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SYNOPSIS The anti-alpha-haemolysin test is widely used in the diagnosis of staphylococcal
osteomyelitis. An additional test would be welcomed because raised antibodies to this antigen are not
seen in all proven cases. This communication reports that anti-gamma-lysin was present in the
serum of most of the 19 patients with proven staphylococcal osteomyelitis studied here. In two cases

followed up after chemotherapy was initiated both tests indicated the satisfactory progress of the
patient.

The anti-alpha-lysin test used in the diagnosis of
deep-seated staphylococcal infection depends on the
inhibition of staphylococcal alpha-lysin by specific
serum antibody formed during staphylococcal
infection (Lack and Towers, 1962). Though widely
used in the diagnosis and follow up of staphy-
lococcal bone infections (Queneau, Lejeune, Bertoye,
Bouvier, Bertrand, and Perrier, 1972) the test
suffers from two disadvantages. First, false positive
values have been noted in non-staphylococcal
lesions, eg, in tuberculosis (Kemp, Jackson, Jeremiah,
and Cook, 1973). Secondly, anti-alpha-lysin levels
are not raised in all cases due to staphylococcal
infection (Queneau et al, 1972). The need for an
additional serological test is therefore obvious.
Although in addition to alpha-toxin the staphy-
lococcus produces other haemolysins these have not
formed the basis for a diagnostic test. Beta-haemoly-
sin is not characteristic of human pathogenic strains
(Elek, 1959) while delta-lysin is not immunogenic
(Kreger, Kim, Zaboretsky, and Bernheimer, 1971).
The existence of gamma-lysin has been questioned
until recently, but Guyonnet and Plommet (1970)
have characterized this toxin which can now be
produced in quantities sufficient for subsequent
purification. Briefly, gamma-lysin is a heat-labile
staphylococcal toxin which lyses human red cells
and also those of the rabbit and sheep but has no
effect on horse cells. The possibility that gamma-
lysin could be used in a diagnostic test was suggested
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by the observation that production of this toxin is
characteristic of human haemolytic coagulase-
positive strains (Jackson, 1963) and also by the fact
that antibodies to gamma-lysin are readily produced
in the rabbit (Guyonnet and Plommet, 1970).

This communication reports that gamma-lysin is
antigenic in man and a method for titration of anti-
gamma-lysin is described. Serum levels in normal
subjects have been investigated together with those
in 19 cases of chronic osteomyelitis proved to be of
staphylococcal origin by culture of the organism
from the lesion. These results have been compared
with anti-alpha-lysin levels which are routinely per-
formed in this department.

This preliminary study suggests that the anti-
gamma-lysin test may prove a useful adjunct to
anti-alpha-lysin determinations. A wider investiga-
tion is in progress.

Methods

GAMMA-LYSIN
Gamma-lysin was prepared, purified, and quantitated
as previously described by Guyonnet and Plommet
(1970). The preparation used in this study was made
from a single 9-litre culture. The final product
(4 x 106 units) had a specific activity of 4000 units
per mg and was free from alpha-, beta-, and delta-
lysins. The haemolytic material was lyophilized
without loss of activity in the presence of 0-1 %
bovine serum albumin and stored in sealed glass
ampoules at 4°C.
409
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PREPARATION OF SERA FOR TESTING

Blood was allowed to clot at room temperature,-
separated serum was decomplemented at 56°C for 30
minutes.

ANTI-GAMMA-LYSIN TITRATION

This was developed from the assay method for
gammna-lysin itself. Gamma-lysin, 5 units, is added
in a volume of 0-2 ml to 1 ml of serum diluted in
phosphate-buffered saline pH 6-8. After mixing and
standing for 10 minutes at room temperature, a 12%
human group 0 washed red cell suspension, 0-2 ml,
is added, mixed, and the tubes are then incubated at
37°C for 20 minutes. The tubes are then centrifuged
and the endpoint is the last dilution completely
inhibiting haemolysis. The positive control serum
was Wellcome antistaphylococcal alpha-haemolysin,
lot K5145. The negative control serum was pooled
normal serum, which after decomplementing was
lyophilized in 0-1 ml volumes in glass ampoules which
were then sealed. The contents were reconstituted
with distilled water immediately before use.

PREPARATION OF SERUM IgG
Serum IgG was separated from other serum proteins
by chromatography on Whatman DEAE-cellulose
(DE52) as described in the Whatman data sheet
DS/14 using 0-01M sodium phosphate buffer pH
7-5. The IgG was concentrated by ultrafiltration to
the original serum concentration and shown to be
pure by immunoelectrophoresis in lonagar (Oxoid)
using Michaelis diethylbarbiturate acetate buffer pH
8-2, /t = 0-05.

Results

ANTI-GAMMA-LYSIN ACTIVITY OF NORMAL

SERA

Serum samples from 25 laboratory personnel with
no history of staphylococcal infection other than
superficial skin lesions were found to inhibit
gamma-lysin in the test system at dilutions of up to
1/ 160. Preliminary results on sera from patients with
chronic staphylococcal osteomyelitis showed in-
hibition at dilutions of up to 1/2560 and the com-

mercial anti-alpha-haemolysin subsequently used as

a positive control in the anti-alpha-lysin investiga-
tions was inhibitory at a dilution of 1/1600.

It was noted that sera retested on different days
using different batches of red cells gave variable
titres. However, the positive control serum almost
invariably gave a titre 40 times that of the negative
control serum and it has therefore been assigned an

arbitrary potency of 40 units of anti-gamma-lysin
per ml. Only batches of results in which the ratio of
the negative control serum titre to the positive
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control serum titre was 1:40 have been accepted. In a
series of 25 consecutive batches of tests only three
were rejected.
The normal anti-gamma-lysin range, using the

negative and positive control sera specified, was

established by testing sera obtained from 50 blood
donors. The mean anti-gamma-lysin level was 1-24
units per ml. An anti-gamma-lysin level of 2, 1, or

0-5 units per ml was found in 47 subjects (94%)
while three subjects gave values of 4 units per ml. A
series of 29 sera from children aged between 3 and
14 years was also tested. These sera had been sent to
the Central Public Health Laboratory for anti-
streptolysin 0 determinations. The mean anti-
gamma-lysin level was 1-7 units per ml and only two
sera gave values of 4 units per ml. A value of 4 units
per ml is perhaps still within the normal range but a

value above this may be regarded as abnormal.

ANTI-GAMMA-LYSIN ACTIVITY OF SERA

FROM PATIENTS WITH PROVEN

STAPHYLOCOCCAL OSTEOMYELITIS
The sera investigated were all from patients with
chronic osteomyelitis in which the causative
organism had been shown to be Staphylococcus
aureus by direct culture from the lesion. The sera

were taken before or during the first month of
antibiotic therapy, tested for anti-alpha-lysin levels,
and stored at - 20°C until the present investigation.

Case Sex Age (yr) Anti- Anti- Category'
alpha- gamma-
lysin lysin
(units) (units)

I M 20 2-4 81
2 F 70 2-4 4
3 M 49 2-4 16
4 M 10 10-16 8
5 M 29 2-4 4
6 F 4 4-5 4 1
7 M 67 14-18 32
8 M 18 4-5 8
9 M 52 5-8 16
10 M 55 4-5 64
11 M 50 2-4 16
12 M 41 14-18 16
13 M 34 8-10 2\ 2
14 M 17 8-10 2 F
15 M 37 <2 16)
16 M 51 < 2 8 3
17 F 42 <2 64 J
18 M 34 <2 2\ 4
19 F 70 <2 1

Table I Anti-alpha- and anti-gamma-lysin levels in 18
cases of chronic osteomyelitis
'The results have been grouped: category 1, both anti-alpha-lysin and
anti-gamma-lysin raised; category 2, only anti-alpha-lysin raised;
category 3, only anti-gamma-lysin raised; category 4, both antibody
levels within normal range.
The upper limit of normal for anti-alpha-lysin was taken to be 2

units per ml. In the case of anti-gamma-lysin a value of 4 units pzr
ml or over was considered raised.
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Anti-gamma haemolysin as a diagnostic test in staphylococcal osteomyelitis

The results are shown in table I, and have been
placed in categories according to the serological
pattern. The majority of cases (12/19) showed anti-
alpha-lysin levels of more than 2 units per ml and
anti-gamma-lysin levels of at least 4 units per ml.

Further serum samples taken at intervals during
and after antibiotic therapy have also been in-
vestigated in two cases and the results are shown in
figures 1 and 2.

NATURE OF ANTI-GAMMA-LYSIN
To confirm that the serum anti-gamma-lysin activity
reported in these cases of staphylococcal bone
infection was due to the presence of antibody, some
serum samples were subjected to column chroma-
tography and the immunoglobulin (IgG) fraction
was isolated.
Decomplemented dialysed serum, 1 ml, was

applied to a DE52 column, which was then washed
with 15 ml buffer. The eluate collected was made
isotonic with 450% sodium chloride and tested for
anti-gamma-lysin activity as was the dialysed whole
serum. The results are shown in table II. The IgG
fraction contained most or all of the original in-
hibitory activity towards gamma-lysin, and was
shown to contain only IgG by immunoelectro-
phoresis. It was concluded therefore that the
anti-gamma-lysin activity was due to the presence of
specific antibody.

Serutm Units Anti-gamma-lysin

Per ml Dialysed Per ml IgG
Serum Fraction

Normal control serum I I
Positive control serum 40 40
Case A 8 8
Case B 8 8
Case C 4 2
Case D 64 32

Table lI Recovery of anti-gamma-lysin activity in
IgG fraction of sera

Discussion

These preliminary results leave no doubt that
staphylococcal gamma-lysin is immunogenic, at
least when the infection is in bone. It would appear
that antibodies to this haemolysin are commonly
formed in such infection and it is suggested that the
investigation of anti-gamma-lysin levels together
with the widely used anti-alpha-lysin test should
result in improved diagnosis of staphylococcal
osteomyelitis and its differentiation from other
conditions. The results of the two cases investigated
over the course of antibiotic therapy suggest that the
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Fig I Case 1: A 67-year-old man. Back pain for seven
months before being referred to this hospital. Abscess
of spine at L3/4 diagnosed. Made good progress after
surgical treatment. Staphylococcus aureus isolated
from lesion. Fucidin VP therapy.
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Fig 2 Case 2: A 41-year-old man. Ten years ago R
femur nailed after fracture, infection followed. Seven
years ago sinus developed, sequestra removed.
Staphylococcus aureus isolatedfrom this material.
Infection recurred two months before starting Septrin
therapy shown in figure. Making satisfactory progress.
Figs I and 2 Effnect of treatment on anti-alpha-lysin
and anti-gamma-lysin levels
* * anti-alpha-lysin
O O anti-gamma-lysin

anti-gamma-lysin test may also prove to be of value
in assessing treatment. Further information is
needed on the possible occurrence of false positive
results in non-staphylococcal infections and in
other pathological conditions.

We are grateful to Dr F. J. C. Millard, consultant
physician to the Royal National Orthopaedic
Hospital, for permission to study his patients and
for providing serum samples stored by him. Thanks
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are also due to Dr J. Cook, Head of the Pathology
Department, Institute of Orthopaedics, for advice
and encouragement, to Dr M. T. Parker for helpful
criticism, to Monsieur G. Bezard for the production
and purification of the gamma haemolysin, to Mr
W. H. Bradley for anti-alpha-lysin determinations,
and to Mrs V. McLaughlin for technical assistance.
This work was supported in part by the Sir William
Coxen Trust Fund.
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