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FREFACE

The available information indicates that streptococcal infections and their sequelae
are a worldwide public health problem of considerable impertance, Yet in many areas,
despite the availability of effective methods of identification and treatment and possibilities
for the prevention of these infectioms, little attempt has been made to assess the extent of
the problem or to come to grips with it.

The aim of this Manual is to stimulate and facilitate the introduction of streptococeal
laboratory examinations on a much wider scale, It furnishes advice on bactericlogical
and serological procedures suitable for use in laboratories both at the peripheral and
central level carrying out microbiological examinations for streptococcal infections,
theumatic fever and acute plomerulonephritis, The methods descibed are recommended for
examinations of sporadic cases as well as epidemics, or population samples in prospective
studies,

For each particular laboratory examination one, sometimes two, methods have been
selected, and in some instances furthet, optional methods are included, While emphasis has
been placed on techniques that are reliable and reproducible yet are relatively simple to
perform and efficacicus in laboratories possessing mediwm or limited technical facilitiles,
the Manual also provides information on selected important procedures for use in national
streptococeus reference centres,

1. INTRODUCTION

1.1 The streptoecoacus problem in the world

Streptococci pathogenic for man are found in all ¢limatic zomes of the world, They
produce various clinlecal patterns of disease and setious sequelae (rheumatric fever and
acute glomerulonephritis). Available data on the incidence of streptococcal infections
indicate that they are one of the most frequent bacterial diseases of man in the temperate
zone and are common in tropleal and subtropical areas, Accordingly, these diseases
represent an important health and economic problem everywhere.

Progpective studies on haemolytic streptococel in selected population groups have
digseclosed considerable carriership rates. In some situations in temperate climatic areas,
as many as 30% or more of the population may harbour streptococei, Data reported in recent
yvears from tropleal and subtropical countries indicate that the carriership rate is cften no
less there, as can be seen from the e¢xamples presented in Table L, Haemolytic streptococci
cireptating among the population provoke acute infections with sporadic or epidemic oceurrence.
Upper respiratory tract disease caused by group A streptococcus may result in acute rheumatic
fever, and both throat and skin disesse caused by this streptococcus may be followed by
acute glomerulonephritis,

The morbidity due to streptococei disease and its sequelae varies considerably depending
nn a number of factors,
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Data derived from prospective studies in population samples and from studies in
hospitalized patients have demonstrated that the incidence of streptococecal acute upper
Tesplxatory tract disease in the temperate zone 1s 5-15 cases per 100 individuals pexr
year. In hot climates, streptococci tend to produce milder respiratory disorders, the
frequency of which has not vet been accurately estimated, However, skin infections due to
haemolytic streptococel are very common im these axeas and the prevalence can reach 20% or
more of the ehild population in certain seasons.

The incidence of rhemmatic fever has declined in the developed countries of the temperate
zone, but seems to have stabilized at low figures, as is obvious from Table 2, In tropical
and subtropical areas (Table 3}, in contrast, rheumatic fever and rheumatic heart digease
represent a health problem roughly of the same magnitude of importance as that existing in
countries of the temperate zone several decades age. The incidence of acute glomerulo-
nephritis veflects the spread of nephritogenic streptococel in the population,

In summary, it may be said that the data collected in various countries have demonstrated
that the streptococcal disease complex is a worldwide problem of considerable healrh and
economic importance.,

TABLE 1. CARRIERSHIP OF HAEMOLYTIC STREPTOCOCCI IN THROAT
(TROPICAL AND SUBTROPICAL AREAS)

Streptococecus grcsupE
Country (%) Fopulation Reported by
ALl gample
A C G
groups
Egypt 15,0 50.0 | Schoolchildren | El Kholy (1969)
India {New Delhi) 19.7 { 2.4 | 8.1 | 34.5 |Schoolchildren | Prakash, Sharma (1973)
{South India) 5.2 1 8.0 |12.6 | 35.0 |All age-groups | Meyers, Koshi (1961)
(Bombay) 9.0 | Uader 20 years | Sant, Bhat (1963)
Iran 10,0 | Al]l age-groups | Gharagzloo (1968)
Israel 6,0-11.0 Schoolchildren | Davies et al., (1969)
Singapore 11.0 1.0 | 6.5 19,0 | 4-6 vears Tay (1970)
20,0 4.7 (12,71 39.0 7-14 years Tay (1973)
4,0-32.0 7-14 years Tay (1973)
Upanda 14.0 | All age-groups | Blowers (1969)
Viet Nam 3.6 11.0 7-20 years Agapi (1962)

E-Grcups infrequently isolated are not given.
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TABLE 2, INCIDENCE OF RHEUMATIC FEVER IMN SOME EURQFEAN COUNTRIES
Number of cages Time of Population size Age-group
C t
FuRkTy {per 100 000) study (in million) (years) Note
29.5 1952 4,0 a 1
Denmark 15.5 1960 4.5 Al ages orpu sexy
10.7 1970 4.9 notification (1)
England 15,8 1959 1.2 )
and 8.5 1961 i.3 1-14 Gompu sory
Wales 4.7 1963 1.3 nopdfication (2)
72 1046 S
N 28 . ' "
e 14 iggz b0 All ages notification (3)
The Metherlands 19 19589-1965 0.13 All ages Prospective
study (4)
61.2/42.9 1951 0.1/0.05 peosmective
Geechoslovakia 22,8/19.3 1966 0.3/0.07 <15/>15 & ()
8.5/ 2.6 1972 0.3/0.06 study (3
Scource of data; (1) National Health Service
(2) Ministry of Health
{3)
(&)  Valkenburg, H. A. et al., 1971
{(5) Kopeckd, B. ot al,, 1977
TABLE 3. RHEUMATIC FEVER (RF) AND RHEUMATIC HEAWT DISEASE (RHD) IN
SOME COUNTRIES OUTSIDE EVRDPE
Population
RF incidence| RHD prevalence Time of A | Age ngroups
Country size {in Reference
1oo o i
{per 100 000) (per 1000) study thousands) (years)
4.6 1958 8OO 6-14
Japan 0.1 1971 500 B-14 Shiokawa, Y. (1973
New Zealend (east coast)

Macrl population 333 10-14 .

Other popalations 55 1963-1963 10-14 Stambope, J. M. (1976)
Hong Kong 23.1 1972 4 000 All ages Wu, R, W, Y, (Ll¥73)
Talwan 1.4 1970=-1271 5 1-19 Lue, H. Ch, (1975)
Indoneals 1.0 1970 4 1-14 Hanafiah, A. (1973
Singapere 22 1971 2 000 All ages |Loh, T. F, (197%)
India

Different localities 1,4-15.0 1972-1974 28 L=14 Padwavati, 5, (1974)

North 1.65 33 All ages Barry, J, N, (19%)

South &.48 L974 6.3 1-14 Kaoshi, G. {1973
Iten

Teharan 58,51 l1ayl, 1973 a6 ALl amos Gharagozloo, R. (197%)

Abadan 100 1971 70 a8 Partow, A. (1972)
Cyprus 2743 1962-14972 150 All ages Kalbian, V. V. (L972)
Egypt 10 1966-1972 5-12 El Kholy, A. (1972}
Algeria 15 1970 470 6-14 Mostefai, M, C. (1972)
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The availability of methods for the identificationm of streptococcal disease, for its
efficient treatment, and for the prevention of its sequelae fully justifies the attention
accorded by health authorities to the streptococcus problem.

1.2 The role of microbiological exsmination in diagnosis

Clinical, epldemioclogical and microbiological studies have conclusively shown that,
with the exception of scarlet fever, the diagnosis of acute throat and skin streptococcal
infections based on clinical symptoms almost always requires microbiological verification.
In acute rheumatic fever and acute glomerulomephritis, direct and/br indirect identification
of a preceding streptococcal infectiom, i.e., by isoclation of group A streptococcus and/ﬁr
by detection of an immunological response to the germ in the host, has basic importance for
diagnosis, Accurate bacteriological examination for haemelytic (other than group A), viridans
and non-haemolytic streptococcus species occasionally pathogenic for man, causing acute or
chronic infections of warious human tissues and organs, is required in & number of clinical
conditions, ¢,g., purulent diseases, dental illnesses, urogenital traect diseases, endocarditis,
and some others,

The prerequisites for obtaining a reliable answer from the microbiclogical Laboratory
examination are as follows:

(L) adequate sample collection from the patient and appropriate {ransport of the
material to the laboratory:

{ii) use of standard laboratory identifieation techniques;

(iii) correct Interpretation of the laboratory findings.

The availability of laboratory services for bacteriological and servlogical diagnosis of
streptococcal infections is essential both for establishing the final diagnogig In an
individual patient and for developing a control programme.  Such facilities, which should
be integrated in existing health care services, should form part of a general system
operating on three levels (Table 4).

At the national level:

(a) peripheral services consisting of a network of faciliries for collecting and transporting
specimens, located at health care delivery centres, and of a network of laboratories that

have mastered the basic microbiological procedures for the diagnosis of streptococcal
infections, rheumatic fever and acute glomerulonephritis:

(b) a central national streptococeus laboratory with command of specialized laboratory
procedures which carries out research and provides assistance to the peripheral level in terms
of expert guidance, reference work and training.

At international level:

(c) WHO collaborating centre(s) which assist in WHO coordinated projects carry out
standardization of methoeds and research programmes, and work in close cooperation with
national streptococcus centres, assisting them in reference work apd training. The

WHO collaborating centres also cooperate closely with other advanced streptococcus research
laboratories,

The creation of such a system is a long~term process, during which the facilities and
activities on the different levels are built up step by step while efforts are made to
strengthen the links between laboratories, to ensure the continuous gtowth of profegsional
work, and to shape and direct the whole system towards full operation, In a number of
countries the system is already funetioning in its three component form.
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TARLE 4. STRATEGIC PLAN FOR LABORATORY SERVICES IN STREFTOCOCCUS FROBLEM

Activities - Ffunctions - links

National leyel
‘ International lewvel
Petripheral Central
Collection and transport Specialized laboratory Assistapnce in HQ and regiohal
of specimens procedures WHO preojects
Basic procedures in Resesrch Standardirzation of methods
i i ical .
mLcrobL?log e Assistance to peripheral Research
diagnosis level:
) Assistance to national central
Expert guidance level;
Refergnce work Reference work
Tralning o
Training

2. THE STREPTOCOCCUS AND STREPTOCOCCAL DISEASES IN MAN

2.1 The genus Streptococcus

The streptococci ate gram-positive organisms, spherical or oval in shape, which usually
grow in short or long chalng, are cytochrome-negative and, with few exceptions, catalase-
negative. They are aerobic, although they usually propagate better in an atmosphere with a
reduced oxygen content,

The genus Streptococcus is one of five genera belonging to the family Streptococcaceas
(Bergey's Manugal, Buchanan & Gibbons, 1974), The other genera are Aerococcus, Gemella,
Leucenostoe and Pedigeoceus.

For practical diagnostic purposes rather than from a strictly taxonomic point of view,
the members of the genus Streptocoecus are divided into two categories:

(a) beta-haemolytic streptocoeci, with a few exceptions classifiable according
to Lancefield's scheme Ilnto serological groups;

() alpha~haemolytic (viridans) and non-haemolytic streptococci, belonging either
to some of Lancefield’s groups or to other non-groupable species,

2.2 (Clinieal patterns of streptococecal infecticn in man

Streptococcal infection produces a number of ¢linical symptoms in man. The elinical
pattern varies depending on the particular species of streptococcus involved, the site of
initial coleonization, the tissue or organ affected, and the status of the invaded host,

The most important causes of human infection are the haemolytic streptococci, which are
largely classifiable serologically according to the Lancefield scheme; fthe sercloglcal
groups are designated by the capital lerters A, B, C, etc.

0f these, by far the major pathogen for man is the group A streptococcus (Btreptococcus
Pyogenes) . It iz the most usual causative agent of acute streptococcal upper respiratory
tract diseage, with symptoms of pharyngitis and tonsillitis, and is the agent of scarlet
fever. In children ynder the age of three years, group A streptococcus infection does not,
as a rule, have fully rypical features and frequently occurs under symptoms of subacute naso-
pharyngitis without the characteristic localization of the inflammatory process. Group A




WHO/BAC /B0, 1
page 8

streptococcus also produces a varilety of septic lesions, Srreptococcal infections due to
this agent may occur in outhreaks. It is the group A pathogen that is responsible for two
important non-supputative sequelase of acute infectionm, namely acute rheumatic fever and acute
glomerulonephritis, Among the purulent ¢omplications ave lymphadenitis, simusitis, otitis
media, peritonsillar abscesses, and some others,

Group B streptocoecus (5, agalactiae) can cauyse 3 number of elinfcal symptoms. Urogenital
tract infection in women and septic infection in newborns are of major importance.

Groups € (mainly S, equisimilis), & and F (5, anginesus) streptococci frequently colonize
the pharynx and may be responsible for sporadic cases of upper regpiratory tract diseagse.
They cause localized gepsis, These infections are never followed, nor is group B disease,
by non-suppurative sequelae,

Group D streptococei include enterccocci, which are widely distributed in nature and
easily colonize humans, particularly the intestinal tract. Although they usually behave as
saprophytes, under gpecific conditions they way provoke subacute or acute systemic infections

{e.g., subacute bacterial endoearditis, urinary tract infection) or localized processes in
different tissues,

Streptococei of other Lancefield zroups than those indicared above are, in most Iinstances
animal pathogens and their isolation from humans is rather rare. Information on their
pathogenicity for man is rather scanty.

The alpha-haemolytic (viridans) and non-haemolytic stxeptococci noet groupable within
Lancefield's scheme are frequently encountered in the upper regspiratory tract of man and some-
times in other body sites. The pathogenicity of these streptococed Lz not well known.  They
are often found in bacterial endocarditis and sometimes encountered in febrile bacteraemis
without evidence of a localization of infection, in purulent lesions and in some other

affections, To this category belong streptococci that are suspected of being etiological
agents in dental caries,

2.3  Biological characteristics of haemolytic streptoceocci; group A streptococcus

A large number of biclogically diverse microorganisms belong to the penus Stxeptococcus,

Haemolytic streptococei grow easily on blood agar containing various mammalian red blood
cells, in which they produce lysis.

Although the diffevemt specics of the genus jtreptococcus vary considerably im their
nutritional requirements, all streptococcl require media rich in nutrients, This ig essential
in order to achigve satisfactory growth of germs with an adequate antigenic equipment .

The basic culture medium must contzin meat infusion (a freshly prepared product is
preferable te 2 commercial, dehydrated one), peptone, glucose and saltg, Sterilization by
heat reduces the quality of the medium in respect of growth.  However, heat sterilizatrion is
fully satisfactory for most purposes and is generally used, For delicate cultivation
purposes filtration of the medium is superior to sterilization by heating, The addition of
serum or bleod to the medium greatly enhances the growth of streptococei.  Such enrichment
Is especially necessary for cultivating streptococci on solid media (blood-agar plates), but

iz also recomwended for the preparation of highly virulent cultures grown for a shoxt perioed
ef time (serum broth).

Haemolytic streptrococci utilize polysaceharide as an energy source, The resulting
metabolic product is lactic acid since haemolyric streptococel are facultative anaerobes.

Similarly as with most other bacteris pathogenic for man, the optimal temperature for
the growth of streptococei is 37°C. Heating to 56°C reliably kills most strains of haemo-
lyric streptococci but some specics survive this temperature (e.,g,, the enterococei) .
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Group A streptococci grow in three main colooy forms (Fig, 1) on blood agar: (2) mucoid
colonies, wnich are large and watery, with a raised surface; streptogocel growing in this
phase regularly produce hyaluronic acid capsules and frequently the M protein; (b)) matt
colonies, which are opague and flat, with a tendency to produce a rough surface because in
most instances they develop from muceid colenies as a result of drying, and for this reason
arc sometimes called postmucoid colonies; M protein 1s frequently produced; (c) glossy
colonies, which are smooth and glistening in appearsnce, with a much smaller diameter than in
the other colemy forms, usually 1-2 wm only; the M protein is present only seldom, It
should be noted that the relation between colony form and M protein production is approximative
only and should never be considerxed a definite characteristic because there iz considerable
variatrion in these two properties of group A streptococei.

FIG. 1. COLONY FORMS OF STREPTOCOCCT

{a) mucoid {(b) matt (c) zlossy

Haemolysis and colony forms are the main characteristies permitting identification of
haemolytic streptococci on blood-agar plates. It is essential to distinguish them from
tiaemophili and pyogenic corynebacteria because of the resemblance of the haemolysis, in
uncertain cases, a gram-stained smear should be exsmined,

Studies on structure and antigenic composition have shown that the cowmponaents of
particulsr importance for the virulence of the streptococcus and its classification are
located in the surface layers cof the bacterium, Fig, 2 shows schematically the cellular
composition of group A streptococcus,

The outermost part of the cell surface is the capsule,

Beneath the capsule of group A streptococcus is the cell wall, which, in a simplified
way, can be visualized as having a three-layer structure,
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FIG, 2. SCHEMA OF THE GROUP A STREFTOCOCCUS CELL

GROUP A STREPTOCOCCUS

_———
=

-~ et HYALRONIC ACID
-~ LTA(lipoteichoic acid)
e FeRF(Fe reacting factor )

PHCHEHVS:éét
SN . e

PROTEIN. UMD, GLUCOSE

BETA - GLUCURONIDASE
CYTOPLASM INTRACELLLIAR HAEMOLYSIN
ISF(immunosuppressant facter)
3 NUCLEOPROTEINS

The sutermost cell-wall layer contains lipoteichoic acid and a number of protein
components, namely M, T, R antigens, MAP (M-associated protein, or so-called non~type-
specific protein}, S0F (serum opacity factor) and the Fe-binding factor, The second
layer congists of polysaccharide, and the third layer of peptidoglycan. It should be
pointed out that the outermosr layer usually carries fimbrise and the peptidoglycan layer
has an intercalating mosaic structure,

The e¢ytoplasmic membrane encloses the ¢ytoplasm and is situated within the cell wall.

The cytoplasm contains s complex of nucleoproteims and proteins, some with enzymatic
activity,

Ta group A streptocoeei the capsule is composed of hyaluronic acid consisting of
N-acetylzlucosamine and glucuronic acid,

In group B streptococci the capsule is composed of polysaccharide, which represents
the type-specific substance, Its chemical apd serological specificity enables recognition
of types Ia, Ib, Ic, II and 11T,

The surface of A streptococeus is covered by fimbriae (Fig, 3) which penetrate from
beneath the cell-wall structure. The fimbriae have two determinants, One of these is the
lipoteicheic acid (LTA), which enables rhe microorganisms to adhere to the epithelial cells
of the human oral mucosa by means of the fatry aeid mofety of its melecule, There are also
receptors for LTA on the surface of human rolymorphonuclear leucocyres which are involved im
the recognition of group A streéptococci and enable attachment inm the process of phagocytosis,

The other fimbria determinant is M protein, It &8 a virulence factor, responsible for
reslstance to phagocytosis, and is the type-specific substance in group A streptococcus,
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FIG. 3. FIMBRIA OF GROUP A STREPTOCOCCI

The M protein is likely to have two moieties, one with precipitinogen activity and the
other with antiphagocytic activity, The former is composed of smaller, type-specific
molecules while the latrer consists of an assembly of molecules attaining a melecular weight of
around 30 000 daltons, The moieties are biologically distinct and csn be separated,

Although the M protein is generally considered to be a strictly type-specific substance
and to confer type-specific immunity to streptococcal infection, some degree of antigenic
relationship among various M types has recently been reported, e.g., between types 13 and 48;

7 and &8; 3 and 12: 33, 41, 43 and 52, This serological cross-reactivity is not seen in
routine typing. At present, almest 70 M types can be differentiated in group A streptococcus,

The M protein was recognized earlier than the group-specific substancs. It was originally
anticipated that all beta-haemeclytic streptococci isclated from wan would belong to one group.

This later turned out te be crronecus, As a result, several type numbers are no longer used,
e.z., the original types 7, 20 and 21, which have been shown to carry the group C poly-
saccharide, and type 16 belonging to group G. Moreover, several candidates for new types

that had not previously been sufficlently analysed were later found to belong te M types
already recognized, For example, types 10 and 12 are identical and so are types 35 and &9,
Only the numbers 12 and 49 are used now for these types.

The importance of M protein justifies the current effort to assess the prevalence of
particular M types in various parts of the world and to prepare this antigen in a highly
purified and safe form with the prospect of elaborating a polyvalent M proteln vaceine for
human use in the future.

The M-associated pretein (MAPY has been identified relatively recently. It is & non-
type-specific substance, but closely associated with the M protein.

The T and B antigens and the serum eopaciky factor are of importance in the classification
of streptococci.
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Serologically distimet T proteins are uwsually shared by two or more M types. Moreover,
M types possess more than one T antigen asz a rule, Only exceptionally is one T protein type-
gpecific for one M type, 23 is the case with types 1, 6, 9, 18 and 22, The term "T pattern”
has been introduced for “types" determined aceording to the T protein, The following symbols
are used at present for T patterns (followed in parentheses by the M types which each pattern
includes): 3/&3/% 3264 (3, 13, 33, 39, 41, 43, 52, 53, 56); 4/28 (4, 24, 26, 28, 29, 46, 4B,
60); 5/%2/&7 (5, 11, 12, 27, 44, 61); 14/49 (14, 49); 15/23/47 (15, 17, 19, 23, 30, 47, 54);
8/25/Imp 19 (2, 8, 25, 31, 55, 57, 59y,

The gerum opacity factor (SOF) was found to be a second type-specific substance in some
types of group A streptococci, namely those that produce poorly antigenic M protein, against
which M typimg sera are difficult to prepare. To date, the S0F hac been demonstrated in 16
M types and in a nuwber of M type candidates.

The F¢ reacting factor binding the Fe fragment of the heavy chain of immunoglobulin and
the immunosuppressant factor have not yer been investigated on a large geale,

The polysaccharide of the cell wall is group-specifiec (in group D and N trichoic acid)

and on the basis of its serological specificity haemolytic streptococci can be differentiated
into groups A-V,

The multiple biological activities of peptidoglycan demonstrated in viveo and in vitro
indicate that this compoment, which was at first considered solely to be a structure
responsible for the rigidity of the cell wall, may also play a xwole in the genesis of strep-
tococcal disease and possibly its sequelae,

Cross reactive streptococcus amtigens related to mammalian tissue components have been
recognized to be associated with the streptococcus cell wall and ¢ytoplasmic membrane, These
anrigens, standing close to the polysaecharide, M protein and cytoplasmic membrane component(s),

might be of considerable importance im the parhogemesis of streptococcal infections and their
sequelae,

The group A streptococeus produces a2 mumber of extra-cellular substances, Many of them
have been identified and biologically amalysed, Erythrogenic toxin (scarlet fever toxin)
is responsible’ for the rash in scarlet fever patients. It is produced only by strains in a
lysogenic state, At least three antigenic types have been conclusively recognized,
Streptolysis O (oxygen-labile) causes the lysis of erythrocytes of various mammals and has a
distinct cardiotoxic effect. Streptolysin 5 is thermolabile and is not antigenic.
Deoxyribonuclease exist in four antigenie forms: A, B, C and D, Hyaluronidase, strepto-
kinase, diphosphopyridine-dinucleotidase and proteinase are other streptococcal extracellular
products; all rhese are antigenic, but the use of antibody determination is legs common now
than it used to be in the past.

BACTERIOLOGICAL METHODS FOR THE RECOGNITION OF STREPTOCOCCT

Collection of throat, nose apd skin swabs

Swabs are used for collecting specimens for bacteriological examipation.

If the swabs are made in the laboratory, care should be taken to use & marerial that has
no bactericidal properties {e.g., cotton-wool treated by sulfur dioxide must mot be used).
It is recommended that the material be first examined for such activity. For the preparation
of gwabs the materials most frequently used are cottom-wool {preferably detoxified - see Annex,

section 1.1) amd synthetic fabrics, The swabs should be sterilized by autoclaving rather
than by dry heat,
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When examining the upper respiratoxy tract, both tonsils and the oropharynx should be
vigorously swabbed (Fig. 4). The tongue is depressed by a blade so as to prevent the swab
from touching it, The specimen from the nose is taken by inserting the swab about 1-2 cm
into each nostril and swabbing the nasal mucosa. If a specimen is to be taken from a skin
lesion, a droplet of the serous fluid from the lesion should be swabbed, This is simple in
an open skin lesion. If a crust is present, either it is removed or the skin is stretched by

the fingers at the edge of the crust in order to extract a droplet of the serous fluid from
beneath the crust (Fig. 5).

FIG. 4

THROAT SWABBING
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SKIN LESION SAMPLING

open Type of lesion crusted

stretch skin, then
swoab exudate

swab directly remove crust,

thern swab or

FIG. 6. FILTER-PAPER STRIP TRANSPORT METHOD
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3.2 Transport of gpecimens to the laboratory

The material should be transferred to cultivation media as seon as possible, preferably
immediately. In any event, the interval between the time the swab is taken and the
incculation must not exceed tbree hours. It is recommended that after preparation media be
kept upder refrigeration.

If this procedure is not feasible for technical reasons, the "filter-paper strip method',
the commercial silica gel transport system, or Stuart transport medium should be used to keep

the specimen in satisfactory conditiop umtil ir iz inoculated on bactericlogical media,

The filter-paper strip method

(For method of preparation see Annex, section 1.2.)

Unfold the outer (tin-foil) wrapping of the packet, lift the wax-paper with the finger
(not touching the filter-paper strip inside), and roll and scrub the swab under light pressure

over the surface of the filter-paper strip (Fig., ). Discard the swab, Let the packer lie
uncovered for one or two miautes to allew it to dry. Refold the outer wrapping over the wax-
paper. Label the specimen with a ball-point pen on the outer wrapping and send the packet to
the laboratory. It is convenient to mail the packer in an envelope. If the material is

kept on the filter-paper strip at room temperature, its inoculation may be postponed for up to
10 days. It is recommended that during the rainy season in tropical areas ("monsoon months")
filter-paper strips be kept and sent in a bottle (or box) containing a dessicant, e.g., silica
gel.

Stvart transport medium

{For method of preparation see Annex, section 1.3

Insert the swab under aseptic comditions into a tube contaiming Stuart trapsport medium.

Close the tube with a cotton or rubber stopper. Send the specimen to the lahoratory. This
medium is especially useful if the specimen iz to be examined for other pathogens as well as
streptococcei, Streptococci should not be held for longer than three days in Stuart transport

medium, which limits the use of this transport device in some situations.

The silica gel method

Insert the swab into the packet (commercilally available) or tube containing the siliea
gel crystals (see Annex, section 1.4). Be sure that the silica gel crystals completely caver

the cotton tip of the swab, Seal the packet or tube. Streptococeci can be held imn this
mediuvm for as leng as six weeks.

Specimens transported by the silica gel method should be revived in a suitable infusion

broth. If the swab has been in tramsit for two days or legs, it should be moistened and then
used to inoculate a blood-agar plate, If it has been in transit for three to five days, it
should be incubated in broth for four to six hours before plating. If the swab has been in

transit for six or more days, it should be incubated evernight in broth anda loopful of the
broth used teo inoecvlate a blood-agar plate.

3.3 Culrivation of specimens on blood-agar plates

Specimens on swabs (direct swabs or swabs kept im Stuart transport medium) should be
rubbed over an area of 3 x 3 ¢m on one half of a blood-agar plate (see Awnex, section 1.5},
From this area, the ipcculum is streaked with a sterilized wire loop over the blood-agar in the

usual way, Use two loops for each specimen (Fig, 7). The plates are incubated aerchically
at 37 C overnight,




SPECIMEN INOCULATION

Blood agar plate

inotulate

swab
treak with

@ 1st lpop, side one

@ 15t loop, side two

@ stab with 1st loop
streak with

@ znd loop,side one

® 2nd loop, side two

a,b.c.d, - streak in this sequence

Specimens on filter-paper strips are inoculated as follows: unfold the packet, remove
the filter-paper strip with sterile forceps (flamed in Bunsen) and lay the specimen down on
the blood-agar plate (the pencil mark facing upward), Incubate feor four hours at 37 ¢, then
liftc the atrip with flamed forceps and lay it on the same plate sway from the primary site,
Incubate aerobically at 37 ¢ overnight, then discard the strip,

For the cultivation of specimens in which staphylocoeci or Gram-negative bacteria ean be
expected (e.g., from skin lesions at an advanced stage), blood-agar plates with crystal violet
°r gentamicin are more suitable than plaim blood agar (see Annex, section 1.6). The crystal
violet suppresseg the growth of staphylococel and gentamicinm the growth of staphylococci and

Gram-pnegative bacteria. The inoculation and incubation are rthe same as when using plainp
blood-agar plates.

3.4 Recognition of streptococei

Beta-haemolytic streptococei are the most frequently isolated human pathogens ameong the
representatives of the genus Streptococcus. - They grow in typical colonies surrounded by beta
haemolysis (complete lysis of red blood cells and decoleorization of the blood agar around the
colonics). Less frequent are the streptococeal human pathogens producing alpha haemolysis or
no haemolysis (gamma haemolysis) (Fig. 8),

It is essential to distinguish streptococci reliably from other bacteria, 2.g., haemophili
or pyogenilc corynebacteria, that can produce haemolysis on blood agar resembling the haemolyais
of beta-haemolytic streptococci, The differentiation is done by micrascopic examination of
4 Gram-stained smear,




WHO/BAC/80. 1
page 17
FIG. §. HAEMOLYSTS PATTERNS ON THE BLOOD-AGAR PLATE:
a - ALPHA DAEMOLYSIS; b - BETA HAEMOLYSIS: c - GAMMA HAEMOLYSIS (NO HAEMOLYSIS)

In the great majority of cases, a beta-haemolytic streptococcus growing on a blood-agar

plate will appear in one of the following three phases (Fig. 1):

3.5

(a) glossy colonies: smooth apd glistening in appearance, 1-2 mm in diameter;

(b) matt colonies: opaque, usually flat, sometimes with a characteristic slightly
raised centre, They tend to be rough because they frequently develop from maeoid
colonies by drying on agar plates (post-mucoid colonies);

(¢} mucoid coleomies: large, watery, raised colonies.

The whole process of collection, transport and cultivation is summarized in Fig. 9.

Evaluation and reporting of findings

From acute streptococcal infection of the upper respiratory tract large numbers of

colonies of beta-haemolytie streptococci are recovered if adequate techmniques are used.
Streptococeal skin lesions at the early stage reveal heavy growth, but secondary colonization
by staphylocccei and Gram-negatrive bacreria frequently occurs,

In carriers, less than 20 colonies of beta~haemolytic streptococel are usually cultivated

by examining a throat swab.

The finding of beta-haemolytic streptococci in a specimen submitted for microbiological

examination must be reported to the ¢liniciap as scon as possible, The report must include
information on the number of colonies iseclated, which can be important for the differentiaticn
of carriers from patients with acute streptoceccal infection. It is important to remember
that the evaluation of the microbiclogicalfindings, based on quantitative data, is valid only
if the specimen has been properly collected and has been cultivated early and adequately.
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FIG. 9. SCHEMA OF SPECIMEN EXAMINATION

EXAMINATION OF SPECIMEN

/ =3 hours
Time between swabbing =3 hours / "\
and examination ' 1;:1:; poper arStuart@
Tronsport swab as taken % ) medium
f . _m?

W 3
Incculation blood /:y —
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blaod ogor [} ) £ :
Incubation overnight , 37°C,aerobicelly
Identitication colenies of streptococei {Gram - stain smear i necessary )
Racord type of hoemolysis tal, Py
phose of colonies : mycoid, matt, glossy
growth lquontitatively) @+ {-=20colonigs)

«+ [21 to 100 eolonies)
+++ [ =100 colonies)

4, STREPTOCOCCI CLASSIFIABLE ACCCRDING TO LANCEFIELD'S SCHEME OF GROUPS: GROUP IDENTIFICATION

All beta-haemolytic streptococel isolated from infections suspected of belng of strepto-
coceal etiology must be grouped. The majority of streptococcal infections in man are caused
by group A streptococcus, which is frequently responsible for outbreaks in population groups.
Furthermore, the sequelae of streptococcal disease, such as theumatic fever and acute
glomerulonephritis, are provoked only by infections due to group A streptococcus.  Although
groups A to V in Lancefield's scheme can be differentiated, it is groups A, B, €, D, F, and G
streptococci that produce nearly all the infections in humans caugsed by the beta-haemolytic
streptococcl,

Many different methods of serological grouping are currently in use; screening tests for
the direct identificatlon of groups A, B and D have alsc been elaborated, In serological
group ldentificarion by means of the precipivin reaction, the reagents are hyperimmune rabbit
grouping serum apd the group antigen of the examined strain prepared by extraction according
to one of the following methods: with hydrochloric acid (Lancefield, 1933), with formamide
{(Fuller, 1938), by liberation with phage lysin (Maxted, 1957), by enzyme from 8. albus {Maxted,
1948), by nitrous acid (El Eholy et al., 1978), or even by simple autoclaving {(Rantz & Randall,
1955). It is likewise possible to use the method of precipitation in agar or precipitation
on cellulose membrame.  The fluorescent antibody method is now widely used as well (Meody
et al,, 1958), as is also the agglutination method with the apntibody bound to staphylococci
(Christensen et al,, 1973) or latex particles (Facklam, 1974).

The methods of group identification of streptococci that are the most suitable for routine
diagnostic work bhave been selected apd will be described here in detail, They are: screening
methods, viz, the bacitracin test, the CAMP test and the bile-aesculin test, serological
determimation by the precipitation reaction using Fuller's (1938) or Lancefield's (1933)
extract, and the coagglutination reaction with ataphylococcl treated with group antibody.
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4.1 Sereening methods

Three non-serclogical procedures for the identification of group A, B and D strains are
routinely employed in many laboratories, They have proved to be useful as screepning methods,

However, the most appropriate apd reliable method is the serological procedure, which should
be used whenever possible,

4,1.1 Bacitracin test

The test is used as & screening procedure for the recognition of group A streptococei,
which are highly sensitive to this antibiotic (Maxted, 1953).

A decisive factor for the practical applicability of the test is the amount of bacitracin
contained in the paper discs, because some group C, ¢ and L straims display bacitracin
sensirivity approximating that of group A strains, Follow accurately the procedure given by
the manufacturer if commercial discs are used. If the discs are made in the laboratory, it

i1z essential to have them checked after preparation for their effect opn group A, € and G
strains,

Performance of the test; inoculate a haemolytic streptococcus strain on a bleed-agar
dish and apply a bacitracin disc, Incubate at 37 C overnipht., Evaluate the size of the zope:

read group A ox net group A strain using the scale set up with reference to the amount of
bacitracip iy the paper discs.

4,1.2 CAMFP test

The test is used for the recogmnition ¢f grouwp B streptocoecei, It is based on the binding
of the CAMP protein of group B streptococcus ko erythrocyte membrane ceramide formed by the
prior action of staphylococcal beta-haemolysin (sfingomyelinase €), which results in greatly
enhanced erythrocyte lysis (Christie et al., 1944).

Performance of the test: inoculate the streptococcus strain (not more than four strains
on the plate) by one horizontal streak on a blood-agar plate, Using separate vertical
streaks, inoculate a suitable staphylococcus strain across each streptococcus streak,
Ineubate at 37 C overnight. Group B strains show a potentiation of haemolysisz at the place
where the lipes c¢ross, The haemolysis has a "butterily-l1like' appearance (Fig, 10).

It should be pointed out, however, that the phenomenon is not strictly specific for
group B streptococcl, as it is also seen with some animal group E, P, U and V strains,

4.1.3 Bile-aesculin test

(See Apnex, section 2,3.)

This test identifies group D streptococci, which grow in agar with 40% bile and hydrolse
aesculin (Facklam, 1970). The positivity of the test is revealed by blackening of the medium
(a reduction of Fe' ™" by a carbohydrate liberated from aesculin after hydrolysis),

4.2 Serclogical determination by precipitation reaction

Serological group classification should be preferred teo other techniques because it 1s
the most specific method, Several procedures have been described; widely ecmployed tests are
the ring and capillary tests with Fuller's or Lancefield's extract of the streptococcus strain
to be grouped. Gtouping sera are available commercially or may be prepared as described in
Annex, section 3. )
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FIG. 10. CAMP TEST FOR GROUF B STREFTOCOCCUS IDENTIFICATION:
a - STRAINS UNDER EXAMINATION; b -~ STAFEYLOCOCCUS AUREUS

If an extract for M precipitin testing is to be prepared, lancefield's extract is
recommended because it can be uvsed for both typing and grouping purposes. However, the pH
must be carefully checked before heating (see below). This control is not necessary when
preparing the grouping extract. While Todd-Hewitt broth (see Annex, section 1.7) is
essential for growing a2 culture to be used for M typimg, the streptococci can be grown 1n any
infusion broth (except for group D - see below) if they are te be grouped only.

Group D strains should preferably be grown in glucose broth,

4,2,1 Preparatiom of prouping antigen

Fuller's extract (Fig. 11l): add 0.1 ml formamide (H.CONH») to bacteria harvested by
centrifugation of 5 ml l6-hour culture of a streptococcus strain grown in Todd-Hewitt broth.
Shake thoroughly and heat im an oil bath at 150 ¢ for 10 minutes. Co¢l and add 0,25 ml acid
alcohol (composition: 1 ml conc. HCl in 99 ml of 957 CpHsOH): shake; separate the
precipitate by centrifugation and add 0.5 ml acetone to the clear supernatant fluid. A
polysaccharide precipitate will form, which is separated by centrifuging and dissolved in
0.35 ml sterile saline. Add one drop of phenel red solution (see Annex, section 1.8) as
indicator and neutralize with N/S NaOH.

Lancefield's extract (Fig. 12): add 0.5 ml N/S hydrochloric geid to bacteria harvested
by centrifugation of 30 ml of a l6-hour streptococcus culture grown in Todd-Hewitt broth.
Shake rhoroughly and place the suspension in 2 boiling water bath for 10 minutes, After
cooling the suspension, add one drop of phenol red solution as indicator, and neutralize first
with 2 N NaOH and then with N/S Naou, Centrifuge. The supernatant fluid represents the
extraetl containing the group polysaccharide,
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4,2.2 Group identification reaction

Group identification by the ring test is cavried out in special conical capillaries,
fuged at the pointed end (Fig. 13(a)). The external diameter of the widest part is
approximately 5 mm and the total length 3-4 cm. The capillary is fixed in a rack with its
sharp point inserted in a groove filled with plasticine, Using a Pasteur pipette, first
deliver serum to reach to the middle of the narrow part. Then deliver extract, taking care
that the two substances do not mix or an air bubble form batween them.

FIG. 13. GROUPING BY PRECIPITATION REACTIONS: a - RING TEST:
b - CAPILIARY TEST; < =- DOUBLE DIFFUSION IN AGAR

AR i e

Bead the formation of the precipitin ring at the place of contact of the fluids apainst
a dark background within five minutes, Redctions taking longer than five minutes are nor
evaluated as positive,

Another technical approach is to run the precipitation in capillary tubes, outside
diameter 1,2-1.5 mm, length 5-8 cm (Fig. 13(b)). Dip the tube into serum, draw in a
column of about 1 cm of gserum by capillary action, wipe the end, dip the capillary into the
extract, draw in a column of 1 cm of extract (nc air bubble should separate the serum from
the extract) and insertpthe capillary into the rack with plasticine. Read after five minutes
at room temperature (20 C); if a precipitate develops, the reaction is strongly positive.
Disregard reactions after 30 minutes,

The precipitation test in capillary tubes can also be performed as a ring test. The
procedure 1s the same as that described, except that the capillary is inverted bafore it is
inserted into a plasticine stand so that the serum is below the extract,

The grouping can alsc be done by precipitation reaction in agar gel (Fig. 13(c)).

Frepare a 1% solution of Difco Noble agar in saline solution (0.85% Nacl); add sodium
azide to a final concentration D£ 0.01%. Melt properly by steaming for 15 minutes and
transfer into a water bath at 50 ,
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Pour the agar solution on to microscope slides. After it solidifies, cut in each glide
two sets of wells, each consisting of gix or eight peripheral wells and one central well.

The distance between the centre of each peripheral well and the central well iz 7.5 mm, The
diameter of the wells iz 3 mm,

Using Pasteur pipettes, fill the central well with zerum and the peripheral wells with
extracts of the atrains to be grouped, Start with grouping sera A, B, C and G, incubate
overnight at +4 C in a wet chamber and read the precipitation bands. Strains that are not
groupable with these sera have to he tested with the rest of the grouping sera.

4.3 Serological determination by 2gslutination reaction

Slide agglutination tests that utilize carrier particles for the group-specific antisera
have been described., These tests, if information on the group is required early, can be
performed in a period of 12-16 hours less than the procedures requiring an extraction of group
antigen. The reagents for these tests are now commercially available - e.g., the Phadebact

Streptococcus Test, manufactured by Pharmacia Diagnostics, and the Streptex Test, manufactured
by Wellcome Reagents Limlted,

Grouping by the coagglutination reaction (CA) is the method of choice (Christensen

et at., 1973). The CA test is designed to identify group A, B, €, and G beta-haemolytic
streptocoeci,

4.3.1 Methods of preparing the antigens

Overnight broth suspensions: inoculate 5 ml of broth with one beta-haemolytic colony of
streptococel. Incubate overnight at 35-37 C, Centrifuge to sediment the cells and prepare
2 heavy suspension of cells in the rest of the supernatant by vortexing or vigorous rotation.

Four-hour broth suspensiong: imoculate 2 ml of broth with sevgral {four or more) colonies

of beta-haemolytic streptococci, Incubare for four hours at 35-37 €. Prepare cell
suspensions as described above.

Direct testing: transfer at leasr five beta-haemolytic streptococcal colomies directly to
each of the 4 CA reagents.

Trypsin treatment of streptococcus suspensions for coagglutination is required in most
instances. This procedure uses proteolytic enzyme to modify cell suspensions by hydrolysing
proteins on the outer surface of the streptococcal cells, These protein antigens cause most
of the cross-reactions in the CA test. Add two drops of sterile 5% trypsin to the cell

suspension. Adjust the pH of the suspension to about 8.2 with 0.2 N NaoH. Incubate at
35-37 € for 30-60 minutes.

4,3.2 Performance of the test

Label a clean, dry glass slide (2" x 3" - 5 x 7.5 ¢m - or larger). Put one full drop of
each of the four reagents at sufficient distance apart, Because the conjugated cells tend to
settle out of solution, shake each reagent well to mix the contents before trapsferrying a
drop to the slide. Add one full drop of the antigen to each of the four reagents on the

slide(s). Mix the antigen and the CA reapents with an applicator stick or a wire-loop, using
a separate stick or loop for each reagent. Rock the slide to and fro gently for about one
minute or until a positive reaction ocecurs.  Watch for agglutination by using trans-

illumination against a dark background. Observe the reaction with reflected light, If the
back of the slide is coated with a black substance, reactions are eagily observed by the eye
{Fig. 14). Usually, only one reagent will give positive agglutination with the cell
suspensions; in some cases, however, more than one reagent will show a positive reaction,
Under these circumstances the fastest and strongest reaction is recorded as the correct
reaction, When two or more reagents react equally, the test must be repeated with the antigen
treated with trypsin a second time, or a new antigen preparation must be used,
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FIG. 14, GROUPING BY COAGGLUTINATION REACTION

4.4 Evaluation of results; suitability of”pérficular procedures

The methods using Fuller's and lapncefield's extracts give fully satisfactory results.
Other techniques for extraction of the group antigen work well too, but some have limitations
as regards the quality of the extracts or applicability in large-scale practice, particularly
in laboratories having limited technical facilities.

The agglutination method is a simple and rapid technique, but cross-reactions may be
encountered owing to the greater sensitivity of the test if inadequate sera are used for
making the reagents,

The bacitracin, CAMP and bilc-aesculin tests are merely screening tests and should only
be used when seroclogical methods are not feasible,

2. TYPE IDENTIFICATION OF GROUP A STREPTOCOCCI

The typing of group A streptococci is of considerable importance in particular cascs of
streptococcal disease and in specisl epidemiclogical situations, It is not used in routine
practice at present. However, a need for typing in routine work may arise, for example, when
certain types are known to be virulent in a geographical locality at a given time or there is
spread of nephritogenic types. The main application of streptococcus typing is in
epidemiological tracing of the circulation of the streptococcus ameng the population and in
microbiclogical and epidemicological studies of streptococcal infections and their sequelze,
These studies supply data on the distribution of streptoecoccus types and on the dynamics of

changes in this distribution. This is of major impertance for any future use of strepto-
cocecal vaccine,

5.1 Typiog methods, their pripeiples and practical applications

Three typing methods are currently in use: M, T and SOF typing (Fig. 153). The M
typing method is based on Lancefield's system of M types (Lancefield, 1928). This method
should be given priority over T Lyping, despite the fact that usually lesss than 507 of
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Fig. 15

TYPING SYSTEMS FOR GROUP A STREPTOCOCC!
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group A straing collected from varicus sources are classifiable according to the M protein
whereas more than 907 are identifiable by their T protein, The rest of the strains are not
M-typable, because a large number of group A streptococci lose the capability to produce the
M protein when subcultured on bacterioclogical media. Furthetmore, the rabbit hyperimmune
typing sera frequently contain an insufficient titrve of anti-M antibody, or typing serum is
not available for the atrain to be typed,

The reasons for preferring M typing are as follows; first, the M protein, as the type-
specific substance in group A streptococcus, determines the type most precisely; second, the
M protein hag special importance because it is a virulence factor.

T typing stems from Griffith's system of T antigen patterns (Griffith, 1934), It should
be carried out in parallel with M typing, although it supplies in the majority of c¢ases only
gross information on the type of the strain, However, in many instances, T typing gives an
answer as to the type identity or difference between two or more strains.

These systems have gradually been improved and refimed so that they now represent very
valuable typing procedures,

50F typing is baged on identification of the serum opacity factor, which is produced by
certain M types. In most M types, SQF is type-specifie (Widdowson et al., 1971).

The methods of preparimg M and T typing sera are described in the Annex, section 4.
5.2 M typing
Two modifications are used. The first method (Swift et al., 1943) uses absorbed sera

and M protein extracts, It has been employed as a capillary precipitin test for several
decades, The second method (Rotta et al,, 1971) uses unabsorbed M antisera in a
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double-diffusion test. It is comparable with the capillary test in terms Df.result, but is
simpler, faster and easier to perform. This method is especially advisable in newly '
established streptococcus laborateries with limited experience in streptococecus bacteriology.

A positive result by M typing depends on the presence of the M protein in the strain,
Strains that do not possess the M protein at the time of typing cannot be type-identified.
In current laboratory practice a large propertion of strains (60-80%) may lack this protein
pattern, It is best to type freshly isclated strains; passage and subculture in artificial
media reduce the production of the M protein.

5.2.1 M typing with absorbed sera

This procedure is ¢arried out as a precipitin rest in capillary tubes. It is time
consuming and requires potent absorbed typing sera im order to produce reliable results. The
reaching of this goal is in many instances not without difficulties. The absorption of sera
eliminates mainly the antibody to the group polysaccharide.

2.2.1.1 Preparation of M antigen extract

The technique (see Fig. 16) is similar to that of the preparation of group-antigen
extract afrer lLancefield: add 0,4 ml of N/S hydrochloric acid to bacteria harvested by
centrifugation of 80 ml of streptococcus eculture grown for 16 hours in Todd-Hewitt broth
(Annex, section 1.7), shake thoroughly and place the suspension in 2 boiling water bath for
10 minutes. After cooling it, add one drop of phenol red solution (Annex, section 1,8) as
indicator and neutralize first with 2 N NaOH and them with N/S NalH,  Spia down: the super-
natant fluid represents the extract containing the M protein,

Important note: it is indispensable that the extraction of M protein be run ar ph 2;
in a more acidic medium hydrolysis and destruction of M protein occur, For this reason, it
is advisable to control the pH of the streptococcus suspension in HCl before boiling by weans
af thymol blue solution (see Annex, section 1.9, One drop of the suspension is mixed with

one drop of the indicator on a slide. The colour must be only light pink, a red coloration
indicating too acidic pH,

In cases of poor M typability it may prove advantageous to increage the content of
neopeptone in the Todd-Hewitt broth by adding 10 or 20 g of neopeptone per 1000 wl of broth.

%.2.1.2  The precipitation reaction in capillary tubes

In typing by the capillary precipitation method, the extract of the strain to be
identified has to be tested against M antisera of all types; no polyvalent sera for
preliminary orientation can be Prepared, It is therefore of advantage to use the result of
typing by the agglutination test in deciding which precipitation sera should be employed in
testing the extract, In prineiple, the sera are employed of types whose agglutination sera
have given a positive reaction, or which are antigenically related to the T antigen: one or
two other sera may be added. If the result of the agglutination test is negative, the extract
must be examined against all the M antisera. The following table shows which precipitation
sera must be used according to the result of the agglutination test; some sera can be

exchanged for others according to the set of sera available in the laboratory at the moment
(Table 5).

By mesns of the precipitin reaction it is also possible to test for the presence of
aptigens R 3 and R 28 using R 3 and R 28 antisera, R 3 antiserum is usually used in strains
agglutinated by serz of the 3, 13, B 3264 T pattern, and R 28 antiserum in strains agglutinared
by serum of T type 4 (also by sera of T types 24, 28 and 29, if available).

The precipitation reaction is carried our by the method of Swift et al. (1943) in
caplllary rubes about 8 cm long and with an external diamerer of about 1 mm. The capillaries
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TABLE 3, SELECTION OF M TYPING SERA FOR THE PRECIPITATION REACTION IN
CAPILLARY TUBES WITH REGARD TOQ PRELIMINARY AGGLUTINATION TEST RESULT

Apglutination reaction M serum Lypes necessary for precipitation reaction
with T serum of type
Homologous Heterologous

1 1 3

2 2 25,31,55,57,58,59

3 3 3 R,13,33,39,41,43,52,53,56
4 4 24,26,28,29,46,48,60,63,78 R
5 5 11,12,27,44,62

6 6 2

8 8 2,25,31,55,57,58,59

9 9 1,61

11 11 5,12,27,44,6] ,62

12 1z 3,11,27,44,61,62

13 13 3.3 RK,23,39,41,43,52,53,56
14 14 49,51

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

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

18 18 1

19 19 15,17,23,30,47,54
22 22 1

23 23 15,17,1%,30,47,54

25 25 2,8,31,55,57,58,5%

27 27 5,11,12,44,61,62

28 28 4,24,26,29,46,48,60,28 R

Provigional types:
Imp. 19 2,8,25,31,55,57,58,59
B3sey 3,3 R,13,33,39,41,43,52,53,56

must be thoroughly washed, rinsed in alcohol and dried well so that suction does not cause
difficulties. The capillary is applied in a slanting position to the surface of the serum
and a column of about 2 cm is drawn; the tip is wiped with cellulose cotton-wool, applied to

the extract surface, and 2 em of extract are drawn in 2 similar manner,

two fluids is drawn up so as to occupy the middle of the capillary and the capillary

inserted in a vertical position In a4 rack with a groove filled with plasticine.

The e¢olumn of the

This is
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inserted in a thermostat at 37 C and the result is read after two hours; upon this, the
capillary is placed in an icebox at +4 € for 18 hours and read again (Fig, 17). The
evaluation is made according to the following scale:

+ evident precipitation, the height of the precipitation column measures 2 mm maximun;

4+ the precipitation column measures 3-10 mm;

4=kt more than 10 s of the capillary is filled with precipitate.
Only unequivocal precipitin reactions should be evaluated; a strain can only he

regarded as identified if the reaction has been specific, i.e., if the strain has reacted

with only one M antiserum.

2.2.2 M typing with unabsorbed sera

This method is carried out as a double-diffusion test in agar gel, The procedure is
faster and easier to perform than the precipitin test in capillary tubes, Both methods show
very good agreement in routine practice.

The identificativon of precipitation bands corresponding to the group and type reaction
is possible because the bands develop in different positions due to different diffusion
patterns of the M protein and of the group A polvsaccharide, However, some upabsorbed sera
may glve cross-reac¢tlons by bands mimicking the M-anti-M reactiom. In these instances, the
M antisera must be absorbed,

FIG. 17, M TYPING BY THE CAPYLIARY PRECIPITATION REACTION
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5,2,2.1 Preparation of M antigen extract

The same procedure is used as indicated in parapgraph 5.2,1.1,

5.2.2.2 The precipitation reaction in agar gel

Prepare a 1% solution of Noble agar in 0.0l M phosphate buffer saline, pH 7.0, and add
sodium azide to a2 fimal concentration of 0.01%. @elt well by steaming the bottle for
1% minutes and transfer it imto a water bath at 50 C. For one test & volume of about 100 ml
of the agar solution iz needed. Tt is convenient to prepare a stock amount in a number of
bottlas, store them in a refrigerator at +4°g and melt the agar before use in a boiling water
bath. Pour the agar solution (heated to 50 C€) into four plastic frames holding six glass
microscope slides each, About 25 ml of agar solutionm is needed for each frame, After
solidification, cut out in each slide two sets of wells, each consisting of eight peripheral
wells and one central well (Fig. 18). The distance from the centre of each peripheral well
toe the central well is 7.5 mm, The diameter of the wells is 3 mm, The plastic frames and
the punch for cutting the wells are available commercially, e,g., from Gelman Instrument Co.,
Ann Arbor, Mich., United States of America,

FIG, 18, M TYPING BY DOUBLE-DIFFUSION TEST

Using Pasteur pipettes, fill the central well with serum and the peripheral wells with
extracts of the strains to be typed. Thus the number of sets of wells corresponds to the
nurber of sera available for typing. Eight strains can be typed at a time against one serum,
It is not possible to place the extract in the central well and the sera in the peripheral
wells because of frequent cross-reactions due to the large volume of serum in the plate.
Incubate in a moist chamber at room temperature (22 C approximately) overnight,

The band correzponding to the M-anti-M reaction develops nearest to the well containing
the extract, while the band representing the group reaction forms clpse to the central well.

The M type is identified if the extract of the strain gives a clear precipitation reaction
with one serum only. If cross reactions are seen, the typing in agar gel should be repeated
with a new hydrochloric¢-aecid extract,
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T typing

The T typing system, based on the agglutination reaction, is used to identify the strain
according to the T protein. However, since various streptococcus types have additional T

antigens in commen, the T typing result is only occasionally type-specific and so is merely
refaerred to as a certain "T pattern',.

The T typing sera are available commercially, or wmay be prepared as described in the
Annex, Sectiom 4,2,

5.3.1 Preparation of antigen

Inoculate the strain inte 5 ml of Todd-Hewitt broth (see Amnex, section 1,7) and incubate
at 30°C overnight; 4if the culture has not grown sufficiently, incubate for another 24 hours.

Normally 30uC iz gatisfactory, although better antigems are obtained from certain strains if
grown at 27 C. Centrifuge and draw off the supernatant (Fig. 19),

FIG. 19
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First trypsinization: Add twe drops of trypsin solutiom (5%) and one drop.of phenol red
solution (Annex,osection 1.8), adjust pH to B.O using N/B NaQH and place the suspension in a
water bath at 37 € for 1 hour. Bring the pH to 7.0 with N/B HCl. 1f the suspension after
the first trypsinization is granular, or if it is homogenous but is agglutinated by two or
more sera against types not shaving & common T antigen (different T patterns - see Table 6),
it must be subjected to a second or even a third digestion by trypsain.

Second trypsinization: Add one drop of trypsin solution and continue the digestion at
PH 8.0 in a water bath ar 37 C for 1 hour., Bring the pH to 7.0 with N/B HC1,

Third trypsinization: Add one drop of trypsin solution and digest the suspension at
pl 8.0 in a water bath at 50 C for 20 minutes. Bring the pH to 7,0 with N/% HCl,

If, after the third trypsinization, the suspension gives unsatisfactory apgglutinations,
the preparation of the culture must be repeated:; in such case it is couvenient to inoeculate
several cultures selected from different colonies, If agglutinability is lost after the
digestion, a fresh culture must also be prepared and the procedure repeated, preferably with
a shorter incubation time with the trypsin solution.

5.3.2 Agglutination rest

For agglutination, polyvalent sera (a mizture of undiluted sera of several types) and
diluted monovalent sera are used. The set consists of the following sera:

Polyvalent Monovalent
T 1 3 13 33264
U 2 4 & 28
W 5 11 12 27 44
X 8 14 25 TImp 19
b4 9 18 22 23

The agglutination reaction ies carried out on a slide; wusing a platinum loop (diameter
2-3 wm}, apply one drop of strain suspension and one drop of serum and mix. First use the
polyvalent and then the corresponding monovalent sera, The reaction iz evaluwated within
1 minuvte, or at a maximum within 2 mimates; Immediate agglutination is marked 4+, strong
reaction within 1 minute +, and weak but distinct agglutimation within 1-2 minutes +.

5,4 Serum Opacity Reaction (S0R) and S0F typing

The SOR test detects the opacity factor (OF) of group A streptococei. The test serves
as a useful epidemiological tool for the group A strains as it has an association with
gpecific M types (Widdowson et al., 1971). The following procedure appears to work best,
although alternative, e.g., tube, methods can also be used.

5.4.1 Preparation of S0R slides

Horse or swine serum (preferably obtained from animals maintained on fat-free diets) is
centrifuged to remove debris and is adjusted to pH 6.0 with HCl or NaOH, After filter
sterilizing it is stored frozen.

Difco Noble agar or Oxoid purified agar made up to 2% (preferably in pH 6.0 buffer) is
adjusted to pH 6,0 before autoclave sterilizing, The agar may be remelted between use but
the pH should be checked each time if the agar is not buffered, Bring both serum and melted
agar to 50 C before mixing.
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Mix equal volumes of agar and serum (a total of 2 ml for a 1" x 3" - 2.5 x 7.5 cm ~
slide) and gently coat clean, sterile glass slides. Allow to cool. Coated slides can be
stored in a moist chamber at 4 C for up to 2 weeks.

5.4.2 Antipen preparation

. Incculate Todd-Hewitt broth with group A streptococcus. Incubate for 18-24 hours at
37 C,

Centrifuge to sediment cells and save the supernatant., If the test Is not carried out
with the supernatant on the same day, store the supernatant frozen.

HCl (Lancefield) extracts made for M typing may be used for the S0F test as well,

5.4.3 S0R test

Spot supernatants (or Lancefield extracts) on to agar-coated slides with a loop or
pipette (up to 6 spots per 1" = 3" - 2.5 x 7.5 cm - slide).

, & positive SOR is indicated by an opaque spot appearing in 8-24 hours (incubation is at
37 C aerobically inside a moist chamber such as a Petri dish) (Fig, 20).

FIG, 20 SERUM OPACITY FACTOR TEST

SOF TEST

5.4.4 S50QF typing test

One mitlilitre of horse (or swine) serum prepared as above (pH 6.0, filrered and warmed
to 50 C) is mixed with 1 ml Neble (or purified) agar (2%, pH 6.0, 50 C).
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Add 0,2 ml filter-sterilized supernatant (SOF + group A streptococcus to be typed, grown
overnight in Todd-Hewitt broth at 37°C) to the agar-serum mixture, Mix well,
Pour over a 1" » 3" (2.5 x 7.5 cm) slide, After hardening the slide should be clear,

Specific M antisera are spottéd on to the slide. A positive is a clear spot appearing
in the slide which has become c¢loudy after overnight incubatien at 37 C in a moist chamber,

5.5 Evaluvation of results

Determination ¢f a pavticular T type by means of the agglutination test with a high
probability of correspondence to one M type is only possible when the strain possesses a
single type-specific T antigen, as is the case, for example, in types 1, 6, 9, etc. Most T
types, however, possess one or more T antigens that are shared with strains of other types
and are referred to as belonging to particular T patterns. This means that such a strain
will be agglutinated by several sera. The relationship of T patterns to M rypes and 50F-
positive types is shown in Table 6.

TABLE 6, M TYPE - T PATTERN RELATIONSHIFS

Assocjated M types

T patterns
S0F - positive 20F - megative

(a) Corresponding to more than one M type

3/13/33264 13 3,;%23’,;;:;;,43,

4/28 4,28,48,60 24,26,29,46

5/12 /27 11,61,62 5,12,27 44

14/49 ' 49 14,51

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

8/25/Imp, 19 2,25,58,59 8,31,55,57

(b)Y Corresponding to one M type

1 1
6 6
9 9
18 18
22 22

The T patterns of other M types that are not included in this table have not as yet been
adequately determined,

It follows that any T typing result based on a positive agglutination reaction with one
Or more sera, or types sharing one or more common T antigens, must be marked by the con-
ventional figure for the corvesponding T pattern,
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The advantape. of typing by means of rhe agglutination test lies in the fact that straing
that do not give an agglurination reaction with any serum occur only exceptionally. In cases
where the strain does not possess the M protein and typing by precipitation is not possible,
the result of the agglutination test gives some information as to the type or group of types
to which the strain belongs,

However, it is always desirable to use the precipitation with M antisera and the S0OF
typing as well, gince the M protein is the type-szpecific substance of the group A streptacoccus,

6. IDENTIFICATION OF GROUP D STREPTOCOCCAL SPECIES

Once an isolate has been identified by a presumptive test (bile-sesculin test) or
serologically as a group D streptococeus, at least 10 physiological tests are needed to
differentiate the seven speeies listed in Table 7. The formulae and interpretation of rhe
tests are given in the Amnex, section 2. Because some strains react atypically in several
tests, the "best fit" is determined,

It is essemtial to demonstrate that the S. bovis variant and 5. gduinus have the group
D antigen (by serogrouping). These two species camnot be distimpuished physiologically from
some of the viridans streptococci. Although seropgrouping is preferable for the other group
D species, some strains of 8, faeeium, 8, durams, 5. avium, and §. bovis have too little
group D antigen to be detacted, In this case such gstrains can be identified on the basis of
physiological characteristics,

7, IDENTIFTCATION OF THE VIRIDANS STREPTOCOCCAL SPECIES NOT GROUPARLE WITHIN
LANCEFIELD'S SCHEME

Tt is absolutely necessary to rule out group D before comsidering jisolates as viridans
species (see Table 8). The major characteristics of the viridans streptococci are:
(1) they are not beta-haemolytic on blood agar (except for S, mutans which occasionally gives
an atypical beta-haemolysis); (2) thev do not have group B or D antigens; (3) they are not
goluble in bile; and (4) most strains do not grow in 6,57% NaCl broth.

Again, species are best differentiated by considering the results of the physiological
tests in total rather than by attempting to use a key or flow chart, The tests listed in
Table 8 can be used to identify rhe nine species, The formulas and interpretation of the
tests are given in the Annex, section 2.

A different battery of tests and a different spacies nomenclature have also been used,
It is clear that more data are needed to resolve rthe differences.

8. SEROLOCICAL METHODS OF DETECTING STREPTOCOCCAL INFECTION

The group A streptococcus produces a variety of cellular and extracellular substances
which in vivo elicit am antibody response, Individual group A strains may differ in their
capability to produce particular amtigenic substances, Not all streptococcal antigens
exhibit the same antigenic potency. The dynamics of the antibody response and the persiatence
of the antibody vary in relation to the antigenic product, the size of the antigenic stimulus
and the frequency of the stimulus, Last but not least, the capacity of the host to produce
antibody plays an important role, Ac a2 rule, in an infection caused in the host by a single
group A styeptococcus strain, several antigens are produced to which specific antibodies are
simultaneously formed,

A variety of laboratory tests have been elaborated for the titration of streptococeal
antibodies, Some ¢of the tests can be standardized to = degree, ensuring the comparability
of results obtained in different laboratories.
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8.1 Determination of antistreptolysin O

(For preparation of reagents, see Anmex, sectionm 5.)

Antistreptolysin O (AS0) is an antibody to streptolysin O (SL0), ome of two streptococcal
extracellular haemolysinms (Todd, 1938). Owing tothe ubiquity of group 4 streptococci amoung
the population, the frequency of streptococcal infections and rheir repeated occurrence in the
same individuals, a ecertain quantity of AS0, called the normal level, persists in human sera.
The level usually considered normal is uwp to 200 units, There iz some variation in the
values of normal levels depending on age, season of the year and geographical location.

In human streptococcal respiratory disease a rise in AS0 is usually detectable by the
end of the first week of illness and the peak level is reached between the third and fifth
weeks. The level then decreases, returning to its initial height in the second or third
mornth, However, A5S0 dynamics of other patterns may be zeen quite frequently (e.g., owing to
treatment). On an average, higher levels of ASQ ccecur in rheumatic fever cases than in
uncomplicated streptococcal infections. It iz therefore advisable to examine two serum
gamples f{rom the patient, taken two to three weeks apart, The determination of ASO has been

standardized and the test is most frequently used for indirect diagnosis of streptococcal
infection,

The basis of ASQ determination in serum is neutralization of SLO by AS0, The presence
ef residual SLO is demonstrated by the haemolysis of added erythrocytes.

8.1.1 Vigual method of antistreptolysin O determination (Kalbak, 1942)

8.1.1,1 Srandatdization of streptolysin O

Add 0.3 ml of SLO into each of 10 test rubes. Then add phosphate buffer with albumin
according to the scheme given in Table 9,

From gach of these guxiliary dilutions transfer 0.5 ml into a test tube, To thesge
quantities of diffevent SLO dilutions add 1 ml of standard ASQ diluted with buffer with albumin
containing 0,07% of NapS204 so as to obtain 1 unit in 1 mi. (For instance, for an AS0
standard of 20 units In the ampoule, dissolve the contents of this ampoule in 20 ml of buffer
with albumin and add 0.014 g Na28204 (sodium dithionite}.) '

Incubate at 37 C for 15 minutes, add 0.5 ml of a 5% suspension of erythroeytes, stiy
gently and incubate at 37 € for 1 hour, Btir once during the incubation. Let stand at room
temperature for & few minutes or centrifupge gently. The first tube with complete inhibirien
of haemolysis (i.e., the tube with colourless supernatant after sedimentation of erythrocytes)
iz the end point. The SLO dilution in the tube indicates the working dose of SLO for
determining the ASC titre in the patient's serum by the visual technique, {(For exauple, if
the ninth tube is the first tube with complete inhibition of haemolysis, the workiag dilution
of SLO for visual AS0 determination is 1:6. Thus 6 units of SLO are econtained in 0.3 ml
and the antigen should be diluted 1 ml SLO + 5 ml buffer with albumin.)

TABLE 9. S5LO STANDARDIZATION: SLO DILUTION IN AUXILIAR?lTESTTUBES

Test tube Nao.

ml of SLO
ml of buffer

Dilution 1
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8,1.1.2 Tirration of antistreptolysin O in human sera

Inactivate the serum at 56°C for 30 minutes. Them dilute it in geometriec geries with
the quotient 1.25 in the following way (Fig. 21): mix 0.2 ml of serum with 1.8 ml of
buffer. Mix 0,5 ml of this dilution with 4,5 ml of buffer in an auxiliary test tube,
Prepare 12 test tubes. Transfer 1 ml of the latter dilutiom into the first tube and add 1 ml
of buffer to the auxiliary test tube, Froceed in this way to the 12th test tube. The
resulting serum dilutions are as follows: 1:100, 1:125, 1:156, 1:195, 1:244, 1:305, 1:381,
1:476, 1:596, 1:744, 1:931, 1:1163.

FIG. 21

SERUM DILUTIONS FOR ASO TEST

. Inactivate serum 56°C 130 minutes

2, Prepare cuxiliary ditution 1:10

serum 02 mi
buffer 1.8mi

3. Prepare auxiliary dilution 1;100

ditution 1:10, 05m H‘* ;

buffer L.Sm| Ad;dﬂ'l@;nt

each withdrawa
af 1m]|

\ i
&
Imy
- ete.

i

3
B

Test tube No t 2 2 12
Dilytian 11900 125 156 1163
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Addition of S5L0 and imcubation: to each serum dilution add 0.5 ml of SLO diluted so that
0.5 ml contains 1 unit, Activate the diluted SLO shortly before use by adding Q.14% Nag54504.

After stirring, incubate for 15 minutes at 37°C, Then add 0.5 ml of erythroevte suspengion
inte each test tube, stir gently and imeubate 1 hour ar 37°C, Stir once more during the
incubation. The serum dilution in the last test tube without haemeclysis - i.e,, after

erythrocyte sedimentation the supernatant in this test tube is colourless - determines the
number of units,

Evaluation of results

1t has been estimated that while throat infection with group A streptococcus leads in
about 80% of cases to an increase of the ASO level, skin infection is followed by a rise of
this antibody rather rarcly,

For the interpretation of an ASO titration result (especially when titres are on the upper
border line of the normal value), it is recommended that the dynamics of the antibody regponse
be considered, namely by comparing two samples of the serum collected preferably at the
beginning of the acute phase of the dizease and abour two weeks later. An ineresse in the
ASQ titre higher than the titration error of the method, estimated at 30%, indicates recent
infection, If the first serum is not taken in time, it is also possible to evaluate the
titre decrease, which must, however, be higher than the titration error of the method.

8.1.2 Spectrophotometric method of antisrreptolysin O determination (Liac, 1951)

In principle, the method is carried out as follows: dilute the serum in a geometric
series with guotient 2, adding one unit of previcusly titrated SLO inte each dilutiom. After
neutralization, add s standardized suspension of rsbbit erythrocytes, measure the degree of
haemolysis spectrophotometrically and calculate by interpolation the titre corresponding to
50% haewmolysis. The table for the interpolation of values corresponding to 50% haemolysis is
based on the assumption that the dependence of the dilution logarithm on the percentage of
haemclysis is B-shaped, By means of the probit or WED method, it is possible to caleculare
from these values the pertiment coefficients for determining the serum dilution with 50%
haemolysis.

8.1.2.1 Standardization of erythroeytes

Standardize the erythrocyte suspension by adding buffer or erythrocyte mass so that
after it has been diluted 1:12 with distilled water it gives a transmittance of 20% at the
wave length of 520 mm; the suspension so diluted is roughly 6%. (These data have been
adapted for the spectrophotometer PREMA K 52 when using middle-sized cuvettes),

8.1.2.2 Calibration of the spectrophotometer

Haemoglobin solution prepared as sbove (by diluting erythrocyte suspension 1:12 with
distilled water, i.e., 1 part of erythrocyte suspension snd 11 parts of distilled water)
represents a 100% haemolysis sample. TFrom this sample additional ones with 90%, 80%, 70% .
down to 107 haemolysis sre prepared by dilution with distilled water. The transmittance
corresponding to these samples is determined and expressed as the functiom of the degree of
haemolysis. It is most comvenient, accurate and rapid te tabulate this relariom. For this
purpose, howaver, it is not the transmittance but the optiecal density that should be measured,
From the values found the linear regression is calculated using the method of least squares,
This regression makes it possible to convert every optical-density value (and thus also
transmittance) into a khaemolysis value, The exact procedure to pursue in this calibration is
ag follows: prepare samples of 10%, 20%, 307 . . . 100% haemolysis as described, mote the
corresponding opticel density values and repeat this procedure three times with blood from
different rabbits oz, failing this, from one rabbit bled om different days. For an example,
see Annex, sectiom 3.6, Table I,

L)
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Values from 30 measurements will thus be ohtained, Tabulate calculations for the
regression coefficient formula (see Ammex, section 2.6, Table 2). Congidering the optieal
density to be a function of haemolysis, calculate the regression coefficient for this function
using the following formula:

5. £ 2

b = I
& 0°
éé:xZ

1]

where x is the haemolysis percentage
y i= the observed optical density
n is the number of measurements

Divide the values for optical density corresponding to each value for transmitrance
(each wvalue separately) by the coefficient b (see Anmex, section 5.6, Table 3).

Insert the haemolysis values thus obtained in a table (see Annex, sectiom 5.6, Table 4).
It is necessary to make a gpecial calibration for every spectrophotometer and a new

cylibration is required at each change of the lamp.

8.1.2.3 Standardization of sStreptolysin O

Add 0.5 ml of SLO into each of 10 test tubes. Then add buffer according to the scheme
given in Table 9, From each of these auxiliary dilutions transfer 0.5 ml into 5 tesr tube.

Dilute standard AS0 with buffer so as to obtain 1 wnit in 1 ml and add 0.07% Nas8,04;
add 1 ml to each test tube. TIncubatre 15 minutes at 37°C, add 0.5 ml of standardized
suspension of erythrocytes, stcir gently and incubate 1 hour at 37°C. 3tir once during the
ineubation. After the jncubation centrifuge, dilute 1 ml of supernatant from each test tube
with 2 ml of distilled water and determine the transmittance, converting it into haemolysis
according to the table (see Annex, sectiom 5.6, Table 4). The titre of the 510 preparation
is indicated by the test tube dilution whose haemolysis value is nearest to 507%.

B.1.2.4 Serum titration

Inactivate the serum at 56°C for 20 minutes. Dilute the serum in peometric series with
the quotient 2, namely 1:100, 1:200, 1:400, 1:800, 1:1600, in the following way: add 1 ml of
buffer into each of five test tubes; into the first ome add 1 ml of the diluted serum 1:50,
stir and transfer 1 ml into the nexr one. Proceed in this way until all five test tubes are
diluted.

Addition of SL0 apd incubariom: Into each test tube with dilured serum add 0.5 ml of
diluted reduced 510 prepared in the following way: dilute SLO with buffer so that it containg
1 unit in 0.5 ml. (For ingtance, SLO standardization has given the following values: firse
tube 30% haemolysis, wecond 45%, third 60%, etc. The value nearest to 0% 45 the seecond
tube~dilution 1:5.5. Thus the 510 contains 5.5 International Units in 0.5 mi, 510 will be
used in the dilution 1:5.5, i.e., one part of 510 and 4.3 parts of buffer. Shortly before
1t is to be used, reduce the solution by dissolving in it 0,14% Nas5+0,.  Stir and incubate
15 minutes at 37°C. Add 0.5 ml of standardized erythrocyte suspension into each test tube,
stir gently and incubate 1 hour at 37°C in a water bath. Stir once more in the course of the
incubation.
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Reading of regultg: Find by sight the test tube with haemolysis nearest to and under
50% and the one with haemolysis nearest to and above 50%, Centrifuge both test tubes,
dilute 1 ml of the clear supernatant with 2 ml of distilled water and measure the transmittance
on the apectrophotometer. With the help of the corresponding table convert the ascertaiped
tramsmittance values into haemolysis values, In Table 10 find the coefficient for caleulating
the titre at 507 haemolysis, Multiply the serwm dilutiom in the tube with haemolysis under
50% by the coefficient, obtaining thus the titre of the serum under investigation. Example:
haemolysis under 50% iz found in the second tube and over 507% in the third one. After
measurement and calculation it is found that haemolysis in the second tube is 32% and in the
third one 74%.  The corresponding coefficient indicated in the table is 1.41. By multiplying
the dilution of the second tube (200) by this coefficient (1.41) a value of 282 is obrained,
indicating that the serum contains 282 units of ASO per millitre.

TABLE 10, COEFFICIENTS FOR 50% HAEMOLYSIS
(VALID FOR ALL CASES OF INTERPOLATION - NO ADJUSTMENTS NEEDED)

607 70% BO%. 90% 99.9%

0.1% { 1.89 1.81 1.71 1.62 1.41

10% 1.79 1.62 1,51 1.41 1.23
20% 1,71 1.53 1.41 1.32 1.16
30% 1.60 1.41 1.30 1.23 1.10
407 1.41 1.25 1.16 1.12 1.06

8.2 Determination of antideoxyribonuclesse B (Nelson et al,, 1968}

(For preparation of reagents see Annex, sectiom 6).

Group A streptoecocci produce four antigenically different deoxyribonucleases (as
extracellular enzyme): types A, B, € and D. The most important is the type B (DNase B)
which is produced in a larger amount than the other types.

The dynamice of production of anmtibody against DNase B in human infections is comparable
to that of AS0, It should be pointed out, however, that in contrast to ASO, this antibody
ig commonly found in skin infections and acure glomerulonephritis following streptococcal
impetigo, and not only in respiratory streptococcal infection,

The importance of this antibody and the fact that its titration canm be standardized are
the reasons why it is generally recommended that the titre of anti~-DNase B be determined -
in addition to ASO - as the second streptococcal antibody,

The microtechnique for anti-DNase B determination is based on the formation of a e¢oloured
complex between deoxyribonucleic acid (DMA) and methyl green under the given conditions of the
reaction. Digestion of the substrate by DNase B is accompanied by losgs of colour, If

antibodies sre presenmt in the serum, they prevent the enzyme from attacking the substrate and
the coloured complex is retained.

§.2.1 Titration of purified DNase B

Dilute the anti-DNase B standard with buffer No. ? so that it econtains 1 umit in 1 ml
(e.g., anti-IWase B with a titre of 480 units is diluted 1:480).

Bissclve a freeze-dried sample of the enzyme in an amount of distilled water corresponding
to its oviginal volume. Dilute the enzyme with buffer Mo, 2 im tubes as follows (Fig., 22):
1:30, 1:100, 1:200, 1:300 . . . 1:1000. Using a 0.025 ml pipette dropper, transfer 0.025 ml
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of diluted enzyme from each tube into the respective wells of the microtitre "U" plates
(e.g., Microtitre System manufactured by Cook Engineering Company, Alexandria, Virginia,
United States of America); begin wirh the higheat enzyme dilution, Add 0,025 wml of
diluted standard anti-DNase B into each well and afrer mixing (by tapping the edge of the
plate), incubate at 37°C in the thermostat for 15 minutes; then add 0,050 ml of substrate

(deoxyribonucleic acid-wethyl green) into each well by means of a 0.050 ml, pipette dropper,

mix and incubate under identical conditions for 18-20 hours. During the incubariom, the plate
iz kept in a wet chamber. ‘

DEOXYRIBONUCLEASE B TITRATION
1- Dilute the enzyme in auxiliary tubes :

e e e, ——
02Zml 0.5ml O5ml 0.5ml

0 1E8ml 08ml 0.5ml 05ml  0.%Emi
Dilution 11 1:10 1:50 1300 1200 1300 ot

LA T S T S

S 0.02% 0025 D075 0025 0.02%
1 2z 3 [ 5 B, ..

Microplate

2. Transfer (mi) O,

3.(a} Acd 0.025 ml of antideoxyribonuclease B {Tunit/ ml) into each well,
mix
(b} incubate at 37°C for 1S minutes in wat chamber
{c) odd 0.05ml of substrate, mix
[d) incubate at 37°C for 18- 20 hours in wet chomber
(o) read titre
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The titre is the reciprocal value of the highest enmzyme dilution that in the presence of
antibody causes approximately 507% digestiom of the substrate (colouring 2 +), To determine
the e¢nzyme titre exactly, it is necessaty to repeat the above described titration against the
standard a number of times, using narrower ranges of enzyme dilutions,

Readings of colour intenmsity: 3 + = no digestion of substrate; 2 + = approximately
50% digestion; 1 + = over 50% digestion; - = colourless, complete digestion of substrate.

8.2.2 Titration of antibody

Human sera for antibody determination

Inactivate the sera at 56°C for 30 minutes.

Titration procedure

Prepare gerum dilutions 1:50 and 1:75 with buffer No. 2 (Fig. 23). The sera are titrared
in the horizontal rows of the microtitre "U" plate.  Add 0.025 ml of buffer No. 2 ro all the
wells of the plate using a pipette dropper, Use a 0,025 ml microdiluter to transfer anm equal
volume of serum diluted 1:30 into the first well (be careful to dip only the diluter head)
and after mixing by a rotatory motiem transfer the same volume into the third well. Proceed
thug in the horizontal row in odd wells. Similarly, prepare serum dilwtions from the
starting dilution of 1:75 in even wells, In this way, two rows of serial serum dilutions with
a quotient of two (serum dilurions of 1:100 to 1:4800) are chtained, Using a 0,025 ml pipette
dropper, add to each well diluted enzyme solution (e.g., the enzyme titre is 325 umits in 1 ml;
dilute 1:325 for antibody titration) prepared immediately before use, Mix thoroughly and
incubate in a wet chamber at 37°C for 15 minutes; then add 0.050 ml of substrate {deoxyribo-
nucleic acid-methyl green) to cach well by means of a 0.050 ml plpette dropper, mix and
incubate under identical conditions for 18-20 hours,

Contrals

(2) Enzyme contrel: 0,025 ml of buffer No. 2, 0.025 ml of diluted enzyme and .05 ml
of substrate solurion (must be colourless after incubatrion).

(b)  Substrate control: 0.05 ml of buffer No. 2 and 0,05 ml of substrate solution
{must retain green colour afrer incubation).

(¢) Serum of known anti-DNase B titre - standard,

Determination of anti-DNase B titre

The titre corresponds to the reciprocal value of the serum dilution that causes
approximately 50% ivhibitionm of the enzyme (colouring 2 +); if there is a steep colour
transition (colour 3 + followed by total loss of colour), read the last well with total
enzyme Inmhibition (ecolouxr 3 +) as the end point.
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FIG. 23

TEST FOR ANTIDEQXYRIBONUCLEASE B

1. Inactivate serum 56*C130 minutes

2. Prepare quxiliary dilutions of serum:

(a]l serum 0.1 ml 1
buffer 4,9mlt 50

(b)  serum 0.1 ml 778
butter 7.4ml

3. In microplate :
{a] add 0.025ml of butfer in all wells
(b) add 0.025ml of serum dilutions from auxiliary tubes, mix, transter. .

1:50 1:75
1 2z 3 & 5 6..... 1t 12
A 0000 QO
o
B 0025ml 0.025 0025 0.025%
Dilutions; 100 150 200 300 400 600, « e . 3200 4BOD
(c) add 0.025m1 of enzyme dilution (1unit/1ml) in each well,
shake gently

(d) incubate at 37°C for 15 minutes in wet chamber
(@) add 005 mi of substrate, mix

{f] incubate at 37°C for 18- 20 hours in wet chamber
tg) read titre
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ANNEX

FREPARATION OF TRANSPORT DEVICES, MEDIA AND BASIC REAGENTS,
AND METHODS OF STORAGE OF . STREFTOCOCCT

1, PREFPARATION OF TRANSPORT DEVICES AND MEDIA

1.1 Detoxified cotton-wool swabs

Use good quality cotton-wool on applicator sticks, Boil the swabs for 15 minutes in
Sorensen's buffer solutiom, pH 7.4.

Composition: M]&S KHsPOp wecnnnn Pt e a s ver LE ml
M/15 Na,HPO, ..... et vreee. B.2ml

Shake off excess moisture, dry in an oven at rather low temperature for a short time,
place in tubes plugged with cotton-wool and sterilize in an autoclave.

1.2  Filter-paper strips for transport of specimens

Strips 2 x 6 cm of Whatman No. 1 paper, marked on ome side with a pencil, are covered
on both sides by wax paper 3 x 13 cm folded in the middle. This kit i5 wrapped in
aluminium foil in such a way that the closure of the a° winium foil is on the rlain side
of the paper strip and the whole kit is sterilized in an autoclave,

1.3 Stuart transport medium

Dissolve 6 g of agar in 1000 ml of distilled water by heating in a steamer {Arnold
apparatus}. Immediately after removing the dissolved agar from the steamer add ? ml of
thioglycoellic acid and 900 ml of preheated distilled water.  Mix thoroughly, adjust to
pH 7.2 with N NaQH, add 100 ml of a 20% solution (w/%) of sodium glycerophosphate and 20 ml
of & 1% solution Cq/v) of calcium chloride. Mix thoroughly, add 4 ml of a 1% aqueous
gsolution of methylene blue, shake well and distribute in small trangport bottles with screw
caps (bottle size adequate to hold the swab), Sterilize in a4 steamer for onme hour.

1.4 Bilica gel transport medium

Foil packets containing siliea gel are available commercially, A modified silica
gel transport system can be made by placing enough silica gel crystals in & 15 % 125 mm
screwcapped tube to cover the cotton tip of the swab. The tube and crystals are autoclaved
and dried in a hot air oven. '

1.5 Blood agar

Add 30 to 70 ml of defibrinated sheep blood (aseprically wirhdrawm) te 1000 ml of
melted infusion agay which has been brought to a temperature of 50°C, Mix well apd pour
in Petri dishes. Sheep blood can be replaced by horse blood, but humam blood should not
be used unless (exceptionally) sheep, horse or rabbit blood is not available. If human
blood is used, it should be borme in mind that if streptococcal antibody is present it may
adversely affect growth and/br haemolysis around the streptococcus colonies.

1.6 Blood agar with erystal violet or gentamicin

Dissolve 10 mg of erystal violet in 100 ml of distilled water. Add 10 ml of this
solution to 1000 ml of melted agar base, cool to 50°C and mix with 5-7% of defibrinated blood
(of the kind indicated in section 1.5). Pour into Petri dishes and allow to stand to
solidify,

If gentamicin is used instead of ecrystal violet, add 5.5 pg of gentamicin per 1 ml of
blood agar,
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1.7 Todd-Hewltt broth

Grind 450 g of fat-free beef heatrts or horse meat and mix with 1050 ml of distilled
water. Keep overnight at +4°C. Heat to 85°C and keep at this temperature for 90 minutes
under ocecasional stirring, Filter through cotton-wool. Add 20 g of Neopeptone (Difco),
adjust pH to 8.0 with 1 N NaOH. Add 2 g Nacl, 2 g NaHCO3, 0.4 g NaoHPO, and 2 g glucose.
Boil for 15 minutes and filter through filter paper. Sterilize in Arnold apparatus
(steamer) for 20 minutes a day onm three consecutive days, The final pH should be 7.8.

1.8 Fhenol red solution

Dissolve 0.1 g phenel red in 28 ml Q.01 N NaOH, adjust the volume to 250 ml with Ha0
and neutralize with 0.2 N NaOH.

1.9 Thymol blue golution

Dissolve 0.1 g of thymol blue in 4.3 ml of Q.05 N NaOH and adjust the volume to 100 ml
with distilled water,

2. FORMULAE AND INTERPRETATION CF PHYSIOLOGICAL TESTS
All phygioclogical tests for identifying streptocoeccal species should be done with an
overnight broth culture of the strain to be identified, The inoculated media should be

incubated in a normal atmosphere at 35-37'C for 3 to 5 days unless otherwise noted,

2.1 Acid in carbohydrate broths (arabinose, inulin, lactose, mannitol, raffincse, sorbitol,
sorbose, txehalose)

{L) Heart infusion broth, 22.5 g, in 900 ml distilled water,
(2) Carbohydrate, 10 g, in 100 m)l distilled water,
(3 Indicator, 1 ml (L.6 g bromcrescl purple inm 100 ml of 95% ethanol),

Combine 1, 2 and 3, dispense in 3-ml amounts in 13 x 100 mm screwcapped tubes.
Sterilize in an autoclave foxr 10 minutes at 121°C, A positive reaction is recorded when

the indicator changes from purple to yellow.

2.2  Arginine hydrolysis (Meoeller's decarboxylase medja)

(1) Peptone (Orthana special), 5 g.
{2y Beef extract, 5 g.
(3) Bromcresol purple, az above, 0.625 ml.

(4) Cresol red (0.2%, prepared by grinding 0.5 g cresol red powder to a fine powder,
adding 26.2 ml of 0.0l N NaOH, and diluting te 230 ml with distilled water), 2.5 ml,

(5) Pyridoxal, 5 mg.

(6) L-arginine, 10 g (Lf DL-arginine is used, add 20 g).
{7} bDextrose, 0.5 g,

(8) Distilled water, 1000 ml,

Adjust pH to 6.0-6.7 and dispense in 3 ml amounts inm 13 % 100 mm screwcapped tubes,
Sterilize in an autoelave for 10 minutes at 121°C, Immediately after inoculation, add a
layer (about 10 mm) of sterile mineral oil. A positive reaction is recorded when the
indicators turn violet to reddish vielet. Yellow does not indicate a positive reaction - it
indieates acid produetion rather than arginine hydrolysis, The latter would result in
citrulline and NHA formation.
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2.3 Bile-aesculin

(1) Add 23 g of nutrient agar to 400 ml H O and mix well; hear until coloidal.

2
(2) Add 40 g of bile (e.g. Oxgall) to 400 ml H

(3) Add 0.5 g of ferric chloride to 100 ml H

20 and mix well; heat into sclutionm,

20 and mix well; heat into solution.
(4)  Combine sclutions 1, 2 and 3 and mix well; heat to 100°C for 10 minutes.
(5) Sterilize in autoelave at 121°C for 15 minutes (this is the base medium).
(6) Cool to 30°C.

(7) Prepare acsculin solution (add 1 g aesculin to 100 ml of H
disgolve, and sterilize by filtratiom, Seitz or Millipore).

20, heat gently to

(8) Aseprically, add sterile aesculin sclution to base medium and mix well; dispense
inte 16 x 125 mm screwcapped tubes and slant tubes,

2.4 Aesculin hydrolysis

(L) Heaxt infusion agar, 40 g.
(23 Aegculin, 1 g.
(3) TFervic chloride, 0.5 g.

(4)  Distilled H,0, 1000 ml.

Heat to dissolve ingredients, dispense in 13 x 100 mm screwcapped tubes, sterilize in
an autoclave for 13 minutes at 121°C.  Slant tubes for cooling period,

Aesgeulin hydrolysis is indicated when the medium turns black,

2,5 Dextran and levan production in sucrose agar

(1) Heart infuslom agar, 40 g.
(2) Sucrose, 50 g.

(3) Distilled H20, 1000 ml.

Sterilize in an autoclave for 15 minutes at 121°C.  Cool to 55°C and pour into
13 x 100 mm Petri dishes (approximately 10 ml in each).

Dextran production (typical of 5. sanguis and 5. mutans) results in highly refractile,
or white-dry, adherent growth on the agar, lLevan production, (typteal of 5. salivarius),

results in opaque, gummy, nomadherent growth. Typical 5. bovis growth is similar to that
of 5. salivarius but is somewhat less pummy apd rarely adheres to the medium, Large or

small colonies that are mucoidal and nonadherent are considerad to he negative or to have
no extracellular polysaccharide production,

2.6 Dextran production in sucrose Broth

Solution A:

NIH thie broth, 28.5 g.

KZHPDQ, 10.0 g.

Sodium acetate, 12.0 g,

Distilled HEO’ 500 ml,
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Solution B:

Sueroge, 30.0 g,

Distilled HZO’ 500 mi.
Sterilize solutions separately in an autoclave for 15 minutes at 121°C.  Cool to 55°C,
mixz solutions and dispense in 16 x 125 mm screwcapped tubes in 5 ml 2mounts.

Dextran production is indicated when the broth is partially or completely gelled (a
typiecal 5, sanguis reaction). Dextran production is alge indicated when gelatinous,
adherent deposits form on the bottom and walls of the growth tube (a typical 5. mutans
reaction). An inerease in viscosity of rhe broth indicates the production of slime -
unknown polysaccharide (typical of §, bovisg).

2.7 Pyruvate utilization

(1) Tryptone, 10 g.

(2) Yeast extract, 5 g.

(3 KQHPOA, 5 g.

(4) NaCil, 5 gz.

(3) Sodium pyruvate, 10 g.
(6) Bromthymol blue, 0.104 g.
(7Y Distilled watex, 1000 ml,

Check the pH and adjust to 7.1-7.4 if necessary. Dispense in 13 x 100 mm screwcapped
tubes; sterilize by autoclaving 15 minutes ac 121°C.

A positive reaction is recorded when the indicator changes from green to definite
yellow.  Yellow-green indicates a weak reaction and should be regarded as negative

utilization of pyruvate.

2.8 Sodium chloride (6.5%) tolerance

(1) Heart infusiom broth, 25 g.

(2) NaCl, 60 g,

3 Indicaror, 1 ml (same as for carbohydrate broth preparation)}.

) Dextroge, 1 g.

(2) Distilled water, 1000 ml,

Combine all reagents up to 1000 ml; do not compensate for the volume loss caused by

the NacCl, Final volume should ke 1000 ml. Dispence into 15 x 125 mm screwcapped tubes
and sterilize in an autoclave 15 miputes at 121°C,

A positive reaction is recorded when the indicator changes from purple to yellow or
when growth is obvicus even though the indicator does not change,
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2.9 Sodium hippurate hydrolysgis

(1) Heart infusion broth, 25 g,
(2) Na hippurare, 10 g.

(3)  Distilled H,0, 1000 ml,

Sterilize in autoclave for 15 minutea at 121°¢ after dispensing in 15 x 125 mm screw-
capped tubes, Tighten caps te prevent evaporation. Inoculate with two or rhree colonies
of beta-haemolytic streptococci, incubate at 35°C for 20 hours or longer, centrifuge the
medium to pack the cells, and pipette 0.8 wml of the clear supernate into a Kahn tube,

Ferric chloride reagent:

(1) FeCl, 61,0, 12 g.

(2) 2% aqueous HCL, 100 wl (2% aq BCI is made by adding 5.4 ml of concentrated
HCL (37%) to 94.6 ml H,0).

Add 0.2 ml of the ferric chloride reagent to the Kahn tube and mix well,

If a heavy precipitate remains longer than 10 minutes, the test is positive,

2,10 Starch hydrolysis

(1} Heart infusion agar, 40 g.
(2 Soluble starch, 20 g.

(3 Diztilled Hzo, 1000 ml.
Warm to dissolve, and sterilize in an auytoclave for 15 minutes at 121°C, Cool to
55°C and pour into sterile Petri dishes. Hydrolysis of starch is determined by flooding
the surface of the plate with Gram's iodine 48 hours after inoculation and inecubation at 35°C,
The zone of hydrolysis appears colourless: a dark blue to purple colour indicates that
the starch has not been hydrolysed.

2,11 L-tyrosine decaxboxylase

A modification of Mead's medium is recommended for detection of the enzyme. This is
2 s0lid selective diagnostic medium for the identification of §. faecalis and its varieties.
The selectivity of the medium is due to the presence of thallium acetate: the identificarionm
Principle is based on the ability of §. faecalis and its varieties to ferment sorbitol and
produce L-tyrosine decarboxylase, which is active only in the presence of an acid, in the
present case produced by sorbitol fermentation,

Inoculate the culture by a stab and on the surface of & segment of the medium,

Read after 18-24 hours of incubation, Strains with positive decarhoxylase activity
produce & translucemt zone, colonies are white.

Mead’'s medium (modified) (Formula 6):

(1} Peptone, 10 g,

(2) Yeast extract, 1 g,
(&))] Sorbitol, 2 g.

(4)  L-tyrosine, 5 g.
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(5) Thallium acetate, Q.05 g.
(6) Agar, 20 g.
(7) Distilled water, 1000 ml.

Dissolve the ingredients one by one {ewcept thallium acetate and agar) in hot water
and adjust pH to 6.2. Add agar and heat in running steam unmtil it has dissolved.
Sterilize in autoclave at 115° ¢ for 10 minutes.

Add thallium acetate (50 mg per 1000 ml of medium) and check pH (6.2). Decant
300 ml from 1000 ml of this medium and add another 4.5 g of L-tyrosine to the decanted
portion.

Distribute the remaining 700 ml of medium (without raising concentration of L-tyrosine)
into small Petri dishes. After the medium has solidified, overlay the plates with a second
thin layer of medium, that with the raised L-tyrosine concentration, ceveled almest to the
point of golidification to ensure that undiszsolved tyrosine remains evenly dispersed.

3. FREFARATION OF GROUPING SERA

3.1 Reference gtreptococcus strains used at the WHO Collaborating Centre for Reference and
Regearch om Streptococci in Prague for the preparation of grouping sera:l

Group Strain designation Prague laboratory collection No,
A J17 A4 6/49
A var, T 27/4/32/2 15/60
B v 9 /66
¢ Chestle 41/59
D D3 8/63
E K 131 42/59
F 0'Mahoney 21/58
G Valente 22/38
H Blaciburs 23/58
K K 3 2/49
L SHC 16 43/59
M SHC 256 13/60
N ¢ 559 17/71
0 B 361 2/65
P 54/853 27/58
Q E 6844 28/58
R Group R 10/39
$ Group S 11/59
T Group T 6/67
u IV-87, Thal 1/70
v 176 1/75
1

The strains are supplied ¢n request by the WHO Collaborating Centre for Reference and
Research on Streptococci at the Institute of Hygiene and Epidemiology, 48 Srobirova,
100 42 Prague, Czechoslovakia,
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3.2 Preparation of vaccine for immunizing rabbits

Suspend bacteria harvested by centrifugation of 230 ml of culture grown in Todd-Hewitt
broth 18 hours at 37°C in 25 ml phosphate buffer pH 7.8 and add 25 mg of teypsin. Allow to
stand at room temperature overnight, wash six times in saline and resuspend in 25 ml of
saline, Kill the culture by placing it in a water bath at 56°C for 30 minutes.

With group D strain vaccine, use formalim for the killing: add 0.2% to the final
concentration,  Another method for the preparatiom of group D vaccine is to use heat-
killed and mechanically disintegrated bacteria harvested from culture grown in dextrose
broth.

3.3 Immunizipg scheme

First week: one injection of 0.5 ml intravenously; second to fifth weeks: iInjections
of 1 ml given intravenously om three successive days of the week. On the fifth day after
the last injection in the last week, take a blood sample from the animal and check its serum
for the presemce of antibodies; if the titre is unsatisfactory, continue immunizing for
two or three weeks, again giving three injections a week.

it hag been shown that if the titre of antibody in the serum is low, it is very
beneficial to leave the animal at rest for at least two months and then repeat the immunization
for four weeks.

Instead of the above-mentiomed procedure, the following can be used: three to five
days after an injection of 0.5 ml of vaccine, apply # series of daily injections of 0.5 ml
of vaccine for 12 days.

3.4 Contxol of the titre and specificity of the serum

serum samples taken at the end of the lmmunization procedure are tested against
formamide or hydrochloxic acid extracts of reference atrains of all groups, For the
preparation of extracts and the serological precipitation reaction, see section 4.2 of the
Manual,

The gerum is suitable for use if it gives a strong +++ reaction with extract of the
homologous strain used for immunization within ome or two minutes, and a good (at least
++ reaction) with two or three other strains of the same group. The serum must not give
cross reactions with strains of other groups.

If the serum sample hag been found satisfactory, the rabbit is bled to death and the
serum separated and preserved with 0.02% of sodium azide. %L membrane filters are available,
the serum is filtered, distributed and freeze-dried or stored in liquid form at +4° C.

3.5 Preparation of reagent for the co-agglutination grouping resction {CA)

Inoculate Staphylococeus aureus (strain Gowan, NCTC No., 8330, WHO Prague Centre No. 55/%4)
into 200 ml of Todd-Hewitt broth, incubate at 37°C overnight, spin the culture, wash the
sediment twice in phosphate buffered saline (PBS), resuspend it in 50 ml of PBS, add 0.5% of
formaldehyde, incubate at room temperature for three hours, wash the sediment twice in PBS,
resuspend in 20 ml of PBS, heat in a water bath at 80°C for five minutes, cocl, wash twice
in PBS, resuspend in 20 ml of PBS, add 0.1% of sodium azide and store at 44°C.

Mix 1 ml of this staphylococcus suspension with 0.1 ml of rabbit hyper immunized
gstreptococcus serum, mix thoroughly, incubate at room temperature for five minutes, wasgh

twice in PBS and resuspend the sediment in 10 ml of PBE; add 0.1% of sodium azide and store
at +4°C.
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Check the specificity of the reagent by testing it in the agglutination reaction
against strain suspensions of 2ll streptococcus groups or at least the most important ones
(A, B, C, T and G) following the technique indicated in the Manual under 4,3.1 and 4.3,2,

4. FREFPARATION OF M AND T SERA FOR CROUP A TYPING

Only an outline of the techniques is given here. Interested investigators are urged
to seek indepth training at a laboratory that routinely produces the typing antigera, such
as the WHO Collaborating Centre for Reference and Research on Streptococel in Prague or
the Streptococcus Reference Laboratory at the Center for Digease Control, Atlanta.

4.1  Preparation of M typing sera

4.1,1 M streptococecus strains used by the WHO Collaborating Centre for Reference and
Research on Streptococci in Prague for the preparation of sera:

Type Strain designation Prague laboratory collection No.
1 SF 130/13 40/58
2 T 2/84/Rb 4/119 1/69
3 Richard D 58/W 20 - 29/56
4 T 4/95/Rb 5 17/60
5 T 5/B/PS 20/59
6 s 43/100/14 2/66
8 c 265/64/1 23/60
9 T 9/120/1 14/71
11 11/137/1 10/71
12 R 53/1077 22/59
13 T 13/150/1 6/69
14 T 14/46/6 7/69
15 Js 5/13/0/18 51/59
17 8304 10/56
18 I 17¢/55/2 8/69
19 J 17p/50 25/59
22 T 22/117/3 22 /70
23 T 23/70 Rb 5 7/64
24 c 98/90/1 60,50
25 B 346 op. 8/64
26 1 178/38/13 /a2 14/55
27 RCL type 27 18/60

The straing are available on request from the WHO Collaborating Centre for Reference
and Research on Streptococci, Institute of Hygiene and Epidemiology, 48, Srobdrova,
Lo0 42 Prague, Gzechoslovakia.




28
29
30
3]
32
33
34
36
37
38
39
40
41
42
43
44
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
63

Strain designarion

uss (77/50)

D
D
J
c
c
c
c
c
D
c
C
c
c
c

23/11
24/46
137/69/3
107
107/24 /6
142/82/2
119/58/4
242

61

95/12 B/5
143/25/5
101

113

126/59/3

"Hanson™

L A -

27
744/Rb 4/6/3
140 A
731/71/1
514/33/3
309/31/5
871/14/2

952/94/1

Kingbird 100 188-CV 581
Trinidad & 75
55-791

A

57 3890

35 872
55 914

D
D

335

336/56/1

5F 2
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Prague laboratory collection No.

77/50
62/59
29/59
13/69
19/56
50/58
65/50
16/69
22/56
68/50
69/50
70/50
24/56
72/50
21/70
32/58
/59
9/64
11/64
1/64
19/59
12/71
23/70
7/71
5/68
6/68
10/68
7/68
11/70
16,70
3/71
4/71
4/75
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Preparation of M vaccine for rabbit immunization

Culture grown in 250 ml of Teodd-Hewitt broth for L8 hours at 37°C is centrifuged and
the bacteria are resuspended, without washing, in 25 ml of phosphate buffered galine, pH 7.8.
They are then placed in a water bath at 56°C for 30 minutes. The presence of M protein
in the vaccine is checked by preparing hydrochloric acid extract from 5 ml of vaceine using
the technique mentioned above and precipitating the extract with unabsorbed serum in the
double-diffugion test or absorbed gerum in capillary tubes. For technical derails see
section 3 of the Manual,

4.1,3 Immunization scheme

First week: one dose of 0.5 ml of vaceine intravenously; second to sixth weeks (second
to eighth weeks for sera difficult to prepare): three 1 ml injections of vaccine weekly,
given on three successive days. On the fifth day following the last injection in the sixth
week, blood is withdrawn from the animal and the antibody titrated in unabsorbed serum if
uging the double diffusion test, or in absorbed serum if uging the precipitin reacticn in
capillary tubes against homologous~type extract. 1f the titre iz not high enough, it is
advisable to discontinue the immunization for 2-3 months and then resume it by giving
three 1 ml injectiong of vaccine weekly on three successive days for 6-8 weeks. Considerable
atlention should be given to the styxains used for immunization and their M protein content
should be checked.  Sometimes it is necessary to inerease M protein production by passaging
the straim in mice or, preferably, to select better M+ variants by means of the bactericidal
test.

In addition to precipitin testing of M antisera, it is advisable to agsegs their
opsonizing potency by the bactericidal test.

4,1.4 Absorption of sera for the capillary test

Sera prepared by the merhod dese¢ribed contain, in addition to anti-M antibodies, mainly
anti-C and anti-T antibodies, The anti-T antibodies do not react in the precipitin reaction
becauge extracts prepared after Lanceficld do not contain any T antigen; this antigen is
destroyed at a temperature of 100°C (with the exception of type-4 T anrigen which is
resistant to this tempevatrure). Thus, it is mainly anti-C antibodies that have to be
removed from the sera,

The absorptiom 1s carried out with streptococei of a heterologous type, usually a
Lype-253 strain (strain Matthews), or a type-6 strain (Glossy). Bacteria from five litres
of a 48-hour Todd-Hewitt broth culture obtained by centrifugation are resuspended in 100 ml
of saline and killed by placing them in & water bath at 60°C for ome hour, They are
washed three times im sa2line and resuspended in 50 mi of phosphate bufferad saline, pH 7.0:
il necessary, they are collected by centrifugation.

Absorption: one part of bacterial sediment is added to two parts of serum; the mixture
iz shaken and incubated atr 37°C for 30 minutes to one hour. Centrifugation is carried out
and the serum is tested by slide agglutination against a suspension of the strain used for
absorption. If apglutination takes place, absorption is repeated with a new sediment of
streptogocei. For adequate performance experience 1z essential.

4.1.5 Control of the titre and specificity of the gera

For the preparation of M extracts, the precipitin reaction and evaluation of the result,
see section 5 of the Manual,
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(a) Absorbed M sera for the capillary test

Non-diluted absorbed serum is tested by precipitation in capillary tubes against the
extract of the immunizing strain, extrvacts of strains of homologous type and extracts of
straing of all heterclogous types, The serum is suitable for the purpose if it gives
a + reaction with homologoug-type extract. The seruvm must mob react with extracts of
heterologous types. If it reacts with one or more hetervlogous extracts, absarption of
the serum with bacteria of this type (these types) is carried out.

(b) Unabsorbed M sera for the double-diffusion test

Non=diluted unabsorbed serum iz checked in the double-diffusion test against extracts
of homologous type as well as of all heterclogous-type strains.

Identification of the precipitation bands corresponding to the group and type reaction
is possible because the bapnds develop in different positions owing to the different diffusion
patterns of the M protein and the group A polysaccharide. The intensity of the bands
reflects the potency of the sera and the quanticty of M protein in the extract. Extraction
of the streptococcus cell at pH 2,0 destroys a variety of cell proteins, including the
T antigen, The gerum should give & clear precipitation band with homologous-type extract,
easily distinguishable from the group xeaction, No cross reactions with bands mimicking
the homologous-type reaction should develop with any of the heterologous types. If the
Serum cross reacts, it should be absorbed with the strain(s) of the cress reacting type(s).
It is preferable and easier to use only batches of unabsorbed M typing sera that do mot
cross react, because they do not need to be absorbed and sera, if available, that lack the
group antibody.

If the serum sample has been found satisfactory, the rabbit is bled to death and the
serum preserved with 0.02% sedium azide, filtered through a membrane filter and stored at
+4°C.

A few millilitres of the serum are ugually absorbed to cover routine typing needs over
a period of several wmonths. After absorption the serum is vigorously centrifuged or
filtered through 2 mewbrane filter and kept at +4"C.

4,2 Freparation of T typing sera

4.2.1 Standard streptococcus strains used by the WHO Collaborating Centre for Reference
and Research on Streptococei in Prague for the preparation of sera:¥

Iype Strain designation Prague laboratory collection No.
1 Ward 96,/50
2 ﬁh/kb 4 Glossy 30/58
3 Richard 30/59
4 4990 42/58
5 Dekens 31/59
6 s 43/100/7 8/49
*

The strains are avajlable on request from the WHO Cellaborating Centre for
Reference and Reseaxch on Streptococel, Institute of Hygleme and Epidemiology, 48, §robérova,
100 42 Prague, Czecheoslovakia,
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Iype Strain designation Prague laboratory collection No,
8 SF 4 32/59
9 Symons 33/59
11 R/54/8 7/59
12 SF 42 33/58
13 Glower 8314 8/59
14 Lowe 35/59
15 1.5, 5/13/0/18 51/59
17 Beatty 35/59
18 J17 ¢ 24/59
19 R-45-5989 35/58
22 63 T 36/58
23 14/Rb 5/12 54/59
2% s 25 40/50
25 Matthews 37/59
26 J 178/51 14/54
27 SF 40 38/58
28 28/51/3 62/50
29 Coggins D 23 45/50
44 A 16/18/3 48/50
47 744/Rb 4/4), 38/59
Imp, 19 Imp. 19 orig. 39/58
Byes C 632/Rb 6/1 39/59

4.2.2 Preparation of T vaccime for rabbit immunization

Culture grown in 250 ml of Todd-Hewitt broth with 1% of 5% trypsin solution at 37°C
for 1B hours is centrifuged, the bacteria are reguspended in 25 ml of phosphate buffer
saline pH 7.8 with 2% of 5% trypsin solution apd are kept overnight at room temperature,
The pext day the suspension is centrifuged and the bacteria are washed six times with
phosphate buffer saline, pH 7.0; the bacteria are resuspendad in 25 ml of phoaphate buffer
galine, pH 7.0, and 0,27 formalin is added. In gome cases it is advantageous to prepare
vaccines from cultures grown at 30°C.

4.2.3 Immunizatiom scheme and absorption of sera

The techniques are identical to those used for the preparation of M antisera; a
satisfactory titre of antibody is usually achieved after five weeks of immunization. The
sera must be absorbed (for the method, see sectiom 4.1.4 of the Annex).

4.2.4  Control of the titre and specificity of T typlng sers

Absorbed sera that - up to a dilution of at least 1:80 - agglurinate a suspension of
the strain of homologous type to the strain used for immunization are considered suitable
for typing. The sera are tested (in dilutjom 1:5) against suspensions of the types whose
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T antiserz are included in the set of agglutination sera (see Mamual section 5.3,2). The
$erd cun cross react only with the types that have a2 common T antigen, In the oppeosite
case, the serum must be absorbed with a strain of the type with which ir cross reacts; 1f
it is not feasible to eliminate the crossg reactions, the serum should be discarded,

1f the serum is satisfactory, the rabbit is bled to death and the serum is preserved
with 0.02% sodium azide, filtered through a membrane filter and stored at +4°¢, A few
millititres of the serum are usually absorbed to cover routine typing needs over a period
of several months, After absorption, the serum is vigorously centrifuged oy filtered
through a membrane filter and kept at +4°C.

5.  ANTISTREPTOLYSIN O

5.1 Preparation of streptolysin 0 (SLO)

Unless commercial SLO is used, the antigen can be preparad in the following way:

Medium: EKalbak's broth: pgrind 1000 g of beef heart and mix with two litres of distilled
water. Keep overmight at +4°C; next day boil for 10 minures. Filter and add 40 g of
Neopeptone Difco. Adjust pH to 7.3, Sterilize by filtratiom. Separately, digsolve

3 & glucose, 5 g NaHCO3, 5 g NaCl and 2.5 g NagHPOy.12 Hz0 im 100 ml of distilled water and
sterilize this solution by filtratiom. Add 40 ml of this solution to one litre of infusion
immediately before inoculation.

Stzain: Streptococcus pyogenes {group A) 5 84 or ¢ 203 §.

Preparation of 5LO: inoculate 100D ml of Kalbak's broth with 50 ml of culture grown in
Todd-Hewitt broth. Incubate for 15 hours at 37°C., Check the culture for haemolysin,
Separate microbial cells by filtration, preserve the filtrate by adding merthiolate in a
dilution of 1:10 000 and store it at +4°C. With this crude 510 sera should nor be titrated
until one month after preparation, by which time any streptolysin § that may be present

will have become inactive, When correctly stored, the SLO retains a constant potency for
mapy years, Therefore it ig convenient to prepare a large batch as stock to cover long-term
needs,

5.2 Erythrocyte suspension

Rabbit blood is withdvawn by cardia¢ puncture and immediately, preferably directly in
the injection syringe, mixed with an equal volume of Alsever's solution. The erythrocytes
are washed three times with buffer solurion. From these erythrocytes, the sugpension is
prepared in the buffer, Centrifuge without exceeding the limit of 600 g for 10 minutes,

3.3  Alsever's solution

Dissolve 4,2 g NaCl, 8.0 g sodium citrate, 0.55 g citrie acid, 20.5 g glucose in
distilled water to make 1000 ml of solution. Sterilize by steam without pressure, three
times 30 minutes,

3.4  PBuffer with albumin

Buffered saline (0Q.9% with phosphate buffer, PH 6,3-6,5), To one litre of galine add
1l g of bovine or human albumin, (Before using & new albumin batch, it is advigable to make
sure that it does not influence the haemolytic activity of the §8LO.)
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5.5 Standard antistreptolysin O

Either the WHQ stsndard produced by the Statens Seruminstitut in Copenhagen, or the
national standard prepared locally, or possible another standardized preparation related to
the above-mentioned standards, should be used.

7.6  Examples - Tables 1 to &

These tables relate to caleulations needed for the calibration of the apectrophotometer
and for the conversion of transmittance values into haemolysis values (Manual, section 8.1.2,2),

6. ANTIDEOXYRIBONUCLEASE B
6.1 Buffery

2
Ne. 1: 0.1 M tris-HCl buffer, pH 7.8 with 0.02 M Mg + ions (dissolve 1.21 g of
tris-hydroxymethylaminomethane in 90 ml of distilled water, adjust pH to 7.8 with 1 N HCL,
add 0.49 g of M5804.7 HZO and complete to a volume of 100 ml); add 20 mg of NaNB'

Mo, 2: 0.01 tris-HCL buffer pH 7.8, with 0.001 M Ca2+ fons, 0.00L M Mgz+ fons and

0.1% of bovine serum albumin (dissolve 1.21 gz of tris-hydroxymethylaminomethane in 900 ml

of distilled water, adjust pH to 7.8 with 1 N HC1, add 0.219 g of CaCls.6 Ha0, 0,246 g

of Mg804.7 Hp0 and | g of bovine serum albumin and complete with distilled water to a volume
of 100D ml); add 200 mg of NaN, .

No. 3: 0.02 M acetate buffer, pH 4.7 (dissolve 136 mg of sodium acetate in 40 ml of
distilled water, adjust pH to 4.2 with 1 N HCl and complete to a volume of 50 ml).

6.2  Apparatus

The Micreotiter System (e.z., that manufactured by Cook Eng. Co., Alexandria, Virginia,
United States of America), consisting of:

(8) Microtitre "U" plates;
(r)  0.025 ml pipette dropper;
(c) 0.050 ml pipette dropper;
{d) 0.025 ml microdiluter;

(e) test reading mirror (not absolutely necessary).




TABLE 1.

TABULATED RESULTS OF SPECTRO-
PHOTOMETRIC READINGS COF HAEMOLYSIS SAMPLES

% H on oD oD

i0 0. 045 0.0Q30 0,050
20 0,140 0. 135 0.130
30 0.210 . 0.220 0,210
40 0.300 0.310 0,290
A0 0.380 0,380 0.370
60 0.455 0,455 Q.430
70 0.520 0.320 0,510
80 0,570 Q.570 0.570
90 0.640 0.640 0.640
1oo 0,700 Q.700 Q.700
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TABLE 2. TABULATED CAT.CULATIONS FOR THE
REGRESSION COEFFICIENT FORMULA

x xy

10 45
10 50
10 30

20 140
20 135
20 130

30 210
30 220
30 210

40 300
40 310
40 290

50 380
0 380
30 370

60 455
60 455
60 430

70 520
70 20
70 S10

80 570
80 570
80 S70

90 640
Q0 640
a0 &40

100 700
100 700
oo 700

1 650 i1 840

¥ = haemolysis values
y = values of meagured OD multiplied by 1000
Calculation of the regression coefficient b:

Txy - T EX 1 650 . 11 840
829 750 - 30

b =

2 (Ex)? T 7115 500 - 1 6502

£x -~ 30

b = 7.,21414
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TAEBLE 3. CALCULATION OF HAEMOLYSIS VALUES

T 0D on/b T op on/b.
100 | 0.000 60 | 0.220 | 0.0305
99 0.005 | o,0007 59 0.230 | 0.0319
98 1 0.010 [ 0.0014 | 58 | 0.235 | o.offfe
97 0.015 0.,0021 57 0.240 | 0.0333
96 0.020 | 0.0028 56 0.250 | 0,0346
95 | 0.020 0.0028 55 0,260 0.0360
9 | 0.025 0.0035 56 | 0.270 | 0.0374
93 0.030 | 0.0042 53 0.275 | o0.0381
92 0,035 0.0048 52 0,280 0.0388
91 0.040 0.0055 51 0,290 | 0.0402
90 | 0.045 | 0,0062 50 0.300 | 0.0416
89 0.050 | 0,0069 49 0.310 0.0430
88 0,055 0.0076 48 0.320 | 0.0444
87 0.060 0.0083 47 0.330 | 0.0457
86 0,065 0.0090 | 46 0,340 0.0471
85 | 0.070 | 0.0097 | 45 0.350 | 0.0485
84 1 0,075 | 0.0104 | 44 | 0.360 | 0.0499
83 0.080 | o0.0111 43 0,370 0.0513
82 0.085 0.0118 42 0,380 | 0.0527
81 [ 0.090 | o.0l25 | 41 0.390 | 0.0541
80 | 0.095 0.0132 40 0,400 | 0.0554
79 0,100 | 0.0139 39 0.410 | 0.0563
78 [ 0,110 | 0.0152 38 0.420 0.0582
77 0.115 0.0159 37 0.430 | 0.0596
76 0.120 | 0.0166 36 0.440 | 0,0610
75 0,125 | 0.0173 35 | 0.455 0,0631
740,130 | 0,0180 | 34 | o0.470 | 0.0651
73 0.135 | 0.0187 33 0.480 | 0.0665
72 0.140 | o,0194 | 32 0.500 | 0.0693
71 0.150 | o0,0208 31 0.510 | o.0707
70 | 0.155 | 0,0215 30 [ o.520 | o.o721
69 0.160 | o0,0222 29 0,540 | 0.0748
68 0.165 | 0,0229 28 0.550 | 0.0762
67 0.175 | o0.0242 27 0,570 | 0.0790
66 0.180 | 0.0250 | 26 0, 585 0.0811
65 0.190 | 0.0263 | 25 | o0.600 | 0.0832
64 1 0.195 | 0.0270 | 24 | 0,620 | 0.0859
63 0.200 | 0.0277 23 0.640 | 0.0887
62 0.210 | 0.0291 22 0,660 | 0.0915
61 0.215 | 0.0208 | 21 | o680 | o.0042

20 1 0.700 | ©.0970

The value OD/b should be multiplied by 1000 to obtain
the percentage of haemolysis,
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TABLE 4, COMPLETE TNVERSION TABLE FOR
TRANSMITTANCE - HAEMOLYSIS VALUES

esooll I B T O S BPN P s | o
20% 97 94 91 a9 &6 83 Bl 79 76 75
307 72 71 69 66 65 63 ol 60 58 57
40% 55 54 53 31 50 48 47 4e 44 | 43 g
50% 4 |40 |39 |38 37| 36 [ 35 {33 |33 |2 §‘
607 31 (30 |29 (28 |27 | 26 { 25 |24 | 23 | 22 g
70% 21 21 19 19 18 17 17 16 15 14
BO% 13 12 12 11 10 10 9 8 8 7
90% [ 5 5 4 4 3 3 2 1 1)

Haemolysis

Preparation of microdiluter for use:

Flame the microdiluter, cool it and pre-wet its head by immeysing it in distilled water
(do not wet above the diluter head), Before use blot it on filter paper to check delivery
as well as drain rhe ligquid. After each use rinse the microdiluter thuroughly in distilled
water; flame it afterwards.
6.3  Substrate

A 0,1% golution of DNA with 0.01% of methyl green.

(1) Preparation of methyl preen solution

Dissolve 100 mg of methyl green (e.g., Fisher Certified Reagent, C.T. No. 42590,
Fisher Scientific Company, United States of America) in 10 ml of buffer 3. Extract
repeatedly with chlorofovm (in separatory fumnel, using two volumes of chloroform) until
the chloroform layer no longer displays a red-violet colour (removal of crystal violet
which may be a side product in the stain solutiom). After removal of the chleroform
layer, the solution is storable at +4°C for several months.

{2) Prepargtion of DNA solution

To 100 mg DNA (from calf thymus, highly polymerized, sodium salt; e.g., type V,
Sigma Company, 8t. Louis, Missouri, United States of America) add 50 m] of distilled
water with 0,02% of sodium azide as preservative. Allow to swell and then dissolve
under stirring for spproximately one hour; keep at room temperature overnight (to be
sure that all DNA has come into solution). Then add, under stirring, 50 ml of buffer 1
and 1 ml of methyl green solution, Mix thoroughly and keep at laboratory temperature
for 24 houra (to allow the DNA-methyl green complex to form). The sclution may then
be stored at +4°C for about one weak.
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It is also possible to use a freeze dried DNA-methyl green complex. The solutiom
is prepared by dissolving the lyophilisate in the original volume of distilled water.

Preparation of deoxyribonuclease B

(1) Strain; Group A streptococcus, straim C 203 5,

(2) Preparation eof culture

Use Todd-Hewitt broth throughout. Always use a new vial of freeze-dried culture,
Seleet a few colonies from a blood-agar plate to incoluate 10 ml of pre-warmed broth
#nd incubate at 37°C for eight hours. Add this pre-culture to 1000 ml of broth and
incubate at the same temperature for azbout I8 hours, After checking for purity, filter
through a bacterial filter at +4°C

(3 Freparation of crude enzyme by precipitation with ammonium sulfate

Add ammonium sulfate under stirring to culture filtrate to 57% saturatiom (430 g per
1000 ml) at 20°C.  Allow precipitate to form at +4°C for about 18 hours and then spin
it off at 2300 rpm for 20-30 minutes. Dissolve the precipitate in distilled water
(approximately 5% of rhe original volume) and dialyse against distilled water at +4°C,
stirring and oecasionally echanging the dialveis fluid until ammopivm ions are removed
(test with, e.g., Nessler reagent; a browm precipitate sipnifies a positive reaction).
On completion of dialysis withdraw a sample of the crude enzyme for activity asszay,
distribute the rest in 10 ml volumes and store at -30°C,

{4) Assay for crude enzyme activity

Dilute the enzyme 1:100 with buffer 2, Using a 0,025 ml dropper add 0.025 ml
of buffer 2 into each of wells 1 to 10, Using the 0.025 ml microdiluter, add ©,025 mi
of diluted enzyme Into well 1, mix and transfer equal volumes of mixture consecutively
from wall to well, A series of enzyme dilutions (geometrical progression, quotient + 2)
ranging from 1:200 to 1;102 400 ig thus prepared, Then add, uging pipette droppers,
0.025 ml of buffer 2 and 0.050 ml of substrate inte each well. Mix by tapping the edge
of the plate and incubate at 37°C in the incubator for 18-20 hours {to prevent
evaparation, plaece the microtitre plates in 2 wet chamber during the incubatien or overlay
them with parafilm, ete.). The reciprocal value of the enzyme dilution that has
produced approximately 50% digestion of the substrate (colouring at 2 +, see Manual,
section §,2.1) is read as the end point. Only the preparation of the enzyme showing
a tirre of over 12 800 is suitable for further purificatiom.

(5) Purification of enzyme by diethyl aminoethyl cellulose chromatography

{(a) Chromatographic column: 2.5 x 28 cm packed with DE cellulose 52, Whatman,
United Kingdom.

(b} Buffers: 0.004 M glycine-NaOH buffer, pH 9.0, with 0,008 M NaCl (dissolve

0.3 g of glycine in %00 ml of disrilled water, adjust pH to 9,0 with 1 N NaOH, add
0.47 g of NaCl and complete to volume 1000 ml); 0,004 M glycine-NaOH buffer, pH 9.0,
with 1 M NaCl (dissolve 58,5 g of NaCl in 1000 ml of buffer),

(c)  Preparation of coluwm: Add approximately 15 volumes of 0.1 K NaOH to pre-swollen
cellulogse, stir and ler stand for approximately 30 minutes. Discard the supernate
(preferably by means of an air pump) and wash with distilled water until there is
neutral reaction, Discard the supernatant, overlay the cellulose with 15 volumes of
0.1 N HC1, stir and let stand for 30 minutes. Discard the supernatant and apain
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wash with 0.1 N HC1 under identical conditions and with distilled water until there is
neutral reaction. Discard the digtilled water, suspend the cellulose in glycine
buffer containing 0.008 M NaCl and cool at +4°C. Then pack the chromatographic

column, kept at +4°C, with the cellulose cycled as described and stabilize by washing
with identical buffer (at least 50 ml) at +4°C,

(d) Chromatopraphy: Apply 10 ml of crude enzyme (see point 3) to the cellulose
column and elute with 0.004 M glycine buffer containing 0.008 M NaCl. Add 0.1 ml of
a 0.5% water solution of bovine serum albumin to each of the fraction collecting test
tubes as stabilizer for the eluted protein. Regulate the flow rate so that separate
fractions amounting to approximately 5 ml each collect at 7-10 minute intervals,

1f facilities for autcamatic "on-the-run" recording of the elutiom curve are not
available, amalyse¢ the individual fractions by measuring in UV light at 280 nm. The
firat peak, which is eluted soon after the void volume, contains DNase B.

After completing the chromatographic separation of DNase B, elute the proteins
retained by the colum with glycine buffer containing 1 M NaCl.

Collect samples from each of the first peak fractions for emzyme activity assay and
store the tremainder at -30°C,

After precisely determining the activity (see section 8.2.1 of the Manual) of the
individual fractioms, pool the peak fractioms displaying the highest activity, if
necessary diluting with buffer 2 to obtain an enzyme titre of about 400 units. .
Distribute the enzyme in precise 0.3-0,3 ml aliquots and freeze-dry or store at -30 C.

STORAGE OF STREFTOCOCCUS STRAINS

It is esgential for atreptococcus bacteriological and serological work to maintain

reference as well as selected field strains.

7.1

Two of the vavrious known procedures are desceribed here in detail:

Maintenance of atreptococci in frozen state

(1) Inoculate a blood-agar streak plate (purity test) and a 5 ml blood-agar slant

with the pure streptococcal strain. Incubate overnight at 33-37 C.  Group F
streptococci, S. mutans, S. pneumoniae, and some of the other more fastidious streptococei
should be incubated in a candle jar at 35-37 C.

(2) Check blood-agar plate for purity. If the agar plate is pure and the =slant
appears pure, growth from the slant can be frozen,

{(3) Expel approximately 0.5 ml of sterile defibrinated blood over the agar slant
culture with a nine-inech (23 em) Pasteur pipette, Gently rub the entire surface

of the glant while axpelling the blood, Draw the blocd and culture into the pipette
and repeat this process until most of the organisms are suspended in the bleod.

{4) Dispense the blood-organism mixture into labelled freezing wvials (5 x 50 mm,
sterile Durham fermentarion vials are useful). Usually one to two drops of the
mixture are dispensed per vial. Six vials cen be prepared with the suspenmsion fxom
one agar slant. I1f vials are closed with ¢otton, the plugs should be cut or burned
until no cotton protrudes from the top of the wvial. This procedure helps to prevent
accidental loss of plugs in the freezer. Labels should be well secured on vials.







