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In normal guinea pigs, the areas of skin injected with old tuber- 
culin were not affected by a subsequent intravascular iiijection of 
a typhoid filtrate. Hence it is probable that the specific inflarnma- 
tion produced by tuberculin in the hypersensitive tissue, rather than 
products of the tulxrcle bacillus per se, prepared the skin for the 
action of the typhoid filtrate introduced into the blood stream. 

The intravascular injection of a filtrate from the 
culture of typhoid liacilli produces hemorrhagic necrosis in tuber- 
culous guinea pigs at the site of positive tuberculin reactions. 

Coizclusioit. 
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Independent Variation of Biological Characters of Bacteria as a 
Result of Dissociation. 

G. 1\11. MACKENZIE, HELEN FITZGERALD AND VERSAL IRONS. 

From the Biological Laboratory, Mary Imogene Bassett Hospital, Cooperstown. 

Numerous observations 011 bacterial dissociation indicate that 
the changes occurring as a result of dissociation may involve many 
of the cultural characteristics. Although alterations in colonial 
morphology are the most obvious, many other characteristics may 
also undergo modification. De Krui f demonstrated changes in 
virulence' and acid agglutination optimum.* Profound serological 
alterations have k e n  studied by Arkwright,' Schiitze: Savage 
and White,5 Goyle.' The modifying effects of dissociation on 
many biochemical reactions, including fermentative capacities, have 
also been reported.? In a recent study of the fermentations of 
variants of Saliizoizella sclzottmiillmi, Nungester and Jung' obtained 
R-variants which formed gas and others that did not; they observed 
that an S-culture may lose its capacity to form gas without change 
in colonial morphology. These observations, they concluded, were 
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in accord with the concept of independent variation of bacterial 
properties. 

Our studies on S- and R-variants of Salinlonclln schottniiilleri, 
Snliiz one1 1 a ?no rgnizi and Shig el la pnrndysen t eriae (Fl  e,m er ) appear 
to demonstrate that many of the biological characters-serological, 
morphological and physiological-o f these cultures are capa!;le of 
independent variation during the dissociative and revertive processes. 

Well-stabilized R-variants were obtained from the 3 normal 
S-cultures by growth in formalin (1 23000) beef infusion broth. 
Each of the R-cultures regularly produced 100% rough colonies on 
agar plates. The R-variants were then subjected to environmental 
conditions favoring reversion : (1) growth in 2% homologous im- 
mune serum broth; (2)  growth in broth containing 2% vaccine 
prepared by heating an 18-hour growth of the original smooth 
culture for 4 hours at 56°C.; (3)  rapid transfers in plain beef in- 
fusion broth. A variety of “reversion” cultures, derived from 
the 3 R-variants, was obtained. Serological, morphological and 
physiological characteristics of the 3 original S-cultures, the 3 R- 
variants, and the 11 “reversion” cultures were studied. Observa- 
tions were made on colonial morphology, cellular moqhology, 
motility, acid and gas production in carbohydrate media, formation 
of indol, saline stability, acid agglutination optimum, type of growth 
in broth, and antigenic composition determined by cross agglutina- 
tions and reciprocal absorptions. Alterations of antigenic behavior 
were such that it has been possible to demonstrate independent 
variation of the agglutinative, absorptive, and agglutinooenic prop- 
erties of the antigens. A variant culture may show impaired agglu- 
tinative capacity with little or no alteration of absorptive and agglu- 
tinogenic properties. Other variants may show unimpaired agglu- 
tinative capacity and partial suppression of absorptive capacity, or 
the changes may affect the agglutinogenic capacity more than the 
other two. In  brief, the agglutinative, agglutinogenic.and absorptive 
properties vary independently of each other. Similarly, the other 
characters of these cultures varied independently of each other and 
of the antigenic characters, A motile S-variant of Salmonella sclzott- 
miilleri formed acid from the same carbohydrates as the original cul- 
ture, but on repeated tests failed to form any gas, and in serological 
behavior the only alteration was a decreased absorptive capacity. In 
this instance, therefore, gas formation and absorptive capacity had 
varied independently of the other characters. One R-variant of Snl- 
nzoizella schottnziilleri was motile, another non-motile. An ??ZiT’iant 
of Shigella paradysefzterine was unstable in 0.85 a/o NaCl ; another, 
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indistinguishable in colonial morphology, formed homogeneous sus- 
pensions. A large number of such changes has been observed with- 
out evidence of linkage of any 2 characters. 

There has been no uniform pattern for tlie altered characters of 
the R-variants, nc?r for thosc of the reversion cultures tierived 
from thein. \17e have found no evidence in studying these cultures 
that during either the dissociative or the revertive process the char- 
acters of a culture change hand-in-hand. The alterations occur in 
various groupings, and each character appears to be capalile of 
varying intlepcntleiitly of the others. In 11.3 instance (lit1 \ye ol)ser\-e 
complete reversion of all the cliaracteristics. Only one of the 11 
reversion cultures has revertul to coniplete antigenic identity x-ith 
the original culture, but this culturc shoiverl for niany weelis a 
difference in cellular morp!iolugy, gro\\-iiig in  l ~ n g  fi1m;cntol;s 
forms. 
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On the Mechanism of True and of Non-Specific Complement 
Fixa t i 011 Reactions. 

The coniplement fixation test ior ttilxrculosis gives a non-specific 
or falsely positive reaction i i a 1)alaiicecl physiological saline, ak;n to 
Tyrode’s solution, rep!aces the plain 0.9% NaC1 used in the te>k. 
The 1:alanced saline which gives the strongest non-specific reaction 
contains O.SSS% KaCl, 0.009~/, CaCl,, a i ~ l  0.003% AIgCI, ; both 
Ca ail(1 LIg salis are required, niltl i t  is only cx-er a very limited range 
of concentration of these salts that the non-specific reaction occurs. 
Petrofi’s‘ \\.hole lncillus antigen is more effective than any other 
esaiiiined in producing this lion-specific reaction, while “ fat-f ree” 
tul,ercl-ilo-al7tigetis (lo not gii-e this non-specific effect. In the all- 
setice of antirrc’n, i. ”., i n  tile ~~nticomplenie~ital-y control tubes, 1x1- 
anrec! A i i x  assists hemolj-sis. so that one-third of tlie normal unit 
o I c c I i1i 1’ e ix  c ii t may 1) r o ( 111 c*e co  t 11 pl e t e hem oly s i s . 

The meciiaiiism of this falscly positive reaction is as follows : 
* Aided bp the Sational Research Council of  Canada. 
1 Pctwff,  8. A., 2. ‘f. I’ubcrI., 1923, 30, 100; quoted by Willis, 13. S., L:tbora- 

t o y -  1 )i:igwsis : t i l t1  Experimcntnl XiIetliocIs in Tuberculosis, Springfield, 1928, 166. 


