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SUMMARY

The enzyme-linked immunosorbent assay (ELISA) has proved to be
a simple, reliable and sensitive test for the detection of Staphylococceal
enterotoxins. It was employed in this investigation for the quantitative
estimation of SEA and SEC. in raw and skim milk. It was observed
that 60-83% of the toxin could be detected in unheated milk using
the two successive extraction procedure of REISER, et al. (1974).
Direct detection of SE in unheated milk gave false negative result.
Heating SE containing milk samples caused immunological inactivation
of the toxins, where the detectable amount of the toxin was reduced
to 30% of SEA and 20% of SEC3.

INTRODUCTION

Some strains of Staphylococcus aureus produce enterotoxins. The toxins are classified
immurologically and designated from A to F. These enterotoxins are frequently the cause of
food poisoning. The diagnosis of staphylococcal food poisoning is mostly done on clinical, epidem-
iological, and bacteriological evidence, but there is an urgent and widespread need for a simple
and economical test (AHMED, 1980 & MEYER and PALMEIRI, 1980). Several immunological meth-
ods have been described: Single radial immunodiffusion (MEYER and PALMERIRI, 1980), reversed
passive haemogglutination (SILOERMAN, et al. 1968), different solid-phase radio-immunoassays
(BUKOVIC & JOHNNSON, 1981 and ROBERN, et al. 1975). However, all these methods have
some drawbacks (e.g. time consuming extraction procedures, elaborate equipment, autoirradiation
occurs and the reagents are consequently, short-lived, or there is a health hazard involved).
Recently, more sensitive assay procedure, known as enzyme-linked immunosorbent assay (ELISA)
introduced for the detection of staphylococcal enterotoxins BJORN, et al. 1981; NOTERMENS,
et al. 1978; SAUNDERS & BARTLETT, 1977 and SIMON & TERPLAN, 1977). ELISA is, in its
;treme sensitivity, comparable to radioimmunoassays, however, instead of a radioactive label
an enzyme label is used, but it is simple to perform, and the reagents can be stored for more
than a year.
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This study was planned to evaluate the sensitivity of ELISA in detecting staphylococcal
enterotoxins in milk.

MATERIAL and METHODS

Staphylococcal enterotoxins and antitoxins:

Staph aureus enterotoxins A and C_ and their specific antitoxins, as well as antistaphy-
lococcal enterotoxins A and C_, IgG conjugated to peroxidase were kindly supplied by Dr.
M.S. Bergdoll from the Food Research Institute, Madison, Wis., USA.

Milk Samples:

Buffaloe's milk (raw and skim) used in this study, was obtained from Dept. of Food
Industries, Fac. of Agriculture, Assiut University, Assiut, Egypt.

Inoculation of milk with staphylococcal enterotoxins:

Staphylococcal enterotoxins were dissolved in 0.07 M phosphate buffer pH 7.2, containing
0.15 M Nacl. Two different concentrations of each toxin (10 and 100 ng/ml) were added
to milk 24 hr before the assay. The inoculated milk samples were stored during this period
at 4°C. The following types of experiments were made for raw and skim milk. (a) The pH
of the inoculated milk was adjusted at 7.4, the assay was carried out directly on the inoculat-
ed milk before and after heat treatment. (b) Milk samples inoculated with SE were subjected
to extraction procedure, the supernatant extracts were assayed for enterotoxin before and
after heat treatment. (¢) The supernatant extracts obtained from step (b) were 10 fold con-
centrated by dialysis against a solation of polyethylene glycol (PEG, 35% w/a), then the assays
were done before and after heat treatment of the concentrated extracts.

Extraction procedure:

Different foods, naturally or artificially contaminated with enterotoxins, were extracted
according to the procedure described by REISER, et al. (1974) 100 gm of the food was mixed
with 1 to 2 volumes of distilled water and homogenized in a blender. The pH was adjusted
to 4.5 with 2 N Hel, and the homogenate was centrifuged at 10,000 rpm for 20 min. The
supernatant was brought to pH 7.5 with 2 N NaOH, stirred with 10% chloroform for 5 min,
and centrifuged again as described above. The supernatant was readjusted to pH 4.5, centrifug-
ed and neutralized. Tween 20 was added to the extracts at a final concentration of 0.25%.

ELISA procedure:

The sandwich ELISA technique described by ENGVALL and PERLMANN (1971) was
employed with minor modifications of NOTERMANS, et al. (1978), wells of polystyrene trays
were coated with anti SE-IgG from sheep (0.1 ml of anti SE-IgG diluted in 0.07 M, phosphate
buffer, pH 7.2 containing 0.15 M Nacl (PBS) were added to each well; incubation was over-
night at 20°C: After incubation, trags were washed by a continuous flow of tapwater contain-
ing 0.05% Tween 20 for 0.5 min). After coating, 0.1 ml of milk samples were added to each
well. The trays were incubated at 20°C for 90 min, followed by washing as described above.
The amount of absorbed SE was measured using anti SE IgG conjugated to peroxidase (0.1
ml of conjugate dilated in PBS containing 0.05 Tween 20 was added to each well. Incubation
and washing were as described for sample incubation. The enzyme reaction was determined
spectrophotometrically at 450 nm after addition of a solution of 5-amino salicylic acid and
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H_ 0. (0.15 ml of 0.07@ 5-aminosalicylic acid pH 6.0 containing 0.005% H_0_ was added to
each wall. After incubation of 30 min at 20°C, light absorption was measured).

RESULTS

The obtained results were recorded in Tables 1, 2 & 3.

DISCUSSION

According to the data summarized in Tables 1-3, assay of SE in milk using ELISA techni-
que is markedly affected by the amount of fat and protein present. As seen in Table 1,
ELISA failed to detect SE in raw milk with high concentration of fat and protein. In case
of skim milk with lower concentration of. fat little amount, not exceeding 30% of the inoculat-
ed toxin could be detected before heat treatment. Detection of SE after heating in raw and
skim milk gave unsatisfactory results. The amount of SE that could be detected was reduced
to not more than 4% in heated skim milk and to zero percent in raw milk.

The best method for quantitative estimation of SE in milk using ELISA is that of REISER,
et al. (1974). By this method, the detection capacity of ELISA increased to 82% of the toxin
inoculated as seen in skim inoculated with SEA and to 60% as in case of unheated raw milk
injected with SEC3 (Table 2).

A ten-fold concentration of the extract against PEG, resulted in an increase of the
toxin concentration and consequently increased the sensitivity of ELISA in detecting the toxin.
The increase of toxin concentration obtained was approximately 5 to 10 times (Table 3).

Enzyme linked immunosorbent assay (ELISA) have been improved to be very useful in
detecting specific antigens in different heterogenous solutions (YOLKEN, et al. 1977; STIFFER-
ROSENBERG, 1978; BERDAL, et al. 1979; DOSKELAND and BERDAL, 1980 and FREED, et al.
1982). Many cases of food poisoning caused by consumption of milk and milk products have
been documented (HENDRICKS, et al. 1959 and AHMED, 1980). Milk may be contaminated
with enterotoxigenic strains of staphylococci before and after heat treatment. Quantities of
0.5 to 5 ug of SE ingested with milk can produce symptoms of food poisoning. STIFFLER-
ROSENBER and FEY (1978) could detect SE in supernatants and food extract down to 0.1
ng/ml levels by means of ELISA test.

Direct detection of SE in raw and skim milk before and after heat treatment at pH
7.4 gave unencourging results (Table 1). Similer findings were observed by LIND (1974) and
NOTERMANS, et al. (1978). They reported that some of the major inconvenience with entero-
toxin ELISA Sandwich procedure is the presence of protein and fat. Such interferring substances
when present in high concentrations in supernatant and food extracts may lead to false-posi-
tive or false-negative results.

A very promising extraction procedure for detection of SE in milk using ELISA is that
of REISER, et al. (1974).

Two successive extractions at pH 4.5 and pH 7.4 (Table 2). By this method 2 ng of
SE per ml of milk could be detected. Our data obtained are similar to those obtained by
BUNING-PFAUE, et al. (1980). They used ELISA for detectiono of SE in vanilla custard and
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found that two successive extraction procedure at pH 4.5 and pH 7.4 followed by 20-fold
concentration was sufficient to detect 0.1 ug SEB in 100 gm of custard. Also, a similar findings
was rtecorded by NOTERMANS, et al. (1978). They used the same technique in extraction
of staphylococcal enterotoxins A, B, C and E from minced meat. They succeeded to detect
less than 0.5 ug of SE per 100 gm of meat with a recovery rate of 40-80% of the toxin.

Detection of SE in raw and skim milk after heating gave unsatisfactory result (Table
1). Heating SE in the extract of milk lead to rapid inactivation of the SE (Table 2, 3).
SATTERLEE and KRAFT (1969) observed that heating SEB in the presence of either myosin
or metmyoglobin resulted in a rapid loss of the immunological activity of the toxin.

STIFFLER-ROSENBERG and FEY (1978) found that, when ELISA used for detection of
St in food especially certain cheese products; some troubles are met with the non specific
interferring substances present as gelatin, fat and protein. But this can be overcome when
these substances or most of them are eliminated from the extracts.

In this study, it was possible to detect a very small amount of SE which is 10 to 100
times lower than that provoking clinical symptoms of food poisoning. Therefore, ELISA can
be used economically for routine diagnosis of staphylococcal food poisoning after removing
the non specific interferring substances present in food.
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Table (1)
Detection of staphylococcal enterotoxins (SE)
in raw and skim milk before and after heat treatment

Detectable amount of SE (ng/ml)

Amount and type

i i in skim milk
of SE added to In raw milk in skim mi

i it "
milk (ng/m]) unheated a ?r ——— a E-!l'
heating* heating

SE 10 ND ND 3 ND

100 ND ND 18 ?

- 10 ND ND 2 ND

5 gl - ND ND 15 4

ND = non detectable
* = heating at 100°C for 20 min.
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Table (2)

Detection of staphylococcal enterotoxins (SE) in extracts
from raw and skim milk before and after heat treatment

Detectable amount of SE (ng/ml)

Amount and type

i H B - l]
of SE added to In raw milk in skim milk
milk (ng/mi) after after
h e
unheated heating* unheated il
R 7 ND 8 ND
SEA R : ; . ;
10 6 ND 7 2
SEC, - k- - 2 :

ND = non detectable
* = heating at 100°C for 20 min.

Table (3)
Detection of staphylococcal enterotoxins (SE) in concentrated
extracts of raw and skim milk before and after heat treatment

Detectable amount of SE (ng/ml)

Amount and type

of SE added to ' Faw mik in skim milk
mills {ng/mi) after after
h
unheated heating* unheated heating
10 76 ND, 82 ND
SEA 160 0 : b :
‘. . ,‘. .' F e
e 10 35 ND. 4q 4
SECy 100 43g A 7 ah »:

ND = non detectable
¥ = heating at 100°C for 20 min.
= 10-fold concentration.
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