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Table 8 — Differentiation of Micrococcus and Staphylococcus species.

differentiating staphylococci and micrococci

done only with oxidase reagent made specially for

Test Micrococcus Staphylococcus
Anaerobic fermentation of glucose® — +

Susceptibility to lysostaphin® + -

Susceptibility to furazolidone (100 ug)° - +

Susceptibility to bacitracin (0.04 units)® + -

Acid produced from glycerol aerobically - +

in the presence of erythromycin 0.4 yg/mie

Modified oxidase test.’ It is essential that this test is + —
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Table 9 — Major Identifying Characteristics of Staphylococci Associated with Domestic Food Animals.

Alkaline
Species of Animal Colony Clumping |Thermo- |phos- Nitrate Aesculin
Staphylococcus type pigment Haemolysin | Coagulase | factor nuclease | phatase Urease reduction | hydrolysis
Staph. aureus Cattle + + + + + = = Bl
Poultry
Sheep
Staph. equorum Horse - +* - - — + (slow) |+ £* o
Cattle (slow)
Staph. arlettae Poultry + - - - - + (slow) |- - -
Staph. gallinarum | Poultry +* +* (slow) |- - - + (slow) |- + -
Staph. intermedius |Poultry |- +* +* + = + 18
Staph. hyicus Pigs - - +* - + =5 - 5 e
Poultry
Cattle
Staph. sciuri Poultry +* - - - = o ~ + T
Staph. caprae Goat - +* (slow) |- - ~ + (slow) |- -
Horse

*10% or more of strains are negative.

Source: Kloos, W. (1997) in: Taxonomy and Systematics of staphylococci indigenous to Humans. Chapter 5 of The Staphylococci in

Human Disease. Crossley, K.B. and Archer, G. L. (eds). Churchill Livingstone, New York.




DNAse Agar

DNAse Agar
Code: CM321

For the detection of microbial deoxyribonuclease
enzymes, particularly from staphylococci.

Formula

gramsl/litre
Tryptose 20.0
Deoxyribonucleic acid 2.0
Sodium chloride 5.0
Agar 12.0
pH7.3+02
Directions

Suspend 39 g in 1 litre of distilled water and bring to the boil
to dissolve completely. Sterilise by autoclaving at 121°C for 15
minutes.

Description

Weckman and Catlin' suggested that DNAse activity could be
used to identify pathogenic staphylococci after they had
established a close correlation with coagulase production.
Jeffries et al.? incorporated DNA in the agar medium to
provide a simple method of detecting DNAse activity.
Organisms are streaked on to the surface of the agar medium
and incubated. The growth on the surface of the agar is then
flooded with 1N hydrochloric acid. Polymerised DNA
precipitates in the presence of 1N HCI and makes the medium
opaque. If the organisms produce DNAse enzymes, in
sufficient quantity to hydrolyse the DNA, then clear zones are
seen around the colonies.

Good correlation was shown between DNAse production and
coagulase activity when testing Staphylococcus aureus strains
from clinical samples.?** Both Staph. aureus and Staph.
epidermis produce extracellular DNAse®*®” but Staph. aureus
produces greater quantities."’

A modification of the medium is to add mannitol (1% w/v) and
phenol red or bromothymol blue (0.0025% w/v) as an indicator
of mannitol fermentation.? The pH reaction around the colonies
must be read before the plate is flooded with acid.

The DNAse reaction helps in the differentiation and
identification of non-pigmented Serratia marcescens® (positive
DNAse reaction) from Klebsiella-Enterobacter (negative
DNAse reaction).

Normal HCI is bactericidal and the organisms cannot be
recovered from the surface of the agar after flooding. The
incorporation of dyes into the medium which can distinguish
hydrolysis of DNA is a further modification which avoids the
use of acid. Toluidine blue® and methyl green™ form coloured
complexes with polymerised DNA; these colours change as
the DNA is hydrolysed.

It should be noted that toluidine blue can inhibit Gram-positive
organisms and it is recommended that it is used to detect
DNAse production by the Enterobacteriaceae.

Modifications to methodology and strict control of dye toxicity
have however made it possible for toluidine blue to be used
for working with staphylococci.

Technique

Inoculate the plates by spotting the organism onto the surface
of the agar so that a thick plaque of growth is evident after 18
hours incubation.

Examine plates for colour changes in or around the colonies if
mannitol/indicator or dyes have been added to the medium. In
the absence of dyes, flood the plates with 1N HCI and allow

them to stand on the bench (lids uppermost) for a few
minutes. Look for zones of clearing around the colonies.

Appearance of colonies with media modifications
1 Mannitol/pH indicator:

Yellow, with yellow zones Mannitol +
Same colour as medium Mannitol —
2 Toluidine blue:
Pink zones in blue medium DNAse +
No zones DNAse —
3 Methyl green:
Almost colourless zones DNAse +
No zones DNAse —
4 Acid flood:
Well defined clear zones DNAse +
No clear zones DNAse —

Storage Conditions and Shelf Life

Store the dehydrated medium below 25°C and use before the
expiry date on the label.

Store the prepared plates of medium at 2-8°C.

Quality Control

Positive control:
Staphylococcus aureus ATCC® 25923
Serratia marcescens ATCC® 8100

Negative control:
Staph. epidermidis ATCC® 12228
Klebsiella pneumoniae ATCC® 13883

References
References are shown on the following page.
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Precautions

The DNAse reaction for staphylococci is an indication of
pathogenicity. It cannot be used as the sole criterion for
identification.

Small zones of clearing may be caused by other enzymes or
organic acid production.”

Once the hydrochloric acid has been applied to the medium
the plate must be read within a few minutes and further
testing cannot be carried out by reincubation.

The methy! green must be purified by extraction with
chloroform. ™ Toluidine blue varies in performance according
to source.

Merck Toluidine blue 1273 is satisfactory for work with Gram-
negative organisms. Note that this dye cannot be used for
Gram-positive organisms.
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Typical appearance of a positive Staph. aureus DNAse test indicated by
clear zones surrounding colonies on a DNAse agar plate flooded with
hydrochloric acid. Colonies of Staph, epidermidis (arrowed) lack DNAse
activity.




Staphylococcal Enterotoxins and Conditions for their

Production

Staphylococcal food poisoning was first reported in 1884 in
patients who had eaten cheese. Microscopic examination of
the cheese showed clumps of cocci. Another outbreak in 1914
was associated with drinking milk from a cow with mastitis.
Milk and milk products remain to this day a potential source of
food poisoning which occurs following ingestion of enterotoxin
produced during growth of Staphylococcus aureus in the food.
Like botulism, staphylococcal food poisoning is an
intoxication: it is not dependent on intestinal infection.

Ingestion of enterotoxin is quickly followed by onset of
cramping, abdominal pain, nausea, vomiting and diarrhoea.
Severely-effected patients may require rehydration therapy to
compensate for fluid lost in diarrhoea and vomit. The condition
generally is not life-threatening although a mortality rate of 5%
has been reported. The severity of illness varies considerably
in individuals but is always unpleasant and debilitating. As
with other causes of food poisoning, the total economic effects
of staphylococci intoxication are considerable.

For many years it had been supposed that Staphylococcus
aureus alone amongst staphylococci was associated with
enterotoxin production and consequent food poisoning.
Coagulase production by food isolates was taken as
presumptive identification of Staph. aureus and, accordingly,
that they were potentially pathogenic but in general
coagulase-negative strains have been considered
insignificant. Thermonuclease production has also commonly
been linked with Staph. aureus and detection of
thermonuclease in foods from which viable organisms cannot
be recovered following processing, has generally been
regarded as showing that this species has grown in the food
and enterotoxin may be present as well. However, with the
introduction of more discriminatory techniques it has been
possible to name other coagulase-positive, thermonuclease-
positive species, that are enterotoxic, e.g. Staph. intermedius.

Strains of newly recognised coagulase-negative species are
increasingly seen to be capable of producing thermonuclease
and/or enterotoxin. Consequently, the emphasis put on
coagulase-positive strains in food examination may lead to
under-estimating the enterotoxigenic potential of other
staphylococci present. Species known to produce coagulase,
nuclease and/or enterotoxin are listed in Table 10. Note that
not all species produce nuclease that is heat-stable
(thermonuclease).

Enterotoxin is one of a range of extracellular products which
are important in the pathogenesis of Staph. aureus. These
include haemolysin, lipase, coagulase and nuclease.
Approximately one-third of strains are able to produce
enterotoxin and if conditions allow them to grow profusely,
sufficient quantities of toxin to cause food poisoning may be
formed in the food. Ingestion of quantities in the order of
300-500 nanogram is required. Because staphylococcal
enterotoxins are antigenic, patients who have previously been
exposed to them may be partially immune and show relatively
mild symptoms or even remain asymptomatic. The
enterotoxins are superantigens which stimulate monocytes
and macrophages to produce cytokines. This immunological
activity suggests that Staph. enterotoxins may also be
involved in non-enteric disease states.

There are a number of immunologically distinct staphylococcal
enterotoxins. They are termed enterotoxins A, B, C, D and E
(SEA to SEE). SEC is divided into two sub-types. A further
toxin previously designated enterotoxin F but now as TSST, is
very similar to the enterotoxins but is responsible for toxic
shock syndrome and not enteritis. 8-haemolysin produced by
Staph. aureus is a surfactant and is also able to activate
adenylate cyclase resulting in cyclic — AMP production and
consequent diarrhoea similar to that produced by cholera
toxin. This activity of the haemolysin may play a part in the

diarrhoea seen in toxic shock syndrome and food poisoning.

Individual strains of Staph. aureus may produce multiple
toxins. The most common patterns of production have been
found to be enterotoxin C alone and enterotoxin C with TSST.2
Where single toxins are detected SEA is most frequently
found, followed by SED. SEE is least frequently found.
Enterotoxin B is involved in staphylococcal enterocolitis, a rare
but often fatal complication of abdominal surgery, but in the
case of this condition there is not an association with pre-
formed toxin in food. The enterotoxins of Staphylococcus
aureus act directly on the gut and, from there via nerve
pathways, on the area of the brain responsible for vomiting.
This mode of activity in producing enteritis has led to these
toxins being regarded as neurotoxins and appears unique.
The enterotoxins are single polypeptide chains having
molecular weights of 27000 to 35000. Lysine, tyrosine,
aspartic acid and glutamic acid are the most abundant amino
acids. Staph. enterotoxins are not destroyed by high cooking
temperatures or proteolytic enzymes. It is their resistance to
heat and to proteolysis in the gut which makes it important
that foods in which Staph. aureus may have multiplied during
manufacture should be tested for toxin following heat
processing and consequent cell death.

The ability of Staph. aureus to grow and produce detectable
amounts of enterotoxin is dependent on the nature of the food
product, what it is made of and whether it is raw, processed in
some way, or fermented, and on the interactive effect of the
differing conditions that exist during the periods of handling
before and after processing and during storage. Staph. aureus
can be expected in products of animal origin and those that
have been handled during manufacture. The incidence of the
different enterotoxins produced by strains recovered from
various sources varies considerably. SEA is produced by
strains isolated from humans but the incidence appears to
vary widely with geographical location of food poisoning
outbreaks. Variation also occurs amongst Staph. aureus
isolates from different foods. SED producers have been found
amongst poultry strains. SEA and SED-producing strains have
been found amongst isolates from sheep and SEA, SEB and
SEC strains were detected in goat milk. However, it it difficult
to establish the real incidence of the different toxins produced
as reports in the literature are sometimes contradictory.

Attempts to associate enterotoxin production with other
properties such as gelatinase, phosphatase, lecithinase and
deoxyribonuclease production, or with fermentation of various
carbohydrates, have shown little difference between
enterotoxigenic and non-enterotoxigenic coagulase-positive
strains.

Nutrition availability has a considerable effect on enterotoxin
production. Easily metabolisable sources of carbon have been
shown to influence toxin production but not in every case to
increase it. The production of the different toxins varies with
the nature of carbohydrates; glucose and glycerol have
actually been shown to repress toxin production under defined
conditions.* Similarly contradictory behaviour occurs with
some amino acids including glutamate, proline, histidine,
aspartate, alanine and glycine, but the mechanisms appear
not to be similar to those associated with the use of glucose
as a source of energy.?

A single cell of Siaph. aureus can theoretically initiate growth
and enterotoxin production in a suitable food. However, in
general, Staph. aureus is poorly competitive and multiplication
can be inhibited in the presence of coliforms, Pseudomonas
spp. and lactobacilli. Some microbial associations allow
adequate growth of Staph. aureus but enterotoxin production
may be suppressed.

Growth of enterotoxigenic and non-enterotoxigenic strains
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together may allow production of enterotoxin to occur even
when the non-toxigenic strain is present in much greater
numbers.?

Atmospheric composition influences both growth and
enterotoxin production but the specific effect varies with the
type of toxin. Toxin may be produced under anaerobic
conditions but greater amounts are produced when oxygen is
present.

Temperature has a considerable effect on growth and
consequent toxin production. Foods stored at temperatures
above 10°C must constitute a risk of food poisoning.

The optimum pH for growth of Staph. aureus is 6.0 to 7.0 but
the actual range of pH over which it can grow is 4.0 t0 9.8
when other cultural influences are optimal. However, foods
having pH values below 5.0 appear not to support enterotoxin
production. Optimal pH values differ for the various
enterotoxins and the acidulant used to adjust pH of a food
may determine whether toxin is produced.

Staph. aureus is able to grow over a much wider range of
water activity than other foodborne pathogens and the aw
requirements for growth and toxin production are much the
same. Associated with the organism’s ability to thrive in
decreased water activity is a tolerance of high levels of
sodium chloride. Salt-preserved foods can therefore be at
risk. High salt concentrations are commonly used in selective
culture of staphylococci. The temperature limits for growth of
Staph. aureus may be widened in the presence of raised
concentrations of salt but toxin production may be influenced
adversely.

As a rule, oxygen tension and competition from other
microorganisms have a greater effect on enterotoxin
production than temperature, pH and water activity.

A summary of the conditions necessary for growth of Staph.
aureus and enterotoxin production is given in Table 11.
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Table 10 — Species and Subspecies of Staphylococcus that Produce Coagulase, Nuclease and/or Enterotoxins.

Species or subspecies Coagulase | Nuclease Enterotoxin
S. aureus + 5 -
subsp. anaerobius TS -
subsp. aureus + TS +
S. intermedius + S +
S. hyicus (+) S +
S. delphini + -

S. schieiferi

subsp. coagulans + 18

subsp. schieiferi - TS

S. caprae - TL +
S. chromogenes = w +
S. cohnii - - +
S. epidermidis - - +
S. haemolyticus - T +
S. lentus - +
S. saprophyticus - - -+
S. sciuri - kS
S. simulans - %

S. warneri = i e
S. xylosus - - +

Key: + = positive
(+) = weakly positive
— = negative
w = negative or weakly positive
v = variable
TS = heat stable
TL = heat sensitive

Source: Modified from Jay, J.M. Modern Food Microbiology 4th edition. Van Nostrand Reinhold, New York, 1992.

Table 11 - Influences on Growth and Enterotoxin Production by Staphylococcus aureus.

Influence Growth Toxin Production
Optimum Range Optimum Range

Temperature, °C 37 4-48 35-40 10-45

pH 6.0-7.0 4.0-98 53-7.0 4890

Eh, mV > +200 < -200 > +200 Not determined

t>O+2OO
aw. 0.98>0.99 0.8320.99 >0.90 0.86=0.99
Atmosphere Aerobic Aerobic to 5.0-20% 02 Anaerobic to
anaerobic aerobic
Sodium chloride % 0.5-4.0 0-20 0.5 0-20

Table adapted from Adams, M.R. and Moss, M.O. (1995) Food Microbiology, Table 7.7 Royal Society of Chemistry, Cambridge, UK.
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Tests for Staphylococcal enterotoxin

The recognition by Dack' that an outbreak of food poisoning
had been caused by a pigmented haemolytic staphylococcus
was quickly followed by the development of tests to confirm
the role of enterotoxin in similar cases. Early animal studies
showed the usefulness of monkeys in routine detection of
enterotoxin when Jordan and Broom? induced vomiting in
these animals by feeding preparations containing enterotoxin.
This removed the need to use human volunteers, the only
investigative method Dack had available. Vomiting is rare in
monkeys and is considered to be acceptable proof of a
positive test if the test sample induces this reaction in at least
two animals. Further developments led to the introduction by
Bergdoll® of the monkey feeding test in which food samples
suspected to contain enterotoxin are administered directly to
the stomach. The use of primates in staphylococcal
enterotoxin research was extended by Wilson* who orally
administered partially purified preparations of enterotoxins to
chimpanzees.

There are practical and cost difficulties in the use of monkeys.
The search for alternative species showed unacceptably low
susceptibility of dogs,® pigs® and rabbits.” Kittens were found
to be a suitably responsive animal and their use was first
described in 1936.° These animals are not very sensitive to
enterotoxin when it is administered by mouth and the
intraperitoneal or intravenous routes are used. Tests may also
be carried out on adult cats.?

A skin test in guinea pigs which removes the need for oral or
parenteral administration was described® but did not enter
general use.

Cats and monkeys have for many years been the usual test
animals and attempts to replace the use of mammals with
Jower animals including frogs, nematodes and fish have been
unsuccessful.

Detection of staphylococcal enterotoxins by their effect on
cells and cultured tissue is less useful than for other bacterial
toxins, but binding of A, B and E enterotoxins to mouse spleen
cells® and the effect of enterotoxin A on human peripheral
lymphocytes' have been employed.

A test system which exploits the superantigen nature of
enterotoxin A has been described as an alternative to animal
and ELISA immunological tests for direct detection of toxin in
foods.™ ELISA tests do not detect functional activity of
enterotoxin and this can cause problems with heat-processed
foods in which toxin may still be biologically active but no
longer serologically active. Mitogenicity as a marker for active
enterotoxin A had been suggested earlier® and the alternative
detection system™ employs demonstration of the proliferation
of human or rat T-lymphocytes in the presence of enterotoxin.

Immunological test systems are firmly established for routine
use. The standard microslide Quchterlony gel diffusion
technique has now largely been replaced by ELISA and latex
agglutination methods. In 1946 Oudin' had shown that
precipitation occurs in an agar gel at a position where antigen
travelling under the effect of gravity downwards through the
gel meets the corresponding immobilised antibody in optimal
proportion. Following description of this single gel diffusion
method a double-diffusion method was devised by Oakley
and Fulthorpe.” In this procedure both antigen and antibody
travel through the gel, their concentrations decreasing the
further they travel. When they meet, precipitation occurs at a
position dependent on the relative concentrations of the
reactants. Ouchterlony utilised agar plates for this double-
diffusion test. The Ouchterlony test system was later
miniaturised so that it may be carried out on glass slides to
economise on reagents. This microslide technigue has in turn
been modified specifically for the analysis of staphylococcal

enterotoxins.'* A miniaturised tube method for gel diffusion
tests has also been developed.®

Gel diffusion technology is slow and technically-demanding
and now ELISA and latex agglutination are preferred for
routine use.

Competitive and sandwich ELISA procedures have been
applied to the detection of staphylococcal enterotoxin but the
sandwich procedure has been adopted more widely. The early
ELISA assays used polyclonal antibodies but now monoclonal
antibodies are more usual. Most test methods employ
microtitre plates.

Reversed Passive Latex agglutination (RPLA) has largely
replaced haemagglutination and haemagglutination-inhibition
methods since Saloman and Tew® showed that antibody to
enterotoxin can be bound to particles of latex. Test systems
that have been developed using passive agglutination of latex
are similar to the reversed passive haemagglutination
technique described by Silverman,? only the antibody carrier
being different.

The Oxoid Staphylococcal enterotoxin kit (SET-RPLA) is
pictured on page 45.

Other immunological technigues have been applied to
staphylococcal enterotoxin:

Immunofluorescence methodology has been used to detect
cell-associated enterotoxin B, enterotoxin B in culture media®
and in foods.** The methods appear not to have been adopted
to any extent.

Radioimmunoassay has been employed as an alternative to
fluorescence assay,** employing radioactive iodine as the
label. This procedure also has not become widely used for
enterotoxin detection.

Other procedures that have been used include
electrophoresis,? electroimmuno-diffusion® reversed
immunoosmophoresis® and affinity chromatography.® Their
use appears not to have extended beyond research
applications.
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Staphylococcal RPLA Kit

Staphylococcal RPLA Kit
Code: TD900

Testing for Staphylococcal enterotoxin using the Oxoid SET-RPLA kit
(Reversed Positive Latex Agglutination). Positive top, Negative bottom.
Oxoid Marketing colfection.

Direct testing for toxin in foods can identify the specific cause
of food poisoning when it has occurred.

Toxin-producing strains of Staph. aureus isolated in culture
from foods and the food preparation environment can be
identified by their specific toxin type and consequently linked
to samples of food that are suspected of causing food
poisoning.
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