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THE FOCUS OF INFECTION 
THEORY: A NEW LOOK AT THE 
POSSIBLE RELATION TO 
POSTSTREPTOCOCCAL 
SEQUELAE 

ISAAC GINSBURG, PH.D.* 

Tile ro l e  of  focalization of  infections 
agents within certain tissues in the patho- 
genesis of  human disease has been the center 
of  extensive research in the last decade. Tile 
term infection is sometimes defined as the bio- 
logic host-parasite interrelationship that re- 
sults in a manifestation o f  disease. A disease 
may result directly from the effects of  microbes 
on cells and tissues. This process may be medi- 
ated by the physiologic and structural inter- 
ference by "toxins" or metabolites or  by the 
destruction o f  host cells used as substrates by 
the invading micro-organisms. Alternately, 
disease may result indirectly from reactions of  
the host, the microbes living in endosymbiotic 
relationship with the host. Hypersensitivity o f  
the host tissues to some of  the microbial 
products ma t �9 also contribute to tissue injury 
by activating complex humoral and cellular 
factors naturall)' located in blood ceils. 

Ahhough much knowledge has been 
gained in the field of  infectious diseases from 
animal model studies, little is known about tile 
factors that predispose to the localization of  
micro-organisms in a particular cell or  tissue. 
Focalization of  an agent ma t �9 represent the 
earliest phase of  infection at the site of  primary 
entry into tile body. On tile other band, in- 
fectious agents may arrive accidentally at tis- 
sues where defenses are insufficient or  where 
an adequate substrate may be provided for 
optimal proliferation. For many years it has. 
also been claimed that different forms of  
"trauma" to tissues may predispose to the 
,localization of  nficro-organisms. The  classic 
example cited is subacute bacterial endocardi- 
tis in which Streptococcus viridans is said to 
localize on heart valves previously damaged 
by a rheumatic process. Another  example is 
osteomyelitis in which mechanical trauma to 
bones may sometimes play a role in the locali- 
zation and persistence of  staphylococci. How- 
ever, very little is known about the role micro- 
bial toxins ma t" play in injuring tissues and thus 
in predisposing them to the localization of  
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micro-organisms. If  indeed such a localiza- 
tion does occur, how is it related to the dis- 
ease process? 

It is accepted today that insult to human 
tissues by group A streptococci may sometimes 
lead to the development of  nonsuppnrative 
sequelae (rheumatic fever, nephritis, arthri- 
tis). Various theories have been proposed to 
explain the nature o f  these complications. 
Direct toxic effects mediated by streptococcal 
toxins, immunologic reactions of  tile host to 
localized streptococcal antigens, as well as 
cross reactivity between streptococcal compo- 
nents and human tissues have been proposed 
to explain tile nature o f  these diseases. The  
lack of  an adequate animal model, however, 
has greatly hampered a better understanding 
of  the role played by streptococci in the 
pathogenesis o f  these complications. 

If  we accept that specific group A strepto- 
coccal products are involved either directly 
or  indirectly in the pathogenesis of  rheumatic 
fever and nephritis, it is tempting to postulate 
a common sequence o f  events in the patho- 
genesis o f  these sequelae. Recent studies in 
our  laboratory have indicated tlmt focaliza- 
tion of  streptococci in tissues of  laboratory 
animals may depend on the synergistic effects 
of  tissue trauma and arrival o f  streptococci 
at the damaged sites. A single intramyocardial 
injection of  streptococci in rabbits resulted in 
the development of  chronic granulomas at 
the site of  injection, which persisted for many 
weeks. Neither trauma to tile heart with a 
needle nor  the intravenous injection of  strep- 
tococci alone resuhed in an t' heart lesions. On 
the other hand granulomatous lesions devel- 
oped in the heart at the site o f  needle trauma 
when the streptococci were injected intraven- 
ously shortly after the initiation of  tissue 
damage. The  resuhs indicated that "trauma" 
predisposed to localization of  the bacteria. 
Many streptococcal products (streptolysins 
O and S, proteinase, erythrogenic toxin, 
nephrotoxin) may cause nmssive tissue dam- 
age to vital organs (heart, kidneys, liver,joints). 

The  possibility was therefore raised that 
damage to tissues with these products may 
predispose to the localizing o f  streptococci in 
injured tissues.. Indeed, it was found that 
rabbits injected:intravenously or  intra-articu- 
larly with isolated streptococcal toxins followed 
by the intratonsillar or intraperitoneal adminis- 
tration of  fluorochrome-labeled streptococci 
or of  titanium dioxide particles resulted in 
the localization o f  tile labeled streptococci 
and titanium dioxide particles at the sites in 
the heart, liver (Fig. 1), and joints (Fig. 2) 
injured by the toxins?'" Since it Ires also been 
shown that the proliferation o f  group A 
streptococci in tile tonsils of  rabbits results in 345 
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Figure 1. Giant cell granulonms induced in the liver of a rabt)it by streptococcal toxins. Intraperitoneal 
challenge was effected b)' use of titanium dioxide particles. Note tile accumulation of inllnerolts particles in the 
giant cells. (llematoxylin and eosin stain, x 340.) 
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focal lesions in the heart  presumably by tile 
elaborat ion of  toxins, it is conceivable that a 
focus o f  infection in tile tonsils may seed bac- 
teria to o ther  tissues where they localize in 
sites specifically injured by a toxin. 

Since most of  tile streptococci at the site 
o f  tissue injury were found within macro- 
phages, the following sequence o f  events was 
postulated: Shortly af ter  the initiation of  tissue 
damage by toxins, chemotactic factors are 
released. Streptococci that were plmgocytosed 
in tile tonsils or  in the blood are then trans- 
located within phagocytes  to the sites of  
damage induced by toxin. Also streptococci 
that may be found in the blood (bacterenfia) 
may have been t rapped  mechanically within 
the lesions and may then have been phagocy- 
tosed in situ. T h e  arrival of  streptococci with- 
in tissue sites would be likely to be followed 
by degradat ion  o f  their  cell walls. 

Ti le  long persistence and chronic inflam- 
matory effects of  streptococcal cell wall com- 
ponents on the tissues of  rabbit have been 
studied extensively by Schwab and his colla- 
bora tors?  It was postulated that tile perpetua-  
tion o f  tile chronic inf lammatory reaction in 
rabbit tissues was due  to the slow and incom- 
plete degradat ion  of  tile streptococcal cell 
walls by tile macrophages.  As long as strepto- 
coccal antigens persisted in the tissues a chronic 
inflammator)" process persisted. It is also con- 
ceivable that since tile iysosomal enzymes 
o f  the lencocytes are responsible for tile hydro-  

lysis and degradat ion  of  intracellular  bacterial 
cell walls, any qimlitative or  quantitative defects 
in the content of  these enzymes will greatly 
impair  the removal of  the toxic components  of  
the cell wails. 

It is thus tempt ing  to postulate that the 
chronic inf lammatory lesions characteristic 
of  the complications tltat arise following strep- 
tococcal infections may ill part  be the resnlt 
of  the persistence o f  some streptococcal pro- 
duct ill the tissues. In this respect it is relevant 
to cite a number  o f  studies on this matter.  
Studies b)' Laningen and Zaki, althougll  still 
unconfirmed,  have demonst ra ted  the pi 'esence 
of  membrane- l ike  structures probably o f  bac- 
terial origin in the Aschoff bodies o f  rheumatic  
carditis. Seegal et al. and Lindberg  and Vosti 
have demonst ra ted  tile presence of  strepto- 
coccal antigens in the glomeruli  "of humans 
and rats that developed glomertdonephri t is  
following exposure  to streptococci. Prelimi- 
nary studies in our  laboratory have sho'~'n 
that streptococci localize in the kidneys of  
mice pre t rea ted  with purified M-protein; this 
antigen has been shown by Kantor  et al. to 
injure tile glomeruli.  

These  studies raise the impor tant  question 
of  whether  a variety of  o ther  chronic diseases 
of  humans characterized by massive infiltra- 
tion of  macrophages into tissues nlay not be 
caused by persistence o f  some microbial 
p ioducts  in the phagocytes. A defect  or  lack 
of  certain muralytic enzymes in these macro- 
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Figure 2. Arthritic lesion induced in th,e" kneejoiut of a rabbit by the intra-articular injection of strepto- 
lysin S. The animals were challenged intratonsillarly with titanium dioxide particles. Note the accumulation of 
numerous particles in the hyperplastic synovia. (Darkfield microscop)', x 134.) 

phages may be responsible for such a long per-  
sistence. It would be important  then to develop 
more sensitive analytic methods for the intra- 
cellular identification o f  microbial products  
and to assay specific hydrolytic (muralytic) 
enzymes within the macrophages that are 
responsible for the degradat ion and elimina- 
tion o f  cell wall components  of  bacteria. The  
hypotlaesis of  focal infection versus transloca- 
tion of  bacteria to o ther  sites by no means im- 
plies that this is the only pathway for the patho- 
genesis o f  poststreptococcal complications. 
Fur ther  work along these lines is needed to 
shed more light on the possible role played b)' 
focal infection in tile pathogenesis o f  chronic 
diseases with poorly unders tood etiologies. 
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GENETIC CHANGES IN 
CANCER: CAUSE OR EFFECT? 

PETER C. NOWELL, M.D.* 

T i l e  initial aherat ion in tile cancer cell 
continnes to be a subject of  controversy. 
Theor ies  snggesting one particnlar mechanisnt 
as the initiator of  neoplasia continue to prolif- 
erate. Older  ideas of  somatic mutat ion versus 
entbryonic rest have given way to hypotheses 
o f  ahered differentiation, template instability, 
and the "oncogene." Al though most sttch con- 
cepts recognize ahered genetic flmction in tile 
cells of  the fitlly developed cancer, there  is no 
agreement  as to whether  the initial change is 
genetic or  epigenetic,  one change or  many, 
reversible or  irreversible. 

It is file pu.rpose of  tiffs br ief  commentary  
to suppor t  the view that irreversible genetic 
changes occur in ahnost all mammal ian  tumors  
before they reach macroscopic size, and also 
to suggest tile improbabil i ty tlmt one part icular  
type of  genetic aherat ion ttnderlies all neo- 
plasia. 

At the celhflar level there  is considerable 

*Professor of l'atholog 3" and Clnfirman, Depart- 
ment of l'athology, University of Pennsylvania 
School of Medicine, Plfiladelplfia, Pennsylvania. 347 


