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I. THE BIOLOGY OF GROUP
A STREPTOCOOeosIS!J2

Dennis W. Watson
William J. Cromartie
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E. Discussion
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A. INTRODUCTION

1. Clinical Classification of
Group-A Streptococcosis

Available information seems to
Justify the belief that. group-A strepto
cocci play a role in the pathogenesis of
not only such illnesses as pharyngitis,
scarlet fever, erysipelas, puerperal
fever, lymphangitis, and their suppura
tive complications, but also a group of
disorders, the late nonsuppurative
sequelae, which include rheumatic fever
and Beute glomerular nephritis. The
term "streptococcosis ll has been suggested
to include all these various clinical
pictures resulting from group.A strepto-
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ccccal infectionsl • The term "tuber
culosis ll is used in a similar manner to
include the varied clinical disorders
resulting from infection with Myco
bacterium tuberculosis. It is the pur
pose of thIS-report to review the cur~
rent concepts of the mechanisms which
allow group-A streptococci under natu
ral conditions to induce this wide
variety of disease pictures and to re~

cord the preliminary results of in
vestigations relating to this problem
now under way in our laboratory.

2. Consideration of Terms

An analysis of the mechanisms
whereby group-A streptococci induce
this wide variety of clinical dis
orders requires a study of all of the
attributes that, under "natural condi
tions, contribute to their pathogenici
ty and virulence. Watson and Brandly2,
in a recent review of the current con
cepts of virulence and pathogenicity as
applied to various infectious agents,
discuss the attributes of virulence and
pathogenicity under the headings of co~

municabi1ity, infectivity, invasiveness,
and toxigenicity. They point out that
communicability is an essential attri
bute to virulence as a natural phenomen
on, even though it is not involved in
most experimental measurements of viru
lence. In an analysis of the mechan
isms of virulence that are responsible
for any particular clinical picture
resulting from an infection, it must be
clearly recognized that the host-para
site relationship makes essential care
ful consideration of the variable and
complex properties of the host as well
as those of the parasite. It must also

lThis research was conducted under con
tract with the Office of Naval Re
search.

2The follOWing students have partici
pated in the experimental work: Perry
Morgan, ~~rgaret Whelan, Arthur Johnson,
John Schwab, and James Prince. Var
ious phases of this problem will be
used toward the partial fulfillment of
their graduate requirements for ad
vanced degrees.
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be remembered that under natural condi
tions herd structure, as defined by
Top1ey and Wi1son3, influences this host
parasite relationship.

13. HERD STRUCTURE AS A FACTOR IN
NATURAL PATHOGENICITY AND
VIRULENCE

An inseparable determinant of natural
virulence and pathogenicity of strepto
coccus is its ability to spread from one
host and to establish itself in another.
The individual host, its relationship to
other hosts, and the environmental
factors that permit a natural spread of
the streptococcus to a variable extent in
most areas of the world have been in
tensely inve~t5gated, especially during
World War II ' • However, it has been
impossible to devise practicable methods
for breaking this oyc1e in the environ
lMnt, as is true of most infections
transmitted by the respiratory route. It
is beyapd the scope of this communication
to consider all the factors of herd in
fection and immunity that impinge on this
problem. For the purpose of this dis
cussion, it is important to point out
that herd structure, by allowing indi
viduals to have repeated infections with
group-A streptococci, influences the
type of host response induced by these
organisms.

C. PROPERTIES THAT INFLUENCE THE
INTERACTIONS OF TEE PARASITE
AND THE HOST

Group-A streptoooocal oells have been
fractionated into several component parts,
and many sq1uble substances have been
isolated from the media in which they
were cultivated. These materials which
were described rece~t1y and their
properties reviewed6 include a carbo
hydrate, designated as "c" substance, two
proteins, "M" and "T", nucleoproteins or
"p" substances, streptokinas} hemolysiIlf3
"s" and "0", erythrogenic toxin, protein
ase, hyaluronic acid and hyaluronidase.
Observations on other bacteria indicate
that the substanoes produced in vitro
may be somewhat different from-those
produced in viv07,8. This should be
kept in mind-rilany attempt to evaluate
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the role of the substances isolated
from streptococcal cultures in the Ysr
ious aspects of Virulence and patho
genicity. This thesis will be elaborat
ed below.

1. Mechanisms that Influence
Communicability and In-

. fectivity

Mprotein and hyaluronic acid
seem to protect group-A streptococci
from phagocytoeis9. Since this pro~
tection is associated with continued
multiplication of the bacteria, it is
possible that Mprotein and hyaluronic
acid play a role in the establishment of
infections with these agents. The im
portance of M protein is indicated by
the degree of type-specific immunity
that is associated with anti-M anti
bodies; this is not true of the T
protein antibodies10• The demonstra
tion by Toddl1 that streptolysin-O
exerts a powerful lytic action on leuko
cytes suggests that this substance may
also play a role in allowing the organ
isms to overcome host resistance. How
ever, no correlation has been establish
ed between strepto1ysin-0 production and
viru1encel1 • The fact that these organ
isms are highly communicable, but not
prequently highly infective, is indi
cated by their presence in the upper
respiratory tracts of 58 per cent of an
apparently normal population12 • Factors,
such as trauma or virus dise~ses, which
under aome circumstances lower host re
sistance, are known to playa role in
the establishment of infections. Never
theless, the occurrence of many out
breaks of group-A streptococcal infec
tions was without any apparent associa
tion with these factors l '. As pointed
out by Coburn14, these latter outbreaks
seem to result from the dissemination of
a strain that combines communicability,
properties of infectivity yet undefined,
and the other atrributee of virulence.
His epidemiological studies led him to
believe that the host-parasite inter
actions resulting in subacute infec
tions are associated with the develop
ment of organisms possessing these
qualities, whereas the usual acute in
fection is not associated with the
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development of such organisms. Coburn
"peculated concerning the nature of these
changes and noted that organisms dis
seminated by "dangerous carriers" appear
to have acquired the capacity to multi
ply rapidly in the presence of in
hibitory substances of the normal mucous
membranes. This property seems to be
lost in a high percentage of new hosts
during the process of the estRblishment
of an acute infection. The acquisition
of these new properties appears to in
volve an adaptive mechanism, the nature
of which is not understood. If further
investigations should reveal that this
property of infectivity concerns some
antigenic substance, a method for pro
ducing a general or non-type-specific
immunity might become feas i ble. This
aspect of the pathogenesis of infection
is diffioult to investigate by the usual
laboratory ~thodsj however, our under
standing of group-A streptococcal infec
tions will not be complete until this
mechanism is elucidated.

2. Mechanisms that In
fluence Invasivene~s

The invasive character of group-A
streptococci is well recognized. Their
ability to spread along mucous memoranes
and to invade the adjacent tissues is
well established by histological and
bacteriological studies. Invasion of
lymphatics and entrance into the blood
stream with localization in joints, on
heart valves and elsewhere, is also a
fairl~ common occurrence in this infec
tionl ,. The mechanisms repponsible for.
this character of virulence are not clear
ly understood. Mprotein, hyaluronic
acid and strepto1ysin-O} by protecting
the organisms from phagocytosis and allow
ing them to multiply in the tiflsues may
playa role in invasiveness. As indicated
in several reviewsl6}17} a great deal of
investigation has been carried out in an
attempt to implicate the enzyme hyaluroni
dase as a major factor in determining the
invasive l].UAlity of these organisms.
However, experimental studies suggest
that hyaluronic acid, although not as
important as M substance, plays a role
in protecting these organisms from
phagocytosis9. Since this substance is
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the substrate for hyaluronidase, this
presents a paradox difficult to evalu
ate. It was once believed that the
production of a hyaluronic acid cap
sule and of hyaluronidase were mutually
exclusive phenomena. However, the
demonstration by Pike18 that cUltures
of,some encapsulated strains of group
A streptococci, as they grew older,
exhibited decreasing amounts of hyalur
onic acid is interpreted to indicate a
weak and variable hyaluronidase activi
ty, He was unable to relate this
property to any aspect of virulence.
Sa1lman and Birke1and19 demonstrated
hyaluronidase to be an important factor
in the pathogenicity of group-A strepto
cocci for ten-day-01d chick embyros and
suggested that this indicated a re
lationship between hyaluronidase pro
duction by streptococcal strains and
theirvirulenc6 for humans. Russell
and Sherwood20, using thirteen-day-01d
embryos, observed no correlation be
tween hyaluronidase production and the
capacity of streptococcal strains to
kill, or to spread in this ho~t. Mc
C1ean's21 studies suggest that the role
of hyaluronidase in virUlence may vary
depending on the route by which the
organisms are introduced. A1though
specific antibodiea22 and non-specific
inhibitors23,24 are produced which
neutralize the actiVity of this enzyme
in Vitro, it has not been established,
to the reviewers' knowledge, that such
substances playa role in immunity to
this infection. If this enzyme is an
essential factor in invasiveness, such
substances might be expected to afford
protection from this attribute of viru
lence. Further investigation along
this line will possibly help to evalu
ate the importance of hyaluronidase in
this infection.

Proteinase, another enzyme produced
by group-A streptococci25, conceivably
plays a role in the invasiveness of
these organisms. Like hyaluronidase,
however, it destroys a surface compon
ent, the Mprotein, which has been
established to be more important than
hyaluronic acid in protecting these
organisms from phagocytosis9, thereby
creating another paradox paralleling



that of the hyaluronic ~cid-hyaluroni

nase system. Since proteinase is anti
genic, further evaluation of the rcle
of thia enzyme in the vurulence of strepto
cocci might be attempted along the lines
suggested above for hyaluronidase.

Streptokinase, a suhstanoe produced
by mest of the strains of group-A strepto
cocci, has been extensively investigated
eince it was first ~emonstrated hy
Tillett and Garner2 .• The current con
cepts of its actions gre reviewed by
Ramrnelkamp and Dingle. The activity of
streptokinase depends upon its ability
to activate the formation of plasmin
from a ~roenz~~ present in human sera.
This enzyme is oapable of digesting
fihrin and other proteins. These proper
ties suggest that this substance has an
important function in the quality of in
vasiveness exhibited by these organisms.
TillAtt27, after studying 1,300 strains
of streptococci} concluded that the
streptococci associated with sup~urative

and invasive types of infection are with
few exceptions possessed of fibrinolytic
properties and are usually the most
potent in causing lysis of fibrin. How
ever, some strains of group-A strepto
cocci which do not produce this sub
stance have been found to induce charac
teristic lesions28 • Menkin29 states that
streptococci tend to spread from a local
site more readily than} for example
staphylococci, because they induce less
tissue damage and fail to initiate the
process of lymphatic blookage to the
degree found in lesions induced hy
staphylococci. According to thi~ con
cept, the invasive quality of strepto
cocci io attributed to the fact that they
are able to multiply in tissue without
producing a severe necrotizing effect
which would cause lymphatic blockage.
Streptokinase would not be important in
this explanation because fibrin forIT~

tion is not believed to take place to
any important extent in streptococcal in
fections. F"~ther studies will be
necessary before the mechanisreB that en
able these organisms to invade tissues
are completely elucidated.
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Mechanisms that In-
"

fluence TOXigenicity

Another attribute of virulence,
toxigenicity, includes the mechanism of
host-parasite interactions which re
sult in tissue damage, the various
associated functior~l changes and, in
some instances, death of the host.

Topley30 pointed out that the mere
presence of the parasite within the
tissue does not explain ita harmful
effect. When one considers the toxic
properties of the sunstances produced
in vitro by group-A streptococci, the
C-carbohydrate, M and T proteinB,
hyaluronic acid, and nucleo-proteins or
P substances, they are found to ex
hibit no primary tissue damaging abili
ties. The possibility that altered host
reactivity may permit these substances
to play a role in tissue damage will be
discussed below. The recent review by
Bernheimer3l indicates that the strepto
lysine have been investigated extensive
ly as to their toxicity. Although
these substances alone will not stimu
late the production of lesions similar
to those associated with acute strepto
coccal disease, it seems that the
leukocidin effect of streptolysin 0
might play a role in producing the
cellular picture observed in these le
sions. The work of Todd32 and Bern
heimer29 demonstrating the lethal
properties of these substances for labo
ratory animals suggests a possible role
for streptolysins Sand 0 in the patho
genesis of streptococcosis. The lethal
property of the serum extracts of group
A streptococcal 0ultures described by ,
Weld33 has been shown to be due to
streptolysin S. Since high antistrepto
lysin titers do not appear to be associ
ated with increased resistance to this
infection, it is unlikely that the
streptolysins ny acting as primary
toxins play a central role in the patho
genesis of these infections.

The direct action of erythrogenic
toxin34 explains only the toxic phe-
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nomena peculiar to scarlet fever. There
fore, most of the toxic reactions associ
ated with these infections cannot be
ascribed to a primary effect of this sub
stanoe.

The importance of the enzymes protein
ase and hyaluronidase and the proenzyme
streptokinase in the production of le
sions associated with tissue invasion by
these organisms is not olearly establish
ed. Hyaluronidase is the only one of
these known to be able to break down a
constituent of normal tieeue. The changes
induced when hyaluronidase breaks down
the hyaluronic acid of tissue ground sub
stance are not sufficient to explain the
lesions induced by the invasion of group
A streptocooci35. It is possible that
this actign contributes to the lesions
observed36,37. It seemB unlikely that
these enzymes are directly responsible for
the striking tissue ohanges or for the
associated signs and sympto~ occurring
in the phase of group-A streptococcal in
fections associated with the presence of
viable organisms in the lesions.

One may postulate, as is done in the
case of pneumococcal infections38, that
group-A streptococci multiplying in
tissues produce damage either by the
mechanism of competitive-inhibition or
through the production of local or general
acute deficiencies in one or more metaboli
tes essential to the host cells. There are
no studies to support this theory. However,
in view of the failur~ to isolate toxic
products from group-A streptococci which
are capable of bringing about all of the
observed damage to the host, experiments
designed to detect such metabolic dis
turbances might be worthwhile.

Another possible mechanism of tissue
damage postulates the for~Btion of poison
OUS substances from the host tissues.
Mer~in29 believes that most of the ob
served inflammatory reactions result from
the action of substances liberated from
ir.jured host cells. This concept does
not explain the nature of the primary
d~mage but may explain some of the second
ary reactions observed in an individual
infected with these organisms. Some ob
servations relating to this problem will
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be recorded below.

A great deal of information has been
accumulated which indicates that any
attempt to analyze the toxigenic
properties of group-A streptococci must
take into consideration the changing
reactivity of the host to the various
products of these organisms. This
changing reactivity of the host seems
to be brought about by previous in
fection with group-A streptococci.
Powers and Boisvert39 emphasized the
role of changing host reactivity to
group-A streptococci in the product-ion
of the different clinical pictures ex
hibited by patients of various age
groups.

Changing host reactivity, hyper
sensitivity, or allergy has been put
forward as an essential part of the
mechanims by which group-A streptococci
produce the late nonsuppurative sequel
ae which include rheumatic fever and
acute glomerular nephritis. In this
theory it is postulated that the in
vasion of the tissues of certain indi
viduals by these organisms induces a
state of hypereensitivity which sub
sequently leads to a hypersensitive re
action resulting in the anatomical and
the functional changes associated witL
these disorders.

Rheumatic fever and acute glomerular
nephritis are not associated with the
presence of group-A streptococci in
their characteristic lesions as is true
in case of group-A streptococcal
rharyngitis and the other acute diR
eases. No toxic substance has been
identified, which might account for the
lesions aSRociated with the late
sequelae as has been accomplished in
case of the reaction characteristis of
scarlet fever. The temporal relation
ship of the sequelae to the primary in
fections makes it appear unlikely that
they result from the action of a
bacterial toxin of the usual type.
Fischel40 , in his recent review, credits
Menzer with first advancing the concept
of hypersensitivity as it relates to
rheumatic fever, and points out the
many different types of observations
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that support this theory. This disease
has features in common with serum sick
ness--a disorder known to result from a
hypersensitive reaction. The latent
period between scarlet fever and the late
sequelae led Escherich and Shick41 to
observe that it was similar to the period
reqUired to develop active sensitization.
Herry42, in 1914, produced lesions with
features similar to Aschoff nodules by a
process whioh he believed sensitized
rabbits to an "endotoxin of diplococci"
isolated from oases of rheumatic fever.
FollOWing this study, many investiga
tors, using procedures involving hyper
sensitive reactions chiefly of the im
mediate reacting type, induced in experi
mental animals lesions with some features
of rheumatic fever and acture glomerular
nephritis. These observations have been
interpreted to mean that hypersensitive
reactions play an essential role in the
production of the late nonsuppurative
sequelae of group-A streptococcal infec
tiona43 •

Rantz, Boisvert, and Spink44, after
extensive studies of rheumatic fever dur
ing the last war, suggested that this
disease is invariably induced by group-
A hemolytic streptococci, that the clini
cal manifestations are the result of
altered sensitivity of the tissues to
products of the hemolytic streptococcus
and that repeated infection with differ
ent types of these organisms might be
necessary for the development of these
disorders. These observations were fol
lowed by the. production in rabbits of a
disorder resembling rheumatic fever by
Murphy and SWift45, These investigatcrs
accomplished this by the use of serial
dermal infection with different types of
group-A streptococci. These findings are
compatible with the concept that altered
host reactivity plays an important role
in the late nonsuppurative sequelae. The
influence of ACTH and cortisone on the
course of rheumatic fever also emphasizes
the important of the host reactiv~ty in
the production of this 00ndition4 • The
studies of Good and Campbel147 of changee
in the bone marrow plasmocytes and serum
gamma globulin during acute Rtreptococcal
infections and rheumatic fever are
strong evidence in support of a host re-
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sponse to antigenio stimulation during
streptococcosis.

There are certain weaknesses in the
concept which involves hypersensitivi
ty as the major cause of the late non
suppurative sequelae. For instance,
many infestigators have failed to
demonstrate consistently immunological
reactions that differentiate patients
experiencing an uncomplicated recovery
from this infection and those develop
ing the late nonsuppurative seque1ae48•
Immunological investigations of pa
tients exhibiting the late nonsuppura
tive sequelae of group-A streptococcal
infections have served to substantiate
the occurrence of a preceding strepto
coccal infection by demonstrating cir
culating antibodies to various strepto
coccal products or the presence of skin
sensitivity to various antigens iso
lated from these organisms. However,
these reactions to not appear to differ
significantly from those occurring in
individuals who appear to have re
covered from the preceding infection
without complications. Nevertheless,
the evidence that a hypersensitive
type of reaction is. involved in the
mechanism whereby group-A streptococci
cause these late sequelae is of such a
nature as to warrant further intensive
investigations along these lines. More
fundamental information concerning the
mechanism Whereby antigenic materials,
especially those of streptococcal
origin, are disposed of by the in
fected host, the relation of these
mechanisms to antibody production, and
the development of hypersensitive re
actions might suggest immunological
methods that would allow specific dia
gnosis of the late nonsuppurative
sequelae. Most of the previous studies
have been directed toward detection of
antibodies to various streptococcal
products. If the current concept of
serum sickness is correct, it is only
the individual with residual antigen
in their tissues at the time of appear
ance of antibodies who exhibit symptoms
of this disorder. It is possible that
the individuals who develop th~ late
nonsuppurative sequelae are those who
retain streptococcal antigens at
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certain sites in their tissues until
antibodies appearj on the other hand,
those Who are able to rid their tissues
completely of antigen before antibodies
appear escape the late complications.
Preliminary studies relating to the fate
of antigenic material in the tissues of
animals have been undertaken and will be
mentioned below.

The concept advanced to explain the
absence of viable streptococoi in the
lesions of rheumatic fever patients by
those Who believe that the disease re
sUlts from a specifio type of strepto
cocous i8 of interest. These workers
postulate that, although the organisms
are rapidly killed, they stimulate the
tissue changes observed49. The experi
mental studies of Clawson50 support the
concept that rheumatic endocarditis and
bacterial endooarditis oocur as a response
to a direot valvular infection and that
they differ in the manner of host response
to the presenoe of the orsanisJ118 in the
tissues The studies of Mallory and
Keeter5! alsosU86est that the sequelae
of events leading to the late nonsuppura
tive lesions of streptococcal infeotions
is initiated by the presence of organisms
at the sites that show the oharacteristio
late lesions.

It should be kept in mind that the oon
cepts of direot infection and hypersensi
tivity are not mutually exclusive. Eluoi
dation of the precise toxigenio meohan
isms leading to the late sequelae will
require many new faota.

D. EXPERIMENTAL

The brief review indicates the gaps
in the available knowledge of the
mechanisms which allow group-A strepto
coooi to produoe the host ohanges that
oonstitute the .many clinical pictures of
streptocoocosis. The information relat
ing to properties of both parasite and
host concerned in these interactions is
far from oomplete. Work done with
Bacillus anthracis7,8,52,5~suggests one
possible reason Why the various in vitro
studies of group-A streptooocoi have
not allowed the isolation of substances
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that aocount for all the properties it
exhibits in vivo. Studies of B.
anthraoisDiad-eIt known that the multi
plioation of this organism in the $kin
of rabbits results in the production
of a capsular material that differs
markedly in biological properties
from the capsular material produced
in vitro. under these conditions B.
anthracis also produces immun1zing
antigen that is not produced in ordin
ary culture media. For this reason,
experiments were designed Which would
permit the study of group-A strepto
coooi in an in vivo environment. This
was aooompliShed'""'bY extendins the
methods that had been applied in the
earlier studies of anthrax. The steps
in thia prooedure are illustrated in
Figure 1. This procedure has allowed
the separation of intaot group-A
streptococcal oells, and of certain
soluble and insoluble products, from
extraots of lesions which had been
produced in the skin of rabbits by the
injection of these organisms.

The observed properties of the sro~

A streptoooooal oel18 removed direotly
from lesions ma~ be briefly summarized
as follows: (1) Strains have been
found. to show enhanoed virulenoe as
measured by intravenous inJeotion into
rabbits. This is illustrated in F1eure
2. (2) It is possible to induee varia
tion in oolonial torm and the assooiat
ed ohanges in oellular structure. By
a single passage in the skin of rabbits,
strains of streptococci in the glossy
or rough phase I have been oonverted to
the matt or, more commonly, the mucoid
phase. It is believed that this will
prove to be a useful prooedure in
studying these organisms because oon
version from the sJ,ossy phase to the
muooid phase has been most difficult
to aocomplish by previously desoribed
methods. Table 1 summarizes some of
these observations'. The lesions in
duoed in rabbits by a single intra
venous injection of organisms removed
directly from lesions of the skin of
rabbits are similar to those previously
desoribed aa resulting from the same

. type of experiments using organisms
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RABBIT (Approximately 2.5 Kilo.)

Su.r-ernhtant (1)
1

Filtered - Selas bacterial filters1 (bacteria-free)

Dialyzed against distilled H20 - 24 hra.
organisms 1

Centrifuged - 2500 R.P.M.

preCiPit~~p.rnatant (2)

~ .
Dissolved in NaCl and phosphate (non-toxlc)
buffer pH 7.4 - 0.3, ionic strength

in 10 IDl. supernatant (1)

35 ml. (9.2 x 107 organism/ml.) of T28 (glossy) B-streptococci injected intracutaneously at
70 sites over the entire shaved abdomen and thorax.

Killed after 24 hrs~ (usually reoribund)

i
Lesions excised (385 gm.) and frozen --70°C.

Thawed, macerated i~ a meat grinder and added 770 IDl.
cold 0.85% NaCl (2 IDl./gm.) .

Extracted by contintous stirring at 2°C. for 14-18 hrs.

!
Filtered through 4 layers of gauze •

.L
Centrifuged at 30,909 R.P.M. (30 min.) Spinco 40

.L.
Frozen -70°C. (2 IDl./vial)

~

Contain.s sedim.entable toxin :plus mucoid
4.7 x 107 to 2.3 x 109 mI.

Soluble toxin

FIGURE 1: FrsE.aration and. F~actionation of Rabbit Lesion Extract t:;
VI
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produced in vitro. The most striking
lesions were those resulting from locali
zation of the organisIllB in the lungs,
joints, and on, or in, the heart valves
with the production of pneumonia, sup
purative arthritis and actue ulcerative
bacterial endocarditis. The incidence
of acute bacterial endocarditis somewhat
higher than that previously reported as
being produced by the intravenous in
jection or organisms grown in vitro54.
Rabbits which survived a single injection
were given one or more injections at
two-week intervals. The incidence of
mitral valve involvement in this group
was higher than in the group dying after
a single injection. These results are
given in Table 2.

It was noted that the rapid injection
of the sediment" containing the strepto-

cocci, into the veins of rabrits
caused immediate death when more thRn
0.1 ml. was injected. This observa
tion led to a series of studies as to
the nature of this toxic property.

This toxin is not a product of the
streptococci but is associated with a
sedimentable tissue component of the
host. Similar toxic sediments pre
pared from brain, lung, and other
tissues have been described by
Thomas55,56. These toxic particles,
which are sedimentable at speeds of
12,000-14,000 r.p.m., exhibit marked
thromboplastic activity. Heparinized
animals are protected against this
toxic substance. Normal rabbit serum
appears to inhibit the action of this
toxin. Injection of sublethal a~~~~ts

of this material increases the toler-
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TABLE 1: THE CONVERSION BY INTRADERMAL PAS~GE pt RABBrrS OF
GROUP A STREPTOCOCCI TO MUCOID PRASE,

C 0 L 0 N Y F 0' R M
~YPE . STRAIN Before After 1st After 2nd

Passage Passage Passage

18 P18 glossy mucoid
22 AT22 " " --
3 D 58 " II --

17 SD592 matt " -..
17 CO glossy glossy and matt glossy and

matt
4 T4- glossy mucoid --

AT4R65
28 AT28 " II --
19 284& II matt mucoid
11 Blackmore " mucoid --
24 AT " II --
43 Vl620 " Ii --
5 1930 II II --
" NY5 " II --

23 AT23 II " --

*Inoculum: 1:16 dilution of sediment
from skin lesion extract

TABLE 2: THE INCIDENCE OF MAJOR MACROSCOPIC LESIONS INDUcED
BY I~VENOUS INJECTIONS OF GROUP A STREPTOCOCCI

GROWN IN VITO

SITE AND INCIDENCE OF LESIONS
Number of Joints, H ear t Val v e
Injections, Total No. One or Pulmonary

0.1 ml.* Rabbits More Mitral Tricuspid Pulmonary

1 33 11 31 6 11 1

2, 9 .6 7 6 2 1
or more

t

I

I
I•)
J,,
I
f

)
~

I

ence of animals to doses that would be
lethal to normal animals. The tOXicity
of this sediment for rabbits and mice is
given in Table 3.

An additional toxic component with
action similar to tht toxic sediment
was observed in the bacterial-free super
natant fluid (Figure 1). This soluble
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feasibility of applying this method to a
study of the distribution of antigenic
material in the tissues of the host and
to their rate of disappearance from dif
ferent tissues.

E. DISCUSSION

In the brief review presented, an at
tempt has been made to emphasize the
fact that the clinical disorders includ
ed under the term "streptococcosis" re
sult from an expression of the natural
virulence and pathogenicity of group-A
streptococci. The consideration of the
various attributes of virulence and
pathogenicity under the headings of com
municability, infectivity, invasiveness
and toxigenicity should not be inter
preted to imply that these attributes are
distinct and unrelated properties2• A
single property of the parasite may play
a role in allowing the organism to
establish itself at the portal of entry,
to invade the adjacent and distant
tissues and to produce structural and
functional alterations of the host, there
by contributing to infectivity, invasive
ness, and tOXigenicity; however, for dis
cussion it is convenient to consider
sepatately these various attributes of
virulence. An attempt has been made to
emphasize the importance of considering
the environmental, host, and parasite
factors in any analysis of the sequence
of events leading to the clinical
pictures classified as streptococcosis,
This should prevent overemphasis of the
importance of any single factor. An
exact understanding of the mechanisms
involved in any of these areas might al
low the development of methods to inter
rupt this cycle of events, However, it
is obvious that our knowledge of the
virulence and pathogenicity of group-A
streptococci as they act in nature is
deficient in all of these critical areas.

Our experimental approach to certain
of these problems varies from previous
work in that it is ooncerned with the
stUdy of group-A streptococci and their
products in an in vivo environment,
whereas the previous lanoratory experi
ments have, to a great extent, related
to in vitro studies. We believe the
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preliminary studies, as recorded, es
tablish the feasibility of such an ap
proach. The isolation of large numbers
of these organisms directly from le
aions has been accomplished. It has
been demonstrated that these organisms
on removal from lesions exhibit an en
hanced virulence when injected intra
venously into rabbits. Moreover, con~

version of colonial form to the mucoid
phase indicates a complete organism
which is made up of all of the recogni
zed antigenic constituents, inclusive
of Mprotein and hyaluronic acid. The
anatomical changes induced in rabbits
infe0ted by the intravenous route with
bacteria taken directly from lesions
are not markedly different from those
previously reported; however, these
alterations were brought about by a
relatively small inoculum. The inci
dence of acute ulcerative bacterial
endocarditis wae somewhat higher than
that previously reported as occurring
after the intravenous injection into
normal rabbits of streptococci from
culture media. A sublethal infection
of this type followed by a lethal in
fection seems to increase the incidence
of involvement of the mitral valves.
The significance of this observation is
not clear from these studies. However,
it suggests that the altered host re
activity induced by the previous con
tact with the organism may be playing
a role in these results.

Since this experimental approach in
volves the extraction of lesions, it is
possible to look for substances from
the host's tissues that might playa
role in the ~nifestations of this in
f~ction. Toxic substances derived from
the host were demonstrated to be pre
sent in extracts of these skin lesions
in a partiCUlate and soluble form. Com
pared with extracts of normal skin,
these extracts seem to contain more of
the toxic materials in the soluble form.
Any analysis of the virulence and
pathogenicity of group-A streptococoi
should take such substances into con
sideration.

The increased resistance induced by
injection of sublethal doses of these
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TABLE 3: TOXIC PROPERTIES OF A SWIMENTABLE SUSPENSION FROM RABBIT
SKIN LESION PRODUCED BY"' TYPE 28 GRouPA STREPTOCOCCUS-

•

RABBITS MICE (Rockland Swiss)

Volume of Death / Dilution Death 7
Suspension . / Total of / Total

(IDl. ) Suspension
(0.5 IDl.)

0.4 2/2 1-2 6/6
0.2 2/2 1-4 6/6
0.15 1/2 1-8 6/6
0.1 0/2 1-16 6/6

1-32 3/6
1-64 0/6

,)

I

toxin, lethal for mice, was concentrated
by dialyzing the supernate against dis
tilled water. Employing this technique,
it was possible to remove the toxin in
what appears to be a euglobulin frac
tion. Concentration was obtained by dis
solving this precipitate in a small vol
ume of 0.85% NaCl buffered at pH 7.4 with
phosphate at a total ionic strength of
0.3. This soluble, non-sedimentable
fraction was toxic for mice and exhibited
marked thromboplastic activity.

Although small quantities of soluble
toxin were obtained from macerated normal
skin, comparative determinations indicate
that a larger yield resulted folloWing
the extraetion of streptococcal lesions.
It is possible, therefore, that the
interaction of the parasite and the host
results in the liberation of the toxin
in a soluble form.

In some respects, this soluble toxin
has properties in common with necrosin57.
The importance of these host factors on
the various manifestations of strepto
coccal infections is being evaluated.

As previously pointed out, an under
standing of the mechanisms Whereby hyper
sensitivity plays a role in the late
sequelae will require further clarifica-

tion • Although many workers have
stressed the importance of the produc
tion of antibodies and their relation
ship to these diseases following a
streptococcal assault, little emphasis
has been placed on the possible reten
tion of streptococcal antigens in the
various tiQsues of the host. The work
of Felton5b on pneumococcal polysac
charides and their ability to persist
in the various tissues of the host for
periods of months, or years, and at the
same time block the antibody-formdng
mechanism demonstrates the possibility
of antigen persisting in tissues fo~

long periods of time.

The application of the precipitin
tehcnique to the quantitative deter
mination of minute amounts of ailtigen
in the presence of complex tissue com
ponents and fluids of the body has
permitted an investigation in our labo
ratory on the fate of two purified
antigens when injected into laboratory
animals. Preliminary results with
type-II pneumococcal polysacchar1d~B

have confirmed the work of Felton5~.
The maintenance of a high level of puri
fied bovine albumin in the circulation
of a rabbit prevents the development of
hypersensitivity to this antigen. These
preliminary observations indicate the



toxic substances suggest that the host
is capable of rapidly activating aome
mechanism that tends to neutralize the
effect of these materials. Thomas54,55
demonstrated that this protective
mechanism was associated with an in
creased blood coagulation time. The
determination of the nature of this host
reaction will be of interest. It is
possible that it maybe related to cer
tain of the nonspecifio reactions of the
host to injury, reCen~lY reviewed59.
Hamilton and Syverton 0 demonstrated in
the hearts of individuals with rheumatic
fever an increase in tissue mast cella
and postulated the derivation therefrom
of An1tschkow cells with an associated
production of mucopolysaccharide Bub
stances that include heparin-like
materials. It was suggested that mast
cells may play a role in the production
of the characteristic tissue changes
associated With this disorder. Studies
of the effect of these toxic compounds
on heparin liberation arg being investi
gated. Glick and Sylven 1 have demon
strated a relationship between non
specific hyaluronidase inhibitor and
heparin-like substances. It will be of
interest to determine whether these toxic
materials from the host tissue are
capable of stimulating the formation of
nonspecifio hyaluronidase inhibitor.

It is believed that the immunological
techniques applied to the quantitative
determination of small amounts of anti
gens in tissues, as presented above, may
allow a new approach to the problems of
why one individual develops late sequelae,
while many others d.o not exhiblt these
changes. The distinction may relate to
a difference in the rate of antigen
elimination. Th~ method described by
Murphy and Swift 5 which involved the
use of multiple~serial dermal infections
of the rabbit by different strains of
group-A streptococci to produce, in a
small per cent of their animals, a dis
order which resembles rheumatic fever
offers an approach by which thiatheory
might be tested. It would be of interest
to determine Whether the animals which
develop the reaction eliminate antigenic
material from their tissues at a differ
ent rate from those which failed to ex-
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hibit the changes resembling rheumatic
fever. It is quite possible that the
mechanism Whereby the host deals with
antigenic materials is genetically con
trolled. Quantitative variations in
such a mechanism might explain the well
established congenital predisposition
as a factor in susceptibility to
rhe

6
umatic fever as emphasized by Wil

son 2.

Si~ce the results of Murphy and
Swift 4 were not accomplished by the use
of products of organisms grown in vitro
but involved the multiplication-of----
group-A streptococci within the tissues
of the host, they are oompatible with
the belief, emphasized in this report,
that an in vivo environment may stimu
late the:prOdUCtion of essential sub
stances that are not formed in available
culture media.

F. SUMMARY

1. Abrief review is presented of
available information that con
cerns herd structure, host factors
and parasite properties as they
relate to the phenomenon termed
"streptococcosis", which is con
sidered to be an expression of the
natural virulence and pathogenici
ty of group-A streptococci.

2. Experimental studies by the
authors now under way, or com
pleted, are based on the thesis
that an in vivo environment can
modify the characteristics of
group-A streptococci. These
studies have made known the practi
cability of studying the proper
ties of these organisms as they oc
cur in the tiSSues of an infected
host, and certain of these proper
ties are compared with those of
organisms grown ~ vitro.

3. The readily demonstrable toxic
properties of e~tracts derived
from streptococcal lesions are con
sidered in their relation to simi
lar materials from6ther tissues
and in their role in the toxigenic
mechanisms of streptococcosis.
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4. Experimental methods are described
which pe~t an assay of antigenic
mterial in various tissues of an
infected, or previously infected,
host, and the possible influence of
the rate of antigen removal on the
development of late nonsuppurative
sequelae is considered.

5. An effort was made to emphasize the
complex interactions of environ
mental, parasite, and host factors
that must be elucidated before a com
plete understanding of the biology
of group-A streptococcosis 1s feasi
ble.
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II. MEDICAL SCHOOL NEWS

Comi!1S Events

Jan. 29 - Feb. 10 Continuation Course in Clinical Neurology for General Physicians,
Neurologists, and Psychiatrists.

January 18

January 22 - 26

January 30

February 15

George Chase Christian Lecture; "On Research in Hu.nan Cancer.
Problems and Results." Johannes CleIllIIlesen; 15 Medical Sciences.

Continuation Course in Ophthalmology for Specialists

J. B. Johnston Lecture; ''Wakefulness and Sleep." Horace W.
Magoun; Auditorlum; Museum of Natural History.

E. Starr Judd Lecture; "The Surgical Treatment of Constrictive
Pericarditis." Emil Holman; Medical Science Amphitheater.

February 15 - 17 Continuation Course in Cardiovascular Diseases for General
Physicians.I

t
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George~ Christian Lecture

The annual George Chase Christian
Lecture in cancer will be given by Dr.
Johannes Clemmesen on Thursday, Jan
uary 18 at 8:00 p.m. in Room 15, Medical
Science Building.

Dr. Clemmesen is Chief of the Danish
Cancer Registry, and is well-known for
his contributions to scientific litera
ture in canoer. The subject for Dr.
Clemmesen's leoture is "On Research in
Human Cancer. Problems and Results."
All who are i~terested are cordially in
vited to attend.

***
Faculty News

Dr. Owen H. Wangensteen will be
honored at a special dinner meeting of
the St. Paul Surgical Society on Wednes
d~y, January 17. The guest speaker on
this occasion will be Dr. Alfred Blalock,
Department of Surgery, Johns Hopkins
University Medioal School, Whose contri
butions to the field of cardiovascular
surgery have won him world-wide recogni
tion.

Dr. Clarenoe Dennis was the speaker
at the January 8 meeting of the Hen
nepin County Medical Sooiety. Dr.
Dennis's subject wae "Surgery in the
Older Patient."

Dr. David Glick, of the Department
of Physiological Chemistry, was recent
ly in San Francisco where he was a
guest s~eaker at a joint meeting of The
College of American Pathologists and
The California Pathological Society.
The subject of Dr. Glick's address was
"Recent Trends in Histochemistry."

Reg~ Seminar Started; .!!! Moorhead

Doctors George N. Aagaard and
Richard L. Varco journeyed to Moorhead,
Minnesota, on January 3 to open another
regional postgraduate seminar in Cardio
vascular Disease, Cancer, and Psychoso
matic Medicine.

Physicians of the western Minnesota
area surrounding Moorhead, together with
physician guests from Fargo, North
Dakota, attended the opening presenta
tions on hypertension and carcinoma of
the lung. This is the third such semi
nar series to be started during this pre
sent academic year, earlier ones having
already been completed in Crookston and
Virginia. Another similar series will
be opened Thursday, January 11, when
Doctors Aagaard and Varco will speak on
the same subjects to physicians in the
Willmar area. The seminars are sponsor
ed by the Minnespta Department of Health,
the Minnesota State Medical Association,
the Minnesota Heart Association, and
the Minnesota Cancer Society.
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University Hospitals

UNIVERSITY OF MINNESOTA MEDICAL SCHOOL
CALENDAR OF EVENTS

Visitors Welcome

January 14 - 20, 1951

Sunday, January 14

206

9:00 - 10:00 Surgery Grand Rounds; Station 22.

10:30 - Surgical Conference; Todd Amphitheater.

Monday, January 15

Medical School and University Hospitals

9:00 - 9:50 Roentgenology-Medicine Conference; L. G. Rigler, C. J. Watson and
Staff; Todd Amphitheater, U. H.

9:00 - 10:50 Obstetrics and Gynecology Co!~erence; J. L. McKelv~y and Staff;
M-I09 U. H.

10:00 - 12:00 Neurology Rounds; A. B. Baker and Staff; Station 50, U. H.

11:00 - 11=50 Physical Medicine Seminar; Examination and X-ray Studies of Scoliosis;
E-10l, U. H.

11:00 - 12:00 Cancer Clinic; K. Stenstrom and A. Kremen; Eustis Amphitheater, U. H.

12:00 - 12:50 Physiology Seminar; The Evaluation of Obesity; Josef M. Brozek; 214
Millard Hall.

12:15 - 1:20 Obstetrics and Gynecology Journal Club; Staff Dining Room, U. H.

1:30 - 2:30 Pediatric-Neurological Rounds; R. Jenson, A. B. Baker and Staff; U. H.

4:00 - Public Health Seminar; 113 Medical Sciences.

4:30 - 5:30 Dermatological Seminar; M-436, U. H.

5:00 - 5:50 Clinical Medical Pathologic Conference; Todd Amphitheater, U. H.

5:00 - 6:00 Urology-Roentgenology Conference; C. D. Creevy, O. J. Baggenstoss,
and Staffs; Powell Hall Amphitheater,

Minneapolis General Hospital

9:00 - 10:00 Pediatric Rounds; Dr. Tobin; 5th Floor Annex.

10:00 - 11:00 Pediatric Rounds; Franklin Top; 7th Floor Annex .

.) 1:00 - 2:00 Staff Meeting; Classroom; 4th Floor.

j
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Monday, January 15 (Cont.)

Minneapolis General RosEital (Cont.)

2:00 - 3:00 Journal Club; Classroom, Station I.

Veterans Administration Hospital

9:00 -

11:30 -

1:00 -

4:00 -

G. I. ~ounds; R. V. Ebert, J. A. Wilson, Norman Shrifter; Bldg. I.

X-ray Conference; Conferenc~ Room; Bldg. I.

Metabolic Disease Rounds; N. E. Jacobson and G. V. Loomis; Bldg. I.

Research Conference; Conference Room, Bldg. I.

Tuesday, Januarl 16

Medical School and University Hospitals

9:00 - 9:50 Roentgenology Pediatric Conference; L. G. Rigler, I. McQuarrie and
Staffs; Eustis Amphitheater, U. H.

9:00 - 12:00 Cardiovascular Rounds; Station 30, U. H.

12:30 - 1:20 Pathology Conference; Autopsies; J. R. Dawson and Staff; 102 I. A.

3:15 - 4:20 Gynecology Chart Conference; J. L. McKelvey and Staff; Station 54,
U. H.

4:00 - 5:00 Physiology-Surgery Conference; Intra-arterial Dissection for Athero
sclerosis; Albert Sullivan and Davitt Felder; Todd Amphitheater,
U. H.

4:00 - 5:00 Pediatric Rounds on Wards; I. McQuarrie and Staff; U. H.

5:00 - 6:00 X-ray Conference; Presentation of Cases by General Hospital Staff;
Drs. Lipschultz and Stansbury; Eustis Amphitheater, U. H.

*800 p.m. Minnesota Pathological Society Meeting; Experimental Nutritional
Megaloblastic Anemia; C. B. May, Elsa Proehl, C. U. Lowe, and C. P.
Barnum; Medical Science Amphitheater.

Ancker Hospital

1:00 - 2:30 X-ray Surgery Conference; Auditorium.

Minneapolis General Hospital

8:00 - 9:00 Pediatric Rounds; Forrest Adams; 4th Floor Annex.

Veterans Adndnistration Hospital

8:30 - Pediatric Allergy Rounds; Dr. Nelson; 4th Floor Annex.

8:45 - Surgery Journal Club; Conference Room; Bldg. I.
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Tuesday, January 16 (Cont.)

Veterans Administration Hospital (Cont.)

8:30 - 10:20 Surgery Conference; Seminar Conference Room, Bldg. I.

9:30 - Surgery-Pathology Conference; Conference Room, Bldg. I.

10:30 - 11:50 Surgical Pathological Conference; Lyle Hay and E. T. Bell.

10:30 - Surgery Tumor Conference; Conference Room, Bldg. I.

1:00 - Chest Surgery Conference; J. Kinsella and Wm. Tucker; Conference
Ri')om, Bldg. I.

1:30 - Liver Rounds; Samuel Nesbitt.

2:00 - 2:50 Dermatology and Syphilology Conference; H. E. Michelson and Staffj
Bldg. III.

3:30 - 4:20 Clinical Pathological Conference; Conference Room, Bldg. I.

Wednesday, January 17

Medical School and University Hospitals

8:00 - 8:50 Surgery Journal Club; O. H. Wangensteen and Staff; M-I09, U. H.

8:00 - 9:00 Roentgenology-Surgical-Pathological Conference; Allen Judd and
L. G. Rigler; Todd Amphitheater, U. H.

11:00 - 12:00 Pathology-Medicine-Surgery Cor~erencej Medicine Case; O. H. Wangen
steen, C. J. Watson and Staffs; Todd Amphitheater, U. H.

12:00 - 1:00 Radio-Isotope Seminar; 113 Medical Sciences.

4:00 - 6:00 Ophthalmology Semir~r; Todd Room, 5th Floor, U. H.

5:00 - 5:50 Urology-Pathological Conference; C. D. Creevy and Staff; Eustis
Amphitheater.

5:00 - 7:00 Dermatology Clinical Seminar; Dining Room, U. H.

8:00 p.m. Dermatological Pathology Conference; Todd Amphitheater, U. H.

Ancker Hospital

8:30 - 9:30 Clinico-Pathological Conference; Auditorium.

3:30 - 4:30 Journal Club; Surgery Office.

Minneapolis General Hospital

9:00 - 10:00 Pediatric ROUIlds; Dr. Robin; 5th Floor Annex.

11:00 - 12:00 Pediatric Rounds; Franklin Top; 7th Floor Annex.
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Minneapolis General Hospital (Cont.)
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Staff Meeting; Effect of Sulfonamides and Antibiotics on Infectious
Diseases; Franklin Top; Fourth Floor Annex.

Pediatric Rounds; E. J. Huenekensj 4th Floor Annex.1:30 -

12:15 ..

Veterans Adndnistration Hospital

8:30 - 10:00 Orthopedic-Roentgenologic Conferencej Edward T. Evans and Bernard
I 01Loughlin; Conference Room, Bldg. I.

*) 8:30 - 12:00 Neurology Rehabilitation and Case Conference; A. B. Baker.,
7:00 p.m. Lectures in Basic Sc1epce of Orthopedics; Conference Room, Bldg. I.

, Thursda;y;, Januarl 18

I Medical School and Universitl Hospitals
.?r

( 9:00 - 9:50 Medicine Case Presentation; C. J. Watson and Staffj M-l09, U. H.

10:00 - 11:50 Medicine Ward Rounds; C. J. Watson and Staff; E-221, U. H.

11:00 - 12:00 Cancer Clinic; K. Stenstrom and A. Kremen; Todd Amphitheater, U. H.

4:30 - 5:20 Ophthalmology Ward Rounds; Erl1ng W. Hansen and Staff; E-534, U. H.

5:00 - 6:00 X-ray Seminar; Report of Meeting of Radiological Society of North
America; Eustis Amphitheater, U. H.

Minnea~olis General Hospital

8:00 - 9:00 Pediatric Rounds; Forrest Adams; 4th Floor Annex.

Bacteriology Seminar; The Differentiation Between Aerobacter
Aerogenes and Klebsiella Pneumoniae; Carroll Kucera; 214 Millard RaIl •.

George <ThI.ase Christian Lecture; Research in Human Cancer--Problema
and Results; Johannes Clemmesen; 15 Medical Sciences.

Pathology Conference; Main Classroom.

Physiological Chemistry Seminar; Cr:tt1queof Alkaline Phosphatase
Staining by the Gomorie; Morton Alpert; 214 Millard Hall.

4:00 - 5:00 Physiology Seminar on Cardiac Metabolism; 129 Millard Hall.

7:30 - 9:30 Pediatrics Cardiology Conference and Journal Club; Review of Current
Literature 1st hour and Review of Patients 2nd hour; 206 Temporary
West Hospital.

5:00 -

*8:00 p.m.

12:00 -

11:30 -:,
~ 1:00 - 2:00 EKG and X-ray Conference; Classroom, 4th Floor Annex.
,f
I
)
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Veterans Administration Hospital

Thursday) January 18 (Cont,)

Minneapolis General Hospital (Cont.)

2:00 - 4:00 Infectious Disease Rounds; Large Classroom,

4:00 - 5:00 Infectious Disease Conference; Large Classroom•

10:00 - 11:50 Medicine Ward Rounds; C. J. Watson and Staff; E-221, U. H.

Friday, January 19

Medical School and University Hospitale

8:30 - 10:00 Neurology Grand Rounds; A. B. Baker and Staff; Station 50, U. H.

9:00 - 9:50 Medioine Grand Rounds; C. J. Watson and Staff; Todd A~hitheater,

U. n.

,)
I
t

(
•I

8:00 -

9:15 -

11:00 -

1:00 -

Surgery Ward Rounds; Lyle Hay and Staff.

Surgery G~d Rounds; Conference Room, Bldg. I.

Surgery Roentgen Conference; Conference Room, Bldg. I.

Chest Roundsj William Stead.

I,
j,
I

.,../
I,
1,
I
t

10:30 - 11:50 Otolaryngology Case Studies; L. R. Boies and Staff; Out-Patient
Depart~~nt) U. H.

11:45 - 12:50 University of Minnesota Hospitals Staff Meeting; Functions of the
Vertebral Venus Circulation; Harry Z. Mellins; Powell Hall
Amphitheater.

1:00 - 2:50 Neurosurgery-Roentgenology Conference; W. T. Peyton, Harold O.
Peteraon and Staff; Todd Amphitheater, U. H.

2:00 - 3:00 Dermatology and Syphilology Conference; Presentation of Selected
Cases of the Week; H. E. Michelson and Staff; W-312, U. H.

2:00 - 4:00 Physiology Conference; 214 Millard Hall.

3:00 - 4:00 Neuropathology Conference; F. Tichy; Todd A~hitheater, U. H.

4:00 - 5:00 Clinical Pathological Conference; A. B. Baker; Todd Amphitheater,
U. H.

4:15 - 5:15 Electrocardiographic Conference; 106 Temp. Bldg., Hospital Court,
U. H.

5:00 - 6:00 Urology Seminar; Histologic Diagnosis of Prostatic Cancer, Especially
by Frozen Section; Robert Hebbel; Eustis Amphitheater, U. H•
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Friday, January 19 (Cont.)

Ancker Hospital

1:00 - 3:00 Pathology-Surgery Conference; Auditorium.

Minneapolis General Hospital

9:00 - 10:00 Pediatric Rounds; Dr. Tobin; 5th Floor Annex.

9:30 - Surgery-Pediatric Conference; O. S. Wyatt and T. C. Chisholm;
4th Floor Annex.

11:00 - 12:00 Pediatric Roundsj Franklin Topj 7th Floor Annex.

9:00 - 9:50 Medicine Case Presentation; C. J. Watson and Staff; E-221, U. H.

Veterans Administration Hospital

10:30 - 11:20 Medicine Grand Rounds; Conference Room, Bldg. I.

Saturday, January 20

Medical Sohoo1 and University Hospitals

7: 1t5 - 8:50 Orthopedic X-ray Conference; Wallace H. Cole and Staff; M-109, U. H.

Chest Conference; Wm. Tucker and J. A. Myers; Ward 62, Day Room.

Microscopic-Pathology Conference; E. T. Bell; Conference Room,
Bldg. 1.

Renal Pathology; E. T. Bell; Conference Room, Bldg. I

1.:00 -

3:00 -

1:30 -

9:00 - 10:30 Pediatric Grand Rounds; I. McQuarrie and Staff; Eustis Amphitheater,
U. H.

9:15 - 10:00 Surgery-Roentgenology Conference; J. Friedman, O. H. Wangensteen and
Staff; Todd Amphitheater, U. H.

10:00 - 11:30 Surgery Conference; O. H. Wangensteen and Staff; Todd Amphitheater,
U. H.

10:00 - 11:50 Medicine Ward Rounds; C. J. Watson and Staff; E-221, U. H.

10:00 - 12:50 Obstetrics and Gynecology Grand Rounds; J. L. McKelvey and Staff;
Station 44, U. H.

11:00 - Anatomy Seminar; Genetic Susceptibility of Mice to Glomerulo
nephritis, Arthur Kirschbaum; Methods for Histologic LocaJ.ization of
Radio-Isotopes; Samuel O. Cornwellj226 Institute of Anatom,y.

Ancker Hospital

8:30 - 9:30 Surgery Conference; Auditorium.

I
I
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All other meetings occur regularly each week at the
Meeting place may vary from week to week for some

Hematology Rounds; P. Hagen and E. F. Englund.

Proctology Rounds; W. C. Bernstein and Staff; Bldg. III.8:00 

8:30 -

Saturday, January 20 (Cont.)

Minneapolis General Hospital

8:00 - 9:00 Pediatric Rounds; Forrest Adams; 4th Floor Annex.

11:00 - 12:00 Pediatric Clinic; CharleA May; Classroom, 4th Floor Annex.

* Indicates special meeting.
sa~e time on the sarre day.
conferences.
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