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The in vitro interactions between strains of Staphylococcus aureus and human
polymorphonuclear leukocytes in the presence of immune and nonimmune sera
were studied. Evidence indicated that phagocytosis of encapsulated strains oc-
curred in the presence of specific homologous antiserum, whereas non-encapsu-
lated strains were readily phagocytized by polymorphonuclear leukocytes in the
presence of both normal and immune sera. Immunological analyses demonstrated
that normal serum opsonins, which reacted with the non-encapsulated strains,
were specifically directed against exposed mucopeptide moieties of the organisms.
Sera rich in antimucopeptide antibodies were obtained from rabbits immunized
with heterologous bacteria such as Escherichia coli and group A-variant strep-
tococci and were shown to be effective in opsonizing the non-encapsulated strains
of S. aureus. Fresh clinical isolates of S. aureus were noticeably more resistant to
the opsonizing effects of the antimucopeptide antibodies. Results were presented
which suggest that the surface structures of these clinical isolates are more diverse
than laboratory-propagated strains and that these antiphagocytic surface antigens
may be significant factors in masking the opsonizing effects of the mucopeptide
opsonins which are present in most sera.

Many attempts have been made to induce
antibacterial immunity against the conventional
strains of Staphylococcus aureus in experimen-
tal animals; however, most studies have been
plagued by a series of difficult problems (5). One
of these problems has been the lack of a suitable
experimental animal for use in the infectivity
studies. For example, experimental animals have
a high degree of natural resistance to staphylo-
coccal infections, and, therefore, the relatively
high doses of S. aureus organisms frequently
required in the animal protection studies often
result in ambiguous observations which are of
doubtful significance (21). Secondly, immuno-
logical resistance in these experimental animals
to a challenge of S. aureus was considered non-
specific and could be induced by immunization
with heterologous bacteria (23). Thirdly, exper-
imental strains were frequently propagated in
the laboratory and were often devoid of anti-
phagocytic surface antigens (26). In spite of
these inherent difficulties, evidence has been
presented which suggests that low levels of spe-
cific immunity to S. aureus can be induced in
experimental animals (5, 10, 13; W. Karakawa

and D. A. Young, J. Clin. Microbiol., in press).
In a continued effort to elucidate the perplex-

ing problems encompassing host resistance to S.
aureus, a number of investigators have recently
focused on two major factors which could influ-
ence the opsonic response in an individual to
staphylococcal infections (18). Some of the fac-
tors which influence staphylococcal pathogen-
esis are the antigenic diversity of the cell surfaces
of the organisms under in vivo conditions of the
host and the relative levels of natural antibodies
or heat-stable opsonins in the host (5, 10, 13, 19;
Karakawa and Young, in press). In the case of
the cell surface mosaic of S. aureus, it has been
shown that fresh S. aureus isolates are different
from the corresponding laboratory-propagated
strains in that the fresh isolates are more resist-
ant to in vitro phagocytosis by polymorphonu-
clear leukocytes (PMN) (11; Karakawa and
Young, in press). In an extension ofthese studies,
Peterson et al. have suggested that encapsulated
S. aureus strains were resistant to phagocytosis
by human PMN by virtue of the fact that the
surface capsules interfered with effective opson-
ization in the presence of heat-stable opsonins
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present in nonimmune serum (18, 19). On the
other hand, non-encapsulated strains, which
lack the masking surface antigens, possess bind-
ing sites for the heat-stable factors found in
nonimmune serum. These heat-stable opsonins
were suggested to be directed against staphylo-
coccal mucopeptide (18). In view of the common
occurrence of antimucopeptide antibodies in
sera, it is feasible to assume that these antibodies
may play a significant role in the opsonization
of non-encapsulated strains of S. aureus and
may, in part, have influenced many of the am-
biguous results obtained in previous studies on
the immunity against staphylococci.
This report substantiates the view that anti-

mucopeptide antibodies are effective in promot-
ing the opsonization of non-encapsulated strains
of S. aureus. Evidence is presented which indi-
cates that these antibodies may be common
features of both immune and nonimmune sera
and thus may be factors in staphylococcal path-
ogenesis.

MATERIALS AND METHODS
Bacterial strains. Non-encapsulated S. aureus 57

was originally isolated from a burn patient and sub-
sequently propagated on artificial media. Two other
strains of S. aureus, provisionally designated Mardi
and D, were isolated from patients with osteomyelitis
(11; Karakawa and Young, in press). Variant strains,
which were selected and isolated from cultures of the
original or wild-type strains by a method previously
described, were also included in these studies (Kara-
kawa and Young, in press). The remaining strains of
bacteria were obtained from the culture collection of
the Immunochemistry Laboratory, Department of
Biochemistry, Pennsylvania State University.

Preparation of surface antigens and mucopep-
tides. Surface antigens were extracted from the wild-
type and variant strains by methods previously de-
scribed (8). Mucopeptides were prepared from acid-
treated cells by the method described by Krause and
McCarty (14).
Chromatography and gel filtration. The tech-

niques used for diethylaminoethyl-cellulose chroma-
tography and Bio-Gel filtration were previously de-
scribed (8).

Analytical methods. Analyses for hexosamines,
amino acids, and hexoses were performed by methods
previously described (1, 12, 25). Total hexose concen-
tration was quantitated as previously described (22).
Total phosphorus was measured by the method of
Chen et al. (2). Uronic acid concentration was calcu-
lated by the carbazole method described by Davidson
(3). Sodium borohydride reduction of polysaccharides
was performed by the method of Deuel (4), and the
constituents of the reduced and nonreduced polymers
were analyzed by gas-liquid chromatography by the
procedure described by Fraser and Mallette (6).

Serological methods. Quantitative precipitin
analyses were performed by a modification of the
method described by McCarty and Lancefield (15).
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The capillary precipitin test for the detection of mu-
copeptide antibodies was performed in a manner sim-
ilar to that employed by McCarty and Lancefield for
the detection of group-specific streptococcal antibod-
ies (15).

Antimucopeptide sera were obtained from rabbits
which had been immunized intravenously with whole
staphylococcal organisms treated with pH 5.0 buffer
at 100'C for 20 min to remove the acidic surface
polysaccharides. The immunization schedule was sim-
ilar to that used by McCarty and Lancefield (15).
Certain streptococcal and Escherichia coli antisera
which contained high concentrations of mucopeptide
antibodies were obtained from the collection of sera of
the Immunochemistry Laboratory, Pennsylvania
State University. Agglutinins were detected by a direct
tube agglutination technique previously described (9).
Mucopeptide, which had been solubilized in a 20-kc
sonic oscillator for 15 min, was employed in the quan-
titative analysis of mucopeptide antibodies.

In vitro phagocytosis tests. To obtain human
PMN, heparinized human peripheral blood was sedi-
mented for 45 min at room temperature with 3%
dextran T-250 (Pharmacia, Uppsala, Sweden). The
PMN were then centrifuged at 160 x g for 5 min,
washed with saline containing 100 U of heparin per ml
(Sigma Chemical Co., St. Louis, St. Louis, Mo.), and
suspended to a concentration of 1.0 x 107 viable cells
per ml in RPMI medium (Microbiological Associates,
Bethesda, Md.) supplemented with 5% heat-inacti-
vated fetal calf serum. Leukocyte counts were made
with a Neubauer hemacytometer, and viability was
determined by trypan blue staining. The in vitro phag-
ocytosis test is a modification of the method described
by Roberts (20). All tests were performed in sterile,
siliconized glass, screw-capped tubes (13 by 100 mm).
Before each test, each S. aureus strain was grown for
5 h in Todd-Hewitt broth (Difco, Detroit, Mich.),
centrifuged and washed in phosphate-buffered saline
(pH 7.2), and adjusted to a final concentration of
approximately 2.0 x 107 organisms per ml with a
Gilford spectrophotometer. The incubation mixture,
which contained a total volume of 1.0 ml, contained
approximately 1.0 x 107 PMN, 10% antiserum, and
approximately 2.0 x 107 S. aureus organisms. Control
tubes were also included to determine the effects of
serum or phagocytes alone on the organisms. All tubes
were tumbled slowly on a rotating rack (Scientific
Industries Inc., Springfield, Mass.) at 370C. Samples
were taken from the phagocytic mixture with an Ep-
pendorf pipette at timed intervals and diluted in dis-
tilled water to lyse the leukocytes. The dilutions were
plated on Staphylococcus Medium 110 (Difco, Detroit,
Mich.) to determine the number of colony-forming
units. From these data, the number of surviving bac-
teria was calculated and plotted against the incubation
time on semilogarithmic graph paper.

RESULTS
Demonstration of heat-stable staphylo-

coccal opsonins in sera. In a competitive in
vivo environment, a phenotype of an organism
which can resist the selective biological pres-
sures of the host often emerges as the dominant
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strain. Under laboratory conditions, these in
vivo pressures are not operative, and, therefore,
various phenotypes of the organism may be rep-
resented and may display a surface mosaic which
is more suitable for propagation and mainte-
nance rather than for survival in the host. For
example, it has been observed that laboratory-
propagated strains of S. aureus frequently were
agglutinated in the presence ofnonimmune sera,
whereas encapsulated or fresh clinical isolates
were not readily agglutinated by normal sera (5).
These observations suggested that the surface
mosaic of laboratory strains may differ consid-
erably from fresh clinical isolates and may rep-
resent phenotypic variants which are devoid of
antiphagocytic surface antigens.
The results ofthe in vitro phagocytosis studies

which used heat-inactivated immune and non-
immune sera, washed PMN, and non-encapsu-
lated S. aureus organisms are shown in Fig. 1.

Normal fetal calf serum and normal rabbit se-
rum 1 possess essentially no opsonins against
the non-encapsulated strain. In contrast, serum
obtained from a young human adult, pooled
adult immunoglobulin, and serum obtained from
an adult patient with a previous staphylococcal
infection contained opsonins which were effec-
tive in promoting the in vitro phagocytosis of
99% of the viable bacterial population by PMN.
It should be noted that serum from normal
rabbit 2 also contained opsonins which were
effective in promoting the phagocytosis of over
90% of the viable cells by PMN. These results
indicate that heat-stable opsonins directed
against the cell surface of non-encapsulated
strains of S. aureus may be a common feature of
both immune and nonimmune sera.
Immunochemical specificity ofthe serum

opsonins. Previous reports by Peterson et al.
suggested that mucopeptide antibodies may be

Y human adult serum
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FIG. 1. Interaction between S. aureus organisms and human PMN in the presence of fetal calf serum,
normal rabbit serum 1, young human adult serum, normal rabbit serum 2, human adult serum, and pooled
human immunoglobulin.
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involved in the in vitro phagocytosis of non-
encapsulated S. aureus strains by PMN (18). In
view of this report, the opsonins observed in
immune sera were immunologically tested
against purified streptococcal mucopeptide. The
results of the quantitative precipitin reactions
between purified heterologous streptococcal mu-
copeptide, which was shown to be devoid of
teichoic or lipoteichuronic acids, and various
staphylococcal antisera are shown in Fig. 2. In
all instances, the solubilized streptococcal mu-
copeptide reacted strongly with antisera ob-
tained from rabbits immunized with three dif-
ferent non-encapsulated strains of S. aureus.
The observed reactivity was suggested to be due
to the antigenic determinants common to both
the streptococcal and the staphylococcal muco-
peptides (9). The opsonic capability of the mu-
copeptide antibodies observed in these sera, as
well as human sera, was determined by the in
vitro phagocytosis tests which employed human
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PMN. Human serum from an individual with
previous staphylococcal infections and the var-
ious anti-staphylococcal sera were effective in
promoting the phagocytosis of over 90% of the
viable non-encapsulated organisms by PMN
(Fig. 3A). After absorbing these antisera with
purified streptococcal mucopeptide, a large por-
tion of the available opsonins were specifically
removed by the heterologous mucopeptide (Fig.
3B). Note that, after absorption with mucopep-
tide, all of the anti-staphylococcal sera showed
a marked reduction in opsonic activity, whereas
the human serum, although reduced in opsonin
titer, still showed significant levels of opsonins
against the organisms. This residual level of
opsonins could be attributed to antibodies di-
rected against other cellular constituents of S.
aureus. These results indicate that both non-
immune and immune sera consist of opsonins
with mucopeptide specificity.
Prevalence of opsonins in sera. The chem-

,us bovis mucopoptide

Anti-57 mucopeptide serum

Antigen Conc.(ugmhnl)
FIG. 2. Quantitative precipitin reactions between solubilized Streptococcus bovis mucopeptide and anti-

mucopeptide sera derived from rabbits immunized with particulate staphylococcal mucopeptide.
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FIG. 3. (A) Interaction between S. aureus and human PMN in the presence of antimucopeptide sera and
adult human serum. (B) Interaction between S. aureus and human PMN in the presence of the same
antimucopeptide sera which were absorbed with purified particulate streptococcal mucopeptide.

ical profile of the purified staphylococcal muco-
peptide devoid of teichoic acid which was used
in the subsequent experiments is shown in Fig.
4. The constituents depicted in this ion-exchange
elution pattern represented approximately 98%
by weight of the known components of a muco-
peptide preparation, and, with the exception of
seine, the elution pattern is consistent with the
observations of other investigators (24). This
chemically defined mucopeptide was mixed with
representative anti-S. aureus serum, anti-E. coli
serum, or normal porcine serum and incubated
for 24 h at 40C. The mucopeptide-antibody com-
plexes were removed by centrifugation and
washed with buffered saline, and the antibodies
were subsequently eluted by the method previ-
ously described (9). The purified mucopeptide
antibodies which were eluted from the mucopep-
tide-antibody complexes gave a strong reaction
with a solubilized preparation of the staphylo-

coccal mucopeptide (Fig. 5). Note that an anti-
body preparation derived from anti-S. aureus-
mucopeptide complex at a concentration of 1
mg/ml gave a strong reaction with solubilized
mucopeptide. Similarly, antibody preparation
from anti-E. coli and normal porcine sera also
gave a strong reaction with mucopeptide. These
results substantiate the view that both immune
and nonimmune sera contain opsonins with mu-
copeptide specificity.
Diversity of the surface antigens of S.

aureus strains. Previous studies by a number
of investigators have suggested that S. aureus
strains containing capsules are markedly more
resistant to phagocytosis by PMN than are the
non-encapsulated strains (13, 16). In the case of
the encapsulated strains, the presence of the
capsular antigens can impede phagocytosis by
PMN, whereas the non-encapsulated strains
consisting of exposed mucopeptide are suscepti-
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FIG. 4. Analysis of an acid hydrolysate of form-
arnide-extracted staphylococcal mucopeptide. Dur-
rum DC-4A resin, 0.32- by 32-cm column, 50°C, Dur-
rum Pico-buffer system II. Abbreviations: M.A., mur-
amic acid; B.C., buffer change; AMM, ammonia.

ble to the opsonizing activity of mucopeptide
antibodies present in both immune and nonim-
mune sera. The results of the interaction be-
tween encapsulated and non-encapsulated S. au-
reus strains and human PMN in the presence of
antimucopeptide sera are depicted in Fig. 6.
Both encapsulated strains D and 93M were

markedly resistant to opsonization in the pres-

ence of the mucopeptide antibodies contained in
the staphylococcal and streptococcal antisera.
On the other hand, both non-encapsulated
strains 11127 and 57 were readily opsonized in
the presence of the mucopeptide antibodies

present in both the staphylococcal and the strep-
tococcal antisera. In addition to these observa-
tions, in vitro phagocytosis studies which em-
ployed mucopeptide antibodies eluted from
streptococcal mucopeptide complexes indicated
that various strains of staphylococci differ con-
siderably in their susceptibility to opsonization
in the presence of a constant amount of muco-
peptide antibodies. Encapsulated strain D,
which possesses an aminogalacturonic acid-ga-
lactose capsule, was markedly resistant to op-
sonization in the presence of mucopeptide anti-
bodies (Fig. 7). Fresh clinical isolates-strain
Mardi, which possesses a galactose-glucuronic
acid polymer, and strain 7, which possesses a
fucosamine-aminomannuronic acid polymer-
were moderately susceptible to opsonization in
the presence of mucopeptide antibodies (Kara-
kawa and Young, in press). Strain Wood, the
standard erythrotoxin producer which has been
propagated for many years on artificial medium,
and strain 11127, another laboratory-propagated
strain, were very susceptible to opsonization in
the presence of mucopeptide antibodies. These
results support the notion that S. aureus strains
propagated on laboratory medium are prone to
opsonization in the presence of nonimmune se-
rum and that mucopeptide antibodies, in part,
play a role in the opsonization of non-encapsu-
lated strains. In addition, it appears that S.
aureus strains can be placed into three groups
based on their affinity for mucopeptide antibod-
ies, namely, the fully encapsulated strains, the
micro-encapsulated or fresh clinical strains, and
the non-encapsulated laboratory strains. A pic-
ture emerges from these observations which sug-
gests that S. aureus strains with exposed muco-
peptide are highly susceptible to opsonization in
the presence ofmucopeptide antibodies found in
most sera. In contrast, those strains possessing
surface antigens are reasonably more fitted for
in vivo survival by virtue of their surface anti-
gens which can mask the binding sites for the
ubiquituous mucopeptide antibodies and thus
are resistant to phagocytosis by PMN.
Isolation of antimucopeptide-resistant

colonies of S. aureus. It has been shown that
the wild-type (clinical isolates) S. aureus strains,
when grown for 3 h in the presence of human
PMN and antimucopeptide serum, frequently
form colony variants which are resistant to phag-
ocytosis by PMN in the presence of nonimmune
serum (Karakawa and Young, in press). In a
continuation of that study, three laboratory-
propagated ("wild type") strains of S. aureus,
namely, Mardi, 11127, and 57, were grown in the
presence of PMN and antimucopeptide serum.
In all instances, the cells which were obtained

I .
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FIG. 5. Quantitative precipitin reactions between solubilized staphylococcal mucopeptide and purified
mucopeptide antibodies isolated from anti-S. aureus, anti-E. coli, and normal porcine sera.

were resistant to opsonization in the presence of
mucopeptide antibodies as determined by the in
vitro phagocytosis studies. Whether these resist-
ant cells are phenotypic variants or mutants is
not known at this time. Surface antigens of the
resistant and wild-type strains were isolated by
the pH 7.0 extraction procedure previously de-
scribed (11). The results of the quantitative pre-
cipitin analyses of the surface antigens of the
resistant ("mutant or variant") strains with ho-
mologous variant and wild-type antisera are
shown in Fig. 8. In all instances, the variant
antigens gave a stronger reaction with their ho-
mologous variant antisera than with the corre-
sponding wild-type antisera. Purification of the
antigen preparations of variants Mardi, 11127,
and 57 by gel filtration and diethylaminoethyl-

cellulose chromatography suggested that all
three polymers were acidic. In an attempt to
identify the acidic moieties in the variant poly-
mers, the polymers were reduced with borohy-
dride and the alditol acetate derivatives of the
reduced and nonreduced polymers were ana-
lyzed by gas-liquid chromatography. The results
of the gas-liquid chromatography analyses ofthe
reduced polymers are shown in Fig. 9. The var-
iant 11127 polymer consisted of galactose and
aminoglucuronic acid, the variant Mardi poly-
mer consisted of galactose and aminogalactu-
ronic acid, and the variant 57 polymer consisted
of galactose and glucuronic acid. Quantitative
analysis was attempted; however, due to the acid
lability of these polymers, recovery of the con-
stituents was less than 50%. Immunochemical

VOL. 25, 1979
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FIG. 6. (A) Interaction between S. aureus strains D and 93M (encapsulated) and 11127 and 57 (non-
encapsulated) and human PMN in the presence of anti-staphylococcal mucopeptide sera. (B) Interaction
between S. aureus strains D and 93M (encapsulated) and 11127 and 57 (non-encapsulated) and human PMN
in the presence of anti-streptococcal mucopeptide sera.

and chemical studies of these polymers are now
under investigation. These preliminary obser-
vations underscore the possible potential of S.
aureus strains to form variants with an altered
surface antigenic mosaic under conditions sim-
ulating an in vivo environment.

DISCUSSION
Success in inducing humoral immunity to

staphylococci with a variety of bacterial prod-
ucts has not been dramatic (5). Many of the
shortcomings can be attributed to the deficient
knowledge of the immunologically important
surface antigens of clinical S. aureus strains and
the serum factors involved in the phagocytic
process. This study attempts to quantitatively
evaluate the interaction between strains of S.
aureus carrying various amounts of surface an-

tigens and PMN in the presence of specific op-
sonins found in immune and nonimmune sera.
The findings indicate that the antigenic sur-

face of S. aureus is an important factor in the
interaction between S. aureus organisms and
PMN. For example, non-encapsulated strains
were shown to be highly susceptible to opsoni-
zation in the presence of either nonimmune or
immune sera. In contrast, fully encapsulated
strains required homologous immune sera for
the initiation of phagocytosis by PMN. These
observations focus attention on a possible expla-
nation for the frequently observed opsonization
in laboratory strains in the presence of nonim-
mune sera. Since these strains are devoid of
surface antigens, the mucopeptide moieties are
exposed and therefore are available for the mu-
copeptide opsonins which are a common feature

INFECT. IMMUN.
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FIG. 7. Interaction between S. aureus strain D (encapsulated), strains Mardi and 7 (micro-encapsulated),
and strains 11127 and Wood (non-encapsulated) and human PMN in the presence of antimucopeptide sera.
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FIG. 8. Quantitative precipitin reactions between the polysaccharide antigens isolated from the wild-tpe
and variant S. aureus strains Mardi, 57, and 11127 and homologous variant antisera. (A) Strain Mardi; (B)
strain 57; (C) strain 11127.

of most sera. The mucopeptide specificity of fective in promoting opsonization of non-encap-
these opsonins was supported by the fact that sulated strains of S. aureus. This reactivity was
antibodies eluted from heterologous streptococ- readily removed when the antibody preparation
cal mucopeptide-antibody complexes were ef- was absorbed with mucopeptide. These findings
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FIG. 9. Gas-liquid chromatography ofthe alditol acetate derivatives ofthe NaBH4-reduced surface antigens
of the variant S. aureus strains 11127, Mardi, and 57. A 2-Al sample of alditol acetates in chloroform was

analyzed on a glass column (4 feet [ca. 1.2 ml by 4 mm) of3% OV-225 on Supelcoport 80/100 mesh at 2200C
in 4 ml of N2 per min.

suggest that the availability of the mucopeptide
matrix to the ubiquitous mucopeptide antibodies
appears to be a key initiation factor in the phag-
ocytosis of S. aureus. Therefore, organisms with
surface antigens which can mask the mucopep-

tide moieties are more likely to resist phagocy-
tosis and thus may be more virulent. This pos-

sibility appears feasible in light of the observa-
tions of Peterson et al., which clearly established
that the mucopeptide of non-encapsulated S.

aureus strains was involved in promoting opson-

ization in the presence of serum factors found in
nonimmune sera (18). In contrast, the more vir-
ulent encapsulated strains were resistant to the
nonimmune serum factors by virtue of the fact
that the mucopeptide moieties were masked by
surface antigens. The beliefthat surface antigens
can mask mucopeptide sites is plausible since
Melly et al. were able to demonstrate a direct
correlation between the capsule size of S. aureus
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strain M and its resistance to phagocytosis by
PMN (16). These investigators were able to
show that the organisms with larger capsules
were more resistant to phagocytosis by PMN
than were those organisms with little or no cap-
sule, thus indicating that larger capsules may be
effective in masking available mucopeptide sites.
Another observation which supports the view
that mucopeptide is a significant factor in the
opsonization of S. aureus was described by
Yoshida et al. (26). In these studies, they were
able to isolate encapsulated strains from 4% of
their isolates of S. aureus which, upon subse-
quent subculturing on artificial medium, re-
verted to non-encapsulated types which are es-
sentially devoid of surface antigens and which
were less virulent than the parent strains. In
similar studies, it was shown that fresh clinical
isolates were often more pathogenic for mice
and frequently carried detectable levels of anti-
phagocytic surface antigens (Karakawa and
Young, in press). As a result, these strains were
generally more resistant to opsonization in the
presence ofnomimmune rabbit serum and there-
fore were able to resist in vitro phagocytosis by
PMN by virtue of these surface antigens. These
results can explain, in part, the frequent obser-
vation that fresh clinical isolates are often more
pathogenic for mice than laboratory-propagated
strains. Since most humans possess opsonins
with mucopeptide specificity, non-encapsulated
strains would be readily phagocytized by PMN
under in vivo conditions, whereas encapsulated
strains will have a survival advantage due to
their antiphagocytic surface antigens. Because
of the survival advantage of the encapsulated
strains, the chance for isolating these strains
would be greater than for the isolation of the
non-encapsulated strains under in vivo condi-
tions. On the other hand, the likelihood of iso-
lating the encapsulated strains on artificial lab-
oratory medium would be less since the produc-
tion of antiphagocytic surface antigens is not
required for maintenance and propagation of S.
aureus strains. The observed decrease in the
production of surface antigen by clinical isolates
of S. aureus under laboratory conditions could
possibly be the result of a phenotypic alteration
of the surface antigen mosaic, thus causing the
unmasking of the mucopeptide sites.

It has been suggested by a number of investi-
gators that S. aureus strains have the genetic
potential to form surface antigens under in vivo
conditions. Park et al., for example, were able to
isolate a variant strain ofS. aureus which carried
an acidic teichuronic acid polymer when the
wild type was grown in the presence of staphy-
lococcal teichoic acid antibodies (17). Karakawa

and Young were able to isolate a variant from a
wild-type strain which originated from a patient
with osteomyelitis when the wild-type organism
was grown in the presence of mucopeptide an-
tibodies and human PMN (in press). This var-
iant was very resistant to opsonization in the
presence of mucopeptide antibodies by virtue of
the fact that it carried an antiphagocytic galac-
tose-aminogalacturonic acid polymer (Kara-
kawa and Young, in press).

In the present studies, preliminary evidence is
presented which indicates that, when labora-
tory-propagated S. aureus strains are grown in
the presence of antimucopeptide serum and
PMN, resistant variants which carry an anti-
phagocytic acidic polymer can be found. In the
case of strain 11127, the variant surface antigen
consisted of a galactose-aminoglucuronic acid
polymer. Strain 57 also carried an antiphago-
cytic polymer consisting of galactose and glucu-
ronic acid. The immunochemistry of this poly-
saccharide is now under investigation.
This report underscores the significance of

mucopeptide antibodies in the opsonization of
non-encapsulated strains of S. aureus. Since
many studies on staphylococcal immunity have
used laboratory-propagated strains, attempts
should be made to reevaluate the feasibility of
active immunization against staphylococci. For
example, some of the failures in previous im-
munization procedures with staphylococcal
products may have been a reflection of the fact
that the vaccines may have lacked the essential
protective surface antigens (7). These surface
antigens, which are usually synonymous with
fresh clinical isolates of S. aureus, could be of
utmost significance in answering certain impor-
tant questions such as the following: how many
different capsular types are associated with se-
rious staphylococcal diseases; is there a specific
predilection for a particular capsular type in a
specific clinical infection in man; what is the
prevalence of capsular antibodies in humans
with repeated staphylococcal infections?
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