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INTRODUCTION

The pathogenic staphylococci are well known Cor 
their ability to elaborate a wide variety of antigenic 
substances, many of which have been designated as exo- 
toxins. One of these is coagulase. This substance 
has long been thought to be an important factor affect
ing the disease producing capabilities of the staphy
lococci, thus this substance has always been associated 
with virulence of the staphylococci. The absence of 
coagulase is usually interpreted as being evidence of 
a lack of pathogenicity on the part of the staphylococci.

In nature, the staphylococcus exists as a parasite 
on the mucosa of the nasopharynx and skin of man.
Under certain conditions these organisms may produce 
characteristic destructive localized lesions and some
times generalized systemic Infections. Therefore, it 
does not seem unreasonable to assume that it the main 
reservoir in nature is in the nasopharynx of man, Une 
group characteristics of strains Isolated from this 
site would car^y the entire range of those i actors, 
mainly coagulase, related to virulence. furthermore, 
staphylococcal strains wnich can survive, multinly, 
and, in some cases, nroduce necrotic lesions must possess

i
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those factors related to virulence.
Since most staphylococcal infections yield organ

isms of the coagulase producing type, the question 
arises as to their source. The possibility that such 
organisms could emerge from the normal saprophytic 
flora of the nasopharynx and skin exists.

With this in mind, this investigation was under
taken to determine the stability of coa rulas e-negative 
strains of staphylococci and to obtain information on 
the possible spontaneous emergence of coagulase-posi
tive variants from the coagulase-negative strains. 
Coagulase production, a peculiar property of virulent 
staphylococci, has been one of the moat reliable tests 
for the identification of the pathogenic strains. It 
was this investigator's belief and trust in this test 
that formed the basis for hla experimental research.
This work could result in information that would mark
edly change our concept regarding the control of staphy
lococcal infections.



REVIEW OP LITERATURE

A, Hole and Mature of Coagulase.
The phenomenon of blood clotting by staphylococci 

or its products was first mentioned by Delezenne in 1698. 
He observed that when small amounts of staphylococcal 
toxin was Injected into dogs there was a drop in blood 
pressure and in number of leukocytes, When larger doses 
of toxin were administered, the blood was more easily 
coagulated or the animal died by "intravascular clotting.

Later in 1903 Loeb found that broth cultures of cer
tain bacteria when added to blood plasma caused coagu
lation, and Staphylococcus aureus was the most potent.

Five years later Much (1908) described certain 
strains of S. aureus which clotted plasma and exudates 
containing fibrinogen. The active substance produced 
by the microbes was called "staphylokinase." he also 
showed that purified fibrinogen did not clot.

Kleinschmidt (1909) confirmed Much1s findings and 
added that some strains of 31aphy1ococcus albu£ also 
produced clotting. His observation revealed that only
living organisms formed fibrin,

Gonzenbach and demura (1916) showed that plasma 
may be clotted by heat-killed staphylococci but not as
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quickly. The coagulating factor was totally destroyed 
when heated at 90° C. for l|- hours. Using various 
animals, they observed that rabbit plasma was the 
easiest to clot. Pure fibrinogen was again not clotted.

In 1919, Gratia published several reports in which 
he stated that during the changes of coagulation in 
plasma by staphylococcus species, the fibrinogen was 
totally removed from the solution. He termed the 
inducing substance "staphylocoagulase.rt By these studies 
he concluded that staphylococcal activity was similar 
in respect to thrombin since fibrinogen is directly 
clotted.

Since then many Investigations on the nature, mode 
of action, and properties have been conducted, some 
with conflicting views (Gross and Gengou, 1933-35?
Vanbr©useghem, 1934 ) *

The mechanism of blood coagulation was thoroughly 
explained by Mellanby (1933). He devised the methods 
for the preparation of all reagents such as iibrinogen, 
prothrombin, thrombin, and calcium chloride.

In 1944. Smith and Hale and Tager (1948) showed 
that all human plasma contained a blood activator in 
various degrees. The coagulas© was found to be ther
mostable and is the precursor of a thermolabile thrombin-
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like substance. Later these investigators correlated 
pathogenicity and coagul&se production and stated that 
this trait was chiefly responsible for the protection 
of staphylococci against phagocytosis by fibrin for
mation around the organisms. Direct evidence proved 
that coagulase was the major contributor in the initi
ation and later stage development of staphylococcal 
Infection. In 19lp8 Kaplan and Spink Indicated that 
the activator was located in the alpha- and the beta- 
globulin portion of the serum and that it had a protein 
nature and was heat stable.

Duthle and Lorenz (1952) confirmed the results of 
Smith and Hale on a coagulase activator but contributed 
additional reports that the' amount of coagulase secreted 
varies with the ability of different strains of staphy
lococci. To them, the coagulase activator formed in 
blood resembled prothrombin.

In a recent experiment, Rammelkamp and Lebovitz 
(1956) studied the reacting factor in serum content 
and discovered that the concentration of this substance 
increased with age and was relatively constant in adults. 
A possibility that this system may play a role in the 
localization of certain infections was expressed. They 
concluded that it was difficult to elucidate the exact

1
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1

role of coagulase.
Authors differed In their views as to whether or 

not fibrinogen could be clotted by staphylococci. 
According to the earlier reporters, Much (1908), 
Gonzenbach and Ueraura (1 9 1 6 ), the substance could not 
be clotted. Gratia (1920) maintained that if a solu
tion of plasma with the fibrinogen and thrombin removed 
was added to the fibrinogen-staphylococcus mixture, 
clotting occurred because a better growing media was 
afforded to the organisms. Gengou (1933) disputed 
Gratia’s theory and stated that the added solution 
contained an active ingredient causing the coagulation.

Walston (1935) and Grulckshank (1937) reported 
observations that coagulase acted upon fibrinogen 
directly and was therefore similar in its action to 
thrombin.

Smith and Hale (19i|4) confirmed the reports of 
Walston and Grulckshank but also showed that fibrinogen 
was not clotted by cell-free coagulase directly but 
that a clotting factor (activator) present in plasma, 
whose function was to convert the coagulase into its 
active form, was necessary. The same findings were 
proven by Kaplan and Spink (19ÍJ.8) who also pointed 
out that the activator was: (1 ) thermolabile at

1 t
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% °  G. when heated for 30 minutes, (2 ) stable at var
ious pH between 2.0 and 10.0, and (3) inactivated by 
pepsin and nitrous acid. The latter property is 
expressed in Table 1.

Many authors maintain that the ability of staphy
lococcal strains to produce clot in plasma is a good 
measure of their pathogenicity. It was first noted 
by Much (1908), Daranyi (1926), and Gross (1933) who 
attempted to correlate pathogenicity with the pro
duction of coagulase. Gross stressed that plasma clot
ting was confined to staphylococci and found only in 
the pathogenic strains. His observation also proved 
that few strains of 3. albus can produce clotting. 
Kemkes (192q) likewise stressed its association with 
pathogenicity. Mane of the strains found as secondary 
invaders and contaminants proved to be virulent.

Chapman et. al. (193^) pointed out the value of 
coagulas© testing as a good Indication for pathogenic 
properties. They demonstrated by comparing hemolytic 
activity to coagulas© production that out of 690 
strains of S. aureus, $1.1% were hemolytic while out 
of the same group 88% showed coagulating activity.
They also noted that only 11.9$ of 1%$2 strains of 
3. albus coagulated oxalated plasma. To prove their
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TABLE 1

The Inactivation of Activator by Treatment with
(1) Pepsin and (2) Nitrous Acid 

(Kaplan & Brink, 19k8)

Exp. No. Reaction Mixture Activator Titer

1 (a) Activator / pepsin / 37°C. 0

(b) Activator / saline control 8

2 (a) Activator /  nitrous acid 0

(b) Activator / saline control k

{
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point, the investigators inoculated all the coagulase- 
posltive strains into rabbits. All the strains of 
S . aureus and 88$ of the 16 strains of 3, albus caused 
death within 10 days. Certain varieties of 3, aureus 
were non-pathogenic.

Chruickshank (1937) indicated that the consistency 
of coagulase production gave a strong parallelism with 
virulence. He suggested that this test be run routinely 
to determine disease producing staphylococci. In a 
later paper Chapman and his colleagues (1938) concluded 
that the coagulase test is the most reliable single 
test for the differentiation of virulent from non- 
virulent staphylococci. Further investigations by 
Christie and Keogh (1940), Fair brother (194-0), Moss 
et. al. (1941)* Spink and Vivino (1942)# Smith et. al. 
(1947)* And Raramelkamp (1948) substantiated the impor
tance and reliability of this test. It appeared that 
coagulase producing strains were pathogenic. A 
negative coagulase test did not, however, exclude 
pathogenicity.

No attempt was made to list the factors influ
encing the production (In-vitro) of coagulase until 
1991, when Davies stated that the amount of coagulase 
formed by virulent staphylococci depended upon the

MÊÈÊB&. I
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following factors: (1 ) the age of the bacterial cells 
(coagulase being produced only in the lag phase of 
growth), (2) the period of incubation under ideal con
ditions, and (3) the initial concentration of bacteria. 
Of minor importance were salt concentration, pH value, 
and temperature of incubation.

The in-vifcro production of coagulase serves as 
the moat common reliable test for pathogenicity of 
staphylococci at the present time.

In 1935 Menkin and Walston made the first attempt 
to test whether coagulase production was strictly an 
in-vitro trait or whether it played a role in the 
Infection of disease in-vivo. Since staphylococcal 
lesions are generally localized, these men suggested 
that this factor might be due to a fibrin barrier as 
a result of coagulase activity. They failed to show 
in-vivo clotting. Fisher (1936) obtained the same 
result. In 194-5 and again in 194-7» Smith et. al. 
performed tests which gave strong indications of in- 
vivo activity caused by coagulase. They demonstrated 
that plasma clotted by coagulase-positive strains 
inhibited phagocytosis. Therefore they concluded that 
this mechanism was a prerequisite for the establishment 
of staphylococcal Infection. They also observed
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that necrotic lesions developed at the site of staphy- 
lococci-plasma injections.

Lominski and Roberts (194-8) reported that an 
inhibitory substance found in the serum of healthy 
individuals was absent or in low concentration in 
patients who had recently experienced a major staphy
lococcal Infection.

Later, Lominski (194-9) provided sera containing 
high anti-coagulase titers which protected rabbits. 
Coagulase inhibition was also demonstrated by a number 
of other investigators (Kaplan and Spink, 194-8; Tager 
and Hales, 194-8 J Rammolkamp et. ad.., 194-9).

Smith and Johnstone (19%) provided evidence 
that in-vivo clotting occurred. In 1958 they re
emphasized this finding. They showed that the coagu
lating effect was estimated in two ways, namely;
(1 ) by histological observation of intravascular fibrin 
deposits in rabbit tissues after injections with coagu
lase and (2) by estimation of fibrinogen levels before 
and after Intravenous injections with coagulase.
Table 2 Illustrates these blood fibrinogen level 
findings. It can be seen that after the injection of 
coagulas© the fibrinogen level fell rapidly. Within 
30 minutes the level had reached its lowest point,
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TABLE 2

Effect of Coagulase I on Rabbit Blood Fibrinogen Levels When 
Injected Intravenously (Smith, and Johnstone, 1953)»

Rabbit 
No,

Coagulase I
(mg) Zero

Fibrinogen level 
(fiir/lOO 'il)
30 1 min. day

2
days 3days 4days

6
days

F2 2 270 95 400 460 360 370 265

F6* 4.5 270 40 320 5oo 410 435 330
(7200) (6300) (5800) — (5300) (5800) (6000)

F4 5 300 60 410 — 550 - -
D30 5 270 110 410 670 525 290

D31 10 185 25 - — - — —
W6 10 480 18 — — — — —

s54 6 330 305 — — — — —

* Figures In brackets record total protein values in mg/100 ml«
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and then within 48 hours it rapidly rose to twice its 
original value, gradually tapering off to the original 
figure within six to eight days.

The problem of coagulase antigenicity was an impor
tant factor for many years. Workers probing in this 
realm of knowledge felt that the possible conquest of 
virulent staphylococci lay in the demonstration of 
anti-coagulase activity in the serum.

Kemkes (19 2 8) thought that staphylococcal coagulase 
was antigenic but failed to demonstrate an inhibitor 
in the blood serum of five subjects Infected with 
staphylococci. Gross (1928, 1931) also claimed staphy
lococcal coagulase to be antigenic and he likewise failed 
to detect any anti-coagulase in rabbits Injected with 
viable strains. In 1933 he found that some human 
and rabbit sera were capable of inhibiting the clotting 
activity of coagulase.

Sudhues and Sehiarigk (1933) showed that coagulase 
was not antigenic. They provided evidence that there 
was no difference between the time elements required 
to clot plasma from Individuals suffering from staphy
lococcal infections and from normal persons.

In 1935 Walston obtained cell-free coagulase by 
precipitation. This substance was injected into
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rabbits but no anti-coagulase plasma was produced. 
Similar results were obtained by Cruickshank (1937)« 

Raramelkamp (191j.8) demonstrated the existence of 
antibodies in serum which Inhibited the coagulase 
reaction. He determined the neutralizing effect of 
serum by mixing standardized units of coagulase with 
varying dilutions of serum and a constant amount of 
fibrinogen. The mixture was Incubated for three hours 
at 37° G, and then examined for the inhibition of 
visible fibrin formation.

Tager and Hales (1914.8) injected six rabbits with 
purified concentrated coagulas© and demonstrated an 
increase in resistance to coagulation of plasma.

Duthie and Lorenz (1952) showed that antibodies 
against coagulase were present in the sera of many 
normal individuals. They could not demonstrate anti
coagulation antibodies in the sera of rabbits, ducks, 
and geese, but the antibodies were demonstrated in the 
serum of monkeys* This specific inhibitory substance 
was termed anticoagulase.

Boake (1956) found that animals could be actively 
immunized against coagulase for short periods of time. 
Specific antibodies against coagulase were shown to 
exist.
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Dufchie in 1952 presented evidence of four differ
ent antigenic types of coagulase by preparing antisera 
against three of them in rabbits. The fourth was 
found in normal humans.

In 195)4- Duthie reported that staphylococci pro
duced coagulase in two forms. One form was bound to 
the cell wall of the organism while the other was secre
ted into the surrounding medium. The bound coagulase 
acted directly on the fibrinogen and was released upon 
autolysis of the organism. The free coagulase acted on 
the prothrombin to give thrombin-like substances. Bach 
form was antlgentically distinct. Duthie also showed 
that serum albumin in the medium greatly enhanced the 
yield of both bound and free coagulase.

Tager (1956) showed evidence of the protein nature 
of staphylococcal coagulase.
8. Purification of Coagulase.

‘The attempt to obtain purified coagulase was under
taken by a number of investigators (Gratia, 19 19; dross, 
1928$ Gengou, 1933).

Walston (1935) obtained a coagulating principle 
by precipitation with alcohol, acetic acid, or ammon
ium sulphate. He found that the substance was dlaly- 
zable through cellophane. Since then different methods

/
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of purification of coagulase have been explored by 
Menkin and Walston (1936), Smith et. al. (19i|.7), Tager 
and Hales (19ÍJ.S), and Walker et. al. (1914-8),

Tager (1966) found that purified coagulase was 
nondialyzable and yielded nitrogen contents of II4. to 
16$. Hydrolyzed coagulase chromatograph!cally showed 
the constant presence of the following amino acids: 
aspartic, glutamic, serine, glycine, threonine or 
lysine, arginine, hydroxyproline or tyrosine, histidine, 
and tryptophane or valine.

Duthie and Haughton (1968) also described a method 
of purifying coagulase. The coagulase-posltlve culture 
was seeded into a casein-hydrolysate medium and agi
tated for 80 minutes at 37° C. Then, through a process 
of adsorption on cadmium sulphate and fractional pre
cipitation with ammonium sulphate, purified coagulase 
was isolated. This material was extremely toxic when 
injected into rabbits intravenously.
C. Antibacterial Activity of the Serum.

Phagocytic activity in serum was first shown by 
Spink and Vi vino in 19)4.2 . They demonstrated that 
coagulase-posltlve strains of staphylococci survived 
incubation in whole human blood whereas coagulase- 
negative strains failed to survive. Hale and Smith

1
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(19)4-5) likewise showed that coagulase-positlve strains 
were less readily phagocytized than non-coagulase 
strains.

In 1952 Rogers and Tompsett provided evidence 
showing that pathogenic strains were able to survive 
within human leukocytes with the eventual destruction 
of the leukocytes. However, In contrast, non-pathogenic 
strains failed to survive.

Lominski et. al. (1953) reported the activity of 
a coagulase destroying factor produced by certain 
variants of staphylococci. This factor was thought to 
be a proteolytic enzyme.

Hench (1952) indicated that the susceptibility 
of an animal to an infecting organism was reflected 
In the ability of the serum of the animal to support 
the growth of the organism. Ekstedt and Mungester 
(1955) confirmed Bench's report. Again in 1956 and 
in 1957 Ekstedt re-emphasized the findings that coag
ulas ©-negative strains could not grow on normal serum 
due to its constant antibacterial activity. Coagúlase
nos! tive cultures grew by virtue of coagulase production 
which neutralized the antibacterial activity. He also 
demonstrated that this antibacterial factor was always
present in the serum
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D. Correlation of Coagulase Test With Other Test3 

for Determining Pathogenicity.
Many authors have compared the production of 

various exotoxins with coagulas© as good measures of 
pathogenicity for staphylococci (Much, 1908; Parker, 
192l|.j Jordan, 1931; Jordan and Hall, 1931, Panton and 
Valentine, 1932).

Daranyl (1928), Burnet (1930), Weld and Gunther 
(1931), and Pinner and Voldrick (1932) indicated the 
parallelism of the hemolytic and coagulase tests as 
pathogenic measures. Pinner and Voldrick also showed 
that the yellow strains were more pathogenic than the 
white strains.

Duran-Reynals (1933) demonstrated that 3. albu3 

differed from the 3. aureus strains in hemolysin 
nroduotion and in the liquefaction of gelatin. He 
also pointed out that most of the virulent strains 
were of the 3. aureus variety, while 82% of the non- 
virulent strains were of the S. albus type.

Chapman et. al. ( 193U-) correlated hemolysis with 
coagulase activity and found that the 3. aureus strains 
were usually nositive to both tests and the S. albus 
strains were negative or weakly positive. They con
cluded that the coagulase test was Important regardless
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of pigmentation,
Stritar and Jordan (1935) stated that there was 

no good criteria for the differentiation of various 
types of staphylococci. Pigment production, sugar 
fermentation, gelatin liquefaction, and hemolytic 
activity were not related. Crtiickshank (1937) ex
pressed opposite views.

In 19i|5 Schwabacter et. al. attempted to correlate 
coagulase, alpha-lysin, and hyaluronidase production 
with pathogenicity. They found that coagulase test 
was the most conclusive.

In 1943 Gadness-Graves et. al. introduced the 
coagulase slide test for the rapid identification of 
pathogenic staphylococci. They observed a marked 
correlation when this test was compared to the coagu
lase tube test.

Hussemann and Tanner (1949) pointed out that the 
coagulase test was the most reliable. They stated that 
a few coagulase-negativo staphylococci were associated 
with virulence. These observations were confirmed by 
Spencer in 1954»

Selbie and Simon (1952) showed that alpha-hemol
ysin production was the most Important criterion for 
pathogenicity. Jackson et. al. in 1955 compared the

¿I
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alpha-hemolysin production with the coagulase activity. 
He found that l8$> of all coagulase-positive strains 
wore alpha-hemolysin negative whereas 9% of coagúlase
os gat ive strains produced weak alpha-hemolysin. Table 3 
is a tabulation of their findings.

Rosenblum and Jackson (1957) attempted a correla
tion between pigmentation, coagulase production, and 
bacteriophage sensitivity. He found that 93$ of the 
pigmentated coagulase-positivo strains were sensitive 
to phage but only 20$ of the white coagulase-positlve 
strains reacted to the phage typing.
E. Media for the Isolation of Pathogenic Staphylococci.

Although the coagulase test had proven its consis
tent reliability, many investigators nevertheless devel
oped media for the possible isolation of pathogenic 
staphylococci. Chapman et. al. (1937, 1938, 1944) 
showed that bromthymol-blue lactose agar (BELA) and 
phenol red mannitol agar (PHMA) were favorable in the 
isolation of virulent strains. They concluded that 
neither BBLA or PRMA alone could provide maximum 
recovery of pathogens but the best results were obtained 
by plating both media simultaneously.

In 1945 Chapman pointed out that the growth of 
coagulas©-positive variants was improved by the



TABLE 3
HC\J

Tests for Virulence of Staphylococci Isolated from Different Levels 
of the Respiratory Tract of Patients after Tracheotomy Because of 
Respiratory Paralysis from Poliomyelitis (Jackson, et» al. 1955).

Source
Total No. 

of Strains
No. of 
Hemolysin 
+ Strains

AIpha- 
Hemolysin 
->• Titer

No. of Goagulase 
4- Strains

Goagulase 4- 
Strains Pro
ducing Alpha-
Hemolysin

1:40  
or less

%

1 :160 
or more

% %
Nose 47 15 (3256) 85 15 22 (47%) 68

Throat 18 9 (50%) 67 33 13 (72%) 69
Trachea 138 105 (78%) 37 63 112 (82%) 94
Lungs 16 13 (82%) 22 78 15 (93%) 87
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addition of 7.5$ sodium chloride to the medium. In 
1946 he reported a Stanhylococcus Medium 110 to be 
effective in the isolation of pathogenic staphylococci.

In 194-S Chapman developed a new medium (Chapman- 
Stone medium). It was used for the isolation of coag- 
ulase-DOsifcive strains.

Hussemann and Tanner (194-9) found that the ability 
to grow on PRMS could not be used to differentiate 
pathogenic from non-pathogenic strains because of acid 
production on the medium.

Ludlam (194-9) reported a medium that supported 
the growth of coagulase-positive organisms. However, 
Chapman (194.9) found this medium to be less effective 
than Staphylococcus Medium 110.

In 1994- McDlvitt and Hussemann compared Staphy
lococcus Medium 110, phenol red mannitol agar, and 
Ludlam media and found them to be equally effective.

Various media have been developed to which plasma 
was added (Penfold, 194-4*$ Held and Jackson, 1945$ 
William and Harper, 194-6; and Lack and Wailling, 1994).

Duthie and Lorenz (1992) developed a medium in 
which fibrinogen and plasma were used. This medium 
was modified by Klemperer and Haughton (1997) with the 
addition of penicillin. Their results are recorded
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in Table l*..
In 1955 Zebovitiz et. al. developed tellurite- 

glycine agar, a selective plating medium for the quan
titative detection of coagulaae-positive staphylococci.

Lack (1957) developed a fIbrlnolysin plate which 
consisted of nutrient agar and oxalated plasma. On 
this medium the staphylococci produced clear zones 
after incubation for 2)\ to <4.8 hours.

Finkelsteln and Sulkin in 1958 developed a serum- 
soft agar medium containing nutrient agar and human or 
rabbit plasma. On this medium colonies of coagulase- 
nositive staphylococci were compact and spherical, 
whereas those of coagulase-negative staphylococci 
were not.

Green and Menard (1958) used a medium consisting 
of nutrient agar and neomycin. On this medium the 
coagulase-negative staphylococci were inhibited.

DiSalvo In 1958 added desoxyribonucleic acid to 
tryptocase soy agar (TSA). Staphylococci were streaked 
on this medium and after growth the plates were flooded 
with 1.0 N HC1, Coagulase-oosibive strains produced 
a clear zone.

1



TABLE 4

Results of Coagulase Tests on 70 Staphylococcal
Strains by Three Methods (Klemperer and laughton, 195?)*

No. of 
Strains Fibrinogen 

Plate Test
Tube
Test Slide

Test

58 , 4* 4* ++
3 ++■ + Doub tful
1 + +
8 — — —

++ = Strong positive 
+ = Moderate 
+ = Weak



MATERIALS AMD METHODS

A. Specimens.
The organisms (coagulase-negative strains) employed 

in this study were derived from three main sources, 
namely: (1 ) stock cultures of staphylococci, (2)
clinical specimens from patients of Creighton Medical 
Clinic, and (3) specimens from the normal flora of the 
throat and nasal cavities obtained from members of the 
freshman and sophomore classes of The Creighton Univer
sity School of Medicine and from students at Creighton 
University Preparatory School.
B. Media Used.

(1) Difco Tellurite Glycine Agar of Zebovitz, 
wans, and Niven (1955). This selective medium was 
used for the quantitative detection and isolation of 
coagulase-positive staphylococci and contained the 
following:

Yeast extract . . . . . 6.5gSoytone .............. 3.5gTryptone . . . . . . . 10.Og
Glycine . . . . . . . . 10. Og
Mannitol . . . . . . . 5.0gDipotassium phosphate . 5.0g
Lithium chloride . . . 5.0gAgar . .............. 17. SgPotassium tellurite {added aseptically 
after sterilization). 0.02^
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The medium was autoclaved at 1$ pounds pressure 
for 15 minutes, cooled to approximately $0° C. Tell
urite was added as optically , and th© medium was poured 
into sterile petri dishes. The surface of the solid
ified agar was dried by overnight incubation in an 
inverted position.

The surface of the agar was then streaked with 
the organisms. The plates were incubated for 21+ hours 
at 37° 0. Coagulase-positive strains appeared as black 
pigmented colonies and coagulase-negative strains 
appeared as gray colonies or were completely inhibited.

(2) Phenol red mannitol broth was used as a 
confirmatory test.

(3) Trypticase soy agar was used for general 
cultivation and for determination of hemolysis when 
a blood base was used.

(I4.) Brain heart infusion broth was also used for 
the general cultivation of bacteria.
C. Test Used for Determination of Coagulase Activity.

The coagulase tube test was performed in the 
following manner: 0 .5 ml of a 2l\. hour broth culture 
of the strain to be tested was added to 0 .5 ml of 
reconstituted diagnostic plasma (Earner-Chilcofct Lab
oratories) in serological tubes. The tubes were
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thoroughly mixed and incubated at 37° C. in a water 
bath and observed frequently over a period of 3 to 18 

hours. Any degree of clotting was regarded as a posi
tive reaction. No clot indicated a negative result.
As controls, a tube inoculated with a known coagulase- 
posltiv© stanhylococcl and an uninoculated plasma tube 
were employed.

The dried diagnostic plasma was reconstituted with 
1.5 ml of distilled water (pH above 6.2). In each 
test 0 .5 ml of the plasma was used.
D. Enumeration of Bacterial Colonies.

Determination of the numbers of bacteria was per
formed by making pour plates of TSA and TGA with (0.2 
ml) aliquots of appropriate serial dilutions of the 
samnle to be tested. The plates were incubated at 37° C. 
for 2 k hours. The colonies were then counted on a Que
bec Colony Counter.
E. Preparation, Isolation, and Identification of the 

Specimens.
The organisms obtained from the various sources 

were first streaked on TSA plates to isolate pure col
onies . These colonies were then inoculated in BHI 
broth and incubated for 2lj. hours at 37° C. From this 
broth culture, the following were performed:
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1. TOA plates were streaked and Incubated for 
2k. hours at 37° C. All coagulase-positlve strains were 
discarded and all coagulase-negative strains were 
retained, A sample of each was streaked on TSA slants 
and after growth, kept In the refrigerator for further 
study*

2» Blood agar plates were streaked and incubated 
for 2 k hours at 37° 0. to determine pigmentation and 
hemolytic activity.

3. The strains were subcultured dally on BHI 
broth, and on alternate days TOA plates were streaked 
to test for coagulase positivity. In later experiments 
PRMB was substituted for BHI broth, since it was found 
that a close correlation existed between eoagulase- 
positivtty and mannitol fermentation.

When black colonies, probably mutants, appeared 
on TOA, the organisms were subcultured in BHI broth, 
and 2J4. hours later tested for coagulase-poaifclvity.

A similar procedure was used for PRMB, When an 
organism fermented PRMB and produced black colonies on 
TGA, it was then tested for its ability to produce 
coagulase. If coagulase was produced, it was assumed 
that a coagulase producing mutant had developed spon
taneously from the original coagulase-negative strain.
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To determine the number of mutants that developed 
daily, the following procedure was used: Serial dilu
tions ranging from 1 :1 0  to 1 :100,000 were made. Using 
the pour plate technique, 0 .2 ml of each dilution was 
plated on TSA and streaked on TGA. The plates were 
incubated for 2l|. hours at 37° C. and the number of 
colonies counted. A ratio was found by considering 
the black colonies on TGA and all colonies on TSA.

Any differences in hemolytic activity and pig
mentation of mutants were also noted.
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RESULTS

Prora a total of 137 coagulase-negativo strains 
examined, 11 coagulase-posltlve mutants (8.0$) wore 
Isolated. On Table 5 are recorded the results of the 
physiological tests conformed before and after sub
culturing these staphylococcal strains. From this 
table the following can be noted prior to subculturing:

1. The coagulase and TOA tests were both negative.
2. Six strains ($¿4..5 > ) fermented FRMB.
3. Six strains {yk.,%%) were hemolytic.
4-, Pigmentation was characteristic of all strains 

with white or gold the predominating pigment.
The mutants were subjected to Identical tests 

with the following resulta:
1. The coagulase and TOA tests produced positive 

results of varying degrees.
2. All strains fermented PRM3.
3. All strains except three (72.8$) failed to show 

any hemolysis.
4. Only four strains (36.3$) showed pigmentation 

changes.
Table 6 enumerates the colonies produced on TOA 

and TSA plates. The TSA plates showed the total number

l



TABLE 5
Physiological Reactions of the Staphylococcal Strains Before

and After Mutation

HC\

Strain
So.

Coagulase 
Tube Test TGA Test PRMB Test Hemolytic

Activity Pigmentation

Before After Before After Before After Before After Before After

4M ++ _ 4* 4* yellow whi te
2A + 4- 4- 4* 4* white gold
78 +

__
++ + 4* 4- white gold

79 4 ++ 4* 4- 4- whl te whi te
80 4" 4*4* 4- 4- 4- 4- whi te gold
75 _

4-
_ + 4 * 4- 4 * 4* 4- white whi te

9P 4-4- 4- 4- 4-
— gold gold

18G 4* 4-4- 4* 4- 4- gold gold
13 E ++ +

—
+ 4- 4 - gold gold

9K +
—

4- 4- 4*
— —

gold gold
IK — — 4- — 4- — — gold gold

++ ss strong positive + = moderate j; = weak
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TABLE 6

Enumeration of Colonies on TGA and TSA Plates (cells/ ml)

Strain
No.

TGA Average Number of Colonies 
on TSA over a period of 6

Days1st Day 
Average

2nd Day 
Average

3rd Day 
Average

4 th Day 
Average

5th Day 
Average

i|M 42 61 590 8192 16800 52 x 106

2k 123 4604 TNTC* TNTC TNTC 151 x 106

78 59 480 392 1029 TNTC 6? x 106

79 72 900 986 3483 TNTC 58 x 106

80 307 1290 TNTC TNTC TNTC 106 x 106

75 27 72 153 787 2884 46 x 106

9F 47 890 1733 4701 TNTC 92 x 106

18G 228 689 1340 TNTC TNTC 61 x 106

13E 32 533 841 18100 TNTC 74 x 106

9K 372 INTO TNTC TNTC TNTC 130 x 106

IK 795 TNTC TNTC TNTC TNTC 128 x !06

* Too numerous to count.
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of colonies produced, while only mutants were found 
on the T5A plates. It can be seen that the number of 
mutants Increased daily. The difference in daily 
averages of the numbers of the various strains is 
probably due to a difference in rate of spontaneous 
mutation.



DISCUSSION

From the results, It Is now evident that patho
genic staphylococci are capable of spontaneous muta
tion from the saprophytic strains. From the original 
137 coagulase-negatiive strains examined 8.0% were 
coagulase-positive. When tested before subculturing, 
all 11 strains were proved to be non-pathogenic.

It was noted in 19.52 by Smith et. al. that the 
coagulase-positive, R variants, were not stable and 
transformation from the R form to the S form (coagulase 
negative) was common. A similar observation was made 
by Kosunen and Parmala (1956) and by Cker-Elom et. al. 
(1957). They found that some freshly Isolated coagulas 
negative strains of yellow pigment producing staphy
lococci turned out to be coagulase-positlve when 
retested several days later. Some of the coagulase- 
negative S variants were only weakly positive or com
pletely negative. Thus a single coagulase test can 
not be used as a criterion for pathogenicity. This 
investigator confirmed these findings.

Six of the freshly isolated coagulase-nezafcive 
strains did transform to the virulent type. A 
possible explanation may lie in the various degrees of
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coagulase produced when the staphylococci are first 
isolated. The non-coagulase variants may have masked 
the few coagulase-positivo strains present. Thus in 
a few days the virulent strain may have sufficiently 
multiplied and exerted its ability to produce large 
amounts of coagulase, thereby giving a positivo-coagu
lase test. The literature makes no mention of first 
attempting to Isolate pure non-coagulase cultures and 
then testing for coagulase activity.

During this work, the precaution of waiting a few 
days before testing for coagulase production and of 
Isolating pure non-coagulase strains was taken so that 
the staphylococcus strains were correctly classified. 
Subcultures were then made using these non-virulent 
strains.

The Important significance of this investigation 
provided information showing that the non-virulent 
saprophytic strains were a source of the pathogenic 
variants. The non-pathogenic strains may also provide 
drug and antibiotic resistant strains. Such a possi
bility does exist. Although the per cent of spontan
eous mutations of pathogenic strains from non-pathogenic 
strains is small, It may have a bearing on our present 
concept of control and treatment of staphylococcal
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infections. However, the practicability of this concept 
awaits further investigations.



SUMMARY

This experiment was undertaken to determine the 
stability of coagulase-negative staphylococci and the 
possible spontaneous mutation of coagulase-positlve 
strains from coagulase-negablv© staphylococci.

Prom a large group of coagulase-negative staphy
lococci tested, only a small par cent mutated to 
produce coagulase. Their ability to produce black 
colonies on TGA and to ferment PRMB was also tested. 
Hemolytic activity and pigmentation were noted. All 
physiological reactions were observed before and after 
subculturing procedures.

By this investigation information was obtained 
showing the emergence of virulent strains from non- 
virulent strains. This source may change the concept 
of control of staphylococcal infections.



B I B L I O G R A P H Y

Barber, M, and. Wlldy, P, 1953 A study of the anti
genic specificity of staphylococcal coagulase in 
relation to bacteriophage group, J. Gen. Micro
biol., 18, 92-108.

Boake, tf. C, 1953 Antistaphylocoagulase in experi
mental staphylococcal Infections. J. Immunol.,
73, 89-93.

Burnet, F. M. 1930 The production of staphylococcal 
toxin. J. Pathol, Bacberiol., 33, 1-16.

Cadneas-Graves, B., Williams, R ., Miles, A. A., and 
Harper, G. J. 19i|3 Slide-test for coagulase- 
positlve staphylococci. Lancet, 1, 733.

Chaoman,, G. H., Berens, C., Peters, A., and Gurcio, L. 
193)t. Coagulase and hemolysin tests as measures 
of the pathogenicity of staphylococci. J. Bac- 
teriol., 28, 3)4.3-333.

Chapman, G. H., Lieb, C. W., Berens, C., and Curcio, L. 
1937 The isolation of probable pathogenic staphy
lococci . J. Bacberiol., 33, 533-5*4.3.

Chapman, G. H., Berens, C., Nllson, B, L ., and Curcio,
L. 1938 The differentiation of pathogenic staphylococci from non-nathogenic types. J. 
Bacberiol., 35, 311-3314-.

Chapman, G. H. I9I4.I4. The reliability of bromthymol- 
blue lactose agar and bacto phenol red mannitol 
agar for the isolation of pathogenic staphylococci. 
J. Bacberiol., ¿8, 555-557.

Chapman, G. H. 19)4-5 The significance of sodium 
chloride in the studies of staphylococci. J. 
Bacberiol., 50, 201.

Chapman, G. H. 19)4.3 A single culture medium for
selective isolation of plasma-coagulating staphy
lococci and for improved testing of chromogenesis,



39

plasma-coagulation, mannitol fermentation, and 
the 3 tone reaction. J. Baoteriol., 5l, l4.O9 -ij.lO.

Chapman, G. H. I9 I4.8 An imoroved stone medium for the 
isolation and testing of food-poisoning staphy
lococci. Pood Research, 1J, 100-105.

Chapman, G. H, 19t4,9 Comparison of Ludlam's medium 
with Staphylococcus Medium 110 for the isolation 
of staphylococci that clot blood. J. Bacteriol., 58, 823.

Christie, R. and Keogh, R. V. 19I4.O Physiological and 
serological characteristics of staphylococci of 
human origin. J. Pathol. Bacteriol., 51, 1«9.

Cruiekshank, R. 1937 Staphyloeoagulase. J. Pathol. Bacteriol., ¡±5, 295-303.
Daranyl, J. 1926 Centralbl. f. Bakt., 99, I k * Cited 

from Fisher, A, M , 1936 The plasma-coagulating
properties of staphylococci. Bull. Johns Hopk.' Hosp., 59, 393-14.1)4..

Davies, G. S, 1951 Factors influencing the in vitro 
production of staphylococcal coagulase. J. Gen. 
Microbiol., £, 687-697.

Delezenne, C, 1898 Arch. d. Physiol, normals et
Path., 10, 508 and 568. Cited from Fisher, A.
M. 193^™* The plasma-coagulating properties of 
staphylococci. Bull. Johns Hopk. Hosp., 59,
3 9 3 —I4.XI4. * —

DiSalvo, J. W. 1958 Desoxyrlbonuclease and coagulase 
activity of micrococci. Med. Tech. Bull., 9, 
191-195.

Duran-Reynals, F. 1933 Studies on a certain spreading 
factor existing in bacteria and its significance 
for bacterial Invasiveness. J. Bxptl. Med., 58, 
161-179. ~

Duthie, E. 3. and Lorenz, L. L. 1952 Staphylococcal 
coagulase: mode of action and antigenicity. J. Gen. Microbiol., 6, 95-107.



kO

Duthle, S. 3. 1952 Variation In the antigenic com
position of staphylococcal coagulase. J. Gen. Microbiol., ?, 320-326.

Duthle, E. S. 1954- Evidence for two forms of staphy
lococcal coagulase. J. Gen. Microbiol., 10, 1±27- 14-36. —

Duthle, E. S. 1954- The production of free coagulase.J. Gen. Microbiol., 10, 437-444,
Duthle, E. S. and Haughton, 0. 1958 Purification of

free staphylococcal coagulase. Blochem. J., 70, 
125-1314.

Ekstedt, R. D. and Nungester, W. J. 1955 Coagulase 
In reversing antibacterial activity of normal 
human serum on Micrococcus pyogenes. Proc. Soc. 
Exptl. Biol. MeI77'H7''95-95'."™

Ekstedt, R. D. 1956 Further studies on the antibac
terial activity of human serum on Micrococcus 
pyogenes and its inhibition by coagulase. 37 Bacteriol♦, 72, 157-161.

Ekstedt, 8. 0. 1957 The effect of coagulase on the
antibacterial activity of normal human serum 
against selected strains of Micrococcus pyogenes. Ann. N. f. Acad. Sci., 6¿, 119-131.---- ----

Evans, J. B. and Hiven, Jr., C . P. 1950 A comparative 
study of known food-poisoning staphylococci and 
related varieties. J. Bacteriol., 59, 54.5-5)4.9 .

Falrbrother, R. W, 194-0 Coagulase production as a 
criterion for the classification of the staphylococci. J. Pathol. Bacteriol., 50, 83.

Finkelsfcein, S. Á. and Sulkin, S. E. 1958 Character
istics of coagulase-positive and coagulase-nega- 
tive staphylococci in serum-soft agar. J. Bac
teriol., 75, 339-34-3.

Fisher, A. M, 1936 The plasma-coagulating properties 
of staphylococci. Bull. Johns Hopk. lioso., 59,
393-4-14-. —



1+1

Gengou, 0. 1933 Ann. Inst. Pasteur, 5l, 1!+. Cited
from Fisher, A. M. 1936 The nlasma-coagulatlng 
nropertles of staphylococci. Bull. Johns Honk, fiosn., 99, 393-1+lLi.

Gonzenbach, Vi. and "demura H. 1916 Centralbl. f. Bakfc. 
u. Parasltenkunde, J S ,  97. Cited from Fisher, A.
F. 1936 The plasma-coagulating nropertles of 
staphylococci. Bull. Johns Hopk. Hosp., ¿9, 393- I4.H+. "

Gratia, A. 1919 3oc. d. biol., 82, 1245. Cited from 
Fisher, A. M. 1936 The plasma-coagulating 
properties of stanhylococcl. Bull."Johns Honk. Hosp., 59, 393-414.

Gratia, A. 1920 Soc. d. biol., 83, 585. Cited from 
Fisher, A. M. 1936 The plasma-coagulating 
properties of staphylococci. Bull. Johns Hopk. 
Hosp., 59, 393-414.

Green, J. E. and Menard, R. R. 1958 Neomycin suscept
ibility for differentiating coagulase-positive 
from coagulas©-negative staphylococci. Antibiotics Annual, 149-153.

Gross, H. 1928 Ztschr, f . Iiwunitatsf orsoh. u. exper. 
Therap., 59, 510. Cited from Fisher, A. M. 1936 
The plasma-coagulating nropertles of stanhylococcl. Bull. Johns Hopk. Hosp., 59, 393-414.

Gross, H. 1931 Zentralbl. f. Bakt., 122, 354. Cited 
from Fisher, A. M. 1936 The plasma-coagulating 
properties of staphylococci. Bull. Johns Hopk. Hosp., 59, 393-414.

Gross, H, 1933 Klin. Wehnschr., 12, 304. Cited
from Fisher, A. M. 1936 The plasma-coagulating 
properties of staphylococci. Bull. Johns' Hopk. 
Hosp., 59, 393-414.

Gross, H. and Gengou, 0. 1933-1935 Ann. d. I'Inst.
Past., 54, 428. Cited from Fisher, A. M. 1936 
The plasma-coagulating properties of staphylococci. Bull. Johns Hopk. Iiosp., 59, 393-414.

Hale, J. H. and Smith, W. 1945 The influence of

1



4.2

coagulase In the phagocytosis of staphylococci. Brit. J. Exptl. Pathol., 26, 209-21$.
Bench, M. E. 19$2 An Investigation of the effect of 

blood and serum from resistant and susceptible 
host species on the growth of type 1 pneumo
coccus. Ann. N. r. Acad. B e l » , 65, 119-130

Hussemann, D. L. and Tanner, F. W. 194-9 A comparison 
of strains of staphylococci Isolated from foods. 
Food Research, life, 91-97.

Jackson, G. G ., Dowling, H. F ., and Lepper, M . H.
1955 Pathogenicity of staphylococci. N. England 
J. Med., 252, 1020-1025.

Jordan, E. 0. 1931 J. Am Med. Assn., 97, 1704.
Cited from Chapman, G. B,, Berens,"17., Peters, A., 
and Curdo, L. 1934 Coagulase and hemolysin 
tests as measures of pathogenicity of staphylo
cocci. J. Bacterlol., 23, 343-363.

Jordan, E. 0. and Hall, J. R. 1931 J. Prevent. Med., 
5, 387. Cited from Chapman, G. H,, Berens, 0., 
Tetera, A., and Curdo, L. 1934 Coagulase and 
hemolysin tests as measures of pathogenicity of 
staphylococci. J. Bacterlol., 28, 343-363.

Kaplan, M. H. and Spink, W. W. 1948 Studies of the
staphylocoagulaae reaction: nature and properties 
of a plasma activator and inhibitor. Blood, 3,
573-585.

Kemkes, B. 1928 Zntrlbl. f. Bakt., 109, 11. Cited 
from Fisher, A. M. 1936 The plasma-coagulating 
properties of 3taohylocoeci. Bull. Johns Honk. 
Hoar., 59, 393-414-.

Kleinschmldt, H. 1909 Ztschr. f. Immunitatsforsch.,
_3, 516. Cited from Fisher, A. M. 1936 The 
plasma-coagulating properties of staphylococci. Bull. Johns Hopk. Hosp., $9, 393-414.

Klemperer, R. and Haughton, G. 1957 A medium for the 
ranld recognlsat!on of penicillin-resistant coagu- 
lase-positive staphylococci. J. Clin. Pathol.,
10, 96-99.



4 3

Kosunen, T. and Parmala, M. 1956 Ann. Med, Exptl. 
biol. Penn., 3l¿, 2. Cited from Oker-Blom, N., 
Llndholm, T. J7, and Rouhla, I. 1957 Variation 
in the coagulase activity of freshly isolated 
strains of ataphylococcl and their capacity to 
grow in normal human serum. Ann. Med. Exptl. biol. Penn., 35, >¿52-59

Lack, C. H. 1957 Plate coagulase and fibrlnolysln 
tests for staphylococci. J. Clin. Pathol., 10, 
208-210. —

Loeb, L. 1903 J. Med. Research, 10, {¿07. Cited from 
Cruickshank, R. 1937 Staphylocoagulase. J. Pathol. Bacterid., 295-303.

Lominski, I. and Roberts, 8. 3. 19i¿6 A substance
in human serum inhibiting staphylocoagulase.J. Pathol. Bacteriol., 5$, 1 ^7-1 9 7.

Lominski, I. 1949 J. Gen. Microbiol., 3, 9. Cited 
froin Lominski, I., Smith, D. D ., and Morrison, R.
B . 1953 A coagulas©-destroying factor produced
by variants of Staphylococcus aureus. Nature.
171. 21í¿.

Lominski, I., Smith, D. D., and Morrison, R. B. 1953
A coagulase-destroying factor produced by variants 
of Staphylococcus aureus. Mature, 171, 21i¿.

McDivitt, M, B. and tiussemann, D. L. 1954 A compari
son of three media for the isolation of entero
toxigenic micrococci. Am. J. Publ. Health, I4J4, 
1455-1459.

Mellanby, J. 1908 The coagulation of blood. J. Physiol., ¿8, 28-112.
Mellanby, J. 1908 The coagulation of blood: the

actions of snake venoms, peptone and leech extract. J. Physiol., 38, I4.ILI-503.
Mellanby, J. 1930 Proc. Roy, Soc., 107, 271. Cited 

from Smith, W. and Hale, J. H. T^44 The nature 
and mode of action of staphylococcus coagulase. 
Brit. J. Exptl. Pathol., 25, 101-109.



Mellanby, J. 1933 Proc. Roy, S o c 113, 93. Cited 
from Smith, w. and Hale, J. H. The nature
and mode of action of staphylococcus coagulase. 
Brit, J, Exptl. Pathol., 2f>, 101-109.

Menkin, V. and Walston, H* D. 1935 Role of coagu
lating principle of Staphylococcua aureus in rela
tion to the Invasiveness of this microorganism. 
Proc. Soc. Exptl. Biol. Med,, J2, 1259.

Moss, E. S., Squires, G. V., and Pitts, A. C. 19I4.I 
Classification of staphylococci. Am. J. Clin. Pathol., 11, 867-863.

Oker-Blom, N., Lindholm, T. S., and Rouhla, I. 1957 
Variation in the coagulase activity of freshly 
isolated strains of staphylococci and their capac
ity to grow in normal human serum. Ann. Med. 
Exntl. biol. Fenn., 35, 14.52-59.

Panton, P. 1* and Valentine, F. C. 1932 Lancet, 1, 
506'. Cited from Chapman, G. ti., Berens, C., 
Peters, A., and Curcio, L. 193!+ Coagulase and 
hemolysin tests as measures of the pathogenicity 
of staphylococci. J. Bacteriol., 28, 31+3-363.

Parker, J. T. 1921+ J, Exptl, Med., ¿0, 761. Cited 
from Chapman, G. H., Berens, C., Peters, A., and 
Curcio, L. 1931+ Coagulase and hemolysin tests 
as measures of the pathogenicity of staphylococci. J, Bacteriol., 28, 31+3-363.

Penfold, J. B . 191+!+ Coagulase production by staphy
lococci on a solid medium. J. Pathol. Bacteriol.. 
56, 21+7-21+9.

Pinner, M. and Voldrick, M. 1932 Derivation of
Staphylococcus albus, citrous, and roseus from 
Staphylococcus aureus. J. Infectious Diseases.
W,.lu5-?02.

Rammelkamp, C. H. 191+8 Serological test for staphy
lococcal infections. Am. J. Med., ĵ, 78 2.
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