
THE REVERSION OF R TO S PNEUMOCOCCI. 

BY HOBART A. REIMANN', M.D. 

(From the Department of Medicine, Peking Union Medical College, Peking, China.) 

(Received for publication, October 8, 1928.) 

Extensive studies on microbic dissociation have led to much specu- 
lation regarding the significance of this phenomenon to infectious 
disease. As an outcome of many studies on the dissociation of 
Pneumococcus, there has been a tendency to imply that R pneumococci 
ordinarily appear during the course of pneumonia as a result of the 
dlssodafion or degradation of the pathogenic type-specific S forms. 
I t  was suggested that in turn many of the R forms under favorable 
circumstances acquired the characteristics of non-pathogenic Group 
IV strains which are so frequently encountered in the sputum of both 
healthy individuals and patients suffering from pneumonia or conva- 
lescent from this disease. I t  was assumed that these bacteria residing 
in the sputum as pure saprophytes await conditions favorable to a 
reversion either directly or indirectly to pathogenic S forms and thus 
acquire the capacity to invade the host again, completing the cycle. 

This view does not seem altogether unreasonable in view of the fact 
that typical R forms can be induced experimentally in vivo (1) and 
that  R forms occur, though uncommonly, in the sputum of patients 
suffering from pneumonia (2). Other investigations (3, 4) have shown 
that R forms may revert completely to the original virulence and 
specificity of the type from which they were derived. Recently 
Griffith (5) has shown experimentally that by special treatment in 
vivo certain R forms may be made to assume the characteristics of 
either Type I, II, III ,  or Group IV pneumococci regardless of the 
type from which the R forms were originally derived. 

The present paper contains a report of further studies on the be- 
havior of certain R strains under various experimental conditions 
with reference to their relationship with Group IV pneumococci. An 
investigation of the transformation of type as reported by Griffith was 
also made. 
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EXPERIMENTAL. 

Experiments with Type I Pneumococci. 

A strain of Type I-S pneumococcus was transferred repeatedly in broth con- 
taining 10 per cent Type I antipneumococcus serum in the manner commonly 
employed to induce the appearance of R forms. Agar plates made from each 
passage were examined under the lowest power objective of the microscope by 
reflected daylight from the surface of the tilted plate. Mter the 6th transfer 
many R colonies appeared among the S forms. When the R colonies were 
examined closely after 48 hours incubation the rough surfaces of many of them 
were studded with small shiny hummocks or papillae. This phenomenon has been 
observed among S colonies in previous investigations and has been described by 
Paul (6). A shiny portion designated as a daughter or secondary colony and a 
portion of the rough base were touched with a fine needle and plated separately for 
further examination and will be described later. 

The passages in 10 per cent Type I serum broth were continued until 42 transfers 
had been made. Mter every other transfer blood agar plates were made and 
examined and 1 cc. of the culture was inoculated intraperitoneally into white mice. 
Mter the 8th transfer no more of the typical shiny S colonies were seen on the 
blood agar plates and the organisms thereafter were generally avirulent for mice. 
However, mice inoculated with bacteria of the l l th ,  34th, and 35th transfers died 
and typical I-S organisms were recovered from the blood. I t  appeared that some 
of the bacteria were occasionally able to revert to the original virulent form, even 
after prolonged treatment in specific immune serum. 

Plates made from the successive transfers showed a considerable variationin 
the morphology of the R colonies. At times the colonies were large and thick and 
again small and thin. Occasionally mixtures appeared but both had rough sur- 
faces. Daughter forms or shiny papilhe on the R colonies appeared occasionally. 

After the 15th transfer and during the subsequent transfers a new form of colony 
occasionally appeared in varying proportions to the R forms and R forms with 
daughter colonies. The new colony was usually larger, thicker, and more succulent 
than the typical R form, and save for the very finely granular appearance of its 
shiny surface was morphologically indistinguishable from the original Type I-S 
colony. Bacteria from the new form of colony, however, were avirulent for mice 
and were serologically similar to R pneumococci. Apparently the new forms 
represented isolated daughter colonies. 

Experiments with Daughter Colonies. 

A t t e m p t s  were then  m a d e  to  de te rmine  the  significance of the  

d a u g h t e r  or  s econda ry  colonies. A s t u d y  was  m a d e  of the  biological  
charac ter i s t ics  of the  o rgan isms  compr is ing  the  rough  base of the  R 
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colony and  of those derived f rom the daughter  colony af ter  the 6th  
passage in i m m une  serum broth.  

(a) Colony Morphology.--Bacteria taken separately from each form were 
repeatedly transferred on blood agar and observed throughout 18 transfers. For 
each transfer of the bacteria composing the rough base, care was taken to select 
organisms from only the rough portion without admixture of the daughter colony 
forms. Cultures on blood agar of the daughter strain showed the presence of 
homogeneous, shiny, convex colonies alone. Cultures of the bacteria picked 
from the rough base each time revealed a mixture of varying proportions of plain 
rough colonies, rough colonies with daughter papilla~, and separate shiny daughter 
colonies. The tendency for the relative proportion of the separate daughter 
colonies to increase was noted as the transfers succeeded. 

i t  would appear then that under these conditions the daughter colonies represent 
a more stable variety of the attenuated forms of pneumococci. 

The individual cocci of the daughter colony when stained did not show capsules 
and usually appeared to be considerably smaller than organisms of either the 
typical R or S forms. No capsule was demonstrable by the India ink method. 
Organisms from the R colony on the other hand varied considerably in size and 
often showed bizarre forms. 

(b) Agglutination Tests.--The agglutination reaction tested by employing the 
usual thread test was applied to 5 strains isolated from characteristic daughter 
colonies which were selected at different times during the transfer experiment. A 
typical R strain and an S strain were used as controls. Since the serological 
reactions of all 5 daughter colonies were identical, the reaction of only 1 is illustrated 
in Table I. 

I t  is evident from the results shown in the table that the bacteria from daughter 
colonies and those from the typical R colony are serologically alike, in spite of the 
striking morphological differences of the colonies. 

(c) Virulence Tests.--Many virulence tests were applied to various daughter and 
R colony cultures by the usual method of inoculating mice intraperitoneally with 
1 cc. of the culture. Although mice occasionally succumbed to this procedure there 
was no indication of a reversion to the S form of any of the strains. Cultures made 
from the blood Of the mice which died were avirulent and non-specific. 

On one occasion, however, 2 rabbits, and 2 guinea pigs were inoculated intra- 
peritoneally with the growth, 5 cc., of broth cultures of 2 daughter colonies selected 
from R colonies after the 15th transfer. Both of the rabbits and 1 of the guinea 
pigs died within 48 hours and Type I-S pneumococci were recovered from the 
blood. Control animals inoculated with 2 strains of typical R forms survived. 

F rom these exper iments  i t  appears  tha t  a l though R and daughte r  
s trains produce  colonies which are not  morphological ly  alike, they  are 
serologically similar and  are usual ly avirulent  for mice. On one 
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occasion 2 daughter colonies reverted to the S form after inoculation 
into rabbits and guinea pigs. 

Experiments with A gar Foci Containing R Pneumococci. 

In a previous study (1) it was reported that a strain of 1-R pneumo- 
cocci survived for 5 weeks in an agar focus embedded subcutaneously 
in a guinea pig. By using the same technic it seemed desirable to 
observe in more detail the effects on an R strain of prolonged exposure 
to living body influences. 

Agar loci inoculated with I-R organisms and others inoculated with 
daughter colony organisms were established subcutaneously in 8 mice 
according to the technic given. Observations were made at 3 to 7 
day intervals by aspirating some of the material from the foci with 
a hypodermic needle and syringe and plating it on blood agar plates. 

Long residence in vivo produced effects on both R and daughter 
strains similar to those observed after repeated transfer in specific 
immune serum broth or upon blood agar plates mentioned in the 
previous experiments. Repeated examinations of plates made from 
the loci inoculated with the daughter strain over a period of 44 days 
revealed the presence of shiny colonies alone. On the other hand the 
usual variety of rough colonies, rough colonies with daughter papillae, 
and daughter forms alone appeared in varying proportions upon plates 
made from the loci originally inoculated with the R strain. Several 
of the mice died during the experiment from other causes. Reversion 
to the S form never occurred. 

A shiny colony strain, designated for convenience as Strain AF, was 
isolated from an agar focus on the 34th day after inoculation, and was 
used for further study in experiments r o b e  reported later. This 
strain thus far has never reverted to the S form and according to 
Table I is serologically similar to the R and daughter strains. 

(a) Virulence and Immunizing Properties of Strain AF.--Since on a 
previous occasion 2 daughter strains reverted to the S form after 
inoculation into rabbits and guinea pigs, it was desired to ascertain 
the effect of attempts to reduce the resistance of mice on the capacity 
of the AF strain to revert. 

For this purpose 5 mice in which agar loci inoculated with the AF strain had 
been established subcutaneously, were intoxicated by the intraperitoneal injection 
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of 1 cc. of a 10 per cent solution of alcohol. Following this the mice were fre- 
quently wetted with cold water and alternately placed at half-hourly intervals in 
the ice box at 3°C. and in the incubator at 37°C. for a period of about 12 hours. 
During this experiment 1 of the mice died and on several occasions the others 
appeared to be moribund but revived when warmed in the incubator. In spite 
of this treatment none of the remaining mice succumbed to pneumococcus infec- 
tion. 

A single experiment was made to determine whether or not mice 
harboring the AF strain in agar foci were immune to small doses of 
I-S pneumococci. 

3 normal mice and 3 mice in which the AF strain had been present in agar foci 
for 7 days, were inoculated intraperitoneally with .000i cc. of a culture of I-S 
pneumococci. All of the mice died approximately 72 hours later. Apparently 
the AF or daughter strain conferred no immunity against I-S pneumococci. 

Experiments with Strains Isolated from Sputum Cultures. 

In an attempt to detect R colonies in sputum cultures Paul (2) was 
able to isolate only 2 typical R strains from the 40 rough surfaced 
methemoglobin-producing colonies which he selected. As a result of 
the present study it is evident that the rough surface of colonies cannot 
always be depended upon as a guide to the recognition of the disso- 
ciated forms of pneumococci. With the fact in mind that  "R" 
colonies may have shiny surfaces, similar efforts were again made to 
detect R strains in sputum cultures. Cultures on blood agar plates 
were made from the sputa of 4 lobar pneumonia patients shortly after 
the crisis following Type I infection. Colonies surrounded by a 
greenish hue and having a shiny or finely granular surface after 48 
hours incubation were selected. Cultures from 72 colonies were tested. 
Of these 30 were discarded as bile-insoluble, 9 proved to be I-S strains, 
and the remainder which ordinarily would be regarded as Group IV 
strains were studied further. 

Upon replating the last group on blood agar plates most of the 
colonies did not resemble either the typical R or daughter colonies, 
the serological reactions of the organisms were not characteristic, and 
many of the strains showed slight but constant virulence for mice. 
No typical R strains were encountered. 

I t  is evident therefore that  although R strains of pneumococci have 
been isolated from the sputum, they are by no means common. 
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Experiments on the Transformation of Type. 

Although the transformation of pneumococci of one type into those 
of another type has been reported on several occasions in the past, 
convincing evidence that this change may occur did not appear until 
Griflith's publication (5). His results were confirmed by Neufeld 
and Levinthal (7). The method by which this change was induced 
consisted in inoculating a small quantity of living R organisms, to- 
gether with the deposit of a large amount of heat-killed S culture, 
subcutaneously in mice. The R strain appeared to be converted with 
considerable regularity into either the type corresponding to the 
heat-killed S type used or to its own original type depending upon the 
characteristics of the strain. Different R strains varied in their 
ability to undergo this change. Grifl~th showed that the apparent 
transformation never occurred directly from one type into another but 
always through a process of evolution by passing through the R or 
dissociated stage. 

Griiiith's methods were applied to a number of R strains, the AF 
strain, and to strains derived from the sputum of convalescent pneu- 
monia patients. The results are given below. 

Methods. 

Strains of Type I, I I ,  or I I I  pneumococci were grown in 1 per cent dextrose 
broth for 5 to 6 hours until a dense growth occurred. The tubes containing the 
cultures were then sealed and completely immersed in a water bath at 60°C. for 
40 minutes following which the cultures were centrifuged. Mice were inoculated 
subcutaneously in the inguinal region with doses representing the deposit of from 
10 to 30 cc. of the heated S culture together with .25 cc. of a living R culture. 
Many control tests were made to determine the possible survival of some of the S 
forms in the heated cultures. Viable S forms were never demonstrated in any 
culture heated to 60°C. longer than 15 minutes. 

The R cultures used were derived in the usual manner by cultivating S strains 
in homologous immune serum broth. 2 R strains, the AF strain from the agar 
focus, and 19 strains of pneumococci isolated from the sputum of convalescent 
pneumonia patients were employed. Attempts were made beforehand to induce 
reversion of the R and AF strains to the S form by using methods which have pre- 
viously been found suitable to induce the R ~ S change. The cultures were 
repeatedly grown in anti-R serum broth, repeatedly passed through mice, and 
inoculated in massive doses (deposits of 25 to 100 cc.) subcutaneously in mice 
without success. The strains appeared to be irreversible. 
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Experimental. 

Strain AF which had resided for 34 days in vivo in an agar focus was 
first employed. It  will be recalled that this strain was derived from a 
I-R strain which in turn originated from a I-S culture. Strain AF 
was inoculated together with heat-killed cultures of Types I, II, and 
III  pneumococci. Mter a few days a number of the mice died and 
cultures from the blood revealed the presence of type-specific pneumo- 
cocci. Results of a typical experiment are illustrated in Table II. 

Apparently, according to the table, Strain AF in many instances 
reverted to the S form of Type I or transformed into Type III  accord- 
ing to the heated culture used. Transformation into Type II did not 
occur although it appears that in one case Type II-S heated culture 
induced a reversion of the AF strain to its I-S prototype. 

In a similar manner typical R forms derived from Types I and II 
pneumococci were then inoculated with heated cultures of Types I-S, 
II-S, and III-S. Similar results were obtained. I-R organisms 
inoculated with heated II-S culture appeared to be transformed into 
II-S organisms. II-R pneumococci were changed into either Type 
I-S or Type III-S forms depending upon the type of the heated culture 
used. Both I-R and II-R strains frequently reverted into their 
respective prototypes I-S and II-S when inoculated together with the 
heat-killed cultures of their homologous type S forms. 

Experiments with Pneumococci from Sputum Cultures.--It was then 
considered to be of importance to apply this technic to some of the 
pneumococcus strains which were isolated from the sputum cultures, 
since it has been suggested that such strains may be potential S forms. 
Accordingly 19 of the pneumococcus strains were selected and inocu- 
lated into 2 series of mice. In I series the strains were inoculated 
together with the deposit of 10 cc. of heat-killed I-S culture, the other 
with the same amount of heat-killed II-S culture. Of the 97 mice 
inoculated, 59 survived, and the rest died of Pneumococcus Group IV 
septicemia. No reversion or transformation to either Type I-S or 
II-S occurred. In considering this result however, it must be borne in 
mind that the sputum strains were not typical R forms and therefore 
do not conform to Griffith's contention that transformation can only 
occur through the R stage. 



HOBART A. REIMANN" 247 

Experiments with Heat-Killed Friedli~nder BadlIi.--Since Griffith has 
emphasized the importance of the "S antigen" as a stimulus to the 
transformation of type, further experiments were made by substituting 
Type II-S heat-killed pneumococci with Strain E Friedliinder bacilli. 

According to Avery and Heidelberger (8) a striking chemical and 
immunological similarity of the capsular substances (specific soluble 
substance) exists between two special types of these two widely dif- 
ferent forms of bacteria. I t  was desired therefore to test the ability 
of the heated culture of Friedl~tnder bacilli to induce transformation 
of R bacteria to Type II-S pneumococci. 

An E strain of Friedl~inder bacilli agglutinating specifically in Type 
ILS antipneumococcus serum was grown, heated, and centrifuged in 
the usual manner. The deposit of 20 cc. of heated culture was inocu- 
lated with living cultures of I-R, II-R, and Strain AF pneumococci. 
Neither transformation nor reversion to type occurred during this 
procedure. I t  is probable that the biological differences between the 
"S antigen" of the Friedliinder bacilli and the "S antigen" of Type II-S 
pneumococci are too great to induce the change of type. 

l ~ s t r ~ .  

In this study efforts were made to determine the conditions under 
which the reversion of the avirulent R form to the virulent S form of 
Pneumococcus occurs. R strains have been encountered which 
reverted easily to their S prototype as well as R strains which appeared 
to be irreversible when treated by methods heretofore employed to 
induce the R--~S change. By employing the method of Griflith many 
of the seemingly irreversible strains appeared to be converted into S 
forms. 

During the course of the study the significance of secondary papillze 
or daughter colonies which appeared within the R colonies was investi- 
gated. Daughter colonies often appeared during repeated transfers of 
a culture in specific immune serum broth, during repeated transfer on 
blood agar, and in an R strain residing in agar loci in vivo. In other 
words they appeared under conditions which are regarded as unfavor- 
able to the bacteria. All strains of R pneumococci when treated 
under similar conditions did not reveal daughter colonies, and their 
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appearance even during the observations on a certain strain was 
inconstant. An exhaustive study of the conditions most favorable for 
the appearance of daughter colonies was not made. 

During the course of the investigations the daughter colonies not 
only appeared within the R forms as shiny papillm but appeared as 
individual separate large colonies which on account of their shiny 
surfaces were indistinguishable from the genuine S colonies. In 
some of the experiments there seemed to be a tendency of the daughter 
colonies to replace the R forms as if the daughter forms represented a 
more stable variety. The bacteria derived from the shiny daughter 
colonies were generally avirulent for mice, were serologically like the 
typical R strains, did not afford protection against infection with S 
forms, and had no demonstrable capsules. On one occasion the 
daughter forms reverted to the original S variety upon inoculation into 
animals. Although it is suggestive, the evidence is not sufficient to 
assume that the daughter form represents an intermediate stage 
during the R ~ S  change. By applying the technic of Griffith it is 
apparently possible to convert certain R or daughter forms to S forms 
with equal facility. 

Regarding the question of classification, a shiny daughter colony 
strain or a typical R strain if encountered separately would un- 
doubtedly be assigned to Group IV pneumococci. However, the 
characteristics of R and daughter strains are typical and constant 
enough to justify a separate classification. Although the colony 
morphology of the 2 strains is different, the bacteria are serologically 
similar and are avirulent for mice. Certain strains have a tendency 
to revert spontaneously to their original prototypes, or by special 
treatment to revert or transform into other S types. Typical Group 
IV-S pneumococci may dissociate into the R form as well as Type I-, 
II-, or III-S strains. 

S U M M ~ Y .  

A study was made of the behavior of R pneumococcus strains under 
various experimental conditions. It  was found that daughter colonies 
frequently appeared among the R forms and in some instances tended 
to replace the typical R forms. The daughter strain produced colonies 
with shiny surfaces which were morphologically indistinguishable from 
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genuine S colonies although the characteristics of the bacteria compris- 
ing them conformed to the R variety. Both R and daughter forms 
which had resided for long periods of time in vivo have been converted 
into virulent forms. Strains of R pneumococci which seemed irrever- 
sible were apparently converted into S forms by applying the methods 
of Griffith. 

A general consideration of the information derived during the recent 
experimental studies indicates that virulent S pneumococci may disso- 
ciate into the R form in vivo, that the R forms may be occasionally 
found in the sputum of pneumonia patients and also may reside or 
lie dormant in ~ivo for a considerable period of time. I t  has been 
shown that under favorable circumstances bacteria of the R form may 
spontaneously revert to the original S form or by special methods may 
even transform into S forms of another type. 
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