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The general differentiation of pathogenic! from non-pathogenic
staphylococci on the basis of pigment production and general
fermentative activity has been considered by a long series of
workers. [Rosenbach (1884), Welch (1891), Gordon (19034 and
1904-5), Dudgeon (1908), Winslow and Winslow (1908), Kligler
(1913), Winslow, Rothberg and Parsons (1920).] A distinction
on an antigenic basis was first made in 1902 by Kolle and Otto
(1902) who found that staphylococci from purulent lesions were
all agglutinated by immune serums prepared against one of them
while strains from other sources were not agglutinated. The
majority of the agglutinable strains were orange and were patho-
genic for mice. In view of the very large number of confirma-
tory publications in the fifteen years following Kolle and Otto’s
paper [Otto (1903), Proescher (1903), Veiel (1904), Kutscher and
Konrich (1904), Fraenkel and Bauman (1905), Noguchi (1911),
Dreyer and Nothman (1912), Geisse (1913), Walker and Adkin-
son (1917)] it is curious that workers in more recent years have not
been able to differentiate the staphylococci satisfactorily by
means of direct agglutination. Hine (1922) found it necessary
to use agglutinin absorption but by this technic did prove that

1 The term ‘‘pathogenic’ is very loosely applied to staphylococei, usually
implying known pathogenicity for human beings. In the present stage of knowl-
edge such an assumption for any particular strain is not warranted. For con-
venience, however, this term has been used in this paper to indicate strains from

human lesions or strains proven to be pathogenic for animals, and the term ‘‘non-
pathogenic’’ to indicate strains from other sources or non-pathogenic for animals.
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the majority of strains from disease processes were distinct from
those from other sources. Julianelle (1922) found no correlation
of antigens with source or experimental pathogenicity in his three
antigenic groups determined by agglutinin absorption. Hopkins
and Barrie (1928) by absorption also established three groups,
only one of which was found in disease processes. Dudgeon and
Simpson (1927) resorted to a precipitin technic and, although
they used only strains from infectious processes, found that
pathogenicity for rabbits was correlated with the presence of a
specific precipitinogen and, to a less extent, with orange pigment
production. Julianelle and Weighard (1935) found that staphy-
lococcei from lesions contained a specific precipitable polysaccha-
ride (A) which could be differentiated chemically as well as anti-
genically from a polysaccharide, (B), found in strains from other
sources.

There is considerable disagreement in the literature as to the
degree of correlation of hemotoxin production by staphylococci
with pathogenicity or antigenicity. This is understandable con-
sidering the various technics and types of erythrocytes used.
The majority of workers using broth cultures, or their filtrates,
with rabbit erythrocytes have reported a considerable, although
seldom absolute, correlation. [Neisser and Wechsberg (1901),
Otto (1903), van Durme (1903); Veiel (1904), Kutscher and Kon-
rich (1904), Fraenkel and Bauman (1905), Koch (1908), Noguchi
(1911).]

Gordon (1903-4) found that the fermentation of mannitol was
one property which differentiated staphylococcal strains from
lesions, from those from other sources. Dudgeon (1908), Hine
(1922), and Dudgeon and Simpson (1927), confirmed and ex-
tended his findings.

The ability of certain strains of staphylococci to coagulate
oxalated or citrated plasma observed by Loeb (1903) and by
Much (1908) was found by Daranyi (1926) to be associated with
pathogenicity and with a strong hemotoxic ability. Gross
(1931) and Chapman et al. (1934) also found a correlation of
coagulase production with pathogenicity, hemotoxic activity and
orange pigment production.
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We are reporting here the results obtained in testing 286 strains
of staphylococci isolated from various sources in respect 4o the
various properties discussed above.

METHODS

The organisms were isolated on rabbits’ or sheeps’ blood agar plates.
Single colonies were picked from two consecutive platings to establish
presumptive purity. Inoculations were made into the various test
media from 18-hour broth cultures. During the time of the experi-
ments all the strains were preserved in the refrigerator on plain or blood-
agar slants. Transfers were made monthly.

Immunization of rabbits

Rabbits were immunized during a four weeks’ period by a series of
intravenous injections of saline suspensions of 18-hour agar slant cul-
tures. Heat-killed organisms were given during the first three weeks
and living organisms during the final week. The animals were bled
ten days after the last injection. :

Preparation of antigens

Flasks containing 50 ce. of meat-infusion broth were inoculated
with 18-hour cultures of the organisms and incubated for 4 days. The
whole cultures were precipitated over night in the ice box with 4 vol-
umes of 95 per cent alcohol plus 3 drops of glacial acetic acid. The
precipitate and organisms were removed by centrifuging and were ex-
tracted with 2.5 cc. of N/16 HCI in a water bath at 100°C. for 15
minutes. The mixtures were then neutralized to litmus and centri-
fuged. The clear supernatants were used as antigens for the precipitin
tests.

Precipitin tests
The precipitin tests were done by means of a capillary technic de-
seribed previously (Thompson et al., 1936). Equal quantities of serum .
and antigen were drawn into graded capillary tubes. The tubes were
then supported upright by plasticine on microscope slides. Readings
of the amount of precipitate were made after 2 hours at room tempera-
ture and 18 hours in the refrigerator.

Hemotoxin tests

The organisms were grown in beef-infusion broth, (pH 6.5) to
which was added 0.03 per cent MgSO,;. The cultures were kept at
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37°C. in an atmosphere of 20 per cent CO,. After 10 days’ growth
they were filtered through Mandler filters and various dilutions of the
filtrates were titrated for hemotoxin content against equal quantities
of 1 per cent washed rabbit erythrocytes. The mixtures were incu-
bated at 37°C. for 1 hour and kept in the refrigerator for 18 hours.
Any definite trace of hemolysis was considered as evidence of hemotoxin
production.

Mannitol fermentation

Cultures were inoculated into tubes of 1 per cent Difco mannitol
in beef infusion broth. After 3 days’ incubation the presence of acid
was tested for by adding 2 drops of bromeresol purple.

Coagulase

Oxalated plasma was obtained by placing 10 cc. of fresh human
blood into a centrifuge tube containing 0.02 gram of potassium oxalate,
thoroughly mixing, and then centrifuging out the cells. 0.3 ce. of the
plasma was mixed with 0.2 cc. of an 18-24 hour broth culture of the
organism to be tested. Partial or complete clotting after 2 hours’ in-
cubation at 37°C. indicated the production of coagulase.

Pigment
The pigment was classified as orange, lemon or white by the appear-
ance of the massed growth from a 72-hour agar plate placed upon white
filter paper and pressed between two microscopic slides. No attempt
was made to classify the various shades between orange and lemon.
When any trace of orange color was present the strain was designated
as orange.

RESULTS

Antigens were prepared from all 286 strains and tested for
precipitation with serums obtained by immunization against 9
of the strains. In table 1 examples are given of the types of
reactions obtained.

Ninety-three strains gave reactions identical with those given
by Julianelle’s strain 13 and have therefore been designated as
group A. Twenty-nine strains were similar to Julianelle’s MX
and have been designated as group B in conformity with his
terminology. Sixty-four strains gave moderate amounts of
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precipitate with serum 32 but little or none with the other serums.
Since these strains obviously contain an antigen distinct from
Julianelle’s A and B, this group has been designated as group C.
Sixteen strains giving precipitates with both MX and 32 serums
have been tentatively designated as group BC. Eighty-six

TABLE I
Typical precipitin reactions
ANTISERUM AMOUNT OF PRECIPITATE WITH ANTIGEN FROM STRAIN NUMBER
AGAINST STRAIN
NUMBER 13¢ 6 I ||MX*|Co|Cg|Be|O | 32 || G |Hn| D || Con|Bsh |Bd
13* ] =[]0 fjofo| 0 [|x|x=[0f =] 0]0
8 ++++ -+ 0 (oo flofo ] = |ojolx£| 0| |0
I bt 0 || £ 0] 0 o]0 0] 00
MX* + =+ + |||+ ] 0| = |[HH++H +) 0 =0
32 0 + 0 0 | 0] || +|+++++|++ ++|| =] 0 |0
Designation of
group......... A B C BC o
Number of
strains giving
each type of
reaction....... 93 29 64 16 86

* Strains 13 and MX were kindly sent to us by Dr. L. A. Julianelle as typical of his A and B strains
respectively,

TABLE 2
Biochemical properiies of antigenic groups

NUMBER OF STRAINS IN EACH ANTIGENIC GROUP BHOWING

’

ANTI- || NUM- Oranxet 1*{?1: orga] J
GENIC || BER OF|l pigmen Mannitol . annitol
GROUP ||{sTRAINS|| Mannitol 4 3ran¢et fenﬁmw pcrm ﬁﬁm nalg..'eC&s::x
Hemotoxin Hemotoxin
+ neg.
(A) 93 || 68 73% | 84 90% |75 80% | 85 91% | 86 92% ( 2
(B) 29 1 1 1 1 2 26 89%
©) 64 0 2 4 2 2 56 919,
(BC) 16 0 0 0 0 0 16 100%
) 86 5 18 209% | 21 24% | 6 13 15% | 54 63%

strains showed no definite precipitate with any serum and have
been called group O.

Group A is clearly set apart from the other groups, not only
by the specificity of its antigen but also by the much greater
amount of precipitate produced.
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In table 2 are shown the results of the biochemical tests
arranged according to antigenic groups. '

The majority of strains of group A gave positive reactions in all
or most of the biochemical tests in contrast to the strains of
groups B, C, ahd BC, of which 90 to 100 per cent were entirely
negative in all tests.

TABLE 3
Hemotozin production on rabbits’ blood plates and in COs tozin broth
PER CENT OF THESR
avmammoamovr | MO PL TR | o orTaIS ON FrATES .,.?.::;;jg roxme
B
A 78 96 2.6
B 29 65 89
C 64 64 95
BC 15 46 100
0 85 61 77
TABLE 4

Antigenic groupings of sirains from different sources

ANTIGENIC GROUP

BOURCES NUMBER )

OF CULTURES OF BTRAINS
A B C BC (o]

Infections 59 |46 78% | 1 3 1 8 16%
Normal ) .
g‘(’)’:i“““‘" 01 |41 219 || 2¢ 129 | 50 20% | 15 9% |54 289
Throat
Air u | 2 1 4 0 7 173%

* 178 strains from normal éonjunctivae.

A certain degree of correlation with antigenic group was also
found for two other properties not included in the table. Forty
to sixty per cent of the colonies of groups B, C, and BC strains
were definitely viscid but only 9 per cent of group A strains pro-
duced viscid colonies. A number of strains in all groups were
tested for their power to reduce methylene blue.? The speed of

21 drop of 1 per cent aqueous methylene blue was added to 24-hour broth cul<
tures and the time required for complete reduction at 37°C. was determined. ..
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reduction by the same strains varied from time to time so that
no absolute standard could be set. However, when a number of
cultures from different groups was tested at the same time, most
rapid reduction was always produced by the group A strains.

When comparisons were made of the ability of any of the
strains of staphylococci to produce hemolysis of rabbits’ blood
plates with production of hemotoxin by the method described
above, many strains were found which were able to produce
marked hemolysis of rabbits’ blood plates although no hemotoxin
could be detected in the broth filtrates. The results of these
comparisons are summarized in table 3.

In table 4 the relationship of antigenic grouping to the sources
of the cultures is shown.

Seventy-eight per cent of strains from infectious sources were
in antigenic group A; only 8 per cent of these “infection” strains
were in groups B, C, and BC.

Fifty per cent of the strains from mucous membranes were
members of groups B, C, or BC; 21 per cent were of group A.

Seventy-three per cent of the strains? isolated from the air were
in group O, giving no precipitates with any of the serums.

DISCUSSION

The very clear-cut antigenic differentiation of group A is further
supported by the great degree of its correlation with the other
biochemical properties and with the origin. This is in harmony
with the conception that staphylococci from disease sources tend
to fall into a fairly uniform group possessing certain biochemical
and antigenic properties differentiating them from ‘‘non-patho-
genic’’ staphylococei. In particular it is in agreement with the
work of Dudgeon and Simpson (1927) who found that the pres-
ence of a specific precipitinogen in staphylococci was correlated
with pathogenicity, and with the recent work of Julianelle and

3 All strains were morphologically Gram-positive cocci in typical irregular clus-
ters on solid medium and produced typical staphylococcus-like colonies. Many
did not liquefy gelatin within the three weeks’ period allowed.

The majority of the air strains were kindly given to us by Dr. L. Buchbinder
of the Bacteriological Division of the New York City Air Pollution Survey.
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Weighard (1935) who reported that pathogenic staphylococci
~ possess a specific carbohydrate antigen distinct from a similar
carbohydrate present in ‘‘non-pathogenic’’ strains. The anti-
genic subdivision of the remaining strains is less clear-cut and not
correlated with other factors to any great extent so that the
groupings are tentative and subject to confirmation. Our re-
sults indicate, however, that at least one antigen, in addition to
Julianelle’s “B’” carbohydrate, is present in the staphylococci
from mucous membranes, and that these strains may be further
subdivided on this basis. This is in agreement with Hine (1922)
and with Hopkins and Barrie (1925) both of whom, by agglutinin
absorption, divided their ‘‘non-pathogenic’’ strains into two
groups.

The majority of the staphylococci from the air may be sepa-
rated from the ‘“pathogenic” group and from the “mucous mem-
brane”’ groups in that they possess no acid-soluble, heat-stable
antigen in common with these groups.

The discrepancies between the results of the estimation of
hemotoxin production in broth cultures and on blood plates are
worthy of note. Neisser (1925) described similar differences and
suggested that two different mechanisms are concerned.

We believe that the discrepancies are not due to different
mechanisms being concerned but to the fact that the 2 per cent
blood agar is a more favorable medium for the production of
hemotoxin, even without CO;, than is the broth which we used.
The hemotoxins produced by the B and C strains on agar plates
are soluble; are neutralizable by antitoxin against A strains; and
are increased by growth in 20 per cent CO,. All these properties
indicate their essential identity with A type toxin.

SUMMARY

Heat-stable, acid-soluble antigens prepared from 286 strains of
staphylococci from various sources were tested for precipitation
with immune serums against 9 of the strains. The organisms
were found to fall into 5 groups: Group A, 93 strains including
Julianelle’s Type A; group B, 29 strains including Julianelle’s
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Type B; group C, 64 strains; group BC, 16 strains precipitated
by both B and C serums; group O, 86 strains not precipitated by
any serum.

When the cultures were tested for orange pigment production,
mannitol fermentation, coagulase production and hemotoxin
production (in broth under 20 per cent CO,) a marked correlation
of these properties with the group A antigen was found. The
correlation of hemotoxin production was less marked when hemol-
ysis of rabbits’ blood plates was used as a criterion; considerable
percentages of groups other than A producing visible hemolysis
of the plates. The evidence indicates that the hemotoxins pro-
duced by the B and C strains are identical with those produced
by the A strains.

A definite correlation of antigenic grouping with the sources
of the cultures was evident. Seventy-eight per cent of strains
from infections were in group A. Fifty per cent of strains from
mucous membranes were in groups B, C, and BC, with 21 per cent
_and 28 per cent in A and O respectively. Seventy-three per cent
of the strains isolated from the air fell into group O.
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