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Summary. Mice intravenously infected with group A streptococci and simultaneously 
treated with penicillin developed a granulomatous hepatitis closely resembling lesions induced 
by intravenous injection of heat killed streptococci. In these two experimental groups, only the 
initial phase of granuloma induction differed: in addition to macrophages and lymphocytes, 
polymorphonuclear granulocytes participated in granulomata elicited by live streptococci. 
The number and size of liver granulomata in both instances were correlated to the amount of 
streptococcal material present in the liver as detected by immunofluoreseence and electron 
microscopic teclmiques. There was no evidence to suggest that penicillin treatment accelerated 
the elimination of streptococcal components from tissues. The analogy of these experimental 
liver lesions to "non-specific granulomatous hepatitis" in humans is discussed. 

There is relatively little information describing the influence of antibiotic 
therapy on the intracellular degradation of bacteria and on the elimination of 
bacteriaI components from tissues. I t  has been shown tha t  in  vitro isolated carbo- 
hydrate  mucopeptide complexes from the cell wall of group A streptococci, when 
intravenously injected into mice, elicited a granulomatous hepatitis which lasted 
for weeks to months (Haferkamp et al., 1970; g e y m e r  et al., 1971). A similar hepa- 
titis arose after the intravenous injection of heat  killed group A streptococci into 
experimental  animals (Sellin et al., 1970). In  the macrophages of such liver 
granulomata the carbohydrate mucopeptide structure of the streptococcal cell 
wM1 tha t  is responsible for the granulomatous hepatitis, was demonstrable by  
immunohistological and electron microscopic techniques (Heymer et al., 1971). 
At the same time a conversion of the group A to A-variant carbohydrate w~s 
observed in the macrophages (Heymer and t taferkamp,  1971). In  contrast, the 
intravenous injection of live group A streptococci into mice led to pyemic abscesses 
in the heart, lungs, kidneys, and liver (Smith et al., 1966a and b). Furthermore,  
the streptococcal cell wall appeared to be rapidly degraded in and around the 
abscesses by polymorphonuclear leucocytes. Also, the change of group A to group 
A-variant carbohydrate was not demonstrable (Schachenmayr et al., 1972). 

Our present interest centered on determining whether the use of penicillin in 
bactericidal doses totally prevented or only modified the development of abscesses 
in the internal organs of mice intravenously injected with live group A streptococci. 
In  addition observations could be made on whether or not penicillin accelerated 
the elimination of streptococcal components from tissues, particularly by studying 
the fate of the most resistant component of streptococci, the cell wall. Finally, an 
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a t t e m p t  was  m a d e  to  i n v e s t i g a t e  t h e  bas ic  p a t h o g e n i c  m e c h a n i s m  of t h e  g ranu lo -  

m a t o u s  t i ssue  response .  F o r  this ,  t h e  h i s to log ic  r e a c t i o n s  o b s e r v e d  a f t e r  t h e  in jec-  

t i o n  of l ive  s t r ep tococc i  a n d  penic i l l in  a n d  a f t e r  i n j e c t i o n  of h e a t  k i l l ed  s t r ep to -  

cocci were  c o m p a r e d  w i t h  t hose  e l ic i ted  by injection of biologically i ne r t  l a t e x  

par t ic les .  

Materials and Methods 

Experimental Animals. Inbred mice of the strain CBA/tI (Jackson Laboratories, Bar 
Harbor, Maine) totMing 186 animals, both sexes, weighing 25-30 grams, were used in these 
studies. They were fed Altromin ~ni5 (Altromin, Lage, West Germany) and given water ad 
libidum. 

Streptococcal Culture. Group A streptococci, strain T 22/76/2 (type 22) were obtained from 
the collection of the Rockefeller University, New York, USA. At first, six intraperitoneal 
(i.p.) mouse passages were employed to increase the virulence of the organisms. Thereafter 
subcultures were made and were kept at --20 ~ C until used. These subcultures were then 
thawed, incubated at 37 ~ C in Todd-Hewitt  broth (Difco, Detroit, Michigan, USA) and 
regularly harvested by centrifugation at the end of the exponential growth phase, after 
14 hours. The cells were washed twice in saline (4 ~ C) and afterwards suspended in sterile, 
pyrogen-free saline. The bacterial concentration was ascertained by dry weight (after 
18-24 hours at 105 ~ C and 60 minutes in a vacuum desiccator) and rhamnose determination 
according to Disehe and Shettles (1948). The rhamnose content of these group A streptococci 
at the end of the exponential growth phase was usually about 6-7 % of the dry weight of the 
bacteria. The rapidity of the Dische-Shettles method allowed a standardized injection of 
streptococci on the same day as they were harvested. ,&ll streptococcal suspensions used for 
infection were proven pure by culture on blood afar.  

Streptococcal In/ection. One hundred fifteen mice were injected in the dorsal tail vein with 
0.5-3.0 mg of live group A streptococci, suspended in 0.1-0.3 ml sterile, pyrogen-free saline. 
Immediately afterwards each animal received subcutaneously (s.c.) 50000 U penicillin G (Depot- 
Penicillin Novo: Sodium-Penicillin G and Procaine Penicillin G in the ratio of 1:3; Novo, 
Mainz, West Germany). The penicillin injections were repeated in the same dosage 16 and 
40 hours after infection. Under these conditions 95 % of the animals infected with 1.0-2.0 mg 
streptococci survived the first two days post injection (p.i.) and did not require any other in- 
jections of penicillin. Only this group of animals was considered in the evaluation of these 
experiments. On days 4, 8, 12, 16, 20, 30, 40, 50, 60, 100, and 200 p.i., groups of 4 to 6 mice 
were sacrificed by heart puncture. 

Thirty mice received i.v. 0.1-2.0 mg live group A streptococci suspended in 0.1-0.3 ml 
sterile pyrogen-free saline without simultaneous or subsequent penicillin injections. Most of 
these animals died within two to seven days. The surviving animals were bled 8 days p.i. 

Cont~vl Injection. Twenty mice received only 50000 or 100000 U penicillin G. s.c. given in 
intervals corresponding to the scheme of penicillin treatment used for the streptococci infected 
mice. All of thence animMs were sacrificed 8 days after the last penicillin injection. 

Twenty-one mice received i.v. 1.0-3.0 mg of biologically inert latex particles of uniform 
size: 0.81 #m (Bacto Latex 0.81: Difco, Detroit, Michigan, USA) suspended in 0.2-0.4 ml 
glycine saline buffer pH 8.2 containing 0.1% sodium lauryl sulfate (Singer et al., 1969). At 
five minutes, four and 24 hours, 6, 12, and 20 days p.i., three animals of this group were 
sacrificed. 

Examination o/Organs ]tom Experimental Animals. Immediately after the bleeding and 
dissection of the experimentM animals, one portion of liver, kidney, spleen, heart, and lung 
was fixed in 4% formaldehyde solution. A second portion was frozen in liquid nitrogen, and 
a third part was prepared as described earlier (IIeymer et al., 1971) for electron microscopic 
r~view. The formaldehyde fixed and paraffin embedded tissues were sectioned and stained 
with hematoxylin and eosin (HE), and Gram's stain. The paraffin embedding and staining of the 
tissues of the mice injected with latex particles had to be modified according to the recommenda- 
tion of Singer et al. (1969), because latex particles were Muted from the tissues by xylol or 
96 % ethanol (Schoenberg et al., 1961). Therefore petroleum ether was substituted for xylol and 
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isopropanol for ethanol. Thereafter, latex particles could be shown by staining with oil red 0 
(Singer et al., 1969). 

Sections of the frozen tissue portions were prepared as earlier described (Heymer et al., 
1971). They were examined for group A or A-variant streptococcal C-carbohydrate by immuno- 
histologic staining with fluorescein isothiocyanate (FITC) conjugated A or A-variant antibodies. 
Two step inhibition studies (Sellin et al., 1970) and further controls generally necessary for 
the immunofluorescence procedure (Smith et al., 1966) served as criteria for the specificity of 
the immunofluorescence reaction. The electron microscopic examination of the tissue portions 
embedded in Araldit (Serva, Heidelberg, West Germany) was carried out as stated previously 
in detail (Heymer, et al., 1971). 

Serological Analysis.  The sera of the experimental animals were examined by the capillary 
precipitin test (Swift et al., 1943) for antibodies against A and A-variant carbohydrates (Hey- 
mer and Haferkamp, 1971). To detect antibodies against streptococcal mucopeptides, a 
modified latex agglutination test was performed (Heymer et al., 1973). 

Bacteriological Examinations. The organs and the blood of the experimental animals were 
tested for the presence of fl-hemolytic streptococci by culture of smears or aliquots on blood 
agar. 

Results 

Histological  E x a m i n a t i o n s .  In  the livers of mice infected with group A strepto- 
cocci and simultaneously treated with penicillin, granulomatous loci appeared 
8 to 12 days p.i. Morphologically they corresponded c]0sely to those observed after 
injection of heat  killed group A streptococci (Sellin et al., 1970; Hafe rkamp et al., 
1970). As soon as four days p.i., in the livers of mice injected with living strepto- 
cocci and penicillin, some aggregations of mononuclear cells were seen. In  contrast 
to mice injected with heat killed streptococci or streptococcal components, they 
showed in addition to macrophages and lymphocytes,  polymorphonuclear leuco- 
cytes, and were frequeutly surrounded by hepatocytes which cytoplasm stained 
eosinophilically (Fig. 1). Eight days p.i., however, the liver lesions exhibited pure 
granulomatous character. There were numerous foci composed of large, cyto- 
plasm-rich macrophages surrounded by lymphocytes (Fig. 2). At this t ime and 
later, the histological picture of the liver granulomata looked practically the same 
as observed after injection of killed streptococci. The peak of the granulomatous 
reaction occurred, as in the earlier examinations, between 12 and 16 days p.i. 
(Fig. 3). From about the 30th to 40th day p.i., the number  and size of the granulo- 
mata  decreased. As residues of the granulomatous liver lesions, small focal cell 
infiltrations could be seer~ by  light microscopy until the 200th day  of observation. 
Other than  these residues no signs of a chronic inf lammatory process in the liver 
were demonstrable. The extent  of granuloma induction was closely related to the 
quanti ty of bacteria injected. After injection of less than 1.0 mg of living group A 
streptococci and penicillin, only sporadic liver granulomata occurred. In  contrast, 
dosages between 1.0 and 2.0 mg produced a marked grauulomatous reaction 
which in some cases showed more than 200 granulomata per section (Figs. 2 and 3). 

With Gram's  stain, streptococci could be shown in the liver tissue usually until 
the fourth day, and unfrequently until the eighth day p.i. With the exception of the 
spleen, the other internal organs of mice infected with streptococci, and simul- 
taneously treated with penicillin, disclosed no evident pathological lesions detect- 
able by  light microscopy. The spleen, however, showed a non-specific inflamma- 
tory reaction most pronounced between the fourth and twelfth day p.i. 
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Fig. 1. Liver tissue of a mouse four days after injection of live group A streptococci and peni- 
cillin. A granulomatous focus composed of macrophages, lymphocytes, and polymorphonuclear 
leucocytes is present surrounded by hepatocytes with strongly eosinophilic cytoplasm. 

HE  • 100 

Fig. 2. Liver tissue of a mouse sixteen days after injection of live group A streptococci and 
penicillin. Numerous liver granulomata consisting of centrally situated macrophages surrounded 
by a zone of lymphocytcs can be seen. No polymorphonuclear leucocytes and no hepatocytes 

with eosinophilic cytoplasm are visible. HE  • 63 
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Fig, 3. Development of liver granulomata after the intravenous injection of 1.0-2.0 mg of live 
group A streptococci and penicillin into CBA/H mice compared to granuloma induction after 
injection of heat killed group A streptococci. Data illustrating the latter were taken from in- 
vestigations described previously (tteymer et al., 1971). Each point corresponds to one experi- 
mental animal. Semiquantitative evaluation of the presence of granulomata: (+) ~ single 
focal collections of mononuclear cells in the liver tissue; + ~ up to 20; ++ ~ 20 to 50; 

+++ ~ 50 to 150; and ++++ = more than 150 granulomata per section 

Immunohistochemical Staining. In  cryostat  sections of the livers of mice killed 
between the fourth and 200th day p.i., granular-fluorescent streptococcal antigen 
deposits could be seen immunohistochemically. The fluorescent material was 
visible until the fourth day p.i. distributed generally within sinusoids or Kupffer  
cells. After 8 to 12 days, streptococcal antigens were found only in the areas of the 
liver granulomata (Fig. 4). The amount  of antigen which reacted with the FITC- 
conjugated A carbohydrate antibodies clearly decreased after the twentieth day 
p.i. In  contrast, after the twentieth day, an increasing amount  of deposited 
streptococcal material  reacted with A-variant antibodies. During the following 
months, a continuous decrease in the total  amount  of streptococcal antigen could 
be observed. ~evcrtheless, a small but  constant quanti ty of antigen was demon- 
strable immunohistochemically even at  the 100th or 200th day p.i. within the 
granuloma residues. 

Electron Microscopical Investigations. Sections of liver tissues of mice infected 
with group A streptococci and t reated with penicillin were studied by  electron 
microscopy through the 200th day p.i. Over the entire period of observation, 
streptococci or streptococcal components could be detected in the liver. Four 
days p.i. bacteria were seen within Kupffer  cells and rarely within polymorphonu- 
clear leucocytes. At this t ime loci of mononuclear cells, macrophages and lympho- 
cytes had developed in the liver. In  most instances polymorphonuclear leucocytes 
were infrequently found in these lesions. The marcophages often contained 
vacuoles filled with streptococci. Between the 12th and 16th day p.i. liver granulo- 
mata,  which were present in great numbers, almost exclusively contained macro- 
phages and lymphocytes.  By  contrast, material  from the 100th and 200th day p.i. 
demonstrated only a few small nodules made up of mononuclear cellular elements. 

With the electron microscope, streptococci could be shown within the macro- 
phages of liver granulomata between the fourth and 200th day p.i. Whereas 
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Fig. 4. Immunofluorescence reaction. ~[ouse liver tissue sixteen days after injection o~ live 
group A streptococci and penicillin, treated with FITC-conjugated antibodies against group A 

carbohydrate. Bright granular fluorescence is present in the area of a granuloma. • 120 

maerophages in the liver of mice killed four days p.i. predominantly showed 
bacteria with intact structures, tissues from animals killed twelve to th i r ty  days 
p.i. disclosed streptococci with various degenerative alterations. The bacterial 
cytoplasm showed reticular condensation or was totally destroyed. Most phago- 
cytic vacuoles or phagolysosomes showed streptococcal cell walls with adherent 
cytoplasmic residues. In  these instances the streptococcal cell walls usually exhibited 
increasing signs of degradation. The amount  of streptococcal material  present 
within vacuoles decreased up to the 60th day p.i. However, even at the 100th or 
200th day p.i. when only rare mononuclear cell collections were seen in the liver 
by light microscopy, macrophages were present which contained streptococcal 
cell walls (Fig. 5). 

Streptococcal In/ection without Penicillin Protection. Mice which had been in- 
jected with 0.1 mg of live group A streptococci and not t reated with penicillin, 
developed four to ten days p.i. abscesses in kidneys and heart, but rarely in liver 
and lungs. All lesions exhibited a pronounced pyemic character;  granulomatous 
tissue alterations were not seen. The clinical as well as the morphological picture 
of the streptococcal infection basically corresponded to tha t  seen in earlier in- 
vestigations (Smith et al., 1966a and b). The injection of more than 0.1 mg live 
group A streptococci killed the experimental animals within 24-48 hours. 

Injection o/ Penicillin without Streptococcal In/ection. Mice which received only 
three times 50000 U, or three times 100000 U penicillin G s.c. within 48 hours, 
and were killed eight days after the last injection, showed no liver lesions in 
histologic sections. The other organs also did not present any pathologic changes. 
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Table 1. Cultural evidence of fl-hemolytic streptococci in organs and blood of experimental 
animals infected with streptococci: 0 = no growth; i ~ single colonies; + = 2 to 10 colonies; 
+ +  =10  to 20; + + +  ~ 2 0  to 50; and + + + +  ~large  numbers of colonies on the blood 

agar plate 

Mice Intravenously Injected with Group A Streptococci 

Treatment Without penicillin With penicillin 
Time of death: 
(p.i.) 2-24 hours 8 days 2-24 hours 8 days 

died sacrificed died sacrificed 

Liver + + + +  + + +  + 0 
Lungs + + + +  + + + +  J: 0 
Spleen + + + + + + 0 
Kidneys + + + + + + + + 0 0 
Blood + • 0 0 

Injection o/ Latex Particles. Afte r  the  inject ioi t  of l a tex  par t ic les ,  no l iver  
a l te ra t ions  were de t ec t ed  with  the  excep t ion  of a sl ight  increase in Kupf fe r  cells. 
Occasionally,  small  mononuc lea r  cell inf i l t ra t ions  were found in the  ne ighborhood  
of the  centra l  veins ; these  were also demons t rab le  in the  l ivers of some un in jec ted  
controls.  I t  could be shown by  oil red  O staining,  as well as b y  e lec t ron  microscopy,  
t h a t  l a tex  par t ic les  had  been phagocy t i zed  b y  Kupf fe r  cells. The  his tological  and  
u l t r a s t ruc tu r a l  p ic ture  of l a tex  phagocytos i s  in the  l ivers was p rac t i ca l ly  ident ica l  
to  corresponding observa t ions  of o ther  au thors  (Singer et al., 1969; Schoenberg  
et al., 1961 ; Adle r sberg  et al., 1969). 

Serological Results. Antibodies to A carbohydrate could be demonstrated in only two 
experimental animals by the capillary precipitin test. In contrast, using a modified latex 
agglutination test, agglutinating antibodies to streptococcal mucopeptide in titcrs up to 1 : 32 
were found in scra of all mice infected with streptococci, treated with penicillin, and killed afeer 
the 16th day. There was neither a correlation between the appearance of these antibodies and 
the development of liver granulomata, nor a correlation between the antibody titers and the 
extent of the granulomatous reaction. 

Bacteriological Results. In animals infected with streptococci and not treated with penicillin, 
pure cultures of fl-hemolytic streptococci were usually obtained from various internal organs 
up to the end of the period of observation. By contrast, group A streptococci could be demon- 
strated only up to 24 hours p.i. in mice which had been injected with streptococci and treated 
with penicillin (Table 1). 

Discussion 

I n  the  descr ibed  expe r imen t s  wi th  group A s t rep tococca l  infections,  mice no t  
p ro t ec t ed  wi th  penici l l in  deve loped  pyemic  abscesses in var ious  ir~ternal organs. 
I n  contras t ,  in the  l ivers  of expe r imen ta l  an imals  infected with  s t reptococci  and  
s imul t aneous ly  t r e a t e d  wi th  penicill in,  g r a n u l o m a t a  a p p e a r e d  which consisted of 
macrophages  and  lymphocy te s .  B y  e lec t ron  microscopy,  the  pers is tence of s t rep to-  
coccal cell walls wi th in  the  macrophages  of these  l iver  g r anu loma ta  was observed.  
Decrease  of g ranu loma tous  l iver  lesions af te r  the  30th d a y  p.i. was cor re la ted  with  
a decrease  in cell wall  ma te r i a l  as shown b y  immunof luorescence  and  e lec t ron 
microscopy.  Never theless ,  s t rep tococcal  ant igens  could be de t ec t ed  in small  
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amounts within phagocytes even at 200 days p.i. In older granulomata, group A 
carbohydrate disappeared and the conversion to group A-variant carbohydrate 
occurred. This same conversion had previously been found after the intravenous 
injection of heat killed group A streptococci (Heymer and Haferkamp, 1971). Com- 
parison of these results with those obtained after injection of killed streptococci 
(Sellin et al., 1970 ; Haferkamp st al., 1970; Heymer et al., 1971) gave no indication 
that  more rapid degradation and elimination of streptococcal cell walls might result 
from penicillin treatment. 

The relative resistance of the cell wall of certain species of bacteria to enzyma- 
tical degradation by macrophages is considered to be a primary cause of granuloma 
induction (Heymer et al., 1971). However, equivalent amounts of biologically 
inert latex particles which are not degraded in  vivo do not initiate granuloma 
formation. 

During the infection of the experimental animals with live streptococci without 
injection of penicillin, these organisms, possibly due to the leucotactic effect on 
polymorphonuclear leucocytes, were rapidly phagocytized by such cells, killed, 
and evidently degraded within a relatively short period of time. Since there was 
no residue of the cell wall as indicated by negative findings using immuno- 
fluorescence and electron microscopic techniques, there was less opportunity for 
granuloma induction. 

The granulomatous reaction of the liver after the i.v. injection of live strepto- 
cocci and simultaneous dosage of penicillin differed only in the first days p.i. from 
the tissue alterations seen after i.v. injection of killed streptococci. In the former, 
granulomata appeared one to two days later, were surrounded by a zone of hepato- 
cytes with eosihophilic cytoplasm and showed the presence of polymorphonuclear 
leucocytes in this initial phase. In the latter, neither polymorphonuclear leuco- 
cytcs nor signs of substantial damage to liver cells were apparent. This difference 
might be explained by the evidence that  simultaneously given penicillin did not 
result in the rapid killing of all streptococci. Isolation of viable streptococci from 
these tissues within the first 24 hours p.i. supported this premise. Since penicillin 
inhibits cell wall synthesis of growing bacteria (Strominger and Tipper, 1965; 
Wise and Park, 1965), streptococci, not dividing, can exert an exotoxin effect on 
hepatocytes, for example, and can produce leucotactie factors. However, as soon 
as the streptococci were killed by penicillin, polymorphonuelear leucocytes might 
no longer be attracted and the killed streptococci would be ingested by macro- 
phages (Kupffer cells). This thereafter induced liver granulomata indistinguishable 
from those found after injection of heat killed streptococci. 

Transposed to human pathology, the described lesions closely resemble those 
designated "non-specific granulomatous hepatitis" (Terplan, 1971; Eliakim et al., 
1968), although the appearance of the latter is based upon different pathogenic 
mechanisms (Thaler, 1969; Oehlert and Dischler, 1972). However, in the case 
histories of some patients with such hepatitis, recent infection with pyogenic cocci 
often treated with antibiotics is described. Therefore, in analogy to the experimen- 
tal observations presented, a causal connection between pyogenic cocci infections 
treated with penicillin, and non-specific granulomatous lesions found in human 
liver biopsies, seems entirely possible. 



332 R. Spanel et al. 

References 

Adlersberg, L., Singer, J. M., Ende, E. : Redistribution and elimination of intravenously in- 
jected latex particles in mice. J. reticuloendoth. Soc. 6, 536-560 (1969) 

Dische, Z., Sherries, L. B.: A specific color reaction of methylpentoses and a spectrophoto- 
metric micromethod for their determination. J. biol. Chem. 175, 595-603 (1948) 

Eliakim, M., Levij, I. S., Eisenbcrg, S., Sacks, T. G. : Granulomatous hepatitis accompanying 
a self-limited febrile disease. Lancet 1968 1, 1348-1352 

Haferkamp, O., Heymer, B., Sch~fer, H., Hsu, K., Schmidt, W. C.: Ein Beitrag zur Immun- 
pathologic der granulomatSsen Entzfindung. Verh. dtsch. Ges. Path. 54, 325-329 (1970) 

Heymer, B., Haferkamp, 0.: ReticuloendotheliM system cells modifying bacterial antigen 
specificity. Med. Microbiol. Immunol. 157, 96-100 (1971) 

Heymer, B., Schachenmayr, W., Biiltmann, B., Spanel, R., Haferkamp, O., Schmidt, W. C. : 
A latex agglutination test for measuring antibodies to streptococcal mucopeptides. J. 
Immunol. 111,478-484 (1973) 

Heymer, B., Sch~fer, H., Schachenmayr, W., Haferkamp, 0., Schmidt, W. C.: Streptococcal 
cell wall structure inducing hepatic granuloma. Arch. Path. 92, 84-92 (1971) 

Oehlert, W., Dischler, W.: Unspezifische Mesenchymreaktion nnd Parenchymsch/iden der 
Leber bei Patienten mit ~orbus Hodgkin. Dtsch. reed. Wschr. 97, 323-327 (1972) 

Sehachenmayr, W., I{eymer, B., Haferkamp, O. : Persisting streptococcal cell wall components 
in murine chronic pyogenic nephritis. Virchows Arch. Abt. A 355, 220-226 (1972) 

Schoenberg, M. D., Gilman, P. A., Mumaw, V. R., Moore, R. D. : The phagocytosis of uniform 
polystyrene latex particles (PLP) by the reticuloendothelial system (RES) in the rabbit. 
Brit. J. exp. Path. 42, 486-495 (1961) 

Sellin, D., Heymer, B., Smith, T. B., Biiltman, B., ttaferkamp, O., Schmidt, W. C. : Strepto- 
coccal A-carbohydrate antigen in granulomata of mouse liver after intravenous injection 
of heat killed group A streptococci. Arch. Path. 96, 72-87 (1970) 

Singer, J. M., Adlersberg, L., Hoenig, E. M., Ende, E., Tschorsch, Y. : Radiolabeled latex par- 
titles in the investigation of phagocytosis in vivo: Clearance curves and histological ob- 
servations. J. reticuloendoth. Soc. 6, 561-589 (1969) 

Smith, T. B., tteymer, B., Haferkamp, O. : Klinische Anwendung der Immunofluorescenz: 
II. PrS~paration der fiir das Immonofluorescenzverfahren erforderlichen Reagentien und 
Nachweis von im Gewebe lokalisierten Bakterien. Z. Med. Mikrobiol. Immunol. 152, 
362-377 (1966) 

Smith, T. B., tIeymer, B., Haferkamp, O., B6ckler, M. : Uber die Verbreitung beta-hgmo- 
lytischer Streptokokken im Mund-Rachenbereich bei Bonner Schulkindern. Z. Med. 
Mikrobiol. Immunol. 152, 288-299 (1966) 

Strominger, J. L., Tipper, D. J. : Bacterial cell wall synthesis and structure in relation to the 
mechanism of action of penicillin and other antibacterial agents. Amer. J. IVied. 39, 
708-721 (1965) 

Swift, H. F., Wilson, A. T., Lancefield, R. C. : Typing group A hemolytic streptococci by 
M precipitin reactions in capillary pipettes. J. exp. Med. 78, 127-133 (1943) 

Terplan, M. : Hepatic granulomas of unknown cause presenting with fever. Amer. J. Gastro- 
ent. 55, 43-49 (1971) 

Thaler, H. : Leberbiopsie, ein klinischer Atlas der Histopathologie, 87 pp. Berlin-Heidelberg- 
New York: Springer 1969 

Wise, E. M., Park, J. T. : Penicillin: Its basic site of action as an inhibitor of a peptide cross- 
linking reaction in cell wall mueopeptide synthesis. Proc. nat. Acad. Sei. (Wash.) 54, 
75--81 (1965) 

Dr. R. Spanel 
Dr. J. Gallc 
Prof. Dr. B. Heymer 
Prof. Dr. O. Haferkamp 
D-7900 Ulm a. d. Donau 
ParkstraBe 11 
Federal Republic of Germany 

Prof. Dr. W. C. Schmidt 
Cleveland Metropolitan General Hospital 
3395 Scranton Road 
Cleveland, Ohio 44109, USA 


