oell extraots.
uwwnlnmmmsmﬂumrmn
produce spreading feotor under the ecnditions of the test,
the "invasive® strains were found %o produce more of the
substance than the "non-invesive,® | |

while very little data i given concerning these
14 strains, three of them are deserided as of bovine
origin, mm cases of erysipelas and the remsinder
fvom measles and rheumatie fever, pormel Shroasts, and
stook strains, While the differences are of such &
degree that their significance might well be questioned,
1t is at least worth noting that the largest areas of
spreading were obtained with filtrates of the bovine
strains, and humen streins derived from oases of
erysipelas. -

Meyer, Hobby, Chaffes, and Dawson (1940) found
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spreading factor in & Group A hemolytic streptococous
isolated from the blood of a fatal case of septicemia.

In their method of isolation the sells were dried from
the frosen state aad ground in the iyophile apparatus.
Following this they were puspended in saline, the debris
centrifuged, and the spreading factor precipitated

from Sthe supernatant with 4% sedium flavianate,

HeClean {wﬁs) .ntuu.d & number of hemolytie
ummuméu streins revived from old stock cultures,
with ‘regard to their ability to produce spreading factor.
Ameng the Group A strains ineluded in this study, 4 came
originally from cuses of searlet fever, 4 from erysipelas,
and 4 from URKNOWD BOUFGeS.

Prior to enimal passage oaly ome of these, & strain
from & case of soarlet rm; formed spreading factor.
M.MM«:Wmnnmn. 3 of the &
erysipelas strains were found capable of producing the
factor. |

of 4 Group B strains derived from caces of bovine
sastitis, all were fousd to produce spreading faotor with-
out preliminary saimel passage.

of 10 Group ¢ streins derived from various sourees,
5 formed spreading factor.

Modlean (1936) obtained evidence that spresiing
factor exists in culiures of PREUROCOGOUS snd ges gangrene
organisms. In eonneetion with these studies he also
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established that the spreading prineciple was antigenie in
rabbits, Rabbits were immuniged with Cl. welchii toxold
end toxin, It was found that the sera of these rabdbits
interfered with the setivity of spreading factor in rabbit
skin,

Conourrently with the firet work on spresding
feotor, other investigadors were studying a substance found
in various mammalian tissues and dody fluide, This material,
a aitrogen-containing polyseccharide, wae found to be present
in the vitreous humor of cattle by Im*nir (1894) and was
charscterized by lieyer and Palmer (1938) ac being a poly-
pacoharide soid of high molecular weight, containing e
uronie soid, an amino sugar, and possidly & mtotn.

In (1926) Meyer and Palmer reported the presence
of this materisl in the vitreous humor of cattle and swine
and in Wharton's jelly obtained from human umbilieal ocords,

Kendall, Heidelberger and Dawson (1937) found the
material is Group A hemolytie streptococei by precipitating
1t from concentrated broth supernatants with 1,25 volumes of
aloochol. They described the polysaceharide as consisting
of H-acetyl glucosamine end glucuronie acid unite and poianted
out ite probable identity with the polyssecharides of
vitreous humor and umbilical cord,



This polyssceharide, called hysiuronic acid, wos
then encountered in e variety of situations., It was found
{n boviue and humsn synovial fluid by Meyer, Gmyth and
Dewsen (1939), in pleural fluid associated with & malignent
tumor by Meyer snd Chaffee {1659), in Hous sarcoma by
fabat (1958), ia rebbit skia by Cleude (1940}, m in pig
sikin by Meyer and Chaffee (194l).

It was found %0 be mnmu {Seastone, 1%8)
. 4n rabbits.

Gs

In view of the apparently wide aistribution of
hysluronie asid in memmalisn siin, ond of the faot that
spreading feotor seemed %0 exert ite setivity by inereacing
the permeability of memmalien skin, it was the logieal out-
growth of the two lines of Mt%“ﬂu that she aetion of
spreading factor on wm. u“ amﬁ be um
In (199) Chein and Duthie nmm the effect at testioular
spresding faotor on the mﬂmlmua acids of vitreous
humor sad synoviel fiuids A hydrolysis was found to oceur.
whieh could be followed By measuring the fall in ﬂuwﬂ.v
of the hyaluronic seid solution Mnmiu wamnu.

This fall in viscosity was sccompanied by the umsm of
redueing auhumn end B-scetyl glucosanine,
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other "mucinases” were recognized as oceurring in
yarious bseterial species, but sheir relationship %o spread~
ing Fastor weat umnoticed for the time being, Yor example,
Meyar, Dobos and Smyth (1938, 1937), and Neyer, HOMMY,

Chaffeoe eand Dawsod {1940) studied & mucinase round in the
pnsumococous which was sble to hydrolyze polysaccharide

acids extracted from bovine vitreous humor, human unbilical
cord, Group A hemolytiec streptococcd, end synovial fluid.
However, they were more interested in comparing its properties
with those of the pneumocoeous autolytic enzyme then in
iavestigating ite relationship %0 aspreading factor. gimilarly
Robertson, Nopes and Bauer {1940) found e muscinase in Cl.
welohii espable of hydrolyzing the polyssecherides of
vitreous humor, usbilieal cord and synovisl fluid, but

agsin no study was made of the spreading activity of thelr
preparations, although it was observed that this enayne
would attack & smoin prepered from connective tiseue.

Bowever, in (1941}, Hobby, Dawson, Neyer and Chaffee
carried cut a comparative study of the spreading end mueolytie
aotivities of & number of mucinases obtained from olostridia,
streptocoect, pneuncooeel, jeeches and testes. The following
pointe of similarity botueen the two activities were observed:

1. If mucolytie activity was present, spreading
oocurred, ' 2

3. Heating at 65 and 100° G, for 30 minutes had an
equivalent effect on both spreading and enzyme eoBivity.
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1., There was 10 observeble parallelism in the
degree,of spreading end eniyme activity of any given preo-
pareticn.

8. All prepurations producing spreading ¢id not
peeessarily contain mucioase.

s, Antisers to mucinase did pot inhibit spreading.

On the other hand, HeClean {19410}, working with
gnzynmes obtained from bull testis, sneke venom and gul tures
of ¢1. welehii, Cl., septioum, staphylocosci, paeumesoeci
and hemolytiec streptocccei, was able %0 show & 100% cor=-
relation between spreading aotivity and mucolytic sctivity.
The former was measured by noting the differcnce in bleb
sige in the skin of rabbits when & hemoglobin solution was
injected intradermslly both with smd without enayme.
Eozymatic activity was measured by following the fall in
viscosity in the enzyme-polyseccharide miztures and testing
for the liberation of B-acetyl glucosemine and reduoing
substanoes,

In 1956 Meyer and Pelmer bad observed that hyeluronie
acid, when mixed with serum protein, gave a typloal maoin
clot im the presenmce of acetle eeld, Thie led to the
development by HeClean (1943) of the mucin~clot prevention
test for estimating mucinase (now called hysluronidase)
sctivitys The test depends upon the faot that whem enzymatic
‘hydrolysie of hyaluronie eaeid procesds beyond & certain point,
the nolyssecharide loses its ability to form the clot with
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serum in the presenee of acid. In brief, the test is a8
follows: 0.5 ml, amounts of the desired enzyme dilutions
are added to 1.0 ml, amounts of polyssecharide-protein
aisture, The tubes ere incubated at 57°C, for 30 mimutes,
after which the tubes are iced and 0.2 ml, of 2N acetis
ecid sdded %o esch., The highest dilution of enzyme pre~
venting elot formation is taken 88 its M.CePy titer, :

It was also found during this work that antisera
prepared in rabbits using purified bacteriel spreading
factor, would inhibit voth skin~diffusing and mucin~clot
prevention aotivity of the homologous preparation, However,
it might be poiated out Shat such & result is not proof
that spresding activity amd mucolysis are due %o the same
enzyme, Two enzymes could well have been present in the
preperation used for the sntigen, two corresponding anti~
bodies therefore developing in the rabbit,

Nevertheless, NoClean found that entisera prepared
agsinst spresding factors from Gl. welohii snd Cl, septioum
are species - but not type-specific. similarly, antisera
prepared sgainst hemolytie streptococcus spreading faotor
were found to de group ~ but not type~specific. Antisera
prepared against enayme derived from bull testis had no
effeot agalast enzymes odlained from mouse testis or from
bacteria.

In genersl it wes found, using preperations from 9
sourcee, that the sotivity of these preparations ~@s neasured
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by spreading sotivity im rabbit skin, ability to prevent the
muein olot and the @hult’ to reduce iho'ﬂnoasitr of &
’paxnucmiua #aiﬁt!en, was similar in any one pu'pa\uuan,
regardless of which of the three methods was used to measure
18, The arthor concludes, therefore, that all three tests
neasure the agtivity of the same agent,

Pavilli (1940) investigated the mucolytic aetivity
of a number of netural snd artifical spresding faetors. Two
natural spreading faotore, snake venom (various kinde) end
leech extracta, were found to be mucolytie. Of the two
artifieisl spreading factorys one, azoprotein (diazobenzene-
sulfonie acid coupled %o horse serum) was mucolytic, and
one, kallikrein (& blood~pressure-lowering substance found
in panoress, salivary glend, and urine)was not. '

i (1943) Duren~Reyuals reviewed the subjeet of
syreading factors and classified them into ?m principle
groups: 1, Those having both epreading activity, end
mucolytic activity in vitro toward hysluronie acid. 2.
Those exhibiting spreading sctivity only. As examples of
this latter group he liste spreading factors found im pig
skin, in the whole ground bodies of insects, and the blood~
pressure-lowering substance, kallikrein,

It was the matural outgrowth of the finding of
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spmanc ractors sssociated with bacteria, then am in~
vestigation be made of the role these substances might
play in She virulence of certain bagterial species.

As slready memtloned, mm-ﬂomh {1933) rem
spreading faetor in most strains of Staphylococcus aureus
m«a he examined.

mzmy KeClean (1956) and Robertson, Ropes
and Beuer (1940) found spreadisg faetor asssciated with
gas gengrene organisas, 1o fagt, this association wae 80
sonsteant that Mollean, Rogers and Williams (1943) sought
to develop a diaguostio test for the presence of gas
gangrene orgenicms based on the deteotion of the enzyme
in edema fluid, using the MOP or viscosity redustion tesis.

However, Svans {1943) peported the fiading of &
mm of highly invesive C1, welchil straine whioch pro-
duced no hyaluronidase.

In a study of 94 straians of Cl. ‘welehii isolated
from feces and soil, Eass, Lichstein and Walsbren {1945)
eould fina mo correlation between mouse virulense and the
ability of a strein to form mmn or hyaluronidese.

The first work doms with ‘pneumococeal hysluronidase
was in counneotion with en attempt lreyer, Dubos and Smyths
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1936, 1937) to establish 1ts identity or non-ideatity with
thie autolysie principle of that orgenism. This problem was
resolved by Meyer, Hobby, Chaffee and Dawson (1940) who -
found that, following & 49 hour autolysis of pueumococous
oells in the presence of an excess of tolueme and he sub~
sequent centrifugation of the cellular debris, the bacteriolytie
system oould be found chiefly in the sediment, and She sarbo-
hydrase cystem chiefly ia the supermatant. |

West and Clarke (1938) hed noticed a high blooa
level of glucosamine in oases of pneumonia, & fimding whieh
hinted at the possidble role of pneumococcel hyaluronidase
in the pathology of She disease., However, Humphrey (1944)
in & survey of 61 straius of pueumococcus lsolated from
cases of pneumonia, found no correlation between the amount
of hyaluronidase produced by a strain end its clinical
virulenece.

Very little work has been done on the problem of
a possible eorrelation between the virulence of hemolytie
streptocoeci and their ability %o produce hyaluronidase,
As previously mentioned, Duran-Reynals (1933) found
s eading factor in 14 strains of streplococcus. However,
all of these strains were poorly desoribed and sinee the
work was done prior to the advent of lLencefield's groupiang
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technigque, we 4o not even have that infomation on these
smm.k

Meyer, Hobby, Chaffee aand Dawson (1940) found
:mxmum ia a Group A umxﬂu streptocoocua s.soum
from & fatal septicemia. This strein was deseribed as
"matt.” It failed to form muooid Me»nin at any time, and
was found o be avirulent for mice,

MeClean (194la) encountered enzyme in one scar-
letinal and 3 erysipelas streins out of a group of 12
streine of Group 4 streptocccei, He also found 1% in 4
out of 4 Grouwp B streins of bovine origin, and in B oud
of 10 Group ¢ strains isolated from miseelianeous 2OUrOes,
The possession of a capsule and uw production upmm
to be mutually execlusive, In faot, mnpu;laua Group A
gells were found to grow without ospeules when inoculated
into broth containing hyeluronidase.

Seastone (1954) had observed that only young oells -
up to 5 hours old ~ of mucold streplococsus strains grown
in broth were encapsulated and that shortly thereafter the
eapsules rapidly disappeared. In (1959) Seestone was able
%o show, in the case of Group C hemolytie strepococel,
that this loss of capsule was accompanied by the acoumulation
of free hysluronie seid iun the culture medium,.
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¥oClean uuu) found that hyduromum removed
m capsules {rom aumw cells of lmsh Gmuy A and Group €
strains in one Mh. tM w:tﬂnm ﬁut ‘the appearanee
of mn mﬂ of wwaun in an aging oulture uisht
be the reason for the rapid and m:piatnd loss of eapeule
by these organisms in broth cuitarts. Supernatants of 2«
houp and 20-hour broth onm» were tested for enzyme
~activity W nm of the WP test, In 2 out of 3 encap~
| sulated umm‘t, mmm mxmz.m aetivity appeared
in tha 1-2 Mluﬂm of the 20~ hour supernatant.

ﬁuuuftt, ‘in further work MeClean (1941b) found that
llﬂtﬂﬂﬁl‘tl‘ ﬂwuup A qtrupiavouci did not develop the oapuoity
to m met after mul passage i broth con~

umu mxmau acld.
‘Phere is oue other report in the uuum of the

wnﬁh coexistence of polysaecharide m m:m in the

sane utﬂp’tacmm strain, It concerns ib.e m of Horison

{1941} who treated tmpmnm. g-hour eells with 1%

formalin h presexrve thelr upulu. Other youmg, eneap-

sulated oells were then allowed to lose their espsules fop

5 hours in broth at 37°C, The supernatant was neutrelized

and half of it heated at 56°C. for 2 hours to inectivate

any enzyme mt might be ﬁmmh The formalized cells

were thn.aouan& iato (1) the heated aaaﬁ!nutta! (3) the
unheated mpwmt end () sterile broth, loss of capsules
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was then followed by the tndie ink method, the tubes
being held at 43, 37, and 20°¢, In every case the cells
lost their capsules most rapidly in the unheated eulture
supernatant, If 1% sould pe proved that the sctive
prineiple in the unheated supernatant wes hyaluronidase,
an example would then be provided of an organism capable
of elaborating and dispersing iuto the surrousding :
medium not only & polysaccharide, put elso the corTes~
ponding hydrolytic enzyme of the polysaccharide. As
far as the writer is aware, RO situstion of this kind
hes as yet been deseribed for pathogenic bacteria.

In interpreting the significance of hyaluronidase
in streptoscoccal viruleace, MoClean points out the ad-
visability of keeping in mind & dlstinction between the
ability of a strain %0 invede the tissues and set up &
more or less localized infection, and true virulence or
killing-power., By way of illustration, he );_;rromd in
vivo tests in mice (1941b) and found that whereas 3ncapsu~
leted strains of Groups A and ¢ exhibited a variable ]
pathogenieity when injeeted by the iutraperitonssl e
they formed only saall, airemor}bcd lesions nmum
furuncles when injected mtnh@'ﬁ’i% the other hand,
unencapsulated streins of Groups A end C possessing

hyaluronidase activity were found %o be of very low
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virulenge when injected intraperitoneally, but produced

on intracutaneous injeetion large aress of necrosis track~
ing in the direotion of ararity. Fae iaplication of the
involvement of suoh enzyme~producing strains in humen
erysipelas is obvious. However, outside of the two
erysipelas nmlm reported by Duran-Reynals (1938) and
the four reported by MeClean (194la), little work has

' peen done on this relationship. It ie worsh noting, '
nevertheless, that five out of these & strains were found
to be enzyme producers.

Crowley (1944) isolated 376 strains of hemolytie
streptocoeel from various pathological conditions such
as soerlet fever, sore throat, puerperal fever, impetige,
burns, and other uaspeecified skin conditions. 4 small
proportion came from normal throats. All strains were
grouped, typed, and examined for encapsulation and hy-
sluronidase production, Enayme formation’ was detected
using the MCP test. She reported one Group A strain as
ooming from & ease of erysipelas, It did not form hyalu~
ronidase, and was encapsulated,

Of the 376 streins, 3508 belonged to Group A.
Sixsy-four, or roughly 80% of the Group A strains were
ensyme produecers, 60% showed capsules, and the remainder
formed neither capsules nor ensyme., All Group A enzyme
produgers belonged to types 4 and 28 end no encapsulated
gtrain could be shown %o produce hyaluronidese. No
relationship between hyaluronidase production and the

G 3 E218 Wi,
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" wirulence of the atralnse could be demonstrated. AI%feuhu'
d4d there seem t0 be a relationship between enzyme pro=
duetion and the type of inflammatory reaction.

The ntsnzficahna of the eepsular polysaccharide in
streptococeal virulence has received much more attention
than has the study of the role of the enzyme, Dawson and
Olmstead (1934) observed that uivoru and accute strep-
tocoocal infections usually yielded cultures in the mucoid
phase, whereas mild, ohionic conditions yielded organisms
in the smooth phese, Otraine which were highly virulent
for the mouse invariably were mucoid, although gu mucoid
straine did not n&eeuaarily exhibit mouse virulenoe.

" seastone (1934) noted that young cells of virulest
stroptacaceua pyogenes strains were encapfulated during the
firet 1 or 3 hours of eultnrtl growth and that during the
firset hour they rusastna in vitro phagoeytosis in non-
immune human blood, When the nnyuulou were lost the cells
beceme susceptible %o phnsoeytOlta.

1h3; f£inding becomes still more slgnificant 1n
view or the work of lorison (1940) who showed that the
tnrmntion of mucoid coloales by hemolytie gtreptococci was

associated with the presenge of capsules,
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is (1957) Kemdall, fieldelberger and Dawson identified
the capsular msterial of m hemolytic streptosccous with
the ml.u'onta acid of wn:u vnreom humor,

Sesstone (1939) was nlnt $o ¢orrelate the size and
persistenge of gapsules in mup e Mmlytlo tﬁrnptoeowt
with the virulence for the guinea~pig, &nd lHirst (1941)
succeeded in protecting mice and guines-pigs againet in-
treperitoneal infeotion with Group C organisms by the use
of umupu of leech cxmot mnutnm hyaluronidase.
However, m.um could not show e similar protection muut
Group 4 strains.

Eass apd Seastone QM&) succeeded in protecting
alce ageinst Group A infestion by the repeated intraperitonsal
injeotion of testioular extracts conteining & high titer of
hysluronidase. They also demonstrated inoreased pbagooy-
Sosis of orgsnisms in both lmuune and non~imuune blood after
w“mnt of the u¢mu1 ecells with hnlmtun.

Seastone cmm obgerved shat ebout 94j of 66 Group

streins omam rm moderate to severe tnfections formed
dﬂumm smounte of hysluronmic aold, vwhoreas only about
8% of 55 strains teken fram normal throate end belonging to
various serologlesl groups were rom to produce the carbo=
hydrate.

rike (1946) in & similar study arrived st different
figures. He found that smong 54 Group A strains derived
from infections, 48% formed hyaluronie seid, Of 239 Group
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A strains from normel throats, 64% formed the acid, The
disorepancy between the two figures obtained for normel
throats oan be partly attributed to the faet that in the one
case the test was confined to strains belonging to Group A,
while in the other study strains of several groups were in-
eluded.

The work %o be presented inm this paper deals for
the most part with an examination of the polysaccharide
and ensyme~produeing capacities of a group of hemolytiec
streptococous strains belonging to several serological
groups and obtained from cases admitted to the Wisoconsin
General Hospital end the Infirmary of the Department of
aﬁamt Health of the University of Wisconsin over a period
extending from January, 1946 to April, 1947.% 411 strains
were preserved by lyophilizatiomn.

* we are indebted to the Staff of the Wisconsin State
Laboratory of Hygiene for its cooperation in odSaining
these strains,



a. _Jeperal

Strains were received in the laboratory on blood
agar pour plates, usually as part of a mixed flora,
Isolated colonies were pioked directly to fresh blood
agar plates. Throughout the study the blood sger medium
used consisted of 1 tryptose (Difco), 0.8% beef extract
(Difeo), 1.5% agar, 0,66 NaCl, and 6% of defibrinated
sheep blood. Subeultures were made from these secondary
plates inte neopeptone broth for grouping and ensyme
studies, and into 10% sheep serum tryptose broth for
polysaccharide estimation,

Cultures were grown for 24 houre in O ml, of
s medium consisting of 1% neopeptone (Difeo), 0.58%
beef extraet (Difco), 1% dextrose, and 0,5% FaCl. All
strains produced fairly abundant growth in shis medium,
The ocultures were grouped using the formamide miero
method deseribed by Fuller (1988).
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The ring-turbidity method of Seastone (1943)
was used, with minor modifications, for the measurement
of polyucemmt produc tion, muad of a neopeptone~
serum med ium, a broth consisting of 2/ tryptose {Difeo),
1% Mxm:o, 0.5% NaCl, and 10/ sheep serum was used,
and in the preperation of the soidified serum resgent,
gheep serum was substituted for horse serum. Prelimi~
pary studies indiocated that aclidified serum rmlh.
prepared with the sera of either of these two animals,
gave gomparable results. '

in thie method dilutions ranging from undiluted
to 1~80 of the neutralized supernatant from a 24-hour
eulture in 10% serum broth, are layered over the seldi~
fied eserum reagent in prootpzun tubes. The tubes are
allowed %o stand for 50 minutes at room temperature after
whieh they are observed under the light from an ordinary
reading lamp for the development of a precipitate which
forms at the serum~supernstant zntairnoo‘ This preci-~
pitate represents the highly iascluble polysaccharide-
protein complex which forms between hyaluronic seid and
the proteins of the sheep serus, oontained both iu the
supernatant and the urm‘ resgent, at an acid pH, If
the tubes are adjusted to neutrality the complex will
dissociate, the two components going back into solution.
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In the higher dilutions, or lower dilutions if
the supernatent contains only & small amount of poly-
saccharide, a definite ring of precipitate does not
form. Instead, the insoluble complex tends %o diffuse
upward into the supernatant, produeing a surbidity.

In all cases, the end-point of the polysaccharide $iter
was taken as the highest dilution of culture supernatant
in which shis turbidity could be destected.

In order that a fairly high degree of aseuracy
might be obtained in meking these readings, it was found
neocessary t0 make cértain that the sides of the preeipi-
tin tubes were absolutely elean, and that correct lighting
eonditions prevailed. The light used was en ordinary
desk leamp having e metal shade, When resdings were made,
. the tubes were held in such a position, about one inmeh
from the metal shade, that the light passed through them.
However, the shade just intercepted the passage of light
direstly into the eye, This was found to be the optimal
angular relstionghip between tube, light source and eye.
Any variation in reading procedure tended to give lower
results since faint turbidities were then missed,

. Ho resotion between sterile medium end the acid-
serum reagent was observed.

That the reaeting uuhttaaac in the sulture super-
natents was in reslity hyaluronie acid was indicated by

the complete, or, in a few cases, pearly complete, loss of
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the ability of thes supernatants to form either a pre~
cipitate or @ visible turbidity in the presence of
acidified serum, efter preliminary treatment with hya-
luronidaseé.

‘ Pifteen supernatents, reacting in titers unsxn;
from 1-80 to 1-80, were treated with an ensyme preparation
derived from & rough, type II pneumocoocus culture. In
all cases;’ m; enzyme was prepaered by the -mm of
pubos (1987), The cells were grown for 24 hours a$ 87°¢c.
tn 5 ml, of the 10% serum tryptose broth deccribed aboye,
The ad ture was then adjusted %o pH 7.0 with ¥ NaOh. An
exoess of toluol was added and the cells were allowed %o
autolyze for 24 hours e$ 37°C, After this the Soluol
was removed and the tubes scentrifuged until clear. mn
mi, of the fresh sutolysate was then added %o iml, of
oulture supernatant end the mixture held a% s7%. for
2 hours. Dilutions ranging from 1-2 %o 1-80 were made
of thie mixture and layered over scidified serum, Auso-
lysate alone gave no reaction with acld serum. In one
case it was found that a 1-80 $iter had been reduced oaly
%o 1-10. Im all other cases, however, there was 1o
observaeble reaction in the tube containing the 1-3 dilutien,

Pourteen other culture supermatants, reacting ia
dilutions ranging from 1-20 %o 1~80, were treated in a
similer manper, bu: with & solution of hysluronidase
prepared from bull's testes by the method of Kass and
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Seastone (1944)*., No resction could be observed with the
1-2 dilutions of emy of the supernatants treated with this
enzyme preparation.

" A% riret en effort was made to detect mixed sirep-
tocoocal infeotions, and from the first 18 cultures re-
ceived four colonies were suboultured. In d 1 cases, the
4 oultures isolated appeared to be identical and no further
work was done along this line,

For reproducible results using the rma-turhmtv
method, 1t is imporsant to control sarefully the oultural
nistory of She strain prior to cxamination. In d1l cases,
lyophilized cultures were seeded iato 2 ml. of 1% serum
broth and & loopful of this culture streaked om & blood '
agar plate. Thege plates, after 24-hour inoubation, were
used as the pource of imocula for the cultures in 10%
serun tryptose broth. The older the uooa plate cultures
used for the inoculum, the more varieble tlu results. IS
was also found that lower wlrnumtu titers were gome~
times obtained if the 10% serum broth tubes were imoculated
aireetly from the 1% serum broth cultures, the blood plate
passage being omitted.

In an atbempt to errive at an explanation for the
faot that some l'n:nlna of Oroup 4 streptocosci produce

* we are indedted to Mr, Willimm Pond for supplying us
with this enzyme preparation.
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higher polysaccharide titers than others, the observetion
of Seastone (1938), that Group G encapsulated strains
heavily inooulated into broth were encapsulated oaly during
the first 2 or 3 hours of growth, was recalled, He found
that most of these straine lost their capsules rapidly
after about the fourth or fifth hour end at this time
the polysaccharide began %o be acmuuo free in She
culture medium, This loss of upmh seened %o mmapeml.
in mt gases, with the leveling-off of the rate of growth
as the culture entered the maximum stationary phase.
It might well be, them, that She smount of ocapsulary
material produced by any given strain is @ funotion of
the length of time that she strain remains in the loga~
rithmic phase of growth and that this, in turn, is &
funotion of the rate of glycolysis. If this were true,
then those cultures producing ecld at the most rapid
rate would be the poorest polyssccharide producers.

A study was underteken to determine Af such &
correlation existed, Bight strains were inoculated into
a 5 ml, of 104 serum broth contalning brom oresol purple
(0.5% indicator in ethyl aloohol added in s ratio of
¢ ml. / liter of medium), The inoculum consisted of
0.5 ml, of an l@-hour culture in 1% serum broth. Al
cultures were shaken at hourly intervals for 8 hours and

the shede of the indiocator moted. At 24 bours, hyaluronie
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~aoid estimations were done, lo correlation detween the
rate of soid production (free acidity) and the formation
of polyseccharide was found, Similarly, no such core
relation ¢ould de found when the experiment was repeated,
using saline-suspension inocula which had been standar-
dized on the photo-electric colorimeter,
In a further attempt $o relate polysaccharide
produotion to either the length of time the cultures
were in she phase of logarithmic increase or to the total
amount of cellular proliferation ococurring within the
24~-hour incubdbation period, the growth raetes and the final
cell concentrations reached by two high-producing and two
low-producing strains were determined using Surbidimetrie
measurements. ,
Twelve~hour cultures of the strains in 5 ml, of
10% serum broth were spun down and resuspended in 10%
sorum broth to a stendard density as determined on the
spectrophotometer at a waveleangth of 450 gammes, Two ml.
emounts of these suspensions were inoculected into 18 ml.
of 10% serum broth in 50 ml. Erlenmeyer flesks. Immediately
after mixing, 2 n. gsanples were withdrawn for turbidity
estimations. The cultures were sampled at hourly in-
tervals for 6 hours, and once againm at 24 hours.
The 2 ml, samples were spun down in spectro-

photometer cuvettes (1.5 ml. minimum sapacity), washed once
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in saline and resuspended in saline %o a volume of 1,5 ml.
The turbidities were then estimated on the spectrophoto~
meter at a wave length of 400 gammas. 411 cultures had
nearly reached their maximum densities at the end of 6
hours. There was no great difference in the length of
time it toek the high producers, as against the low pro-
ducers, to reach this leveling~eff point, However, con=
trary to expectations, it appeared that the two low
producing strains formed a larger emount of growth in
24 hours than the twe high~producing strains, The 24~
hour results were checked by total nitrogen deter-
minations using the miere Kjeldahl technique. The 4
cultures were found te contain nitrogeam in concentrations
roughly proportional te their final optical densities.

This investigation into the dynamics of hyalureniec
acid production is of a preliminary nature only, and ne
attempt has been made as yet to confirm tpe results
obtained. If the results prove to be valld, it will in~
dicate that hyaluronic acid production 1s not & function
of the rate of glycolysis, it does not depend upon the
length of time a culture remains in the phase of loga~
rithmie increase, nor upen the total number of cells formed
during the 24-hour period., It would seem to be, rather,
an intrineic property of the individual ocell.
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For the produetion of Eysluronidase, the following
medium was mplondx mmm (pifeo) 15 ‘but extract

Rogers (1m) found it advisable to avoid o::uum amounts

of dextrose in media to de used M hysluronidase pro-
duotiom by streptocosei., In the p:um of this sugar
these organisms repidly form agidlic substances until the
ofl, after 34 hours, has usually fallen to scmewhere ia
the neighborhood of pH 4.8 - 5,0, Rogers felt that the
most logiocal explanation for She poor production of
hyaluronidase by streptococoi in the presence of dextrose
lay in the faot thet, as the reaction of the medium left
neutrelity and proceeded into the scld range, the cells
lost their ability to synthesis the enzyme although they
eould continue to metabolize and mulsiply sotively.

0f probable significance in this coanection is
the finding of Dubos (1937}, that enayme solutions held
et 3790, aye rapidly inactivated at pE 5.0 end 8.0,
whereas such solutioms retain sheir sctivity for several
days at pH 6,8, It is possible thet cultures in poorly
buffered dexstrose broth elaborate as much enzyme as
cultures in buffered broth devold of dextrose, but that
i{n the former case, the enzyme produced is inactivated
by the low final pH.
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For the determination of the hyaluronidase
present in streptocooeal cultures, @ modification of the
quantitative surbidity-reduction method of Kass and
Seastone (19“) was employed, This test is based upon
the finding that hyaluronie acid, diluted with scetate
puffer ot pE 4.8, forms & turdldity with soidified serun
reagent, and that enzymatic hydrolysis of the poly=
ssocharide lowers or destroys 1ts capacity %o form this
swum,

It was soon realized that for the mms studies

a gusntitative method wes uet as essentiel as was & method
highly efficient in deteoting hysluronidase production in
small amounts, For this reason the qmutntue possibili~
ties of the tmwtr-ndmuu method were not utilized.
In the uma of Kase end Seastone, 8 aulubh dilution
ormznpno.om«w.xm s-mmwmm
8 -amu- in a 37°C, water bath, *purified polysaccheride, .
diluted in the eane buffer to a congentration of O.é ng/ml.
is warmed at the geme time and egual amounts of poly-
mmm end enzyme solutions sre mized and inocubated.
it umn' intervals 1 vl smht are removed from the
reaction mizture and added to & tube containing & ml.
. agetate buffer (pH 4.2) end 1 ml. scidified serumj arter
30 minutes at room mmm. m turbldivy is read
cessonesees®s 009 muaw-mmu unit of enzyme
asctivity is defined as “ghat amount of enzyue which in 30
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minutes will reduce the z?,uaur produced by 0.2 mg. of
nyaluronic aoid to the equivalent of the turbidity pro-
duced by 0.1 mg." The solorimeter resdings, msde on &
Klett=Duboseq photoelectric colorimeter, are converted
into milligreams of hysluronic acid using & reference :
turbidity ourve prepsred with known amounts of hyeluronid
agid, i A

In the modification of this method used in the
present work, oultures were growa for 2¢ hours iz 5 ml.
of the buffered, sugar-free medium previously desoribed.
The PR of this medium was found to remain neer neutrality
throughout the 24~hour inocubation period. Following
centrifugation, the supernatent was adjusted to about
ph 6,0 (the optimum for enzyme eotivity) using N BOL,
ond 1 ml., added to )} ml, of a hyaluroniec acid solution
gontaining 0.8 mg./ ml. of polyseccharide inm K/18 phos~
phate buffer at pH 6,0, The final coneentration of
hyaluronic sodd 10 thie mixture was therefore O.4 mg/ml.
Five drops of iolaem were added to preveat secondary
growth end the mixtures incubated at 37°C, overnight.
It wes felt that t&u lm incubation portn& would pro-
vide surﬂqﬁ-t time for low condentrations of cnzyme %o
effect a detcatabdble ampunt of polysaccharide hydrolysis.
One ml, of the ni_:turc was then diluted with 5 ml, of
032N acetate buffer at pE 4.2, and 1 ml, of soldified
gserum reagent added, After 30 minutes at room temperature
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to el low maximum turbidity development, the tubes were
read in a Klet$~Duboseq colorimeter using one thickness
of plate gless as & standard, Any lowering of the
turbidity from ﬁas produced by 0,4 mg. of hyeluronie
aoid was oonsidered indicative of enzyme activifys In
the presence of 0.4 mg, of hysluronic acid the depth of
the column of fluid necessary to balance the glass plate
used on the colorimeter was found to be 2 scale units,
Hydrolysis of polysacchsride osused a progressive re-
duction in the amount of turbidity formed when 1 ml,
amounts of polysaccharide-enzyme mixture were exposed to
aoid-serum reagent. Consequently, deeper columns of
fluid were necessary to balance the plete glass standard,
resulting in & higher reading on the colorimeter socale,.
In most cases, enzyme activity completely destroyed the
turbidity-foming property of the polysaccharide., In
these instances enzyme aotivity is recorded us greater
than 30, which is the maximum scale reading on the colorie-

meter.
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A total of 79 strains of hemolytic strep-

tococel were isolated from a wide variety of patholo-
gloal conditions ranging from Vincent's angina and
infectious momonucleosis to scarlet fever, rheumatio
fever, and bronchopueumonie., The bulk of the strains
came from cases of pharyngitis, "sore throat”, and

toneillitis,.
enzyme and polysaccharide production.

presented in Table 1.
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All straing were grouped and teated for

The results are

_ cus meningitis

Tonsillitie

Sore throat
Tonsillitis

Sore throat
Finger infection
Tonsillitis
0titis media
Toleillitis

O%itis media
*Infected toe stump
Cervical absocess
*Lung abecess or
tuberoulosis
Tonaillitis
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Srowp™* sege

B -  J *Bladder tumor

A 1-80 2 ~ itis

B - 2 #*Infeoctious mononu~
eleosis?

A 1-80 2 Sore throat

A 1-80 8 Otitis medis

A 1-40 3 Sore throat

v - Over 30 *ngightness of chest”

A 1-80 a Mastolditis} otitis
medla

B -~ 8 *Infectious mono=
nucleosis '

A - Over 0 Purulent rhinitis

A 1-40 8 _ Gore throat

A « Ovey 30 ‘mtc rheumatioc fever

A 1-80 g ' *Infectious mono~
nucleosin?

A 1-80 2 O%itis mediaj bLrain
bsoer

A 1-80 P

¢ = Over 30

¥ 3 1«80 a

- « Over 30

B - 8

A «  Over X0

B - 8

A - Over 50

e T 3

& N 1-80 2

A 1-80 3

A 1-20 2

A 1-80 2

F y 1-80 8 fon

A 1-40 2 Sore throat

A 1~-80 2 Purulent sinusitis

- - Over 30 *Infeotious mono=
nucleosia?

A 1-30 ] Sore throat

A 1-80 2 Sore throat

A « Over 30 Sore shroat

A 1-10 8 ‘Bore throat \

A 1-40 2 Tonsillitis

- - Over 30 *Infectious mono=

nucleosis?
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61, A 1-40 2 Tonsillitis

68, A - 2 ®*Infectious mono-
nuoleosis

63, A e Over 30 Sore throat

64, A - Over 30 *Carrier

85, A = Qver 30 Sore throat

66, A 1-80 2 Tonsillitis

67, A » Over 30 Sore throat

68, B - 2 Tonsillitis

69, A - 2 muﬂii

704 - e Over 30 Pharyngiti

71, A 1-40 3 Sore tmt 4

72, A 1-40 2 *Infeotious mono=~
nucleosis?

78, B - 2 Tonsillitis

T4. A 1-80 a8 Tonsiliitis

78, A o 30 Soye throat

76. A 1-80 2 Tonsillitis

77 - « Over 30 Rhino tis

78, 'y 1=-80 a Tonsillit

79, A 1-40 2 gearlet fever

* =« gages @{ doubtful or nom-streptococcal etiology.

** « gtrains were classified as A, B, C, and "Other
groups” .

“*¢ . gee pege 31 for significance of timse figures,

When only the cases of probably streptoscocal
etiology are considered, the total number of strains
isolated drops %o 61, Of these, 88.5% belonged to Group
A, 6,50 to Group B, none to Group C, and 5% to other
groups. A breakdown of these strains into groups with
their ability to produce hyaluronie aeid or hyaluronidase
is given in Table II.



Table II
Group AbLLASY Yo Froduse:
A ¢4 8L 9 16.8 1 149
B 0 0 0 0 4  100,0

Other 0 0 . 100,0 0 0

A diffioulty encountered in classifying cases into
those of streptococcal or other etiology was the frequemnt
ooocurrence in this series of cases of Vinocent's infection
and infectious mononucleosis, In both of these conditions,
espseially infeosious mosonucleosis, the ocsusative agent
has not been determined and as a result, the presence of
utreptecocol essocieted with them ie difficult to evaluate,
However, it may be of some significance that in every typical
case of infectious monmonucleosis encountered in this series,
as determined by differential white cell counts, heterophile
antibody titer, and general oclinical pioture, the strep-
toococous isolated, with one exception, did not belong to
Group A, This strein, however, did not produce either
hysluronie acid or hyaluronidase.

The results in Tadle II indicate that of all Group
A streptococcus strains isolated from typloal streptococous
{nfeotions, roughly 82% were polyssccharide producers and

" 16% formed enzyme. Thus, nearly all Group A strains isolated
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from typicsl infections were able %o form one or the other
of these two substances, but in no case was & strain found
to be able to produce both., This is in comnfirmation of
the worg of MoClean (1941a) and Crowley (iﬂﬂ.

The finding that 82% of Group A strains derived
from infections form polysaccharide contrasts sharply with
the figure reported by Pike (1046) that 48% of the strains
he examined were polysaccharide producers. At first it
was thought that a possidle explanation for this difference
might 1ie in the fact that two different methods were
employed for pélymemuu estimation, In Pike's pro=-
cedure one volume of culture supernatant, adjusted %o
pHl 7.4, was mized with one volume of acid serum reagent
and the emount of turbidity developiag after 30 miautes
read on the photoelectrio colorimeter. This results in the
production of & 18 dilution of doth the supernatent and
the eoid serum reagent. In the ring-turbidity method of
Seastone the adjusted culture supernstant is not mixed
with the serun reagent but is layered over it, and any
turbidity which develops forms only in the upper super-

" natent leyer, Thus no dilution of the supermatent or of
the protein-polysaccharide complex occurs. Theoretically,
therefore, 1t might be expected that the ring-turbidity
" method would give results about twico ms high as the
method used by Pike, exoept for the fact thet the readings
are made by eye and mot on the photoslestrio colorimeter,
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fo test this hypothesis, five Group A strains, producing
mlmuh acid in titers ranging from undiluted to 1-30
were grown in 10% serum broth. Hyaluronic acid estimations
were then made on the supernatants in duplicate, using the
two methods under cousideration., The Siter of two of
these strains, using the ring-turbdidity method, was 1-10.
In one case it was 1-20, The supernatants of the other
two cultures gave a visible resotion with the serum re-
agent only when undiluted., In dupllcating the method of
Pike, equal volumes of supernatant and serum reagent were
mixed, allowed to stand at room temperature for 30 minutes,
and then read on the Coleman Spectrophotometer in the
green band of the spectrum after the machine had been
first od justed to give an optical density reading of zero
in the presence of & nitm of equal parts of serum re-
agent and uninooculated medium. In all cases She super-
natant-serum reagent mixtures developed sufficient tur-
vidity to cause o definite deflection of the galvanometer,
the megnitude of the defleetion being roughly proportionsl
to the polyssccharide titer as determined by the ring-
turbidity method, It ie appareant, thet the method which
Pike used is as sensitive as that employed in the present
study. If, then, the difference in the perceatage of
polysaceharide producers ensountered in these two studles
is @ valid one, the interesting poesibility preseats itself
that the percentage of enzyme-producing strains im the series
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exemined by Pike might well bave been higher than that
found in the présent series.

Seastone (1934) obdserved that young, encapsulated
hemolytie streptoeoccus cells ‘rm one~hour old broth
cultures are extremely resistant to phagooytosis in nom~
immune bloods This resistence dtnypm- in about the
seme time these cells lose their capsules. Older cells
are taken up by the phagooytes in lerge numbers. It was
therefore felt that it would be of interest to determine
the relative susoeptibility of young and old cells of
non-capsulated, enaymatic strains %o .phagooy tosis in
noneimsunghblood, Three sitrains were tested using fresh,
defibrinated blood from turee non~imoune individusls.

The cells were grown in 10§ serum broth for one hour and
&¢ hours, spun down, resuspended in saline end exposed %o
the phagocytes in sealed, rotating tudes a¥ 37° Ou for 20
minutes, Smears were Shemmade and ehmined by Wright'e
 method, The resulte are gives i Table III. The figures
represent the number of eells found im 50 phagoeytes.



Table IIX

Strain Blood Used:
e b, e
“ (young) 24 218 158
{old) an 110 179
L (young) 82 126 157
(o14) 377 117 439
" {young) $7i 21 117 105
{o1d) 469 . ns - 582

- Piret of all it is apparent that the resistance
shown by the young eells of the 2 enzymatic strains is not
comparable in extent %o that found in young oells of
ensapsulated strains. The behavior of the gells ia the
presence of the phagoeytes of blood A comes nesrest to
resembling the situation whiech is encountered with emcap-
sulated strains, but the recults obtained with the other
~two bloods are contradictory. It oan be concluded, there~
fore, that elthough there seems to be a tendemcy for the
young eells of these strains to be more resistant to
engulfment by phagoeytes, the effect is not nearly so
marked nor es consistent as that obverved in encepsulated
strains,
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If a larger series of phagoeytic tests confirms
that young eells of enzyme-producing strains are indeed
mope resistant $o phagoeytosis in non~immune blood than
old cells, the question of why this is so 8till remains
%o be answered., In the case of encapsulated strains this
phenomenon is mot ® unique but is a further example of
the almost universal principle that in pathaeaaiu bagteria
the ebility to resist phegoeytosis resides in the posses~
sion, on the part of the individual vell, of either &
well-developed capsule or of the ability to form large
amounts of soluble gapsular material, However, enzymatie
strains do not form deteotable amounts of capsulai sub~
stance and in no case have capsules been ohsorvad mieros«
copioally on the cells, The only unique substance whioh
these cells excrete ssems %o be the inzyui, and since
testicular hyeluronidase affords protection for 3aans mioe
egainst virulent, encapsulated Group A ai?aia;. it would
seem that the enzyme is incapable of exertinsg any Mi-
opsonie effeet, Furthermore, one would not expect &
product of the animal body to exhibit such a property.
Howaver, MoClean (1943) showed that hyaluronideses from
different sourdes are tnnmnaloeléaliy smoifie, Rogers
(19468) has demonstrated that the hyaluronidases from Cl.
welchil, hemolytie streptococel, and testis all attack the
same hyaluronie scid substrate in different ways, with the
produetion of hyrolytie end-produsts having differing
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chemioal end phyciocael properties., There is & possibility,
then, that while sesticular hysluronidase does oot anta~
gonize the action of phagoeytes, streptocoocal hyalu=~
ronidese does, although this seens rather unlikely in view
of the repid tnsotivation of ensyme which oeours in the
aninal body (Haas, 1946),

Discugsion

Bail (1908) and Rosenow(1007) were the firet %o
show that pathogenic bacterie, growing in animal tissues,
are capable of forming substances which, when added o
sublethal doses of virulent organisms, cause fatal infections

thuomm injected into test animals. liore
speeifically, Rosenow (1907) found that scline extracts or
sutolysates of virulent but not svirulent pneumocoosi con=
tain & msmwmer smmmutor inhi-
biting the uuﬂu of mmmn oposins, There is no
doudt in the light of later work thet virulent organisms
produes, not only in vivo but also in vitro, & a number of
substances which interfere with the defense mechanicns
of the animal host, Perhaps the most striking exsmple of
a substance ét this type is the ecepsuler polysaccharide of
the pneumogocous, Felton and Bailey (1986) showed that
avirulent type II pneumccocel are able to cause fatal
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infections in mice if these animals are first given in-
jeetions of purified type 11 eapsular polysaccharide.
Other bacterial products acting against host defense
mechanisms are the leucocidins, :zwmx:ym. coagulases,
and O satigens, In fact, there is no doubt that all toxie
products of bacterial oells promote infection by decreasing
the tuhiun of the host in scme Way.

The hemolytio streptococeus is an outstanding
example of an organiem that is capable of elaborating a
number of these substances, and the determination of the
relative significance of these products in the virulence
of this species has been the objeet of much investigation.

The hemolysin m-u is elaborated by this species
nes been studied extensively by Todd (1934, 1938¢, 1939)
who showed that two types are formed, The O hemolysis is
oxygen~labile at ordinary temperatures and its aotivity
can be restored by the addition of a suitable reducing
agent, The 5 hemolysin, sovalled by virtue of its case
of extraotion from streptoccecal cells whem they are
shaken with serum, is sensitive %o both heat and acid.
Both types are toxic, the 5 hemolysin causing death by
intravascular hemolysis and the O hemolysin by some other
means (Todd, 1038W).

In (1905) Ruediger, following the lead of Nelsser
and Weohsberg (1600), demonstrated that filtrates of broth
cultures of virulent hemolytio streptococci have the power
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of interfering with the aotivity of phagooytes toward
avirulent streptocoscoal cells, Chanmon end leleod (1929 )
encountered a substance having amti-phagooytie activity
in filtrates of broth cultures of & hemolytic strepto~
coccus isolated from a humsn knee joint, This substance,
considered to be one of that olass of agents known as
leucocidéine, was found to exert s destructive effect on
rabdbit leucooytes which could be observed mioroscopically,
However, Todd (1938a), using mouse-virulent stralns, was
unable o find such activity although he employed both the
mieroscopie technicue of Velentine (1936), and the tech~
nique of Nelsser and Weohsberg (1900), ia which the amount
of leucocytic destruction is determined by measuring the
deorease in the ability of washed leucocoytes exposed to
leucocidin to reduce methyleme blue in sealed tubes, IS
nad been found that normal mouse leucocytes, suspended in
saline, were clumped by small additions of &on. wherees
leucooytes whioh hed been lysed by bacterial filirates
were not, Using this technigue, Todd (1942) succeeded in
sonfisming $he presence of & leucooidin in hemolysie
streptococcus cultures, but this could be shown only ir
@ reducing agent were first incorporated into the culture
filtrates. This bas led Todd %o believe that strepto~
coccel leusoeidin is prodadly identical with streptolysia
O
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Pillett end Garner (1983) showed that most
pathogenie strains of hemolytie streptococol produce a
substance whioch promotes the lysis of humes fibrin clots.
This substance is slmost inveriably preseat in Group A
streptocosei derived from humen infections (lancefield
and Hare, 1935) and recent evidence has acoumulated
(Hilstone, 1944; Eaplan, Tagnon, Davidson, and Taylor,
1943; Kaplan, 194¢) to indicate that fibrinolysin mey :
aot as & kinase for certain proteolytie ensymes which
are normally present in blood im an inastive state, The
poseibility that fidrinoclyein may be involved in promoting
the spread of infection away from & looalized foous by
dissolving £ibrin plugs in adjecent capillaries iz of
tawmc;

The work of Dick end Dick (1924a, b, 192%s, b)
established that some hemolytie streptocogel produce still
another toxie substance, She erythrogenie’ toxim, Imjeotion
of $his toxin into the skin of susoeptible persons usually
gives rise to a generalized erythematous ragh accompanied
by fever and malaise, It differs from streptolyeins 0 and
8 in being fairly resistant to heat. Foley (1943) showed,
on the basis of heat resistance and neutralization tests
with specifie antitoxin, that this toxin ie probably
tdentical with the mouse lethal agent which was described
vy Harris (1942),



45

Another substance elaborated by hemolytie strep~
tococol and associated 010“17 with viruum is the "M"
protein of lancefield., This protein seems to be the antigen
juvolved in the Wlﬂa preeipitin reaction of Group
A streptococei, snd antibodies to it are chiefly respon~
sible for the protective action of immune sera. IV is
. found almost exclusively in cultures in the matt and mucold
phases. Although matt strains may be either virulent or
avirulent, both types are found %o contain about tn- sane
emount of "M" protein {Lancefield, 1940~-41), indicating
‘hat although this protels is slways found in virulens
streptococesl strains, its presence is not the only es~
sential ingredient in the ectablishment of the virulen$
state. That the protein exists at or near the oell surface
s saggested by the fact that proteolytic enzymes cen
destroy the "N" substance of -mvmmx cells without
affecting their viability (Lencefield, xmh

‘ mmaaormumun.mmmﬂm.m
has been disoussed and it appears, fram the bulk of the
evidense, o be an important one.

On the other hand, the question of whether or not
the production of hyaluronidase adds mpaterially to the
pathogenicity of a strain remains unanswered. The fact
that mice can be protected agalnst infection with enoap~
sulated, ﬂfﬂlm‘!, hemolytie streptococel by the repeated



46

injeotion of strong hyaluroaidese preperations seeums %o
militete agalnst the adoption of the view that hyaluro-
aidese is of sny imporstance, Similarly, the mmﬁ
ooourrence of hysluronidsse production in Group B, G, and
G strains further discoursges such & conclusion. The
work of Kass, Lichstein, and Waisbrea (1945) wish 41,
welohil, of Bumphrey (194¢) with pueumococei, end of
Crowley (1944) with the hemolytie streptococous, also
seems %o oast doubt on the significance of hyalhronidase
in virulenoe. Gmﬂﬁ. for example, repcrted that of
308 streins of Croup A streptosccei isclated from various
pathologicsl conditions by & group of public health labo-
ratory units in England, 64 strains, represeating about
20% of all Group A isolations, were enzyme producers,
but o correlation could be found detween enzyme titer and
virulence. Although the bulk of these enzymatio strains
came from acute infeotions, there i unfortunately no
information a2 to whether or not they were cousidered to
be the causative agents in these cases. Henoe one cannot
gsoy that, regardless of the lack of auy norrcin.tat between
enzyme titer and virulence, ome ic dealing with i group
of 64 enzyme-producing hemolytie streptocoscous strains,
devoid of capsules, whieh are capable of causing disesse.

In the present study, 0f a wm;et 61 isolations
of Gpoup A streptocosei, about 20% were enzyme-producers.
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However, the evidence indicated that in only 54 instances
oould the particular strain isolated by safely regarded
as the probadle etiological agent in the ease, Of this
group 9 strains were Eumno. devoid of oapsules, and
‘unable %o produse byaluronis acid in amounts detestable
%1 the test employed, They represent abous 16% of the
‘Group A streins included in this group. Onme of these
hysluronidase-forming strains came from a typical case of
. tonsillitis. Another waz found %o be associated with the
acute stage of rheumetic fever, 4 third strain was in-
voived in a case of sore throat end pharysgitia. Still
another strain was isolated from the spleen and lung in
a fatal case of bronchopneumonia, This case involved a
23-year old pregnant women who was taken suddenly 111 with
fever, chille and heedache, G8he became comatose shortly
after the onset of symptons end died about 46 hours later.
Although pregnancy was undoubtedly & contributing fastor
_ $0 the fulmineting course of this infeeotion, it is still
apparent that one is dealing with an invesive organism of
considerable virulence. . 4

Five of the enzymatic strains were isolated during
apdoutbreak of mild sore throats in a family group in~
 volving the mother snd thres small ehildren. The outbdreak
began with the appearance of a resh on the nose and upper
1ip of one of the children which was diagnosed as impetigo,
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This ohild subsequently became 111 with s sore throat.
shortly thereafter the other two children also developed
{nfaoted throats snd from all three an enzymatic Group
i streptocoscus was isolateds A sisilar strain was
obtained from the throat of the mother who d4id not Decome
111, All recovered uneventfully. About & month later
one of she ohildren again became siok, with an inflemed
throat, enlarged esrvical glands and & Semperature of -
108° ¥, 4 throat culture yielded an ensyme-forming Group
A strsin. A similar strain wes recovered at the same tize
from the throat of one of the other ohildren who remained
well, ’

It seems obvious, then, that Group 4 streptococcus
Muﬁl&htmmaﬂ«nﬁhﬂnupmtnm
capable of esusing disease, It remains %o be proved,
nowever, $hat She presemse of enzyme has in itself any
virulenee-sshanoing effeet, Although not sonstituting
actual proof, statistics tead %o lend support %o the
contention shat in order %o be virulent, a given strain
of Group A streptococcus must be capable of forming
either hysluronio asid or the correspounding enzyue,
nyaluronidese. In the present study it was found Shat, of
84 isolations where 1t could reazonebly be assumed that the
organism was the etiologieal agent, 58 strains, or 98%,
mm;iommummwynuwmwm
enzyme, In only one nmu was it impossible %o detect
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‘either of these two substances, The correlation of these
two properties with virulence in this series is Sherefore
slose to 1008,
L That the possession of & capsule or the power %o
‘form hyaluronidase or "N" protein is mot the complete story
in streptoeceeal virulence is apparent, The formation of
other toxie eell products such as fibrimolysin must also

"~ be takeh into considerstion, As Dubos has pointed out

(,1!"6}.” whether or not a given strain of baoteria produces
an infection or not depends upon the outoome of the inter- .
sotion between an extremely complex array of forces known
compositely as the host defense mechanism on the ome hand,
and an almost ecually complex group of forces known as the
bacterial virulencs feotors on the others What this out~
ocome will be depends greetly on the physical condition of
the hos$, a factor which varies not only from specles %o
species but elwosfrom individual %o individual, It also
depends upon the ocndition of the culture empioyed, such
as ite age, phase, and certain odscure properties which are
in turn dependent upon the medium in which the oells are
ETowhe

The study of virulsnee in Oroup A hemolytic strep~
tococel is further complicated by the fact that in the
past most tests for puthogenicity have been carried out in
mice, using the intreperitoneal route of infection. Whether
or mot the results so obtained are a true reflection of the

P
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ability of a am.;mu to produce infection in -p,br
the respiratory route is a guestion,

What is needed is a comprehensive and quantitative
esaninetion, under rigidly controlled conditions, of &
group of streins obteined both from cuses end tml# with
regard to their antigenic structure, and their ability So k
produce hyaluronisc acid, hysluronidase, hmlnm 0 and
8, rxm.mmu, maoctm. and erythrogenie t%u. A

ssarth for a signiffcant difference in the carbohydrate
metabolism of virulent and a virulent strains MMM
valuable information, Furthermore, & study of the opum
growth temperature, pH, and €Oy tension of these strains
might be useful in the light of the recently proposed
theory of Coburn and Pauli (1941) and Cobura (1944) that
epidemic etrains of hemolytie atreptococci are those which
are nost fully adapted to evirommentel coanditions existing
in the human upper respiratory traot. The value of suoh
a study would depend upon the development of a virulence
sest in whioh the experimental animal could be infected by
way of the respiratory trast, |
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Summary

1. In e series of 54 strains of Group A hemolytie
streptococei isolated from various pathological conditions
suoh as rheumatic fever, tonsillitis, pharyngitis, otitis
media, and Emohopamun, & strains or about o2k,
wore found to be Mu'mo aold producers and 9 strains,
or abous 16% were produsers of hysluroaidase.

8y The, inmni of hniu'ma acid t‘omd dié M
seem to depend upon the rate of glycolysis tn serum~
' =mmm broth, upon the lemgth of time a oulture remained
‘eh the logarithmie phase of growth, mor upon the total
amunt of cells develuping in a 34~heur perisd of growth.

5. Phagecytosis tests mmm that the oells
of eme-heur cultures of mumtu; mﬁmum strains
were slightly resistent te the astion of phagooytes in
non-immune bumen bleod, but this resistance was not wm-
parable in extent to that exhibited by young cells of
encapsulated streins,
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