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Preliminary experiments revealed that coagu-
lase positive staphylococci could be distinguished
culturallv from coagulase negative staphylococci
in a soft agar medium containing a small amount
of normal human or rabbit plasma. In a medium
of suitably low viscosity, staphylococci produce
elongated diffuse feathery colonies. When coagu-
lable plasma is incorporated in such a medium,
the colonies of coagulase positive staphylococei
are compact and spherical, whereas colonies of
coagulase negative staphylococei are essentially
unaltered. It was considered, at this point, that
coagulase elaborated by microcolonies affected
the plasma resulting in increased viscosity in
the immediate colonial environment which, in
turn, influences the morphology of the develop-
ing colony. Although this premise may be unten-
able, some observations made in an attempt to
elucidate the mechanism of this phenomenon
are of interest and may find application in
studies of staphylococei and other bacteria.
The use of soft or semisolid agar media in the

differentiation of microorganisms is not unique.
Pike (1946) used a modification of the soft agar
medium of Ward and Rudd (1938) in differen-
tiating streptococci. MIorphological changes of
colonies in a semisolid medium were used as an
indication of pneumococcus transformations
(MIcCarty et al., 1946). This technique was later
applied by Ravin (1954). Pittman and Davis
(1950) used growth characteristics in semifluid
media to distinguish species of Haemophilus. A
double layer technique with antiserum-containing
soft agar was utilized by Stocker (1949) in
studies on flagellar antigenic phases in Salmonella.
Knox et al. (1956) recently reported on charac-
teristics of growth of Mycobacterium tuberculosis
in semisolid agar media. Lankford et al. (1955)
successfullly used soft agar, with and without
antiserum, for demonstrating antigenic variation

I A preliminary rel)ort of this work appeared
l)peviously (Finkelstein an(d Sulkin, 1957). This
work was supported by contract with the Chem-
ical Corps, Fort Detrick, Frederick, Md.

through morphological differences of colonies of
Vibrio cholerae. Also, the ability of flagellar
antiserum to inhibit swarming in soft agar has
been used in the identification of Salmonella
species (Cooper, 1956).

MATERIALS AND METHODS

.Mlost of the strains of staphylococci used were
isolated from patients in Parkland Memorial
Hospital. Dr. Betty Hobbs graciously supplied
strains representative of Cowan's serotypes
(Cowan, 1939) together with small amounts of
the corresponding antisera (Hobbs, 1948).
Coagulase reactions were verified by both the
tube and slide techniques (Cadness-Graves et al.,
1943). Phage type and other characteristics were
determined by Dr. Eugene Rosenblum. Stock
cultures initiated from isolated colonies were
maintained on trypticase soy agar. The soft agar
basal medium contained (in per cent) tryptone
(Difco), 1.0; yeast extract (Difco), 0.5; glucose,
0.5; K2HPO4, 0.5; agar (Difco), 0.15; in distilled
water. After the medium was sterilized by auto-
claving and cooled to 50 C, the desired amounts
of sterile plasma or serum were added. Ten ml of
medium were pipetted into tubes previousln
seeded witlh 0.05 ml of a 10-6 dilution of a sus-
pension in 5 ml of the 18 hr slant growth of the
strain to be tested. This was found to give a suit-
able number of suspended isolated colohies from
most strains in 18 hr at 37 C. The tubes may be
layered with 1 ml of 2 per cent agar which helps
prevent the formation of an aqueous condensate
in which growth may occur. The medium is too
fluid to be used as a plating medium. Antisera
were prepared by immunization of rabbits with
heat-killed washed cells according to the tech-
nique described by Hobbs (1948), and sera were
adsorbed with heat-killed and/or living cells.

RESULTS

In p)reliminary experiments witlh a series of 50
staphylococcus cultures, coagulase prodlucing
strains were readily distinguished when 1.0 per
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A B C
Figure 1. Comparison of colony morphology of coagulase positive (A) and negative (C) staphylococci,

and artificial mixture (B) in soft agar containing normal human plasma (1:100). After incubation at 37 C
for 24 hr..

cent normal human or rabbit plasma was incor-
porated in the soft agar basal medium. All
strains produced diffuse colonies in the unsupple-
mented medium. In plasma media, the coagulase
positive strains produced compact spherical
colonies, while growth of coagulase negative
strains was essentially the same as in the control
medium (figure 1). To gain more information
regarding the mechanism of the reaction, serum
from the donors (humans and rabbits) was
tested. Serum, which is not coagulated by coagu-
hase, should bave no effect if the "compacting"

mechanism depends on coagulase activity. The
response to serum was identical to that of plasma.
The "colony compacting factor" of normal

serum and plasma appears to have certain of the
properties generally attributed to antibody. The
activity is associated with the globulin fraction
of serum precipitated by half-saturation with
(NH4)2SO4, is stable on heating at 56 C for 30
min and is removed following adsorption with
cells of coagulase positive strains. In addition,
the colony compacting titer of rabbit serum
rises during immunization witlh coagulase posi-
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TABLE 1
Effect of immunization of rabbits with heat-killed

coagulase positive Staphylococci (strain J) on
colony compacting and agglutinin titers

Number of Days After In- Agglutinin Colony Com-
Injections* itial Injection Titer* pacting Titer

0 1 64t 1,000t
3 14 1024 10,000
7 33 4096 30,000
8 58 4096 30,000

* Antigen: heat-killed (60 C/1 hr) suspension of
washed staphylococci.

t Reciprocal of highest serum dilution causing
agglutination of suspension of heat-killed cells.
Incubation: 2 hr at 50 C followed by overnight
at 4 C.
t Reciprocal of highest serum dilution causing

definite alteration of colony morphology in soft
agar incubated 18 hr at 37 C.

tive strains with accompanying increases in
agglutinin titer (table 1). However, the colony
compacting effect is manifest at higher serum
dilutions than is agglutination.
A variety of colony forms may be observed in

serum media dependent on such factors as the
concentration and potency of the serum and the
time of incubation. In relatively high serum con-
centrations, the spherical compact colony type
is formed. If lower serum concentrations are
used or incubation is prolonged in moderately
high serum concentrations, the colonies exhibit
slight tail formation (figure 2) which becomes
more marked with time or further serum dilution.
When serum is diluted beyond the effective con-
centration, colonies are diffuse and feathery
similar to those in the control medium. Concen-
trations of agar higher than 0.2 per cent tend to
make the colonies more compact thus decreasing
the visible effect of serum. Occasionally halos are
seen around compact, spherical colonies in media
containing high concentrations of serum.

Coagulase negative strains vary somewhat in
their response to these conditions. Particularly,
variation has been noted in the ability of strains
to grow in the deeper portion of the medium.
Colonies may be well developed throughout the
tube, or they may develop toward the upper
surface and remain barely visible or absent in the
deep portions. These characteristics may be
related in part to oxygen requirements (Evans
et al., 1955). Plasma or serum may be slightly

stimulatory or slightly inhibitory to growth. In
no case among the strains examined have colonies
of coagulase negative strains shown any similarity
to the compact spherical type of coagulase posi-
tive colony observed in serum media.
To determine if the soft agar technique could

be rendered serologically type-specific, specific
immune sera were prepared by immunization of
rabbits with strains representative of the Roman
numeral serotypes of Cowan (1939). Since these
sera showed considerable cross-reactivity, they
were exhaustively adsorbed with heterologous
types (table 2). It can be seen that although
there is some degree of cross-reaction between
types I and III, the colony compacting phenom-
enon can be rendered type specific by use of
appropriate dilutions of specific immune sera.
An additional staphylococcus culture (strain

Smith) was found by Hunt (1957, personal com-

Figure 2. Tailed colonies of coagulase positive
staphylococci in soft agar containing rabbit anti-
serum (1:1000) after incubation at 37 C for 40 hr.
The "tails" developed after 18 hr incubation.
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TABLE 2
Specificity of colony comtipacting activity of

adsorbed anti-staphylococcal serum

III I

Colony Compacting Activity

No
--; se-

X 1:100 1:300 1: 1000 rum

I,III 85301 ++++t ++++ ++++ -
85311 + +4 _
8532 +++ ++ + -

,III 8530 - _ _
8531 ++++ +++ ++
8532 - - -

1, 11 8530 - _ _
8531 - _ _
8532 +++ + ±

* Staphylococcus strain 8530 (type l); 8531
(type II); 8532 (type III).

t Degree of colony compactness: - = diffuise
colony; ++++ = compact spherical colony.

munication) to consist of a mixture of diffuse and
compact colony types when tested with a sample
of normal human plasma in the soft agar tech-
nique. Both types were coagulase positive. These
observations were confirmed with a transplant
of this culture provided by Dr. Hunt, and sub-
strains were established for further tests by pick-
ing representative colonies from serum-soft agar

tubes with sterile Pasteur pipettes. The original
mixture agglutinated in type II serum, was

sensitive to phage 44A (Blair and Carr, 1953),
and was coagulase positive by both slide and tube
tests. The predominant component of the mix-
ture, which produced compact colonies in normal
serum and type II antiserum, reacted similarly.
However, substrains established from diffuse
colonies in normal or type II serum failed to
agglutinate in types I, II, or III sera and were

resistant to phage 44A and all others commonly
used in phage typing of coagulase positive
staphylococci (Blair and Carr, 1953). They were

also negative by the slide coagulase test but
positive in the tube test. Occasional coagulase
positive strains which are nonreactive by the
slide coagulase test have been reported previously
(Cadness-Graves et al., 1943). Variants could
also be distinguished in the original "mixed"
culture by subtle colonial differences when

examined by oblique tranisimiitted light (fIenry,
1933) on trypticase soy agar plates.
To determine whether these variants originated

spontaneously, pure cultures of each type were
established by three successive streak platings of
isolated colonies. Infusion broth was inoculated
with the purified substrains and examined at
daily intervals for evidence of variation using
the soft agar technique with type II serum and
by plating on trypticase soy agar. After incuba-
tion for approximately 120 hr, some evidence of
heterogeneity became apparent in the culture of
the diffuse (inagglutinable, phage insensitive)
substrain and two types of variants were isolated.
One produced mucoid colonies on trypticase soy
agar. It was inagglutinable, slide coagulase posi-
tive and yielded few discrete plaques with the
routine test dilution of phage 44A. The other
variant, which was not inucoid, was agglutinated
by type II serum, lysed confluently by the
rioutine test dilution of phage 44A, and was
positive in the slide coagulase test. This type
could not be distinguished from the original
compact colony form. The compact type is more
stable in broth but, on prolonged incubation
yields a few diffuse type variants detectable by
the serum-soft agar technique. The patterns of
sensitivity of all variants, diffuse, compact, and
mucoid, to ll antibiotics2 and triple sulfa were
identical using the disc technique. Polymyxin B
was the only drug to which they were resistant.
The sensitivity patterns further tend to sub-
stantiate the endogenous origin of the variants
which if examined individually might be con-
sidered to have sufficient differences to be classe(d
as distinct strains (Wl'illiams and Rippon, 1952).
All the variants were hemolytic on rabbit blood
agar and were capable of splitting phenol-
phthalein phosphate (Barber and Kuper, 1951).

DISCUSSION

Apparently, many normal human and rabbit
sera contain antibodylike factors capable of
altering the colony morphology of most strains
of coagulase positive staphylococci cultivated in
soft agar media. This observation provides a
technique for distinguishing colonies of coagulase

2 Aureomycin, bacitracin, carbomycin, chloro-
mycetin, dihydro-streptomycin, erythromycin,
neomycin, penicillin, terramycin, tetracycline
and polymyxin B.
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Dositive and negative strains. The significance
and origin of these antibodylike factors remains
to be evaluated. They may be a consequence of
previous exposure to coagulase positive (virulent)
strains. However, laboratory rabbits were not
found to be nasal carriers of coagulase positive
staphylococci (Rountree et al., 1956) and might
acquire this antibodylike factor by means other
than through natural infection. Perhaps of
significance is the observation that germ free
chickens can produce agglutinins in response to
dead micrococci administered in the diet (Wagner,
1955).
The mechanism of formation of compact

colonies in specific serum-soft agar may depend on
the interaction between certain heat-stable anti-
gens situated at or near the surface of the cell
(Oeding, 1953) and specific antibody resulting in
adherence (agglutination) of daughter cells
during the course of development of the colony.
The demonstration that the colony compacting

reaction can be made serologically specific by the
use of immune serum, in lieu of normal serum or
plasma, should make this technique a useful tool
in studies of the dynamics of coagulase and
antigenic variation of staphylococci.
The technique was applied in experiments

with an unusual staphylococcus strain which
yielded two types of colonies on primary examina-
tion by the serum-soft agar technique. Although
the substrains derived from the two colony forms
were distinguishable by serological reaction,
phage sensitivity, slide coagulase reaction, and
subtle colonial differences revealed with oblique
light, it was demonstrated that these variations
can arise in pure cultures by spontaneous muta-
tion. Although these variants may have been
detected by laborious selection and testing of
isolated colonies, the serum-soft agar technique
provides the advantage of simultaneous isolation
and serological determination of large numbers of
colonies. In addition, this technique appears to
provide a more sensitive indication of antibody
content of sera than conventional agglutination
reactions possibly because only single cells and
small clones participate in the reaction rather
than heavy suspensions of organisms.

Modification of the technique to suit the
requirements and characteristics of the organism
being studied may prove useful in studies of
antigenic variation in other bacteria.

SUMMARY

Normal rabbit and human plasma and sera
have been shown to contain a factor(s) resembling
antibody wh.ch alters the colonial morphology
of coagulase positive staphylococci in a soft
agar medium. This observation has been applied
in a technique which permits the differentiation
of colonies of coagulase positive and coagulase
negative staphylococci. When specific immune
serum is used in lieu of normal serum or plasma,
colonies of heterologous antigenic type can
readily be distinguished from the compact
colonies of the homologous type.
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