
INFECTION AND IMMUNITY, Feb. 1976, p. 399-406
Copyright © 1976 American Society for Microbiology

Vol. 13, No. 2
Printed in U.SA.

Comparison of Subcutaneous and Intraperitoneal
Staphylococcal Infections in Normal and Complement-

Deficient Mice
C. S. F. EASMON AND A. A. GLYNN*

Bacteriology Department, Wright-Fleming Institute, St. Mary's Hospital Medical School, London W2 1PG,
England

Received for publication 11 August 1975

From a comparison of the effects produced by injecting different strains of
Staphylococcus aureus either subcutaneously or intraperitoneally into normal,
complement-deficient, or complement-depleted mice, it was possible to assess
the pathogenic significance of various staphylococcal virulence factors and the
defensive role of complement components in the two sites of infection. In skin
lesions the inflammation-suppressing factor found in the cell walls of strain
PS80 played a major role. In contrast, in intraperitoneal infection the antiphago-
cytic capsule of the Smith diffuse and M strains was more important. All strains
used produced alpha-hemolysin, which is the ultimate lethal agent in intraperi-
toneal infection but is only one factor in the production of dermonecrosis. The
severity of the skin lesions was inversely related to the amount of early fluid
exudate rather than to the rate of bacterial growth, whereas in the peritoneum
increased bacterial growth was associated with increased mortality. Both C3
and C5 were needed in the production of fluid exudate in response to staphylo-
coccal skin infection. C3 appeared to be more important in the increased exudate
formed in immune mice. In the peritoneum the opsonic and chemotactic actions
for complement were important as shown by the results in cobra venom-treated
normal mice and in C5-deficient B1OD2 old-line mice.

The pathogenic effect of a specific microorga-
nism depends on the strain used, the species
and strain of host involved, and the dose and
route of infection. The "virulence" of a patho-
gen can only be defined by using these terms
together with a clear indication of the way in
which virulence is measured.
The interaction of these factors can be illus-

trated by comparing intraperitoneal and subcu-
taneous staphylococcal infections in mice.
The intraperitoneal injection of Staphylococ-

cus aureus into mice stimulates the accumula-
tion of polymorphonuclear leukocytes (PMN) in
the peritoneal cavity. PMN provide the main
defense against infection by this route since
they phagocytose and kill the staphylococci
(11). The phagocytosis of noncapsulated staphy-
lococci requires the presence of either comple-
ment or immunoglobulin, whereas both these
factors are needed to opsonize those strains
with an antiphagocytic capsule (11). This re-
quirement is reflected in the greater virulence
of capsulated strains of S. aureus in the nonim-
mune mouse (11). They resist phagocytosis,
multiply rapidly, and produce alpha-hemoly-
sin, which kills the mouse. Protection requires

specific immunoglobulin M opsonins (8). Anti-
toxic antibodies delay but do not prevent death
(12). Noncapsulated strains are readily phago-
cytosed and destroyed, although if the initial
dose is very high the phagocytes may be over-
loaded.

In contrast, subcutaneous S. aureus infection
produces a localized lesion, the severity of
which may be enhanced by the presence of a
foreign body such as a cotton dust plug (16).
Using this method, the virulence of the S. au-
reus is assessed by the degree of dermonecrosis,
which is in turn inversely related to the extent
of early fluid exudation in the lesion (2, 3).
Dermonecrosis has been attributed to the ac-
tion of alpha-hemolysin (3, 16), but there is
evidence to suggest that a specific cell-mediated
response is also involved (7). Protection against
dermonecrosis is antibody mediated and is
closely related to rapid early fluid exudation at
the site of infection (6). The severity of dermo-
necrosis varies according to the S. aureus
strain used. "Virulent" strains have the ability
to delay the onset of fluid exudation (2). Hill (9)
isolated a mucopeptide protein complex
(DOCR) from the residue left when cell walls of
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virulent strains were extracted with sodium
deoxycholate. DOCR from virulent strains in-
hibited early fluid exudation, enhanced the se-
verity of S. aureus skin lesions, and inhibited
leukocyte chemotaxis in vitro, whereas DOCR
from avirulent strains did not (9, 23).
Serum complement is involved in opsoniza-

tion and phagocytosis, chemotaxis, and the vas-
cular changes of acute inflammation (14, 19, 20,
24) and should therefore play an important part
in both routes of S. aureus infection in the
mouse.

In this paper we have compared the effects of
S. aureus strains in subcutaneous and intraper-
itoneal infection in mice, using dermonecrosis
and death, respectively, as measures of viru-
lence. We have also examined in vivo the effect
of complement depletion on these infections,
using cobra venom factor and zymosan to de-
plete the third component of complement (C3)
and mice genetically deficient in the fifth com-
ponent (C5).

MATERIALS AND METHODS
Mice. Female outbred Wright-Fleming Institute

(WFI) mice weighing 20 to 25 g were used. Female
B10D2 old-line and B10D2 new-line mice of the same
weight were also used to study the effect of C5
deficiency. These two mouse strains are co-isogenic.
The old-line mice lack C5, whereas the new-line
mice have a normal complement system (5). These
particular strains have been used previously to
study the role of C5 in experimental bacterial infec-
tions (14, 19).

Bacteria. Strain M (NCTC 10649) is a heavily
capsulated strain of S. aureus described by Scott
(18). The capsulated Smith diffuse and noncapsu-
lated compact types have been widely used in stud-
ies on intraperitoneal infection in mice (8). PS80
(NCTC 9788) and Wood 46 (NCTC 10345) are noncap-
sulated strains that have been used frequently for
subcutaneous S. aureus infection (1, 6).

All strains were stored freeze-dried and when re-
constituted were maintained on nutrient agar slopes
at 4 C.

Production and assessment of intraperitoneal in-
fection. S. aureus strains from overnight cultures in
0.1% glucose digest broth were washed twice in sa-
line and injected in 0.5 ml of saline. The dose given
was judged by the optical density of the suspension
and confirmed by viable counts. Mice were observed
for 1 week, although most deaths occurred within 48
h. In experiments on preopsonization, bacteria were
injected suspended in fresh normal mouse serum.
For bacterial counts mice were killed 6 h after infec-
tion and the peritoneum was washed out with saline
containing 10 U of heparin per ml. Leukocytes were
disrupted by ultrasonication at a level that had no
effect on staphylococcal viability. This treatment
also served to break up larger clumps of staphylo-
cocci. Smears of the peritoneal washings were pre-
pared and stained with Giemsa. Leukocytes in the
exudates were counted in a hemocytometer.

Production and assessment of subcutaneous in-
fection. Five microliters of a suspension ofS. aureus
in saline adjusted to contain 105 to 3 x 105 colony-
forming units (CFU) was absorbed onto a cotton dust
pellet at the end of a wide-bore needle. The needle
was inserted subcutaneously and the cotton pellet
was expelled. Before injection, the mice were shaved
and depilated with Nair. Skin lesions were exam-
ined 24 h after infection and scored as follows. Der-
monecrosis was expressed as a necrotic index (NI)
where NI = I(Dd)/n. D and d are major and minor
diameters, respectively, ofthe necrotic area in milli-
meters; n is the number of mice infected.
The skin lesions were excised with a circular

punch. The fluid exudation was assessed by the
increase in weight of the skin with the lesion over
that of a piece of normal skin from the same mouse
(1). The skin was then cut into small pieces and
homogenized for 3 min in 10 ml of saline, using a
Colworth stomacher (A. J. Seward & Co. Ltd., Bury
St. Edmonds). This is a laboratory blender in which
a threshing action is applied to material in a sealed
polyethylene bag. Viable counts were then done on
10-fold dilutions of the extract, using nutrient agar
(Oxoid).

Immunization. Mice receiving intraperitoneal in-
fections were immunized by the intraperitoneal in-
jection of 109 heat-killed homologous organisms in
saline 3 and 2 weeks before challenge. Immuniza-
tion was equally possible with smaller doses (107
CFU) of live organisms, but there were occasional
deaths and it seemed preferable to use killed bacte-
ria. Mice challenged subcutaneously were given two
doses of 105 CFU of living S. aureus subcutaneously
on cotton dust 1 week apart and were used 10 to 14
days after the second injection. In the subcutaneous
infection no immunity was produced by dead orga-
nisms.
Complement depletion. Hemolytic complement

was measured by the method of Rosenburg and
Tachibana (17), where the lysis of optimally sensi-
tized labeled sheep erythrocytes by mouse serum
was assessed by the release of 5'Cr (Radiochemical
Centre, Amersham). No hemolytic activity was de-
tected in serum from B1OD2 old-line mice. C3 was
measured by radial immunodiffusion in agar con-
taining 10% C3 antiserum. This antiserum was
raised in New Zealand white rabbits by the repeated
injection of zymosan-C3 complexes in Freund com-
plete adjuvant (Difco) (13). Since C3 standards were
not used, this technique only measured C3 levels in
complement-depleted mice relative to those in un-
treated animals.

In vivo complement depletion. Cobra venom fac-
tor (Cordis) was injected intraperitoneally in two
doses of 100 U/kg over 24 h. Mice were used 24 h
after the second injection. Zymosan (Koch Light)
was suspended in saline at a concentration of 10 mg/
ml. Mice were given 2 mg intraperitoneally.

RESULTS
Comparison of S. aureus strains injected

subcutaneously on cotton dust in WFI mice.
The subcutaneous injection of 105 CFU of S.
aureus Smith diffuse or M on cotton dust pro-
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duced mild non-necrotic skin lesions similar to
those produced by S. aureus Wood 46 but unlike
the severe dermonecrotic lesions that followed
the injection of S. aureus PS80. The capsulated
staphylococcal strains stimulated more early
fluid exudation than did PS80 (Table 1), but
despite the presence of antiphagocytic capsules
multiplied no faster in the skin than did the
noncapsulated types (Table 2). These results
suggest that S. aureus Smith diffuse and M
lack active DOCR. The presence of a capsule
can mask certain activities of S. aureus such as
that of bound coagulase. The fact that the
Smith compact strain also produced mild le-
sions makes it seem unlikely that the capsule of
S. aureus Smith diffuse was masking the ef-
fects of an active DOCR.

Effect of zymosan and cobra venom factor
on complement levels in mice. Zymosan in-
duced a rapid fall in both hemolytic comple-
ment and C3 levels (Table 3). By 24 h, however,
there was no detectable fall in C3 and hemoly-
tic activity was normal or almost so. Cobra
venom factor, however, produced a greater and
more prolonged depletion, C3 and hemolytic
complement levels not returning to normal for
72 h. As used neither agent affected circulating
levels of leukocytes. Zymosan has been shown
to have no effect on the functions of murine
PMN (21).

TABLE 1. Skin lesions and 4-h fluid exudation in
WFI mice after the subcutaneous injection of105 CFU

of S. aureus strains on cotton dust

No. of mice
with necro- Necrotic IncreasedS. aureus strain sis (group of index skin wt (mg)

12)

PS80 12 30 27
Wood 46 2 2 48
Smith diffusea 0 0 45
Smith compact 0 0 40
Ma 0 0 50

a Capsulated strain.

Effect of complement depletion on S. au-
reus skin infection in immune and nonim-
mune WFI, B1OD2 new-line and B1OD2 old-
line mice. The subcutaneous injection of 10V
CFU of S. aureus PS80 on cotton dust produced
dermonecrosis in noninfected WFI, B1OD2 new-
line, and B1OD2 old-line mice, although the
lesions were consistently larger in B1OD2 old-
line mice than in the other two strains (Tables 4
and 6). The injection of a similar dose of S.
aureus into mice immunized by previous infec-
tion only produced mild erythematous lesions,
the B1OD2 old-line mice being equally protected
against the dermonecrosis. In each case the
degree of dermonecrosis was inversely related
to the amount of early fluid exudation in the
lesion. C3 depletion with zymosan or cobra
venom factor enhanced the extent of dermone-
crosis and reduced early fluid exudation both in
the normal and previously infected mice of all
strains (Tables 4 and 6). In all these experi-
ments we found no difference in bacterial
growth rates (Tables 5 and 7). Zymosan was
only effective during the time in which it de-
pleted C3 and hemolytic complement levels
(Table 3). When given 24 h before challenge
with S. aureus PS80 it had little effect on the
severity of skin lesions or on early fluid exuda-
tion (Tables 4 and 6). Cobra venom factor, as
expected, was still effective after 24 h.

TABLE 2. Bacterial counts in WFI mice after the
subcutaneous injection of 105 CFU of S. aureus

strains on cotton dust

Time after Counts x 105
infection

(h) PS80 diffUSe M Wood 46

0 0.8 0.6 0.6 0.6
2 6 4 6 3
4 10 20 30 20
6 50 60 50 90

24 2,000 1,500 3,000 2,000

a Capsulated strain.

TABLE 3. Effect ofzymosan and cbbra venom factor (CoVF) on complement levels in WFI, BIOD2 old-line,"
and BIOD2 new-line mice

CH50 levelb Reduction (%) in C3
Treatment

WFI B1OD2 new WFI B1OD2 old B1OD2 new

None 55 30 0 0 0
Zymosan, 4 hr 16 <5 65 70 50
Zymosan, 24 h 44 32 0 0 0
CoVF, 24 h <10 <5 <80 60 80
CoVF, 48 h <10 12 <80 60 70
CoVF, 72 h 53 27 0 <10 <10

a No hemolytic activity was detectable in any B1OD2 old-line mice.
b CHs,o 50% hemolytic complement.
r Time between administration of agent and measurement of complement.
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TABLE 4. Effect ofzymosan and cobra venom factor (CoVF) on skin lesions and 4-h fluid exudation in normal
and previously infected WFI mice after the subcutaneous injection of105 CFUofS. aureus PS80 on cotton dust

Mice Zymosan CoVF Mice with necro- Neotic index Increased skin
sis (group of 12) wt (mg)

Noninfected 12 25 30
Noninfected 1 ha 12 81 10
Noninfected 24 h 12 33 28
Noninfected 24 ha 12 45 15

Infected 0 0 88
Infected 1 h 12 11 28
Infected 24 h 3 2 75
Infected 24 h 9 8 27

a Time between administration of agent and injection of S. aureus.

TABLE 5. Effect ofzymosan and cobra venom factor
(CoVF) on bacterial counts in the lesions ofWFI mice
after the subcutaneous injection of 105 CFU of S.

aureus PS80 on cotton dust

Time after Bacterial counts/lesion (x 105)
injection (h) Control Zymosan CoVF

0 0.5 0.5 0.6
2 3 4 6
4 30 20 40
6 90 50 100

24 1,000 700 2,000

S. aureus Wood 46 caused little dermone-
crosis and considerable fluid exudation when
injected subcutaneously on cotton dust. Treat-
ment with zymosan or cobra venom factor en-
hanced the severity of infection with S. aureus
Wood 46, presumably by inhibiting the early
fluid response. We could not, however, enhance
the severity of S. aureus Smith diffuse in this
way (Table 8).
Complement and intraperitoneal infection

in mice with S. aureus. Table 9 shows the
effect ofzymosan and cobra venom factor on the
intraperitoneal injection of various strains ofS.
aureus into nonimmune WFI mice. As ex-
pected, the capsulated S. aureus strains Smith
diffuse and M produced a high mortality with
relatively few organisms. As noted by Scott (18)
and Melly et al. (15), S. aureus M was more
virulent than Smith diffuse. The noncapsulated
strains PS80 and Wood 46 did kill mice if the
dose injected was raised to 108 CFU. C3 deple-
tion enhanced the virulence of all strains tested
except Smith compact.
WFI mice were protected against capsulated

strains by prior immunization with heat-killed
homologous staphylococci. Zymosan and cobra
venom factor still enhanced the virulence of the
challenge strains, showing that both comple-
ment and immunoglobulin opsonins were
needed for complete protection. Replacement of

complement by incubating the challenge orga-
nisms in fresh normal mouse serum reduced
the mortality in complement-depleted immune
WFI mice, but not to the levels seen in animals
with a normal complement system (Table 10).
B1OD2 old-line mice were more susceptible

than the new line to challenge with Smith dif-
fuse and M (Table 11).
The mortality of nonimmune mice chal-

lenged with S. aureus Smith diffuse was re-
lated to the growth of bacteria in the peritoneal
cavity (Fig. 1). Treatment with cobra venom
factor resulted in more rapid growth than in
control mice. Even with Smith compact, mice
treated with cobra venom factor killed the orga-
nisms more slowly than did normal controls.
The growth of Smith diffuse was more rapid in
B1OD2 new-line than in old-line mice (Fig. 2).
The normal mouse has a mononuclear cell

population in its peritoneal cavity. Two hours
after the injection of 108 CFU of S. aureus
Smith diffuse PMN began to appear in the peri-
toneal washings, and by 6 h 90% of cells were
PMN. In mice treated with cobra venom factor
the increase in numbers ofPMN was unaffected
for the 2 h after infection but then slowed (Fig.
3).

DISCUSSION
The S. aureus strains PS80 and Smith diffuse

or M are at opposite ends of the spectrum with
regard to their effect on mice after subcuta-
neous or intraperitoneal infection. S. aureus
Wood 46 occupies an intermediate position.
PS80 produced severe dermonecrotic skin le-
sions but on intraperitoneal injection only
killed mice in high doses. Smith diffuse and M
strains produced mild skin lesions but severe
intraperitoneal infections. Despite these differ-
ences, both dermonecrosis and death have been
attributed to alpha-hemolysin, which is pro-
duced by all three strains. The antiphagoytic
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TABLE 6. Effect ofzymosan and cobra venom factor (CoVF) on skin lesions and 4-h fluid exudation in
normal and previously infected B1OD2 old- and new-line mice after the subcutaneous injection of

105 CFU of S. aureus PS80 on cotton dust
Mice with necrosis Necrotic index 4-h increase in skin

Mice Zymosan- CoVF (group of 12) wt (mg)

Old line New line Old line New line Old line New line

Noninfected - - 12 12 48 27 10 25
Noninfected + - 12 12 75 64 8 12
Noninfected - + 12 12 103 83 6 14

Infected - - 0 2 0 2 70 83
Infected + - 9 6 15 12 24 30
Infected - + 8 10 12 17 31 33

a Administered 1 h before S. aureus challenge.

TABLE 7. Bacterial counts in BIOD2 old- and new-
line mice after the subcutaneous injection of105 CFU

of S. aureus PS80 on cotton dust

Time after injec- Bacterial counts (CFU)/lesion (x 10S)
tion (h) Old line New line

0 0.7 0.6
2 4 2
4 20 40
6 800 700
24 1,000 2,000

capsule of Smith diffuse and M strains is the
major virulence factor in the peritoneum (11,
12) but from our experiments appears to confer
no advantage to the pathogen in the skin. Ac-
tive DOCR appears to play a lesser role in the
peritoneum, though as Agarwal (2) and Hill (9)
showed, it is critical in delaying the early in-
flammatory response in the skin.

In the mouse, complement is important in
both subcutaneous and intraperitoneal infec-
tion with S. aureus. The activation of comple-
ment splits C3 into a large (C3b) and small
(C3a) fragment. C3a has anaphylotoxic activ-
ity, releasing histamine from mast cells, and is
also chemotactic.
C3b is an opsonin (19) but also splits a low-

molecular-weight fragment C5a from C5. C5a,
like C3a, causes histamine release and is chem-
otactic for PMN (20). The importance of C5b as

an opsonin remains to be fully defined, but it
does seem to be necessary for the optimal phag-
ocytosis of pneumococci in vitro (19). The PMN
that are attracted by C3a and C5a release a

variety of lysosomal contents that split more C3
and C5 and thus intensify the reaction (22).
As already reported (14), there is less early

exudate in skin lesions in C5-deficient than in
normal mice. The slight further decrease in
exudate in C5-deficient mice after zymosan or

cobra venom factor suggests that C3 may also
play a part. The more marked effect of these
reagents in normal mice could be due to C5
depletion sequential to C3 activation. Compari-
son of early exudation in immunized old- and
new-line mice with and without zymosan or

cobra venom factor suggests that the C5 contri-
bution persists but that most of the immune
exudate is due to C3. We have suggested that
the accelerated early fluid response to subcuta-
neous S. aureus infection seen in immunized
mice is an Arthus reaction resulting from com-

plexes of staphylococcal antibody and antigen
(6). Crisler and Frank (Fed. Proc. 24: 447, 1967)
have shown that C5-deficient B1OD2 old-line
mice can give a normal Arthus reaction. We
have not yet examined the rates of fluid exuda-
tion in peritoneal infections.
Agarwal (2) noted the early accumulation of

PMN in subcutaneous skin lesions in immune
mice, but there was no evidence that the killing
of bacteria by PMN affected the dermonecrotic

TABLE 8. Effect ofzymosan and cobra venom factor (CoVF) on skin lesions after the subcutaneous injection of
105 CFU of S. aureus Wood 46 and Smith diffuse on cotton dust into nonimmune WFI mice

Mice with necrosis (group of 12) Necrotic index

S. aureus strain No treat- CoVF Zymosan No treat- CoVF Zymosan
ment CoF Zmsn ment CV yoa

Wood 46 1 4 6 1.5 8 14
Smith diffusea 0 0 0 0 0 0

a Capsulated strain.
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TABLE 9. Mortality in nonimmune WFI mice after
the intraperitoneal injection of S. aureus strains in

saline

Mice dead
S. aureus strain Dose Treatmenta (group of 20)

No. %

Smith diffusea 10' 20 100
107 6 30
107 CoVFb 18 90
107 Z 18 90

Mb 107 20 100
10' 0
10' CoVF 18 90
106 Z 18 90

Smith compact 10' 0
108 0
10' CoVF 0
10' Z 0

PS80 10' 8 40
10' 0
10' CoVF 20 100
10' Z 12 60

Wood 46 109 14 70
10' 0
10' CoVF 15 75
108 Zymosan 10 50

a CoVF, Cobra venom factor; Z, zymosan.
b Capsulated strain.

TABLE 10. Mortality in immune WFI mice after the
intraperitoneal injection of capsulated S. aureus

strains in saline; effect ofpreopsonisation with fresh
mouse serum

Mice dead
S. aureus Dose Treat- Preop- (group of 20)Dose ~~~sonisa-strain menta tiontln No. %

Smith 10' - 6 30
diffuseb CoVF - 16 80

CoVF + 10 50
Z - 14 70
Z + 9 45

Mb 107 - 2 10
CoVF - 17 85
CoVF + 9 45
Z - 14 70
Z + 8 40

" See Table 9.

skin lesion (6). Complement depletion consist-
ently failed to increase the bacterial counts in
S. aureus skin lesions. Again events in the
peritoneal cavity were different. The capsu-
lated Smith diffuse strain grew to a greater
extent in C5-deficient old-line than in the nor-
mal new-line mice. Both Smith diffuse and
compact strains grew better when normal WFI
mice were treated with cobra venom factor.
Increased bacterial growth in mice was associ-
ated with higher mortality. Our results suggest
that C5 and probably also C3 were acting as

opsonins for the capsulated strains. They may
also have been acting as chemotactic factors,
but we do not yet have sufficient data to quanti-
tate the relative importance of the C3a and C5a
in these two processes in staphylococcal perito-
neal infection. Cobra venom factor did not to-

TABLE 11. Mortality in BJOD2 old- and new-line
mice after the intraperitoneal injection ofcapsulated

S. aureus strains in saline

Mice dead (group of 20)

S. aureus strain Dose Old line New line

No. % No. %

Smith diffusea 107 12 60 8 40
5x 106 8 40 1 5

106 0 0 0 0
Ma 5x 10' 20 100 15 75

10' 16 80 3 15
5x105 0 0 0 0

a Capsulated strain.

En
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SD + COVF

SD

Sc + cow

Sc

Injected TIME (Hr) 6
dose

FIG. 1. Viable bacterial counts in peritoneal fluid
of WFI mice after the injection of S. aureus Smith
diffuse (SD) and compact (SC) strains. Effect of
cobra venom factor (CoVF).
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FIG. 2. Viable bacterial counts in r
ofB1OD2 old- and new-line mice after
S. aureus Smith diffuse strain.

tally prevent the accumulation of PMN in the
peritoneum, but only lowered the numbers of
cells after the first 2 h. There was residual C3 in
the mice treated with cobra venom factor, but

BlOD2 Old line complement-independent chemotactic mecha-
nisms may also have been working.

In man C3 deficiency has been associated
with recurrent pyogenic infections (4) but not
with S. aureus. Jacobs and Miller, however,
have described recurrent S. aureus infections
in infants with a C5 abnormality (10).
The two experimental models of infection we

B10D2 New Line have examined show the importance of not
drawing general conclusions about the patho-
genesis of disease from one route of infection,
even in the same species. No one animal model
may be directly relevant to human staphylococ-
cal disease, but each may reveal different facets
of the interaction of S. aureus with host defen-
ses that need to be considered in relation to the
range of staphylococcal infections in man. Yet
another problem is that of the staphylococcal
abscess, which might be regarded as a more
satisfactory lesion than necrosis to study in the
skin. Mice do develop staphylococcal abscesses,
but their pathogenesis in relation to the lesion
so far studied needs further analysis.
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