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The synergistic hemolysis of sheep erythrocytes in the CAMP reaction by the sequential action of
staphylococcal beta-lysin and the CAMP factor of group B streptococci is the only known function of this
extracellular product of group B streptococci. The reaction forms the basis of the CAMP test used to
identify group B streptococci because the CAMP factor is believed to be restricted to this group of
organisms. However, on occasion other streptococci, notably group A streptococci, may produce a similar
synergistic lysis of sheep erythrocytes. The nature of the synergistic lytic factor of group A streptococci
responsible for this sequential hemolysis was investigated in a tube CAMP reaction system. The properties
of this synergistic lytic factor were found to correspond to those of streptolysin 0 of group A streptococci.
The synergistic lytic factor, like streptolysin 0, was produced during the logarithmic phase of growth; the
activity was increased by reducing agents and greatly decreased or abolished by heat, trypsin, cholesterol,
and anti-streptolysin 0, and it was immunogenic in rabbits. This would suggest that the synergistic
hemolysis seen in the CAMP reaction system with group A streptococci is due to the action of those small
amounts of streptolysin 0 which remain unoxidized and thus have a capacity to lyse the fragile beta-lysin-
treated sheep erythrocytes.

The lysis of sheep erythrocytes (SRBC) by the combined
action of staphylococcal beta-lysin and an extracellular
product of Lancefield group B streptococci (GBS) was first
described by Christie et al. in 1944 (3). Subsequently, the
acronym CAMP has been applied not only to this extracellu-
lar product of GBS but also to the lytic reaction of the
SRBC. It has been shown that the staphylococcal beta-lysin
is a sphingomyelinase (9) which depletes the erythrocyte
membrane of lipids, making the erythrocytes susceptible to
subsequent lysis by a variety of physical, chemical, or
biological agents. These agents include mechanical damage,
temperature or pH changes, and EDFA as well as the CAMP
factor of GBS (14, 16). The extracellular CAMP factor is
now known to be a thermostable protein with a molecular
weight of 23,500 and the ability to lyse beta-lysin-sensitized,
but not intact, SRBC (1).
Among the streptococci, the CAMP factor is believed to

be restricted to GBS, and based on this a positive CAMP
reaction is regarded as a presumptive test for the identifica-
tion of these organisms. Esseveld et al. (5) and Darling (4)
have modified the original plate CAMP test, and in their
reports they refer to false-positive CAMP tests which were
caused by group A streptococci. Darling noted also that the
phenomenon of false-positive CAMP tests due to group A
streptococci was more pronounced in an anaerobic atmo-
sphere. Facklam et al. (6), in a subsequent investigation with
the CAMP test of Darling, although noting that care in
interpretation of intermediate results was required, recom-
mended use of the CAMP test in conjunction with other
tests.

Subsequently, a tube CAMP test (RTCT) was described in
which a suspension of SRBC previously exposed to the
action of staphylococcal beta-lysin (1-SRBC) was mixed
with streptococcal culture supernatants (13). These superna-
tants were obtained under conditions which allowed most
GBS to multiply and produce the CAMP factor. Under the
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same conditions it was found that the more fastidious group
A streptococci failed to grow optimally, thereby circumvent-
ing the problem of false-positive CAMP test results due to
these organisms. In experiments during the developmental
stages of the RTCT, it was noted that variation of the culture
conditions used would permit group A organisms to produce
a false-positive CAMP test result (E. A. Phillips, M. App.
Sc. thesis, New South Wales Institute of Technology, Syd-
ney, Australia, 1981). These variations included use of
different media or a prolonged incubation time.

In this study the RTCT system was used to investigate the
phenomena of CAMP-like reactions of group A streptococci.
The nature of the synergistic lytic factor (SLF) of group A
streptococci responsible for false-positive CAMP reactions
was examined, and in particular, the relationship between
this hypothetical SLF and streptolysin 0 (SO), the thiol-
activated hemolysin of Streptococcus pyogenes, was investi-
gated.

MATERIALS AND METHODS

Staphylococcal beta-lysin was prepared, using Staphylo-
coccus aureus S32A (2), by ihe semisolid-agar technique of
Haque and Baldwin (10), and beta-lysin (hot-cold) titers
were determined as previously described (13). The lytic titer
at 4°C (hot-cold titer) was taken as the last tube showing
more than 50% hemolysis as determined visually (12) and
recorded as the reciprocal of the dilution of staphylococcal
beta-lysin causing this lysis. A 1:8 dilution of the staphylo-
coccal beta-lysin preparation diluted in phosphate-buffered
saline (PBS) and containing 1 mM SO4 was used in experi-
ments in this study.

Sources of SO and SLF. SO and SLF were obtained from
culture supernatants of Streptococcus pyogenes ATCC
38601 (kindly donated by M. Wilson, University of New
South Wales), and Streptococcus pyogenes A3, originally a
clinical isolate in this department and a control strain for the
RTCT (13). Fifty-milliliter volumes of Todd-Hewitt broth
(Oxoid Ltd.) were heavily inoculated with the group A
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streptococcal strains grown overnight on horse blood agar.
The inoculated broths were incubated for 4 h at 37°C and
then centrifuged. The supernatants were collected, and the
pH was adjusted to 7.2. The culture supernatants were
deemed to contain SO if, when activated by thiol, they
caused lysis of SRBC and if this lysis was inhibited by anti-
SO (ASO). SLF was deemed to be contained in the same
supernatants if, in the absence of thiol activation, ,B-SRBC
were lysed at 37°C. Commercially obtained SO (Behring),
reconstituted and used according to the directions of the
manufacturer, was used as a control throughout the series of
experiments.
SO and SLF activity on SRBC and P-SRBC. SO titers were

determined by adding 0.75 ml of an SRBC suspension to
0.25-ml volumes of culture supernatants serially diluted in
PBS with 0.024 M sodium thioglycolate. The SRBC suspen-
sion comprised 0.25 ml of a 2% suspension of triple-washed
SRBC and 0.5 ml of PBS. The SRBC-supernatant mixture
was incubated for 30 min at 37°C, and the titer was recorded
as the reciprocal of the last dilution showing more than 50%
hemolysis.
SLF titers were determined by adding 0.75 ml of a

P-SRBC suspension to 0.25-ml volumes of culture superna-
tants serially diluted in PBS without sodium thioglycolate.
The r-SRBC suspension comprised 0.5 ml of the staphylo-
coccal beta-lysin preparation mixed with 0.25 ml of a 2%
suspension of triple-washed SRBC and incubated for 30 min
at 37°C. The ,-SRBC-supernatant mixture was incubated
for a further 30 min at 37°C, at which time endpoints were
determined as for SO titers. The activity of thiol-activated
supernatants on ,B-SRBC and of unactivated supernatants on
SRBC were determined by similar procedures.
Comparison of the characteristics of SO and SLF. (i) Effect

of temperature. The effect of temperature on SO and SLF
titers was determined by heating equal volumes of culture
supernatants at 60 and 100°C for 60 min and, after cooling,
comparing the titers present with those demonstrated in
unheated portions of the same supernatants.

(ii) Effect of SO inhibitors. The effect of SO inhibitors on
SO and SLF titers was determined in the presence of
cholesterol, trypsin, and ASO. To test for the effects of
cholesterol, 0.025 ml of a 1 mM preparation was incubated
with 4.2 ml of culture supernatant for 10 min before being
mixed with SRBC or P-SRBC. For trypsin, preincubation of
supernatants and their dilutions for 15 min at 37°C in the
presence of 250 ,ug of the enzyzme per ml was employed.
ASO (Hyland) was reconstituted according to the directions
of the manufacturer and added to serial dilutions of culture
supernatants. The ASO-supernatant mixtures were incubat-
ed at 37°C for 30 min, at which time either SRBC or 3-SRBC
was added and titers were determined. As a control for
staphylococcal beta-lysin activity, the above experiments
were repeated with P-SRBC in the presence of cholesterol,
trypsin, and ASO but with PBS substituted for culture
supernatants.

(iii) Kinetics of SO and SLF production. The kinetics of SO
and SLF production by strain A3 were studied by inoculating
2 x 107 CFU of the organism per ml into a number of tubes
each containing 3 ml of Todd-Hewitt broth (Oxoid Ltd.). The
inoculated broths were incubated at 37°C in a shaking water
bath, and the optical density of the cultures was determined
at 2-h intervals for 8 h of incubation and also after 24 h of
incubation with a Bausch & Lomb Spectronic 20 spectro-
photometer. SO and SLF titers in culture supernatants were
determined after 2, 4, 6, 8, and 24 h of incubation.

Production of immune rabbit sera and determination of

immune titers. Culture supernatants from strains A3 and
ATCC 38601 were prepared as previously described and
filter sterilized. The culture filtrates were mixed with equal
volumes of Freund incomplete adjuvant (Difco Labora-
tories), and 6 ml of each filtrate-adjuvant mixture was
injected intramuscularly into a separate pair of New Zealand
white rabbits. Unused filtrate was stored at -4°C, and
further intramuscular injections of 6 ml of filtrate only were
given at 9 and 12 weeks after the initial injection. Sera were
obtained from each animal and from an uninoculated control
rabbit before the first injection and at 14 weeks after the
immunization procedure.
Anti-SO and anti-SLF titers in rabbit sera were deter-

mined by a microtiter technique by using serum from the
uninoculated rabbit as a negative control and commercial
SO, used with and without thiol activation, as a further
control. The SO preparations used were derived from cul-
ture supernatants of strains A3 and ATCC 38601 and from
the commercial SO preparation, all diluted with PBS to
obtain an SO titer of 2 when thiol activated. These SO
preparations were added as 0.025-ml volumes to 0.025-ml
volumes of serially diluted (with PBS) rabbit sera. The SO-
rabbit serum mixtures were incubated at 37°C for 30 min, at
which time 0.05 ml of a 1% suspension of SRBC was added,
and the mixture was incubated for a further 45 min at 37°C.
The ASO titer was recorded as the reciprocal of the last
dilution of rabbit serum which inhibited lysis of 50% or more
of the SRBC. The SLF preparations were similarly derived
and prepared to obtain an SLF titer of 2, but were not thiol
activated; for anti-SLF titers P-SRBC were substituted for
SRBC. The final incubation period after addition of P-SRBC
was reduced to 15 min. Procedures for anti-SLF determina-
tions were otherwise similar to ASO titer estimation.

RESULTS
SO and SLF activity in culture supernatants of group A

streptococci. Supernatants of 4-h broth cultures of strains A3
and ATCC 38601 contained a thiol-activated hemolysin (SO)
whose activity on SRBC was neutralized by ASO. The same
culture supernatants, in the absence of thiol, had a capacity
to lyse P-SRBC, i.e., SLF activity. The titers of SO and SLF
obtained are shown in Table 1, which represents the results
of typical experiments.

In addition, it was noted that thiol-activated supernatants
produced higher lytic titers for both SRBC and P-SRBC than
did unactivated supernatants (Table 1). Also, lytic titers for

TABLE 1. Lysis of SRBC and 3-SRBC by culture supernatants
of group A streptococci and a commercial SO preparation"

Source of lysinsb
Lytic titers using:

SRBC ,B-SRBC

Strain A3
Unactivated 0 2
Activated 4 8

Strain ATCC 38601
Unactivated 1 8
Activated 8 16

Commercial SO
Unactivated 2 8
Activated 4 16
a Titers obtained with and without thiol activation.
b Activation was by 0.024 M sodium thioglycolate.

VOL. 19, 1984



536 TAPSALL AND PHILLIPS

1-SRBC induced by activated and unactivated preparations
were higher than those obtained with the same preparation
acting on SRBC. The commercial SO preparation gave a

pattern of results similar to those obtained with the strepto-
coccal culture supernatants.
Comparison of properties of SO and SLF. (i) Effect of

temperature and SO inhibitors. The effect of temperature and
SO inhibitors on SO and SLF titers are shown in Table 2.
These titers represent the results of typical experiments.
Heating at 60 or 100°C for 60 min completely abolished all
SO and SLF activity in the culture supernatants and the
commercial SO preparation. Similarly, the presence of cho-
lesterol, trypsin, or ASO either abolished or greatly de-
creased both SO and SLF activity simultaneously. (The
activity of staphylococcal beta-lysin as revealed by hot-cold
titers is necessary for the demonstration of SLF titers. This
activity was not affected when heated culture supernatants,
cholesterol, or trypsin were employed. Addition of ASO to
the test system decreased this hot-cold titer from 16 to 8 [see
above].)

(ii) Kinetics of production of SO and SLF. Both SO and
SLF were produced during the exponential phase of growth.
The maximum titer of 4 obtained for SO and the maximum
SLF titer of 8 were recorded after 4 h of incubation. These
levels of activity were maintained in samples titrated over
the next 4 h, at which time both titers then declined. SLF
was not detected in 24-h cultures, and SO was present in a

titer of 2 after 24 h of incubation.
(iii) Neutralizing (anti-SO and anti-SLF) titers obtained in

immunized rabbits. Rabbits immunized with sterile culture
supernatants of strains A3 and ATCC 38601 developed
inhibitory titers to SO and SLF. This was demonstrated by
the presence of rising immune titers in sera obtained 14
weeks after immunization and the absence of any such rise in
serum from the control animal. The rising antibody titers to
SO and SLF demonstrated in sera from each immunized
rabbit were directed against the SO and SLF contained in
culture supernatants of strains A3 and ATCC 38601. These
sera also inhibited the lytic activity of the commercial SO
preparation on SRBC and P-SRBC. The immune titers
demonstrated by using the commercial SO preparation as the
lytic antigen are shown in Table 3. These titers represent the
results of typical experiments. (Immune rabbit sera and
serum from the control rabbit decreased the staphylococcal
hot-cold titers from 16 to 8, an effect coinciding with that

TABLE 2. Effect of temperature and SO inhibitors on SO" and
SLFb titers

Titers obtained with supernatants

Exposed to:'
Source of lysins Untreated

Choles-
Trypsin ASO

terol

SO

Strain A3 4 0 0 0
Strain ATCC 38601 8 0 1 1
Commercial SO 4 1 0 1

SLF
Strain A3 2 0 0 0
Strain ATCC 38601 8 1 1 2
Commercial SO 8 1 0 1

a SO action of thiol-activated supernatants on SRBC.
b SLF action of unactivated supernatants on P-SRBC.
" All titers were 0 for lysins exposed to heat.

TABLE 3. SO and SLF neutralizing titers obtained in rabbits 14
weeks after immunization with group A streptococcal culture

supernatants

Neutralization titer

Source of immunizing Rabbit Anti-SO Anti-SLF"
culture'

O wk 14 wk 14 wk

Strain A, 1 4 64 16
Strain A3 2 2 128 32
Strain ATCC 38601 3 8 256 64
Strain ATCC 38601 4 4 64 32
No immunization 5 2 2 2

a Commercial SO was used as the lytic antigen in this series of
neutralization experiments.

b Titers were 1 for all rabbits at 0 week.

observed with the commercial ASO control. This effect was
observed in a large number of repeat tests and probably
represents stabilization of the depleted erythrocyte mem-
brane by serum factors.)

DISCUSSION
Under appropriate conditions, group A streptococci will

produce, with staphylococcal beta-lysin (sphingomyelinase),
a synergistic lysis of SRBC similar in appearance to the
CAMP reaction of GBS (5). It would appear from the results
of this study that the synergistic lytic effect observed with
group A streptococci in the CAMP test system is due to
the action of streptolysin 0 on sphingomyelinase-depleted
SRBC.
The hypothetical SLF, postulated for the purposes of this

study as being responsible for the CAMP-like reactions of
group A streptococci, would appear to have properties
identical to those of SO. Both SO and SLF were produced
during the logarithmic phase of growth, and the activity of
each lysin was increased in the presence of thiol but abol-
ished or decreased by cholesterol, trypsin, ASO, and heat-
ing. Further, SLF was antigenic when injected into rabbits,
with the rise in anti-SLF titers paralleling the rise in ASO
titers in the same animals. SLF also behaved in a similar
fashion to commercially prepared SO, and anti-SLF was
indistinguishable in its action from commercial ASO. It is
possible that SLF and SO are separate extracellular products
of group A streptococci and that commercial SO and ASO
contain contaminating SLF and anti-SLF, respectively.
However, it is highly unlikely that two separate lysins with
characteristics which appear to be identical exist when the
properties of SO can account for the phenomenon observed.

Streptolysin 0 is a cytolysin capable of altering mem-
branes of erythrocytes from a large number of species and
also of affecting the permeability of membranes associated
with subcellular organelles (15). This activity occurs in the
reduced state, but SO is readily oxidized (11), and for
maximal SO activity, activation by thiol or other reducing
agents is employed (15). However, SO produced in broth
cultures is never entirely oxidized, and some activity is
present even in the absence of reducing agents (11). Sphingo-
myelinase-depleted SRBC (f-SRBC) are highly susceptible
to lysis by a wide variety of physical, chemical, and biologi-
cal agents (14) and are also more liable to lysis by SO than
SRBC not exposed to staphylococcal sphingomyelinase (Ta-
ble 1). It would seem that the SO produced by group A
streptococci in the CAMP test system has sufficient activity
to lyse the fragile 3-SRBC used.

It is difficult to implicate streptolysin S, the other major

J. CLIN. MICROBIOL.



SO CAUSES FALSE-POSITIVE CAMP REACTIONS 537

extracellular hemolysin of Streptococcus pyogenes, as the
agent involved in the reactions demonstrated. The activity of
streptolysin S is expressed in cell-free culture filtrates only
when a carrier molecule, e.g., Tween or albumen, is avail-
able to stabilize the hemolytic portion (8). In addition,
streptolysin S is oxygen stable and non-immunogenic (8).
The properties of SO of group A streptococci are also

distinct from those of the CAMP protein of GBS. The CAMP
factor causes a nonenzymatic disruption of sphingomyelin-
depleted bovine erythrocytes or SRBC only, having no effect
on the erythrocytes of other species or on intact erythro-
cytes (1). Further differences between SO and CAMP factor
include the relative heat stability of the CAMP factor (1) and
the failure to increase CAMP factor activity with thiol
(unpublished data).
The cause of the false-positive reactions by group A

streptococci in the plate CAMP test was not investigated
here. It is interesting to note, however, that when anaerobic
conditions, which enhance SO activity, were employed for
the performance of the plate CAMP test, the lytic effect of
group A streptococci on P-SRBC was more pronounced (4).
In this context it is pertinent to recall that false-positive
CAMP tests have also been recorded with strains of Listeria
monocytogenes (7). These organisms produce an extracellu-
lar lysin, listeriolysin, with properties closely related to
those of SO (15).

This knowledge of the probable mechanism of false-
positive CAMP reactions of group A streptococci not only
accounts for this previously unexplained phenomenon but
also raises the possibility of eliminating these reactions. In
theory this may be achieved by employing SO inhibitors
which do not simultaneously affect staphylococcal beta-lysin
or CAMP factor of GBS, so that increased specificity,
without loss of sensitivity, may be obtained in CAMP tests.
Preliminary results indicate that with the RTCT system at
least, this aim may be realized through use of heated culture
supernatants. This inactivates the heat-labile SO of group A
streptococci but not the heat-stable CAMP factor of GBS.
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