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Foreword

At the close of the twentieth century, infections with Streptococcus pyogenes
(Lancefield group A) and their suppurative and non-suppurative sequelae are
still important medical and public health problems throughout the world,
whatever the climatic, ecological and cultural conditions may be.

Group A streptococcal infections of the upper respiratory tract are among the
most common bacterial infections, especially in young children. Furthermore,
in many countries undergoing industrialization, the non-suppurative
sequelae of group A streptococcal infection, acute rheumatic fever and acute
post-streptococcal glomerulonephritis, represent significant causes of mor-
bidity and mortality. In these developing countries, where two-thirds of the
world’s population live, the difficulties in diagnosing and treating the infec-
tions are compounded by insufficient resources for rehabilitative cardiac
surgery in complicated cases of rheumatic heart disease. The resurgence of
rheumatic fever and severe systemic group A streptococcal infections, such as
streptococcal toxic shock syndrome, erysipelas and necrotizing fasciitis,
which have been reported from North America, Scandinavia, the United
Kingdom and other industrialized countries, has been recognized as a chal-
lenge to the primary care physician, the infectious disease specialist and
public health authorities alike.

The clinical microbiology or immunology laboratory and the reference la-
boratory have an essential role to play in ensuring accurate documentation
of group A streptococcal infections and are therefore vital to national
programmes for the control of rheumatic fever, rheumatic heart disease, acute
post-streptococcal glomerulonephritis and severe invasive group A strepto-
coccal infections.

This manual provides a comprehensive, “user friendly” and well referenced
guide to the procedures commonly required for laboratory evaluation of
group A streptococcal infections. It includes aclvice not only on bacteriolo-
gical methods, but also on serological evaluatioris and streptococcal antibody
tests. Descriptions of other important techniques, such as the preparation of
antisera for streptococcal serotyping (many of which cannot be purchased
commercially), are especially valuable additions. The methods described are
a compilation of the extensive experience in the two reference laboratories
where the authors work, but procedures and suggestions from the published
literature (with appropriate references) are also included. Although other
methods have been used, those included in this manual are the ones that have
been reported to be effective.

Streptococcal reference strains and sera that are not commercially available
can be obtained either from the WHO Serum Bank, Minneapolis, MN, USA, or
from the WHO Collaborating Centre for Reference and Research on Strepto-
cocci, Prague, Czech Republic. (The WHO Serum Bank is the result of a
collaborative project by WHO Collaborating Centres in Prague, Minneapolis,
New Delhi, Lyon and Rome, and the National Streptococcal Centre in St
Petersburg.)

The World Health Organization has long been actively involved in promoting
standardized techniques for the laboratory diagnosis of streptococcal infec-
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tions. An initial set of guidelines (Manual of microbiological diagnostic methods
for streptococcal infections and their sequelae, unpublished document WHO/
BAC/80/1), prepared by Dr R.R. Facklam and the late DrJ. Rotta, was issued
by WHO in 1980 and used extensively in laboratories around the globe.
Following numerous advances in laboratory technology and in the under-
standing of group A streptococcal infections, the WHO Collaborating Centres
for Reference and Research on Streptococci in Prague and Minneapolis have
updated this document and extended its scope to include additional pro-
cedures useful to clinical, reference and research laboratories. WHO is grate-
ful to the authors for their dedication in preparing this essentially new
publication, thereby sharing their knowledge and expertise with laboratory
and research workers throughout the world.

E. Tikhomirov

Division of Emerging and Other Communicable Diseases
Surveillance and Control

World Health Organization

Geneva, Switzerland
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Authors’ introduction

In the identification and control of group A streptococcal infections, the
role of the laboratory is crucial. This is as true of the microbiological labora-
tory, with responsibility for cultivation of group A streptococci from the
upper respiratory tract, as it is of the clinical laboratory determining antibody
titres against the organisms. Despite the development of new antimicrobial
agents, experience over the past decade has shown that group A streptococcal
infections are still important — and likely to remain so in the foreseeable
future. At the close of the twentieth century understanding of these infections
is incomplete, but their continuing public health significance serves to focus
attention on the activities of both clinical and research laboratories.
The WHO Collaborating Centres in Prague and Minneapolis have both
noted growing numbers of requests for advice, for training of laboratory
personnel, and for laboratory reagents (many of which are not commercially
available).

This manual has been prompted largely by the resurgence of the clinical and
epidemiological problems posed by group A streptococcal infections and by
the volume of technical enquiries. We are confident that the experience
gained in our two laboratories will be of value to others and contribute to the
precision and standardization of diagnostic work elsewhere. The methods
documented are those most frequently used in clinical microbiology and
immunology and in research laboratories, but comprehensive guidance is
provided for those working in more peripheral settings. Most methods are a
compilation of the techniques used in our two laboratories and found to be
effective, but there are a number of references to, and suggestions drawn
from, the published literature. On occasion, two separate methods are de-
scribed, one from Minneapolis and one from Prague; these reflect merely our
different practices, and there is no intent to imply that one method is to be
preferred to the other.

This manual represents an expansion of a somewhat more condensed WHO
internal document (WHO/BAC/80/1) prepared in 1980 by Dr Richard
Facklam and the late Dr Jiri Rotta. Although many of the classical techniques
remain the same, much has changed in both clinical and research laboratories.
This manual therefore contains a number of techniques not included in the
1980 document, as well as an extensive list of references that provide addi-
tional information for the interested user. Every effort has been made to
present the content in a way that is understandable and accessible to readers
at all levels.

We acknowledge with gratitude the guidance provided by the 1980 document
prepared by Drs Facklam and Rotta; many of their original passages are
quoted verbatim. Each of our manual’s co-authors has contributed exten-
sively to its content, but there are other colleagues, too numerous to mention
individually, whose suggestions and generous provision of material we
greatly appreciate.

We are especially grateful to Dr Evgueni Tikhomirov of WHO'’s Division of
Emerging and Other Communicable Diseases Surveillance and Control, who
has provided the encouragement and the opportunity for us to complete this

Vi



AUTHORS’ INTRODUCTION b |

project, and to Mrs Sarah Ballance of WHO's Office of Publications for her
careful editorial work on the manuscript. Thank you both.

Dwight R. Johnson Jaroslav Sramek
Edward L. Kaplan Ruth Bicova
WHO Collaborating Centre for Reference Jiri Havlicek
and Research on Streptococci, Helena Havlickova
Minneapolis, MN, USA Jitka Motlova

Paula Kriz

WHO Collaborating Centre for Reference
and Research on Streptococci,
Prague, Czech Republic
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1.

General introduction

1.1

The impact of group A streptococcal infections

Streptococcus pyogenes of Lancefield group A (group A streptococci) are com-
mon and important human pathogens all over the world. They are respon-
sible for a wide variety of infections and their sequelae, usually, but not
exclusively, occurring in children, adolescents and young adults. The infec-
tions may occur either endemically or as epidemics. The main portal of entry
for group A streptococci and their principal site of residence in humans is the
upper respiratory tract. Streptococcal pharyngotonsillitis is the most common
of all bacterial throat infections. If accompanied by the typical rash, it is
known as “scarlet fever.” In most instances “strep throat” is a self-limiting
infection, but it may progress to cause abscesses (in the tonsils or peritonsillar
or retropharyngeal tissues) or cervical lymphadenitis, sinusitis, otitis media,
mastoiditis, and even meningitis. In the lower respiratory tract, group A
streptococci may cause pneumonia. A significant percentage of true pharyn-
geal infections, confirmed by a significant rise in streptococcal antibody titres,
are clinically mild or even inapparent. They are, nevertheless, also associated
with the risk of late sequelae, and may be active sources of spread of virulent
streptococci, in contrast to “chronic carriers” (1).

Of the primary skin infections caused by group A streptococci, impetigo
(pyoderma) is the most frequent, especially in tropical climates. Other mani-
festations include erysipelas, localized purulent infections from minor inju-
ries and wounds, and cellulitis (including perianal cellulitis). Some of the rare
but severe cases of necrotizing fasciitis or myositis have been linked with skin
infections. The third site of primary streptococcal infections is the female
genital tract: vulvovaginitis and puerperal fever, although uncommon, are
still encountered in many countries.

Throat, skin and genital infections may develop into life-threatening
septicaemia, streptococcal toxic shock syndrome, or metastatic suppurative
infections such as arthritis, osteomyelitis, peritonitis or even acute
endocarditis.

Group A streptococci are unique in initiating late non-suppurative sequelae,
such as glomerulonephritis, which may occur after infection of either the
throat or skin by nephritogenic strains, and rheumatic fever which follows
throat infections only. Rheumatic heart disease is a major public health prob-
lem in many developing countries (2). Although it has become relatively rare
among economically developed populations, sporadic, localized outbreaks of
rheumatic fever do occur and serve as a reminder of this continuing threat (3).

Group A streptococci are the major cause of acute bacterial pharyngitis (4).
Confident differentiation of streptococcal from non-streptococcal pharyngitis
on the basis of clinical signs and symptoms alone is difficult, if not impossible.
Reliable bacteriological methods of identification are therefore necessary for
accurate diagnosis and appropriate therapy. Adequate antibiotic therapy
essentially eliminates the risk of rheumatic fever, probably reduces the
incidence of suppurative complications, speeds up recovery (if started early)
and prevents further spread or extension of the infection.
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It should be remembered that accurate diagnosis of acute rheumatic fever or
post-streptococcal acute glomerulonephritis requires evidence of an ante-
cedent infection with group A streptococci. This is best provided by using
serological methods to demonstrate a rise in anti-streptococcal antibodies,
although antibody determination may not be clinically useful at the onset of
the illness or at the time of the initial attempt at diagnosis.

Structure and antigenic composition of
group A streptococci

The cell structure of group A streptococci includes several important compo-
nents. The outermost layer is the capsule consisting of hyaluronic acid. Strep-
tococci differ greatly both in the amount of capsule produced and in their
production of hyaluronidase, which destroys capsule. The cell wall surface,
which is the outermost layer in the absence of the capsule, is covered with
hair-like protrusions, or fimbriae, made up of the M, T and R protein antigens
and lipoteichoic acid. The biological function of the R and T proteins is
unknown, although they are very useful epidemiological markers. It has been
shown that lipoteichoic acid facilitates the adherence of group A streptococci
to mucous membranes. The M protein is a principal virulence factor of group
A streptococci, providing protection from phagocytosis. Under the Lancefield
classification scheme, nearly 80 antigenic M-protein serotypes have been offi-
cially recognized. In addition, a number of provisional M types have been
described, and many strains carry M proteins that have not yet been charac-
terized. Antibodies to M protein are associated with type-specific immunity.
A model of the streptococcal M protein (5) is shown in Fig. 1. The C terminus
of the coiled coil M protein acts as a membrane anchor. From the membrane
anchor region towards the NH, terminus, the M protein is composed of a
proline/glycine-rich region embedded in the cell wall, followed by four re-
gions, or blocks, of repeating amino acids (arbitrarily designated A-D). The
amino acid sequences of blocks B-D appear to be highly conserved among
different M proteins. However, the A repeat block and a short sequence of
amino acids at the N terminus are hypervariable and are thought to be unique
for each M molecule (6, 7). Opacity factor (OF) is a type-specific enzyme
antigenically associated with certain serotypes of M protein. It produces
opacity in the sera of different mammalian species and can be used to identify
certain M types. At present, at least 27 of the officially recognized M types are
known to produce opacity factor, but there are undoubtedly many more that
have not yet been characterized.

The cell wall proper (the skeleton of the cell) consists of peptidoglycan (re-
peated units of N-acetylglucosamine and N-acetylmuramic acid cross-linked
by a short peptide) and C polysaccharide (a polymer of N-acetylglucosamine
and rhamnose). Serological grouping is determined by the antigenic structure
of this C polysaccharide. The antigens of the cytoplasmic membrane (beneath
the cell wall) and the cytoplasm proper are not utilized in the present routine
classification of group A streptococci.

Group A streptococci produce a number of toxins and enzymes. Among these
are the antigenic streptococcal pyrogenic exotoxins (erythrogenic toxins A, B
and C) which are responsible, among other things, for the scarlet fever rash.
Streptolysin S — an oxygen-stable, non-antigenic toxin — is important be-
cause it produces haemolysis around streptococcal colonies growing on the
surface of aerobically incubated blood agar plates. Streptolysin O is a revers-
ibly oxygen-labile cytolysin with cardiotoxic potential. Since this haemolysin
is not active in the presence of oxygen, it is expressed on aerobically incubated
plates only by colonies growing in subsurface agar stabs. It elicits an anti-

2
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Fig. 1. Proposed model of the streptococcal M protein (5)

(Adapted by Stevens et al. (5) from: Streptococcal M protein. Vincent A. Fischetti.
Copyright © 1991 by Scientific. American, Inc. All rights reserved.)

body response (anti-streptolysin O) that is used diagnostically as evidence of
infection. Antibodies to other extracellular antigens, such as deoxyribonu-
clease B (DNase B), hyaluronidase, streptokinase and nicotinamide adenine
dinucleotidase (NADase), and antibody to the cell wall carbohydrate, anti-
polysaccharide, are also used in diagnostic laboratory tests. The most com-
monly used antibody tests for verification of group A streptococcal infection
are the anti-streptolysin O and anti-DNase B tests. Both tests are commercially
available, as is the anti-hyaluronidase test.




2. Specimen collection and transportation

2.1

Specimen collection

Swabs made of cotton wool or synthetic fibre are used for collecting speci-
mens from the throat, nose, skin lesions, wounds or other affected body sites.
If the site or lesion is not itself moist, the swab should be moistened with
sterile water or saline before use.

For sampling the throat, the swab should be rubbed quickly but thoroughly
over both tonsils (or tonsillar fossae) and over the posterior wall of the
pharynx using light pressure. Heavy contamination of the swab with saliva
should be avoided, since competitive inhibition of growth of group A strep-
tococci by oral microorganisms present in saliva has been observed. Swab-
bing is best accomplished under direct vision and with the aid of a tongue
depressor. If an exudate is present, it should be sampled.

For sampling the nose, the swab should be inserted into each of the anterior
nares and rubbed around their interior. Taking both throat and nose swabs is
advantageous whenever detection of small numbers of group A streptococci
in the upper respiratory tract is important. In specific epidemiological circum-
stances (e.g. in hospital epidemics), group A streptococci may be shed from
rectal, perianal or vaginal carriers (8, 9); it may be necessary to sample these
sites when this is suspected.

Serous material can be collected from skin lesions and wounds. Vesicles on
the skin can be sampled after cleansing the surface with 70% alcohol and
puncturing aseptically. In the case of impetiginous crusts, the lesion can be
wiped with 70% alcohol, the crust removed aseptically with a sterile needle
and the base of the lesion sampled with a moistened swab. Another method
reported to be successful involves leaving the crust in situ and using the
fingers to stretch the skin at both edges of the crust in order to express a
droplet of the purulent material from underneath. This droplet should be
collected on the tip of a dry swab, which should not touch the skin itself.
Cleansing the lesion before this procedure is not thought to be necessary.
Whatever method is used, it is always preferable to obtain material from fresh
lesions, which tend to yield pure cultures of streptococci. Older lesions
frequently yield both streptococci and staphylococci.

For erysipelas with an intact surface, needle aspiration from the leading edge
of the lesion may be attempted by injecting a small amount (e.g. 0.1ml) of
sterile saline intradermally into the area and immediately drawing the fluid
back into the syringe. However, the success rate in recovering group A strep-
tococci is rather low using this technique. Because of the small amount of fluid
recovered, it is best to express the contents of the needle directly onto a blood
agar culture plate or into an enriched liquid medium, such as serum broth or
blood broth. For bullous erysipelas, the blister fluid should be aspirated into
a syringe after cleansing.

Aspiration into a syringe is the standard method of sampling in cases of
peritonsillar abscess, purulent lymphadenitis, sinusitis, otitis media,
osteomyelitis or other localized group A streptococcal infection.

4
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2. SPECIMEN COLLECTION AND TRANSPORT I

Transport of specimens to the laboratory

Any delay between collection of a specimen and its examination in the la-
boratory increases the likelihood of false-negative results: immediate inocu-
lation onto blood agar plates is best. If the delay is greater than a few hours
(the time limit depends on the quality of the material used for swabbing,
on environmental factors and on the nutrient media), a transport medium
(e.g. Stuart’s medium), the filter-paper strip method or the silica-gel transport
system should be used.

Transport medium

For specimens that cannot be immediately plated, use of a transport medium
is recommended to prevent loss of viability of the streptococci. If plating will
be delayed for more than 48 hours, however, it is advisable to use either the
filter-paper strip method or the silica-gel method described in sections 2.2.2
and 2.2.3 respectively. Culture transport systems using Stuart’s transport
medium are commercially available and have been successfully used for a
number of years. Stuart’s medium can also be prepared in the laboratory as
described below (10).

Equipment and supplies

— Screw-capped test-tubes
— pH meter or indicator paper

— Autoclave
Reagents
— Anaerobic salt solution:
chlorine-free (deionized) distilled water 900ml
calcium chloride, 1% aqueous 20ml
sodium glycerophosphate, 20% aqueous 100ml
sodium hydroxide, 1mol/litre (to bring the pH to 7.2) 12-15ml
thioglycolic acid 2ml
— Agar solution:
chlorine-free (deionized) distilled water 1000ml
agar 6g
— Methylene blue, 0.1% aqueous solution 4ml
Method

1. Mix the anaerobic salt solution ingredients, adding sufficient sodium

hydroxide to bring the pH to approximately 7.2.

Melt the agar and add it to the anaerobic salt solution.

Check the pH and adjust to 7.3-7.4 if necessary.

Add 4ml of methylene blue solution and mix well.

Dispense into screw-capped test-tubes (tubes should be nearly full) and

autoclave at 121°C for 15 minutes. After autoclaving and cooling, the

medium should be colourless.

6. To use, the throat swab should be inserted into the medium, the shaft
broken or cut off, and the tube tightly resealed for dispatch to the
laboratory.

ISR
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Filter-paper strip method

Drying of the sample on a filter-paper strip and maintaining it in a dry state
can result in prolonged viability of group A streptococci (11-13). It also
essentially maintains the relative prevalence rates of these bacteria and the
remaining flora in the sample. During subsequent incubation of the strip on
the surface of a blood agar plate, the paper is fully saturated with nutrient
liquid from the agar. The organisms grow between the strip and the agar
surface in a capillary layer of the broth. Under these conditions even other-
wise weakly haemolytic group A streptococcal strains will usually produce
distinct haemolysis.

Preparation of filter-paper strip kit
Equipment and supplies

— Filter paper (e.g. Whatman No. 1) cut into strips measuring 2 X 6cm

— Glassine paper (non-absorbent paper resistant to steam sterilization) cut
into strips measuring 3 x 13cm

— Aluminium foil, 0.015mm thick, measuring 10 x 20cm and folded in half
to form a double layer

Method

1. Mark the filter-paper strip on one side with a pencil.

2. Fold the glassine paper nearly in half but leave the upper lip somewhat
longer to facilitate opening with the fingers without contaminating the
filter-paper strip.

3. Insert the filter paper into the folded glassine paper so that the pencil mark
is against the shorter side.

4. Wrap the glassine paper containing the filter paper in aluminium foil, so
that the closure of the aluminium foil is on the plain side of the filter paper.

5. Autoclave the foil-wrapped packets at 121 °C for 30 minutes.

6. After autoclaving, allow the filter-paper kits to dry completely before
using.

7. If the sterilized kits are kept completely dry, they may be held ready for
use for many years without need for resterilization.

Transfer of sample onto the filter paper
Equipment and supplies

— Filter-paper kit previously prepared and sterilized
— Ball-point or felt-tipped pen for marking
— Cotton wool or synthetic fibre throat swab

Method

1. Label the kit with a ball-point pen (or a pencil) on the outer aluminium
wrapping.

2. Unfold the aluminium foil wrapping. Check that the plain side (not

marked with pencil) of the filter-paper strip faces upwards.

Collect the specimen with the swab.

4. Immediately transfer the specimen onto the filter-paper strip as shown in
Fig. 2. Uncover the filter paper by lifting the upper lip of the glassine paper
and apply the swab to the unmarked side of the filter paper, rolling it

W
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Fig. 2. Transfer of streptococcal specimen onto filter paper for transport

under light pressure over as much of the filter-paper strip as possible.
Touch the remaining parts of the strip repeatedly with the swab tip.

Let the upper lip of the glassine paper return to its original position, and
allow the specimen to dry completely for 5-15 minutes, depending on the
relative humidity of the environment.

Refold the outer aluminium foil wrapping. Keep the kit in a dry place at
room temperature until delivery to the laboratory.

Comments

The kit can be mailed in an ordinary envelope if permitted by local postal
regulations.

Culture of the dried specimen can be postponed for up to 7 days without
significant decrease in streptococcal counts, even from sparsely colonized
chronic carriers.

Since humidity significantly decreases the viability of group A strepto-
cocci on filter-paper strips, this technique may fail in conditions encoun-
tered during rainy seasons in tropical and subtropical countries. This
problem can be alleviated by keeping and sending the samples in a closed
container with a desiccant (silica gel) to remove moisture.

Culture from the filter-paper strip

Equipment and supplies

— Forceps
— Bunsen or alcohol burner
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— Blood agar plates (see section 3.1.3)

Incubator (37 °C)

Method

1.
2.
3.

=~

o

Unfold the kit in the laboratory.

Remove the filter-paper strip with sterile forceps (flamed in the burner).
Lay the filter-paper strip face down (pencil-marked side up) on the
surface of a blood agar plate. The paper should be close to the edge of
the plate, and no air bubbles should remain beneath the filter-paper
strip.

Incubate the plate aerobically for 4-5 hours at 37 °C.

After this initial incubation, remove the strip with sterile (flamed) forceps
and lay it down for a few seconds on the middle third of the same plate.
Finally, transfer the strip onto the remaining third of the same plate,
always face down.

Incubate at 37 °C overnight.

After overnight incubation, examine for B-haemolytic streptococci.

Comments

The first and the second areas of contact of the filter-paper strip yield
typical separated colonies of bacteria. The final overnight area of contact
usually yields confluent microbial growth. If B-haemolytic streptococci
are present under the filter paper, they will be manifest only as clear,
sharp zones of haemolysis. The mere appearance of this characteristic
haemolysis signifies the presence of streptococci. Only exceptional strains
of Staphylococcus aureus mimic this streptococcal f-haemolysis beneath the
filter-paper strip.

If no streptococcal colonies are found in the first two areas of the plate but
haemolysis is evident under the filter paper, prepare a subculture from at
least one spot of B-haemolysis. Remove the filter-paper strip from its
position only shortly before the isolation trial. It is sufficient to touch a
wire loop on the centre of a typical haemolytic zone and transfer to a fresh
blood agar plate.

If no haemolytic zone is seen anywhere on the original plate, prolong the
incubation for a further 24 hours, replacing the strip in its “overnight”
position.

Results obtained by the filter-paper strip technique have been found to be
equivalent to the combined results from immediate plating of the swabs
and their additional incubation in enrichment media. A semi-quantitative
reading of the culture results is possible in the same way as in the classical
primary plating of specimens.

Silica gel desiccated swabs

The silica-gel system is based on the filter-paper strip method but eliminates
the need for drying specimens before packaging and shipping (14). As dis-
cussed in section 2.2.2, the presence of moisture will have a deleterious effect
on the viability of the streptococci during the transport of specimens on filter-
paper strips. This problem can be eliminated by placing the specimens in
silica-gel desiccant. Although there no longer seems to be a commercial
source of prepared silica-gel mailing containers, they can be easily fabricated
in the laboratory as described below.
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Equipment and supplies

— Screw-capped tubes long enough to hold throat swabs
— Silica gel, mesh size 12-28, grade 038

— Cotton wool or synthetic fibre throat swabs

— Autoclave

— Dry-heat oven

— Incubator

Method

1. Add sufficient silica gel to the tube to cover the head of a throat swab

(depth of approximately 2 cm).

Loosely cap the tube and autoclave at 121 °C for 15 minutes to sterilize.

Dry the tube (with the cap loosened) in a dry-heat oven.

When cool, securely tighten the cap and store until needed.

After taking a throat specimen, immediately insert the swab into the tube

so that the head is completely covered by the silica gel; securely tighten the

cap before dispatch to the laboratory.

6. On receipt in the laboratory, remove the swab carefully from the tube.
Dip the swab into a tube of Todd-Hewitt broth and then streak onto a
blood agar plate. Return the swab to the Todd-Hewitt tube for overnight
incubation (35-37 °C) and follow-up culturing.

G N

Comments

e The silica gel can be blended with indicator blue (approximately 3-5%,
grade 46) as a dryness indicator.

* Potentially contaminated particles of silica gel may cling to the swab and
pose a possible biohazard risk in the laboratory. The swab should be
removed from the tube in such a way that any loose particles are
contained within the tube.

Transport of group A streptococci on agar

Although transport of streptococci on blood agar plates is common, the
method is not ideal. Unless the plate is tightly sealed, there is a risk of the agar
drying, with attendant loss of viability of the streptococci. Also, the rough
handling that mailed parcels frequently receive may result in damage to the
plates. In addition, dispatch of cultures on blood agar plates is illegal in many
countries. It is therefore better to use either blood agar or chocolate agar slants
or agar “deeps” prepared in screw-capped tubes or small vials. These can be
well sealed to prevent dehydration and, if protected with adequate padding,
are quite resistant to damage from rough handling. These methods are best
suited for the transport of pure cultures of streptococci, and have been very
successfully used in many studies.

Blood and chocolate agar slants are readily available from commercial
sources or can be easily prepared in the laboratory. Slants have the advantage
that growth of the strain can be readily seen, and it is often possible to detect
contamination on the slant before dispatch. A disadvantage is that the ex-
posed agar surface is also subject to the deleterious effects of dehydration.
Under normal conditions, however, with well sealed tubes and relatively
short transport times, dehydration is not a significant problem. Agar deeps
can be prepared by nearly filling a small vial with blood agar or blood agar
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base without blood. The advantage of not using blood is that it is easier to
visualize the growth of streptococci in the agar. The deep is inoculated by
removing several colonies from a blood agar plate with an inoculating loop
and then stabbing the loop vertically down the full depth of the agar. When
the loop is removed the agar closes around the stab, forming an environment
that is excellent for growth and very stable in moisture content. Under these
conditions viability of streptococci will frequently remain good for several
weeks.

10
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3.1

3.1.1

recognition and storage

Culture media

Streptococci are fastidious in their nutrient requirements. In addition to a
complex nutrient source, such as meat infusion, and a glucose source, culture
media should contain buffers to prevent acidification and subsequent killing
of the streptococci during growth.

Non-selective broth media
Todd—Hewitt broth

The standard medium used for the culture of group A streptococci is modi-
fied Todd-Hewitt broth (15), which is composed of beef heart infusion,
Neopeptone, glucose, salt and buffers, and is commercially available. Todd-
Hewitt broth can also, if necessary, be produced from raw ingredients (16).
When streptococci are grown for M typing or for vaccines for production of
anti-M antibodies, Todd—Hewitt broth with Neopeptone is necessary to in-
hibit production of active proteinases that digest and destroy M protein.
Neopeptone is also reported to stimulate the synthesis of M protein (17-19). It
has been reported that addition of 2% yeast extract to Todd-Hewitt broth
improves the yield of streptococci by nearly three times, and that 3% yeast
extract plus shaking the culture increases wet weight yield by 4-5 times with
a concomitant increase in the yield of M protein (20).

Equipment and supplies

— Heater

— Autoclave

— Funnel

— Filter paper or cotton wool

Reagents

— Beef or beef heart, fat-free

— Distilled water

— Neopeptone

— Sodium hydroxide, 10 mol/1

— Glucose

— Sodium bicarbonate

— Sodium chloride

— Disodium hydrogen phosphate (Na,HPO, 12H,0)

Method

1. Mince the beef or beef heart and to every 450 g add 1 litre of distilled water.
Stir well and keep at 4°C overnight.

2. Heat to 85°C and maintain at this temperature for 30 minutes with occa-
sional stirring.

3. While still hot, filter through filter paper or cotton wool. Any loss through
evaporation can be made up with distilled water.

11
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4. Add 20g of Neopeptone to each litre and adjust to pH 7.0 with NaOH, 10
mol/1 (about 3ml per litre will be needed).
5. To each litre of medium add:

sodium bicarbonate 2g
sodium chloride 2g
glucose 2g
disodium hydrogen phosphate 1g

Boil the medium for 15 minutes.

While still hot, filter through filter paper.

To sterilize, autoclave at 115°C for 10 minutes.

Bring the final pH to 7.8, and store the medium at 4°C.

O XN

Serum broth

Serum broth is prepared by adding 20% (v/v) normal calf or horse serum to
Todd-Hewitt broth and distributing it aseptically into test-tubes of the de-
sired volume (e.g. 6ml). Absence of contamination is checked by incubation
overnight at 35-37°C and once more overnight at room temperature. Tubes
without any sign of contamination are then kept at 4 °C until required for use,
and may be stored this way for many weeks if protected from evaporation
(e.g. by placing in a plastic bag).

Blood broth

Blood broth is prepared from Todd-Hewitt broth by adding 3-5% (v/v)
defibrinated sheep, horse or rabbit blood. It should be checked for sterility
and stored as described for serum broth.

Selective broth media
Pike’s medium

Pike’s medium (21) has been found by some investigators to increase the
yield of group A streptococci from throat cultures by inhibiting the growth
of staphylococci and Gram-negative bacteria.

Equipment and supplies

— Culture tubes

— Pipettes, 2.0ml, 0.15ml and 0.10ml

— Cotton wool or synthetic fibre throat swabs
— Incubator

Reagents

— Blood infusion broth. Pike used beef heart infusion broth containing 1%
tryptose, 0.02% glucose and 5% rabbit blood

— Sodium azide, concentration 1:1000 (0.1 g/100ml) in an aqueous solution,
autoclaved at 121°C for 15 minutes

— Crystal violet, concentration 1:25000 (4mg/100ml) in an aqueous solu-
tion, autoclaved at 121 °C for 15 minutes

Method

1. Prepare tubes with 2-ml aliquots of blood broth.
2. Add 0.15ml of the autoclaved solution of sodium azide to each tube (final
concentration 67 ug/ml).

12
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3. Add 0.10ml of the autoclaved solution of crystal violet to each tube (final
concentration 1.7 pg/ml).

4. Collect specimen with a swab.

5. Place the swab in a tube containing Pike’s medium and incubate overnight
at 35-37°C.

6. Subculture the broth to a standard blood agar plate and incubate as for a
primary culture.

Comment

e Pike observed that the broth began to lose its growth-inhibiting ability 2
days after the addition of the sodium azide.

¢ Nakamizo & Sato reported good results using an enrichment broth con-
taining sodium azide but without crystal violet. Additional components of
their broth were yeast extract, large amounts of NaCl, activated charcoal,
saponin, urease and camphor (22).

Non-selective agar media
Standard agar media

Many agar media give satisfactory growth of group A streptococci, especially
when supplemented with blood or serum. Tryptic soy agar with 5% sheep
blood is commonly used, and many variations have been developed and
marketed by commercial suppliers of laboratory products. Agar media
can also be produced by purchasing and combining individual components
(agar, meat extract, buffer, etc.). However, whether media are produced in
the laboratory or purchased from a commercial manufacturer, each new batch
should be tested for its ability to support good growth of streptococci
with typical colony morphology and haemolytic properties. Blood agar
media used in the evaluation of haemolysis should not contain any
added glucose, which will inhibit f-haemolysis, and should have a gelling
temperature <48°C.

Equipment and supplies

— Petri dishes

— Pipette or syringe for adding blood to agar
— Autoclave

— Water-baths, 37°C (optional) and 48-50°C

Reagents

— Blood agar base

— Defibrinated blood (sheep, horse, rabbit — see section 3.4). Collect blood in
a sterile flask containing 1-2 layers of glass beads (diameter 5mm). Stir
slowly until clotting is complete (=10 minutes). Decant the defibrinated
blood into a sterile container, and store at 4°C for up to 5 days. Check
sterility before use.

Method

1. Prepare blood agar base according to manufacturer’s instructions, auto-
clave at 121°C for 15-30 minutes and cool in a water-bath to 48-50°C.
Some laboratories prefer to dissolve the agar base by heating to 100°C
before autoclaving,.

13
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Warm blood to room temperature (20-22°C) or, if preferred, to 37°C.

To the sterile blood agar base at 48-50°C add 5-7% warmed blood.

Mix thoroughly and pour 3-4 mm thick. Avoid bubbles in the agar surface.
Allow plates to harden thoroughly on a level surface before moving them.
One plate from each batch should be incubated at 35-37°C as a sterility
control.

6. Plates can be left on the bench overnight to dry. Store sealed in a plastic
bag at 4°C. Usable life of stored plates will depend on the quality of the
blood, the composition of the agar base and the storage conditions.

G eN

Selective agar media

Selective media can also be obtained commercially or prepared as described
below.

Crystal violet agar

Based on the same principle as Pike’s medium described above (section 3.1.2),
blood agar plates containing crystal violet can be very useful in situations
where cultures are likely to be overgrown with staphylococci, for example, in
cultures of skin and skin lesions, and in pharyngeal and nasal cultures in
populations that commonly yield high numbers of staphylococci from these
sites. High concentrations of haemolytic staphylococci may completely mask
streptococcal haemolysis.

Equipment and supplies

— As described for standard agar media

"~ — Pipette (5ml) for adding crystal violet to agar

Reagents

— As described for standard agar media
— Aqueous solution of crystal violet, concentration 1:10000, autoclaved (at
121°C for 15 minutes)

Method

1. Prepare blood agar base as for normal blood agar plates, autoclave at

121°C for 30 minutes and cool to 48-50°C.

Warm blood and add to blood agar base as for normal blood agar plates.

3. To 500-ml aliquots of blood agar, add 5ml of the sterile crystal violet
solution (final concentration 1:1000000 (1 ng/ml)).

4. Mix thoroughly and pour as for normal blood agar plates.

N

Columbia agar with colistin and either nalidixic or oxolinic acid

Streptococcal cultures from sources likely to carry Gram-negative bacteria
are often more successfully cultured using inhibitory antibiotics. Columbia
5% blood agar containing colistin (10pg/ml) and nalidixic acid (15ug/ml)
has given good inhibition of Gram-negative organisms (23), but it does not
inhibit either staphylococci or coryneform bacteria. However, Columbia 5%
blood agar containing colistin (10pg/ml) and oxolinic acid (5ug/ml) will
inhibit staphylococci and coryneform as well as Gram-negative organisms
(24).

14
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Sulfamethoxazole-trimethoprim agar

Some investigators have found that use of a combination of sulfamethoxazole
and trimethoprim in a standard primary blood agar plate may increase
the recovery of group A streptococci (25, 26). This medium is composed of
tryptic soy agar with 5% sheep blood supplemented with sulfamethoxazole
(23.75pug/ml) and trimethoprim (1.25pug/ml).

Culture methods

For proper inoculation of swabs, it is preferable to use an entire blood agar
plate. However, if inoculation is done carefully, one half of a standard size
plate can be used. Roll the swab specimen across an area measuring approxi-
mately 3 X 2cm near the edge of the plate and spread three or four sets of
streaks from this with a sterilized wire loop to obtain well spaced colonies
(Fig. 3). Additional inoculation by a few oblique stabs into the agar with the
loop is important. This allows growth below the agar surface under nearly
anaerobic conditions and results in the formation of more distinct zones of
B-haemolysis by strains that are normally weakly haemolytic under aerobic
incubation; subsurface haemolysis is due to oxygen-labile streptolysin O. The
blood agar plates must not be too dry if successful recovery of small numbers
of group A streptococci is to be achieved.

Primary plating of samples rich in group A streptococci is fully satisfactory
for the diagnosis of acute streptococcal infection. For detection of the bacteria
from sparsely colonized sources, like newly diagnosed cases of acute rheu-
matic fever or acute glomerulonephritis, the filter-paper strip technique is
very useful. Alternatively, primary plating should be supplemented by the
use of either selective or enrichment media (Pike’s medium, serum broth or
blood broth). After preliminary plating, incubate the swab in an enrichment
medium overnight at 35-37°C and plate it again using a fresh blood agar
plate. This is done by transferring a very small droplet to the plate and
spreading it thoroughly with a loop to obtain separated colonies. If the enrich-
ment broth medium used is non-selective, final plating on a selective agar
medium may be beneficial. For healthy carriers, the use of an enrichment
medium improves the detection rate of group A streptococci by 15-20%
compared with primary plating performed immediately after swabbing.

First
streak

Primary
inoculum

Third
streak

Second
streak

WHO 95672

Fig. 3. Differential plating technique for primary cultures of
B-haemolytic streptococci
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Liquid samples supposedly not rich in group A streptococci, such as pus from
abscesses or fluid aspirated from the spreading edge of erysipelas, can be
inoculated directly into enriched liquid media. If the collected sample is
small, also rinse out the syringe with 1ml of the same medium. Incubate at
37°C for 15-18 hours (longer if necessary) before plating onto blood agar.

Although saliva cultures may yield haemolytic streptococci, careful studies
have shown that throat cultures may be more reliable (27). Cultures of undi-
luted saliva (0.1ml spread evenly over a blood agar plate) frequently yield a
heavy overgrowth of oral bacteria, so that typical colonies of group A strep-
tococci are rarely formed from samples containing fewer than 10° chains
per ml.

For investigations whose sole objective is recovery of B-haemolytic strepto-
cocdl, selective culture media are useful, for example crystal violet blood agar,
which inhibits the growth of staphylococci, for nose swabs and for samples
from skin lesions. More complex selective media containing antibiotics will
inhibit Gram-negative organisms as well as almost all non-streptococcal
Gram-positive organisms without any adverse effect on the recovery of strep-
tococcal species. By reducing or even eliminating the overgrowth of compet-
ing bacteria, selective culture media can enhance the likelihood of success
from samples containing only small numbers of group A streptococci.

Incubation conditions

Overnight incubation of appropriately inoculated samples on blood agar
plates (preferably using sheep blood) at 35-37 °C under aerobic conditions is
the generally accepted standard for bacteriological examination of most speci-
mens. The recovery rate may be somewhat increased by incubation of inocu-
lated plates (of plain or selective blood agar) in an atmosphere containing
5-10% of carbon dioxide or under anaerobic conditions. Anaerobic incubation
supports the growth of streptococci and has some inhibitory effect on staphy-
lococci, Moraxella (Branhamella), Haemophilus and Corynebacterium. It also
enhances the formation of haemolytic zones by allowing expression of the
oxygen-labile streptolysin O. However, the difference between aerobic and
anaerobic incubation is not significant for samples with abundant group A
streptococci. The temperature of incubation should not exceed 37°C, since
higher temperatures may inhibit the growth of some group A strains.

It is good practice to prolong incubation for an additional 24 or even 48 hours
for all plates that show no growth of f-haemolytic streptococci after the initial
overnight incubation.

Recognition of haemolytic streptococci by culture

Determining the presence of group A streptococci by culture depends prima-
rily on the identification of haemolytic colonies on the surface of blood agar
plates. Colonies of different strains of haemolytic streptococci, as well as other
haemolytic bacterial species, differ from one another in size, form and colour,
and in the character of the haemolysis.

Typical group A streptococcal colonies are mostly circular in shape with an
entire edge and range from 0.5 to 2mm or more in diameter. They appear in
three main forms: mucoid, matt and glossy. Mucoid colonies are usually large
and glistening with the appearance of droplets of water (Fig. 4(a)). They are
viscous when touched with a loop and often form confluent growth. They are
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formed by strains producing large amounts of hyaluronic acid capsule. Matt
colonies, also called post-mucoid colonies, are flat with an uneven rough
surface and often develop as a result of drying (collapse) of mucoid colonies
(Fig. 4(c)). Glossy colonies are smaller than the other forms. They are domed
with a shiny surface and are formed by strains that do not produce capsule
during growth (Fig. 4(d)). In addition to these named forms, several interme-
diates may be differentiated (Fig. 4(b)). Traditionally, strains growing as
glossy colonies were thought to produce less type-specific M protein and
were therefore considered less virulent than mucoid or post-mucoid colony
forms. However, there are many exceptions to this relationship. The mucoid
property of a strain is now known to be due to the presence of hyaluronic acid
capsule and not directly related to the presence of the more important viru-
lence factor, M protein.

The size of the haemolytic zone around surface colonies of group A strepto-
cocci is usually 2—4 times the diameter of the colony; in some strains the zone
is much wider, while in others no more than a narrow ring is present. The
haemolytic effects of f-haemolytic and a-haemolytic streptococci grown on a
sheep blood agar plate are compared in Fig. 5. There is complete clearing of

Fig. 4. Morphology of group A streptococcal colonies: (a) mucoid;
(b) intermediate; (c) matt; (d) glossy (28)
{Photographs from Dr A.T. Wilson, Alfred I. duPont Institute of the Nemours Foundation, Wilmington, DE, USA. Used with permission.)
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Fig. 5. Comparison of the haemolytic properties of B-haemolytic and
a-haemolytic streptococci

the blood around the colonies of the larger -haemolytic streptococci, while
the blood surrounding the smaller colonies of a-haemolytic streptococci is
discoloured but not completely lysed. Most strains of group A streptococci
produce complete lysis of red blood cells. In some strains, however, a green
discoloration resembling a-haemolysis is seen around the colonies, which
develops into complete lysis only after prolonged incubation. This phenom-
enon has been reported to be due to inhibition of haemolysis by the opacity
factor produced by some group A strains (29). Strains that produce no
haemolysis under aerobic incubation have also been described (30, 31).

In assessing the morphological or haemolytic characteristics of streptococcal
strains, it must always be remembered that both properties are strongly
influenced by agar media composition, agar thickness, blood concentration,
the animal species used as the blood source and the atmosphere of incubation.
Sheep blood is preferred to horse or rabbit blood, since it does not support the
growth of Haemophilus haemolyticus, a bacterium that might be confused with
group A streptococci on blood agar culture. Human blood is generally not
satisfactory for use in blood agar plates for identification of streptococci:
blood obtained from blood banks may contain substances (antibiotics, citrate,
etc.) that could inhibit either the growth or the haemolytic properties of
streptococci. The presence of antibodies in human blood (anti-streptolysin O,
anti-M protein, etc.) is also undesirable. Since important morphological char-
acteristics may change from one batch of blood agar to another, colonies
exhibiting different morphologies should be compared by inoculating each
onto separate sections of the same plate, each spread sufficiently to obtain
well separated colonies.

Colonies of group A streptococci are often indistinguishable from those of
other groups of B-haemolytic streptococci, especially groups C and G, and
serological methods are required for definitive identification. The presence of
colonies of different morphological or haemolytic characteristics in the same
blood agar culture may indicate a mixed culture of two or more unrelated
strains of haemolytic streptococci belonging to different serological groups
and /or different group A serotypes. The simultaneous presence of more than
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one strain of B-haemolytic streptococci, although rarely detected in acute
infections, can occur, especially in communities with a high prevalence of
group A streptococci. Careful examination of colony morphology and
haemolytic characteristics is therefore essential both for accurate laboratory
diagnosis of streptococcal infection and for selection of strains for streptococ-
cal research. It is vital that strains collected for research studies are pure,
unmixed cultures.

If difficulties are encountered in differentiating streptococci from other
haemolytic bacteria such as Haemophilus, Corynebacterium, Staphylococcus or
Moraxella (Branhamella), a microscopic examination of Gram-stained smears
from suspect colonies may be helpful. The catalase test is also often helpful in
differentiating streptococci, which are always catalase-negative, from cata-
lase-producing species.

Atypical morphological forms

Occasionally, colonies of haemolytic streptococci that do not match the de-
scriptions given above are observed in primary cultures grown on blood agar
plates. Three morphological and cultural variations that could cause con-
fusion in the diagnosis of group A streptococci deserve special mention.

(1) Minute colonies of f-haemolytic streptococci may be encountered which,
when grown and serologically grouped, are found to react with group A
antiserum. Some, but not all, streptococci with this morphology require
an increased concentration of carbon dioxide for growth. Even though
these organisms carry cell-wall carbohydrate antigens apparently identi-
cal to those in typical large-colony forms of Lancefield group A strains,
they are considered by most taxonomists to be a separate species. These
minute streptococci carrying group A antigens have historically been
classified by British taxonomists as Streptococcus milleri and by United
States taxonomists as S. anginosus, group A (32-36). The current system of
streptococcal nomenclature, in both Europe and the USA, divides the
“milleri aggregate” into three species (37), two of which, S. constellatus
and S. anginosus, may carry the Lancefield group A antigen (A. Efstratiou
and R. George, personal communication). Most importantly, however,
streptococci exhibiting this morphology but reacting with group A antise-
rum are not considered to be S. pyogenes and not thought to be associated
with the serious infections (or sequelae) caused by group A streptococci.

(2) Group A streptococci have been reported to occur as nutritional variants
and either to grow poorly or not to grow at all on the surface of aerobically
incubated standard blood agar plates (38—41). In some cases, incubation in
an atmosphere containing increased carbon dioxide will allow growth
with typical morphology. In other instances, special supplementation of
the media may be required. Occasionally these variants grow on blood
agar only as satellites around other normal flora bacterial colonies. Some
of these atypical forms have been shown to carry not only group A
carbohydrate antigen, but also recognized T-protein and M-protein anti-
gens, and are considered to be true group A streptococci (39, 41).

(3) Group A strains have been isolated that lack the ability to haemolyse
blood when grown on blood agar plates (30, 31, 42). Of particular interest
is the report from the Lowry Air Force Base in the USA, where a non-
haemolytic, mucoid, group A strain belonging to type M18 was associated
with an outbreak of rheumatic fever (30). Since identification of group A
streptococci is usually based on recognition of haemolytic properties, the
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existence of potentially “rheumatogenic” or nephritogenic non-
haemolytic strain variants requires particular diligence on the part of the
clinical microbiologist to ensure accurate diagnosis.

Reporting of culture results

The result of a primary plating may be reported as a semi-quantitative evalu-
ation of the amount of B-haemolytic streptococcal growth. Several schemes
for doing this are in common use. One scheme uses three categories and is
defined as follows:

1+ <20 colony-forming units (CFU)
2+ >20 CFU, but streptococci not predominant
3+ streptococci predominant or pure culture

Another commonly used scheme uses four categories as follows:

1+ <10 CFU

2+ >10 but <50 CFU

3+ >50 CFU but streptococci not predominant
4+ streptococci predominant or pure culture

In contrast to the filter-paper strip technique, the culture results from swabs
delivered in transport media (e.g. Stuart transport medium) or from growth
in selective or enrichment media can be interpreted only in terms of the
presence or absence of B-haemolytic streptococci.

True streptococcal infections of the pharynx (clinical as well as asymptomatic)
often yield large numbers of B-haemolytic streptococcal colonies if adequate
techniques are used. Throat swabs from healthy carriers may yield reduced
numbers of colonies. Neither finding is entirely consistent, however, and the
degree of positivity of the culture is not a reliable means of differentiating a
true streptococcal infection from a chronic carrier (43). Heavy pharyngeal
colonization by B-haemolytic streptococci may persist for several weeks. A
newly presenting pharyngitis case with a positive culture of streptococci may
in fact represent only a case of non-streptococcal pharyngitis in a “carrier” of
streptococci. On the other hand, a negative culture result may be reported for
a sample taken from a true streptococcal infection if appropriate techniques
for obtaining and processing the specimen and interpreting the culture are
not followed.

Preservation of streptococci

Storage of B-haemolytic streptococci on blood agar plates is one possible
means of maintaining strains for subculture. Although many streptococcal
chains remain viable in colonies for several weeks when kept at refrigerator
temperature in a sealed Petri dish to avoid drying, such storage should ideally
be limited to less than 2 weeks. Investigators storing strains in this way
should be aware that subcultures derived from older colonies may be at
increased risk of genetic change.

In order to preserve the genetic integrity of streptococcal strains, unnecessary
laboratory passage or prolonged storage in conditions that allow continued
metabolism should be avoided. For subculture, a liquid medium (e.g. serum
broth) is preferred. Blood agar culture should, as a rule, be used only to check
strain purity or to provide colonies to be picked for a new broth culture.
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When a specific streptococcal strain is required in the laboratory for more
than a few days, deep-frozen aliquots of a serum-broth culture, preferably
stored at <-70°C, are best. It is also possible to maintain strains frozen on
filter-paper strips. Viability remains good for several months at —20°C and for
considerably longer at —70°C. For long-term preservation of strains, freeze-
drying — if properly done — usually gives the best results. Observance of
these recommendations is usually conducive to long-term maintenance of
desirable properties of strains and obviates the need for artificial enhance-
ment by such techniques as mouse passage or passage in human blood.

Frozen log-phase aliquots of a serum-broth culture
Equipment and supplies

— Culture tubes containing 5ml of serum broth (Todd-Hewitt broth with
20% normal calf or horse serum)

— Freshly grown blood agar plate culture of the strain to be preserved

— Sterile wire inoculating loop

— Vials suitable for freezing at low temperatures

— Incubator

— Freezer, at —20°C or -70°C

Method

1. Heavily inoculate 5ml of serum broth in a culture tube with well separated
colonies of the freshly grown culture.

Incubate for 4-6 hours at 37°C (log phase).

Distribute the culture in aliquots of 0.2-0.5ml.

Freeze the aliquots quickly and store at =70°C.

To use, one aliquot is rapidly thawed in a water-bath at 30-37 °C and used
as an inoculum.

G W N

Comments

¢ The presence of serum in the medium protects the bacterial cells during
the freezing and thawing periods.

¢ Overnight serum-broth cultures of hundreds of strains (in 0.5-ml samples)
have been preserved undamaged for more than 10 years by maintaining
continuously at ~70°C. Log-phase cultures as described above should
provide even better survival rates. A temperature of —20°C, although less
efficient, will generally maintain viability for between several months and
several years.

Drying on filter-paper strips
Equipment and supplies

— Filter-paper strip package (see section 2.2.2)
— Freshly grown blood agar plate culture of the strain to be preserved
— Sterile wire inoculating loop

Method

1. Using the wire loop, transfer 10-15 colonies of streptococci from the
freshly grown blood agar plate culture onto one half of the filter-paper
strip, spreading colonies thoroughly by using slight pressure.
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2. Repeat the process, spreading additional colonies onto the remaining half
of the strip.

3. Let the filter paper dry for at least 5-10 minutes before refolding the outer
aluminium foil wrapping (see section 2.2.2).

4. Store in a dry place.

Comment

* Streptococci dried on a filter-paper strip retain good viability for at least 1
month at room temperature if the strip is maintained in a dry environment
(suitable for mailing between laboratories). Viability is maintained for at
least several months if the strip is frozen at —20°C, and for much longer
periods (possibly years) if it is maintained at —70°C.

Freeze-drying (lyophilization)

Optimal results have been obtained with serum-broth cultures in logarithmic
growth phase (approximately 10° CFU/ml). Volumes of 0.15ml of such a
culture are freeze-dried and sealed under vacuum. Maintenance of a vacuum
in the ampoule during storage is essential for long-term viability of the
lyophilized sample. The freeze-dried strains can be stored at room tempera-
ture although lower temperatures will further prolong viability.

To revitalize the freeze-dried culture, the sealed ampoule may be conveni-
ently opened as follows. Place a drop of cool water on the tip of an ampoule
heated (over a Bunsen) to a high heat, to produce tiny cracks in the glass. This
removes the vacuum inside the ampoule and the vial can be opened by a
gentle knock on the cracked portion of glass. Dissolve the freeze-dried con-
tents immediately with an excess of serum broth (0.5ml) and inoculate onto a
blood agar plate and/or into a larger volume of enrichment broth.
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4. Determination of Lancefield serological

group

4.1

Introduction

A clinical microbiology report that indicates only the presence of -
haemolytic streptococci is grossly inadequate. Accurate clinical diagnosis
depends on knowledge of the specific serological group of the streptococci
involved in the infection. Dr R.C. Lancefield first developed tﬁe method of
classifying streptococci into such groups. Although group A to V, (excluding
I and ]) are currently recognized, plus provisional groups W-Z (44), it is the
group A strains that are responsible for the vast majority of serious human
streptococcal infections. Some haemolytic streptococci that do not belong to
group A are also capable of causing primary infections of the respiratory tract
or skin, and sometimes even serious suppurative or systemic infections, but
they are not associated with the risk of rheumatic fever or (with very rare
exceptions) of acute glomerulonephritis. Hence, the therapeutic and prophy-
lactic implications of group A and non-group A streptococcal infections are
clearly different.

The group-specific antigen of most streptococci is a polysaccharide located in
the cell wall (the group antigen of groups D, N and Q is a teichoic acid) and
can be extracted by a number of methods. Its presence can then be demon-
strated using group-specific antisera by methods such as precipitation, agglu-
tination, immunofluorescence (45) or enzyme-linked immunosorbent assay
(ELISA) (46).

A number of different extraction methods for group-specific polysaccharides
have been described, including extraction with hydrochloric acid, formamide
or nitrous acid, or by autoclaving a suspension of group A streptococci in
saline (see section 4.3). Extraction with enzymes, including Streptomyces albus
enzyme (47), pronase (48) or phage-associated lysin (49), has also been de-
scribed. Although most group-antigen extraction methods require varying
volumes of an overnight broth culture, the nitrous acid and enzyme
extraction methods can be performed with much smaller volumes and have
been successfully used with a loopful of colonies harvested from a blood agar
plate.

Precipitation reactions with extracted polysaccharide may be performed as
a ring test, a capillary test, a double-diffusion test or counterimmuno-
electrophoresis (50) in agar gel or on cellulose acetate membrane. Agglutina-
tion reactions may be performed either as co-agglutination, using group-
specific antibody bound to protein A containing staphylococci, or as latex
agglutination.

Screening tests for presumptive group identification of streptococci have also
been developed. The available tests for group A streptococci include the
bacitracin disc and PYR tests (see section 4.2). It should be recognized that
these are not totally reliable, so confirming tests should be performed.

Antisera for serological grouping are commercially available from a number
of producers. Those interested in producing their own antisera may consult
the methods given in section 14.

23



4.2
4.21

422

LABORATORY DIAGNOSIS OF GROUP A STREPTOCOCCAL INFECTIONS T

Presumptive identification

Bacitracin disc test

The high sensitivity of group A B-haemolytic streptococci to bacitracin is used
as a screening method for differentiating between group A and non-group A
streptococci (51). f-Haemolytic streptococcal strains showing zones of inhibi-
tion around special bacitracin sensitivity discs, containing 0.04 or 0.05IU of
bacitracin, are considered, presumptively, to be group A streptococci. Some
investigators have also reported good success using discs containing 0.11U of
bacitracin. However, others have reported that this concentration increased
the number of non-group A strains exhibiting zones of inhibition (52). The
concentrations of bacitracin mentioned produce at least some zone of inhibi-
tion in practically all strains of group A streptococci. On the other hand, the
test results are not always specific for group A strains since a small fraction of
group C and G streptococci display a similar sensitivity to bacitracin. The
concentration is critical; discs containing higher concentrations of bacitracin
should not be used.

Bacitracin discs can be produced in the laboratory but are also commercially
available from several manufacturers. Instructions for use and for interpreta-
tion of results are always provided with the commercial discs and should be
strictly followed.

The bacitracin test should be used only on pure cultures of streptococci, not
on primary cultures on non-selective agar media. As with any antibiotic
sensitivity test, many factors can influence the outcome; in particular, use of
too light an inoculum or of blood agar plates that are too thin may result in
oversized zones of inhibition.

PYR test

The PYR test is another method for presumptive identification of S. pyogenes
(53, 54), which relies on the ability of organisms to hydrolyse L-pyrrolidonyl
B-naphthylamide or L-pyroglutamic acid f-naphthylamide (PYR). Approxi-
mately 98% of group A streptococci appear to be PYR-positive. Although
many bacteria of other Gram-positive, catalase-negative genera (i.e. Enterococ-
cus, Aerococcus and Gemella) and species (Lactococcus lactis) are also PYR-
positive, they are unlikely to be confused with group A streptococci because
of their different morphology. Only haemolytic enterococcal strains could
present problems, especially if grown on horse blood agar where haemolysis
is more readily expressed than on sheep blood agar. It has also been reported
that Streptococcus suis strains and at least one isolate of S. equisimilis (group C)
are PYR-positive (55). Other investigators have found some human isolates of
both group C and group G streptococci to be PYR-positive (A. Efstratiou and
R. George, personal communication). Because of the wide range of PYR-
positive non-streptococcal species, only pure cultures of streptococci should
be tested.

There are several versions of the PYR test, including an agar medium contain-
ing PYR (54), PYR broth composed of Todd-Hewitt broth with PYR, and
paper discs or filter-paper strips impregnated with PYR (55). The commer-
cially available tests are nearly all of equal specificity and sensitivity, and any
of them can be used with good results.
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Group-antigen extraction methods

Fullers method (formamide extraction) (56)
Equipment and supplies

— Centrifuge
— Oil-bath heater adjustable to 160°C

Reagents

— Todd-Hewitt broth culture of the strain to be extracted, incubated for
17-24 hours at 37°C

— Formamide

— Acid alcohol (I1ml of 36% hydrochloric acid, 99ml of 95% ethanol)

— Acetone

— Saline, 0.85%

— Phenol red pH indicator solution. Dissolve 0.1g phenol red in 28ml
sodium hydroxide, 0.01mol/], and adjust the volume to 250 ml with dis-
tilled water.

— Sodium hydroxide, 0.2mol/1

Method

1. Centrifuge (approximately 1500¢ for 30 minutes) 5ml of the Todd-Hewitt

broth culture and discard the supernatant.

Resuspend the pellet in 0.1ml of formamide and mix well.

3. Heat at 160°C in the oil-bath for 10 minutes or until almost completely

dissolved.

Cool, add 0.25ml of acid alcohol and shake.

5. Centrifuge (at least 650¢ for 30 minutes) to remove the precipitate and
collect the supernatant.

6. Add 0.5-1.0ml of acetone (the amount depends on formation of precipi-
tate) to the clear supernatant fluid.

7. Centrifuge (at least 650g for 30 minutes) to collect the precipitate (group-

specific polysaccharide).

Discard the supernatant and dissolve the precipitate in 0.3-0.4ml of saline.

9. Add 1 drop of phenol red solution and adjust the pH to 7.2 with sodium
hydroxide, 0.2mol/l.

N

e

o

Comment

* Cross-reactions may occur if the extract is too alkaline.

Lancefield method (hydrochloric acid extraction) (57)
Equipment and supplies

— Centrifuge
— Water-bath, at 100°C

Reagents

— Todd-Hewitt broth culture of the strain to be extracted, incubated over-
night at 35-37°C
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— Hydrochloric acid, 0.2mol/1 (may be prepared in 0.85% saline; see com-
ments below)

— Sodium hydroxide, 1.0mol/1

— Sodium hydroxide, 0.2mol/1

— Phenol red pH indicator solution (see section 4.3.1)

Method

1. Centrifuge (650-1500¢ for 30 minutes) 30-40 ml of the Todd-Hewitt broth

culture and discard the supernatant. If a firm, secure pellet is not obtained,

the higher speed or longer centrifuging times will be required.

Resuspend the pellet in 0.35ml of hydrochloric acid.

Heat this suspension in a boiling water-bath (100°C) for 10 minutes.

4. Cool the suspension to room temperature and add one drop of phenol red
solution.

5. Adjust the pH initially with sodium hydroxide, 1mol/l. As the end-point
is approached, use sodium hydroxide, 0.2mol/l, for the final adjustment.

6. Centrifuge as above and collect the supernatant fluid (Lancefield extract).

W

Comments

* The Lancefield hot acid extract contains not only the group-specific anti-
gen, but also type-specific protein antigens of group A (and group B)
streptococci. Other nonspecific protein and non-protein antigens may also
be present.

¢ Alternatively, 10ml of Todd-Hewitt broth culture or colonies harvested
from a quarter of a blood agar plate culture may provide sufficient antigen
for group determination.

e In some instances growth in larger volumes (e.g. 80ml extracted with
0.5ml HCl) may prove useful.

¢ Lancefield used hydrochloric acid, 0.2mol/1, prepared in 0.85% saline for
the acid extraction of streptococci, and many laboratories continue to use
this formulation.

El Kholy method (nitrous acid extraction) (58)
Equipment and supplies

— Centrifuge

— Pipettes to measure 0.12 and 0.06ml (Method 1). Pasteur pipettes or
microlitre pipette and tips (Method 2)

— Small culture tubes (12 x 75 mm) with stoppers, for preparation and stor-
age of extracts

Reagents

— Todd-Hewitt broth culture of the strain to be extracted, incubated over-
night at 35-37°C

— Sodium nitrite, 4mol/1

— Glacial acetic acid

— Phenol red pH indicator solution (see section 4.3.1)

— Sodium hydroxide, 6mol/]

— Saline, 0.85% (Method 2)

Method 1

1. Centrifuge (1500g, 30 minutes) 5ml of the Todd-Hewitt culture and
discard the supernatant.
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W

Add 0.12 ml of sodium nitrite and 0.06 ml of glacial acetic acid to the pellet
and mix thoroughly.

Incubate at room temperature for 15 minutes.

Add 1 drop of phenol red and neutralize the suspension to pH 7.0 with
sodium hydroxide.

Centrifuge as above and collect the supernatant fluid (nitrous acid extract).

Method 2

o=

Centrifuge 5ml of the Todd-Hewitt culture and discard the supernatant.
Add 1 drop (approximately 40ul) of saline and mix thoroughly.

Add 2 drops (approximately 80ul) of sodium nitrite and 1 drop (approxi-
mately 15ul) of glacial acetic acid and mix thoroughly.

Incubate at room temperature (20-22 °C) for 15-30 minutes. Do not seal the
tube tightly at this stage since gases are being generated that could create
dangerous pressure.

Add a small amount of phenol red (approximately 20pl) and neutralize
the suspension to pH 7.0 with NaOH.

Centrifuge (at least 650¢ for 30 minutes), and collect the supernatant fluid
(nitrous acid extract).

Comment

An alternative procedure for extraction of the carbohydrate by nitrous acid
involves scraping off the overnight culture from one-half or one-quarter of
a blood agar plate, resuspending the streptococci either in a mixture of
0.12ml of sodium nitrite, 4mol/1, and 0.06ml of glacial acetic acid (see
Method 1) or in 1 drop of saline (see Method 2) and then preparing the
extract as described above.

Rantz and Randall method (extraction by autoclaving)
(59)

Equipment and supplies

Centrifuge

Autoclave

Pipettes to measure 0.5ml

Small culture tubes (12 x 75mm) with stoppers, for storage of extracts

Reagents

Todd-Hewitt broth culture of the strain to be extracted, incubated over-
night at 37°C

Saline

Thymol blue or phenol red pH indicator solution (see sections 4.3.1 and
7.1)

Sodium hydroxide, 1mol/1

Method

1.

2.
3.

Centrifuge (1500¢, 30 minutes) 40ml of the Todd-Hewitt broth culture
and discard the supernatant.

Resuspend the pellet in 0.5ml of saline.

Autoclave the suspension for 20 minutes at 121°C.
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4. Centrifuge the autoclaved suspension as above and collect the supernatant
extract.

5. Neutralize the clear supernatant (pH 7.0-7.2) with sodium hydroxide,
using thymol blue or phenol red solution as indicator.

Comparison of group-antigen extraction methods

The Lancefield hot acid extraction method is ordinarily quite satisfactory, and
it has the advantage that a single extract can be used for group identification,
M typing and opacity-factor detection. However, since other streptococcal
antigens are also extracted by this method it is possible for cross-reactions that
are not group-specific to occur. This can be avoided if carefully tested and
absorbed antisera are used. The formamide extraction method is, on the
whole, least likely to give cross-reactions since protein antigens, which are
frequently responsible for these nonspecific reactions, are destroyed. It has
the disadvantage, however, that the heat of the extraction may destroy certain
less resistant group-specific antigens (e.g. group O). Also, if M typing is to be
performed, a separate Lancefield extract must be prepared. The method of
Rantz and Randall is very simple, as is the El Kholy technique using nitrous
acid. No cross-reactions with heterologous sera have been observed. There is
good agreement between the nitrous acid and the hot hydrochloric acid
extraction procedures. Other possible methods include extraction with Strep-
tomyces albus enzyme and with pronase B, but these are not discussed here
since they are not widely used. Pronase B has been used in some rapid antigen
detection tests but has been found to be reliable only with group A strains
(36).

Methods for group-antigen detection

Precipitation in capillary tubes (60)
Equipment and supplies

— Glass capillary tubes, inside diameter 0.5-1.2mm, length 5-8cm (see
Comments)

— Rack with non-hardening modelling clay

— Tissue or other soft absorbent material for wiping the capillary tubes

Reagents

— Group-specific antisera
— Streptococcal extract containing group antigen
— Reference group A polysaccharide antigen

Method

1. Dip a tube into the group-specific antiserum and draw up a 1-cm column
by capillary action.

2. Wipe the end of the capillary tube and dip it into the streptococcal extract;
draw in a 1-cm column of extract (total length of column, 2cm).

3. Insert the capillary tube into the rack using the modelling clay, with the
antiserum above the extract.

4. Read after 5 minutes at room temperature. Disregard reactions that occur
after 30 minutes.
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Comments

As a routine, all extracts should be tested against antisera for groups A, C
and G.

If potent antisera are used, capillary tubes with an inside diameter of 0.5-
0.9mm produce satisfactory reactions, even if significantly less antiserum
is used (strong precipitin reactions can be produced with an antiserum
layer of only 0.5cm or less). Weaker antisera may require larger capillaries
(inside diameter 0.9-1.2mm).

Utmost cleanliness must be maintained when handling capillary tubes.
Finger marks or other contamination on the surface of the tube may mask
weak positive reactions.

The precipitation test in capillary tubes can also be performed as a ring
test. The procedure is the same as that described above, except that the
capillary is inverted before it is inserted into the rack so that the antiserum
is below the extract.

The capillary precipitin test is illustrated in Fig. 6. Note the precipitate in
capillary tube A as compared with the negative reaction obtained with the
heterologous extract in tube B.

A B
serum
Fig. 6. The capillary precipitin test
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Ring precipitin test (67)
Equipment and supplies

— Capillary tubes, conically narrowed and sealed at the end. The inside
diameter of the wider part is about 0.5cm, and the total length is 3—4cm.
These can easily be prepared by cutting off the bottom of a Pasteur pipette
(see Fig. 7)

— Rack with non-hardening modelling clay

— Pasteur pipettes

Reagents

— Group-specific antisera
— Streptococcal extract containing group antigen
— Reference group A polysaccharide antigen

Method

1. Insert a capillary tube in the rack using the modelling clay.

2. Use a Pasteur pipette to deliver group-specific antiserum up to the middle
of the tapered part of the capillary (see Fig. 7).

3. Overlay the extract on top of the antiserum, taking care that the two
liquids do not mix.

4. Read against a dark background within 2-3 minutes. If the reaction is
positive, a precipitation ring appears at the interface between the extract
and the antiserum. Reactions should not be accepted as positive when they
take more than 5 minutes to appear.

Comments

* All extracts should be tested against antisera for groups A, C and G.

The ring precipitin test is illustrated in Fig. 7. Note the thin layer of precipitate
that has formed in tube A at the interface between the antiserum in the lower
layer and the extract in the upper layer. Tube B contains the heterologous
negative extract control.

Precipitation in agar gel (Ouchterlony double-diffusion
test) (62)

The materials and method for preparation of agar gel slides are given in
section 7.2. For group identification, use Pasteur pipettes to fill the central
well with group-specific antiserum and the peripheral wells with extracts of
the strains to be classified. In each pattern of wells there should be at least one
peripheral well filled with a reference control extract of the group being
tested. Incubate at 4°C for 48 hours or at room temperature overnight in a
moist chamber. Read and record the precipitation bands. All extracts should
be tested against antisera for groups A, C and G.

Rapid grouping methods

Many new methods that have been developed for grouping streptococci
allow reliable group identification from both liquid (Todd-Hewitt broth) and
solid (blood agar) culture media. Compared with classical extraction and
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serum
Fig. 7. The ring precipitin test

serological testing methods, the time required is reduced from several hours
to less than 1 hour. Several commonly used methods are based on slide
agglutination for the detection of group antigen. These tests use group-
specific hyperimmune rabbit antisera or, preferably, isolated immu-
noglobulin G bound either to latex particles (latex agglutination) (63) or to a
treated cell suspension of a protein A-carrying Staphylococcus aureus strain
(coagglutination) (64). Mixing an extract containing group antigen with these
immunoglobulin-coated particles will yield an agglutination that is visible to
the naked eye.

Tests that allow direct identification of group A streptococci from the primary
throat swab are also commonly used and reduce the time necessary for
diagnosis from 48 hours to 10 minutes or less. Effective therapy can thus be
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started immediately. The direct tests consist of two steps: group polysaccha-
ride extraction directly from a swab; and group A streptococcal polysaccha-
ride detection. Various immunodetection methods can be used, including
latex agglutination, coagglutination and ELISA. A number of tests based on
these principles are commercially available. Test kits must contain all items
necessary for testing, i.e. swabs, extraction tubes, chemicals for group
polysaccharide extraction, the group-specific immunoreagent and positive
and negative controls. Since the sensitivity of rapid tests is lower than that of
a properly performed standard culture, all negative results of rapid tests in
patients suspected of having a streptococcal infection must be checked by
culture (65).
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5. Characterization of group A streptococci

5.1

Serological methods for strain characterization

The classification of group A streptococci into specific serotypes is based
upon the detection and identification of cell-surface protein antigens referred
to as T, R and M proteins. Of these, the M protein is considered the most
important: it is not only a highly specific antigenic marker, but also a major
virulence factor of these organisms. Protective immunity against infection
is essentially type-specific and depends on the formation of antibodies to
M protein. Certain M types produce and liberate another type-specific
substance called opacity factor. Since the antigenic specificity of opacity
factor parallels that of M protein, opacity factor typing is considered equiva-
lent to direct identification of M antigen. Most group A streptococcal strains
freshly isolated from human sources possess sufficient type-specific antigen
to be typable provided that they are properly stored and handled in the
laboratory, that corresponding antisera are available, and that reliable, sensi-
tive typing methods are used. M-type identification is most commonly per-
formed using an immunoprecipitation test (see section 7), but it can also be
done — with much more difficulty — using the indirect bactericidal test, as
described in section 13.

Use of M typing has opened the way to a better understanding of the bac-
teriology, immunology and epidemiology of streptococcal infections. Tracing
the changing type distribution in population groups is important for the
development of a streptococcal vaccine based on M proteins. M typing is
also of great importance in studies concerned with the nephritogenicity or
rheumatogenicity of specific strains of group A streptococci, as well as in
surveillance of unusual infections and studies of the epidemiology of strepto-
coccal infection outbreaks.

Strains for which M typing is not possible can usually be characterized by
means of antisera raised against T-protein antigens. In group A streptococci,
these have no known relationship to virulence or protection. There are fewer
recognized T antigens than there are M antigens, and they are less specific
markers than M protein. A single T pattern may be found in strains of
different M types, and strains of the same M type may carry one or another
T-protein antigen; for this reason the term “T pattern” is preferred to T type.
Although the T pattern provides useful information, it is not an M-type
specific marker. Analogous T-protein antigens are also produced by strains of
other serological groups, especially groups C and G.

R-protein antigens occur in some strains of M types 2, 3, 28, 33, 43 and 48, as
well as in strains of some other serological groups (B, C, G, L) (66). They may
be responsible for cross-reactions in typing or grouping. Four R antigens have
been described and designated R1 to R4; specific strains may carry only one
or a combination of these (66). R proteins are not associated with virulence,
and the antibodies they elicit have no known influence on human immunity
to group A streptococci. Because R proteins are trypsin-resistant, trypsin
digestion of an M-protein extract will have no effect on R-protein antigen—
antibody reactions. This property allows differentiation of R-protein from
M-protein reactions.
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Non-serological methods for strain characterization

Streptococcus pyogenes isolates can also be characterized using non-serological
methods. These were developed, in part, in response to the difficulties often
encountered in producing the large pool of type-specific antisera required for
streptococcal serotyping. Apart from obviating the need for antiserum pro-
duction, non-serological methods have the added advantage that they can
often be used to characterize and/or define relationships between strains that
cannot be typed using conventional techniques. These methods also often
provide a means of identifying specific strains, or subtypes, within existing
serologically identified M types.

Phage typing

One method developed for subtyping group A streptococci was based on the
principles utilized in phage typing of staphylococci, and was originally used
in epidemiological studies of M49 streptococci. It has permitted accurate
discrimination of M49 strains isolated from different geographical regions as
well as strains of this M type isolated from the same location in different years
(67, 68), proving useful in studies of the detailed epidemiology of this impor-
tant nephritogenic M type.

Bacteriocin typing

Production of bacteriocin-like inhibitory substances by group A streptococci
has been utilized in an alternative typing scheme (69-71). By testing a strain
for inhibitory activity against a standard set of nine indicator strains, a type —
referred to as the P type — can be established. This P type, made up of a three-
digit number based on the specific strains inhibited, appears to be a stable
strain identification marker. Although not M-type specific, this method has
proved to be a useful epidemiological tool and, when combined with M
typing, improves the discrimination of streptococcal strain subtypes.

Small-fragment DNA gel electrophoresis

Restriction fragment length polymorphism (RFLP) analysis of group A strep-
tococcal genomic DNA has been shown to be a useful method for strain
characterization. DNA is extracted from streptococcal cells and cleaved by
using a restriction enzyme (or a combination of restriction enzymes), which
cuts the DNA at many sites (“frequent cutting” enzymes). The DNA frag-
ments are then separated by agarose gel electrophoresis. The resulting DNA
“fingerprint” appears to be a stable strain marker and can be used to establish
clonal relationships between strains (72). All strains can be characterized by
this technique, although the large number of bands obtained may make
interpretation difficult. Strains of the same M type often have identical or very
similar restriction patterns, although pattern variation within M types can be
significant. This technique has also been used successfully to identify epide-
miologically important strain differences between isolates of the same M type
(73).

Large-fragment DNA pulsed field gel electrophoresis

A modification of the small-fragment DNA fingerprinting method utilizes
“rare cutting” restriction enzymes to cleave genomic DNA into fewer frag-
ments than would be obtained using frequent cutting enzymes. This ad-

34



5.2.5

5.2.6

5.2.7

5.2.8

5.2.9

5. CHARACTERIZATION OF GROUP A STREPTOCOCC!I RN

dresses one of the major difficulties encountered with conventional RFLP
methodology, that of visually comparing and resolving the large number of
DNA fragment bands obtained. Cutting the DNA into fewer (but larger)
fragments results in electrophoresis banding patterns that are easier to inter-
pret. Unfortunately, these large fragments cannot be analysed by standard
gel electrophoresis but require the more expensive pulsed field gel electro-
phoresis (PFGE) equipment. It has been reported that individual M types
give distinct PFGE patterns and that clonal variation within an M type can
also be differentiated (74).

Ribotyping

A variation of the RFLP method has been described; it utilizes DNA restric-
tion patterns of ribosomal RNA genes (ribotyping) to characterize group A
streptococci. To date, most published reports have suggested that this method
may be less effective than the standard total DNA RFLP method in discrimi-
nating subtle differences between group A streptococcal strains (75-77).
Used alone, however, or in combination with RFLP analysis, this method can
improve the discrimination of serotyping.

Oligonucleotide probes

A non-serological method for the identification of specific M proteins of
group A streptococci using oligonucleotide probes has been described (78).
Probes directed against the N-terminal region of specific M-protein genes
were constructed to provide a highly specific typing system. In an evaluation
of this system using probes to nine different M types tested blind against 116
strains with 10 different M types, sensitivity and specificity were 100%. Oligo-
nucleotide probes are reported to be cheaper and easier to prepare than M-
type antisera, and they can also be constructed to detect and identify subtle
sequence diversity within specific M types (78).

Multilocus enzyme electrophoresis

Multilocus enzyme electrophoresis of cell lysates has also been used for
characterization of group A streptococcal strains (79-81). Isolates are tested
for the presence and electrophoretic mobility of 12 different enzymes and
assigned a number, referred to as the electrophoretic type, based on the
activity and migration profiles obtained. All streptococcal strains tested could
be typed by this method, and a strong correlation with M type was reported,
although exceptions were observed (81).

Pyrolytic mass spectrometry

Pyrolytic mass spectrometry has been used as a tool in studying the epidemi-
ology of nosocomial infections (82, 83); the method allowed S. pyogenes iden-
tification at the strain level and proved to be a rapid technique for use in
studies of cross-infection. However, the equipment required is expensive and
the computer analyses of collected data are complex. This method is therefore
probably impractical for laboratories that do not already possess the neces-
sary equipment and computer expertise.

M protein gene sequencing

Recent developments in molecular technology have made possible the rou-
tine use of DNA sequencing of specific genes as a tool in streptococcal strain
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identification. Of particular interest is the ability to sequence the M protein
(emm) gene. This procedure involves extraction of DNA from the streptococ-
cal strain, amplification of the emm gene in the polymerase chain reaction
(PCR) and sequencing of the amplified DNA. The resulting sequences permit
not only identification of specific M types by matching with published se-
quences but also determination of variation within an M type and character-
ization of emm genes not previously described (84-87).

Random ampilification of polymorphic DNA

Random amplification of polymorphic DNA (RAPD) analysis has proved to
be a useful tool for genetic studies of plants, animals and microbes. This
system potentially offers improved discrimination over methods that rely on
phenotypic markers, since it allows comparison of entire genomes. In at least
one study, RAPD was shown to be more sensitive than multilocus enzyme
electrophoresis in differentiating closely related bacterial strains (85). DNA
extracted from an organism is amplified in PCR using primers of less arbi-
trary sequences. While one advantage of this system is that no knowledge of
the strain’s DNA sequence is required in selecting primers, there is also no
way to predict which primer sequences will be most effective in discriminat-
ing streptococcal strains. It may be necessary to test a large number of primers
against many well characterized strains to determine which primers and
primer combinations provide the greatest resolution. RAPD has been success-
fully used by several investigators to differentiate strains of Streptococcus
pyogenes (89-91).

Vir typing

A recently described method for characterization of S. pyogenes strains uti-
lized PCR amplification of the entire vir regulon, followed by restriction
digestion of the amplified DNA product with Haelll. The cleaved DNA was
then subjected to agarose gel electrophoresis. Resulting DNA bands were
visualized by ethidium bromide fluorescence. The investigators found this
method to be highly discriminatory and to yield unambiguous results (91).
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6. Determination of T-protein agglutination

patterns

6.1

Introduction

Identification of the T-protein agglutination pattern is usually the first step in
the classification process for group A streptococci. Various methods for this
procedure have been described in the literature (61, 92-94). The distribution
of T-protein antigens, which are produced by most strains of group A strep-
tococci, is not directly related to that of the M antigens; a single T antigen (or
very closely related T antigens) may be shared among a number of M types,
while strains of a given M type may have one or another totally unrelated
T antigen. The following clusters of M types appear to have the same (or a few
very closely related) T antigen(s):

4,24, 26, 28,29, 46

15,17, 19, 23, 30, 47

5,11,12,27, 44

3, 13, and types agglutinated by antiserum B3264
8, 25, and types agglutinated by antiserum Imp. 19
14, 49

(For distribution of T patterns “B3264” and “Imp. 19” among M types, see
Table 1.) Strains belonging to the “cluster types” may be agglutinated by
several of the corresponding monovalent anti-T sera.

Diffuse, stable suspensions of streptococci are required for slide agglutina-
tion. Granular, spontaneously agglutinating cultures must be treated with
trypsin to render them suitable for the T-agglutination test. Streptococci are
agglutinated by antisera containing homologous anti-T antibodies. Since dif-
fuse suspensions are also very susceptible to other agglutinins not specific
for T antigens, absorbed anti-T sera must be employed. Anti-T sera sets are
composed of polyvalent and monovalent antisera. Each polyvalent anti-
serum, or pool, is a mixture of the given monovalent antisera. The set origi-
nally described consisted of the following (61):

Monovalent antisera
1, 3, 13, B3264
2,4,6,28

5,11, 12,27, 44

8, 14, 25, Imp. 19
15,17, 22, 23, 47
9,18, 19, 30

N<XEaHT

Rabbit anti-T sera are commercially available. Although some monovalent
antisera, especially types 15, 17, 47, 19 and 30, are frequently omitted from
anti-T sera sets, these types would be expected to react with remaining types
in their respective pools (93). One commercially available set has eliminated
the Z pool and uses a combined Y pool consisting of monovalent anti-T sera
9, 22 and 23.
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Table 1. The relationship between T-protein agglutination pattern,
M type and opacity factor in group A streptococci

T-protein agglutination
pattern

M type®

Opacity factor positive

Opacity factor negative

1
2
3, 13, B3264

4,28
5,11, 12, 27, 44

6

8, 25, Imp. 19
9

14, 49

15, 23, 47

22

68
2
13, 73, 77, 81

4, 28, 48, 60, 63

11, 22, 27, 44, 61, 62,
66, 76, 78

8, 25, 58, 59, 75, 79
9
49

22

1
65

3, 33, 39, 41, 43, 52, 53,
56, 67, 69, 71, 72, 74

24, 26, 29, 46
512,70

6

31, 65, 57

14, 51, 80

15, 17, 19, 23, 30, 47, 54

@ M numbers not used: M7, group C; M10 = M12; M16, group G; M20, group C; M21,
group C; M35 = M49; M45 = M24. For types M8, M27 and M44 see section 8.

Preparation of streptococcal suspension for

agglutination

Equipment and supplies

— Streptococcal strains to be tested

— Water-bath at 37°C
— Incubator at 30°C

— Centrifuge
— Pasteur pipettes

Reagents

— Todd-Hewitt broth (use volumes of 5ml; larger volumes of 8-10ml may

also be used)

— Trypsin solution, 5%: trypsin (2.5g trypsin 1:250 per 50ml phosphate-
buffered saline, pH 7.3; alternatively, prepare in Sorensen’s phosphate
buffer, pH 8.2). Membrane-filter to sterilize and store at —20°C.

— Phenol red pH indicator solution. Dissolve 0.1g of phenol red in 28 ml
sodium hydroxide, 0.01 mol/1, and adjust volume to 250ml with distilled

water.

— Sodium hydroxide, 0.2mol/1

Method

1. Inoculate the strain to be tested in 5-10ml of Todd-Hewitt broth and
incubate overnight at 30°C.
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Centrifuge (650-1500g, 15-30 minutes) and draw off all but 0.3-0.5ml
of the supernatant (depending on the cell volume) and resuspend the
bacteria in the remaining supernatant.

Add one drop of trypsin and one drop of phenol red solution.

Adjust the pH to 7.8-8.0 using sodium hydroxide, 0.2mol/1 (violet
colour). Alternatively, a slightly higher pH of 8.0-8.2 may be used.
Place the suspension in a water-bath at 37°C for 1 hour.

Before testing by agglutination, bring the pH to 7.0-7.2. Alternatively,
many researchers have good success testing the cell suspension at the
digestion pH of 8.0-8.2 without neutralization.

Comments

If the initial growth of the culture is insufficient, prolong the incubation for
another 24 hours.

For certain strains, growth at room temperature (approximately 20-22°C)
will give better T agglutination results.

Most strains require trypsinization for successful testing. Occasionally
strains are encountered that give acceptable results without use of trypsin.
Since different lots of trypsin may vary in potency, it may be advisable to
test the proteolytic activity of the 5% trypsin solution. Prepare serial dilu-
tions of the working trypsin solution, and place drops of each dilution on
exposed photographic film (used X-ray film works well). Incubate for 1
hour at 37°C in a moist chamber. The titre of the trypsin is the highest
dilution producing a clear area. A 10% concentration of trypsin 1:250 is
reported to have a titre of not less than 1:10000 (94). A 5% concentration
of trypsin 1:250 with a titre in excess of 1:2000 should be satisfactory for
routine testing.

Good success with considerable saving in time has been reported using a
method whereby the strains are grown in Todd-Hewitt broth containing a
final concentration of 0.6% trypsin (1:250). Incubation conditions and
times are as described above. After growth in trypsin broth the culture
is centrifuged as above and the streptococci resuspended in 0.3ml of
the supernatant broth. Agglutination testing is then performed directly
without need for further digestion (94).

Performing the agglutination test

Equipment and supplies

Microscope slides, 25 x 75mm

Wire loop(s) approximately 2-3mm in diameter (if highly potent sera are
used, smaller loops may be satisfactory)

Water-bath at 50 °C

Reagents

Trypsinized cell suspension prepared as described in section 6.2
Polyvalent and monovalent anti-T sera

Method

1.

Place five or six evenly spaced drops of the trypsinized cell suspension on
a microscope slide (one drop for each polyvalent antiserum (pool) in the
test kit being used).
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2. Using the wire loop, add one drop of each of the polyvalent antisera to a
corresponding drop of the strain suspension.

3. Rock the slide to mix.

4. Evaluate the reaction within 2 minutes. Immediate agglutination is
marked as + + + or 3+, strong reaction within 1 minute as + + or 2+, and
weak but distinct agglutination within 1-2 minutes as + or 1+.

5. 1If the suspension is agglutinated by only one polyvalent antiserum (pool),
test the suspension in the same way with the corresponding monovalent
antisera which compose that pool.

6. Agglutination by more than a single monovalent anti-T serum commonly
occurs only within the clusters of types having common T antigen(s) (see
section 6.1), but there are exceptions.

7. If the suspension does not agglutinate with any of the polyvalent or
monovalent antisera, prepare a fresh culture and repeat the procedure
using a shorter trypsin incubation time or even omitting trypsin digestion.

8. If the suspension is granular, or if agglutination occurs with multiple pools
or with types other than the clusters described above, trypsinization of the
suspension should be repeated for 1 hour with one more drop of trypsin at
pH 7.8-8.0. The test should then be repeated as described above.

9. If the suspension still gives nonspecific agglutination, digest it again with
an additional drop of trypsin in a water-bath at 50 °C for 10 minutes. If this
is unsuccessful, further digestion is rarely useful, and the test should be
repeated with a freshly prepared culture.

Evaluation of results

Most group A strains can be characterized by T agglutination. Although
typing by M precipitation or opacity factor neutralization results in a reaction
with only a single antiserum, in the T agglutination test a clear agglutination
of a strain by several monovalent anti-T sera is often valid. Complex aggluti-
nation patterns such as 3/13/B3264, or 4/28 or 5/12/27 are quite common.

Some strains give a clear-cut agglutination with only a single monovalent
anti-T serum: T1, T6, T9 and T22 are the most frequent examples. Such
agglutination results often, but not always, correspond with the M types of
the strains. These apparently unequivocal findings cannot, therefore, be safely
accepted as equivalent to M-typing results.

The discrepancies observed are due not only to the lack of correlation in the
distribution of T and M antigens already mentioned, but also to the fact that
agglutination is not exclusively dependent on the reaction between T antigen
and anti-T antibodies. No available set of anti-T sera covers all the existing
T antigens. In absorbed anti-T sera, prepared by immunization with whole-
cell vaccines, significant remnants of unrelated antibodies are to be expected.
Indeed, most strains are agglutinated by several, if not all, polyvalent anti-T
sera before trypsinization. Thus, in the process of testing, some of the remain-
ing non-T antigens may agglutinate; if these reactions are strong enough and
otherwise plausible, they may erroneously be accepted as the true T patterns.
With conventional sets of anti-T sera, the risk of such mistakes increases with
the rising prevalence in the population of strains with unusual T antigens or
no T antigens. The reproducibility rate of T-agglutination patterns is thus
lower than that of M or opacity factor typing.

Nevertheless, the technically uncomplicated T-protein agglutination test has
been widely used for serological differentiation of group A strains in those
laboratories without access to the more specific M and opacity factor typing
tests. Generally, T-agglutination patterns are of much greater use in situations
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where the number of types involved is limited, such as epidemiological
analysis of localized outbreaks of streptococcal diseases. Even in this sort of
situation, however, dependence on this characteristic alone may be mislead-
ing. Reliance on T-agglutination patterns alone from surveillance studies
covering large population groups over several years may also lead to mis-
interpretation.

In summary, T-protein agglutination patterns cannot specifically identify
types of group A streptococci or their relationship to virulence and protective
immunity as defined by the M proteins. Similarly, the proposed broader
interpretation of agglutination patterns in terms of a subdivision of group A
streptococci into subgroups of certain M types may occasionally be grossly
misleading. However, knowledge of the relationship between T and M anti-
gens and opacity factor is extremely useful for the laboratory in the process of
typing, since it reduces or eliminates the need to test strains with all M or
opacity factor typing sera. These relationships are summarized in Table 1. A
review of the correlation of T-protein agglutination pattern with M type has
also been published (95).
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7. Serotyping by M-protein precipitation

7.1

The precipitation reaction between M antigen and type-specific antiserum is
employed for the identification of M types. Rabbit antisera are used.

Preparation of Lancefield hot hydrochloric acid
M-antigen extract (96)

Equipment and supplies

— Incubator at 37°C

— Centrifuge

— pH meter, pH paper or thymol blue pH indicator solution (dissolve 0.1g of
thymol blue in 4.3ml of sodium hydroxide, 0.05mol/], and adjust the
volume to 100ml with distilled water)

— Water-bath at 100°C (boiling)

— Pipettes to measure 0.4ml

— Pasteur pipettes

— Small culture tubes (12 x 75mm) with stoppers, for storage of extracts

Reagents

— Blood agar culture with isolated colonies or broth culture of streptococci

— Todd-Hewitt broth containing an additional 1-2% neopeptone

— Hydrochloric acid, 0.2mol/1 (may be prepared in 0.85% saline; see com-
ments below)

— Sodium hydroxide, 0.2mol/1

— Phenol red pH indicator solution. Dissolve 0.1g of phenol red in 28 ml of
sodium hydroxide, 0.01 mol/], and adjust volume to 250ml with distilled
water.

— Thiomersal, 0.02%, or sodium azide preservative solution, 0.1%

Method

1. Inoculate several isolated colonies or 1ml of Todd-Hewitt broth culture in
80ml of prepared Todd-Hewitt/neopeptone broth.

2. Incubate for 1618 hours at 37°C. Plate a loopful on blood agar to test for
purity.

3. Harvest the bacteria by centrifugation at 650-1500g for 30 minutes and
discard the supernatant (see comments below).

4. Add 0.4ml hydrochloric acid to the pellet and mix thoroughly. Adjust the

pH to 2.0-2.2 (see comments below).

Place the suspension in a boiling water-bath for 10 minutes.

Cool the suspension to room temperature.

7. Add one drop of phenol red solution and neutralize with sodium
hydroxide.

8. Centrifuge the suspension as above. The supernatant fluid is the M-
protein extract (hydrochloric acid extract). Store at 4°C with sodium azide
or thiomersal (1drop/ml) as a preservative, or frozen at —20°C.

o o

1United States Pharmacopeia terminology: thimerosal.
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Comments

Todd-Hewitt broth with neopeptone is necessary to block proteinases that
digest M protein, and to stimulate the synthesis of M protein (17-19).
After centrifuging the initial culture, keep a small quantity of supernatant
(about 2ml) for serum opacity reaction testing (see section 8). Preserve
with 2 drops of thiomersal at 4°C.

The pH of the cell/acid suspension for extraction must be about 2.0-2.2,
not less; in a more acidic medium, hydrolysis and destruction of M protein
occur. Control the pH of the streptococcal suspension in hydrochloric acid
by means of a pH meter, pH paper or thymol blue solution (mix one drop
of the suspension with one drop of thymol blue on a white slide — the
colour must be only light pink, not red).

Lancefield prepared acid extracts using hydrochloric acid, 0.2mol/],
in 0.85% saline, and many laboratories continue to use this formulation.

M-antigen detection in agar gel (Ouchterlony
double-diffusion test) (97, 98)

Equipment and supplies

Steam-bath or boiling water-bath to melt agar
Microscope slides, 25 x 75mm

Level tray for pouring slides

Punches for cutting wells 3mm in diameter
Pasteur pipettes

Reagents

Noble agar

Phosphate buffered saline, pH 7.0
Sodium azide

M-protein hydrochloric acid extracts
M-type specific antisera

Method

1.

2.

=

Prepare a solution of noble agar in phosphate-buffered saline, 0.01mol/],
pH 7.0, and add sodium azide to give a final concentration of 0.01%.
Melt the agar by steaming or heating in boiling water. The agar can be
used immediately or stored in aliquots at 4 °C until needed.

Cool the agar to 50°C. Place the glass microscope slides on the level tray
and pour 3ml of agar onto each; use of 2ml of agar per slide has also been
successful.

After the agar has solidified, store the slides in a moist chamber at 4°C.
Immediately before use, cut two sets of wells in each slide, each set consist-
ing of 6 or 8 peripheral wells and a central well. The diameter of the wells
should be 3mm, and the distance from the centre of the central well to the
centre of the peripheral wells 7.5mm.

Using Pasteur pipettes, place the anti-M sera in the central well, and the
M-protein hydrochloric acid extracts in the peripheral wells. Include
the hydrochloric acid extract of a reference homologous type with each
antiserum.

Incubate in a moist chamber at 4°C for 48 hours or at room temperature
overnight.

Read and record the results.
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Comments

The M type is identified if the extract of the strain gives a clear precipita-
tion reaction with one absorbed, M-type-specific antiserum only.
Unabsorbed anti-M sera can be used, which is one advantage of the agar
gel precipitin technique. However, the antisera selected for typing should
not elicit bands due to group A carbohydrate or to other non-type-specific
cross-reacting antigens, including R proteins.

The type-specific and non-type-specific bands can be differentiated by
comparing reactions with that of the reference homologous hydrochloric
acid extract. The band formed by the test extract must form a line of
identity with the reference M-type extract.

If R-protein bands are suspected, especially with antisera of types 28 and
48, the test should be repeated with the same hydrochloric acid extract
after trypsinization (M protein is destroyed, R protein persists). In certain
instances, absorbed anti-M sera, if available, are used.

In the macroimmunodiffusion test, hydrochloric acid extracts often give a
type-specific reaction but with multiple bands. This may be because the
extract contains multiple fragments of M protein of quite different size as
a result of a strong and nonspecific acid hydrolysis. These multiple bands
usually, but not always, coalesce to form only a single band in the
microimmunodiffusion test.

Negative results (absence of precipitation bands) do not exclude the
possibility that the strain belongs to a type for which a potent antiserum
was included in the test. The reason may be inadequate quality of the
hydrochloric acid extract, insufficient quantity of extract in the well,
or some other reason as yet not understood. Sometimes an extract that
gives a negative reaction initially will give a positive reaction when the
test is repeated.

The risk of possible misinterpretation of findings in a microimmuno-
diffusion test may be reduced by comparing them with the results of
serum opacity reaction testing and, to a certain extent, also with the
T-protein agglutination pattern of the strain.

An Ouchterlony double-diffusion test is illustrated in Fig. 8. In this test the
purpose was to compare the reactions of several antisera with a single M1
hydrochloric acid extract. The extract was therefore placed in the centre well
and the antisera in the peripheral wells. The results clearly show that the
unabsorbed antiserum gives two precipitin bands with the M1 extract. The
outer band forms a line of identity with a reference group A antiserum.

Group A
serum

M1 serum
unabsorbed

M1 serum
column
absorption

M1 serum

: routine
—t absorption
M1 ‘

Cl extract

Fig. 8. M-antigen detection in the Ouchterlony double-diffusion test
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The two absorbed antisera have had the group antibody successfully
removed and contain only M1 type-specific antibody.

Capillary precipitin test (99)

The original precipitin method using capillary tubes needs highly potent and
well absorbed anti-M sera. Preparation of these absorbed antisera is a very
demanding laboratory procedure with uncertain results, and the sera do not
always keep well. The equipment and performance of the test are the same as
described in section 4.5.1 except for incubation conditions: the capillaries are
incubated for 2 hours at 37 °C (first reading) and then overnight at 4°C (final
reading).

The Ouchterlony double-diffusion met‘hod is faster and easier, and absorbed
antisera are not, for the most part, necessary. Good agreement is observed
between M typing by the capillary method and by the double-diffusion
method.
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8. Serotyping using the serum opacity

reaction

8.1

Introduction

Strains belonging to certain M types (see below) produce opacity in mamma-
lian sera as a result of the action of an enzyme, referred to as serum opacity
factor (OF), on high-density lipoproteins (HDL) (100-103). There are many
antigenic variants of OF and their antigenic specificity corresponds with that
of the M antigen of the producing strain (104, 105). Production or non-
production of OF is a constant characteristic of each M type (106, 107). Thus,
M types may be divided into OF-positive (OF+) and OF-negative (OF-) sero-
types. All strains belonging to an OF+ M type produce serum opacity factor,
although only M-positive strains secrete this enzyme during growth; M-
negative variants appear to have the OF enzyme bound to the cell membrane
(105). Based on current knowledge, it is highly unlikely that a strain that is
found to be a producer of OF would belong to any of the M types recognized
as OF-negative.

Opacity factor can be detected in broth culture supernatants, in hydrochloric
acid extracts, in areas surrounding colonies on pour plates containing serum,
and in sodium dodecyl sulfate or deoxycholate extracts of streptococci.
OF typing is based on specific inhibition of the serum opacity reaction by
antiserum containing anti-OF antibody; rabbit or guinea pig antiserum is
commonly used. Opacity factor appears to be highly antigenic in humans and
therefore, with extreme caution, it is also possible to use human sera con-
taining anti-OF antibodies in OF-inhibition typing tests. Human sera often
contain antibodies to serotypes commonly found in the population, including
serotypes not previously identified. The sera are easy to obtain and are imme-
diately available for use. However, in contrast to hyperimmune animal sera,
individual human sera may, and frequently do, contain anti-OF antibodies to
more than one serotype (108-111). Hence, it is never possible to rely on
inhibition by a single human serum to define the M/OF type of an unknown
strain. Probability of error when using human sera for OF typing can be
reduced by use of multiple sera, each known to contain antibody to the
serotype being screened.

The following M types have been recognized as OF+: 2, 4,9, 11, 13, 22, 25, 28,
48, 49, 58, 59, 60, 61, 62, 63, 66, 68, 73, 75,76, 77, 78, 79, 81. As yet there is no
consensus for M types 8, 27 and 44, although these have been reported by
some investigators, including the Minneapolis laboratory, as OF+. Additional
OF+ types are being encountered among group A streptococci that cannot be
typed with the available antisera.

The serum opacity reaction greatly enhances the possibilities for serotyping
group A streptococcal strains. OF+ types are frequently those for which it
is difficult to produce good anti-M sera. A combination of both serotyping
methods, M precipitation and OF neutralization, is therefore very useful.
OF results also help to check the accuracy of M-precipitation results. Neutral-
ization of the opacity reaction by more than a single monospecific anti-OF
serum is a very rare event; when it occurs, the test should be repeated with a
newly prepared OF supernatant or extract, and re-evaluation of the sera being
used should be considered. If none of the available anti-OF sera neutralizes
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the serum opacity reaction, repeating the test with a lower concentration of
the OF preparation may sometimes be successful.

Sources of opacity factor and opacity factor substrate

Overnight broth culture supernatants, hydrochloric acid extracts or sodium
dodecyl sulfate extracts of OF+ strains are used as the source of OF. Horse or
pig serum is generally used as the substrate (sterilized by filtration). It is
recommended that this serum be kept in small aliquots at —20°C. Each batch
of serum should be tested for activity with known OF-producing streptococci
since sera vary widely in their suitability for use in this test. Thiomersal is
added to horse or pig sera and to all supernatants or extracts in a final
concentration of 1:5000 (0.02 g/100ml).

Agar method for detecting opacity factor (112)
Equipment and supplies

— Steam bath or boiling water-bath to melt agar

— Glass slides, 5 x 5¢cm or 2.5 x 7.5¢cm, or standard 10-cm Petri dishes
— Wire loop(s), approximately 4mm in diameter

— Water-bath at 50°C

— Level tray for pouring agar slides

— Pipettes to measure 1.0ml

— Incubator (35-37°C)

— Moist chamber

Reagents

— Pig or horse serum prescreened and selected to give good opacity
reactions

— Culture supernatant, hydrochloric acid extract or other opacity factor
extract to be tested

— Ion agar or purified agar

— Control supernatant or extract known to be OF+.

Method

1. Prepare 2% ion agar or purified agar in distilled water.

2. Melt the agar and cool to 50°C.

3. Mix 1ml of pig or horse serum at 50°C with 1ml of 2% agar. These
are the quantities required for a slide measuring 5 x 5cm. If a smaller
slide or a Petri dish is used, the agar/serum volumes should be adjusted
accordingly.

4. Pour the whole mixture evenly on a levelled glass slide or Petri dish that

is thoroughly clean and free of grease.

Dry at 37°C for 15 minutes.

Spot the supernatants or extracts on the agar surface using the wire loops.

Incubate the slides overnight at 37°C in a moist chamber.

Read and record the results. A positive reaction is shown by the develop-

ment of an opaque spot.

® N>

Comments

e The serum agar slides can be prepared in advance and stored in a moist
chamber at 4°C for up to 1 week.
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Fig. 9. The agar method for the detection of serum opacity factor

* Adjusting the pH of the horse or pig serum to 6.0 enhances the intensity of
the opacity reaction.

Fig. 9 illustrates OF detection using the agar method in a Petri dish; OF
preparations of different strains have been spotted on the agar surface. Posi-
tive opacity reactions of varying intensity are visible as opaque spots on the
clear agar.

Agar method for opacity-factor inhibition serotyping
(112)

Method 1

Equipment and supplies

— As described in section 8.3.

Reagents

— As described in section 8.3.
— Type-specific anti-OF sera

Method

1. Prepare the slides as described in section 8.3.

2. Mix 1ml of pig or horse serum, 1ml of 2% agar and 0.2ml of culture
supernatant or extract of the OF+ strain under test. These are the quantities
required for a slide measuring 5 x 5cm. If a smaller slide or a Petri dish is
used, the volumes should be adjusted accordingly.

3. Pour the mixture onto a glass slide or Petri dish. Let the agar gel dry for 15
minutes at 35-37°C and immediately spot anti-OF sera onto the agar
surface using a wire loop. One glass slide suffices for 16 antisera.

4. Incubate overnight at 35-37 °C in a moist chamber.
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Fig. 10. The agar method for opacity-factor inhibition serotyping

5. Read and record the results. Inhibition is shown by a clear area on an
opaque background.

Comments

* If the serum opacity reaction of the respective strain is too strong, dilute
the culture supernatant or extract 1:4 with saline. Very high OF concentra-
tions may require significantly higher dilutions.

e Weak OF-producers may often be satisfactorily tested by increasing the
amount of supernatant or hydrochloric acid extract. If a threefold increase
is not sufficient, more concentrated agar (e.g. 4%) must be used to achieve
good solidification.

The agar method for OF-inhibition serotyping is illustrated in Fig. 10. In this
test OF was incorporated into the agar and antisera were spotted on the agar
surface. Of the 28 anti-OF sera used (including provisional types), only one
inhibited the formation of opacity as evidenced by the area of clearing against
the opaque background, indicating the OF type of the group A streptococcus.

Method 2
Equipment and supplies

— As described in section 8.3.

Reagents

— As described in section 8.3.

Method

1. Mix 1ml of agar, 1ml of pig or horse serum and 0.2ml of anti-OF serum
(the actual volume used will depend on the titre). These are the quantities
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required for a slide measuring 5 x 5cm. If a smaller slide or a Petri dish is

used, the volumes should be adjusted accordingly.

Pour the mixture onto a slide or Petri dish and dry at 37 °C for 15 minutes.

3. Spot loopfuls of culture supernatant or hydrochloric acid extract of the
OF+ strains under test onto the agar and incubate overnight at 37°C in a
moist chamber. Include a control slide without antiserum.

4. Read and record the results. An opaque area on a control slide that fails to
develop on an antiserum slide indicates inhibition. Using this method, it is
possible to test anti-OF sera for their specificity.

N

Tube method for opacity-factor detection and
inhibition serotyping (104, 107, 112)

The presence of serum opacity factor and its inhibition is determined spectro-
photometrically in test-tubes. This macromethod requires large quantities of
ingredients and is not economical for routine use.

Microtitre plate method for opacity-factor detection
and inhibition serotyping

The microtitre plate method has several advantages. It does not require time-
consuming pre-preparation of agar slides or plates so that tests can be set up
at very short notice. The microtitre plate can be used repeatedly until all wells
have been utilized; even a single determination can therefore be run easily
and economically. Furthermore, it is easy to control the strength of the OF
reaction by varying the amount of OF added to the well. False-negative
serotyping results can occur if too much OF is present (more than can be
neutralized by the antibody) or if the OF reaction is too weak (making it
difficult to detect inhibition) (110). The ability to quantify results spectropho-
tometrically can also be helpful. The main disadvantages of the method are
the need for slightly larger volumes of antiserum, the costs of non-reusable
microtitre plates compared with those of the reusable plates and slides used
in the agar method, and the need for an ELISA microplate-reader if spectro-
photometric quantification is desired.

Equipment and supplies

— Standard 96-well flat-bottomed microtitre plate

— Adjustable micropipette and tips, 0-20ul

— Adjustable micropipette and tips, 20-200ul

— Incubator at 35-37°C

— Container (e.g. plastic bag, box with tight-fitting lid) into which the micro-
titre plate can be placed to maintain moisture during incubation.

— ELISA microplate-reader capable of producing a wavelength of 450 nm. If
plates are to be read visually, a microtitre test reading mirror is useful.

Reagents

— Horse serum

— Culture supernatant, Lancefield hydrochloric acid extract or other opacity
factor extract to be tested

— Source of anti-OF antibody (guinea-pig or rabbit hyperimmune serum or
prescreened and tested human antisera)

— Normal serum for antibody control
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— OF+ control strain (extract or supernatant of a known producer strain)
— Saline (sterile)

Method for OF detection

1. Add 100pl of horse serum to the wells of the microtitre plate (The serum
used must be prescreened and shown to give good opacity reactions with
OF+ preparations. Adjusting the pH of the horse serum to 6.0 will enhance
the opacity reaction and increase the sensitivity of the test, but with most
strains this is not necessary.)

2. Add 10yl of the extract or supernatant to be tested to the wells containing

horse serum.

Add 10ul of OF+ control extract to one well.

4. Leave the horse serum in one well without added extract or supernatant as
a negative control.

5. Seal the plate and incubate overnight at 35°C in a humid environment.

Remove the plate from the incubator and add 100pl of saline to each well.

7. Read the results either visually (score reactions 0-4+) or with an ELISA
spectrophotometric microplate-reader.

w

o

Use of the microtitre plate method for OF detection is illustrated in Fig. 11. A
strong OF+ control was placed in well Al and a horse serum control (without
OF) in well H12. Negative reactions are shown by clear wells and positive
reactions by wells with varying degrees of opacity.

Method for OF-inhibition serotyping

Results obtained using the microtitre plate method for OF-inhibition
serotyping will be optimized if several controls are included. To accommo-
date these controls, each inhibition reaction being evaluated will require a
total of four wells. These are: (1) a test well containing the OF extract being
serotyped plus type-specific OF antiserum; (2) an antiserum control well

Fig. 11. The microtitre plate method for detection of serum opacity
factor
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containing type-specific antiserum plus saline; (3) an OF extract control con-
taining the extract being serotyped plus a normal serum lacking OF antibody;
and (4) a normal serum control containing normal serum lacking OF
antibody, plus saline. All wells, of course, also contain horse serum.

Control 3 is necessary to show how much opacity the extract is capable of
producing in the absence of type-specific antibody. Controls 2 and 4 are
needed to evaluate any opacity added to the system by the type-specific or
control sera. This is important because some human, rabbit and guinea-pig
sera are sufficiently turbid (hyperlipaemic) that even the small amount added
to the well causes opacity indistinguishable from a positive serum opacity
reaction. In extreme cases this turbidity may mask true type-specific inhibition
of the serum opacity reaction. If results are read using a spectrophotometer,
the absorbance due to this nonspecific turbidity can be corrected for by
treating control wells 2 and 4 as “blanks” relative to the corresponding wells 1
and 3. Once these serum control absorbance values have been subtracted,
inhibition can be accurately evaluated by comparing the decrease in the
corrected absorbance value (if any) from well 3 to well 1. Although this
appears complicated, it is quite straightforward in principle. In practice, more-
over, the absolute number of control wells required is not large: only one
serum/saline control well (controls 2 and 4 above) is required on each plate for
each corresponding serum, regardless of how many times that serum is used.

1. Add 10pl of antiserum to wells.

2. Add 10pl of normal serum to control wells.

3. Add opacity factor to wells. The amount added will depend on the
strength of the opacity reaction observed during the detection test above.
If the reaction was very strong (4+), add 2.5l of extract; if the reaction
was 3+, add 5y, if 2+, add 10ul, and if 1+, add 20ul. This reduces the
chances of very strong extracts “overwhelming” the antibody and also
allows satisfactory testing of weak OF preparations. More accurate deter-
mination of optimal OF concentration can be obtained from absorbance
readings. Very strong OF preparations may require significant dilution.
This can be determined by preparing and testing sequential twofold
dilutions of the OF, basing the final working dilution on the OF absor-
bance readings obtained.

. Add 10ul saline to saline control wells.

. Seal the plate and incubate at 35-37 °C in a humid environment for 1 hour.

. Add 100! of horse serum to each well.

Incubate overnight at 35-37°C.

. Add 100yl of sterile saline to each well.

. Read visually and/or in an ELISA microplate-reader at 450nm.

. If using an ELISA reader, calculate the inhibition as follows:

(@) Subtract the absorbance of the control well containing type-specific
antibody and saline (control 2) from the absorbance of all test wells
containing that antiserum and OF extracts (control 1). This gives
corrected test values for wells containing that antiserum.

(b) Subtract the absorbance of the control well containing normal serum
and saline (control 4) from the absorbance of all wells containing
normal serum and OF extracts (control 3).

(¢) Positive inhibition of a specific extract by an antiserum is indicated
when the absorbance value calculated in (a) is significantly less than
the corrected value given by that extract in the presence of normal
serum as calculated in (b). The reduction in absorbance required
to verify inhibition will depend on the strength of the antiserum
as well as the reproducibility of the test in the individual laboratory.
An absolute minimum of 50% reduction in absorbance should be
expected; normally, the reduction will be greater than 90%.

SO WNOU
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Fig. 12. The microtitre plate method for opacity-factor inhibition
serotyping

(d) Normally, inhibition is readily discernible visually. Steps (a)—(c)
above are of value when antisera are weak or turbid or when the
opacity reaction itself is weak.

Use of the microtitre plate method for OF-inhibition serotyping is illustrated
in Fig. 12. In this case, human sera were being screened for the presence of OF
antibody to M types 2, 22, 48, 58, 59, 62 and 75. OF from each serotype was
placed in different rows (A-G) and each of the human sera in a different
column (2-12). Row H contains saline instead of OF, to measure any turbidity
or opacity present in the sera being tested. Column 1 contains antibody-
negative normal serum and is used to measure the amount of uninhibited
opacity produced by each of the test strains. Presence of antibody in a serum
is evidenced by inhibition of the opacity reaction resulting in a well with less
opacity than is seen in the corresponding control well in column 1. For
example, OF-2 was inhibited by antibody in three sera (wells A8, A9 and
A12). Some sera were found to inhibit none of the strains tested (see column
6), whereas others inhibited several serotypes (see column 8).
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9. Serological tests for group A
streptococcal antibodies

9.1

Immune response to streptococcal antigens

By definition, true group A streptococcal infections are those that are fol-
lowed by a specific immunological response — a significant increase in the
titre of antibodies to at least one of the extracellular streptococcal antigens
such as streptolysin O, deoxyribonuclease B, hyaluronidase or nicotinamide
adenine dinucleotidase (1). These immune responses may be used to differen-
tiate true infection from the carrier state. Acute rheumatic fever and post-
streptococcal acute glomerulonephritis are virtually always associated with a
rise in streptococcal antibody titres from acute to convalescent sera. For ex-
ample, 80% of patients with rheumatic fever will demonstrate a rise in anti-
streptolysin O titre. If the immune responses to three different antigens are
measured, 97% of patients will show a rise in at least one. However, if
antibiotic therapy was applied during the acute infection, the number of
individuals demonstrating an immune response and the magnitude of the
antibody responses may be much lower (113).

Antibody levels for each of the extracellular products are determined by
neutralization tests. The rise in titre may begin soon after the onset of infec-
tion; maximum anti-streptolysin O titres usually occur 3-5 weeks after the
onset of infection, but the anti-DNase B titre may not reach maximum until
6-8 weeks after onset. A gradual fall in titre usually begins within a few
weeks, but the rate of decline varies considerably from patient to patient; anti-
DNase B titres may remain elevated somewhat longer than anti-streptolysin
O titres.

A rise in antibody titre can be interpreted as evidence of a recent group A
streptococcal infection (for definition of a significant titre rise see sections
10-12 concerning individual antibodies). On the other hand, the absolute
level of antibodies, whether high or low, may be misleading. The so-called
upper limit for a “normal” titre is simply a statistical value for a given
population at a given time and should be applied with caution. Thus, upper
limits of normal may vary by age, season of the year and population studied.
Normal individuals may have titres above the accepted “normal” values,
representing past group A streptococcal infection(s). Antibody responses
tend to be higher in patients with acute rheumatic fever than after uncompli-
cated streptococcal infections. Long-term monitoring of changes in antibody
level after the peak has occurred, to determine whether a high titre persists or
slowly or rapidly decreases, has very limited, if any, diagnostic or prognostic
value.

The several weeks needed for the antibody response to develop renders
serological evidence less helpful to the physician in the attempt to differenti-
ate acute group A and non-group A streptococcal infection and to guide a
therapeutic decision.

Failure to demonstrate a rise in titre makes the diagnosis of acute rheumatic
fever or acute glomerulonephritis unlikely. However, in rheumatic fever
there are recognized exceptions, for example attacks having as the sole
manifestation either chorea or rheumatic carditis with insidious onset. These
patients may first come to the attention of a physician only several months
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after the group A streptococcal infection, when antibody titres could
have decreased to lower levels. Given these exceptions, there should be
great reluctance to make a diagnosis of acute rheumatic fever if adequate
tests fail to produce serological evidence of recent streptococcal infection

2.

Most attacks of acute rheumatic fever and acute post-streptococcal
glomerulonephritis appear between 1 week and 1 month after the beginning
of the infection; the mean period of latency is usually 18 days for the former
and 12 days for the latter following throat infection, but longer (2 or 3 weeks)
for glomerulonephritis following skin infection. Thus, the chances of detect-
ing a significant antibody response are best shortly (about 2-3 weeks) after
the onset of the attack. It follows that repeated determinations of streptococcal
antibodies on several serum samples obtained at weekly intervals are much
more informative in detecting a trend of increase than examination of routine
paired sera only. All available serum samples from the patient should also be
examined simultaneously in the laboratory to minimize possible errors inher-
ent in comparing results from several independent determinations. An anti-
body standard or reference serum with a known titre should be used as a
control for each set of antibody determinations.

Handling and processing human sera for serological
investigation

Human blood may without our knowledge contain dangerous pathogens
such as hepatitis B virus or human immunodeficiency virus, and all samples
of blood or serum must therefore be handled as potentially highly infectious
material.

Venepuncture must be performed aseptically and the blood drawn into a
closed system (e.g. a syringe). Non-haemolysed and bacterially uncontami-
nated serum samples are required for accurate serological investigation.
Blood should be allowed to clot at room temperature and then held at 4°C to
allow retraction of the fibrin clot. On receipt in the laboratory, the serum
sample should be checked for bacterial sterility by inoculation on a blood agar
plate followed by incubation of the plate overnight at 37°C and then over-
night at room temperature. If bacterial contamination is present, the sample
should be discarded. Only in special circumstances, such as in prospective
studies with serial venepunctures when a new serum sample cannot be ob-
tained, may a contaminated sample still be worth processing after elimination
of the bacteria. This can be accomplished by filtration through a 0.22-um
membrane filter or, in the case of thermolabile organisms, by heating the
sample to 56 °C for 30 minutes. However, interpretation of test results must
take into account the possibility of a significant deterioration of the serum
sample due to bacterial propagation. This is especially true with anti-streptol-
ysin O, less so with anti-DNase B, anti-hyaluronidase or anti-M antibody
tests. Some consider it advisable to heat all serum samples to 56 °C prophylac-
tically immediately after separation from the fibrin clot as a means of prevent-
ing future growth of contaminating bacteria. This heating simultaneously
inactivates the complement system, the activity of which may interfere in
some antibody tests.

If multiple tests are planned, the sample should be distributed into at least
two aliquots. The “working” sample may be kept at 4 °C with the addition of
sodium azide (0.02% final concentration) to prevent contamination; the other
aliquot(s) (for prolonged storage) should be kept frozen at <-20°C without
added preservative. Storage of the samples frozen without preservative
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makes them suitable for use in the bactericidal test, if required. Before use,
frozen aliquots should be thawed rapidly, preferably in a water-bath at
30-37°C. However, repeated freezing and thawing eventually lowers the titre
of antibodies present in the sample.
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10. Determination of anti-streptolysin O

10.1

Introduction

The basis of anti-streptolysin O determination in serum is the neutraliza-
tion of streptolysin O by anti-streptolysin O; the presence of residual
unneutralized streptolysin O is demonstrated by the haemolysis of added
erythrocytes. Only reduced (nonoxidized) streptolysin O is active in the
reaction.

This determination is one of the best standardized serological methods
and was the first to be developed for measuring antibodies to group A
streptococci. An international standard of anti-streptolysin O is available
from the Laboratory for Biological Standardization, Statens Seruminstitut,
Copenhagen, Denmark; laboratory standards for testing can easily be derived
by repeated testing against the international standard.

The range of “normal” values for anti-streptolysin O (as with other strep-
tococcal antibodies) is variable and depends upon the age of the patient,
geographical location, epidemiological setting and season of the year. Anti-
streptolysin O titres are commonly reported in Todd units which represent
the highest dilution of serum showing complete inhibition of haemolysis (114,
115). In the absence of specific information regarding the appropriate range of
normal values calculated for each of these variables, single anti-streptolysin O
titres are generally considered to be increased if they are at least 250 Todd
units in adults and at least 333 Todd units in children over 5 years of age (2).
It should be stressed that single lower titres do not exclude the possibility of
streptococcal infection, since their comparison with a “normal value” may not
be valid for the reasons given in section 9.1. It is therefore preferable to
undertake acute and convalescent determinations. About 20% of infected
individuals do not respond by an increase in anti-streptolysin O titre (113).
Thus, a negative anti-streptolysin O titre alone cannot be used to rule out
rheumatic fever or other streptococcal sequelae. Additional antibody tests
(e.g. anti-DNase B, anti-hyaluronidase) may be required.

Streptococcal skin infections are usually followed by feeble anti-streptolysin
O responses, probably because of an inhibitory action on streptolysin O by
cholesterol and a number of related skin lipids (116). “Falsely” elevated anti-
streptolysin O titres (not due to presence of antibody) may occur. Lipids
present in serum (e.g. in patients suffering from hepatitis or nephrosis) act in
the reaction as nonspecific inhibitors of streptolysin O. Some bacterial con-
taminants of a serum sample may have a similar effect on the titre by splitting
serum lipoproteins and liberating cholesterol. Freezing and thawing of the
sera may destabilize lipoproteins which can also alter the titre. Several meth-
ods can be used to remove the interfering lipids from serum samples, for
example, dextran sulfate to absorb the active lipids (117), and simple chloro-
form lipid extraction (118). The latter appears to be easier to perform. Atten-
tion should be paid to the proper reduction of streptolysin O, as many of the
falsely increased titres can be ascribed to its oxidation before or during the
test. Elevated titres not representing group A streptococcal infections may
also occur because this extracellular antigen is also produced by streptococci
of groups C and G (119).
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Spectrophotometric macromethod (120, 121)

The methods described in this section and in section 10.3 are those used in the
Prague laboratory.

Principle

Dilute the serum to be examined in steps 1:2 and add one unit of previously
titrated streptolysin O to each dilution. After the binding of streptolysin O to
anti-streptolysin O, add standardized suspension of rabbit erythrocytes, incu-
bate, measure the degree of haemolysis spectrophotometrically and calculate
by interpolation the titre corresponding to 50% haemolysis. The table for
the interpolation of values corresponding to 50% haemolysis is based on
the assumption that the relationship of the logarithm of the dilution to the
percentage of haemolysis is S-shaped. By means of the probit method, it is
possible to calculate from these values the coefficient necessary for determin-
ing the serum dilution with 50% haemolysis.

Equipment and supplies

— Test-tubes

— Pipettes

— Water-baths at 37°C and 56 °C
— Centrifuge

— Spectrophotometer

— Incubator at 37°C

— Serum samples to be evaluated

Reagents

— Bovine serum albumin
— Distilled water
— Phosphate-buffered saline, pH 6.3-6.5, with albumin:

sodium dihydrogen phosphate (NaH,PO,-H,0) 72g
disodium hydrogen phosphate (Na,HPO,-12H,0) 9.02g
sodium chloride 45g
bovine serum albumin 1.0g
distilled water to 1000ml

Before using a new batch of albumin, check to ensure that it does not
influence the haemolytic activity of the streptolysin O.

— Streptolysin O

— Sodium dithionite (Na,5,0,)

— Anti-streptolysin O standard

— Alsever solution:

sodium chloride 42¢
sodium citrate 8.0g
citric acid 0.55g
glucose 20.5¢g
distilled water to 1000 ml

Sterilize three times at 100°C for 30 minutes. Store at 4 °C.

— Rabbit erythrocyte stock suspension. Withdraw rabbit blood by cardiac
puncture, mix immediately with an equal volume of Alsever solution and
store at 4 °C. This stock suspension is usable for at least 2-3 weeks. Before
use, wash the erythrocytes three times in phosphate-buffered saline with
albumin; centrifuge after each wash at approximately 150g for 10 minutes.
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— Kalbak broth:

(@) Mix 1000g of ground beef heart with 2 litres of distilled water and
keep at 4°C overnight.

(b) Boil for 10 minutes, filter through a layer of cotton wool and add 40g
of neopeptone per 1 litre of filtrate.

(c) Adjust the pH to 7.3 and sterilize by filtration through a bacterial filter.

(d) To 1 litre of filtrate add 40ml of a solution prepared by dissolving 5g
of glucose, 5g of sodium bicarbonate, 5g of sodium chloride and 25g
of disodium hydrogen phosphate in 100ml of distilled water and
sterilizing by filtration through a bacterial filter.

— Sodium azide
— Streptococcal strain S84 or C203S

Streptolysin O preparation

Streptolysin O is available commercially. If needed, a potent and highly stable
streptolysin O can be prepared in the laboratory as follows.

Method

1.

2.
3.

-

Inoculate 1 litre of Kalbak broth with 5ml of an 8-hour culture of Strepto-
coccus pyogenes (group A) strain 584 or C203S.

Incubate at 37°C overnight.

Check the supernatant for haemolysin as follows. Centrifuge 5ml of the
culture at approximately 1500 ¢ for 30 minutes. To 1ml of the supernatant
add 1.4mg of sodium dithionite, to reduce streptolysin O. To each of six
test-tubes add 0.5ml of phosphate buffered saline with albumin. Add
0.5ml of reduced streptolysin O to the first test-tube, mix and transfer
0.5ml into the next, and so on to the sixth test-tube (dilution 1:2, 1:4, etc.,
to 1:64). Add 1 ml of phosphate buffered saline with albumin and 0.5ml of
5% suspension of rabbit erythrocytes in the same buffer to each test-tube,
mix well and incubate in a water-bath at 37°C for 60 minutes. If complete
haemolysis is found in a dilution of 1:8 at least, the culture is suitable for
further preparation.

Filter the culture through a bacterial filter.

To the filtrate add sodium azide to a concentration of 0.02% and store at
4°C for at least 1 month before using for a titration (streptolysin S, if
present, becomes inactive during this time). Streptolysin O retains a con-
stant potency for many years when correctly stored at 4°C.

Table 2. Example of results of spectrophotometric
readings of haemolysis samples

Haemolysis (%) Absorbance values, A, at 520nm
10 0.045 0.050 0.050
20 0.140 0.135 0.130
30 0.210 0.220 0.210
40 0.300 0.310 0.290
50 0.380 0.380 0.370
60 0.455 0.455 0.430
70 0.520 0.520 0.510
80 0.570 0.570 0.570
90 0.640 0.640 0.640

100 ‘ 0.700 0.700 0.700
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Calibration of the spectrophotometer

Each spectrophotometer must be individually calibrated. Tables 2-5 therefore
provide only an example of such a procedure.

In the spectrophotometric method, the transmittance of samples with differ-
ent percentages of haemolysis is determined and expressed as a function of
the degree of haemolysis. It is most convenient, accurate and rapid to tabulate
this relationship. For the purpose of calibration, however, the absorbance is
measured rather than the transmittance (Table 2). From the values found, the
linear regression is calculated using the method of least squares. Using this
regression it is possible to convert every absorbance (and thus also transmit-
tance) into a haemolysis value.

Table 3. Example of tabulated calculations for
the regression coefficient formula

X2 ya Xy X2
10 45 450 100
10 50 500 100
10 50 500 100
20 140 2800 400
20 135 2700 400
20 130 2600 400
30 210 6300 900
30 220 6600 900
30 210 6300 900
40 300 12000 1600
40 310 12400 1600
40 290 11600 1600
50 380 19000 2500
50 380 19000 2500
50 370 18500 2500
60 455 27300 3600
60 455 27300 3600
60 430 25800 3600
70 520 36400 4900
70 520 36400 4900
70 510 35700 4900
80 570 45600 6400
80 570 45600 6400
80 570 45600 6400
90 640 57600 8100
90 640 57600 8100
90 640 57600 8100
100 700 70000 10000
100 700 70000 10000
100 700 70000 10000
Total 1650 11840 829750 115500

a2 x, haemolysis values
y, values of measured absorbance at 520 nm (see Table
2) multiplied by 1000
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Table 4. Example of the calculation of
haemolysis values

T A3 Alb?
100 0.000
99 0.005 0.0007
98 0.010 0.0014
21 0.680 0.0942
20 0.700 0.0970

a T, transmittance; A, absorbance; b, regression coeffi-
cient

Table 5. Example of a conversion table from transmittance to
haemolysis values (%)

Transmittance 0 1 2 3 4 5 6 7 8 9
20% 97 94 A 89 86 83 80 78 76 74
30% 72 71 69 67 65 63 61 59 58 56
80% 13 12 12 11 10 10 9 8 8 7
90% 6 5 5 4 4 3 3 2 1 0
Procedure

Prepare a haemoglobin solution consisting of an approximately 8% suspen-
sion of washed rabbit erythrocytes in phosphate buffered saline with albumin
(see above) and mix well. Take 1 ml and dilute 1:12 with distilled water. Read
the transmittance (T) on the spectrophotometer at 520nm. Adjust the T value
to 20% by adding either erythrocyte mass or buffer to the erythrocyte suspen-
sion, and repeat the measurement. The solution of haemolysed erythrocytes
with a T value of 20% represents the sample with 100% haemolysis. From the
100% haemolysis sample, prepare samples with 90%, 80%, 70%, etc. down to
10% haemolysis by dilution with distilled water. Measure the corresponding
absorbance values (A) of the haemoglobin dilutions at 520nm.

Repeat this procedure three times with blood from different rabbits, or at least
one rabbit bled on different days, to obtain 30 measurements (Table 2). Con-
sidering the absorbance to be a function of haemolysis, calculate the regres-
sion coefficient (b) for this function using the following formula:

X2y

b:—ny— n

zo-2

where x is the haemolysis percentage, y is the observed absorbance multiplied
by 1000, and 7 is the number of measurements.

The following is an example of the calculation needed for the calibration of
the spectrophotometer and for the construction of the table for converting
transmittance values into haemolysis values.
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Using the data from Table 2, calculate values for x, y, xy and ¥? as illustrated
in Table 3. These values are then used to calculate the regression coefficient (b)
as follows:

ny—zx—& 829750 — 1690% 11840
n___

b= - 30 =7.21414
. () 115500 — 1635002

S

The value A/b multiplied by 1000 gives the percentage of haemolysis. An
example of a table showing conversion from transmittance to percentage
haemolysis is provided by Table 5. It must be re-emphasized that the calcula-
tions shown in Tables 2-5 are examples only and that tables must be con-
structed in each laboratory and for each spectrophotometer.

n

Streptolysin O determination
Method

1. Prepare a standardized erythrocyte suspension as follows. Prepare an
approximately 8% suspension of washed rabbit erythrocytes in phosphate
buffered saline with albumin and standardize spectrophotometrically,
adding either erythrocyte mass or buffer so that a sample diluted 1:12
with distilled water gives a transmittance of 20% sharp at 520nm (see
above).

. Add 0.5ml of streptolysin O to each of 10 auxiliary test-tubes.

3. Add phosphate buffered saline with albumin to each test-tube according
to Table 6.

4. From each of these auxiliary dilutions transfer 0.5ml into a corresponding
test-tube.

5. Rehydrate anti-streptolysin O standard with phosphate buffered saline
with albumin to obtain one unit per ml. Immediately before used add
sodium dithjonite, 0.07%. Add 1 ml of the resulting solution to each of the
10 test-tubes.

6. After mixing, incubate in a water-bath for exactly 15 minutes at
37°C.

7. Add 0.5ml of standardized suspension of erythrocytes, stir gently
and incubate in a water-bath at 37°C for 1 hour. Stir once more during
incubation.

8. After the incubation, centrifuge at 150g for 15 minutes to remove un-
haemolysed erythrocytes.

9. Dilute 1ml of the supernatant from each test-tube with 2ml of distilled
water.

10. Determine the transmittance and convert it into percentage haemolysis

(see Table 5). The streptolysin O titre is indicated by the reciprocal

N

Table 6. Dilution scheme for streptolysin O (auxiliary test-tubes)

Test-tube no.

1 2 3 4 5 6 7 8 9 10
Streptolysin O (ml) 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Buffer (ml)2 2.25 2.50 2.75 3.00 3.25 3.50 3.75 4.00 4.25 4.50
Dilution 1:55 1:6.0 1:6.5 1:7.0 1:75 1:8.0 1:85 1:9.0 1:95 1:10.0

2 Buffer, phosphate-buffered saline with albumin
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value of the test-tube dilution for which the haemolysis value is closest
to 50%.

10.2.4 Anti-streptolysin O determination
Method

1.
2.
3.

€3]

11.

12.
13.

14.

15.

16.

Prepare a standardized erythrocyte suspension (see section 10.2.3).
Inactivate the serum samples at 56 °C for 30 minutes.

Dilute each serum 1:50 (50l in 2.5ml of phosphate buffered saline with
albumin) in an auxiliary test-tube.

. Add 1ml of phosphate buffered saline with albumin to each of five test-

tubes.

. Take 1ml of the 1:50 diluted serum and add to the first test-tube.
. Stir and transfer 1ml into the next tube and so on to the fifth test-tube.

This will give twofold serum dilutions 1:100, 1:200, 1:400, 1:800, 1:1600.

. To each test-tube containing diluted serum add 0.5ml of diluted freshly

reduced streptolysin O (sodium dithionite, 0.14%) containing one unit in
0.5ml.

. Stir and incubate in a water-bath at 37°C for exactly 15 minutes.
. Add 0.5ml of standardized erythrocyte suspension to each test-tube.
. Stir gently and incubate in a water-bath at 37 °C for 1 hour. Stir once more

during the incubation.

Identify by sight the test-tube with haemolysis just less than 50% and that
with haemolysis just greater than 50%.

Centrifuge both test-tubes to remove unhaemolysed erythrocytes.
Remove 1ml of the clear supernatant from each tube and dilute with 2ml
of distilled water.

Measure the transmittance of each solution with the spectrophotometer at
520nm.

Using the previously constructed Table 5, convert the transmittance
values into haemolysis values.

In the top row of Table 7 find the value closest to the percentage
haemolysis of the tube with greater than 50% haemolysis. In the left-hand
column, find the value closest to the percentage haemolysis of the tube
with less than 50% haemolysis. At the intersection of the column and row
representing these two values, find the coefficient to be used for determin-
ing the antistreptolysin O titre at 50% haemolysis. Multiply the reciprocal
value of the dilution of the tube with less than 50% haemolysis by this
coefficient to obtain the titre of the serum being tested.

Example of calculation: Haemolysis under 50% was found in the second test-
tube (dilution 1:200) and over 50% in the third (dilution 1:400). After
measurement it was found (Table 5) that haemolysis in the second test-tube
was 32% and in the third 74%. The corresponding coefficient according to

Table 7. Coefficients for conversion of percent-
age haemolysis into anti-streptolysin O units

Haemolysis (%) 60 70 80 90 99.9

0.1 189 1.81 1.71 1.62 1.4
10 1.79 162 151 1.41 1.23
20 1.71 153 1.4 1.32  1.16
30 160 1.4 130 123 1.10
40 1.41 125 116 112 1.06
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Table 7 was 1.41. Multiplying the reciprocal of the dilution of the second test-
tube (200) by this coefficient (1.41) gives the value 282. The serum therefore
contains 282 units of anti-streptolysin per ml.

The titration error of the spectrophotometric method is up to 30%. However,
only rises in antibody titre of at least 100% correlated with untreated new
acquisitions of group A streptococci (throat, nose) in children in prospective
studies undertaken by the Prague laboratory.

Visual macromethod without use of
spectrophotometer (122)

Equipment and supplies

— Test-tubes
— Pipettes
— Water-baths at 37°C and 56°C

Reagents

— Phosphate-buffered saline with albumin (see section 10.2)

— Streptolysin O

— Sodium dithionite (Na,5,0,)

— Serum samples to be evaluated

— Anti-streptolysin O standard or control serum of known anti-streptolysin
O titre

— Suspension of washed rabbit erythrocytes in phosphate-buffered saline
with albumin, 5% (see section 10.2)

Streptolysin O determination
Method

1. Add 0.5 ml of streptolysin O to each of 10 auxiliary test-tubes.

2. Add phosphate-buffered saline with albumin according to the scheme
given in Table 6.

3. Transfer 0.5 ml from each auxiliary test-tube to corresponding test-tubes.

4. Rehydrate the anti-streptolysin O standard with phosphate buffered

saline with albumin to obtain 1 unit per ml. Immediately before use add

sodium dithionite, 0.07%. Add 1 ml of the resulting solution to each of the

10 test-tubes.

After mixing, incubate in a water-bath at 37 °C for 15 minutes.

Add 0.5 ml of erythrocyte suspension.

7. After stirring, incubate in a water-bath for 1 hour at 37 °C. Stir once more
during the incubation.

8. The highest streptolysin O dilution without haemolysis (i.e. the first test-
tube with colourless supernatant after sedimentation of erythrocytes) is
read as the end-point; the titre is the reciprocal value of this dilution.

AR

Anti-streptolysin O determination
Method

1. Inactivate serum samples in a water-bath at 56 °C for 30 minutes.
2. Dilute 0.1 ml of serum sample with 0.9ml of phosphate buffered saline
with albumin (dilution 1:10).
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3. Mix 0.5ml of this dilution with 4.5ml of phosphate buffered saline with
albumin in an auxiliary test-tube (dilution 1:100).

. Prepare 12 test-tubes.

5. Dilute the serum samples in geometric series in steps 1:1.25 in the
following way. Transfer 1 ml of serum dilution 1:100 into the correspond-
ing first test-tube. To the auxiliary test-tube add 1ml of phosphate
buffered saline with albumin (dilution 1:125) and mix well. Transfer
1ml of this dilution into the second test-tube. To the auxiliary test-tube
add 1ml of phosphate-buffered saline with albumin (dilution 1:156) and
mix well. Transfer 1 ml of this dilution to the third test-tube. Proceed in
this way to the 12th test-tube. The resulting serum dilutions are 1:100,
1:125, 1:156, 1:195, 1:244, 1:305, 1:381, 1:476, 1:596, 1:744, 1:931 and
1:1163.

6. To each tube add 0.5ml of diluted (immediately before use) reduced

streptolysin O (sodium dithionite, 0.14%) containing 1 unit in 0.5ml.

. After mixing, incubate in a water-bath at 37°C for 15 minutes.

. Add 0.5ml of erythrocyte suspension to each test-tube.

9. Stir and incubate in a water-bath for 1 hour at 37 °C. Stir once more during
the incubation.

10. The highest serum dilution without haemolysis (the last test-tube with
colourless supernatant after erythrocyte sedimentation) is read as the
end-point. The anti-streptolysin O titre is the reciprocal value of this
dilution.

'S

e BN

Microtitre plate method (123)

The methods described in this section are those used in the Minneapolis
laboratory.

Equipment and supplies

— Microdiluters, 25 ul, or appropriately sized multichannel or single channel
micropipette and tips

— Droppers, 25ul, or appropriately sized multichannel or single channel
micropipette and tips

— Microtitre plates with U-bottomed wells

— Microtitre test reading mirror

— Centrifuge with microtitre plate carrier

— “Go-No-Go” test blotters (required only if microdiluters are used)

— Filter cartridges (required only if droppers are used)

— Incubator at 37°C

— Water-bath at 56 °C

— Thermoplastic (stretchable plastic) film

— Refrigerator at 4°C

Reagents

— Anti-streptolysin O buffer:
sodium chloride 740g
potassium dihydrogen phosphate, anhydrous 317g
disodium hydrogen phosphate, anhydrous 181g
distilled water to 1 litre
gelatin 1g

Heat the buffer to near boiling to dissolve the gelatin. When cooled, adjust
the pH to 6.5-6.7. Autoclave and store at 4°C.

— Streptolysin O reagent. If using commercially prepared streptolysin O
reagent, do not prepare until immediately before use, since the reagent is
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oxygen-labile. Rehydrate following the manufacturer’s instructions. Mix
gently and use immediately, ideally within 15 minutes. The final concen-
tration must be adjusted so that the anti-streptolysin O control serum gives
a titre consistent with its predetermined value.

Anti-streptolysin O standard. It is essential to use a human serum control
with a known anti-streptolysin O titre. The titre of this control should be in
the mid-range of the titres being run. It is also helpful to have available
control sera of low and high titres for testing of sera with antibody levels
outside the normal range.

Defibrinated erythrocytes. Rabbit erythrocytes are commonly recom-
mended although good success has also been achieved using sheep eryth-
rocytes. Wash the cells twice with saline and then with anti-streptolysin O
buffer. Draw off the supernatant and continue washing with buffer until
the supernatant is clear. Mix by gently inverting the sealed tube. Centri-
fuge after each wash for 10 minutes at approximately 264 g. Remove the
supernatant and resuspend the erythrocytes in buffer to give an approxi-
mately 5% suspension (0.75ml of erythrocytes + 14.25ml of buffer).

Method

1. Prepare working dilutions of human sera to be tested and of anti-

streptolysin O control sera as follows.

(a) Prepare 1:25 dilutions:
1:25 0.1ml of test or control sera and 2.4ml of buffer

(b) Inactivate the 1:25 dilution of the sera in a water-bath at 56 °C for 30
minutes.

(¢} From the 1:25 dilution prepare 1:30 and 1:40 dilutions of the test and
control sera:
1:30 0.2ml of buffer and 1.0ml of 1:25 dilution
1:40  0.3ml of buffer and 0.5ml of 1:25 dilution
Dilutions may be kept covered at 4°C for up to one week.

Table 8. Example of the microtitre plate layout for anti-streptolysin O determination

1 2 3 4 5 6 7 8 9 10 11 12

A Patient serum 1 Patient serum 2 Patient serum 3 Patient serum 4

1:100 | 1:120 | 1:160 2100 | 1:120 | 1:160 1:100 | 1:120 | 1:160 1:100 | 1:120 {1:160
B

1:200 | 1:240 | 1:320 ;200 | 1:240 | 1:320 1:200 | 1:240 | 1:320 || 1:200 | 1:240 [1:320
C

1:400 | 1:480 | 1:640 1400 | 1:480 | 1:640 1:400 | 1:480 | 1:640 [ 1:400 | 1:480 ;1:640
D

1:800 | 1:960 | 1:1280 :800 | 1:960 | 1:1280 || 1:800 | 1:960 | 1:1280 || 1:800 | 1:960 |1:1280

Patient serum 5 Patient serum 6 Patient serum 7 Anti-streptolysin

E control

1:100 | 1:120 | 1:160 2100 | 1:120 | 1:160 1:100 | 1:120 | 1:160 |[ 1:100 | 1:120 | 1:160
F

1:200 | 1:240 | 1:320 :200 | 1:240 | 1:320 1:200 | 1:240 | 1:320 1:200 | 1:240 | 1:320
G

1:400 | 1:480 | 1:640 1400 | 1:480 | 1:640 1:400 | 1:480 | 1:640 || 1:400 | 1:480 | 1:640
H

1:800 [ 1:960 | 1:1280 || 1:800 { 1:960 | 1:1280 || 1:800 | 1:960 | 1:1280 | 1:800 | SO* RBC®

250, streptolysin O control; RBC, red blood cell {(erythrocyte) control
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2. With a marker, divide the microtitre plate into eight sections of 3 x 4 wells
(Table 8). Each section will be used to test one serum and the titre range
in each section will be from 100 to 1280. On the lower right-hand side of
the plate, mark off the last two wells (11H and 12H) for the streptolysin O
and erythrocyte controls. These should be included in every plate. The
anti-streptolysin control serum should be positioned in this section, in
columns 10, 11 and 12 of rows E, F and G and column 10 of row H. The
anti-streptolysin control should be included in at least every other plate.
When preparing the sequential serum dilutions in this section of the plate,
be careful not to add serum to the SO and RBC control wells. Note: If titres
are suspected to be high or extremely variable, run three sera and a
known high-titre control on each plate. Divide the plate into four sections
of 3 x 8 wells, leaving the last two wells (11H and 12H) for streptolysin
O and erythrocyte controls as before, and test 1 wider range of serum
dilutions.

3. With the 25-ul dropper add 1 drop of the anti-streptolysin O buffer to each
well except 12H, the erythrocyte control well, which should receive 2
drops. Alternatively, equivalent volumes can be added using a micro-
pipette. Tap the plate five times on each side to distribute the drops in the
wells. The plate can then be sealed with the thermoplastic film and stored
at 4°C until needed.

4. Using the microdiluters or multichannel pipette, add 25ul of the first
patient’s serum dilutions (1:25, 1:30, 1:40) to the first three wells of the
first row (columns 1, 2 and 3 of row A). The second patient’s serum
dilutions are added to columns 4, 5 and 6 of row A. Complete loading of
plate using the layout in Table 8. Using the diluters or the multichannel
pipette, serially dilute the sera by transferring 25-ul volumes row by row
down the plate. When the serial dilutions are complete, check the diluters
for bubbles and make a record if any are present. Drain each diluter on the
“Go-No-Go” blotter, checking for accurate delivery. If a micropipette is
used, tips must be changed for each serum sample and after each addition
of buffer, streptolysin O and erythrocyte suspension. Remember to with-
draw and discard 25l from the last row of each patient’s dilution series
to maintain equal volumes in all wells.

. Add another drop of buffer (25ul) to every well.

6. Immediately before use, rehydrate a vial of streptolysin O reagent with
the appropriate amount of distilled water. Gently invert several times to
mix. Add 1 drop (25ul) of streptolysin O to all wells except the erythro-
cyte control. Tap gently on each side of the plate to mix.

. Incubate for 30 minutes at 37 °C.

8. Add 25l of the erythrocyte suspension to every well. Tap each side of the
plate gently to mix.
9. Incubate for 45 minutes at 37 °C.

10. Centrifuge the microtitre plates at approximately 225¢ for 3 minutes.

11. Read the plate using the test reading mirror and record results. The last
well (highest dilution) without haemolysis is the titre. The streptolysin
control should show complete haemolysis. The erythrocyte control
should show no haemolysis.

€]

~

Comments

Most human sera will have anti-streptolysin O titres of between 100 and 1280
Todd units and can be successfully analysed using the above dilution scheme.
When it is necessary to determine accurately the titre of an antiserum whose
values fall outside this range, the dilution schemes shown in Table 9 can be
used. If the sera being tested vary widely in titre, it may be necessary to test
fewer sera per plate and cover a wider dilution range. In such situations the
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Table 9. Suggested dilution schemes for sera
of low and high titre

Titre Dilution

Low 1:125 1:15 1:20
1:25 1:30 1:40
1:50 1:60 1:80
1:100 1:120 1:160

High 1:400 1:480 1:640
1:800 1:960 1:1280
1:1600 1:1920 1:2560
1:3200 1:3840 1:5120

Table 10. Conversion of antibody titres from Todd units to log,,

Todd units  Log,, Todd units  Logy, Todd units  Log,
125 1.10 100 2.00 800 2.90
15 1.18 120 2.08 960 2.98
20 1.30 160 2.20 1280 3.1
25 1.40 200 2.30 1600 3.20
30 1.48 240 2.38 1920 3.28
40 1.60 320 2.51 2560 3.41
50 1.70 400 2.60 3200 3.51
60 1.78 480 2.68 3840 3.58
80 1.90 640 2.81 5120 3.71

plate may be divided into four sections of three columns each, with each
section covering a dilution range of 1:50 to 1:10240.

The relationship between initial serum dilution and final dilution in the anti-
streptolysin O test plate may not be immediately apparent. The following
example may help to explain this. A 25-ul volume of the initial 1:25 serum
dilution is added to a well containing 25l of anti-streptolysin O buffer. This
results in a serum dilution of 1:50 in a well containing 50ul. A 25-ul volume
of this dilution is then removed to prepare additional serum dilutions. An
additional 25 pl of anti-streptolysin O buffer is then added to the well, bring-
ing the serum dilution to 1:100. It is at this point that the enzyme is added.
Thus, all initial serum dilutions prepared in steps 1(a) and 1(c) above yield
dilutions in the plate of four times their initial value (i.e. 1:25 becomes 1:100,
etc.).

Anti-streptolysin O titres are often reported in log;, units rather than in Todd
units. Conversion is accomplished by simply calculating the logarithm to the
base 10 of the Todd unit titre. Commonly encountered titres and their corre-
sponding log values are shown in Table 10.
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11. Determination of
anti-deoxyribonuclease B

11.1

11.2

11.2.1

Introduction

Group A streptococci produce four antigenically different deoxyribonucle-
ases (DNases) designated A, B, C and D. The most important is DNase B,
the largest amounts of which are produced by group A strains associated
with human infections. The commonly used micromethod for anti-DNase B
determination is based on the formation of a coloured complex between
deoxyribonucleic acid (DNA) substrate and methyl green. Digestion of the
substrate by DNase B is accompanied by loss of colour. If antibodies are
present in the serum they prevent the enzyme from attacking the substrate
and the coloured complex is unchanged (124, 125). Commercial kits for the
determination of anti-DNase B titres are available.

Anti-DNase B responses to group A streptococcal infections of the upper
respiratory tract occur as frequently as anti-streptolysin O responses but, in
contrast to the latter, are also commonly observed following group A strepto-
coccal skin infections. Since no international reference anti-DNase B serum
is currently available, a direct comparison of titre values is possible only
between laboratories using the same standard or reference sera.

The “upper limit of normal” for anti-DNase B titre — as with other group A
streptococcal extracellular antibodies — depends on a number of factors,
including the epidemiological circumstances, and demographic and geo-
graphical variables. DNase B titres of 240 or greater in school-age patients and
120 units or greater in adult patients are viewed as elevated in many parts of
the USA (126). The limits differ in other settings, however; for example, in one
stratified serological survey of a population in Czechoslovakia in 1973, the
upper limits of normal were as high as 400 units in children over 5 years and
200 units in adults. Although production of anti-DNase B is not strictly
limited to group A streptococci, most increases in anti-DNase B titres occur as
responses to group A streptococcal infections (115).

Microtitre plate method 1

The methods described in this section are those used in the Prague laboratory.

Determination of DNase B concentration
Equipment and supplies

— Test-tubes

— Pipette droppers, 25ul and 50 ul

— Microtitre plates with U-bottomed wells
— Micropipettes, 40-200 ul

— Pipettes, 2ml

— Funnel

— Distilled water

— Freezers at -20°C and -70°C

— Bacterial filter

— Microdiluters, 25ul
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— Dialysis tubes
— Incubator
— Test reading mirror

Reagents

— Nessler reagent

— DE 52 cellulose

— Chloroform

— Anti-DNase B standard

— Buffer (1): tris—hydrochloric acid buffer, 0.1mol/1, pH 7.8 with Mg?" ions,

0.02mol/1:
tris 121g
magnesium chloride 04g
distilled water to 100ml

Adjust the pH to 7.8 with hydrochloric acid, 4mol/L

— Buffer (2): tris—hydrochloric acid buffer, 0.01mol/1, pH 7.8 with Ca* ions,

0.001mol/1, Mg? ions, 0.001 mol/1, and 0.1% bovine serum albumin:

tris 121g
calcium chloride 0.22g
magnesium chloride 02g
bovine serum albumin lg
distilled water to 1000ml

Adjust the pH to 7.8 with hydrochloric acid, 4mol/], and add 0.2g of
sodium azide.

— Buffer (3): acetate buffer, 0.02mol/], pH 4.2:

sodium acetate 136mg
distilled water to 50ml

Adjust the pH to 4.2 with hydrochloric acid, 1mol/1.

— Methyl green dye:

(@) Dissolve 100 mg of methyl green in 10ml of buffer (3).
(b) Extract repeatedly with chloroform using a separatory funnel; when

the chloroform phase is colourless, the separated dye-buffer phase is
ready for use; store at 4°C.

— DNA-methyl green substrate (0.1% solution of DNA with 0.01% methyl

green):
(@) Take 100mg of DNA (highly polymerized, sodium salt, from calf

thymus) cut into small pieces.

(b) Allow to swell in 50ml of distilled water with 0.02% sodium azide at

room temperature overnight; swirl occasionally.

() Add 50ml of buffer (1) and 1 ml of methyl green solution with stirring;

stand at room temperature and allow the complex to form.

(d) Distribute a small amount into test-tubes and store at —20°C.

— Streptococcal DNase B enzyme:

(@) Inoculate 1 litre of Todd-Hewitt broth with 5ml of an 8-hour culture

of Streptococcus pyogenes (group A) strain C 203S and incubate at 37°C
overnight. Filter the culture through a bacterial filter.

(b) To the filtrate add ammonium sulfate to 57% saturation (430g per

1000 ml) with stirring, and allow the precipitate to form at 4°C over-
night.

(c) Separate the precipitate by centrifuging at approximately 1500¢ for 15

minutes, dissolve it in distilled water (in approximately 5% of the
original volume) and dialyse against distilled water to remove ammo-
nium ions (e.g. test with Nessler reagent).

(d) Assay crude enzyme activity: Add 25ul of buffer (2) to 10 wells on a

microtitre plate; using a microdiluter transfer 25ul of enzyme diluted
1:100 into the first well, rotate the diluter several times and transfer

70



11.2.2

11. DETERMINATION OF ANTI-DEOXYRIBONUCLEASE B |

25ul to the next well and so on to the tenth well. To each well add 25l
of buffer (2) and 50 pl of DNA-methyl green substrate. Mix by tapping
each side of the plate and incubate in a wet chamber at 37 °C overnight.
The reciprocal value of the highest enzyme dilution with 50% sub-
strate digestion (see below) is the crude enzyme titre.

(¢) Purify crude enzyme (with a titre over 12000) chromatographically at
4°C on DE 52 cellulose using the batch adsorption method (127).
Separate the solution containing DNase B from cellulose, distribute in
aliquots measured precisely (e.g. 0.3ml) into test-tubes for lyophiliza-
tion and keep at —70°C until freeze-dried.

— Sodium azide

Method

1.

2.

10.

Rehydrate the lyophilized DNase B enzyme to the original volume with
distilled water.

Determine the approximate titre of the purified enzyme in an assay using
large steps between dilution in arithmetic series, e.g. 1:50, 1:100, 1:150,
1:200, 1:250, 1:300.

. Using a pipette dropper, transfer 25ul of each enzyme dilution into a

corresponding well of a microtitre plate.

. To each well add 25ul of a standard of anti-DNase B diluted with buffer

(2) so as to obtain 1 unit in 1ml.

. After mixing, incubate in a wet chamber at 37°C for 15 minutes.
. Add 50ul of substrate to each well, mix by tapping each side of the

microtitre plate and incubate in a wet chamber at 37 °C overnight.

. The approximate enzyme titre is the dilution that would lie between the

last colourless and the first coloured content of the wells.

. Repeat the whole titration procedure with a series of enzyme dilutions

using smaller steps between dilutions (e.g. 1:50, 1:75, 1:100)

. The colour intensity is read as follows: 3+, no change in colour (no diges-

tion of substrate); 2+, moderate decoloration (approximately 50% diges-
tion); 1+, some colour left (over 50% digestion); 0, colourless well contents
(complete digestion of substrate).

The titre is determined by the reciprocal value of the highest enzyme
dilution that, in the presence of 1 unit of antibody, causes approximately
50% digestion of the substrate (colouring 2+).

Determination of anti-DNase B titre in patient sera

Equipment and supplies

Test-tubes
Pipette droppers, 25ul and 50 ul

— Microdiluters, 25ul
— Microtitre plates with U-bottomed wells
— Microtitre test reading mirror

Wet chamber at 37°C
Incubator at 37°C

Reagents (see section 11.2.1)

— Buffer (2)

— Serum samples previously heat inactivated at 56 °C for 30 minutes
— DNase B enzyme

— DNA-methyl green substrate

— Control serum of known anti-DNase B titre
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Method

1.

W

192

10.

11.
12.

13.

Dilute each serum specimen in a test-tube 1:25 (50ul of serum and 1.2ml
of buffer (2)).

. From this dilution prepare dilutions of 1:50 and 1:75 in buffer (2). Titrate

the sera in the horizontal rows of the microtitre plate.

. Add 25l of buffer (2) to all wells of the plate using a pipette dropper.
. Use a 25-ul microdiluter to transfer an equal volume of serum diluted

1:50 into the first well (be careful to dip only the diluter tip) and, after
mixing, transfer 25l into the third well.

. Continue this procedure along the row in odd-numbered wells.
. Similarly, prepare serum dilutions from the starting dilution of 1:75 in

even-numbered wells. In this way the following serum dilutions are pre-
pared: 1:100, 1:150, 1:200, 1:300, 1:400, 1:600, 1:800, 1:1200, 1:1600,
1:2400.

Using a 25-ul pipette dropper, add to each well DNase B enzyme diluted
immediately before use so as to contain 1 unit per ml.

Mix by tapping each side of the plate and incubate in a wet chamber at
37°C for 15 minutes.

. Add 50l of DNA-methyl green substrate to each well, mix and incubate

in a wet chamber at 37°C overnight.

Include the following controls:

(@) enzyme control: 25 ul of buffer (2), 25 ul of diluted enzyme and 50 ul of
substrate solution (must be colourless after incubation)

(b) substrate control: 50ul of buffer (2) and 50pul of substrate solution
(must retain green colour after incubation)

(¢) control serum of known anti-DNase B titre (e.g. 400 units).

Read using the test reading mirror.

The titre corresponds to the reciprocal value of the serum dilution that

causes an approximately 50% inhibition of the enzyme (colour 2+). If there

is a steep colour transition (colour 3+ followed by total loss of colour),

read the last well with total enzyme inhibition (3+) as the end-point.

An increase in anti-DNase B titre of at least 100% if determined in the

same test, or at least 200% if determined in independent runs, is consid-

ered to be significant.

Microtitre plate method 2

The methods described in this section are those used in the Minneapolis
laboratory.

Equipment and supplies

— Microdiluters, 25ul, or multichannel or single-channel micropipette and

tips

— Pipette droppers, 25ul, or multichannel or single-channel micropipette

and tips

— Pipette droppers, 50pl, or multichannel or single-channel micropipette

and tips

— Microtitre plates with U-bottomed wells

— Microtitre test reading mirror

— “Go-No-Go” test blotters (not required if micropipettes are used)
— Pipette filter cartridges (not required if micropipettes are used)
— Thermoplastic (stretchable plastic) film

— Adbhesive plate-sealing film

— Water-bath at 63°C

— Incubator at 37°C
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Reagents
Tris buffer, pH 7.6:
tris 2.4228 g (0.01mol/1)
magnesium sulfate, anhydrous 0.7203 g (0.003 mol /1)
calcium chloride 0.6660g (0.003mol/1)
distilled water 2000 ml

Adjust the pH to approximately 7.4. Add 2 g of gelatin (0.1%) and allow it

to soften for 10 minutes. Heat until the gelatin is completely dissolved.

Divide the buffer into two 2-litre flasks and autoclave at 121°C for

18 minutes. Cool to room temperature and adjust the pH to 7.6. Store

at 4°C. Pour off the volume of buffer needed for the day into a 250-ml

beaker. Keep the buffer on ice and check and adjust as necessary to

maintain a pH of 7.6. The buffer will be used for all serum and enzyme
dilutions.

Imidazole buffer:

imidazole 13.616g (0.1mol/1)
distilled water 2000 ml

Adjust the pH to 7.7 and store at 4°C.
Methyl green dye. Dissolve 544.32mg of sodium acetate trihydrate in
200ml of distilled water. The pH will be about 7.6; adjust to 4.2 with
hydrochloric acid, 10mol/1. Add 500mg of methyl green to 100ml of this
acetate buffer.
Note: The methyl green used has the following specifications: C.I. 42590;
total dye content 84%; if the dye content varies from this value, the amount
of methyl green may have to be adjusted. Extract repeatedly with chloro-
form using a separatory funnel. Do not lose the dye-buffer phase. When
colour no longer appears in the chloroform, the dye solution is ready for
use.

DNA (“completed”):

(@) Use highly purified DNA from calf thymus. Weigh 150mg of DNA,
handling it with two sets of very clean forceps (the amount of DNA
added has ranged from 100 to 200mg depending on quality). Place the
weighed DNA into a sterile 250-ml flask and add 50ml of distilled
water.

(b) Place 120mg of anhydrous magnesium sulfate in a 125-ml flask. Add
50ml of imidazole buffer and swirl to dissolve. This solution will be
cloudy at first and will clear within about 15 minutes.

(c) Place the flasks from (2) and (b) at 4°C overnight or over the weekend
(but no longer) to soak and thereby soften the DNA. Place the flask
from (a) on a magnetic stirrer in the cold room and allow to stir gently
for 4-6 hours. If the DNA is not completely dissolved, remove from
the stirrer and again allow the DNA to stand overnight. Stir again the
next morning for 1 hour. Swirl the flask from (b) and add to the DNA.
Stir for 5 minutes. This is the “completed” DNA.

Note: The completed DNA must be tested before use in the DNase B test

using the procedure described in section 11.3.2.

DNA-methyl green substrate. Swirl the methyl green solution to mix and

add 2ml per 100ml of completed DNA. The actual volume added may

need to be adjusted to achieve the proper colour intensity (a colour that
yields a clear end-point). Stir for 5 minutes. Store at 4 °C. Pour off enough

DNA-methyl green substrate for the week into a small flask or bottle.

Gently remove the required amount using a dropper or pipette. Take care

to maintain the preparation free from contamination.

Daily DNase B enzyme dilution (section 11.3.1)

Control sera of known anti-DNase B titre (it is preferable to use two, one

with a high titre and one with a low titre)

Sera to be tested
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Determination of DNase B enzyme concentration
Method

1. Streptococcal DNase B is isolated by batch adsorption (127). The enzyme
may be lyophilized and stored at 4 °C or stored in liquid form at <-20°C;
it remains stable for at least 6 months.

2. Prepare a 1:100 dilution of the DNase B enzyme in tris buffer. Determine
the final working dilution of DNase B as follows in steps 3-9.

3. Take a microtitre plate and add 25ul of tris buffer to each well in column
1, rows A to H.

4. To the first well, 1A, add 25 ul of the 1: 100 enzyme dilution. Serially dilute
from 1A to 1H using the 25-ul microdiluter or micropipette.

5. Add 25yl of tris buffer to each well.

6. Add 50l of the DNA-methyl green substrate to each well. Tap, seal with
a plate sealer, and incubate at 37 °C. After 5 minutes remove the plate and
tap again to ensure thorough mixing of well contents.

7. After 20 hours of incubation at 37°C, do a preliminary reading on the
plate. Then store the plate at room temperature for an additional 24 hours
before the final reading, which is used to calculate the final enzyme
dilution.

8. The lowest dilution well that shows definite colour (3+) is the end-point of
the enzyme reaction. This dilution would be 200 if it occurred in well 1A,
400 in well 1B, 800 in well 1C, 1600 in well 1D, 3200 in well 1E, 6400 in well
1F, 12800 in well 1G and 25600 in well 1H. A fourfold concentration of
this end-point dilution should approximate the working dilution, which
is calculated as follows. If the end-point (3+ to 4+ colour) is in well 1F, this
would correspond to an enzyme dilution of 1:6400. Therefore, the ap-
proximate daily working enzyme dilution would be 1:1600. This fourfold
concentration allows for sufficient enzyme to degrade the DNA but not
such excessive amounts that normal antibody levels are unable to neutral-
ize the reaction.

9. Human control sera with known anti-DNase B titres, preferably of both
high and low titre, are used to determine the exact working dilution of
enzyme. This is done by testing several closely spaced enzyme dilutions
around the range of the previously determined approximate daily work-
ing dilution. For example, if step 8 above gave an approximate working
dilution of 1:1600, the range tested might be 1:1200 to 1:2000. The final
dilution that gives titres for the standard human control sera equal to their
established values is used as the exact daily working enzyme dilution.

10. The final daily working dilution is determined by its ability to deliver the
previously established titres of the control sera. The consistent and repro-
ducible known titre of the human control serum is the constant. Variables
necessitating a change in DNase B concentration may include a new batch
or source of DNase B or a new lot of DNA. Adjustments are made to attain
the required titres in tests using the standard human control sera.

Testing of DNA

Each new lot of DNA must be tested for clot formation before use in the
microtitre plate test. (The DNA may be tested either before or after addition
of the methyl green. It should be freshly made and free of chloroform.)

Method

1. In a 16 x 100mm test-tube combine 0.4ml of tris buffer with 0.4ml of
completed DNA and mix well.
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2.
3.

Add 1.0ml of cold absolute or 95% ethanol and mix vigorously.
If a large firm clot appears within a clear filtrate, the DNA is probably
suitable for use in the DNase B test.

[y

Determination of the anti-DNase B titre in human sera
Method

1.
2.

3.
. From the heat-inactivated 1:25 dilutions, prepare 1:30 and 1:40 dilutions:

Adjust the pH of the tris buffer to 7.6.

Prepare 1:25 dilutions of sera to be tested using 0.1 ml of serum and 2.4 ml
of tris buffer.

Heat-inactivate the 1:25 dilutions for 30 minutes at 63 °C.

1:30 0.2ml of buffer and 1.0ml of the 1:25 dilution
1:40 0.3ml of buffer and 0.5ml of the 1:25 dilution
Dilutions may be kept covered at 4°C for up to 1 week.

. With a marker, divide the microtitre plate into eight 3 x 4 well sections.

This will allow either seven test sera and one control serum or six test sera
and two control sera as well as enzyme and substrate control wells to be
included on each plate (Table 11). If the sera being tested cover a wide
range of titres, it may be necessary to test fewer sera per plate and cover
a wider range of dilutions.

. Using a dropper or micropipette, add 25 pl of tris buffer to each well of the

microtitre plate except the DNA substrate control well, which should
receive 50 ul.

. Tap each side of the plate gently to distribute the drops evenly in the

wells.

. If multiple plates are being run or any delay is encountered, cover the

plate tightly with thermoplastic film and keep cold until use. Plates may
be held for up to 3 hours if kept cold and tightly sealed.

. Using the microdiluters or multichannel pipette add 25ul of the first

patient’s serum dilutions (1:25, 1:30 and 1:40) to the first three wells of

Table 11. Example of the microtitre plate layout for anti-DNase B determination

1 2 3 4 5 6 7 8 9 10 11 12
A Patient serum 1 Patient serum 2 Patient serum 3 Patient serum 4
1:50 1:60 1:80 1:50 1:60 1:80 1:50 1:60 1:80 1:50 1:60 1:80
B
1:100 | 1:120 | 1:160 || 1:100 | 1:120 | 1:160 || 1:100 | 1:120 | 1:160 || 1:100 | 1:120 1:160
C
1:200 | 1:240 | 1:320 || 1:200 | 1:240 | 1:320 || 1:200 | 1:240 | 1:320 || 1:200 | 1:240 1:320
D
1:400 | 1:480 | 1:640 || 1:400 | 1:480 | 1:640 || 1:400 | 1:480 | 1:640 || 1:400 | 1:480 1:640
e Patient serum 5 Patient serum 6 Human serum control Human serum control
1:50 1:60 1:80 1:50 1:60 1:80 1:50 1:60 1:80 1:50 1:60 1:80
F
1:100 | 1:120 | 1:160 || 1:100 | 1:120 | 1:160 || 1:100 | 1:120 | 1:160 || 1:100 | 1:120 1:160
G
1:200 | 1:240 | 1:320 || 1:200 | 1:240 | 1:320 || 1:200 | 1:240 | 1:320 {[ 1:200 | 1:240 1:320
H
1:400 | 1:480 | 1:640 || 1:400 | 1:480 | 1:640 )) 1:400 | 1:480 | 1:640 || 1:400 | Enzyme | DNA
control control
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the first row (columns 1, 2 and 3 of row A). The second patient’s serum
dilutions are added to columns 4, 5 and 6 of row A. Using the diluters or
multichannel pipette, serially dilute the sera by transferring 25-ul vol-
umes row by row down the plate. When the serial dilutions are complete,
check the diluters for bubbles and record if present. Drain each diluter on
the Go-No-Go blotter, checking for accurate delivery. If a micropipette is
used, tips must be changed for each patient and after each addition of
buffer and enzyme, and substrate. Remember to withdraw and discard
25ul from the last row of each patient’s dilution series to maintain equal
volumes in all wells.

10. Add 25pl of the DNase B daily dilution (section 11.3.1) to all wells except
the DN A-methyl green substrate control well.

11. Mix by gently tapping each side of the plate and then seal with stretchable
plastic film.

12. Incubate at 37°C for a total of 15 minutes, but tap the plate again after 7
minutes to ensure thorough mixing.

13. Add 50ul of DNA-methyl green substrate to all wells. Gently tap the
sides of the plate to mix.

14. Seal the plate securely with adhesive plate sealer, tap the plate again to
mix the reagents in the wells, and place in an incubator at 37°C. After 5
minutes mix thoroughly once more by tapping the sides of plate. Incubate
for 20 hours at 37 °C. Incubation time may range from 19 to 24 hours but
should be consistent for each test.

15. Read and record the results. The colour gradation ranges from 0 (no
colour) to 4+ (strongest colour). The enzyme control should be 0 and the
substrate control 4+. The last well (highest dilution) with a reading of 4+
or 3+ is the end-point and titre. This reading is considered to be a prelimi-
nary test result only.

16. Reincubate plate for an additional 18-24 hours at room temperature. Read
and record the results as in step 15 above. This reading is reported as the
final test result.

Comments

Most human sera will have an anti-DNase B titre of between 50 and 640 and
can be successfully analysed using the plate layout shown in Table 11. If it is
necessary to determine accurately the titre of an antiserum whose values fall
outside this range, the dilution scheme shown in Table 9 can be used. If the
sera being tested cover a wide range of titres, it may be necessary to test fewer
sera per plate and cover a wider range of dilutions. For example, one serum
can be tested in a set of wells covering three columns and 12 rows (36 wells).
The range of dilutions covered would be from 1:25 to 1:5120. The relation-
ship between the patient’s initial serum dilution and the corresponding
microplate well titre can be explained as follows. A 25-ul volume of a 1:25
serum dilution is added to a well that contains 25l of tris buffer. This gives
an effective serum dilution of 1:50 in the well to which DNase B enzyme is
added. Thus, all initial dilutions prepared in section 11.3.3, steps 2 and 4, yield
dilutions in the plate of twice their initial value (i.e. 1:25 becomes 1:50, etc.).

Anti-DNase B titres are often reported in log,, units rather than in the stan-
dard reciprocal dilution units shown above. The conversion from standard
units to log units is as shown in Table 10.
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12. Determination of streptococcal
anti-hyaluronidase

12.1

12.2

Introduction

Streptococcal anti-hyaluronidase is the antibody to streptococcal hyaluron-
idase, an enzyme that splits hyaluronic acid or its salt. Determination
of streptococcal anti-hyaluronidase titre is based on the neutralization of
hyaluronidase activity by the antibody in the human test serum (128).
Hyaluronidase must be titrated before use in the test. The turbidimetric
method is commonly used. It is based on the turbidity formed by hyaluronic
acid or its salt with acidified protein solution in an appropriate buffer. The
neutralization of the enzyme by specific antibody is demonstrated by a de-
crease in turbidity. A commercial test is also available.

Although only strains of serotypes 4 and 22 produce appreciable amounts
of hyaluronidase in vitro, most strains of group A streptococci have the ability
to produce this enzyme in vive. It is antigenically distinct from hyaluronidases
of other serological groups of streptococci, and its neutralization by antibody
is therefore considered specific for group A (129, 130). The anti-hyaluronidase
responses occur with a frequency similar to that of anti-DNase B responses
and follow both throat and skin infections. Only a titre increase of at least
400% is accepted as significant. Less is known about the titre ranges in the
general population, although 400 units can be considered the upper limit of
normal titre in children of school age. Normally occurring nonspecific inhibi-
tor of the hyaluronidase in human sera is inactivated by heating at 56 °C for
30 minutes. Nonspecific streptococcal anti-hyaluronidase titres induced by
bacterial contamination of the serum sample are rarely suspected.

There is no international standard for streptococcal anti-hyaluronidase.

Hyaluronidase titration
Equipment and supplies

— Test-tubes

— Incubator or water-bath at 37°C
— Water-baths at 60°C and 100°C
— Spectrophotometer

— Pipettes

— Gas or electric heaters

— Autoclave

— Bacterial filter

— Centrifuge

— Dialysis bags

— Freezer at -30°C

Reagents

— Buffer (1): acetate buffer, 0.1mol/l, pH 6.0, with sodium chloride,
0.15mol/1:

acetic acid, glacial 6.0g

sodium hydroxide, 1mol/I 100ml
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sodium chloride 8.8g
distilled water to 1000ml
— Bulffer (2): acetate buffer, 0.5mol/1, at pH 4.2:
acetic acid, glacial 30g
sodium hydroxide, 0.1mol/1 140ml
distilled water to 1000ml
— Hartley broth:
(@) Mix 1000g of minced beef heart with 1500ml of distilled water and

()
(©)

d)
(e)
()
Q)
(h)

keep overnight at 4°C.

Heat the mixture at 80°C for 90 minutes.

Add to the hot mixture 15.4 g of sodium carbonate dissolved in 1500 ml
of distilled water. Cool to 45°C.

Add 40mg of trypsin dissolved in 40ml of phosphate buffered saline
at pH 7.3, and 34 ml of chemically pure chloroform and keep at 37°C
for 6 hours (digestion), mixing from time to time.

Keep overnight at 4°C.

Neutralize with 40ml of undiluted hydrochloric acid and heat at
100°C for 1 hour.

Filter through filter paper and adjust the pH to 7.8. Keep overnight at
4°C.

Sterilize by autoclaving at 121 °C for 30 minutes.

— Hyaluronidase:

(@)

)

(©)

@

Inoculate 1 litre of Hartley broth containing 2% inactivated horse
serum with 5ml of an 8-hour culture of Streptococcus pyogenes (group
A) strain A4NW Kalbak. Incubate at 37°C overnight. Collect the
supernatant by filtration through a bacterial filter.

To the filtrate add ammonium sulfate to 57% saturation (430g/
1000ml) with stirring and allow the precipitate to form at 4°C over-
night.

Separate the precipitate by centrifugation (approximately 1500g for 15
minutes) and dissolve it in distilled water (approximately 5% of the
original volume); dialyse against distilled water at 4°C (changed two
to three times) to remove ammonium ions (e.g. test with Nessler
reagent).

Distribute 10-ml aliquots into test tubes and store at —30°C

— Potassium hyaluronate substrate. Dissolve potassium hyaluronate (com-
mercially available) in buffer (1) in a concentration of 1mg/1.5ml.

— Acidified horse serum. Dilute sterile horse serum 1:10 with buffer
(2) and adjust the pH to 3.1 with 4mol/1 hydrochloric acid. Heat in a
boiling water-bath for 10 minutes. Cool and store at 4°C for at least

24

hours before use. The preparation remains stable for about 1

month.

Method

1.

Dilute the hyaluronidase in geometric series in six auxiliary test-tubes. To
the first tube add 0.75ml and to the remainder 0.5ml of buffer (1). Add
0.75ml of hyaluronidase to the first tube and after mixing transfer 1ml
into the following tube and so on to the sixth.

. Prepare another set of eight test-tubes. Transfer 0.2ml of each hyalu-

ronidase dilution into the corresponding six test-tubes containing 0.5ml
of buffer (1) as shown in Table 12.

. Add 0.3ml of substrate solution to each of the six tubes.
. Prepare the following controls:

Control 1: 0.7 ml of buffer (1) and 0.3ml of substrate
Control 2: 0.85ml of buffer (1) and 0.15ml of substrate

. Mix well and incubate all tubes at 37 °C for 30 minutes.
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Table 12. Dilution scheme for the titration of hyaluronidase

Test-tube no.

1 2 3 4 5 6 Control 1 Control 2
Buffer (1) (ml) 05 05 05 0.5 0.5 0.5 07 0.85
Hyaluronidase (ml) 02 02 0.2 02 02 02 O 0
diluted to2 1:2 1:3 1:45 1.7 1:10 1:15 — —
Substrate (ml) 03 03 03 03 03 0.3 0.3 0.15

aDilution in buffer (1); final content of the test-tubes for incubation at 37 °C (step 5).

6. After incubation inactivate the remaining enzyme in a water-bath at 60 °C
for 10 minutes.

. Add 3ml of buffer (2) to each tube.

. Add 1ml of acidified horse serum to each tube.

. Mix and leave the tubes at room temperature for 30 minutes.

. Measure the transmittance with a spectrophotometer at 580nm. The
hyaluronidase titre, expressed in turbidity reducing units (TRU), is equal
to the highest dilution of enzyme that decreases the turbidity caused by
0.2mg of substrate (control 1) to that caused by 0.1 mg (control 2). If the
difference in transmittance of the two controls does not reach at least 15%
use another batch of potassium hyaluronate.

je N oRNe SRR |

Determination of anti-hyaluronidase in human sera
Equipment and supplies

— Water-baths at 37°C, 56 °C and 60°C
— Test-tubes

— Spectrophotometer

— Pipettes

— Serum samples to be evaluated

Reagents (see section 12.2)

— Buffer (1)

— Buffer (2)

— Hyaluronidase

— Potassium hyaluronate substrate
— Acidified horse serum

Method

1. Inactivate the serum samples at 56 °C for 30 minutes.

2. Dilute the inactivated serum in a geometric series as follows: to each of six
test-tubes add 0.5 ml of buffer (1). In an auxiliary test-tube prepare serum
dilution 1:50 and transfer 0.5ml into the first test-tube (1:100). Stir and
transfer 0.5ml into the second and so on until the sixth (1:3200) from
which 0.5ml is then discarded (Table 13).

3. Dilute streptococcal hyaluronidase with buffer (1) to obtain 15 TRU in

1ml. To each test-tube add 0.2ml containing 3 TRU.

. Mix and incubate for 15 minutes at room temperature.

5. Add 0.3ml of substrate solution (containing 0.2mg) to each test-tube.

S
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Table 13. Dilution scheme for the determination of anti-hyaluronidase titre in human sera

Test-tube no.

1 2 3 4 5 6 Control 1 Control 2
Serum (ml) 0.5 0.5 0.5 0.5 05 0.5 0 0
diluted? to 1:100 1:200 1:400 1:800 1:1600 1:3200 — —
Hyaluronidase (ml) 0.2 0.2 0.2 0.2 0.2 0.2 0 0
Substrate (ml) 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.15
Buffer (1) (ml) 0 0 0 0 0 0 0.7 0.85

2 Dilution in buffer (1); final content of the test-tubes for incubation at 37 °C (step 7).

6. Prepare the controls as follows (Table 13).

N

Control 1: 0.3ml of substrate (containing 0.2mg of potassium hyaluro-
nate) and 0.7ml of buffer (1).

Control 2: 0.15ml of substrate (containing 0.1 mg of potassium hyaluro-
nate) and 0.85ml of buffer (1).

Mix well and incubate in a water-bath at 37°C for 30 minutes.

Immediately after incubation transfer the test-tubes to a water-bath at

60°C for 10 minutes to inactivate the remaining enzyme.

. Add 3ml of buffer (2) and 1ml of acidified horse serum to each test-tube.
10.
11.
12.

Mix and incubate at room temperature for 30 minutes.

Measure the turbidity using a spectrophotometer at 580 nm.

The anti-hyaluronidase titre is determined by interpolation. It is ex-
pressed by the serum dilution with a transmittance equal to the transmit-
tance of control 2.
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13. Indirect bactericidal test for
measurement of anti-M antibodies

13.1
13.1.1

Introduction
Principle of the test

Streptococcal cells are protected by M protein against phagocytosis; strepto-
cocci possessing sufficient quantities of M protein grow freely in “normal”
human blood, while those that do not are killed. In vitro, streptococcal strains
that possess M protein (M+) are phagocytosed and killed by human polymor-
phonuclear leukocytes only in the presence of homologous anti-M antibody.
If type-specific anti-M antibody is absent or if only heterologous anti-M
antibodies are present, M+ streptococci propagate readily in fresh human
blood. The antiphagocytic effect of streptococcal M protein and its neutraliza-
tion by type-specific antibody form the basis of the bactericidal test.

Two main types of bactericidal test are used in the streptococcal research
laboratory. The indirect bactericidal test measures survival of streptococci in
human blood using blood obtained from a donor lacking antibody to the test
strain and antiserum procured from another source. The antiserum used may
be from a human source (i.e. a patient being screened for antibody following
a streptococcal infection) or may be a hyperimmune animal serum. Perhaps
the most common use of the indirect bactericidal test is to determine the type-
specific anti-M antibody content of a serum. In this test, a measured quantity
of M+ streptococci is incubated in freshly drawn human blood together with
serum that contains or is to be tested for the presence of anti-M antibody.
Presence of the antibody is determined by the degree to which the streptococ-
cal strain is phagocytosed and killed in the presence of the serum. The indirect
bactericidal test can also be used to identify or verify the M type of a strain by
determining the extent to which it is killed in the presence of a known type-
specific antiserum.

Less commonly used today is the direct bactericidal test, in which no additional
antiserum is added to the system: the blood donor is the source of anti-M
antibody, if any. This test has been used to verify the development of protec-
tive anti-M antibodies in a patient following a documented streptococcal
infection. One variation of the direct bactericidal test is often referred to as a
“blood rotation”. This utilizes a donor prescreened and shown to lack anti-
body to the strain(s) being tested; no additional antibody is added. The test is
used to assess the M protein content of a strain by determining the ability of
the strain to grow in human blood in the absence of type-specific anti-M
antibody. This is very important, for example, in evaluation of the suitability
of a strain for use in production of anti-M sera. This test has also been
described as a means of enhancing the M protein content of a strain that
exhibits poor growth in normal human blood. Colonies surviving blood rota-
tion should, in theory, be richer in M protein than the original inoculum
composed of both survivors and non-survivors (131, 132).

The bactericidal test must be carried out in conditions such that: streptococci
grow readily unless prevented by specific antibody; microphages are active
and able to engulf and kill the M-negative or antibody-coated streptococci;
and opportunity for streptococcus—phagocyte contact occurs throughout the
incubation. After completion of the test, the quantity of viable streptococci in
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the sample is measured and compared with the number inoculated at the start
of the test (133-135).

Test components

Three components are necessary for the indirect bactericidal test: streptococci;
sera containing or to be tested for type-specific antibody; and freshly drawn
human blood. Serum to be tested is obtained from a human or animal source
and added to the system. The human blood is obtained from a normal adult
donor, prescreened and shown to lack antibodies to the serotype(s) being
tested and to produce an acceptable bactericidal effect.

Streptococci

A measured quantity of M+ streptococci in the logarithmic growth phase is
normally used as inoculum. Indirect bactericidal tests utilizing stationary
phase cells have also been described but are less commonly used.

Human or hyperimmune animal sera

The crucial elements in selecting sera to be used in bactericidal tests are
M-antibody content and the absence of constituents that might inhibit strep-
tococcal growth or interfere with leukocyte activity. The sera must not be
contaminated and must not contain antibiotics or other bactericidal or bac-
teriostatic agents in concentrations that would inhibit the growth of strepto-
cocci. In this test system, final concentrations of thiomersal (thimerosal USP)
of up to 1:10000 or of sodium azide of up to 1:1000 are acceptable. Sera with
gross haemolysis are unsuitable. Long-term storage of sera is best accom-
plished by freezing (without any preservative) at —20°C or, preferably, —70°C.
Rapid freezing and thawing help maintain sera in good condition. However,
repeated freezing and thawing of the samples gradually lowers the antibody
titre. Some rabbit sera have to be diluted at least 1:3 with physiological saline
or heated at 62°C for 30 minutes to display the full effect of their anti-M
antibodies. Some investigators routinely heat-inactivate all sera (at 56 °C or
62°C for 30 minutes) before testing in order to eliminate the variable and
unpredictable nonspecific effects of thermolabile serum components. In the
experience of the Prague laboratory, there is no need for such routine heat-
inactivation before titration. Sera are normally used unabsorbed in the test,
although absorbed sera can also be used.

Human blood

Human blood from normal adults is used. Any blood group is satisfactory for
tests performed with aniral sera. Blood group O should be used when
examining human sera, to avoid incompatibility. The blood must not contain
antibiotics or anti-M antibodies to the streptococcal types being employed;
heterologous anti-M antibodies do not interfere (Table 14). Blood should be
drawn immediately before use and should not be used if more than 2 hours
have elapsed. Heparin at a concentration of 8—10 units/ml of blood is used as
the anticoagulant. (High concentrations of heparin substantially reduce the
bactericidal activity of the system.)

Under favourable conditions (tests with sera possessing a high anti-M anti-
body titre and with strains that do not grow excessively fast) an acceptable
bactericidal effect may be obtained with most human bloods. However, in the
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Table 14. Example of the preliminary selection of a suitable bactericidal system

Group A streptococcal strain M type

6 12 49
inoculum:
CFU in individual drops (0.02 ml) 71 13 58 13 114 21
66 14 71 9 119 21
61 9 69 11 109 16
CFU/0.04ml (average) 132 24 132 22 228 39
Blood donor BM
Growth? in the presence of:
— normal rabbit serum (CFU/0.1 ml) 18 2 23000 2800 18100 3520
— homologous antiserum (CFU/0.1 ml) 0 0 14 1 9 0
Growth index® <1 167 81
Bactericidal index® NE 1720 2402
Blood donor KZ
Growth in the presence of:
— normal rabbit serum (CFU/0.1 ml) 14700 3250 2 0 13700 2480
— homologous antiserum (CFU/1.0mi) 1 0 0 0 20 0
Growth index 115 <1 61
Bactericidal index 17950 NE 809
Blood donor SZ
Growth in the presence of:
— normal rabbit serum (CFU/0.1 mi) 14700 3900 14700 2240 7040 1520
— homologous antiserum (CFU/0.1 ml) 1 0 2 0 0 0
Growth index 119 110 32
Bactericidal index 18600 8470 >8560

CFU, colony forming units; NE, not evaluated

aGrowth after 3 hours in roller.

eFor calculation of the growth index and bactericidal index see section 13.2.2.

experience of the Prague laboratory, only a few donors among dozens exam-
ined have proved suitable for the detection of low levels of antibody (Table
15). The adequacy or inadequacy of human blood for bactericidal tests is a
relatively stable characteristic of individual donors over many years (135).

13.1.3 Equipment

Glassware quality and volume measurement

Cleanliness of test-tubes and other glassware used in the test must be main-
tained at the standard required for tissue culture. All test components must be
accurately measured using calibrated dropping pipettes, serological pipettes

or mechanical micropipettes.

83



13.1.4

LABORATORY DIAGNOSIS OF GROUP A STREPTOCOCCAL INFECTIONS ]

Table 15. Example of the selection of blood donors: “sensitivity” of
bactericidal systems

Blood donor

FS SJ HA
Inoculum PT '3800" (CFU/tube) 86 86 86 86 86 86
Growth? with normal rabbit
serum (CFU/0.1 ml) 3970 3200 3200 2880 3520 4400
Growth with rabbit anti-M "3800"
antiserum (CFU/0.1 ml):
— Undiluted 0 0 0 0 11 5
— Diluted 1:3 0 0 0 600 580
— Diluted 1:9 0 0 21 19 2170 1680
Growth index® 42 35 46
Bactericidal index® with anti-M
serum:
— Undiluted >7170 = >4+ >6080 = >4+ 495 = 3+
— Diluted 1:3 >7170 = >4+ 6080 = >4+ 7=0
— Diluted 1:9 >7170 = >4+ 152 = 2+ 2=0

aGrowth after 3 hours in roller.
bFor calculation of the growth index and bactericidal index see section 13.2.2.

Rotation device

Successful performance of the bactericidal test requires a device for rotating
or rolling the tubes to maintain blood cells and streptococci in homogeneous
suspension throughout the 3-hour incubation. This is satisfactorily accom-
plished by a roller at 8rpm, rotating the test tubes either end-over-end or,
provided that the axis inclination is close to the horizontal plane, parallel to
the drum axis.

Evaluation of test results

Bactericidal test results are evaluated by comparing the change in colony
count during the 3-hour rotation in the presence of both serum lacking type-
specific antibody and the test serum. Growth of the strain in human blood is
measured by the growth index. Although the method for calculating the
growth index may vary in detail from laboratory to laboratory (see sections
13.2.2 and 13.3.3), in all cases a larger value indicates greater growth in the test
system. There is no right or wrong way to calculate the growth index of a
strain being evaluated in a bactericidal test; the method that best suits the
needs of the investigator should be used. However, index values alone are
meaningless unless the test protocol and the calculation method are docu-
mented. The bactericidal effect of an antiserum is measured by the bacteri-
cidal index. Again, calculation methods may vary in small details, but
regardless of the method (assuming the growth index is sufficient), a larger
value indicates a greater bactericidal effect, i.e. greater killing of the strepto-
cocci by phagocytes as a result of the opsonic activity of type-specific
antibody.

84



13.1.5

13.1.6

13. INDIRECT BACTERICIDAL TEST FOR MEASUREMENT OF ANTI-M ANTIBODIES I

Selection of suitable bactericidal systems

Before a set of indirect bactericidal tests is started, blood from a number of
donors should be tested with several different strains of the particular strep-
tococcal M types being evaluated. Careful studies carried out in the Prague
laboratory demonstrate the importance of this testing (see section 13.2 for the
methodology). The test shown (Table 14) utilized three blood donors and
three different streptococcal M types and yielded the following information.
(1) All three streptococcal strains tested are suitable for bactericidal testing (all
grew rapidly in at least one donor’s blood). (2) Blood donor BM cannot be
used for type 6, and donor KZ cannot be used for type 12. Blood donor SZ
appears to be acceptable for all three types.

In general, if a strain does not grow in any of the bloods used, it probably
lacks sufficient M protein for use in bactericidal tests. Specific growth inhibi-
tion of a given strain by a blood donor’s antibodies will usually result in the
strain growing well in a least one other donor’s blood and, simultaneously,
the inhibiting blood will allow good growth of at least one other streptococcal
strain of a different M type.

A more exact basis for the selection of suitable blood donors and a classifica-
tion of their “bactericidal sensitivity” is provided by examining the bacteri-
cidal effect produced by a serially diluted anti-M serum in a reference system.
An example of such a test carried out in the Prague laboratory is shown in
Table 15. In|this case the bactericidal effectiveness of three blood donors was
tested agalmst a single strain (a provisional type PT “3800”) used as a uniform
inoculum of 86 colony-forming units (CFU) for each test-tube throughout. The
results clearly demonstrate that blood donors may differ significantly in their
bactericidal| effectiveness in spite of a comparable strong response to undi-
luted high-titre antiserum. Donor HA is unsuitable for the detection of low
levels of anti-M antibodies as shown in the test by the loss of acceptable
bactericidal response to the reference anti-M serum when only slightly di-
luted (1:3).

To minimize possible encounter with homologous anti-M antibodies to the
inoculum employed, a streptococcal M type of rare occurrence is preferred in
such ”sensiﬁ;ivity” testing. The relative bactericidal effectiveness of blood from
a given donor as characterized by a single system, e.g. M “3800”-anti-M
“3800”, is representative of bactericidal effectiveness for strains of other M
types as well and does not change significantly over time. The combination of

strains and donor(s) that provides the best streptococcal growth and the best
growth inhibition in the presence of diluted homologous antiserum is then
selected for|the final tests.

Bactericitzjnlal test controls

Each test must include the following controls, which are essential for the
accurate interpretation of results.

1. Control to verify the ability of each strain used in the test to propagate
in the particular blood. A sample composition would be: normal rabbit
serum + streptococcal inoculum + human blood in volumes identical to
those used in the actual test. As a rule, this control represents the maxi-
mum growth of the inoculum attainable in the given system.

2. Control for bactericidal efficiency of the blood in the presence of homolo-
gous anti-M antibodies. A sample composition would be: homologous
hyperimmune serum suitably diluted + streptococcal inoculum + human
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blood. Again, volumes and conditions must exactly match those of the
actual test. If reference homologous anti-M sera are not available for the
strains under study, an indirect control in the form of some other already
tested streptococcal strain of different type and corresponding antiserum
should be included. Evidence of good bactericidal activity, even against a
single type, is an important characteristic of the blood even in relation to
other streptococcal types. If new blood donors who have not been tested
with the particular M type(s) are being used, it is reasonable to test several
of the sera in parallel in two different bloods.

3. Control for type specificity of bactericidal activity. Each serum being
tested should be examined against streptococcal strains of at least two
different M types. Inhibition of one type by the serum and unimpaired
growth of the other type is evidence of specific inhibition. Day-to-day
variation is inherent in a test of this complexity, and if quantitative docu-
mentation of a change in titre in an individual is required, it is essential to
examine all sera from that individual simultaneously in the same test.

13.2 Bactericidal test method 1

13.2.1

Procedure

It should be noted that the general principles outlined in section 13.1 apply
throughout section 13.2. Important additional methodological details specific
to the test as performed in the Prague laboratory are presented in the follow-
ing sections.

Glassware, volume measurement and incubation in roller

Inocula, sera and blood are pipetted drop-wise directly onto the bottom of
test-tubes (14 x 120 mm) without touching their walls. Sera and inocula are
measured by means of dropping pipettes calibrated mostly for a drop size of
0.02ml. If another drop volume is used, a corresponding change in the final
dilution is necessary to obtain a suitable CFU count.

Streptococcal inoculum
For immediate use

Centrifuge (at 1500¢ for 10 minutes) an overnight 6-ml serum broth culture
(serum broth = Todd-Hewitt broth with 20% added normal calf or horse
serum) and resuspend the pellet in 0.8ml of fresh serum broth. Transfer a
sufficient amount of this suspension to 6ml of serum broth to depress the
transmittance (at 560nm) to 70% of a serum broth blank. Incubate the result-
ing suspension at 37°C in a water-bath for 90 minutes and then dilute in
Todd-Hewitt broth. The dilution required may be different for each strain
and is predetermined in preliminary growth experiments. The dilution steps
are between 1:4 and 1:7 (e.g. 10%, 10#/4 and 10+#/16, or 10-* 10*/7 and
104/49). The objective is to obtain 20-40 colony forming units (CFU) per
0.04ml at the highest dilution. At least two or three different inocula are
prepared with each strain (Table 14). It would be risky to use only a single
dilution for each strain since the standardization employed does not always
give inocula with the desired CFU count.

Deep frozen, ready for use

Preparation of standardized inocula stored at =70 °C is the same as for freshly
prepared inocula except that the final culture dilutions to be frozen are pre-
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pared in serum broth. Aliquots (0.5-1.0ml) of 10° and 10 dilutions are
rapidly frozen in an ethanol/dry-ice (CO,) bath and transferred (on dry ice) to
a deep-freeze unit at —70°C for storage. Immediately before use, thaw the
inoculum rapidly (by transferring the test-tube(s) from —70°C directly into a
water-bath at 25-37°C), dilute with serum broth if necessary, and pipette
immediately; into tubes for the test. As a rule, the final culture dilution
(= inoculum) should contain 50-100 CFU in 0.04 ml. (The highest sensitivity of
the bactericidal test is achieved with relatively small inocula not yet interfer-
ing with the reproducibility of test results.) A single inoculum is used for each
strain and each serum is tested in two parallel test-tubes (Table 14). Even after
storage for several years, correctly prepared and preserved frozen inocula
give the same results in bactericidal tests as freshly prepared inocula. The
rapidity of freezing and thawing as well as the constant low temperature
(=70°C) seem to be critical for adequate results (136).

A preliminary check to determine the CFU count per 0.04ml of inoculum
should be performed before a suspension is frozen. Apply 3—4 separate drops
(0.02ml each) of each culture dilution to be frozen to a blood agar plate. The
inoculum is calculated as the arithmetic average of the number of colonies
grown from 0.04 ml of the suspension. The same method is used to check the
inoculum size in the actual bactericidal test. With strains forming mucoid
confluent colonies, the pour plate method (see below) is used to check the
CFU count.

Test mixture for incubation in roller

First pipette serum into test-tubes. For rabbit serum (normal or hyper-
immune, the latter diluted with saline if necessary), a volume of 0.02ml is
optimal. For human serum (as a rule undiluted), use a volume of 0.06 ml. Add
0.04ml of the streptococcal culture dilution (the inoculum). Then add 0.30ml
of normal human blood to each tube. Heparin (5000IU/ml; working solution
2001U/ml in phosphate-buffered saline) at a concentration of 81U/ml of
blood, is used as the anticoagulant. Seal the test tubes firmly with tight rubber
stoppers and incubate at 37 °C in the roller at 8rpm for 3 hours. The tubes are
rotated parallel to the drum axis, the axis inclination to horizontal plane being
10-15°. The small differences in total volume between test-tubes containing
rabbit or human sera proved to be negligible for test results and need not be
adjusted.

Pour plates

The bactericidal test result is determined by culturing and counting the num-
ber of streptococcal CFU surviving the test. Stop the incubation by placing the
roller drum with test-tubes in an ice-water-bath. After thorough mixing,
withdraw 0.1 ml with a micropipette from each test-tube and transfer to a
Petri dish (diameter 9cm) containing approximately 2.5ml of Todd-Hewitt
broth. Immediately add 15ml of freshly prepared blood agar containing 2.5%
of defibrinated sheep blood (cooled to 48-50°C) and mix the contents thor-
oughly to achieve even colony distribution throughout. Incubate the pour
plates overnight at 37°C.

Colony counting in pour plates

The number of CFU surviving the bactericidal test is established by colony
count. The counting is conveniently performed against a grid with the help of
a magnifying lens and a mechanical counter. Streptococcal colonies are
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counted in selected grid sectors or squares, depending on colony density, and
the result is calculated for the entire plate area. Generally, of the total, not
more than 300-350CFU per plate are counted. Pour plates prepared with
diluted samples do not substantially improve colony counting results.

Reading and evaluating results
Growth index

The growth index indicates the degree of strain growth in non-immune blood
in the absence of antibody. The growth index is calculated using the following
formula:

CFU count per 0.1ml of sample with normal serum
after 3 hours in roller

Growth index =
number of CFU inoculated

If an inoculum is used at three different dilutions, the numerator will be the
sum of colonies in all three pour plates with normal serum and the denomi-
nator will be the sum of CFU inoculated into the three samples. An example
for two inoculum dilutions is given in Table 14 and an example for duplicate
samples with identical inoculum in Table 15.

The lower growth index limit for strains suitable for anti-M antibody titration
is about 30 (which, for a test-tube content of 0.36ml, corresponds to an
inoculum multiplication of 108 times, or roughly 7 generations). With a
growth index of <20 the reproducibility of test results deteriorates, probably
due to the increased impact of non-type-specific factors. Interpretation of such
results is much less clear than that of results obtained with strains of the same
type propagating at a higher rate with a growth index of between 30 and 130.
At the other extreme, strains with a growth index of >140 (more than 9
generations) are less sensitive to low antibody titres.

Bactericidal index

The bactericidal index expresses the degree of inhibition of streptococcal
growth due to antibody and is expressed as a ratio of the final CFU count in
the absence of antibody to the CFU count in the presence of the test serum
(135):

CFU count per 0.1ml of sample with normal serum
after 3 hours in roller
CFU count per 0.1ml of sample with serum
under test (immune) after 3 hours in roller

Bactericidal index =

If a uniform inoculum is used and titration is performed in two parallel
samples, the numerator will be the sum of colonies in both pour plates with
normal serum and the denominator will be the sum of colonies in both pour
plates for samples with identical antiserum.

The Stollerman scale is used to express bactericidal index values (see Table
16).

In the range of the lowest degree of inhibition (+/-) the bactericidal index
value (e.g. 32) signifies growth inhibition by a 5-generation factor as com-
pared with the normal serum control. For example, for an inoculum size of
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Table 16. The Stollerman scale for expressing
bactericidal index values (723)

Bactericidal index Score
<25 0
25-50 +-
51-100 1+
101-200 24
201-500 3+
>500 4+

100, a growth index of 64, and a count of surviving CFU in 0.1 ml of sample
with antiserum of 200:

Bactericidal index = 6400 =32
200

The count of the surviving CFU in the normal serum control is thus 32 times
higher than in the test sample (32 = 2%; x = 5):

The bactericidal index is not equivalent to the antibody titre. A more precise
estimation of anti-M antibodies in serum samples is obtained by examining
serial serum dilutions for a threshold bactericidal index of 25. The entire
Stollerman scale usually covers only a rather narrow range of titres. The
transition from strong positivity (4+) to negative (bactericidal index <25) is
often abrupt (in 75% of instances, in serial dilutions with a quotient of 1:3,
such a sudden titre drop was observed within one or two dilution steps only
— see Table 15). Very strong reference rabbit anti-M sera are highly efficient
even in a dilution of 1:100 or higher with suitable blood donors.

The bactericidal index provides a rather broad characteristic of a particular
serum and is especially useful for comparing the bactericidal activity of sera
examined simultaneously in the same test. Indices from different tests are
comparable only within certain limits. They are not reproducible in detail,
even if the same blood donor is used. Use of identical inocula (deep-frozen
ready-for-use aliquots) and identical reference sera in dozens of successive
tests revealed the dominant role in the variability of test results of the indi-
vidual human blood samples that have to be taken freshly for each test. The
bactericidal index value is strongly dependent on inoculum size and strain
growth index, especially if these deviate beyond the optimal limits. Strongly
positive results remain strongly positive and negative results are always
negative in the blood of the same donor. Variation occurs most frequently
with weak bactericidal index values. Such values (around 25 or lower) invite
repetition of the test, if possible in a blood known to produce a good bacteri-
cidal effect even with low levels of anti-M antibodies (Table 15).

Bactericidal test method 2

Many methods have been described for performing the indirect bactericidal
test. The principles outlined in section 13.1 apply throughout this section.
Details specific to the test(s) as performed in the Minneapolis laboratory are
presented below. The Minneapolis laboratory uses two variations of the test
that differ in some details from the methods used in the Prague laboratory.
However, even though the details may differ, the very important principles
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outlined in the methods and discussions above must be adhered to. This is an
extremely difficult test to perform well and reproducibly. Utmost attention
must be paid to the smallest details and absolute consistency must be main-
tained with regard to the way each sample is handled within a test and the
way the test is performed day-to-day.

Lancefield method as used in Minneapolis

Lancefield’s basic bactericidal test method (133, 137), like the procedure used
in Prague, uses a logarithmic growth phase inoculum. The inoculum is pre-
pared by growing the strain overnight in Todd-Hewitt blood broth (contain-
ing an additional 1% neopeptone) and then transferring 1ml of this overnight
culture into 4ml of warm Todd-Hewitt broth + 1% neopeptone without
blood. This culture is then grown at 35-37 °C for 2 hours (logarithmic growth
phase). If the culture tends to grow in a “granular” or “clumpy” manner,
cultivation of the strain with a small amount of serum added will often
alleviate this problem. The culture is then diluted in Todd-Hewitt broth for
use in the test.

Lancefield commonly included four fourfold streptococcal dilutions in her
tests (usually 10-5,10-5/4, 105/16, 105/ 64). If laboratory technique is such that
reproducible results can be obtained, testing with a single dilution may be
adequate. If a single dilution is used, it should contain approximately 100-
200CFU/0.1ml. The dilution required to prepare the test inoculum is prede-
termined by plate count in preliminary experiments that duplicate exactly the
inoculation and growth conditions of the actual test. If the conditions are
duplicated with accuracy, these predetermined dilutions will result in CFU
counts very close to those obtained in the preliminary test.

In a preliminary test to predetermine dilution, 0.1-ml aliquots of 10, 10-° and
10 dilutions of the 2-hour culture are plated. After counting, the actual
dilutions to be used in the test are determined by interpolation. Testing
duplicates of a single dilution will increase accuracy and allow assessment of
consistency. Once prepared, the dilutions are kept on ice until completion of
the test.

Use of controls is as described in section 13.1.6. The test is performed in small
glass test-tubes (10 or 12 x 75mm) with tightly sealing rubber stoppers or in
polystyrene plastic snap-top tubes (12 x 75 mm). Scrupulous attention must be
paid to the cleanliness of all glassware and equipment that comes into contact
with any of the test components. Human blood for use in the test is selected
as described in section 13.1.5. Heparin sodium is used as the anticoagulant, at
a final concentration of 10IU/ml of blood. High concentrations of heparin
must be avoided.

Test components are added to the tubes in the following order and volumes:

antiserum (human or hyperimmune animal) 0.05ml
dilution of logarithmic growth phase streptococcal culture 0.10ml
normal human blood 0.30ml
total volume 0.45ml

To maximize contact of the various test components, the tubes are rotated
end-over-end at 8rpm for 3 hours at 35-37°C. At the time the 0.1-ml logarith-
mic growth phase culture dilution is added to the tube to be rotated, a second
0.1-ml aliquot is removed for a plate count to determine the number of CFU
added to the system. The plate count is done as a pour plate by adding the
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Fig. 13. Flow diagram for the indirect bactericidal test

0.1-ml aliquot to 0.5-1ml of saline broth (5ml Todd-Hewitt broth in 100ml
saline) contained in a standard Petri dish (100 x 15mm). The pour plate is then
prepared using 12ml of blood agar base (cooled to 48-50°C) and 0.3ml of
sheep blood. Similarly, at the end of the test, 0.1 ml is removed from the tube
and plated to determine the number of streptococcal CFU surviving the test.
The Minneapolis laboratory generally prefers to make and plate dilutions of
the test mixture after rotation. Dilutions of 10! and 102, plated in addition to
the undiluted sample, will usually give at least one plate in the optimal
countable range of 30-300 CFU/plate. Growth index and bactericidal index
are calculated as described in sections 13.3.3 and 13.3.4. A flow diagram for
the indirect bactericidal test as described above is shown in Fig. 13.

13.3.2 Preopsonization bactericidal test method

A variation of the bactericidal test used in the Minneapolis laboratory was
developed to improve the sensitivity of the test to the low titres of antibody
often encountered in human sera (138). It involves two basic changes. First,
stationary phase rather than logarithmic growth phase cells are used for the
inoculum in the test, in order to reduce the initial growth rate of streptococci
and thereby increase the opportunity for phagocytosis to occur. The second
modification is the incorporation of a preopsonization step. Preopsonization,
a concept originally described by Beachey & Cunningham (139), refers to
premixing and preincubating the antiserum together with the streptococci.
This allows antibody, if present, to bind to the streptococci before they are
exposed to the phagocytes, thus increasing the sensitivity of the system.
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Fig. 14. Flow diagram for the preopsonization indirect bactericidal test

13.3.3

In practice, the preopsonization bactericidal test is performed as follows.
Antiserum in a volume of 110l is mixed with 110l of a dilution of stationary
phase streptococci, and this mixture is then incubated with gentle shaking

" at 4°C for 1 hour. After this preopsonization step, 100ul of the mixture is

removed and added to 300 ul of heparinized normal human blood and rotated
end-over-end for 3 hours as in a normal bactericidal test. A second 100-pl
aliquot of the preopsonization mixture is plated to determine initial inoculum
size. The remainder of the test is done as for the standard Lancefield method
described above. A flow diagram for the preopsonization indirect bactericidal
test is shown in Fig. 14.

Reading and evaluating results
Growth index

It should be noted that there is no established and universally accepted
definition for growth index. The Minneapolis laboratory prefers to base its
definition on the principles described by Top et al. (137), in accordance with
which the growth index represents the actual total amount of growth that
occurs during the test and corresponds to what is referred to as the “inoculum
multiplication” in section 13.2.2. The growth index is not then influenced by
differences in test protocol, such as changes in the total volume of the test
mixture or the volumes plated; it is calculated as follows:

calculated CFU count in the total sample volume
after 3-hour rotation

Growth index = - - —
number of CFU inoculated into sample at beginning of test
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Dilution occurs during the test, the dilution factor depending on the volumes
of the various components used. This dilution should be taken into account
when growth index is calculated. The total volume in the Lancefield bacteri-
cidal test above is 0.45ml and in the preopsonization method, 0.4ml. The
0.1-ml volume of streptococci added initially is distributed throughout the
entire test volume. When the 0.1-ml aliquot is removed for plating at the end
of the test, this represents only a fraction of the total volume. The CFU count
after rotation must therefore be multiplied by the reciprocal of the fraction, 4.5
or 4.0 in the examples given, to be strictly comparable with the initial count
(137). If dilutions of the sample after rotation are plated as described above,
this dilution is also included in the calculation. The growth index for the
Lancefield method described above would therefore be calculated as follows:

CFU in 0.1ml of final sample dilution
x 4.5 x final plate dilution factor

Growth index = - - —
number of CFU inoculated into sample at beginning of test

For example, if the initial 0.1 ml inoculum gave a plate count of 100CFU and,
after rotation, a 102 dilution of the test mixture contained 100CFU/0.1ml, the
growth index would be calculated as follows:

Growth index = W =450

It should also be noted that calculations of growth index using this system are
not limited to growth in normal serum but are also used for tests with type-
specific serum. In some circumstances it may be of interest to know the ability
of a strain to grow in homologous antiserum in absolute terms as well as in
relative terms as expressed in the bactericidal index (described below). Using
the methods described in section 13.3, the Minneapolis laboratory considers a
growth index of 32 (log, = 5) to be the minimum acceptable for a strain being
tested with a suitable blood donor in the absence of type-specific antibody.
Below this level the strain probably does not possess enough M protein for
reliable testing.

Bactericidal index

The bactericidal index can be thought of as the ratio of the growth index
(as calculated above) in normal serum to the growth index in type-specific
antibody:

growth index in normal serum

Bactericidal index = - - — -
: growth index in type-specific antiserum

For most studies a bactericidal index of 32 is the minimum considered
significant.

Expressing growth and bactericidal index values as
logarithms

When the results of bactericidal tests are analysed — expressed either by the
growth index or the bactericidal index — use of logarithms to the base 2 (log,)
rather than the actual numbers obtained from the calculation has several
advantages. First, this value can be thought of intuitively in terms of genera-
tions of growth, even though for streptococci, which are chaining organisms,
this is not strictly accurate. Second, it is easier to apply statistical tests to the
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results, since use of logarithms reduces the misleadingly high growth index
values obtained with very rapidly growing strains and the high bactericidal
index values seen with strains that are almost completely killed. This is also
accomplished semiquantitatively by the Stollerman scale (section 13.2.2), but
use of log, values allows mathematical comparisons of results. Logarithms to
the base 2 can be easily computed on simple calculators using the following
formula:

log, X = log,, X _ log,, X
log,,2  0.301

The growth index of 450 obtained in the preceding example would therefore
be expressed as a log, as follows:

log,, 450 2.653 _
0.301 0.301

log, 450 = 8.8
Thus, this strain grew through nearly nine generations during the 3-hour
rotation.

M serotyping by means of the bactericidal test

The indirect bactericidal test, used primarily for the detection of protective,
type-specific anti-M antibodies, can also be used as the reference method for
verifying the M type of group A streptococci (133). This is a difficult and time-
consuming test and would be used only in very limited circumstances such as
verification of new M types or clarification of conflicting or unexpected re-
sults obtained in routine typing tests. The test is not appropriate for routine
use.

The organization of the test is the same as for antibody detection. The strain
to be tested is combined with high-titre M-type antisera or with appropriate
controls. Blood donors of substandard bactericidal effectiveness are not suit-
able (see Tables 14 and 15).

Evaluating M-protein content using the indirect
bactericidal test

A further use of the indirect bactericidal test is to evaluate strains for their
M-protein content. At present it is the most reliable method available for
definitively determining the presence of this important epidemiological
marker and virulence factor. Although a positive M-type precipitin reaction
in gel diffusion using carefully prepared and tested antisera and proper
controls can be considered evidence of the presence of M protein, there is
always a possibility that an unrelated antigen—antibody reaction could lead to
an erroneous conclusion. The extreme specificity for M protein in the properly
performed and controlled bactericidal test virtually eliminates this problem.

An important application of the bactericidal test in evaluating M-protein
content is in selection of strains for production of M-typing antisera. The
prescreening of strains and the selection only of those with optimal
growth in human blood will maximize the chances of successful antiserum
production.

Strains are frequently erroneously identified in the literature as M negative
when they should be more accurately reported as M non-typable. Lack of a
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reaction with type-specific anti-M sera may be due to absence of M protein.
However, the problem is more likely to be a lack of potent homologous type-
specific antiserum. In this situation, the only way to verify that the strain is
truly M negative is by means of the indirect bactericidal test.
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14. Production of antisera for serological
grouping and serotyping

14.1 Grouping antiserum

Accurate clinical diagnosis of a streptococcal infection depends on accurate
identification of the serological group of the streptococcal strain isolated.
Serological grouping tests have been discussed in detail in section 4. Perfor-
mance of these tests requires a source of potent anti-group polysaccharide
sera; although there are commercial sources available, at times it is advanta-
geous for individual laboratories to prepare their own group-specific antisera.
However, laboratories planning to do this should be aware of the many
variables that can affect the immune response to streptococcal group anti-
gens. Factors of primary importance include the immunization route and
schedule, the physical state of the antigen and host animal genetic factors
(140, 141). The rabbit has historically been the host animal of choice for this
work.

Immunizing strains for group antiserum production can be obtained from the
Prague laboratory (the Czechoslovak National Collection of Type Cultures),
from other streptococcal research laboratories or from national culture collec-
tions such as the American Type Culture Collection in the USA and the
National Culture Type Collection in the UK. The vaccine preparation method
described below is based on that of Osterland et al. (142) and on methods used
at the Centers for Disease Control and Prevention in the USA (143). An
alternative method of vaccine preparation (and immunization) as used in the
Prague laboratory is available on request. The bleeding schedule described is
from the Centers for Disease Control and Prevention.

Equipment and supplies

— Incubator, 35-37°C

— Blood agar plates

— Centrifuge

— Sterile membrane filter, 0.2 um

— Water-baths, 37°C and 56 °C

— McFarland No. 3 turbidity standard (0.3ml of 1% (w/v) BaCl, + 9.7ml 1%
(v/v) H,SO,). Alternatively, use a spectrophotometer.

— Rabbits, New Zealand White (or other breed as available), 2.5-3.5kg

— Syringes, 1ml, with 25-gauge needles

— Equipment and supplies for bleeding rabbits

Reagents

— Reference streptococcal group strains for immunization

— Todd-Hewitt broth

— Sheep blood

— Pepsin solution (1mg/ml pepsin in 0.01ml/1 HCl containing 8.5g/1
NaCl); sterilize by filtration

— Saline, 0.85%

— HCI, concentrated and 0.01mol/1

— NaQOH, 0.01 mol/1
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Vaccine preparation method (groups A, C and G)

1. Grow the reference group strain overnight in Todd-Hewitt broth contain-
ing 5% defibrinated sheep blood.

2. Transfer 2ml of the overnight culture to a 2-litre flask containing 1litre of
Todd-Hewitt broth.

3. Incubate the 1-litre culture for 18-24 hours at 35-37°C and streak onto a
blood agar plate to test for purity.

4. Centrifuge the overnight culture at 1500¢ for 30 minutes and resuspend
cells in 10ml of sterile pepsin solution (hydrochloric acid, 0.01mol/l, in
saline containing pepsin, 1 mg/ml; the solution is filter-sterilized).

5. Adjust the pH to 2.0 using concentrated HCl and incubate in a water-bath
at 37°C for 2 hours.

6. Centrifuge, discard the supernatant and resuspend the cells in 10-15ml of
saline.

7. Wash the cells with normal saline and neutralize with sodium hydroxide,
0.01mol/1. Wash again with saline.

8. Centrifuge as before, resuspend the cells in 10-15ml of saline and heat-
kill at 56 °C for 1 hour in a water-bath.

9. Remove 2ml of the suspension and prepare a Lancefield acid extract or
(preferably) a Fuller extract (see section 4). Test for specificity using
reference antisera. Cross-reactions indicate that the vaccine should be
discarded.

10. Adjust the vaccine concentration with saline such that a 1:10 dilution is
approximately equal to a No. 3 McFarland standard. Alternatively, a 1:20
dilution should have an optical density of approximately 0.4 at 660nm
with a 1-cm path length. If animals die for no apparent reason, dilute the
vaccine 1:2.

11. Plate the suspension to test for sterility.

12. Store the vaccine at 4°C.

Immunization schedule for rabbits

1. Week 1: give three intravenous injections of 0.5 ml of vaccine on successive
days.

2. Weeks 2—-4: give three 1-ml intravenous injections per week on successive
days.

3. Weeks 5: test bleed (small amount) from the ear. If the antibody titre is
satisfactory (distinct precipitin reaction with extracts of the immunizing
strain as well as several strains of the homologous group, and no or
only weak reactions with heterologous reference strains), a large bleed of
up to 50ml may be taken either from the ear or by cardiac puncture. If
the titre is not satisfactory, an additional series of three injections can be
given and the test bleed repeated. If the rabbit has not responded with
satisfactory titres of group-specific antibody after 6 weeks of injections, it
should be rested for a minimum of 2 months before reimmunization is
attempted.

Bleeding schedule

Large quantities of blood may be obtained by alternating bleeding with
booster injections. Bleedings of 50ml can be repeatedly obtained either by
cardiac puncture or from the ear.

1. Week 1: bleed on Wednesday, inject 1ml of vaccine on Thursday and
Friday.
2. Week 2: bleed on Monday and Thursday, inject 1 ml of vaccine on Friday.
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3. Continue alternating weeks as long as the titre and specificity of the serum
remain satisfactory and the rabbit remains in good health. Typically, 2—4
weeks of this alternating bleeding/immunizing schedule are possible
before the quality of the serum begins to decline.

Note: Rabbits that have not responded adequately after the first 6 weeks of
injections will frequently give a much better response if they are rested for 2
months or more and then reimmunized. One report indicated that two-thirds
of rabbits immunized with group A vaccine showed a significant increase in
antibody titre following a second series of immunizations (140). The immune
response usually occurs much earlier in the second series of injections; the
first test bleed should therefore be done after 2 weeks of injections. The second
immunization series should begin with three 0.5-ml injections given subcuta-
neously in the first week followed by three 0.5-ml intravenous injections in
the second week. If the serum is not satisfactory at this point, the volume of
subsequent intravenous injections should be increased to 1ml, as used during
the initial immunization series.

T-agglutination antiserum

Preparation of T-agglutination antisera is complicated by the fact that crude
antisera always contain nonspecific as well as specific anti-T antibodies, and
by the difficulty in discriminating T-dependent from nonspecific agglutina-
tion. Production of a monospecific antiserum therefore frequently requires
multiple absorptions to remove unwanted antibodies. Also, standardization
of antibody titre is of greater importance with T-agglutination antisera than
with either group or M-type antisera. The method described below is sum-
marized from Moody et al. (93) and is based on methods originally used at
the Streptococcus Reference Laboratory, Central Public Health Laboratory,
London, England. Streptococcal strains for producing T-agglutination antis-
era can be obtained from the Prague laboratory as can additional methods for
antiserum production. Antisera are also available commercially from several
sources.

Equipment and supplies

— Incubator, 30°C and 35-37°C

— Blood agar plates

— Centrifuge

— Rabbits, New Zealand White (or other breed as available), 2.5-3.5kg
— Syringes, 1ml, with 25-gauge needles

— Equipment and supplies for bleeding rabbits

Reagents

— Reference streptococcal strain(s) for immunization and for testing sera
after immunization

— Todd-Hewitt broth

— Trypsin, 1:250-1:300

— Phosphate buffer, 0.01mol/1, pH 7.8

— Saline, 0.85%

— Formaldehyde, 37%

— Standard T antisera

Vaccine preparation

1. Inoculate a single colony of the immunizing strain into 5ml of Todd-
Hewitt broth and grow for 4 hours at 37 °C.
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Transfer 1ml into 220ml of Todd-Hewitt broth containing 1% trypsin
(prepared using trypsin 1:250-300).

Incubate overnight at 30°C.

Test the culture for purity by plating on a blood agar plate.

Collect the cells by centrifugation at 1500g for 30 minutes and resuspend
in phosphate buffer, 0.01mol/1, pH 7.8, containing 5% trypsin.

Incubate overnight at room temperature.

Centrifuge as above, wash the cells six times with 0.85% saline and resus-
pend in 25ml of saline containing 3% formalin.

Test for sterility after 2-3 hours at room temperature. Test for activity
using standard T-antisera. Store at 4 °C.

Before use, centrifuge as above and replace half of the liquid with fresh
saline to reduce the formalin concentration.

Immunization and bleeding schedule for rabbits

1.
2.

3.

Week 1: inject one 0.5-ml dose of vaccine intravenously.

Weeks 2-5: beginning 5 days after the injection of the previous week, inject

0.5-1.0ml intravenously on each of three consecutive days.

Test bleed 6-10 days after the last injection and test for agglutination

activity.

(@) If activity is present, absorb a 1:5 dilution of the serum with “T6
glossy” cells (see below) and test the reaction.

(b) If a good reaction (=2+) is obtained with a 1:160 serum dilution, bleed
60—80ml. Bleedings can continue at intervals of 2-7 days as long as the
antibody titre is maintained.

(c) If the titre is too low, continue weekly injections and test bleedings for
up to 8 weeks.

Absorption of antisera

1.

Prepare the absorbing cell suspension.

(@) Inoculate the absorbing strain (see step 9) into 2 litres of Todd-Hewitt
broth and grow at 37°C for 48 hours.

(b) Plate the suspension for purity and heat-kill in a water-bath at 60°C
for 30 minutes.

(c) Allow the suspension to settle overnight at 4°C. Plate again to check
sterility.

(d) Centrifuge at 1500g for 30 minutes and wash three times in 0.85%
saline.

(e) Resuspend the cells in 20ml of phosphate buffer, pH 7.8, and boil for
1 hour.

(f) Centrifuge as above and dispense in volumes containing approxi-
mately 1 part packed cells to 4 parts phosphate buffer and store at
4°C.

Prepare the absorbing cells by washing twice with 0.85% saline.

Remove the supernatant saline by centrifugation as above and mix 1

volume of cells with 3 volumes of serum.

Incubate at room temperature for 30 minutes.

Centrifuge as above and decant the serum.

Test by slide agglutination using a preparation of the absorbing strain. If

agglutination occurs, repeat the absorption.

Dilute the absorbed serum with saline and test the homologous reaction.

The titre should be 2160 for satisfactory use..

. Testa 1:5 dilution of the absorbed serum against all heterologous T types.

If heterologous agglutination occurs, an attempt should be made to re-
move the reaction by absorption with the cross-reacting strain.
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9. All antisera are routinely absorbed first with strain Té6 glossy (except for
Té6 antisera, which must be absorbed with another strain). Most antisera
give satisfactory results with this absorption alone.

10. Special absorptions may be useful for the following types:
— types 5, 11, 12, 27 and 44 require special absorption methods as de-
scribed below;
— type 3 requires absorption with types 13 and/or B3264;
— type 9 requires absorption with type 18;
— type 13 requires absorption with type 3 and/or B3264;
— type 14 requires absorption with type 49 and vice versa.

Preparation of absorbing antigen for types 5, 11, 12, 27, 44 and
types 14 and 49 (refs 144, 145)

1. Grow absorbing strains in 2litres of 0.5% glucose nutrient broth at 30°C
for 48 hours.

2. Plate the cultures to test for purity.

3. Heat-kill the cells at 80 °C for 10 minutes and allow to stand overnight.

4. Centrifuge at approximately 1500¢ for 30 minutes, wash twice in 0.85%
saline and resuspend in 21.6 ml of phosphate buffer, pH 7.8, and 2.4ml of
1% trypsin.

5. Adjust the pH to 8.2 using NaOH and heat at 50°C for 2 hours with
mixing every 30 minutes.

6. Centrifuge as above and remove the clear supernatant fluid.

7. Adjust the pH of the supernatant to 2.5 using hydrochloric acid, 1mol/1,
and hold overnight at 4°C; heavy precipitation occurs. The deposit ob-
tained by centrifugation is the absorbing antigen (T precipitate).

8. Mix 4ml of serum diluted 1:5 with buffer, pH 7.8 (previously absorbed
with Té glossy), with dry T precipitate from 2 litres of culture.

9. Incubate at 37°C for 2 hours, then at 4°C overnight.

10. Centrifuge as above to remove any precipitate and test for cross-reactions
by agglutination.
11. The following absorptions are usually carried out:
~— T5 serum with T11 and T12
— T11 serum with T5 and T12
— T12 serum with T11 or T27
— T27 serum with T11 and T12
~— T44 serum with T11 and T12
— T14 serum with T49
— T49 serum with T14

Preparation of T-serum pools

Monospecific T antisera should be combined into pools in combinations as
described in section 6. The serum dilutions used should be such that the
strength of the agglutination reaction obtained with the pool is similar to the
strength of the reaction subsequently obtained with the monospecific anti-
serum. Monospecific antisera are commonly used at a dilution of 1:5 or 1:10.

M-typing antiserum

Production of M-typing antisera can be among the most difficult tasks in
streptococcal microbiology. Some streptococcal strains, especially those that
are negative for opacity factor, may be relatively good immunogens and
produce good antibody responses in rabbits. However, many produce only
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weak responses or no specific responses even after prolonged periods of
immunization. Many factors play a role in the success of this endeavour, and
a number of papers have been written describing protocols that may improve
the anti-M protein response rate. Of prime importance are factors such as the
M protein content of the vaccine strain, the method used to prepare the
vaccine, and the immunization route and schedule. Methods for enhancing
the amount of M protein carried by a strain have been described. These
include the classical mouse passage as well as a more recent, and somewhat
simpler, method (“blood rotation”) mentioned in section 13.1.1, which in-
volves rotating the strain in human blood with or without dilute homologous
M-type-specific antibody (131, 132). Modifications in vaccine preparations or
immunization protocols have also been reported to improve the success of
antiserum production (146-149). No significant differences in anti-M protein
response rates have been observed in different breeds of rabbits (150).

Most researchers preparing anti-M protein sera have used a modification of
the method developed by Lancefield (93, 143, 151, 152). The antiserum pro-
duction method described below is based on these methods. A number of
methods have also been described for the absorption of M-typing antisera (93,
143,151,153, 154). The absorption methods described at the end of this section
are those used by the Prague laboratory.

Equipment and supplies

— Incubator, 35-37°C

— Blood agar plates

— Centrifuge

— Water-baths, 56 °C and 60°C

— Steam-bath

— Rabbits, New Zealand White (or other breed as available), 2.5-3.5kg
— Syringes, 1ml, with 25-gauge needles

— Equipment and supplies for bleeding rabbits

Reagenis

— Reference streptococcal strain(s) for immunization and for testing sera
after immunization

— Todd-Hewitt broth

— Saline, 0.85%

— Phosphate buffer, 0.15mol/1, pH 7.8

Vaccine preparation

1. Select strains for vaccine that have been shown to be M positive by their
ability to grow in normal human blood (see section 13).

2. Inoculate 500ml of Todd-Hewitt broth with a logarithmic growth phase

culture of the vaccine strain.

Incubate the culture at 35-37 °C overnight.

4. Centrifuge at 1500¢ for 30 minutes and resuspend cells in approximately

50ml of 0.85% saline.

Plate the suspension to test for purity.

Heat-kill the streptococci at 56 °C for 30 minutes.

7. Plate the suspension to test for sterility; if necessary repeat heat
inactivation.

8. Remove 5ml of the suspension and prepare an acid extract. Test the extract
for M protein in a precipitin test (if control sera are available).

W

o
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9.

If the vaccine is sterile and has adequate M protein, store at 4°C until
needed.

Immunizing and bleeding schedule for rabbits

Week 1: inject 0.5ml of vaccine intravenously as a sensitizing dose.
Weeks 2—4: beginning 5 days after the sensitizing dose, inject 1.0ml intra-
venously on each of three consecutive days.

Week 5: test bleed 5 days after the last injection. Collect serum and test for
precipitin activity. If this is done in capillary tubes, refined extracts from
which group substance has been removed must be used (93). If the
Ouchterlony double-diffusion test is employed, standard Lancefield ex-
tracts can be used (see section 7).

If the response is satisfactory, the rabbit can be bled following the schedule
given in section 14.1 for production of grouping antiserum.

If the response is not satisfactory, immunizations should continue follow-
ing the schedule for weeks 2-4. Test bleed each week. If a satisfactory
response is not obtained after 7 weeks, the immunizations should be
stopped and the rabbit reimmunized after a rest of 2-3 months. Subse-
quent immunization should follow the schedule given for production of
grouping antiserum (see section 14.1).

If the Ouchterlony double-diffusion test is used for typing, each crude
antiserum that reacts with the homologous extract must be checked for
reactions with M extracts of all available types as well as with group A
polysaccharide. Cross-reacting antisera require absorption. For the capil-
lary precipitin test only absorbed antisera can be used.

Absorption of M-typing antisera
Method A

1.

Inoculate the strain used for absorption into 2 litres of Todd-Hewitt broth
and incubate at 37 °C for 48 hours. Strains T6 glossy and “T25 Matthews”
are routinely used for the first absorption.

Check the strain for purity, heat at 60°C for 30 minutes and centrifuge at
1500¢ for 30 minutes or leave overnight to settle.

Draw off the supernatant and wash the cells three times in saline.
Resuspend the cells in one-tenth of the original volume of phosphate
buffer (0.15mol/1), pH 7.8.

. Heat at 100°C for 1 hour and store at 4°C as the stock suspension.
. Wash the desired volume of the stock suspension from step 5 twice in

saline.

. Pack the cells tightly by centrifuging as above and draw off the super-

natant.

. To one volume of cells add three volumes of antiserum.
. Shake well and leave at room temperature for 30 minutes.
. Centrifuge as above to remove the cells and test the antiserum either in

capillaries or using the double-diffusion test with extracts of all available
types. Some antisera need further absorption with other heterologous
strains.

Method B

If the double-diffusion test is used for typing, the following method for
absorption of sera, based on a procedure described by Schmidt (155), can be
used to great advantage.
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1. Dissolve a freeze-dried hydrochloric acid extract of the heterologous
(cross-reaction) strain with one-half of its original volume of the antiserum
to be absorbed.

2. Types M58, M49, M25, M9 or M2 are usually used because they yield the

most frequent cross-reactions.

Incubate this mixture for 2 hours at 37°C and then overnight at 4°C.

4. Centrifuge at 1500¢ for 30 minutes to remove any precipitate and test
(double-diffusion) with all available hydrochloric acid extracts.

W

Opacity-factor typing antiserum

As indicated in section 8, inhibition of the serum opacity reaction has become
a valuable tool for the streptococcal epidemiologist. A number of researchers
have found that human sera frequently contain antibodies to streptococcal
opacity factor and that these antibodies can be used satisfactorily in
serotyping tests (100, 108-111, 156). The primary disadvantage of the use of
human serum is that multiple antibodies are nearly always present. There-
fore, it is never possible to rely on inhibition by a single human serum to
identify the opacity-factor type of an unknown strain. Use of monospecific
hyperimmune animal sera is preferred whenever possible, and a number of
methods have been described for producing these sera (100, 104, 112, 157,
158). Although a number of researchers have used rabbits for the production
of opacity factor antibodies, improved success has been reported using
guinea-pigs (157). This method is described below.

Vaccine preparation

1. Prepare enriched Todd-Hewitt broth.

(1) Supplement with an additional 2% (w/v) neopeptone.

(b) Buffer with the addition of disodium hydrogen phosphate dihydrate,
0.74g/1 of Todd-Hewitt broth, and sodium dihydrogen phosphate
dihydrate, 0.13g/1 of Todd-Hewitt broth.

() Adjust the pH to 7.4 and sterilize by autoclaving for 5 minutes at
115°C.

2. Inoculate 250ml of enriched Todd-Hewitt broth with 5ml of logarithmic
growth phase culture of vaccine strain and grow for 18 hours at 35-37°C.

3. Centrifuge at 1500¢ for 30 minutes and wash the cells three times with

0.85% saline.

Resuspend the cells in 25ml of phosphate buffer, 0.1mol/1, pH 7.8.

Remove 5ml for preparation of a Lancefield acid extract (see section 7).

Plate the suspension to test for purity.

Heat-kill the vaccine at 56°C for 30 minutes. Cool and plate again to test

for sterility. If necessary, repeat heat inactivation.

Test the vaccine for opacity factor content by spotting a drop of the

Lancefield extract on a horse or pig serum agar plate or by testing by the

microtitre plate method (see sections 8.3 and 8.6).

NG

®

Immunization and bleeding schedule

1. Use white Dunkin-Hartley guinea-pigs, 450-500g in weight.

2. Week 1: inject 0.25ml of vaccine subcutaneously under the loose skin at the
back of the neck.

3. Week 2:5 days after the sensitizing dose, inject 0.25ml subcutaneously and
0.5ml intraperitoneally.

4. Weeks 3-5: inject 0.25 ml subcutaneously and 0.5 ml intraperitoneally once
weekly.
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5. Week 6: test bleed. If the response is unsatisfactory, the immunization
schedule given for weeks 3-5 can be continued for up to 8 weeks.

6. If no response occurs after 8 weeks, rest the animal for 2 weeks and then
reimmunize for an additional 4 weeks following the schedule given in step
4 for weeks 3-5.

7. Check antisera that react with homologous antigen (supernatant, extract)
for specificity with all available opacity factor types. Discard cross-react-
ing antisera (these occur only rarely). High-titre anti-opacity factor sera
may satisfactorily be used diluted with 0.85% saline.

104



References

~

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

. Kaplan EL. The group A streptococcal upper respiratory tract carrier state: an

enigma. Journal of pediatrics, 1980, 97:337-345.

. Rheumatic fever and rheumatic heart disease. Report of a WHO Study Group.

Geneva, World Health Organization, 1988 (WHO Technical Report Series, No.
764).

. Kaplan EL. T. Duckett Jones Memorial Lecture. Global assessment of rheumatic

fever and rheumatic heart disease at the close of the century. The influences and
dynamics of population and pathogens: a failure to realize prevention? Circula-
tion, 1993, 88:1964-1972.

. Wannamaker LW. Perplexity and precision in the diagnosis of streptococcal

pharyngitis. American journal of diseases of children, 1972, 124:352-358.

. Stevens D et al. Factors controlling host range and pathogenesis of group

A streptococcal infections. In: Verduin C et al., eds. Constitutional resistance to
infection. Austin, TX, R.G. Landes, 1995:15-24.

. Fischetti VA. Streptococcal M protein: molecular design and biological behavior.

Clinical microbiology reviews, 1989, 2:285-314.

. Fischetti VA. Streptococcal M protein. Scientific American, June 1991, 264:58-65
. Schrack WD Jr et al. Four streptococcal infections traced to anal carrier. Pennsyl-

vania medicine, 1979, 82:35-36.

. Berkelman RL et al. Streptococcal wound infections caused by a vaginal carrier.

Journal of the American Medical Association, 1982, 247:2680-2682.

Stuart RD. Transport medium for specimens in public health bacteriology. Public
health reports, 1959, 74:431-438.

Hollinger NF, Lindberg BH. Delayed recovery of streptococci from throat swabs.
American journal of public health, 1958, 48:1162-1169.

Hollinger NF et al. Transport of streptococci on filter paper strips. Public health
reports, 1960, 75:251-259.

McFarland RB et al. An evaluation of methods for culturing group A streptococci
from the pharynx. Public health reports, 1965, 80:598-602.

Redys JJ, Hibbard EW, Borman EK. Improved dry-swab transportation for strep-
tococcal specimens. Public health reports, 1968, 83:143-149.

Updyke EL, Nickle MI. A dehydrated medium for the preparation of type
specific extracts of group A streptococci. Applied microbiology, 1954, 2:117-
118.

Swift HF. The streptococci. In: Dubos R], ed. Bacterial and mycotic infections of man.
Philadelphia, Lippincott, 1948:286.

Elliott SD. A proteolytic enzyme produced by group A streptococci with special
reference to its effects on the type-specific M-antigen. Journal of experimental
medicine, 1945, 81:573-592.

Elliott SD, Dole VP. An inactive precursor to streptococcal proteinase. Journal of
experimental medicine, 1947, 85:305-320.

Ball LC. The influence of neopeptone on the formation of M-antigen by group A
streptococci in culture. Medical laboratory technology, 1971, 29:18-26.

Vincent WF, Lisiewski KJ. Improved growth medium for group A streptococci.
Applied microbiology, 1969, 18:954-955.

Pike RM. An enrichment broth for isolating hemolytic streptococci from throat
swabs. Proceedings of the Society for Experimental Biology and Medicine, 1944,
57:186-187.

Nakamizo Y, Sato M. New selective media for the isolation of Streptococcus
hemolyticus. American journal of clinical pathology, 1972, 57:228-235.

Ellner PD et al. A new culture medium for medical bacteriology. American journal
of clinical pathology, 1966, 45:502-504.

Petts DN. Colistin-oxolinic acid-blood agar: a new selective medium for strepto-
cocci. Journal of clinical microbiology, 1984, 19:4-7.

Gunn BA et al. Selective and enhanced recovery of group A and B streptococci

105



REFERENCES |

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44.

45.

46.

47.

48.

49.

from throat cultures with sheep blood agar containing sulfamethoxazole and
trimethoprim. Journal of clinical microbiology, 1977, 5:650-655.

Tolliver PR, Roe MH, Todd JK. Detection of group A Streptococcus: comparison of
solid and liquid culture media with and without selective antibiotics. Pediatric
infectious disease journal, 1987, 6:515-519.

Kaplan EL et al. Significance of quantitative salivary cultures for group A and
non-group A B-hemolytic streptococci in patients with pharyngitis and in their
family contacts. Pediatrics, 1979, 64:904-912.

McCarty M. The hemolytic streptococci. In: Dubos R], Hirsch JG, ed. Bacterial and
mycotic infections of man. Philadelphia, Lippincott, 1965: 356-390.

Pinney AM, Widdowson JP, Maxted WR. Inhibition of B-haemolysis by opacity
factor in group A streptococci. Journal of hygiene, 1977, 78:355-362.

James L, McFarland RB. An epidemic of pharyngitis due to a nonhemolytic group
A streptococcus at Lowry Air Force Base. New England journal of medicine, 1971,
284:750-752.

Colebrook L et al. Infection by non-haemolytic group-A streptococci. Lancet, 1942,
ii:30-31.

Coleman G, Williams REO. Taxonomy of some human viridans streptococci. In:
Wannamaker LW, Matsen ]M, eds. Streptococci and streptococcal diseases: recogni-
tion, understanding and management. New York, Academic Press, 1972:282-299.
Parker MT, Ball LC. Streptococci and aerococci associated with systemic infection
in man. Journal of medical microbiology, 1976, 9:275-302.

Ball LC, Parker MT. The cultural and biochemical characteristics of Streptococcus
milleri strains isolated from human sources. Journal of hygiene, 1979, 82:63-78.
Facklam RR. The major differences in the American and British Streptococcus
taxonomy schemes with special reference to Streptococcus milleri. European journal
of clinical microbiology, 1984, 3:91-93.

Facklam RR, Carey RB. Streptococci and aerococci. In: Lennette EH et al., eds.
Manual of clinical microbiology, 4th ed. Washington, DC, American Society for
Microbiology, 1985:154-175.

Whiley RA, Beighton D. Emended descriptions and recognition of Streptococcus
constellatus, Streptococcus intermedius, and Streptococcus anginosus as distinct spe-
cies. International journal of systematic bacteriology, 1991, 41:1-5.

Chapman S5, Johnson DR, Dudding BA. Group A beta hemolytic streptococci
growing as satellite colonies. Bacteriological proceedings, 1969, 72.

Chapman SS. Unusual group A streptococci: colonial appearance and hemolysis.
In: Wannamaker LW, Matsen JM, eds. Streptococci and streptococcal diseases: recog-
nition, understanding and management. New York, Academic Press, 1972:211-233.
Kocka FE et al. Nutritionally variant Streptococcus pyogenes from a periorbital
abscess. Journal of clinical microbiology, 1987, 25:736-737.

Johnson DR, Kaplan EL, Ferrieri P. Pharyngitis-associated M-12 group A strepto-
coccus satellite strain: association with Neisseria subflava. Pediatric infectious disease
journal, 1989, 8:800—-802.

Rammelkamp CH, Dingle JH. Pathogenic streptococci. Annual review of microbiol-
ogy, 1948, 2:279-304.

Gerber MA et al. Antigen detection test for streptococcal pharyngitis: evaluation
of sensitivity with respect to true infections. Journal of pediatrics, 1986, 108:654—
658.

Facklam RR, Edwards LR. A reference laboratory’s investigations of proposed M-
type strains of Streptococcus pyogenes, capsular types of S. agalactine, and new
group antigens of streptococci. In: Parker MT, ed. Pathogenic streptococci.
Chertsey, England, Reedbooks, 1979:251-253.

Moody MD et al. Fluorescent antibody identification of group A streptococci
from throat swabs. American journal of public health, 1963, 53:1083-1092.

Kellogg JA et al. Performance of an enzyme immunoassay test and anaerobic
culture for detection of group A streptococci in a pediatric practice versus a
hospital laboratory. Journal of pediatrics, 1987, 111:18-21.

Maxted WR. Preparation of streptococcal extracts for Lancefield grouping.
Lancet, 1948, ii:255-256.

Ederer GM et al. Rapid extraction method with pronase B for grouping beta-
hemolytic streptococci. Applied microbiology, 1972, 23:285-288.

Maxted MR. The active agent in nascent phage lysis of streptococci. Journal of
general microbiology, 1957, 16:584-595.

106



REFERENCES . ________________________________________________________________]

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Dajani AS. Rapid identification of beta hemolytic streptococci by counter-
immuno-electrophoresis. Journal of immunology, 1973, 110:1702-1705.

Maxted WR. The use of bacitracin for identifying group A haemolytic strepto-
cocci. Journal of clinical pathology, 1953, 6:224-226.

Coleman DJ, McGhie D, Tebbutt GM. Further studies on the reliability of the
bacitracin inhibition test for the presumptive identification of Lancefield group A
streptococci. Journal of clinical pathology, 1977, 30:421-426.

Godsey ], Shulman R, Eriguer L. The hydrolysis of L-pyrrolidinoyl-
naphthylamide as an aid in the rapid identification of Streptococcus pyogenes,
S. avium and group D enterococci. In: Annual Meeting of the American Society
for Microbiology, C-84. Washington, DC, American Society for Microbiology,
1981:276.

Facklam RR et al. Presumptive identification of streptococci with a new test
system. Journal of clinical microbiology, 1982, 15:987-990.

Kaufhold A, Lutticken R, Schwien U. Few-minutes tests for the identification of
group A streptococci and enterococci with chromogenic substrates. International
journal of medical microbiology, 1989, 272:191-195.

Fuller AT. The formamide method for the extraction of polysaccharides from
haemolytic streptococci. British journal of experimental pathology, 1938, 19:130-139.
Lancefield RC. A serological differentiation of human and other groups of
hemolytic streptococci. Journal of experimental medicine, 1933, 57:571-595.

El Kholy A, Wannamaker LW, Krause RM. Simplified extraction procedure for
serological grouping of beta-hemolytic streptococci. Applied microbiology, 1974,
28:836—-839.

Rantz LA, Randall E. Use of autoclaved extracts of hemolytic streptococci for
serological grouping. Stanford medical bulletin, 1955, 13:290-291.

Lancefield RC. A micro precipitin-technique for classifying hemolytic strepto-
cocci, and improved methods for producing antisera. Proceedings of the Society for
Experimental Biology and Medicine, 1938, 38:473—478.

Williams REO. Laboratory diagnosis of streptococcal infections. Bulletin of the
World Health Organization, 1958, 19:153-176.

Ouchterlony O. Antigen-antibody reactions in gels. IV. Types of reactions in
coordinated systems of diffusion. Acta pathologica et microbiologica Scandinavica,
1953, 32:231-240.

Gerber MA et al. Latex agglutination tests for rapid identification of group
A streptococci directly from throat swabs. Journal of pediatrics, 1984, 105:702—
705.

Christensen P et al. New method for the serological grouping of Streptococci with
specific antibodies adsorbed to protein A-containing staphylococci. Infection and
immunity, 1973, 7:881-885.

Lieu TA, Fleisher GR, Schwartz JS. Cost-effectiveness of rapid latex agglutination
testing and throat culture for streptococcal pharyngitis. Pediatrics, 1990, 85:246-
256.

Wilkinson HW. Comparison of streptococcal R antigens. Applied microbiology,
1972, 24:669-670.

Skjold SA, Wahnamaker LW. Method for phage typing group A type 49 strepto-
cocci. Journal of clinical microbiology, 1976, 4:232-238.

Skjold SA et al. Type 49 Streptococcus pyogenes: phage subtypes as epidemiological
markers in isolates from skin sepsis and acute glomerulonephritis. Journal of
hygiene, 1983, 91:71-76.

Tagg JR, Bannister LV. “Fingerprinting” f-haemolytic streptococci by their pro-
duction of and sensitivity to bacteriocine-like inhibitors. Journal of medical micro-
biology, 1979, 12:397-411.

Tagg JR, Martin DR. Evaluation of a typing scheme for group A streptococci
based upon bacteriocin-like inhibitor production. Zentralblatt fiir Bakteriologie,
Mikrobiologie und Hygiene [A], 1984, 257:60-67.

Tagg JR. Production of bacteriocin-like inhibitors by group A streptococci of
nephritogenic M types. Journal of clinical microbiology, 1984, 19:884—887.

Cleary PP.et al. DNA fingerprints of Streptococcus pyogenes are M type specific.
Journal of infectious diseases, 1988, 158:1317-1323.

Cleary PP et al. Clonal basis for resurgence of serious Streptococcus pyogenes
disease in the 1980s. Lancet, 1992, 339:518-521.

Single LA, Martin DR. Clonal differences within M-types of the group A Strepto-

107



REFERENCES L

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

coccus revealed by pulsed field gel electrophoresis. FEMS microbiology letters,
1992, 70:85-89.

Bingen E et al. Mother-to-infant vertical transmission and cross-colonization of
Streptococcus pyogenes confirmed by DNA restriction fragment length polymor-
phism analysis. Journal of infectious diseases, 1992, 165:147-150.

Bingen E et al. DNA restriction fragment length polymorphism differentiates
recurrence from relapse in treatment failures of Streptococcus pyogenes
pharyngitis. Journal of medical microbiology, 1992, 37:162-164.

Seppala H et al. Evaluation of methods for epidemiologic typing of group A
streptococci. Journal of infectious diseases, 1994, 169:519-525.

Kaufhold A et al. M protein gene typing of Streptococcus pyogenes by
nonradioactively labeled oligonucleotide probes. Journal of clinical microbiology,
1992, 30:2391-2397.

Selander RK et al. Methods of multilocus enzyme electrophoresis for bacterial
population genetics and systematics. Applied and environmental microbiology, 1986,
51:873-884.

Musser JM et al. Streptococcus pyogenes causing toxic-shock-like syndrome and
other invasive diseases: clonal diversity and pyrogenic exotoxin expression.
Proceedings of the National Academy of Sciences of the United States of America, 1991,
88:2668-2672.

Musser JM et al. Streptococcus pyogenes pharyngitis: characterization of strains by
multilocus enzyme genotype, M and T protein serotype, and pyrogenic exotoxin
gene probing. Journal of clinical microbiology, 1992, 30:600-603.

Maggee JT et al. Epidemiological typing of Streptococcus pyogenes by
pyrolysis mass spectrometry. Journal of medical microbiology, 1989, 30:273-
278.

Maggee JT, Hindmarch JM, Nicol CD. Typing of Streptococcus pyogenes by pyro-
lysis mass spectrometry. Journal of medical microbiology, 1991, 35:304-306.

Relf WA, Martin DR, Sriprakash KS. Identification of sequence types among the
M-nontypeable group A streptococci. Journal of clinical microbiology, 1992,
30:3190-3194.

Relf WA, Martin DR, Sriprakash KS. Antigenic diversity within a family of M
proteins from group A streptococci: evidence for the role of frameshift and
compensatory mutations. Gene, 1994, 144:25-30.

Whatmore AM et al. Non-congruent relationships between variation in emm gene
sequences and the population structure of group A streptococci. Molecular micro-
biology, 1994, 14:619-631.

Beall B, Facklam R, Thompson T. Sequencing emm-specific PCR products for
routine and accurate typing of group A streptococci. Journal of clinical microbiol-
ogy, 1996, 34:953-958.

Wang G et al. RAPD (arbitrary primer) PCR is more sensitive than multilocus
enzyme electrophoresis for distinguishing related bacterial strains. Nucleic acids
research, 1993, 21:5930-5933.

Welsh J, McClelland M. Fingerprinting genomes using PCR with arbitrary prim-
ers. Nucleic acids research, 1990, 18:7213-7218.

Carapetis J et al. Multiple strains of Streptococcus pyogenes in skin sores of aborigi-
nal Australians. Journal of clinical microbiology, 1995, 33:1471-1472.

Gardiner D et al. Vir typing: a long-PCR typing method for group A streptococci.
PCR methods and applications, 1995, 4:288-293.

Griffith F. The serological classification of Streptococcus pyogenes. Journal of
hygiene, 1934, 34:542-584.

Moody MD et al. Epidemiologic characterization of group A streptococci by T-
agglutination and M-precipitation tests in the public health laboratory. Health
laboratory science, 1965, 2:149-162.

Efstratiou A. Preparation of Streptococcus pyogenes suspensions for typing by the
agglutination method. Medical laboratory science, 1980, 37:361-363.

Johnson DR, Kaplan EL. A review of the correlation of T-agglutination patterns
and M-protein typing and opacity factor production in the identification of group
A streptococci. Journal of medical microbiology, 1993, 38:311-315.

Lancefield RC. The antigenic complex of Streptococcus haemolyticus. 1. Demonstra-
tion of a type-specific substance in extracts of Streptococcus haemolyticus. Journal of
experimental medicine, 1928, 47:91-103.

Michael JG, Massell BF. Use of unabsorbed antisera in gel diffusion for grouping

108



REFERENCES ]

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

and typing hemolytic streptococci. Journal of laboratory and clinical medicine, 1965,
65:322-328.

Rotta J et al. New approaches for the laboratory recognition of M types of group
A streptococci. Journal of experimental medicine, 1971, 134:1298-1315.

Swift HF, Wilson AT, Lancefield RC. Typing group A hemolytic streptococci by
M precipitin reactions in capillary pipettes. Journal of experimental medicine, 1943,
78:127-133.

Krumwiede E. Studies on a lipoproteinase of group A streptococci. Journal of
experimental medicine, 1954, 100:629-639.

Rowen R. The release of cholesterol esters from serum lipoproteins by extracts
of certain group A streptococci. Journal of experimental medicine, 1961, 114:807-
823.

Rowen R, Martin J. Enhancement of cholesterol esterification in serum by an
extract of group-A streptococcus. Biochimica et biophysica acta, 1963, 70:396-405.
Saravani GA, Martin DR. Opacity factor from group A streptococci is an
apoproteinase. FEMS microbiology letters, 1990, 68:35-39.

Top FH Jr, Wannamaker LW. The serum opacity reaction of Streptococcus
pyogenes. The demonstration of multiple, strain-specific lipoproteinase antigens.
Journal of experimental medicine, 1968, 127:1013-1034.

Widdowson JP, Maxted WR, Grant DL. The production of opacity in serum by
group A streptococci and its relationship with the presence of M antigen. Journal
of general microbiology, 1970, 61:343-353.

Gooder H. Association of a serum opacity reaction with serological type in
Streptococcus pyogenes. Journal of general microbiology, 1961, 25:347-352.

Top FH Jr, Wannamaker LW. The serum opacity reaction of Streptococcus
pyogenes: frequency of production of streptococcal lipoproteinase by strains of
different serological types and the relationship to M protein production. Journal
of hygiene, 1968, 66:49-58.

Maxted WR, Widdowson JP, Fraser CAM. Antibody to streptococcal opacity
factor in human sera. Journal of hygiene, 1973, 71:35-42.

Iontova IM, Totolian AA. Lipoproteinase of group A streptococci and the anti-
bodies in human sera. Zentralblatt fiir Bakteriologie [A], 1975, 233:452—-463.
Johnson DR, Kaplan EL. Microtechnique for serum opacity factor characteriza-
tion of group A streptococci adaptable to the use of human sera. Journal of clinical
microbiology, 1988, 26:2025-2030.

Prakash K, Dutta S. Antibodies to streptococcal opacity factor in a selected Indian
population. Journal of medical microbiology, 1991, 34:119-124.

Maxted WR et al. The use of the serum opacity reaction in the typing of group-A
streptococci. Journal of medical microbiology, 1973, 6:83-90.

Wannamaker LW, Ayoub EM. Antibody titers in acute rheumatic fever. Circula-
tion, 1960, XXI:598-614.

Todd E. Antigenic streptococcal hemolysis. Journal of experimental medicine, 1932,
55:267-280.

Ferrieri P. Immune response to streptococcal infections. In: Rose NR, Friedman
H, Fahey JL, eds. Manual of clinical laboratory immunology, 3rd ed. Washington,
DC, American Society for Microbiology, 1986:336-341.

Kaplan EL, Wannamaker LW. Streptolysin O: suppression of its antigenicity by
lipids extracted from skin. Proceedings of the Society for Experimental Biology and
Medicine, 1974, 147:205-208.

Hallén J. Non-specific streptolysin O inhibition in diseases of the liver and biliary
system. Acta pathologica et microbiologica Scandinavica, 1963, 57:301-306.

Updyke EL, Conroy E. Clarification of serum for storage in liquid of lyophile
state. Journal of bacteriology, 1956, 72:277-278.

Halbert SP. Streptolysin O. In: Monti TC, Kadis S, Ajl S], eds. Microbial toxins, Vol.
III. New York, Academic Press, 1970:69-98.

Liao SJ. A modification of the antistreptolysin test. Journal of laboratory and clinical
medicine, 1951, 38:648-659.

Gooder H. Antistreptolysin-O: its interaction with streptolysin-O, its titration
and a comparison of some standard preparations. Bulletin of the World Health
Organization, 1961, 25:173-183.

Hodge B, Swift H. Varying hemolytic and constantly combining capacity of
streptolysins: influence on testing for antistreptolysins. Journal of experimental
medicine, 1933, 58:277-287.

109



REFERENCES 1

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

137.

138.

139.

140.

141.

142.

143.

144.

Edwards EA. Protocol for micro antistreptolysin O determinations. Journal of
bacteriology, 1964, 87:1254-1255.

Nelson ], Ayoub EM, Wannamaker LW. Streptococcal anti-desoxyribonuclease B:
microtechnique determination. Journal of laboratory and clinical medicine, 1968,
71:867-873.

Klein GC et al. Micro test for streptococcal anti-deoxyribonuclease B. Applied
microbiology, 1969, 18:204—206.

Special Writing Group of the Committee on Rheumatic Fever, Endocarditis, and
Kawasaki Disease of the Council on Cardiovascular Disease in the Young of the
American Heart Association. Guidelines for the diagnosis of rheumatic fever.
Jones Criteria, 1992 update. Journal of the American Medical Association, 1992,
268:2069-2073.

Slechta TF, Gray ED. Isolation of streptococcal nuclease B by batch adsorption.
Journal of clinical microbiology, 1975, 2:528-530.

Harris S, Harris TN. The measurement of neutralizing antibodies to streptococcal
hyaluronidase by a turbidimetric method. Journal of immunology, 1949, 63:233—
247.

McClean D. Studies on diffusing factors. 2. Methods of essays of hyaluronidase
and their correlation with skin diffusing activity. Biochemistry journal, 1943,
37:169-177.

Hallas G, Widdowson JP. Antibody to hyaluronidase of streptococci of
Lancefield groups C and G. In: Holm SE, Christensen P, eds. Basic concepts of
streptococci and streptococcal diseases: proceedings of the VIII International Sympo-
sium on Streptococci and Streptococcal Diseases, held in June 1981. Chertsey,
England, Reedbooks, 1982:181-183.

Becker CG. Selection of group A streptococci rich in M-protein from populations
poor in M-protein. American journal of pathology, 1964, 44:51-60.

Becker CG. Enhancing effect of type specific antistreptococcal antibodies on
emergence of streptococci rich in M-protein. Proceedings of the Society for Experi-
mental Biology and Medicine, 1967, 124:331-335.

Lancefield RC. Differentiation of group A streptococci with a common R antigen
into three serological types, with a special reference to the bactericidal test.
Journal of experimental medicine, 1957, 106:525—-544.

Lancefield RC. Persistence of type-specific antibodies in man following infection
with group A streptococci. Journal of experimental medicine, 1959, 110:271-292.
Stollerman GH, Kantor FS, Gordon BD. Accessory plasma factors involved in the
bactericidal test for type-specific antibody to group A streptococci. I. Atypical
behavior of some human and animal bloods. Journal of experimental medicine, 1958,
108:475-491.

Sramek ], Bedrnikova J. Steps towards the standardisation of the bactericidal
test. In: Parker MT, ed. Pathogenic streptococci. Chertsey, England, Reedbooks,
1978:2829.

Top FH Jr et al. M antigens among group A streptococci isolated from skin
lesions. Journal of experimental medicine, 1967, 126:667—-685.

Flores AE et al. Factors influencing antibody responses to streptococcal M pro-
teins in humans. Journal of infectious diseases, 1983, 147:1-15.

Beachey EH, Cunningham M. Type-specific inhibition of preopsonization versus
immunoprecipitation by streptococcal M proteins. Infection and immunity, 1973,
8:19-24.

Greenblatt J] et al. Factors that enhance the potency of streptococcal group-
specific antisera. Journal of infectious diseases, 1971, 124:387-393.

Braun DG, Eichmann K, Krause RM. Rabbit antibodies to streptococcal
carbohydrates. Influence of primary and secondary immunization and of pos-
sible genetic factors on the antibody response. Journal of experimental medicine,
1969, 129:809-830.

Osterland CK et al. Characteristics of streptococcal group-specific antibody iso-
lated from hyperimmune rabbits. Journal of experimental medicine, 1966, 123:599—
614.

Preparation of antisera for M types of group A streptococci. In: Harrell WK,
Ashworth H, Britt LE, eds. Procedural manual for production of bacterial, fungal,
parasitic reagents, 3rd ed. Atlanta GA, Department of Health, Education and
Welfare, 1973 (revised 1976):66-72.

McLean S]. Identification of strains of Streptococcus pyogenes of types 5, 11,12, 27

110



REFERENCES |

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

155.

156.

157.

158.

and 44 by the precipitin test for the T antigen. Journal of general microbiology, 1953,
9:110-118.

Maxted WR, Fraser CAM, Parker MT. Streptococcus pyogenes, type 49. A
nephritogenic Streptococcus with a wide geographical distribution. Lancet, 1967,
:641-644.

Conroy E, Updyke EL. The use of a fraction of mechanically disrupted cells for
production of group A streptococcus typing antisera. Science, 1954, 119:69-70.
Markowitz AS. Rapid production of anti-M protein antibodies. Journal of bacteri-
ology, 1963, 85:495-496.

Ashworth H, Harrell WK. New method of preparing immunizing antigens for
the production of anti-M sera against certain serotypes of group A streptococci.
Journal of bacteriology, 1965, 89:141-145.

Pranitis PAF, Murray RH, Kornfeld JM. Effect of phenol extraction of group A
streptococcus on titer and specificity of fluorescent M-typing antisera. Journal of
infectious diseases, 1973, 127:250-254.

Facklam RR, Moody MD. Production of streptococcal M-typing antisera. I. Anti-
genic response in different breeds of rabbits. Applied microbiology, 1968, 16:1822-
1825.

Lancefield RC. Method for preparing typing antisera for group A streptococci. In:
From the laboratory of Rebecca C. Lancefield. New York, Rockefeller Institute, 1960.
Smith TB. Production and testing of streptococcal M-antisera. Zeitschrift fiir
Immunitdtsforschung, experimentelle und klinische Immunologie, 1971, 141:430—-440.
Harrell WK, Ashworth H. Absorption of group A streptococcus anti-M typing
sera with broken cells. Applied microbiology, 1967, 15:422—425.

Beck A, Bergner-Rabinowitz S. An absorption method for preparing anti-M-
typing streptococcal sera using acid-hydrolyzed cells. Journal of laboratory and
clinical medicine, 1972, 80:834—838.

Schmidt WC. The quantitative precipition reaction of type 19 M protein antigen
of group A streptococci and antistreptococcal rabbit sera. Journal of immunology,
1957, 78:178-184.

Krasil'nikov IA. Antitela k streptokokkovoi lipoproteinaze v krovi zdorovykh
liudei. [Antibodies against streptococcal lipoproteinase in the blood of healthy
persons.] Zhurnal mikrobiologii, epidemiologii i immunobiologii, 1982, 8:91-94.
Fraser CAM. Preparation of specific antisera to the opacity factors of group-A
streptococci. Journal of medical microbiology, 1982, 15:153-162.

Saravani GA, Martin DR. Characterisation of opacity factor from group-A strep-
tococci. Journal of medical microbiology, 1990, 33:55—60.

111



Selected WHO publications

of related interest

Basic laboratory procedures
in clinical bacteriology.
J. Vandepitte et al.
1991 {vii + 121 pages) ® Sw. fr. 21.—

Manual of basic techniques for
a health laboratory.
1980 (487 pages) ® Sw. fr. 30.—

Laboratory biosafety manuai, 2nd ed.
1993 (xi + 133 pages) ® Sw. fr. 26.—

Rheumatic fever and rheumatic heart disease.
Report of a WHO Study Group.
WHO Technical Report Series, No. 764
1988 (58 pages) ® Sw. fr. 8.—

Safety measures for use in outbreaks
of communicable disease.
D.J. Dunsmore
1986 (107 pages) ® Sw. fr. 17.—

Further information on these and

other WHO publications can be obtained from

Distribution and Sales, World Health Organization,

1211 Geneva 27, Switzerland.

Prices in developing countries are 70% of those listed here.




microbiology laboratory and the clinicalimmunology

laboratory are vitally important in confirming a
diagnosis of group A streptococcal infection. Culture of the
organisms and/or verification of a past infection by
documenting animmune response to somatic or extracellular
antigen are critical both to the management of the infected
individual and to making informed decisions on public health
measures where an epidemic is suspected. In addition, the
streptococcal research laboratory has had a pivotal role in
more completely defining the pathogenesis of these infections
and their serious sequelae.

Experienced personnel at two established streptococcal
research laboratories—the World Health Organization
Collaborating Centres for Reference and Research on
Streptococci at the University of Minnesota in Minneapolis
and the National Institute of Hygiene in Prague—have
collaborated in presenting the details of specific laboratory
techniques for working with group A streptococci. From
descriptions of basic culture techniques to protocols for
complexand highly technical procedures for studyingimmune
responses, the manual includes material that will be useful at
peripheral clinical laboratories as well as in sophisticated
research facilities. Details of protocols that have been in use
for more than four decades are complemented by descriptions
of novel molecular techniques for characterization of the
organisms. Each procedure is accompanied by reference to
publications from both Collaborating Centres and from other
reference and research laboratories.

This is a comprehensive and practical manual that will be of
value to clinicians, epidemiologists, technologists and
research scientists everywhere.

( Z‘or clinicians and epidemiologists alike, the clinical

Price: Sw. fr. 32.—-
Price in developing countries: Sw. fr. 22.40
ISBN 92 4 154495 3




