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LABORATORY DIAGNOSIS
OF STREPTOCOCCAL INFECTIONS *

R. E. 0. WILLIAMS, M.D.

Director, Streptococcus Reference Laboratory,
Public Health Laboratory Service,

Colindale, London, England

Members of the genus Streptococcus form the dominant bacterial flora
of the mouth and pharynx of man and of some animals, and some specia-
lized members of the genus are normally present in the intestine. The
principal streptococcal species producing communicable disease in man-
Lancefield's Group A streptococcus or " Streptococcus pyogenes "-is also
primarily a resident of the pharynx. The distinction of the potentially
pathogenic Str. pyogenes from the normal commensal streptococci of the
pharynx is therefore of prime importance.

Apart from respiratory-tract diseases (including scarlet fever), strepto-
cocci play a part in some pyogenic processes, where they have to be separated
from the staphylococci; in endocarditis, particularly endocarditis lenta;
in puerperal sepsis, and in urinary infections. It is, however, only infections
with Str. pyogenes that become " epidemic" and it is therefore with the
laboratory investigation of Str. pyogenes infections that this paper is largely
concerned; for other streptococci the discussion is confined to their recog-
nition in the laboratory. The anaerobic streptococci are not discussed.

Media

In general, the streptococci may be cultivated, for primary isolation and
for subsequent identification, on most general-purpose media, including
dehydrated products such as Oxoid blood-agar base, Bacto heart-infusion
broth, Difco Todd-Hewitt broth, etc. The following is a typical formula
that has been found satisfactory for preparing a suitable broth and agar
base from primary ingredients.

* 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 174. To all of these, and to the author himself, the World Health
Organization is greatly indebted. - ED.
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Blood agar

Preparation of base. The nutrient broth base is prepared as follows:
Ox (beef) heart, excess fat removed, finely minced. . . . .25 000 g
Water, distilled or de-ionized . . . . . . . . . . . . .50 000 ml
Peptone, good quality bacteriological .... . . . . 500 g
Sodium chloride (" Analytical Reagent" quality) . . . . 250 g

To the 50 litres of water in a boiling-pan, the required quantities of
heart, peptone and sodium chloride are added, mixed thoroughly and
heated to 68°C for 20 minutes. The mixture is then brought to the boil and
maintained at 100°C for 30 minutes, with frequent stirring.

After being allowed to settle for 5-10 minutes, the medium is filtered
through paper. The filtrate is then returned to the boiling-pan, which has
been cleaned meanwhile; the reaction is adjusted with lON sodium hydro-
xide to pH 8.4 (narrow-range indicator papers giving sufficient accuracy);
the mixture is brought to the boil, and then boiled for 20 minutes to precipi-
tate the phosphates.

Finally the broth is filtered through paper, and, when the reaction has
been adjusted to pH 7.6, distributed and autoclaved at a pressure of 10
pounds per square inch (0.7 kg/cm2) or 115°C for 20 minutes.

It is essential that no alkali be added after the last boiling.
For solid media, powdered agar is added to give a 1.2-1.5% solution

(or shredded agar to give a 2.0-2.5% solution) before the second boiling;
the filtration has then to be made through lint or muslin and in a steamer
or hot jacketed funnel.

Pouring of blood-agar plates. When required for use, the agar should be
melted and then cooled to 50°C, preferably in a water-bath held at that
temperature; the blood should be warmed to 37°C before it is added to the
molten agar and mixed thoroughly. When the layered plates described in
the next paragraph are employed, 8-10% of blood should be used; with
unlayered plates 5% is sufficient. It is important that the molten blood-
agar should be distributed into plates without delay.

In the preparation of culture plates it is best to pour into the Petri dish
first a thin layer of plain nutrient agar, or of a peptone-water agar (e.g.,
sodium chloride, 0.5 g; peptone, 1.0 g; powdered agar, 1.1-1.5 g; water to
100 ml). When this has set a layer of blood agar is poured over it. For a
9-cm Petri dish the volume of the peptone-agar layer should be about
8-10 ml, and that of the blood-agar layer, 10-15 ml.

The blood should be defibrinated. Blood from a variety of animals
has been employed successfully. In Britain horse blood is most commonly
employed. Sheep blood and ox blood are also satisfactory, and the first
has some advantages for the selective isolation of pathogenic streptococci
(see below). Human blood can also be used but is much less satisfactory
and is lysed by many different species of bacteria.
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Crystal-violet blood agar

This medium, which is selective for streptococci, and inhibits the growth
of staphylococci, is exactly the same as the blood agar described above,
except that crystal violet is added to the base to give a 1:500 000 or a
I:1 000 000 concentration. It is best added from a 1:10 000 solution,
which ought to be renewed once a month. Different batches of the dye vary
somewhat in their inhibitory effect and new batches should be tested before
use.

Broth media

Streptococci may be grown in a broth prepared according to the formula
given above for the blood-agar base, with the omission of the agar. The
addition of glucose to 0.2% promotes better growth and is satisfactory for
obtaining sufficient cocci for identification of the group antigen.

For type identification, and for the production of haemolysin, the
following broth, modified from that described by Todd & Hewitt (1932),
is more satisfactory.

To every 450 g of fat-free minced beef one litre of water is added, the mixture is
stirred well, and then placed in the cold overnight. The following morning it is heated
to 85 C and maintained at this temperature for 30 minutes. It is then filtered while still
hot through a suitable paper, any loss from evaporation being made up with distilled
water; peptone is added to give 2%, and the reaction is adjusted to pH 7.0 with ION
NaOH (about 3 ml per litre). To each litre of medium are then added:

sodium bicarbonate ................. . 2 g
glucose ....... . . . . . . . . . . . . .. . . 2 g
sodium chloride ...... . . . . . . . . . . . . . 2 g
sodium phosphate (Na2HPO4,12H20) . . . . . . . . . . Ig

The broth is boiled for 15 minutes. It is then filtered, while hot, through paper, bottled
and autoclaved for 10 minutes at 115°C. The final pH is 7.8 and the medium does not
require any further adjustment, but its pH should be checked.

When Todd-Hewitt broth is to be used for type identification, care
must be taken that the peptone used does not encourage production by the
streptococci of the proteinase that destroys the M antigen (Elliott, 1945).
Suitable peptones include Difco Neopeptone and Evans' peptone.

Enrichment media

For the isolation of streptococci from throat cultures containing only
small numbers of the organisms, an " enrichment " medium may be
employed.

Pike's (1945) medium consists of glucose broth (such as that described
above) containing 5% defibrinated blood, 1: 16 000 sodium azide and
1: 500 000 crystal violet. The medium is distributed in 2-3 ml quantities
in test-tubes; it should be prepared freshly each week. Wahl & Meyer

11
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(1957) offer an alternative formula giving a final concentration of sodium
azide of 1: 2200.

Holmes & Lermit's (1955) modification consists of nutrient agar (as
described on page 154) with 5% defibrinated blood, 1: 16 000 sodium azide
and 1: 1 000 000 crystal violet; about 5-ml quantities are distributed into
1.3-cm diameter test-tubes. This medium is certainly satisfactory when
kept for up to 2-3 weeks, but should not be stored for much longer.

Medium for preparation of Streptomyces enzyme

For cultivation of the Streptomyces albus used for preparing grouping
extracts (see page 163), a stock mixture is prepared containing:

Sodium chloride ..... . . . . . . . . . . . . 5 g
Dipotassium hydrogen phosphate .... . . . . . 2 g
Magnesium sulfate (MgSO4, 7H20). . . . . . . . . I g
Calcium chloride ................ . 0.04 g
Ferrous sulfate (FeSO4, 7H20). . . . . . . . . . . 0.02 g
Zinc sulfate (ZnSO4, 7H20) . . . . . . . . . . . . 0.01 g
Yeast extract............g
Distilled water to ........... 1000 ml

In this mixture agar powder is dissolved to 1.1 %; the medium is then
filtered, distributed into stock bottles and sterilized. For use it is melted,
distributed into Roux bottles plugged with cotton wool, and enriched with
glucose and casein hydrolysate (" casamino acids "), both added aseptically
to 0.5 %. The pH should be 7.0-7.2.

Preparation of pancreatic extract

The pancreatic extract used for digestion of cultures can be obtained
from chemical suppliers or can be prepared by Cole & Onslow's method.
To 1500 ml of distilled water are added 500 g of fresh pig pancreas (fat-free
and minced) and 500 ml of absolute alcohol. The mixture is shaken in a
large stoppered bottle and then allowed to stand for three days at room
temperature with occasional shaking, after which it is strained through
muslin and filtered through paper. Strong hydrochloric acid is then added
to a final concentration of 0.1 %; this throws down a cloudy precipitate
which settles in a few days and can be filtered off. The extract keeps well.
A 1:100 dilution should digest the gelatin film on a used photographic
plate in 30 minutes.
A solution of purified trypsin is also satisfactory.

Media for biochemical identification tests

Sugar-fermentation tests are carried out in a medium consisting of 1%
peptone, 0.50% sodium chloride, 50% horse or rabbit serum, 0.5 % or 1%
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test sugar, and 1 % Andrade's indicator. Wahl & Meyer (1957) recommend
the use of 4% peptone and the omission of the serum; they also prefer
bromothymol blue as indicator.

Growth at pH 9.6 is tested in Clarke's (1953) medium.
Arginine hydrolysis is tested by growing streptococci for 7 days in a

medium comprising: 0.5% peptone, 0.5 % yeast extract, 0.2% dipotassium
hydrogen phosphate, 0.05% glucose, and 0.3 % di-arginine monohydro-
chloride in distilled water. The medium is adjusted to pH 7.0, boiled,
filtered and sterilized by autoclaving at 115°C for 10 minutes. Ammonia
production is indicated by the development of a brown colour on the addi-
tion of Nessler's reagent (0.25 ml to 5 ml of medium).

Tolerance of bile is conveniently tested on " ditch plates" comprising
blood agar on one side, and 5% serum agar containing dehydrated ox
bile (for example, as supplied by Difco Laboratories, Detroit, Mich., USA)
to give a final concentration corresponding to 40% bile on the other. New
batches of medium should be tested with known tolerant and sensitive
strains, as variations may be encountered with different batches. Strains
should not be regarded as growing on bile agar unless they grow right
across the bile-agar ditch.

Collection of Specimens

Nose and throat cultures

For examination of the nose and throat, swabs made of absorbent
cotton wool rolled on metal or wooden applicators are used. The swab
should be moistened with sterile water or saline before being used to sample
the nose, and it should be inserted about 1-2 cm into each nostril. In
sampling the throat, care should be taken to rub the swab over both tonsils
(or tonsil beds) and over the pillars of the fauces, and to avoid touching
the tongue, cheeks or palate; this is facilitated by the use of a tongue de-
pressor.

If there is likely to be more than 6 hours' interval between the taking
of the swab and its cultivation, serum-coated swabs may be used. These
are swabs prepared in the ordinary way except that the cotton wool is
moistened with normal horse serum and then allowed to dry before steriliza-
tion (Rubbo & Benjamin, 1951). Alternatively, the swabs may be immersed
in a transport medium; the medium of Holmes & Lermit (1955) mentioned
above was designed to be used for transport as well as for enrichment.

Swabs can be used to sample the saliva in the front of the mouth for
streptococci if they are plated out immediately, or if enrichment cultures
are used; otherwise, saliva should be collected in a glass bottle and plated
on arrival at the laboratory.
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Skin and wounds

Skin and wounds can be sampled with swabs in the same way as the
nose, care being taken to moisten the swab before use if the lesion is not
itself moist. If vesicles are present on the skin these may be punctured
with a needle and the fluid cultivated.

Blood and other body fluids
For the most satisfactory results in blood culture, 15 ml of blood should

be taken, with strict aseptic precautions, and distributed immediately into
three 25-ml quantities of warmed broth containing 0.050% " Liquoid"
(sodium polyanethol sulfonate) to prevent clotting and to neutralize the
normal antibacterial power of the blood. The cultures should be incubated
aerobically, anaerobically and in an atmosphere containing 10% carbon
dioxide, and subcultured after 24 and 72 hours, and subsequently at intervals
of 5-7 days, for three weeks. If Liquoid is not employed, each 5 ml of blood
should be inoculated into at least 50 ml of broth. It is useful to prepare
a poured plate with a portion of the blood from one of the three culture
tubes, for estimating the concentration of any organisms present in large
numbers.

Blood cultures should preferably be taken at the time when the patient's
temperature is elevated. They should not, if possible, be taken during
chemotherapy, since neutralization of penicillin can only be accomplished
by the addition of penicillinase prepared from other bacteria (and the pre-
paration may contain other antibiotic factors) and there are no satisfactory
neutralization methods for the tetracyclines, etc. If the patient is under
treatment with sulfonamides, p-aminobenzoic acid (0.1% of a saturated
solution) should be added to the blood culture medium.

Other body fluids should be examined by the naked eye and then spun;
the deposit is examined microscopically and then inoculated on to blood-
agar plates for incubation aerobically, anaerobically and in an atmo-
sphere of air with 10% carbon dioxide. Inoculation of a cooked-meat
broth tube may also be useful.

Urine is treated similarly except that a single aerobic blood-agar plate
and a plate of MacConkey agar usually suffice.

Air, dust, blankets, etc.
The simplest method for counting haemolytic streptococci in air is to

expose open culture plates of crystal-violet blood agar (see page 155), but
the most satisfactory method, when accurate counts are required, is to use
a slit-sampler (Bourdillon, Lidwell & Thomas, 1941; Bourdillon, Lidwell
& Lovelock, 1948).

Floor dust can be examined by shaking a weighed amount of dust in
normal saline (0.90 sodium ch!oride in distilled water), centrifuging
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lightly for one minute, and plating portions of the supernatant, and of a
1:10 dilution of it, on crystal-violet blood agar. It is important to collect
and suspend in the broth as large a sample of dust as possible, because the
streptococci are often distributed irregularly in it. Various dust samplers
for semi-quantitative work have also been described (see, for example,
Williams, 1949).

Blankets and other fabrics may be very conveniently sampled by rubbing
an inverted open culture plate of crystal-violet blood agar up and down
their surface. The edge of the dish disturbs the surface of the fabric and
some of the dust is deposited on the surface of the medium.

The preceding paragraphs refer to the collection of haemolytic strepto-
cocci. There have been suggestions that the commensal streptococci of
the mouth might be used as indicators of respiratory pollution of air
(see Williams, Lidwell & Hirch, 1956; Reid, Lidwell & Williams, 1956).
Str. salivarius is particularly convenient for this purpose since, by the use
of a serum-agar medium containing 5% sucrose, it can be recognized by its
distinctive colony (see Williams & Hirsch, 1950). This procedure is not yet
sufficiently established to be part of a general health-laboratory routine.

Isolation and Recognition of Streptococci
Direct smears

Since streptococci are the dominant commensal organisms of the throat,
direct microscopic examination of smears from throat swabs has no value
in the detection of infection with Str. pyogenes. In the examination of pus
and swabs from other regions, including the vagina, examination of a
direct smear may give a valuable indication of the presence of pyogenic
streptococci.

Media
In a general laboratory it is best to plate nose and throat swabs on blood

agar (see page 154) for 18-24 hours' aerobic incubation at 370C. A somewhat
greater yield of streptococci can often be obtained by incubating the plates
anaerobically, this having a beneficial effect on the growth of the streptococci
and an inhibitory effect on some of the other bacteria, especially the staphy-
lococci, Neisseria, Haemophilus and Corynebacterium. Pour-plate cultures
have also been used for the same purpose, but are generally less convenient,
both for inoculation and for subsequent subculture of colonies. When
complete inhibition of staphylococci is an advantage-as in nose, ear and
wound cultures-crystal-violet blood agar is very helpful, and it should
be used in surveys concerned solely with the discovery of streptococcal
carriers.

When it is considered important to discover all carriers of streptococci,
including those who are carrying only very small numbers, or when plain
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swabs have had to be transmitted through the post, the use of an enrich-
ment medium is helpful. After the preliminary plating, the swab is immersed
in the enrichment medium, incubated at 37°C for 5 or 18 hours, and plated
on a second blood-agar plate. Enrichment cultures offer no great advantage
in the diagnosis of acute streptococcal infection from swabs collected
within a few hours before plating, beyond providing an alternative culture
if the direct plate culture proves to be contaminated.

Inoculation ofplates

The proper inoculation of the swabs on to the plate is most important.
When plain blood-agar is used as the medium, it is best to employ a whole
9-cm plate and a half-plate is the least that can be considered satisfactory.
When crystal-violet blood agar is employed, a quarter of a plate may be
used for the nasal swab, which should be rubbed over the whole quarter-
plate. The inoculum from throat swabs should be confined to an area of
about 10 cm2 and should be spread from this by three successive sets of
streaks, each made with a sterilized wire loop or glass spreader (see Fig. 1).

FIG. 1. METHOD OF SPREADING PLATE TO OBTAIN
WELL-SPACED COLONIES

The subcultures from enrichment media should be spread initially over
an even smaller area of medium, and great care should be taken in spreading
in order to obtain a reasonable number of well-spaced colonies.

Bacitracin discs can be applied to the primary plate to facilitate early
recognition of Group A haemolytic streptococci (see page 164).

Recognition of colonies

Typically, the colonies of Str. pyogenes after 18-24 hours' incubation on
blood agar are about 0.5 mm in diameter, transparent or translucent, domed,
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with a smooth or semi-matt surface and an entire edge; they are surrounded
by a well-defined zone of complete haemolysis some 2-4 times the diameter
of the colony. However, considerable variations occur: the colony may be
quite opaque; it may be " mucoid " (i.e., 1-2 mm in diameter with a glossy
surface and a watery appearance); or it may dry up to give the appearance
of a dried flake on the surface of the medium. Some strains produce only
small areas of haemolysis, and rare strains produce green discoloration
of the blood rather than haemolysis, or even no effect at all.

Strains that show considerable variation in the degree of haemolysis
from colony to colony are rarely Str. pyogenes, but it is not uncommon for
cultures of Str. pyogenes to contain two variants, one more haemolytic than
the other. Strains with very small colonies and a wide area of complete
haemolysis are also rarely Str. pyogenes. It is characteristic of many Str.
pyogenes colonies that they break up into several separate pieces when
touched with an inoculating wire.

Nevertheless, it is not possible to distinguish colonies of Str. pyogenes
from those of all other haemolytic streptococci (or from haemolytic varieties
of Haemophilus or Corynebacterium) by appearance alone, especially in the
mixed growth of a primary plate culture. Streptococci can be distinguished
from Haemophilus and other non-streptococcal bacteria by microscopic
examination of a Gram-stained film; Str. pyogenes can be reliably dis-
tinguished from other haemolytic streptococci only by determination of the
serological group or by the use of one or two special physiological tests.

It has been claimed that the distinction of colonies of Str.pyogenes is made
easier by the use of sheep blood, since it is less easily haemolysed by organ-
isms other than streptococci, especially Haemophilus (Feller & Stevens,1952).

It is desirable to make a microscopic examination of all strains diagnosed
as haemolytic streptococci. Such an examination is essential if the results
of the culture are to be reported without determination of the serological
group of the streptococcus. If the group is to be identified, it may be
permissible to omit the microscopic examination.

Reporting of results

In reporting the results it is convenient to distinguish cultures in which
large numbers of haemolytic streptococci are found from those in which
there are only small numbers, although it has to be recognized that the
numbers cultivated depend to some extent on the efficiency with which the
swab was taken and the speed with which it was transmitted to the laboratory
and inoculated on to culture media. No estimate of numbers can be given
when cultures are examined only after enrichment. Until the Lancefield
group has been established, cultures should be reported simply as " haemo-
lytic streptococci ", and it should be emphasized that such a diagnosis is
provisional pending group identification.
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Drug sensitivity

Streptococci may be tested for sensitivity to chemotherapeutic drugs by
any standard method; up to the present no Group A (Str. pyogenes) strains
resistant to penicillin have been described. In testing for sulfonamide
sensitivity it is important to use media rendered free of sulfonamide antago-
nizer, for example, by the incorporation of lysed horse blood (5 % final
concentration).

Specific Recognition of Str. pyogenes: Group Identification

The specific recognition of Str. pyogenes, that is of Group A, is desirable
in all diagnostic work; it should certainly be employed whenever practicable
in epidemiological investigations, since without it carriers of unrelated
streptococci may be unnecessarily held in isolation or submitted to treat-
ment.

Epidemic spread of infection in man is practically confined to Str.
pyogenes, and so far as epidemic streptococcal disease is concerned it is
usually sufficient to find out whether the streptococcus does or does not
belong to Group A. In hospital diagnostic bacteriology more interest
attaches to the exact determination of species or group.

Of the six methods available for recognizing Group A streptococci,
three depend on a precipitin reaction between an extract of the streptococcus
and group-specific antisera, one on agglutination by specific antisera and
two on physiological reactions.

Preparation of antisera

Most strains of Group A seem to induce good antibodies to the group
antigen; with other groups it is desirable to select particular strains if
satisfactory results are to be obtained. The following are the strains used
for the commoner groups at the Streptococcus Reference Laboratory,
Colindale.

Group Strain Catalogue number in National
Collection of Type Cultures, London

A T.6 glossy 8709
B 090R 9993
C Chestle 8543
G Valente 9603

In the preparation of the vaccine for immunizing rabbits, 250 ml of
broth are seeded from a young broth culture of the appropriate strain and
incubated overnight at 37°C. The culture is then plated to test for purity,
centrifuged, washed three times in saline, resuspended in phosphate buffer
(pH 7.8) containing pancreatic extract (see page 156) to 5 % and left at room
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temperature overnight. The cells are then washed six times, suspended in
25 ml of buffer and heated in a water-bath at 56°C for 30 minutes. A
formamide extract (see below) is made from 2 ml of the vaccine and its
group reaction checked.
A rabbit is given 0.5 ml of vaccine intravenously as a sensitizing dose and

left until the following week, when it is given 0.5-1.0 ml of vaccine intra-
venously on each of three successive days. This dosage is continued weekly
for 2-3 weeks, after which a sample bleeding, about 2 ml, is taken from an
ear vein and the serum is tested. If it gives a satisfactory precipitin reaction
with extracts of several strains of the homologous group, the rabbit is
bled (60-80 ml) and repeat bleedings are taken at intervals of 2-7 days
provided antibody titre is maintained. If the titre is low, dosing is continued
for another week and another test bleeding taken.

In making antisera for groups other than A, C and G, great care has to
be taken to detect sera that are type- rather than group-specific. Usually
the group antibodies appear sooner than the type antibodies.

Preparation of extracts and method of carrying out precipitin tests

Formamide (Fuller, 1938). The deposit of culture from 5 ml of broth or
the growth from a quarter of a plate is suspended in 0.1 ml of formamide
(methanamide, HCONH2) and heated in an oil-bath at 160°C for a quarter
of an hour or until almost completely dissolved. If not completely dissolved
the tube is spun and the deposit discarded; 0.25 ml of acid alcohol (0.5%
hydrochloric acid in 95% ethanol) is added to the supernatant, which is
shaken; the precipitate is thrown down by centrifuging and discarded. To
the supernatant, 0.5 ml of acetone is then added, and the precipitate again
thrown down by centrifuging. The supernatant is discarded and the precip-
itate dissolved in 0.3-0.4 ml of saline; 1 drop of phenol red is added and
the extract neutralized with N/5 NaOH. Cross-reactions may occur if the
extract is tog alkaline.

Hydrochloric acid (modified from Lancefield, 1933). To the deposit
from 50 ml of culture is added 0.4 ml of N/5 HCl and the suspension is
placed in a boiling water-bath for 10 minutes. The supernatant is then
neutralized with N/2 or N/5 NaOH, using phenol red as indicator, and
spun clear. The supernatant is the extract.

Some strains are better extracted with N/15 acid and others, particularly
in Lancefield's Group B, are better extracted with N/5 HCI at 50°C for
two hours.

If the extract is to be used only for group identification, 10 ml of culture
or the growth from a quarter of a blood-agar plate culture is usually
sufficient.

Streptomyces enzyme (Maxted, 1948). A lytic enzyme can be obtained
from suitable strains of Streptomyces albus (for example, National Collection
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FIG. 2. "GROUPING PIPETTE

Extract

Magnification: about x 2

a-half hours). This clear

" of Type Cultures No. 7807) by growing for
4-5 days, on the medium described earlier,
in Roux bottles plugged with cotton wool.
The agar gel is then destroyed by freezing
hard (i.e., at -10°C or on crushed carbon
dioxide snow) and the fluid that exudes on
thawing contains the lytic factor. It can, but
need not, be sterilized by filtration through a
Berkefeld candle.
A loopful of growth taken up from an

18-hour blood-agar culture is suspended in
0.25 ml of enzyme solution in a 5-mm
diameter tube and placed in a water-bath
at 50°C until clear (approximately one-and-

solution is the extract.

Setting up the tests. The tests are carried out in " grouping pipettes ",
made from 5-mm external diameter glass tubing drawn out to a capillary
at one end and cut to a total length of about 3 cm (see Fig. 2). The tubes are
held vertically in a rack of modelling clay and a drop of serum run in. This
drop settles at the region where the tube is constricted to the capillary. The
extract can then be layered on top of it. As a routine, all extracts should be
put up against sera of Groups A, C and G. A positive reaction appears as a
clear-cut ring within 2-3 minutes, and reactions should not be accepted as
positive when they take more than 5 minutes to appear.

Agglutination grouping

According to Riskaer (1943) and Rosendal (1956), streptococci of
Groups A, C and G can be satisfactorily recognized by an agglutination
test, provided that the bacterial suspension is first digested with trypsin
(see below) and that properly absorbed sera are used.

Physiological tests

Apart from the serological methods already described, strains of Str.
pyogenes can be distinguished from other haemolytic streptococci by their
particular sensitivity to the antibiotic bacitracin (Maxted, 1953) and by the
fact that they are unable to haemolyse sheep or ox blood in agar media
containing 0.5% glucose or maltose. Neither of these tests has, of course,
the finality of serological diagnosis, but the bacitracin test at least has
proved very valuable when large numbers of cultures have to be examined.

For the bacitracin test, filter-paper strips are soaked in a solution con-
taining 5 units of bacitracin per ml and then dried in a desiccator, cut into
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5-mm squares, and stored at 4°C. Each new batch of discs should be tested
against several strains of Group A, C and G streptococci to ensure that the
bacitracin content is correct. (Discs prepared for routine sensitivity tests are
not satisfactory.) The streptococcus is inoculated over a quarter or half of
a 9-cm blood-agar plate and the square placed at the edge of the most
heavily inoculated area. Although the bacitracin squares can be applied to
primary isolation plates, this has the disadvantage that the bacitracin may,
if the numbers of streptococci are small, inhibit the growth of all of them;
it is therefore preferable to use two plates, only one of which has the baci-
tracin square applied.

One further test needs to be mentioned-namely, that for " soluble
haemolysin ". The streptococci are grown in a 20% horse-serum broth for
10-15 hours; a 5 % suspension of horse or rabbit red cells is added to the
supernatant of the culture and the mixture is incubated at 37°C for one-and-
a-half hours. Complete lysis of the cells indicates that the strain produces
a haemolysin; the test is not, however, diagnostic of any one of the strepto-
coccal groups, since an identical haemolysin is produced by streptococci of
Groups A, C and G, and it is for this reason much less satisfactory than
group identification.

Comparison of the six tests
The formamide extraction method is on the whole the most reliable for

group determination, since it shows fewer cross-reactions between sera than
the Lancefield method; it has the disadvantages, however, that the heat of
the extraction destroys the antigen of Group 0 strains and perhaps of some
others, and that the method is rather complex. The Lancefield method is
ordinarily quite satisfactory and is the method to be recommended for
laboratories in which relatively few tests are carried out. The Streptomyces
enzyme method is invaluable in epidemiological surveys in which Str.
pyogenes is being studied, since a great number of strains can be tested with
very little labour and this saving is quite sufficient to offset the time spent in
preparing the enzyme. Streptococci of groups other than A, C and G are
less readily lysed by the enzyme, so that the method is not so useful in a
hospital diagnostic laboratory.

Bacitracin sensitivity has been found quite reliable for recognizing
Group A strains, provided that the concentration of bacitracin on the
squares is carefully standardized by testing them against several cultures of
Group A, C and G streptococci and provided that care is taken to consider
only truly haemolytic streptococci; many of the non-haemolytic streptococci
of the mouth are inhibited by bacitracin, as is Clostridium welchii. Confusion
may also be caused if the culture is impure, and this is usually, but not
always, the explanation of apparent inhibition of haemolysis without
inhibition of growth. A strain can only be regarded as Group A when there
is a definite zone of complete inhibition around the square.
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No extensive comparative tests of the haemolysis-inhibition tests or of
the agglutination grouping method have been reported.

Type Identification

For the complete epidemiological study of outbreaks of streptococcal
infection, identification of the serological type of the streptococci is needed.
Unfortunately the type-specific sera are in many cases difficult to prepare,
so that typing can ordinarily only be carried out in laboratories that have
special facilities. No more than a brief account of the methods will be given
here.

Preparation of ser-a

Type-specific sera are prepared by the inoculation of rabbits with
vaccines prepared as described on page 162, except for the digestion with
trypsin, which is omitted. In some cases better antisera are obtained if the
streptococci are disintegrated by vigorous mechanical shaking with very
small glass beads (Conroy & Updyke, 1954), the spun deposit of cell-wall
material being used as the vaccine.

The sera always contain non-type-specific as well as type-specific anti-
bodies. The non-specific antibodies have to be removed by absorption with
a killed suspension of a heterologous type streptococcus; one to three
absorptions, each with packed cells to one-third of the volume of the serum,
are often necessary.

Agglutination sera are commonly used at a dilution of 1: 5 or 1: 10;
precipitin sera are used undiluted.

Typing methods

Str. pyogenes has two series of type-specific antigens, known as M and T;
one or more T antigens can be recognized in practically all strains, but an
M antigen is demonstrable only in 60-80% of strains. The types can be
identified either by a slide-agglutination technique or by a precipitin tech-
nique. The precipitin reaction depends on the M antigen alone in almost
all cases; agglutination may be due to either M or T antigen, but, since the
agglutinating suspensions often have to be digested with proteolytic enzymes
before use, it commonly depends entirely on the T antigen, which is resistant
to such digestion. The precipitin test gives the more specific reaction, but
rather a large proportion of strains (20-40%) often prove to be untypable.
With the slide-agglutination method, completely inagglutinable strains are
rare, but many strains are agglutinated by sera of two or more types; these
" agglutination patterns " are, however, usually reasonably stable and
satisfactory for tracing strains in epidemics.
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The strains for identification are tested for purity and then inoculated
into 5 ml and 50 ml of the modified Todd-Hewitt broth (see page 155).
The 5-ml tube is incubated at about 28°C overnight; the 50-ml bottle is
incubated at 37°C overnight.

Slide-agglutination test. When the 28°C culture has grown sufficiently,
the cells are spun down, if they have not already sedimented, and all but
about 0.5 ml of the clear supernatant fluid is drawn off. The cells are then
resuspended by vigorous shaking in the small quantity of supernatant
remaining. Drops of the suspension are set out on a clean microscope slide
and examined with a plate microscope. If the suspension is " smooth " and
free from aggregates, typing may be commenced; if granular or floccular it
is treated with pancreatic extract (see below).

The test for specific agglutination is made by mixing a very small drop
of the diluted serum (as picked up by a 2-3 mm platinum loop) with a drop
of suspension on a slide and rocking. Agglutination commonly occurs
rapidly, but rocking should be continued for about one minute before
absence of agglutination is recorded. The suspension is tested first with all
the " pool sera ", each of which is a mixture of four or more specific sera,
and then with all the specific sera of any pool which causes agglutination.

The constitution of the pools of sera used at Colindale is given below;
they are so arranged that sera commonly entering into agglutination patterns
with one another are in one pool.

Pool Specific sera
T 1 3 13 B3264*
U 2 4 6 28
W 5 11 12 27 44
X 8 14 25 Imp. 19*
Y 15 17 22 23 47
Z 9 18 19 30

* Provisional types

Suspensions of streptococci are often too granular or floccular for use or
are very sensitive and react with many sera; they may generally be rendered
usable by digestion with trypsin. One drop of a universal indicator is added
to the suspension, followed by 2 drops of 5 %pancreatic extract (see page 156),
and then sufficient N/5 sodium hydroxide to bring the suspension to pH
8-8.5. The mixture is incubated at 37°C for one hour. If on retesting the
suspension is still unusable it is placed in a 50°C water-bath for 15 minutes
and tested again. With untreated suspensions, agglutination may be due
to either M or T antigen; with trypsin-digested suspensions agglutination
is due to the T antigen.

Precipitin test. A Lancefield hydrochloric acid extract is made from the
deposit from 50 ml of culture. The clear neutralized extract is put up with
the precipitating sera in 1-mm bore capillary-tubes as follows: the capillary-
tube is dipped into the serum, and the serum is allowed to run 1-2 cm

167



R. E. 0. WILLIAMS

up into the tube; the outside of the tube is wiped with a piece of soft tissue-
paper and the tip of the tube is then dipped into the extract, which is run
up the tube to give a mixture containing equal volumes of extract and serum.
The whole column is allowed to run 1 cm from the end of the tube and the
tube is then pushed into a strip of modelling clay, the forefinger being
placed over the top of the capillary while this is being done so that the
column of fluid remains in position. The rack of capillaries is incubated
for two hours at 37°C and examined; it is then left in the refrigerator
overnight and examined again.

It is not possible to make precipitin sera of sufficient titre for satisfactory
combination into " pools ". It is convenient, therefore, to use the agglutin-
ation reactions as a guide to the sera to be used in the precipitin test. Pre-
cipitin tests should be made with sera for all types giving reactions in agglut-
ination tests, and for types known to be related; one or two control sera
should always be included. When the agglutination test is negative the
extract should be tested against all available sera.

Identification of Streptococci other than Str. pyogenes

In public health bacteriology, in which the concern is with infectious
disease, it is rarely essential to identify streptococci that are not Str. pyo-
genes, i.e., that are not members of Lancefield's Group A. It is, however,
necessary in hospital diagnostic bacteriology, and the following brief notes
are offered on some diagnostic methods.

In the more complete diagnostic scheme three basic tests are employed:
(1) catalase production; (2) Lancefield grouping; and (3) ability to grow on
agar containing 40% bile.

Catalase production is tested by adding a 10% (v/v) solution of hydrogen
peroxide to an overnight nutrient- or serum-agar slope culture of the strain;
a positive result-the vigorous evolution of gas-indicates that the organism
is not a streptococcus.

The grouping test is best made with an acid or a formamide extract,
using all available group sera. The groups so far recognized are A, B, C,
D, E, F, G, H, K, L, M, N, 0, P and Q; those of most medical importance
are groups A, C and G in the respiratory tract, and D in the urinary tract
and sometimes in the blood in endocarditis; groups B, F, H, K, 0 and Q
are found in man, but are less often pathogenic.

Ability to flourish on agar containing 40% bile is characteristic of
Group D streptococci-the enterococci-and since the grouping of these
organisms is sometimes difficult, the test is commonly useful for their
provisional identification. Group B and G streptococci can grow in the
presence of 10% bile. The enterococci usually resist a temperature of
60°C for 30 minutes, and this can also be used as a screening test.
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Group B. The group diagnosis can be confirmed by the " CAMP "
test-namely, the ability of Group B strains to produce clear haemolysis
of sheep-blood agar plates previously treated with staphylococcus #-toxin
(Munch-Petersen & Christie, 1947). Group B strains also hydrolyse sodium
hippurate. Several serological types can be recognized (see, for example,
Pattison, Matthews & Maxted, 1955).

Group C. Several serological types have been described but have not
been studied recently. Group C can be subdivided by biochemical tests
as follows:

Lactose Trehalose Sorbitol Typical source
of species

Str. equi ...... . - - horses
Str. equisimilis ..... . . A or - A man
Str. zooepidemicus ..... . A A various animals
Str. dysgalactiae

(non-haemolytic) .A A A or cows

A = acid production; - no acid production

Group D. Several " species " have been defined by means of biochemical
tests, and although there is no general agreement on these, Table I represents
a suggested compromise. Some workers consider Str. faecium a variant
of Str. faecalis.

TABLE 1. SUBDIVISION OF GROUP D STREPTOCOCCI BY BIOCHEMICAL TESTS

var. faecalis + RAC A A _ _ _ +c
o E C ~~~~~~ a ~~~~ ~~ E- 0 CaC-a au E0 '- 0CD 2 ~~~ co ~~~ (D~~ <.~~ (9o l.

var. liquefaciens + RAG A A _ + + +

var. zymogenes + RAC A A - ±i ± + +

IStr. [aecium + A A 6 A - - - -

Str. durans ± A A - - _ - + - +-or--

Str. bovis - A A - A A -< - -

A= acid production; RAC =Creduction, acid production and clotting

Most Group D strains grow at 45°C and at 10°C and in the presence of
6.5%0 sodium chloride.
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Str. pneumoniae is most easily recognized by its sensitivity to ethyl-
hydrocuprein (" Optochin "); a filter-paper square impregnated from a
1: 1000 solution can be placed on a plate culture for this purpose. The
pneumococcus is also dissolved within 15 minutes when 0.1 ml of a 10%
solution of sodium desoxycholate is added to a 5 ml broth culture, which
should not be more acid than pH 6.8, and incubated at 37°C.

Str. salivarius (or hominis) forms large mucoid colonies (due to levan)
on serum agar containing 50 sucrose, but does not form dextran in sucrose
broth; it often carries the Lancefield Group K antigen.

Str. sanguis forms a dextran in 5 % sucrose broth, which can be recog-
nized by a precipitin test in which the broth culture is set up with an
antiserum prepared against a Type 2 Str. pneumoniae. The dextran can be
flocculated with 1.2 volumes of 95% alcohol. Str. sanguis may form
small glassy colonies on sucrose-agar plates. It often carries the Lancefield
Group H antigen.

There remain many streptococci that are non-haemolytic or only
partially haemolytic, or produce greening, on blood agar, and that fail to
grow on 40% bile agar. Some carry the Lancefield H or K antigen, but the
real significance to be attached to this is unknown (see Williams, 1956). The
names Str. viridans or Str. mitis have often been applied to this whole group
of strains and are perhaps useful in a general sense, but no really helpful
classification is yet available.

Serological Methods: Antistreptolysin

The only serological method for the diagnosis of streptococcal infection
that has gained wide practical use is the measurement of antibodies to the 0
haemolysin (streptolysin 0). A great many techniques differing in detail
have been described for carrying out this test; the following is modified from
that of Johnson (1955) and Rantz & Randall (1945).1

Material

To prepare the toxin, 5 ml of an 18-hour broth culture of a streptococcus
(Type 3, strain S84, National Collection of Type Cultures No. 9994) are
inoculated into 500 ml of Todd-Hewitt broth or a similar broth containing
0.3 % maltose instead of glucose, and incubated for 18 hours at 37°C. The
supernatant is then tested for haemolysin, and after filtration is used as the
haemolysin in the tests.

'Since the completion of this paper, a 50% end-point method for the titration of antistreptolysin has
been devised (H. Gooder-to be published). The time of combination of antigen and antibody has been
found to be critical at 370C and combination at 40C, with appropriate standardization of the reagents, appears
to be more suitable for routine tests.
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The lysin is ordinarily stable when stored frozen or, according to
Johnson, at 4°C. Dehydrated streptolysin is available commercially (for
example, from Difco Laboratories, Detroit, Mich., USA).

Rabbit blood is collected into an equal volume of Alsever's solution
(2.05 g of glucose, 0.42 g of sodium chloride, 0.8 g of sodium citrate, and
0.055 g of citric acid in 100 ml of distilled water), in which it can be stored at
4°C for up to five days. For use, portions are taken and washed three times
with buffer (395 ml of M/5, pH 6.5 phosphate buffer mixed with 500 ml of
0.85 % sodium chloride and brought to 1000 ml with distilled water; 1 g of
Fraction V Armour's serum albumin is dissolved in this). A 5% suspension
of red cells in the buffer is used in the tests.

0.1 ml of 90% thioglycollic acid is diluted with 2 ml of distilled water;
one drop of BDH (British Drug Houses) universal indicator is added and
then ION NaOH drop by drop until the solution is blue-green. The volume
is made up to 5 ml with saline. The solution is approximately 0.2M.

Standardization of streptolysin

The streptolysin is reduced by adding one part of the thioglycollate
solution to four parts of lysin and allowing the mixture to -stand for 15
minutes at room temperature; 1-ml quantities of the streptolysin are run
into a series of tubes containing 1.0, 1.2, 1.4, 1.6, 1.8, and 2.0 ml of buffer,
or some other appropriate series.

From each streptolysin dilution 0.25 ml is pipetted into a 80 mm x
11 mm tube. The standard antitoxin is obtainable from: Serum Research
Laboratories (Medical Research Council of Great Britain), Carshalton,
Surrey, England; Difco Laboratories, Detroit, Mich., USA; Statens
Seruminstitut, Copenhagen; Institut Pasteur, Paris; Behringwerk Marburg/
Lahn, Germany. It is diluted so that it contains 1 unit per ml and 0.5 ml is
added to each tube. The contents of each tube are mixed thoroughly and
incubated at 370C for exactly 15 minutes; 0.125 ml of the red-cell suspension
is then added and the tubes are incubated for a further 60 minutes, being
shaken after 15 minutes. After centrifugation, the presence or absence
of haemolysis is recorded; one unit of streptolysin 0 is present in 0.5 ml of
the lowest dilution that shows no haemolysis.

Titration ofpatient's serum

The patient's serum is inactivated at 56°C for 30 minutes and is then
diluted serially according to the following scheme:

0.25 ml of serum + 4.75 ml of saline .... . . . . . 1/20
1.0 ml of 1:20 dilution + 1.5 ml of buffer . . . . . 1/50
0.2 ml of 1:50 ,, + 0.3 ml .. . . . . . 1/125
0.5 ml of 1:20 ,, + 4.5 ml . . . . . 1/200
1.0 ml of 1:200 ,, + 1.5 ml ,/5 . . . . . l00

12
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When needed:
0.3 ml of 1:200 dilution + 0.2 ml of buffer . . . . .1/333
0.3 ml of 1:500 ,, + 0.2 ml ,, , .... 1/833
0.2 ml of ,, + 0.3 ml ,, ,,. .... 1/1250
0.1 ml of ,, ,, + 0.4 ml . ..... . 1/2500

If thought convenient the sera may be titrated in two stages, first using
the dilutions 1/50 to 1/200 and then testing further only those sera that show
inhibition of haemolysis in the 1/200 dilution; alternatively, the complete
set may be put up in the first instance.

In the titration 0.5 ml quantities of the diluted serum are mixed with
0.25 ml of the lysin diluted, in accordance with the preliminary test, to
contain one unit of streptolysin. After incubation at 37°C for exactly
15 minutes, 0.25 ml of the 5% rabbit cell suspension is added to all tubes,
which are then incubated at 37°C for one hour, with shaking after the first
15 minutes.

The tubes are removed from the water-bath, stood at room temperature
for one hour to allow the cells to settle, and then examined for haemolysis.
The slightest degree of haemolysis is considered significant, and the titre of
the serum is read as the reciprocal of the serum dilution that just gives
complete inhibition of haemolysis.

It is essential that sera for antistreptolysin titration should be sterile
since some contaminants growing in serum can lead to an apparent elevation
of the antistreptolysin titre; sera from patients with hepatitis may also show
a false elevation of titre.

Interpretation of Results

Diagnosis of acute streptococcal infections of the throat

Between 5% and 20% of normal healthy persons carry Str. pyogenes in
the throat, and the proportion of carriers among the contacts of cases
of acute streptococcal infection is even higher. Some of the carriers
harbour large numbers of streptococci. The mere presence of Str. pyogenes
in the throat cannot, therefore, be regarded as diagnostic of streptococcal
illness. Nevertheless, in a patient with an acute febrile illness and a sore
throat, it seems likely that one will not often be misled in regarding the
presence of large numbers of streptococci in a throat swab (if properly
taken and cultured) as indicative of a streptococcal etiology. Some con-
firmation of this diagnosis is offered by the presence of a leucocytosis; and,
retrospectively, by an elevated antistreptolysin titre.

Acute sore throats seem to be only occasionally produced by infection
with Group C streptococci, and very rarely by strains of Group G.

Even with patients suffering from such a certainly streptococcal disease
as scarlet fever a single throat swab taken at the onset of illness sometimes
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fails to yield streptococci. The proportion of cases in which this occurs has
been estimated at about 10% and it is unlikely to be less for acute sore

throat. The proportion can be minimized by careful plating and cultivation
methods, by the use of enrichment methods and also, in the absence of
chemotherapy, by taking repeat throat swabs. Efficient chemotherapy may
eliminate demonstrable streptococci from the throat within a few hours.

Similarly, not all patients with streptococcal illness develop a rise in
antistreptolysin titre to the level of 200 units per ml regarded as diagnostic.
The proportion that fail to do so is probably around 25-30%; with anti-
biotic treatment it is much higher. The absence of such a rise cannot,
therefore, definitely exclude streptococcal infection. It is possible to over-

come this defect to some extent by examining sera for other streptococcal
antibodies (antihyaluronidase, antistreptokinase), since it has been shown
that practically all patients develop antibodies to one or other antigen, but
methods for the determination of these antibodies are not presented here,
because they are at present far less well standardized than the antistreptolysin
titration.

Retrospective diagnosis ofstreptococcal infection

The antistreptolysin titre of the serum can offer some information on a

patient's recent experience of streptococcal infection. The frequency with

TABLE II. REPRESENTATIVE FREQUENCY DISTRIBUTION
OF ANTISTREPTOLYSIN TITRES IN NORMAL PERSONS *

Children Adults

Anti- 5 years over 5 years military other
streptolysi n Ra anz,Dizarititre RnalRnz iCpi

(units Rantz, Rantz, Rantz, Rantz, Coburn & Rantz & Randall
per ml) Randall Randall Hollinger Di Caprio Randall & Pauli (1948) (1952)

& Rantz & Rantz (1953) & Randall & Rantz _1935_(1948) (1948) (1952) (1948) ( medical 40
40 years studentsJ years

300and over 0 29.5 16 4.4 3.1 ) 3
14.8 ,15.9 10.1

200-299 0 35.4 28 11.5 7.0 0 9.2 4.4

100-199 5.5 66.0 44.2 69 62.2 76.7 9.1 47.6 20.9

50-99 5.5 76.9 61.9 78 84.0 100.0 38.6 80.8 36.3

0-49 100.0 99.6 100.0 100 100.0 100.0 99.9 100 100

of persons 18 101 1904 32 589 381 44 120 91

* The figures give the cumulative percentages with the specified titre.
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which various titres have been observed in sera from " healthy" persons
in the USA is illustrated in Table II; strictly comparable data do not seem
to be available for other countries, but the general impression from the
literature is that similar titres are observed in healthy persons in western
Europe and in Australia.

It is generally considered that, in adults, a titre of 200 units per ml or
over is diagnostic of recent streptococcal infection; from Table II it can be
seen that some 5-10% of normal adults have titres of this level or more.
The proportion of healthy children with titres above 200 seems to be higher,
probably because of their greater experience of streptococcal infections. A
rising titre is, of course, an indication of recent infection; a 4- or 5-fold rise
is generally accepted as significant with a method such as that described on
pages 171-172.

With these limitations, an antistreptolysin titre of 200 units per ml or
more is considered to indicate recent streptococcal infection. On the
average, titres are higher in patients who develop rheumatic fever in con-
valescence than in those who do not, but there is no antistreptolysin level
that is diagnostic of rheumatic fever. On the other hand, Hollinger (1953)
has pointed out that patients with rheumatic fever never have titres of less
than 50 units per ml; titres of 50 units or less can therefore be regarded as
excluding the diagnosis of rheumatic fever.

Variation in the antistreptolysin titre is not thought to bear any close
relation to the degree of activity of rheumatic fever.
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