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The connection between reactions of delayed-type hypersensitivity (DTH) to individual staphylococcal 
antigens and the presence of immunity to this microorganism remains virtually unstudied. There are only 
solitary references in the literature to negative or positive correlation between antistaphylococcal immunity and 
DTH induced by whole cells of this pathogenic agent [5-7]. 

The authors have studied correlation between the phenomenon of DTH to individual staphylococcal antigens 
with the intensity of the infectious process in guinea pigs infected with Staphylococcus aureus. 

E X P E R I M E N T A L  M E T H O D  

Corpuscu la r  antigens were  used, namely  inact ivated whole cel ls  of s t r a in s  of Staph. aureus  containing 
(Cowan 1) and not  containing (2287) pro te in  A, and individual su r face  antigens of Staph. aureus:  cell wall  (CW) 
and pept idoglycan (PG), obtained by the method [3] f r o m  s t r a in  2287, and a lso  pro te in  A, isolated f rom the cul -  

t u r e  f i l t r a te  of s tain A-676 and purif ied [4]. 

Noninbred guinea pigs were  infected by i n t r a m u s c u l a r  inject ion of a sublethal  dose of Staph. aureus  s t ra in  
1B (10 l~ mic rob ia l  cel ls  in 1 ml) a f t e r  induction of DTH to the above-ment ioned  antigens.  Assuming that each 
antigen sepa ra t e ly  cannot p o s s e s s  p ro tec t ive  act ivi ty,  complexes  of sur face  antigens in different  combinat ions 
with one another  a l so  were  used to induce DTH. 

DTH was induced by a single injection of a sensitizing dose of the preparation in i00 #l of physiological 
saline into the hind footpads: the dose injected was 2 �9 108 microbial cells for corpuscular antigens and i00 pg 
per animal for CW and its components. On the 14th day of sensitization DTH was determined by the paw edema 
test in response to injection of a reacting dose of the preparation (2 �9 107 microbial cells or 50 pg respectively). 
A marked positive reaction was observed in all the animals after 24 h. The intensity of staphylococcal infection 
was judged from the results of seeding splenic homogenates on elective protein-salt agar, carried out at the 
peak of the infectious process (greatest number of positive cultures obtained from the test tissue), which corre- 
sponded to the 3rd day after infection. The number of active T lymphocytes, B lymphoeytes, and lymphocyte 
receptors for staphylococci was determined, in percent,: in the animals' peripheral blood [I]. Activity of neutro- 
phils was determined by the nitro-BT reduction reaction [2]. 
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Fig. I. Bacteriologic and immunologic parameters 
in various groups of guinea pigs at peak of infec- 
tious process (M �9 m). Abscissa, groups of ani- 
mals (eight animals in each group): i) animals in- 
fected only (control); in remaining groups animals 
were infected after induction of DTH to corpuscular 
antigen containing (group 2) and not containing 
(group 3) protein A, to CW (group 4), PG (group 5), 
protein A (group 6), to CW + PG (group 7), to CW + 
protein A (group 8), to I~G + protein A (group 9), 
and to CW + PG +protein A (group i0); ordinate, 
number of staphylococcal colonies (in thousands) 
per gram of splenic tissue (A), and relative per- 
centages of active T lymphocytes (B), B lympho- 
oytes (C), iymphocytes with receptors for staphylo- 
cocci (D), and activated neutrophils (E). 

EXPERIMENTAL RESULTS 

A decrease it, the intensity of the iniectious process, i.e., a reduction in the number of positive seedings 
of staphylococci from splenic tissue and elevation of the level of activation of lymphocytes and neutrophils com- 
pared with their values in animals of the control group, subjected to infection only, was observed in guinea pigs 
infected after induction of DTH to corpuscular antigen not conf~aining protein A, but especially to a combinatien 
of all the surface antigens used. In guinea pigs with DTH to protein A-containing corpuscular antigen, none of 
the immunologic parameters differed from the con~ol (Fig. i). 

After induction of DTH to single surface antigens or to an incomplete combination of them, either the im- 
munologic parameters were indistinguishable from the control, for example, in groups with DTH to protein A 
and to a combination of it with FG, or the number of splenic colonies was greater and thelevel of activation of 
lymphocytes and neutrophils lower than in the control, especially in animals after induction of DTR to CW or to 
a combination of CW + PG. 

The maximal pr~ective effect in these experiments was thus obtained against the background of DTH in- 
duced by a combination of all the surface antigens used. This evidently endows the antigenic complex with ad- 
juvant properties, or a combination of these antigens performs the role of hapten-earrier conjugate, in which 
the carrier, by modifying the character of interaction of the imm[mocompetent cells with one of the surface 
antigens, enhances its immunogenicity. The possibility of a synergic effect of the preparatiom likewise ca~mot 
be ruled out. An incomplete combination of the antigens or each of the surface antigens separately had no pro- 
tective activity, but induced cutaneous reactions of DTH. 

Consequently, the fact that DTH develops in the present experiments is not itself a criterion of protections, 
for stimulation of lymphocytes and neutrophils actually correlated with increased resistance of the guinea pigs 
to nonlethal staphylococcal infection. 
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To induce delayed-type hypersensitivity (DTH) to soluble protein antigens experimentally, an oily adjuvant 
containing various microorganisms (BCG, Mycobacterium tuberculosis, M. butyricum, etc.) is usually used. 
Some adjuvants can only intensify developing DTH [3]. Recently much attention has been paid to water-soluble 
natural and artificial polyelectrolytes, which considerably stimulate the immune response, including DTH [4]. 
Crowle et al. [5, 6] suggested using the dye Evans' blue (EB) to induce DTH, because it is free from toxicity, 
can bind with blood proteins, and is used clinically to determine the circulating blood volume [I, 8]. Crowle and 
co-workers showed that 2-7 weeks "after separate injections of EB and antigen into mice the animals developed 
hypersensitivity which, in its histologie picture and in the character of the skin tests, corresponded to DTK. 

The aim of this investigation was to study me principles governing development of this DTH in the early 
stages of sensitization (in the first 2 weeks), to investigate dependence of DTH on the dose of EB and the dose 
and type of protein antigens, and to study its nature in experiments with passive transfer of sensitivity. 

E X P E R I M E N T A L  M E T H O D  

CBA (male or female) mice weighing 14-18 g were used in the experiments,  with five to ten animals in 
each group. The animals were  sensit ized subcutaneously in the in terscapular  region with antigens: bovine 
se rum albumin (BSA) from Serva (West Germany) or of USSR origin, methylated BSA (MBSA) or ovalbumin (CA), 
f rom Serva. A solution of EB (from Serva, or  f rom Reanal, Hungary) was injected simultaneously into the same 
region.  In the posit ive control  group the animals were sensit ized with antigen mixed with F reund ' s  complete 
�9 adjuvant, in a ra t io  of 1:1 with antigen solution, and with a total volume of mixture of 0.2 ml. 

To a s se s s  the intensiW of the developing BTtI the widely tested method of injecting antigen into the ani-  
mals '  paws [2, 7] was used. A solution of antigen was injected into the r ight hind footpad in a volume of not m o r e  
than 0.04 ml. The same volume of distilled water  or  physiological saline, in which the antigens were  made up, 
was injected into the contra la tera l  (control) footpad. Different  sensitizing doses of antigens were tested (from 
50 to 2000 pg per  mouse) with different doses  of EB as adjuvant (from 50 to 2000 pg per  mouse) and with different  
t imes of injection of the react ing dose (from the 2nd to the 14th day after  sensitization). The local i n f l a m m a ~ r y  
react ion was as sessed  24 h later ,  by measur ing  the difference in weight of the experimental  (Pe) and control  
(Pc) paws of each mouse,  and calculating the ar i thmet ic  mean and its e r r o r  (M :~ m). The react ion index (RI) 
was determined by the formula  

Pe - Pc • i00%. 
Pc 
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