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Introduction

The staphylococci are responsible for a number of pathological con-
ditions, chiefly of a suppurative nature, which affect various tissues and
organs of the body. They are the usual cause of furuncles, carbuncles and
osteomyelitis; they are commonly associated with infections of wounds or
burns, either as the primary infectious agent or in association with other
micro-organisms; and they are responsible for some cases of pneumonia,
meningitis, bacteraemia, endocarditis, pyarthrosis, conjunctivitis, renal
abscesses and miscellaneous other conditions. In recent years the staphy-
lococci have assumed increasing importance in maternity hospitals, where
they are responsible for outbreaks of pemphigus neonatorum, for many
cases of pneumonia in the new-born, and for breast abscesses in the mothers.
Staphylococci are also responsible for many outbreaks of bacterial food
poisoning, and recently they have been incriminated as a cause of enteritis
following the therapeutic administration of antibiotics.

Pathogenic staphylococci are normally parasitic and are commonly
found on the skin and mucous membranes, where they either occur tran-
siently or form part of the permanent bacterial flora. Potentially pathogenic
staphylococci can be isolated in cultures from the nose of approximately
half of all individuals, and in cultures from the skin of about 20 %. Staphy-
lococci are sometimes found in the environment-for example, in dust, in
the air or on articles of daily use; here they are especially numerous in the
vicinity of heavily infected persons, and it may be assumed that these
environmental organisms have originated from a human source.

The pathogenic staphylococci comprise a few limited species of a large
group of micrococci of essentially universal distribution. Although the
majority of the species of micrococci are non-pathogenic, several present
an appearance which closely resembles that of the pathogenic staphylococci,

* This is one of a series of studies on the laboratory diagnosis of various diseases which, it is hoped,
will eventually be revised and published in monograph form. An effort is made to ensure that the diagnostic
methods recommended in these studies are as internationally representative and acceptable as possible by
securing the co-operation of a number of experts from different countries. A list of the reviewers of the
study presented here is given in the Annex on page 306. To all of these, and to the author himself, the World
Health Organization is greatly indebted. - ED.
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both microscopically and in culture. Some are commonly present on the
human skin and mucous membranes, where they represent a potential,
and in some cases an almost unavoidable, source of contamination. In
the laboratory diagnosis of staphylococcal infection, therefore, it becomes
highly important to differentiate between the pathogenic varieties and the
non-pathogenic, environmental forms.

Microscopic appearance

Microscopically the pathogenic staphylococci appear as spherical cells,
and occur typically in irregular clusters. This grouping is especially charac-
teristic in stained preparations made from an agar culture. In broth, the
clusters are usually small, and single cocci, pairs or short chains are seen;
long chains are never found. The cocci average about 0.8-1 ,u in diameter;
generally, the staphylococci in any given culture tend to be fairly uniform
in size and arrangement. In freshly isolated cultures 18-24 hours old the
cocci are Gram-positive. Stained preparations of such cultures may reveal
a few individual cells that have decolorized, while Gram-negative cocci
are sometimes more numerous in older cultures. The occurrence of Gram-
positive cocci in irregular clusters is not confined to the pathogenic staphy-
lococci. A similar grouping is usually shown by the non-pathogenic micro-
cocci, and sometimes by enterococci when growing on a solid medium.
The non-pathogenic micrococci are often distinctly diplococcic in appearance
and tend to be somewhat larger and less uniform in size than the pathogenic
staphylococci; the enterococci are usually ovoid and often also appear
diplococcic.

Cultural appearance

The average diameter of staphylococcal colonies on agar is about
1-2 mm. The colonies are round, raised, opaque, smooth and glistening,
and exhibit characteristic pigmentation, which ranges from deep gold to
yellow, cream or white. The development of pigment depends upon several
factors. It is produced only in the presence of oxygen, and is best developed
on a solid medium containing a carbohydrate, blood or milk. While the
the colour is usually distinct after incubation at 37°C for 24 hours, it is
often intensified when the culture is held at room temperature for an
additional day. Cultures on nutrient agar containing no blood often appear
white or nearly white; since it is probable that they are actually pigmented
strains, the presence of colour may be determined by scraping up some of
the growth with a loop and comparing it with a white background. If
time permits, cultures may be transferred to nutrient agar containing about
10% milk; on this medium good pigmentation usually develops after
incubation at 37°C for 24 hours.
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When freshly isolated and grown on blood agar, many strains exhibit a
zone of haemolysis around the colonies; some strains are non-haemolytic.
The staphylococci produce several haemolysins, two of which, a-haemolysin
and f-haemolysin, are pertinent to this discussion. The a-haemolysin is
active against rabbit and sheep erythrocytes, but human red blood cells
are relatively resistant to its action. On blood-agar plates a clear zone of
haemolysis is observed after incubation at 37°C for 18-24 hours. When
freshly isolated from lesions in man, many strains produce a-haemolysin,
and this property is regarded by some as presumptive evidence of the
pathogenicity of staphylococci. The /-haemolysin produces lysis of sheep,
bovine and human, but not of rabbit, erythrocytes. On blood-agar plates
a small central zone of clear haemolysis, surrounded by a wide zone of
darkening or of partial haemolysis, is characteristic of ,B-haemolysin; the
degree is increased when the plate is subsequently held under refrigeration.
Similarly, the action of -haemolysin is demonstrated by mixing a suspension
of susceptible erythrocytes with bacteria-free culture filtrate in a test-tube;
lysis is not observed during preliminary incubation at 370C, but appears
when the tubes are then held overnight at room or refrigerator temperature
(the so-called " hot-cold " lysis). The P-haemolysin is produced chiefly by
strains of bovine origin. Both a- and /-haemolysin are formed best when
cultures are grown in an atmosphere of air containing 30% carbon dioxide.

Broth cultures are non-pigmented and are usually uniformly turbid with
an amorphous, occasionally stringy, sediment.

The staphylococci are aerobic and facultatively anaerobic. Strictly
anaerobic staphylococci are encountered very rarely, and are represented
by species which are distinct from the pyogenic staphylococci with which
this article deals; one species is infrequently associated with puerperal
fever.

The colonial appearance of the staphylococci readily distinguishes them
from such other pathogenic cocci as the meningococcus, gonococcus,
pneumococcus and streptococcus. Microscopic examination of Gram-
stained preparations further differentiates these organisms from the staphy-
lococci.

Classification

There is no general agreement as to the classification of the staphylo-
cocci. For many years the term " staphylococcus " has been used by the
bacteriologist and clinician to signify this group of pathogenic cocci of
characteristic microscopic appearance and cultural properties; and it has
long been the custom to recognize several species which are identified by
the pigment that they produce, i.e., Staphylococcus aureus (golden); Sta-
phylococcus albus (white); and Staphylococcus citreus (lemon yellow).
The term " Staphylococcus pyogenes " is also sometimes encountered in
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the literature. Recently these organisms have been designated as Micro-
coccus pyogenes, and subdivided into aureus and albus varieties (Bergey et
al., 1948).

It is generally agreed that the great majority of pathogenic staphylococci
are coagulase-positive and usually exhibit some degree of golden pigment,
especially when freshly isolated; it is a common observation also that
white variants of fully pathogenic strains may sometimes be encountered.
Because of the lack of definition of the present nomenclature of the staphy-
lococci, the term " Staphylococcus aureus" is used in this article to refer
to coagulase-positive staphylococci which are usually golden in colour,
but may be faintly pigmented or even white.

It is possible to separate the staphylococci into two large groups, Type A
(pathogenic) and Type B (non-pathogenic), by means of the precipitin
reaction with specific polysaccharides (Julianelle & Wieghard, 1935;
Wieghard & Julianelle, 1935). Among the pathogenic staphylococci, three
main serological groups were demonstrated by Cowan (1939). The exist-
ence of these groups has been amply confirmed by others, who have pro-
posed additional groups, at least some of which appear to represent subdivi-
sions of the three main groups (Hobbs, 1948; Oeding, 1952). While it is
possible to determine the broad serological group to which a given strain
of staphylococcus belongs, the method does not permit the exact differentia-
tion of individual strains within a group. The serological classification
of staphylococci has interesting theoretical implications; many points
remain to be clarified, and the subject requires further careful investigation.

Relationships or differences between cultures of Staphylococcus aureus
can be demonstrated by comparison of their susceptibility to a series of
bacteriophages of lysogenic origin. (Blair & Carr, 1953; Jackson, Dowling
& Lepper, 1954; Jackson, Lepper & Dowling, 1954; Williams & Rippon,
1952). This method, known as bacteriophage typing, is somewhat compar-
able to the method of phage typing employed for the differentiation of the
typhoid bacilli; it can be applied only to the examination of coagulase-
positive staphylococci, for coagulase-negative strains are not susceptible
to the typing phages. A series of approximately 20 " basic " phages is
usually used for routine typing. On the basis of their reactions with these
phages, three main groups of staphylococci are recognized, which correspond
fairly well to Cowan's three main serological groups. The phages in current
use usually show pattern reactions rather than type-specific reactions. A
culture of Staphylococcus aureus may be susceptible to a number of phages,
each of which may enter into several different patterns on other cultures.
Because the observed patterns in any series of cultures may be numerous
and overlapping, phage typing is not strictly a method of classification.
However, it serves a most useful purpose in the study of sets of cultures
that have been isolated from related sources. In such sets, close relationship
between the cultures is suggested by closely similar or identical phage
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patterns, while differences between the cultures are indicated by distinct
differences in their patterns.

Collection and Handling of Specimens

The wide distribution of micrococci presents special problems in the
collection of certain specimens that are to be examined for staphylococci.
When the nature of the infection is such that material for culture must be
obtained by aspiration, particular precautions must be used in sterilizing
the skin. When drawing blood for culture or when aspirating fluids from
body cavities, the skin should be painted with tincture of iodine and washed
with 70% alcohol; this procedure must not be perfunctory, nor should it
be carried out in haste. Adequate precautions should be taken to avoid
surface contamination in the collection of pus from boils, carbuncles or
superficial abscesses, and specimens from such lesions should be obtained
only by the clinician. Pustules should never be squeezed to express pus;
this is especially true of pustules in the region of the nose and mouth, for
the highly vascular nature of this area renders it especially vulnerable to
extension of the infection.

Aspirated fluids are transferred aseptically from the syringe to a sterile
container. While a cork- or rubber-stoppered tube may be used under
certain conditions, a sterile screw-capped bottle is to be preferred for trans-
port over any great distance. National postal regulations should be con-
sulted, for they usually contain specific directions for the mailing of patho-
logical specimens for bacteriological examination. There is no serious
objection to the use of a cotton-plugged tube if the specimen is to be taken
personally by the collector directly to the laboratory.

Purulent discharges from wounds, sinuses and similar lesions are
collected on a sterile swab, which is placed in a sterile, cotton-plugged tube
for transport to the laboratory. Care should always be taken to avoid
allowing the swab to touch the skin at the edges of the lesion. If only a
small amount of pus is available, about 0.5 ml of nutrient broth may be
added to the tube to prevent drying. Alternatively, one may consider using
a transport medium such as that described by Stuart and his associates
(1954). This consists of 0.3% agar containing no nutrients, but containing
sodium thioglycollate to prevent oxidation; it is dispensed to capacity in
screw-capped, 1/4-ounce (7-g) bottles. After collection of the specimen,
the swab is inserted into the bottle, the protruding handle of the swab is
cut off, and the swab is pushed farther into the bottle when the screw cap
is tightened. An advantage claimed for the method is the effective-preserva-
tion of the specimen when it is likely to be delayed considerably in reaching
the laboratory.

Urine is collected and delivered into a sterile container, preferably a
screw-capped bottle, for transport to the laboratory. In the case of a female,
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a sterile catheter should always be used after cleansing the urethral orifice.
In the male, a catheter may be used when indicated, but a voided specimen
is generally satisfactory; after cleansing the glans, the midstream urine is
collected for culture.

Specimens of sputum or faeces are collected in a sterile, wide-mouthed
container that can be closed tightly.

In an outbreak of food poisoning an immediate attempt should be
made to obtain samples of all of the suspected foods before they are dis-
carded and before gross contamination by extraneous micro-organisms can
occur. The samples should be refrigerated if any delay in their transporta-
tion to the laboratory is anticipated. When they are available, samples
should also be obtained of vomitus or of diarrhoeal stools from the indivi-
duals affected. Cultures should be made from the nose and hands of all
individuals who were actively engaged in the preparation or handling of
the suspected foods, and from lesions on their skin, if present. To minimize
drying during transport to the laboratory, it is often advisable to moisten
the swabs used to collect specimens from the nose or skin in sterile salt
solution or broth before collecting the specimen.

It may be stated as a general rule that, although the staphylococci are
relatively hardy organisms and are not readily susceptible to adverse
environmental conditions, specimens should always be delivered to the
laboratory as promptly after collection as possible. If any undue delay is
expected, the specimens should be held under refrigeration.

Whenever it is anticipated that antibiotic therapy will be used, it is
highly advantageous to obtain at least one culture from the lesion or from
the blood before the administration of antibiotics is started. Tests for
sensitivity of this culture to antibiotics not only provide information which
may guide the clinician in planning therapy, but also serve as a point of
reference for subsequent cultures in the event that antibiotic-resistant strains
emerge during the course of treatment.

Bacteriological Examination
Microscopic

Gram-stained preparations of the specimen supply only presumptive
evidence of the presence and relative numbers of staphylococci. Pus and
purulent fluids should be spread in thin films over the slide. Urine and body
fluids are centrifuged, and stained preparations made of the sediment. If
desired, wet preparations may also be made and examined for pus cells.
In stained preparations the cocci are usually grouped in small clusters and
pairs; single cocci may also occur, while in fluid specimens short chains are
occasionally seen. In any event, the evidence supplied by the Gram stain
must be confirmed by culture and a coagulase test, as described below.
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Cultivation and isolation

Staphylococci can be cultivated, and usually produce abundant growth,
on even a simple nutrient medium. However, the selection of a suitable
medium for the isolation of staphylococci depends to some extent upon the
purpose for which the culture is made. If, as would be the case in the
diagnostic laboratory, one is concerned with the demonstration of both
staphylococci and such other micro-organisms as might commonly be
present in cultures of pathological material, blood agar prepared on a meat-
infusion base is recommended. Rabbit or sheep blood in a concentration
of 50% is to be preferred; horse blood may be used. While human blood
supports growth and pigmentation of the staphylococci, it is generally less
satisfactory for the demonstration of haemolysis, because many strains of
staphylococci do not attack human erythrocytes to any great extent; it is
possible also that staphylococcal antibodies in human blood may sometimes
prevent haemolysis.

When the primary objective is the ready isolation of pathogenic staphy-
lococci without regard to other microbial species, as would be the case in
certain epidemiological investigations, meat-infusion agar containing 7.5 %
sodium chloride (" salt agar ") may be employed. This high concentration
of sodium chloride inhibits most organisms, but permits the growth of
pathogenic staphylococci. To obtain good growth of staphylococci on this
medium, incubation for 48 hours is usually required.

It may be noted that when the primary culture on blood agar is over-
grown with Proteus, or when a pure staphylococcal culture becomes con-
taminated with a member of this group, two or three successive subcultures
on plates of salt agar frequently permit isolation of the cocci without great
difficulty. The following simple method may also be used successfully to
isolate staphylococci from mixtures containing Gram-negative bacilli; it
appears to depend upon the differential rate of killing of Gram-positive
and Gram-negative organisms by ether. One loopful of the mixed growth
on the original plate is suspended in 1 ml of nutrient broth, to which is
added 1 ml of anaesthetic ether. The mixture is shaken well, and two or
three loopfuls of the emulsion are plated out within 30 seconds of the
addition of the ether, i.e., while some staphylococci are still viable.

Streak pus, purulent fluids or sputum directly on a blood-agar plate and
inoculate a tube of nutrient broth. Deposit the material near one edge of
the plate and streak widely from this area to obtain well-isolated colonies.
One loopful, or a small drop delivered from a pipette, of the sediment from
centrifuged specimens of body fluids is placed on a plate and streaked in a
similar manner, and a tube of nutrient broth is inoculated. Incubate at
370C.

For culturingfaeces, emulsify about 1 g of the solid specimen in 5 ml of
nutrient broth, and streak one loopful of the suspension on both a blood-
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agar plate and a plate of salt agar. Streak fluid faecal specimens directly
on both these media. Incubate at 37°C. Staphylococcal diarrhoea is
sometimes encountered in patients who are undergoing treatment with
antibiotics. Staphylococci may often be found in the stools of these patients
in large numbers, or as the only micro-organism that can be obtained in
culture. Direct stained preparations should be made of diarrhoeal stools
from such patients, and the specimens should be plated both on salt agar
and on the differential media usually employed for the isolation of Gram-
negative enteric bacilli.

For blood cultures, it is preferable for both the collection of blood and
the preparation of cultures to be done by members of the laboratory staff
who are experienced in bacteriological techniques. The procedure is as
follows:

1. Collect 10 ml of venous blood and transfer it aseptically to a tube containing
sufficient sterile sodium citrate, potassium oxalate or heparin to prevent clotting. Mix
the blood and anticoagulant immediately and thoroughly by gentle rotation of the tube.

2. Transfer 4 ml of the blood with a pipette to a flask containing 45 ml of nutrient
broth.

3. Transfer 6 ml of blood to a flask containing 45 ml of nutrient agar which has been
melted and cooled to about 45°C (this is comfortably warm to the skin of the wrist).
Mix the blood and agar by gentle rotation of the flask, and pour approximately equal
amounts into each of three Petri dishes. This permits a rough estimation of the number
of colonies per millilitre, on the basis of about 2 ml per plate.

4. Incubate the broth culture and the plates at 37°C.

In the presence of an outbreak offood poisoning which is characterized
by an incubation period of 1-6 hours, one is justified in examining the
suspected foods for the presence of staphylococci (Dack, 1956). Represen-
tative samples of the suspected foods are cultured to determine the
presence and numbers of staphylococci. Samples of solid foods are first
ground aseptically with sterile sand and are then suspended in sterile
physiological salt solution. The procedure is as follows:

1. Prepare decimal dilutions of suspensions of solid food, or of samples of liquid
food, and place in meat-infusion agar for the estimation of the number of staphylococci
present. The colonies are counted after incubation at 37°C for 24 and 48 hours.

2. Streak samples of undiluted suspensions, or of liquid foods, serially on the surface
of two blood-agar and two salt-agar plates and incubate at 37°C. The blood-agar plates
are examined after incubation for 24 hours; the salt-agar plates are incubated for 48 hours
before examination. Streak specimens from the nose and hands of food handlers, and
from lesions on their skin, if present, on blood-agar plates. Incubate the plates at 37°C
for 24 hours.

3. Inoculate appropriate culture media for the detection and isolation of members
of the groups of Gram-negative enteric bacilli.

4. From the blood-agar or salt-agar plates make transfers to agar slants from typical
colonies which show cocci of characteristic grouping in Gram-stained preparations. Pay
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special attention to pigmented, haemolytic colonies on blood agar and to pigmented
colonies on salt agar.

5. Perform a coagulase test on the isolated pure cultures.

It is conceivable that after they have produced enterotoxin in certain
raw foods, the staphylococci might be destroyed by the temperature of
cooking, and cultures would not reveal their presence. It is therefore the
practice in some laboratories to make direct stained preparations of foods
that are suspected of causing staphylococcal food poisoning; large numbers
of staphylococci in these preparations provide suggestive evidence of the
causative agent.

Identification
The identification of pathogenic staphylococci is based upon the gross

appearance of the culture, the microscopic examination of Gram-stained
preparations, and the performance of a coagulase test. Cultures which
present characteristic colonies of typical pigmentation, which haemolyse
blood agar, and which exhibit Gram-positive cocci of typical morphology
and grouping may be regarded as staphylococci. When freshly isolated,
staphylococci usually show some degree of pigmentation and haemolyse
blood agar. However, complete reliance should not be placed upon either
of these properties. Occasional strains are non-haemolytic, and the pigment
may vary from deep gold to very pale cream, Furthermore, the picture
may be confused by the fact that the aureus variety is rather unstable and
often shows white variants, even in freshly isolated cultures. Further
differentiation into pathogenic and non-pathogenic varieties must be made.
This is accomplished by the coagulase test, which should be performed on
every culture that exhibits the characteristic morphological and cultural
properties.

Coagulase test. The ability to clot blood plasma is a characteristic and,
for practical purposes, a specific property of the pathogenic staphylococci
(Cruickshank, 1937). Non-pathogenic staphylococci and other micrococci
do not clot blood plasma. Although opinion is not unanimous, it appears
to be held by the majority of investigators that the coagulation of plasma
by staphylococci represents the most reliable laboratory test for the iden-
tification of pathogenic strains that is available at present. The test is
performed as follows (Fisk, 1940):

1. In 0.5 ml of fresh, citrated rabbit plasma emulsify one loopful of the growth from
an agar culture 18-24 hours old; or, to 0.5 ml of plasma add 0.5 ml of an 18-hour culture
in nutrient broth.

2. Set up controls in the same manner with known coagulase-positive and coagulase-
negative cultures.

3. Incubate at 37°C, and examine for clotting after 4-6 hours. If no clot is observed
at the end of this time, continue incubation and examine again at 18 hours.
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The majority of coagulase-positive cultures produce a clot within three
hours. When the tests are incubated for longer than 18 hours before exami-
nation, there is a possibility that the clot may be dissolved by the action
of fibrinolysin. Staphylococci that have undergone prolonged exposure
to antibiotics may tend to clot plasma very slowly.
A positive reaction is represented by any degree of clotting, from a

loose clot suspended in the plasma to a solid clot that is immovable when
the tube is inverted.

Note. Rabbit plasma is to be preferred for the coagulase test. The plasma may be
used undiluted or it may be diluted 1: 10 with physiological salt solution. If horse plasma
is more readily available, it may be used in place of rabbit plasma; it generally gives
satisfactory results which are comparable to those obtained with rabbit plasma. Human
plasma may also be used for the coagulase test if it is not over three or four days old,
but the reactions are often weaker than with rabbit plasma. It is debatable whether
human plasma from the blood bank should be employed, although it is reported to give
satisfactory results in some laboratories. Individual samples of bank plasma vary con-
siderably in the length of time that they remain satisfactory for the coagulase test. There-
fore, if bank plasma is used, control tests with known coagulase-positive and coagulase-
negative cultures should always be set up.

While sodium citrate is usually the anticoagulant of choice, either potassium oxalate
or heparin is equally satisfactory.

In the bacteriological examination of foods that are incriminated in
food poisoning, occasional strains of enterococci (e.g., Streptococcus
faecalis, liquefaciens or zymogenes) may be encountered which somewhat
resemble staphylococci morphologically and give a "false positive "
coagulase reaction when citrated plasma is used (Evans, Buettner & Niven,
1952). Clotting of the plasma by such strains results from their ability to
utilize citrate. They may be distinguished from staphylococci by their
greater heat stability. Further differentiation from staphylococci, if needed,
is accomplished by the performance of a coagulase test with oxalated
plasma, in which medium a clot is not formed.

Slide test. An alternative test is based upon the fact that essentially
all coagulase-positive staphylococci are clumped by plasma, while coagulase-
negative strains are not (Cadness-Graves et al., 1943). The test is performed
as follows:

1. Place a small drop of water on each of two glass slides.
2. With an inoculating needle, emulsify the growth from a typical colony in the

drop on one slide and transfer the material remaining on the needle to the second slide
for subsequent staining by the Gram method. Thorough emulsification of the bacterial
growth is essential; a preparation which exhibits auto-agglutination before the plasma is
added is unsatisfactory for the test.

3. Add one loopful of rabbit or human plasma to the suspension on the first slide,
and mix with the suspension by a continuous, circular stirring motion of the needle.

Easily visible clumps usually appear within 15-60 seconds, and represent
a positive reaction. Clumping after one minute is regarded as doubtful,
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while a uniformly turbid suspension with no clumping after three minutes
represents a negative reaction. If the test is doubtful, and if the Gram-
stained preparation shows cocci of typical morphology and grouping, set
up a coagulase test by the tube method described above.

The slide test is of particular use in surveys which involve the examination
of a large number of cultures or of many colonies on a single plate. Some
skill is required in performing and reading the test, and it should be used
only after familiarity with it has been gained by a fairly extensive series of
tests in parallel with the tube coagulase test. It is advisable to check each
lot of plasma before it is used by tests with known coagulase-positive and
coagulase-negative cultures.

Bacteriophage typing. The bacteriophage typing of staphylococci pro-
vides a method by which individual cultures can be differentiated with a
reasonable degree of accuracy (Blair & Carr, 1953; Jackson, Dowling &
Lepper, 1954; Jackson, Lepper & Dowling, 1954; Williams & Rippon,
1952; Saint-Martin, Charest & Desranleau, 1951). While the method is
comparatively new, its value has been well established and it promises
to be of increasing usefulness in the future. Phage typing is particularly
useful in the study of sets of cultures of staphylococci that have been isol-
ated from related sources, in outbreaks of food poisoning and in certain
other epidemiological investigations.

The preparation and maintenance of stocks of bacteriophage for the
purpose of typing is time-consuming and requires continuous attention.
The use of this technique must be restricted to those laboratories that are
adequately supplied with the equipment and technical assistance necessary
for the proper prosecution of the work.

Sensitivity to antibiotics

Several laboratory methods are available for determination of the in-
hibition of bacteria by antibiotics (Jackson & Finland, 1951). The selection
of a method depends upon the desired degree of precision, the availability
of the test materials, and the number of tests to be performed. It is beyond
the scope of this article to discuss all the methods that may be used. The
principles of tests for sensitivity to antibiotics are illustrated in the two
methods described: a serial-dilution method and a disc method. It should
be borne in mind that modifications of the details of the methods are pos-
sible-and, indeed, may be preferred by some laboratories-without
affecting the basic principles of sensitivity tests.

The serial-dilution method is a quantitative test which provides the
precise information that is often desirable when determining the sensitivity
of staphylococci to antibiotics. It is somewhat time-consuming, and
consequently is not always adaptable to the examination of large numbers

3
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of cultures in the diagnostic laboratory. The disc method is simpler to
perform. It is only qualitative and is considerably less precise, but the
information that it provides concerning the relative sensitivity or resistance
of micro-organisms serves as a useful guide for the clinician in planning
an adequate course of antibiotic therapy.

The results of sensitivity tests may be expressed in exact terms of the
concentration of antibiotics per millilitre which inhibits growth, or in such
general terms as " sensitive ", " moderately resistant " and " resistant ".
The inhibitory level that can usually be attained at the site of infection
when an antibiotic is administered in adequate dosage may be taken as a
standard for the determination of sensitivity. It should be remembered
that the results of sensitivity tests indicate, at best, the approximate con-
centration of the antibiotic which may be expected to inhibit growth of
the cocci under the conditions of the test. Regardless of the method em-
ployed, the clinical response of the patient to adequate dosage furnishes
the ultimate, conclusive evidence of the efficacy of an antibiotic.

Serial-dilution method. The serial-dilution method is carried out as
follows:

1. Inoculate a tube of nutrient broth from a pure culture of the strain to be tested.
When the unknown strain is to be tested directly from the blood-agar plate used for
primary isolation, obtain a pure culture by picking several typical colonies to a tube of
nutrient broth. Incubate the broth culture at 37'C for 18-24 hours.

2. Weigh out enough antibiotic to make a stock solution that contains 1000 Ag per ml
in nutrient broth. In general, it does not appear advisable to store stock solutions at a
temperature of about 5°C for longer than about seven days. When the equipment is
available, however, stock solutions of most of the antibiotics can be kept for four to six
weeks at -20°C without significant deterioration. When the solutions are kept at this
low temperature, dispense the stock into individual tubes in aliquots of 1 ml or more,
according to the number of tests usually performed, and thaw immediately before use.

3. Set up a row of 12 or more sterile test-tubes, 13 mm x 100 mm in dimensions, for
each strain to be tested, and one additional row as a control on the antibiotic used. Place
0.5 ml of broth containing 1000 jig of antibiotic per ml into the first and second tubes of
each row.

4. Add 0.5 ml of antibiotic-free nutrient broth to the second and each subsequent
tube in each of the rows.

5. Make serial dilutions of the antibiotic by pipetting 0.5 ml from tube no. 2 and
adding it to tube no. 3, mix thoroughly, and transfer 0.5 ml from tube no. 3 to tube no. 4
and so on, repeating the process in each tube in the row; then discard 0.5 ml from tube
no. 12 (or from the last tube if more than 12 tubes are used). The dilutions should be
used on the day of preparation. (The tubes of diluted antibiotic, however, may be kept
at -20°C for four to six weeks, and are ready for use after thawing.)

6. Prepare the test inoculum of the unknown strain by making a 10-4 dilution in
broth of the full-grown culture (from step 1) in a volume sufficient for the series of tests.

7. Add 1.5 ml of the test inoculum to each of the tubes in the first row.
8. To a tube containing 0.5 ml of nutrient broth add 1.5 ml of the test inoculum

to serve as a control of the growth of the uninhibited culture. It is desirable, especially
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in determining sensitivity to penicillin and streptomycin, to determine the number of
organisms in the test inoculum by diluting the inoculum 10-2 and 10-4 and making poured
plates for colony counts.

9. Prepare a test inoculum (step 6) of a standard strain, the antibiotic sensitivity of
which is known. Add 1.5 ml to the tubes containing 0.5 ml of serially diluted antibiotic
in the second row, and to a control tube containing 0.5 ml of nutrient broth. This serves
as a control on the potency and accuracy of the antibiotic dilutions.

10. Incubate the tubes for 16-18 hours at 37°C. At the end of this period, shake the
tubes and observe the presence or absence of turbidity. Note the last clear tube in each
row, i.e., the tube containing the greatest dilution of antibiotic that has no opacity.

11. Record the minimal inhibitory concentration, or " sensitivity ", of each strain,
including the known control strain, according to the tabulation below:

Tuibe number Final concentration of antibiotic (Ag/ml)

1 250
2 125
3 62.5
4 31.3
5 15.6
6 7.8
7 3.9
8 1.9
9 0.95
10 0.48
11 0.24
12 0.12

Disc method. Sets of medicated discs are available commercially in
some countries for testing the sensitivity of bacteria to antibiotics. These
are dry, sterile, absorbent-paper discs which have been impregnated with
accurately measured amounts of antibiotic. The sets in common use
consist of either two discs containing low and high concentrations of an
antibiotic, or three discs of low, intermediate and high concentrations;
less commonly only a single disc of one concentration is employed. The
test procedure is as follows:

1. Take nutrient-agar plates that have been dried overnight at 37°C.
2. Inoculate the surface of the agar uniformly from a nutrient-broth culture of the

test organism 18-24 hours old. This is accomplished either (a) by flooding the plate with
about 1 ml of the broth culture and drawing off the excess with a pipette, or (b) by streak-
ing the entire surface evenly with a swab that has been moistened thoroughly in the broth
culture. Allow the inoculum to dry; this usually requires only a few minutes when the
plate has been properly prepared.

3. With flamed forceps, place the discs representing the several concentrations of
antibiotic on the surface of the plate, spacing them at intervals about 2.5 cm apart.
Tests can be set up with four to six antibiotics on a single plate if attention is given to the
careful spacing of the discs.

4. As a control of the activity of the discs, set up a duplicate test with a strain of
Staphylococcus aureus of known sensitivity-for example, the Oxford H strain.

5. Incubate the plates at 37°C for 18-24 hours.
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The presence or absence of zones of inhibition of growth around one
or more discs, and not the diameter of the zones, indicates the relative
sensitivity or resistance of a culture. Sensitive strains exhibit zones of
inhibition around discs of all concentrations of an antibiotic. Resistant
strains show no zones of inhibition around the discs, while inhibition by
the high concentration but not by the intermediate or the low concentration
indicates a moderate degree of resistance. When only a single disc is used,
the diameter of the zone must necessarily be considered in the determination
of relative sensitivity or resistance of a culture. The disc method provides
only a rough estimation of sensitivity to antibiotics and is not subject to
quantitative interpretation. For more exact results, the serial-dilution
method is to be preferred.

In a modification of the disc method used in some laboratories, a single
disc impregnated with a suitable concentration of antibiotic is placed in
the centre of the plate. Several strains to be tested, including a strain of
known sensitivity, are then streaked radially from the edge of the plate
to the centre.

When commercially manufactured antibiotic discs are not available,
suitable discs can be prepared in the laboratory from filter-paper; the discs
are then saturated with an appropriate solution of antibiotic (Bondi et al.,
1947; Eisenberg & Wagner, 1952). The procedure in this "wet disc"
method is as follows:

1. Cut discs 6.5 mm in diameter from filter-paper with a cork-borer or a paper-
punch, and sterilize in a Petri dish in a hot-air oven for 90 minutes at 180°C.

2. Inoculate the surface of an agar plate from a broth culture of the test organism
as described in step 2 of the dry-disc procedure.

3. With flamed forceps, pick up a sterile disc and dip it into the antibiotic solution
for saturation; remove any excess by touching the disc to the side of the tube. One disc,
representing a single concentration, is used for each antibiotic.

4. Place the wet disc on the surface of the inoculated plate, and incubate for 18-24
hours at 37°C. Four discs, representing four antibiotics, can be placed on one agar plate
with a diameter of 90-100 mm.

5. Set up a control test with a strain of Staphylococcus aureus of known sensitivity,
as suggested in step 4 of the dry-disc procedure.

6. Measure and record the diameter of the zones of inhibition of growth.

When a single disc is used, the diameter of the zones must necessarily
be- considered when interpreting the results in terms of relative sensitivity
or resistance. If careful attention is paid to the preparation of antibiotic
solutions and of discs of uniform size, the wet-disc method should prove
to be satisfactory for routine use in the diagnostic laboratory.

The following tabulation will serve to illustrate the concentrations of
antibiotics used in the preparation of discs (Eisenberg & Wagner, 1952).
Weigh out enough antibiotic to give the concentrations shown and dissolve
in the proper volume of solvent. The approximate amount of antibiotic
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contained in a saturated disc is calculated on the assumption that the disc
absorbs about 0.005-0.006 ml of the solution.

Approximate
Antibiotic Solvent Concentration amount of

per ml antibiotic per disc

Penicillin Phosphate buffer, pH 6 150 units 1.0 unit
Chloramphenicol Phosphate buffer, pH 6 3000 sg 15.0 ,ug
Streptomycin Phosphate buffer, pH 8 3000 ,ug 15.0 jsg
Erythromycin Phosphate buffer, pH 7 400 ,ug 2.0 ,ug
Chlortetracycline Sterile water 750 jtg 4.0 psg
Oxytetracycline Sterile water 1000 sg 6.0 sg

Serological Examination

Because of the universal distribution of staphylococci and the frequency
of exposure to these organisms, the majority of human sera contain agglutin-
ins for staphylococci in varying degree, and agglutination tests, per se,
have no special diagnostic significance. Serological typing is employed for
the classification and differentiation of staphylococci in a few laboratories,
where it has been applied chiefly to surveys and other studies of a research
nature. It would appear that the techniques of the method are not readily
adaptable to the average diagnostic laboratory.

Evaluation of Results

In the identification of staphylococci few difficulties are presented by
their morphology and cultural appearance. However, because of the wide
distribution of micrococci it is of considerable importance to know whether
the organisms isolated in cultures of pathological material are pathogenic
or whether they represent non-pathogenic, environmental varieties.
Fortunately, a test to differentiate pathogenic from non-pathogenic strains
is available in the coagulase reaction, which can be performed in any
diagnostic laboratory. Pigmentation and haemolysis of blood agar are
useful supplementary criteria, and are often exhibited by freshly isolated
strains. In the final analysis, however, a positive coagulase reaction pro-
vides reliable proof of pathogenicity, regardless of the presence or absence
of these cultural properties. The identification of staphylococci is not
complete until a coagulase test has been performed.

The evidence that staphylococci are implicated in an outbreak of food
poisoning is largely circumstantial, for no proved method is available to
test the presence of staphylococcal enterotoxin directly in food. Staphylo-
cocci are widely distributed and may be present by chance in many kinds
of food. However, strong presumptive evidence that they are responsible
for an outbreak is supplied when cultures show that the suspected food
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contains very large numbers (often millions) of staphylococci per gram.
All enterotoxigenic staphylococci are coagulase-positive and haemolyse
blood agar, but not every haemolytic, coagulase-positive strain of staphylo-
coccus is capable of producing enterotoxin. The evidence furnished by the
presence of very large numbers of haemolytic, coagulase-positive staphylo-
cocci in a food is enhanced when epidemiological investigation reveals
that the majority of persons who ate the suspected food became ill after
the characteristic shortperiod ofincubation. Additional, and more conclusive,
evidence is obtained by the demonstration that the staphylococci isolated
from a suspected food are capable ofproducing enterotoxin under controlled
experimental conditions. The several techniques and the limitations of
this procedure are excellently reviewed by Dack (1956).

Pathogenic staphylococci are tolerated well and may be found in the
intestines of approximately 80% of healthy infants (Buttiaux & Pierret,
1949). Caution should therefore be observed in interpreting the presence
of Staphylococcus aureus in large numbers in faecal specimens of infants
who are receiving antibiotic therapy, for their occurrence as the predominat-
ing organism in faecal cultures may not necessarily be cause for immediate
revision of the programme of antibiotic therapy.
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