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Summary. Following intrarenal injection of live group A streptococci into mice, mor- 
phologicMly intact organisms wert demonstrated in the eenters of renM abscesses by Gram's 
stain and reaction with fluoresceimisothiocyanate-conjugated antibody to group A C-carbo- 
hydrate. Immunofluorescent staining also revealed cell-wall carbohydrate persisting within 
a small number of maerophages in the peripheries and capsules of renM abseesses, as well as 
in chronic inflammatory foci in kidneys atrophied in the course of pyogenic nephritis. The 
carbohydrate demonstrated in this study has previously been identified as a group-specific 
streptococcM Gell-wall polymer ehemically linked to mueopeptide in the intaet cell wall. 
No conversion of group A to group A-variant C-carbohydrate was noted. The rapid breakdown 
of the streptocoeci in pyogenie inflammatory foei was attributed to enzymatic aetivity of the 
intensive granulocytie inflammation prevalent in the initial stages of the infection. 

Introduction 

Bacterial components persisting in tissues have been implicated in chronic 
inf lammatory processes in which live microorganisms are no longer demonstrable 
(Dutz et al., 1965; Aoki et al., 1967; Cotran, 1969). For example, heat-killed 
group A streptocoeci persist in mouse ]iver for many  weeks after phagocytosis by 
Kupffer  cells and, without prior immunization of the host, can induce Ohronic, non- 
purulent, granu]omatous foci of inflammation consisting of macrophages, lympho- 
cytes and a few plasma cells (Sellin et al., 1970 ; Haferkamp et al., 1970). Primarily, 
the reaction is induced by the cell wall of the killed bacteria. This wM1 is composed 
of mueopeptide and group-specific carbohydrate;  it can be detected for weeks 
after injection of streptococci or cell wa]ls within l i ter macrophages by immuno- 
fluorescence and immuno-e]ectronmicroscopy (Schäfer et al., 1970). Mucopeptide 
alone does not elicit these nodular tissue reactions (Haferkamp et al., 1970). 
Group A streptoeoccal mucopeptide-carbohydrate complex remaining within 
the granulomas also reacts with antibody to group-specific carbohydrate of A- 
variant  streptococci (Haferkamp et al., 1970). Such alteration of antigen speci{icity 
within the living organism m~y be attr ibutable to the action of the enzyme 
fl-N-acetylglucosaminidase, which has been found in high concentrations in 
mouse l i ter  (Conchie et al., 1959). This enzyme splits fi-N-acetylglucosamine, 
the antigenic determinant of group A carbohydrate, from its terminal position 
on rhamnose side chains, leaving rhamnose oligosaccharides, which are the 
antigenic determinant of group A-variant carbohydrate (McCarty, 1964). The 
simultaneous presence of mucopeptide has been demonstrated morphologically 
by  eleetronmicroscopy (Schgfer et al., 1970). 

* Supported by a grant of the Deutsche Forschungsgemeinschaft. 
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The C-ca rbohydra t e -mueopep t ide  po]ymer  of the  group A s t rep tococca l  cell 
wall  has been found  to elicit  a n u m b e r  of o ther  t issue reaet ions  when in jec ted  
into  expe r imen ta l  animals .  I t  was r epo r t ed  tha$ this  ma te r i a l  p roduced  chronie,  
r emi t t en t ,  nodu la r  skin lesions (Schwab,  1965; Ohanian  et al., 1967), a r th r i t i s  
(Sehwab et al., 1967), a n d  rheumat ie - l ike  eardi t i s  (Ohanian  et al., 1969). Recen t  
observa t ions  suggest  t h a t  the  effeets of s t rep tococca l  mucopep t ide  are  due to 
in t r ins ic  toxic  p roper t ies  and  are not  a t t r i b u t a b l e  to  humora l  or eel lular  hyper -  
sens i t iv i ty  reae t ions  ( t t e y m e r  et al., 1971). 

These findings,  ob ta ined  af ter  in jee t ing  animals  wi th  ki l led s t rep tococc i  or 
e a rbohyd ra t e -mueopep t i de  complexes,  led us to explore  whether  ca rbohydra te -  
mucopep t ide  complexes pers is t  in t issues af ter  the  in jee t ion  of l ive group 
A streptocoeci .  Such pers is tence migh t  aceount  for the  h i the r to  unexp la ined  
ehronie i ty  of i n f l a m m a t o r y  t issue changes f r equen t ly  observed af ter  expe r imen ta l  
s t rep toeoeea l  bac te r ia l  infect ions.  Since k idney  abscesses read i ly  develop in mice 
af te r  in t r avenous  in jec t ion  of v i ru len t  group A s t reptococci  (Smi th  et al., 1966a 
and  b), this  pa r t i eu l a r  an imal  and  organ were chosen as an  exper imen ta l  model.  
Beeause immunof luoreseen t  reaet ions  of mueopep t ide  wi th  homologous fluores- 
c e i n - i s o t h i o e y a n a t e - - ( F I T C ) - - l a b e l e d  a n t i b o d y  are of low in tens i ty ,  t h e y  were 
no t  employed  to demons t r a t e  mucopept ide .  The presence of mueopep t ide -A  
c a r b o h y d r a t e  complexes  was inferred on the  basis of previous  s tudies  (Schmidt ,  
1952; H a f e r k a m p  et al. ,  1970) ind ica t ing  t h a t  the  uncomplexed  c a rbohyd ra t e  or 
mucopep t ide  is r ap id ly  excre ted ;  only  the  con juga ted  complex was found to 
pers is t  in cells. 

_)Iaterial and Methods 

We used 30 mice (C57BL) of either sex, 55 to 60 days old, for these experiments. Each 
animal was injected intrarenally with 0.05 ml of an 18-hour eulture of group A streptococci 
(strain B 196, type 17) in Todd-Hewitt broth as follows: The left kidney was exposed by 
lateral section during pentobarbital narcosis (0.3 ml of a 1:10 dilution injected intraperi- 
toneally) and the streptoeocci were injected through the distal end of the kidney into the 
parenchyma, along the longitudinal axis oi the organ. The incision was then clamped. Sub- 
sequently the miee were killed by decapitation at intervals of 4 to 98 days postinjection. The 
left kidney was disseeted free and examined grossly for the presence of abscesses, pyonephrosis 
or hydronephrosis, or atrophy. Next the organ was halved longitudinally. One half was 
fixed in 4% formalin and embedded in paraffin; seetions were prepared and stained with 
hematoxylin-eosin (NE) and Gram's stain. The other half was frozen in liquid nitrogen and 
stored at --70°C until further processing. The deep-frozen material was sectioned at 5 ~z 
in the cryostat for immunofluorescence studios. The sections were air-dried, fixed in eold 
absolute ethanol for 5 minutes and rehydrated in eold phosphate-buffered saline (PBS), 
pH 7.2, for 30 minutes at room temperature. FITC-conjugated antibody was then layered 
onto the sections, followed by incubation for 30 minutes in a moist chamber at room tem- 
perature. Sections were washed and mounted by routine methods (Smith et al., 1966a). 

The two FITC conjugates employed had a mo]ar F/P quotient of 4.6 to 4.8 (Wells et al., 
4966) and eonsisted of either monospeeifie rabbit antibody globulin to group A streptococeal 
C-carbohydrate (Smith et al., 1966a; Sellin et al., 4970) or corresponding antibodies to group 
A-variant C-carbohydrate. Both eonjugates were used in dilutions of 1:5 to 1:40 which had 
proved effective in previous studies (Sellin et al., 1970; ttaferkamp et a/~,. 1970). 

The specificity of the immunofluorescent stain observed was checked by "blocking" the 
reactions with the corresponding non-conjugated antibodies for 30 minutes prior to treatment 
with the homologous FITC conjugate. We confirmed the monospecificity of the reaction by 
demonstrating absenee of staining with the heterologous anti-A-variant conjugate. To 



222 W. Schachenmayr, B. Heymer, and O. Haferkamp: 

achieve greater stability of the FITC-stained sections, we subsequently fixed some of the 
speeimens for 30 minutes in absolute ethanol aceording to the method of Bienenstock and 
Dolezel (1970). Slides were examined with a Zeiss fluoreseenee microscope with an HBO-200 
mereury bulb as the light souree. Seine of these were finally s~ained with HE and re-examined 
with a light microscope. 

Results 

Within a day after intrarenal injection of the mice, Gram's  stain revealcd 
strcptococci surrounded by dense leukocytic inffltrates and undergoing phago- 
cytosis. Strcptococci stained with FITC-conjugated group A ant ibody showcd 
characteristic streng yellow-green fluorescence of the cell wall, which is known to 
contain mucopeptide and group-specific carbohydrate (Fig. 1). Renal tubules 
draining these areas were frequcntly fflled with granulocytcs containing strcpto- 
cocci. Many of these organisms wert  intact, as demonstrated by  Gram's  stain 
and immunofluorcscence (Fig. 1). During days 1 to 15, the purulent infiltrates 
became sharply demarcated from the surrounding healthy tissues, and an absccss 
membrane began to develop. In tac t  intracellular and extracellular streptococci 
remained identifiable in the center of the abscesses, decreasing in numbcr towards 
the periphcry. Whereas Gram's  stain failed to revcal cocci in the absccss mem- 
brane, a fcw organisms were demonstratcd by the more sensitive immunofluo- 
rescence method. Morcover, somc of the macrophages in the periphcries of ab- 
scesses showed finc-grained fluorescent inclusions resembling these seen within 
the cells of liver granulomas (Sellin et al., 1970). Howevcr, the majori ty of the 
macrophages in the kidney lcsions contained no such fluorcscent inclusions. 
Extracellular speeific granular er diffuse fluorescence was not observed in the 
abseess membranc. 

In  13 animals saerificed from the 15th to the 98th day after infcction, H E  staining 
disclosed histologie kidney changes of varying severity. The inf lammatory proccss 
had progressed in six animals; in two cases, the abscess had ruptured into the 
kidney pelw/s, with the developmcnt of pyonephrosis. Gram's  stain and immuno- 
fluoreseencc staining revealed isolated intaet  streptococei within granuloeytcs 
and macrophages in the eenters of the abseesses up to day 84. Whereas Gram's  
stain failed to show cocci in the absccss membrane, finc-graincd fluoreseent 
remnants  of streptococcal cell walls were observed within seine macrophages 
(Fig. 2). In  live animals, the purulent inflammation had regressed spontaneously, 
and unilateral a t rophy had developcd between days 37 and 98. The atrophic 
inflammation consisted of macrophages, lymphocytes and isolated plasma cclls. 
No streptococci were demonstrable by  Gram's  stain and immunofluorescenee 
staining. I-Iowevcr, fluorescent granules wert  present in the cytoplasm of a few 
maerophages (Fig. 2). As noted above, such granules were never seën extra- 
cellularly and wcre immunohistoehemically demonstrated to eontain group A 

Fig. la-o. Mouse kidney 24 hours after intrarenal injection of live group A streptoeooci. 
a Early renal abseess with elumps of streptoeoeei (arrows) in renal eortex (hematoxylin- 
eosin, × 64). b Streptococcal eell walls stained with FITC-labeled antibodies to group A C- 
earbohydrate. Note numerous morphologioally intact streptocoeei in frozen section of early 
renal absoess ( × 500). e Myriad granulocytes in frozen seetion after hematoxylin-eosln staining 

( × 400) 
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Fig. ! a-c 
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Fig. 2a-c. Mouse kidney 71 days after intrarenal injeetion of live group A streptococci. 
a A ehronic pyogenic renal inflammation with old abscess, scarring, and infiltrating macro- 
phages, lymphocytes and isolated plssma cells (hematoxylin-eosin, × 64). b Frozen section 
of kidney stained with FITC-labeled antibodies to group A earbohydrate. Imrnunofluores- 
cenee revea]s fine-grained fluorescent remnants of streptococca] eell walls within macro- 
phages of the area of chronie inflammation (× 450). c Maerophages in frozen section after 

hematoxylin-eosin staining ( x 500) 



Streptoeoccal Cell-WaIl Components in Nephritic Mice 225 

carbohydrate. Reactions with the conjugated antibody to A-variant C-carbo- 
hydrate were eonsistently negative. Yellow-brown and blue-green fluoreseenee 
of eell eontents was noted in some maerophages assoeiated with ehronie inflam- 
matory foei in atrophie kidneys. This reaetion, obtained with eonjugated anti- 
bodies to both group A and A-variant C-earbohydrates, was not eliminated by 
blocking and was attributed to nonspeeific binding of the eonjugates to pigment 
stored by these eells, whieh also reacted positively to iron stain. 

Diseussion 

Haferkamp et al. (1970) have identified streptoeoccal group A carbohydrate 
persisting as a mucopeptide-linked polymer within macrophages of murine liver 
granulomas induced by injection of killed streptococci. This group-specific 
cell-wM1 carbohydrate also persisted within macrophages assoeiated with chronic 
pyogenic renal inflammation following the injection of live group A streptococci. 
Macrophages containing the carbohydrate »vere demonstrated in peripheral areas 
and membranes of kidney abscesses as well as in chronic inflammatory foci in 
kidneys atrophied as a sequel of streptococcal abscesses. However, the number 
of renal maerophages containing cell-wall components was considerably smaller 
than that  observed in the hepatic granulomas (Sellin et al., 1970). I n  vivo con- 
version of antigenicity from group A to group A-variant could not be demon- 
strated by the immunofluorescence method during the period oB observation. 

The smaller number of macrophages containing cel]-wall residues found during 
and after renal abscess formation may be exp]ained by the enzymatic aetivity of 
the intensive granulocytic response in the abscess (Cohn and Hirsch, 1960). 
This may lead to faster destruction of the bacterial cell wall than is the case in 
the lesser inflammatory response associated with the hepatie granulomas. 
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