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Exp. I 
Basal 2.3 1.5 2.6 3.6 10.9 4.8 8.9 
Basal + S.S. 1.1 (I..; 1 .ti 1.8 2.2 1.9 2.4 

Esp. I1 
- Tkls:ll 4.li 7 . S  lii.il 3.H 3.4 

The addition of 2 7. of succinylsulfathiazole 
markedly reduced the urinary excretion ai  
folk acid active compounds. This effect was 
evident by the 4th week and although the 
excretion of folk acid remained at a low 
level for the succinylsulfathiazole group. a 
considerable increase in the apparent synthe- 
sis of folk acid was observed for the basal 
group, particularly from the 7 t h  to 10th 
weeks. -4lthough accurate measurements oi 
folk acid in the ration were not achieved due 
to the low level, the estimated dietary intake 
of 1 pg per day approximated the amount es- 
creted by the sulfa fed group and was much 
lower than the amount excreted by the basal 
group. I t  may be concluded therefore tha t  
the rabbit is capable of synthesizing sufiicient 
folic acid, as well as pantothenic acid. ribo- 
flavin. and biotin, presumably by intestinal 
microorganisms to meet its needs and that 
the apparent synthsis of folic acid can Ire 

markedly reduced by the inclusion of 2% 
-uccinylsulfathiazole in the ration. 

Other tests showed that the inclusion of 
iuccinylsulfathiazole in the ration did not 
reduce the hemoglobin level of the blood. 
Rabbit blood was found to contain folk acid 
conjugase:“ however the level of apparent 
free folic acid in blood was very low (< 1.0- 
4.0 millimicrograms per ml) and the data 
obtained do not permit an accurate evalua- 
tion of the folic acid blood levels of the groups 
receiving and not receiving the sulfa drug. 

The urinary excretion of folic 
acid by rabbits fed purified diets with or 
without the addition of succinylsuIfathiazole 
was studied. The inclusion of the drug 
markedly reduced the urinary excretion of 
folic acid. This effect was evident from the 
4th to the 10th week of the experiments. 

Summary. 
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Dissociation Among Lancefield’s Group “B” Streptococci of Human and 
Bovine Origin.” 

-4. POMALES-LEBRON AND 1’. MORALES-OTERO. 
From the Drpurtment of Bacferiology, Scliool of Tropical Xedicine,  Sun buun, Puerto Rim.  

One hundred and thirty bovine and 26 human strains of Lancefield’s group IiB” 

streptocod were studied within one month 
after 

--- 
* This investigation Tas conducted with tlw CII- 

operation of the following institutions : San .Juan 
City Hospital, Bayam6n District HosIiital a ~ ~ d  the  
Veterans Hospital at San Patririo. 

Primary isolations were made on beef heart 
infusion agar (Difco) which contained 3% 
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FIG. 1. 
“ M ”  colony, 60 hr, 3’i°C. Blood agar. x 49. 

Sotice sectors indicating M --+ 8 variation. The 
granulationcl are most probably accumulations of 
rrd blood re11s. 

of rabbit or horse blood. The morphology 
of the colonies was studied on rabbit blood 
agar plates. The plates (streak) were in- 
cubated aerobically at 37°C and examined 
with a hand lens and a microscope. Only 
isolated colonies with ample free surround- 
ing space were selected for study. In study- 
ing the colonial morphology by reflected 
light the plate had to be tilted at  the proper 
angle in order not to miss certain details. 

Four distinct morphological types were en- 
countered among cultures recently isolated 
from milk or pus obtained from COWS with 
clinical mastitis. A description of these fol- 
lows: 

I .  Colonies slightly raised, comparatively 
large, about 2.5 mm after 48 to 72 hours in- 
cubation, edge entire or slightly wavy. Sur- 
face white and glossy by reflected light. With 
the low power of the microscope tiny white 
solid structures were seen scattered through- 
out the body of the colony giving to it the 
appearance of a tiny drop of slightly curdled 
milk. Consistency of thin paint. Semitrans- 
parent periphery and a rather opaque central 
area (Fig. 1). In the bacteria from some of 
these colonies dbiinite capsules could be 
demonstrated either from young cultures on 
blood agar or in peritoneal exudate from 

mice. Broth cultures showed a homogeneous 
turbidity with’ a scanty powdery sediment. 
The cocci occurred singly, in pairs or in very 
short chains. Some strains were pathogenic 
and others were avirulent for mice. This 
description corresponds with the mucoid (%I) 
colony of Dawson, Hobby and 0lmsltead.l 

When colonies of this type were incubated 
at 37°C for 48 to 72 hours frequently wedge 
shaped, rather opaque outgrowths appeared 
at the periphery. (Fig. 1). These outgrowths 
when transplanted gave rise to rather opaque 
colonies which corresponded in all respects to 
the second type of colony encountered in 
primary cultures which we shall now describe. 

2. Colonies raised, edge entire or very 
slightly wavy. Surface dull and usually slight- 
ly granular. Consistency of thick paint. They 
could easily be broken into soft thick mem- 
branous portions. Relatively opaque when 
compared with the “M” colonies. (Fig. 2). 
Growth in broth was homogeneous or very 
finely granular. The cocci occurred mainly 
in short chains. Xo mpsules could be demon- 
strated. This description corresponds with 
the smooth (S) type colony of Dawson et aZ.l 

I t  is apparent that the opaque wedge-like 
growths of the mucoid colonies represent a 
mucoid to smooth variation. 

FIQ. 2. 
“S” colony. 48 hr at 37°C on blood agar. 

Granulations most probably aceuniulations x 41. 
of red blood cells. 

IDamson, M. H., Hobb, G. L., and Olmstead, N., 
J. Infect .  Dis., 1938, 68, 138. 
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respects with the *'R" (rough) type of Daw- 
s0n.l 

3. Colonies prominently flat, composed of a 
thin membrane with the appearance and con- 
sistency of a spider web. Edge of colony 
very irregular and fimbriated. I n  same in- 
stances small. smooth papillae are distributed 
throuqhout the colony. (Fig. 5 ) .  Cottony sedi- 
ment with clear supernatant in broth. Cocci 
usually larger than normal arranged in long 

FIG. 5. 
l'apillatcd rough colony. x 15. Blood agar. 

Four d a y  ;It 37°C. 

If -5" nr "?tI'' cultures aere  left in the 
incubator from three days to one week roudi. 
large. fan-like outgrowths usually arose irrm 
the periphery of the colonies. (Fig. 3 and 4) .  
-\ large proportion of the '.S" and "?tI" cul- 
tures produced these outgrowths. Tranc- , s ~ ~ ~ n ~ ~ ~ ~ r ~ l ~ ~ ~ ~ 1 r ~ 1 d 3 0 p r e e u r s o r  Of smooth-ravined 
plants to broth from these outgrowths gave a 
cottony sediment with a clear supernatant 
as contrasted with the homogeneous turbidity 
obtained with "A1" arid '*S" cultures. The 
cocci were larger than normal and occurred 
chiefly in long tangled chains. Colonies ob- 
tained! from transplants of these rough sec- 
tors to 3% rabbit blood beef heart infusion 
agar showed a slightly raised conical central 
portion and a rather flat peripheral znne. 
I-pon prolonced incuhation they became ilat- 
ter and flatter until their appearance wit+ 
muoh like that exhibited by the "R" colonies 

later. This type of colony conforms in many agar at 3 7 0 ~ .  x 30. 

FIG. 6. 

FIG. 7. 
Obtained in primary as we Smoot~~. rav ine~~ (SRa) ca]ony. 72 hr on blood 
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FIG. 8. 
Stages in the derrlupment of the smooth-rnrined (SRa) coliiny. 

X 30. 
Large type. Three-dny-old 

colonies o n  rabbit blood agar. 

tangled chains. These correspond with the 
rough ( R )  type of Dawsonl and were very 
similar to the rough outgrowths already de- 
scribed obtained from “S” and “M” colonies. 

4. Colonies were conical, with a prominent- 
ly white, dense, raised central disc. The rest 
of the colony was much less dense. The 
whole colony was smooth and the surfaice 
glossy when 16 to 18 hr old and approximate- 
ly 1 to 1 : 5 mm in diameter. (Fig. 6 ) .  -4 small 
and large type of colony were encountered. 
The  central disc was usually of a soft con- 
sistency or exceptionally rather hard so that 
it could be removed with the wire without dis- 
turbing the rest of the colony which at  this 
stage was of medium hardness and could be 
broken easily with an inoculating wire into 
thick membranous portions. Occasionally 
these colonies were of such consistency that 
they could be shifted from place to place 
without disturbing their characteristic mor- 
phology. 

.After from 48 to 72  hours incubation at 
37°C the central white disc remained as de- 
scribed above. However. the rest of the 
colony showed by this time a deeply ravined 
glossy surface with a grayish milky appear- 
ance by reflected light. (Fig. 7 ) .  S o w  the 
colony was harder but it could be broken with 
the wire into thick membranous portions. 
The growth in broth was homogenous with 
scanty powdery sediment or finely granular 
with slightly foccular or slightly ropy sedi- 
ment. The cocci occurred typically in chains of 
medium size. I n  some instances colonies in 
the different s t z e s  of develomnent were en- 

countered on the same plate (Fig. 8 ) .  So far 
as we know this type of colony has not been 
described before. We are designating it, and  
shall refer to it in this discussion as the “SRa” 
or the smooth-ravined colony. 

If these smooth ravined cultures were left 
in the incubator at  37°C for 4 or 5 days some 
colonies showed glossy, soft pseudopod-like 
peripheral outgrowths. (Fig. 9 ) .  Upon pro- 
longed continued incubation (one or two 
weeks) these smooth soft portions in turn 
gave rise occasionally to rough outgrowths 
similar to those already described as arising 
from “S’! and “M” colonies. 

A l l  the morphological types described above 
were found in primary cultures from the mas- 
titic udder. So rough ( R )  or smooth-raained 

FIG. 9. 
Smooth-ravind (SRa) colony with glossy out- 

growth. Five days on blood agar. Large t;rpe of - colony. X 30. 
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(SRa)  types were found in  primary cultures 
from human sources. -411 the human strains 
produced either “31” or “S” colonies. How- 
ever, the S + R and hI + R dissociations were 
produced with relative facility with human 
strains as described above for cultures of 
bovine origin. 

The fermentative and other biological prop- 
erties of most of these strains were testedg 
and no correlation was found between these 
properties and colonial morphology. 

Serums prepared in rabbits with formalin 
treated suspensions of ”11“ cultures gave good 
precipitin reactions with formamide extracts 
of **JI” or “SRa“ organisms of human and 
bovine origin. Rabbit serum prepared with 
”S” or “SRa” suspensions reacted similarly. 
‘.lI”. “S” and “SRa” serums reacted nega- 
tively with formamide extracts prepared with 
the correspondinp “R“ variants. 

The serums obtained from rabbits after 
several series of inoculations with formalin 
treated *‘R” organisms always gave negative 
precipitin reactions with formamide extracts 
of the homologous “R” suspensions or ex- 
tracts prepared from the parent “JI” or “S” 
human and bovine cultures. 

These results show conclusively that the 
group precipitinopen extracted by Fuller’s 
method is greatly diminished or completely 
lacking in the “R“ phase of Lancefield’s group 
“B“ streptococci of human and bovine origin. 
One must keep in mind this fact in the identi- 
fication of “R“ variants of Strcp.  agaluitiue 
obtained in primary cultures from the bovine 
udder. 

Two “ M ”  cultures which were virulent for 
2 Poni:tles-Lebr6n, h., Jlorales-Otero, I>., :111d 

I3aralt, J., J’ROC. SOC-. ICsr. Iiior. asu 3TF.n.. 1!147 
64, 410. 
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mice (0.05 cc of 18 hr  broth culture killed 
mice in  24 hours) gave rise to “R” variants 
which were completely avirulent (1 cc intra- 
peritoneally). 

,411 the bovine and human cultures, irre- 
spective of their dissociative phase at the 
time they were tested, were resistant to strep- 
tomycin in vitro when tested by the fiker 
paper disc method of Bondi et al.“ All the 
bovine and human strains were sensitive to 
penicillin in vitro but the sensitivity varied 
greatly with the different strains. This varia- 
tion in susceptibility to penicillin was inde- 
pendent of the origin and colonial morphology 
of the cultures. 

Sumniary. The dissociation among 130 
bovine and 26 human strains of Lancefield’s 
group “B” streptococci has been studied. Four 
different morphological types of colonies 
(rough. smooth, mucoid and smooth-ravined) 
are discarded in detail. No correlation was 
found between colonial morphology and the 
biological properties andl susceptibility to peni- 
cillin. -111 strains were resistant ,to strepto- 
mycin in vitro. Cultures from rough out- 
growths of mouse virulent mucoid parent 
colonies were completely avirulent for mice. 
Formamide extracts of mucoid, smooth and 
smooth-ravined cultures reacted positively in 
precipitin tests with homologous and heterol- 
ogous rabbit serums prepared with mucoid, 
sniooth and smooth-ravined cultures and with 
commercial group “B” serum. Formamide 
extracts prepared from rough cultures always 
gave negative precipitin tests with good pre- 
cipitating rabbit serums prepared with the 
corresponding mucoid, smooth and smooth- 
ravined parent cultures. 

:: liondi, A., Spaulding, E. H., Smith, D. E., and 
I)ic.tz, C. (!., - 2 n 1 .  J .  N e d .  SC., 1947, 213, 221. 




