CHAPTER 1

INTRODUCTION

The genus Streptococcus is the only one of the five in the

organisms pathogenic to man (1).
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Some streptococci are members of normal human flora while
others are associated with various clipnical patterns of disease, such
as streptococcal pharyngitis, scarlet fever, erysipelas, impetigo and
endocarditis. In addition, streptococcal sore throat may be followed

by an attack of rheumatic fever while acute glomerulonephritis may be

,pcal skin disease.
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Individual coc _'he icallyto ovoid in shape, and about

occurs in one plane,

0.6 to 1.0 um in diameters- €811 dix
resulting in pairs : : hains vary widely °
and are conditionedj al fﬂ:tors. . Although

usually staining gram positive 5 organisms may become gram variable or

sean negativeﬂsuf}*ﬁ}% HATHENT

The organ:.sms are nonfmotile andsnon-sporing@/ The majority
of grouﬂﬂ&l@ ﬁ‘ﬁl i mjﬁlm flllmﬂ ’laﬁl capsules,
which may be demonstrable during 2 to 4 hours of growth
Since most of these strains also produce hyaluronidase, capsules
connot be demonstrated in oider culture, Benea;:h the capsule is thc;_\
cell wall, wh:ich, in a simplified way, can be v'isuaj.ized as having a

three-layer structure.



A. The outermost cell wall.layer contains

A - 1 Lipotiechoic acid

A - 2 Fc reacting factor, which is the binding site
for the Fc fragment of the heavy chain of the immunoglobulin

A - 3 A number of protein components, namely M, T, R

antigens ; M — associated prote: or so—called non-type specific

protein, which is non-typ ,\ ance but closely associated

, which was found to be

a second type-sPeci 2 \ k of group A streptococci,

namely those that prod rotein, against which M

typing sera are diffi

B \ carbohydrate or
polysaccharide
C. The ] ST 6 ptideglycan, which was at first

considered solely to be a sponsible for the rigidity of

the cell wall b blay a rol o genesis of streptococcal

disease and possi 7 its sequelae. ']

From the :ﬂl wall, hairlike pili (fmbriae) project through N
the capsule. ﬁ i‘ﬂ re covered with
the lipoteicﬂru ﬁl MEIJY] Effjﬂitant in the
- attach m F‘Lﬁ le to bind
| with theqrece’]tasirrﬁ wﬂﬁﬁ xE[ ﬂnuclear

leucocytes which are involved in the recognitlon of group A streptococci

i

and enable attachment in the process of .phagocytosis. S

Beneath the cell wall is the cytoplasmic membrane which
encloses the cytoplasm. The cytoplasm contains a complex of

nucleoproteins and proteins, some with enzymatic activity. '



Scheme of the cellular composition of group A streptécoccus

is shown in Figure 1. (4, 5)
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raised surface ; streptococci growing in this phase regularly produce

Figure 1 Scheme V

Streptoﬂci Group A

hyaluronic acid capsules and frequently produce the M protein.

B. Matt Colonies, which are opaque and flat, with a
tendency to produce a rough surface because in most instances they

develop from mucoid colonies as a result of drying, and for this reason



are sometimes called postmucoid colonies ; M protein is frequently

produced.

C. Glossy colonies, which are smooth and glistening in
appearance, with a much smaller diameter than in the other colony

forms, usually 1 - 2 mm only ; the M protein is present only seldom.

It should be note 4 ion between colony form and
M protein production i d should never be
considered a definit here is considerable

variation in these eptococci. (5)

1.2 Physiology aun

Although the jdif vee \ » genus Streptococcus
vary considerably in th irements, all streptococci
require media rich in nut: ? '-;‘ human pathogens, which are
most exacting, especially ity of growth factors. This

is essential in oxgd growth of germs with

f X ,5’ g

an adequate antigenic onz requirements of the

streptococcus are very complex because of the -rganism s inability to

synthesize maﬂ tﬂiﬁ a ﬂ Ellﬂ ﬁxﬁeﬂ 'ﬁYﬂxﬁlnes and vitamins.
basic culture mus n meat infdsion -

(a fres%w rlﬁiﬂrﬂui mpufuq 11 n Ecln;lﬁaﬂ dehydrated

one), peptone, glucose and salts. Sterilization by heat reduces the

quality of the medium in respect to growth. However, heat steriliza-

tion is fully eatisfactory for most purposes and is generally used. '

For delicate cultivation purposes, filtration of the medium is suﬁerior'

to sterilization by heating. The addition of blood or tissue fluids



to the medium greatly enhances the growth of streptococci. Such
enrichment is especially necessary for cultivating streptococci on
solid media (blood-agar plates), but is also recommended for the

preparation of highly virulent cultures grown for a short period of

W polysaccharlde as an

energy source. Sinc ylytic st i are facultative

time (serum broth).
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A. C carbohydrate : This substance is contained in

!

the cell wall of many streptococci and forms the basis of serologic

grouping (Lancefield A - V). Extract of C carbohydrate for '"grouping"
_ y g

of streptococci may be prepared by extraction of centrifuged culture

with hot hydrochloric acid, nitrous acid, or formamide ; by enzymatic



lysis of streptococcal cells (e.g. with pepsin or trypsin) ; or by
autoclaving of cell suspensions at 15 1lb pressure for 15 minutes (4).
The extracts thus obtained are tested against group-specific antisera
by capillary tube precipitation reactions. This is the method
employed for defining the various serologic groups. The serologic

specificity of C carbohydrate roup-specific antigen) is

determined by an amino s : A streptococci, it is composed
of a branched polymer = _ cetyl D-glucosamine in a
2 : 1 ratio, the la R 3 terminant. This
carbohydrate is 1i , ohosphc e ter bonds) to the
peptidoglycén (or 3 ie sists of N-acetyl
D-glucosamine, N- Tic |agds slutamic acid, L-lysine,

and D-and L-alanin

artificial media m y le: Jae) in_production, which
may be restored by rapidly repeated animal paSsage. M protein not

only plays aﬂaﬂﬂ‘ % ﬁﬁﬁtwtrﬁyﬂsﬁ in whole blood

lacking a speific antibody, but it also appears to facilitate

¢ o v/
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the remdval of the organism by bathing secretions. Growing L forms:

of streptococci also produces M protein as well as hyaluronic acid.

M protein is acid and heat stable but trypsin

sensitive.  The removal of M protein from the cell does not alter

viability.



M protein determines the type specific of

group A streptococci, as demonstrated by capillary tube precipitin
tests using type-specific antisera and hydrochloric acid extracts.
At present, almost 70 M types can be differentiated in group A

streptococci (5). Types are assigne& in Arabic number. On rare

_ ” /\ay be detected in the same strain.

M proteid growth by a

occasions, two different M pro

proteinase if the pH ed to fall below 6.5 (2)
In h rotein protect
against infection wit oup A streptococcus
(4).
‘C. afice isganti as no relationship to
virulence of streptococ "rgulf'éﬁ'_ ant to pepsin and trypsin digestion

but is acid and heat lab seperated from the M protein.

T typing is‘done %: wging trypsin-treated

-
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N
whole streptococci 7(pro :45' rapidly destroy M

proteins). Some T a%;igens are restricted to a single M type, ‘while

others may bﬂslﬂe&]bﬂsﬂa&}lﬂ ?’w Mﬂiﬁs to T antigens

are not protealive. P R 5)‘
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but a typing system employing the R protein is not commonly used.

This antigen is destroyed by pepsin but not trypsin (2).

'D. Nucleoproteins': Extraction of streptococci with

weak alkali yields mixtures of proteins and other substances of

little serologic specificity, called P substances, which probably



make up most of the streptococcal cell body.

E. Capsular antigen : Many group A streptococci
produce a hyaluronic acid capsule. This is of little antigenic

significance but may enhance the virulence of the organism as

MZf

previously described.

1.4 Toxins and Enzym

The organism ‘group A produce more

than twenty extracellu Hh!into their environment,

whether it is a cultu DL ost (e i_tially man) tissues.
Some of these extrace fiable as toxins and

enzymes while others ‘ Ltho 1. biological activity

(Figure 2) (7).
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Figure 2 Extracellular Macromolecular Subétances Identified in

Culture Fluids of Group A Streptococci
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Among those which are related with human pathogenesis' are

(4)
A. Streptokinase (Fibrinolysin)

It is an enzyme catalyzing the conversion of

min, an active proteolytic

plasminogen of human serum into

enzyme that digests fibri

and o 7#/ 2ins. This process of
digestion may be inter éific serum inhibitors

NS

streptokinase-strep \ = ve in.adolescents

\\\
W\

and by a specific an . A skin test with

and adults with no t is therefore used
as been given

as a common test fo

intravenously for tr and venous thromboses.

se may be another

indicator of recent infectien ’_;;,.a OvE because it is technically
o A
o :.-' ! -3‘-:-',1 i

difficult to perfori

B. Strﬁtoco cal . bonu esm (DNase) or

Streptodornase 'Y

AuEAngnInng. ..

q)It is an enzyme that depolym

¢

== Q WIN ﬂ‘ﬂ?ﬁi‘ﬂﬂ‘?’?ﬂmﬂjﬂ“m °f

known DNA solutions.

It exists in four antigenic forms :'A’ B,:C and
D. Nucleases A and C have only DNase activity, while B and D also
possess RNase activity (2). The most important is the form B
(DNase-B) which is produced in a lé,rger amount than the other forms

and is the most consistently antigenic form (8).
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Purulent exudates owe their viscosity largely to

deoxyribonucleoprotein. Mixtures of streptodornase and streptokinase
are used in "enzymatic debridement'. They help to liquefy exudates
and facilitate removal of pus and necrotic tissue; antimicrobial

drugs thus gain better access, and infected surfaces recover more

) % are of great value in

J

the serodiagnosis ? 45 w (normal limit = 250

quickly.

units) (8), especial

(SLO) response may 25 Lo B fore, the titer of anti-

&

infecting microorggisms actor). m{yaluronidases are

antigenic and@ ci ffcffor each backerial or tissue source. Purified

hyaluronidas 1\21 gdnﬂn‘j mﬂ nl:ﬂjihtate the spreading
" TR ITA Y

Titers of antihyaluronidase rise in the second
week after infection with hyaluronidase - producing organisms and
fall in three or five weeks. The antihyaluronidase titer is eie;rated
in approximately sixty percent of documented streptococcal respiratory
tract infections but is elevated in a much smaller percentage of

streptococcal skin infections. It is less helpful than the ASO titer
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when used alone, but when the two are used in combination, ninety
percent of individuals with a recent streptococcal pharyngitis will
have an elevated titer against at least one of the two antigens (8).

D. Erythrogenic Toxin

he literature are Dick toxin,

? d streptococcal pyrogenic

Watson in 1970 (9).

Other synonyms d

scarlet fever toxin, sca

exotoxin, which has b

2nically distinct

tein, heat-labile

in scarlet fever.

Only strains of Stre g‘r;;V" ave been infected with
temperate bacteriophage, , can elaborate this toxin.

Strains devoid of the temipes ot produce toxin

(3,:8).: A non—tdgf:“ ¢ Streptococcus, ysogenic conversion,

will produce erythﬁﬂ}eﬁic --"antiganic;,giving rise to the
formation of specificfaatitoxin thatymeutralizes the toxin. Persons

posabbeiy sﬂ dar buh WL k) cf Vel e | g suscepranie

to streptococcal infection. There existgsome minor q@alitative

" attserchle be b \be| otb Blbabil Teokide Kbdaboo B fibereren
9

strains. (4)

1

Classically, it has been thought that these toxins -
caused a red reaction in the skin of non-immune individuals (positive
Dick test) and no reaction in individuals with immunity (negative

Dick test). Antitoxin injected into the skin of a patient with
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scarlet fever caused localized blanching due to neutralization of
erythrogenic toxin (Schultz-Charlton reaction). Recently, it has
been proposed, however, that the rash in some individuals may be more
related to hypersensitivity than lack of immunity, and the occurence
of rgsh may depend on an interplay between cellular and humoral

factors (2).

up A elaborate

2 hemolysins (strep

immunogenic protein It 1-¥ - issed in detail in other

sections.

non-immunogenic cyt@ysin’. osed of %lypeptide moiety

associated to a carri‘hg;such as sengm albumin, RNA, trypan blue,>

sone son-tontf b W) Hhd T ) b roscon

X = 205), etc. It is only active in thejnarrier—boundbstate. :

: noted bﬂ ﬂfmql‘t] im u wﬁrl ’lm Elr];aﬁlg in active
form the hemolytic moiety by itself, that 1s, free of a carrier.

kb may‘indeed prove impossible to do so because the experience of.
several investigators suggests the active moiety undergoes-rapid
decay when the complex is treated in ways designed to remove or
destroy only the carrier (10)., Ginsburg and co-workers also found

that a hemolytic moiety of SLS can be transferred from one carrier to
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another under appropriate condition (11). It appears that these
variety of unrelated carrier substances can induce the release of

active cytolysin by streptococci (7).

SLS produces hemolysis by direct

cell-to-cell contact and thus is nondiffusible except when transported

";

surrounding colonies gaBle6d at j s, 'and those occasional:

by carriers (2). It is a very tolytic agent active on

cterial protoplasts and

surf ace beta-hemolysis

strains lacking SLS m z e ' -L_ surface growth

itumor activity (7).

The

molecular weight is p - NS 1 5 than 20,000, which may

A variety omd 2

with streptococcal inffction. The clinical pattern varies depending

on. the blologﬂq‘dtgeq %él E] W§xwtﬁg/}ﬁ‘§sms, the nature

of the host reggonse, and the %ortals of entry of the nfection.

mrecci) W Y I FH \E ﬂ e

A. Streptococcal Sore Throat

SS@ are associated

I

The most common and most typical infection

caused by Streptococcus pyogenes is an acute sore throat called

"tonsillitis" if the tonsils are maximally involved or '"pharyngitis"

if there is little or no tonsillar tissue in the fauces. Virulent
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group A streptococci adhere to the pharyngeal epithelium by means

of lipotiechoic acid covering surface pili. In the infant and small
child, the sore throat occurs as a subacute nasopharyngitis with a
thin serous discharge and little fever but will have a tendency of

extending the infection to the middle ear, the mastoid and the

meninges. The cervical lymph are usually enlarged. The illness

may persist for weeks. n and adults, the disease is -

more acute and is cha eQ‘by iﬂ!!!!g nasopharyngitis, tonsillitis,
and intense rednes‘ ' 2me 1e embranes, with purulent

exudate ; enlarge?; - ; al lymphoodes ; and (usually) a high

fever. Twenty perces : :g- tions are asymptomatic (4).

of producing a consider I@q%p "'i“-‘:. erythrogenic toxin and the
' Ju"*rn 7/ ’

host has no antitoxic y ol hroat may be accompanied by
a generalized punctate ex n and this syndrome is called
"scarlet fever" scarlatinal rash

3 .
(erythema which blanck involving the trunk

and neck, spreading to the extremities) is almost diagnostic of

streptococcﬁ ﬂﬁi’} Wﬁ wﬁ/afmumg convalescence.

Antitoxin to‘lkhe erythrogenic toxin prevents the rash but does not

meea Wfﬂnm ﬂﬁmcﬁ ﬁﬂ(}xﬂtﬂ r]iﬁ\ﬂ individuals

may have several episodes of scarlet fever, as there are at least

three different erythrogenic toxins (2).

Local extension of the streptococcal

infection from the throat may result in such complications as

" . . > o PP .
peritonsillar abscess, sinusitis, otitis media, mastoiditis or

013002
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meningitis" (3).

-Streptococcal infection of the upper

respiratory tract does not usually involve the lungs (4).

Specific antibodies to the M protein, the

virulént_ antigen of the infectin tococcus, develop slowly

after the sore throat or oth [f illness and persist for
a long time so that repea ' éstreptococcus serotype

are unlikely ; but this dydoes protect against

" eause two types

his is a spreading

inflammation of the dermi on the face and neck

. - y
and may be -",:.—--—»-»4-— nfection of the

nose, throat or ear. @ lesie 1zed@y erythema, edema,
and induration, which usually has a disginct advancing border. Some

individuals are ﬂ utﬂ:gumﬂm w;vﬂn’]:ﬂ ine site and

may be related to an allergy to tWe streptocegcal toxins.gs

ARIANTN I eNERBE

- 2 Impetigo or Streptococcal
Pyoderma : This is a local infection of superficial layers, especially
in children. It consists of superficial blisters that break down dr
of eroded areas whose denuded surface is covered with pus or crusts.
It usually occurs on exposed parts of the body (legs, arms, face).

It spreads by contiﬁuity and is highly communicable in school and
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pre-school children, especially in hot, humid climates. More
widespread infection occurs in eczematous or wounded skin or in
burns and may progress to ''cellulitis". It is often attributable to
types 49, 57, and 59 - 61 and may precede "glomerulonephritis" but

does not often lead to '"rheumatic fever'". A majority of these skin

oved skin hygeine.

Wﬁm F

ciated with infec-

infections could be prevente

C.

tion by Streptococc are other causal

agents. Streptococci ora or are introduced

during delivery, oc 1ding physician or nurse.

Besides local infla , infection may spread

to the adnexa (''pelvi PEASH. e ritonitis'') or may become

generalized ("'septicemia terized by chills, fever,

facial flushing, a-{o-“ Bt pelvic tenderness, and

serosanguineous 2 T discharge. \"

Eluerperal sepsis may‘be pﬂlvented for the

= T

Poststreptocoqpal Diseasgs

q RASAIALNNA NENALL.

infection, there is a latent period of 1 - 4 weeks, after which
"rheumatic fever" or'"gcute glomerulonephritis" ocgésionally develops.
The latent period suggests that these poststreptococcal diseases are

not attributable to the direct effect to disseminated bacteria but
represent instead a hypersensitivity response that follows streptococcal

insult to the affected organs. '"Rheumatic fever' is more commonly
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preceded by infection of upper respiratory tract ; "acute

glomerulonephritis', by infection of the skin (2 - 4, 12).

D - 1 Rheumatic Fever : Rheumatic fever
is the most serious sequela to hemolytic streptococcal infection

because it results in damage to heart muscle and valves. In some

developing countries, rheuma . ‘heart sease still ranks high as a

and signs of

rheumatic fever in/ fmall 2 \ migratory nonsuppurative
]

polyarthritis, and all parts of the heart

(endocardium, myoc he carditis characteristically

leads to thickened ‘ 1 va E: 0 small perivascular
granulomas in the my that are finally replaced

by scar tissue (4).

g@rience of T. Duckett

o

- Y :
Jones led to the adi , z ria for the diagnosis

W

I
li-l (2) i

of acute rheumatié fever, as shown in Table

AULINENINYINS
PRIAATUAMINYAE
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Table 1 Modified Jones Criteria for the Diagnosis of Rheumatic

Fever

*
Major Manifestations : Carditis

Arthritis

Minor Manifesta

entation rate or
\\\\\ rotein
graphic changes
yious rheumatic fever

atic heart disease

— —
\7 AY |
Plus evidence of prigedin; : ) nfe-g on (scarlet fever,

culture-proven group,A streptocogcal pharyngitis, or elevated

streptocoﬂu&bqi%l SBHINEINT
TR

of rheumatic fever.
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Feinstein has also described

rheumatic fever as an "arbitrarity designated portion of the spectrum
of inflammatory complications that may follow group A streptococcal
infections...manifested by the appearance, either alone or in various
combinations, of arthritis, carditis, chorea, erythema marginatum or

tion of symptoms usually occurs

subcutaneous nodules." This

within two or three weeks f streptococcal infection,

although chorea and - @e seen as late as six

months after infecty

the documentation o

clinical criteria,

ion by culture or

serology is of utmos usative streptococcal

infection may have re asymptomatic, it is

necessary to detect an

several streptococcal 3Q5_7f7" / ;; ?_,-nd/or DNase-B, hyaluronidase,
streptokinaée. i? bod {es _are usuatliy =6 Higher levels and
: . ] = LY

persist for longef Ewr od: -‘ain_than happens in

uncomplicated streptqfoccal infections £253) «

AU INENINEIDY. ... e
il agﬁmmniﬁmzr e

tissue, direct toxicity due to streptococcal exotoxins, actual
invasion of the heart by streptococci, or localization of antigens
within damaged muscle or valvular tissue. Needless to say, the
streptococcus produces many potentially damaging exotoxins, and the

components of its cell wall have been shown to produce inflammation
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in mammalian tissues. The true pathogenesis of acute rheumatic

fever may never be elucidated because of the lack of a suitable

experimental model (2).

No particular streptococcus serotypes

are incriminated as happens with glomerulonephritis and it is for

occur and cause relapses of rh ‘ ver. (3). The firsr attack
of rheumatic fever us only.slight cardiac damage which,

however, increases It is therefore

important to prote t group A hemolytic

streptococcal infe [prep O .cillin administration

(2, 4).

ierulonephritis : This
is a complication of group A = tococcal pharyngitis or skin
p g I:‘_},_P_ P yng

infection. There s s_about this

—
bl

i | nfection with a

streptococcus-media

limited number of sﬁepiococca nep ritogeni@ serotypes, as shown
U 71 24
RIANIUUNINGINY
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Table 2 Association of Certain Serotypes with Acute Glomerulonephritis

M type Pharyngitis associated Pyoderma associated
1 ++ +
2 0 + + +
S b
4 &
E2 +
25 2
49 + + + 4+
55 + + +
57 + +

++++ =

+ or 0 =

’%

hritis is most

:'il'
ep

:JJ

often seen in chil§gen. It may be initiated by antigen—antibody

complexes onﬁuﬁq% Wﬁ wﬁﬁ ﬂﬁ most important

antigen is pr obly in the streptococcal protoplast membrane. In
e QAR ANTRIIAANYA Y- =
blood p ssure, and nitrogen retention ; serum complement levels are
low. A few patients die, some develop chronic glqmerulonephritis

with ultimate kidney failure ; the majority recover completely (4).

In order to establish a streptococcal

etiology, it is necessary to document previous or concurrent
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streptococcal infection or immune response to streptococcal products.
A great majority of patients will show a serologic response either
to SLO or to DNase-B. Interestingly, fewer persons with
poststreptococcal glomerulonephritis show anti-DNase-B elevations

(75 %) than ASO elevations (90 %) after streptococcal pharyngitis.

ulonephritis following group A

’ @ elevated anti-DNase-B

titers in contrast t h ASO @vations (8). . Thus, it
is important that a : N

streptococcal pyodermas d an 1 esponse to SLO is poor

This situation is reversed in,

streptococcal pyoderma,

t in patients with

—_

following skin infec

1.6 Diagnostic i ¥Tes

o AT
&QFJ""

Specimens to' bef obtainied depen

the nature of the
T '

streptococcal‘infection. c swab, pus, or blood is obtained

for culture. Serum i ned determinations,

particularly ASO ‘;,i —

Staié\ed -Smears

AUEANENTHIING.. cve
A IR A AR

anaerobic organisms must be suspected. Smears of throat swabs are

rarely contributory because viridans streptococci are always present.

Smears from broth cultures of throat swabs

2 - 3 hr old can be stained with fluorescent group A - specific

antibody for the most rapid identification of group A streptococci



24

in clinical disease oxr carriers.

B. Culture

For rapid identification, all specimens
suspected of containing streptococci are cultured on blood agar plates

so as to observe the degree a of hemolysis including colonial

appearancr.

eptococci (e.g., in

sepsis) will grow i s or a few days.

\\\plng by means of

precipitin tests possible for the

definitive classifi i ﬁb

Rfﬁﬁﬁire!x i may be presumptively
identified by determining q:%ﬁf tﬁgﬂ bacitracin disk.

C. 8% = == Vyai

A rise in antlbody titer to many antigens

can be estlmﬁﬂ ﬁl&ﬂiﬂ ﬁfﬂﬁ:ﬂlﬁl&] ﬂ!ﬁspiratory tract

infection), an ti-DNase-B and agtlhyaluronldase (partlcularly in

o ARAATAINN NG 1A Y

CoR Streptolysin 0 (SLO)

2.1 Definition

»

Streptolysin 0 may be defined as a toxic immunogenic
extracellular protein produced by most strains of Lancefield group A

and many strains of group C and G streptococci, particularly those
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causing human infections, both in vitro and in vivo (7, 8, 15 - 18).
The toxin is cytolytic or cytotoxic on eukaryotic cells including
erythrocytes from mammals and other species (hemolysis), whereas
prokaryotic cells (bacterial protoplasts or spheroplasts) are
unsensitive (7). This heat-labile cytolysin can be reversibly oxidized

and reduced : its:biological acti es, e.g., hemolysis, lethal

of certain

s first discovered
ible for this hemolytic
. In 1926, Neill and

ivity disappeared rather

, i1t could be

restored again by treﬂn stﬂ:es such as sodium

hydrosulfite (22). Thi?-observatlon h been confirmed by other

wnees 05, uftB) i i PNIWYARS: oo =

least two distlnct hemolysins were synthesiged by most strains of

'streptocoﬂl‘lﬁ'}@eﬁmﬂ SANBAINHAA

streptoly51n 0 (SLO) ; the other was oxygen-stable and extractable
from microorganisms grown in serum), named streptolysin 8 (SLS)

(23~ 25)% The-recognition of two different streptococcal hemolytic
agents helped to clarify the mechanism of lysis in blood agar plates.
Although most beta-hemolytic streptococcal strains synthsize both

lysins, surface colonies bring about hemolysis primarily through the
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mediation of SLS, since the SLO becomes oxidized,. while deep colonies
are hemolytically active through both (19). Not only the reversible
inactivation on exposure to oxyg'en (22), but also the inhibition of
its hemolytic effect (26) including the other toxic effects (lethality,

cardiotoxicity and cytolysis on other eukaryotic cells) (27) by minute

SLO.

2.3 Some Characte

SLO is conside : : )¢ sfic factor of
beta-hemolytic group the prototype of
oxygen-labile bactenfal named "'sulfhydryl-
lysins'" (29), which

represent a category e at e teen exotoxins

(Table 3) (27, 30) elabo ated” ""” A P e bacteria of the genus

Streptococcus, Bacjﬁl.us_., cf;ﬁJH and] eria (16, 27, 29, 30).
L ot o

These toxins sharela .:;::'-:-f;: ------------------ ‘ they are water-
soluble toxins (31) jthe gle p@ypeptide chains in
the MW range 50,000 tos'80,000 (28, 3l),; they are antlgenlcally

related as shoﬁ u &Lq m&l‘ﬂaﬁ wa&l m §ecipitation () 3

their cytolytic and other biological effegts are lost by oxidation
ana xeocBlel by | o S8R AN
reducing agents (7, 28, 31) ; they are inactivated by cholesterol and
certain related sterols (7) ; they interact with surface-exposed
membrane cholesterol and exert cytolytic-cytotoxic effects on a
‘broad spectrum of mammal;'.an cells (16, 28, 31). The mechanism of
action of. these toxins is very likely identical or at least closely

similar (7). However, Kehoe and his colleagues found that there was
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no homology detected between the cloned SLO determinant and DNA
isolated from bacteria expressing other thiol-activated cytolysins

related to SLO (16).

Table 3 Gram—-Positive, Bacterial Species Producing the Immunologically
and Chemically Related Sulfhydryl Dependent ('Oxygen-Labile')

Cytolytic Toxins

(”"\
Family Toxin
Streptococcaceae Strepto]:ysin 0
neus Pneumolysin
N Bacillaceae 7 cerel \ Cereolysin
' - rin 3\ Thuringiolysin O
\-L\\\ 1 Alveolysin
\ . Exﬂ\ Laterosporolysin
“\"_‘\ (sordellii) Bifermentolysin
Botutinolysin
€ -Toxin (Histolyticolysin)
type A (oedematiens) Y¥-Toxin (Oedematolysin 0)
6-Toxin (Perfringolysin 0)
Septicolysin O
Tetanolysin”™ -
E ‘ ’ i Chaw;olysin
Lactobacillaceae L i eria L. l;onocztogenes ' Listeriolysin

ﬂ‘IJEI’J‘VIWlﬁWEI’mi
Qﬁﬁaﬂﬂ‘imuﬁﬂﬂmaﬂ
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The molecular weight of SLO, assumed by Alouf (7), falls
very likely within the value 67,000 + 5,000. He also commented that
the discrepancies among the values reported by different investigators
may not only stem from the methods in the measurement of the MW but
could élso be due to other factors. Possible nicking by the

streptococcal proteinase whi yi cleave a peptide from the native

rted

toxin could explain th In contrast, the high

values could be due to the medium or from other
streptococcal pro e \\‘”‘s\\M y with the toxin. Other
characteristics of ) afc 3 \N (7)

RN
A\

Table 4 Some Cha 0

Molecular weight (SDE-P 5’ 67,000 + 5,000

Isoelectric point 7.8
e
Hemolytic units (HU) per 'm s 400,000
LD50 (i.v.) in pg of
20 g mousei’. 0.2 g
250 g guinea’ pig ; b "
4 3 "

2 kg rabbit
Minimum lethal dosegfor 9 day old egmbryonated hen egg 2 x 10_2‘pg

e ﬁjnum (v;am@wmn i

Asparti acid Isoleucine
ﬁmﬁaﬂﬂ‘imﬂﬂﬂ’mﬁﬂﬂﬂ
Glutamic acid Phenylalanine
Proline 19 Histidine 7
Glycine 21 Lysiﬁe ‘ 37
Alanine 42 Arginine | 18
Valine 42 Half-cystine ND
Methionine . ND** Tryptophane ND

*  Assay system on rabbit erythrocytes as described by Alouf et al. (32)
*% ND = Not determined
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SLO and the related ‘oxygeh—labile' cytolysins can be
reversibly oxidized and reduced. The cytolytic and other biological
activities of SLO are lost upon exposure to atmospheric oxygen or by
treatment with mild oxidizing agents, such as hydrogenperoxide, iodine,

and rapidly restored by adding SH-compounds or other reducing agents.

SLO is a protein contai A.:_ \*“

! 1-‘.
Setive) ta@an be reduced into free

-SH groups in the bioleg 1] ative state, as shown in figure 3 (7).

These properties led to the jon by Herbert and Todd (33) that

ofe_disulfide bond in the

oxidized (biologically

Thus, oxidized SLO i reduced activated form (7).

SLO

! |
SH SH

SLO

S
oxidized DTS5 1 1,,‘ reduced or -SH form

(biologically igctiv @biologically active form)_

fo - - w

Figure 3 Oxﬂation—Reduction System of Streptolys:m 0

Qﬁﬂﬂﬂﬂiﬁu URIANYAY

Tt 18 of interest to note the fact that there is no significant
difference in the serum titer attained Whether the animals were
immunized with SLO in the oxidized or reduced state ; however, this

fact may be explained'by reduction in vivo (19, 20),
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When the sulfhydryl groups of SLO are oxidized, the capacity.
of SLO to hemolyze erythrocytes is lost, but not that of binding
capacity for specific antibodies (34-36). This fact leads to a new
hemolytic method for determination of ASO in whole blood, proposed

by Rici et al. (34).

SLO is able to invoke ge by binding to
‘assembling into

supramolecular curvedsrod T S t ings and arcs which

The convex sides
iomain, whereas the

concave sides appes ' [ T bedment of ring-shaped and

25 to 30 nm internal d : _:f:” S o be classified as
a member of the channel: _*351': ceir ). However, after the

AP
isolation of SLO oligomers’ifi extensivelysdelipidated form in

detergent solutior became apparent - ¥ ehalesterol, although

ry "¢

representing the priﬂa qulijpot itself substantially

contribute to the obsgr d rod struc es. The rods are stable

v of W) ARHITHY HRG m cmrni

They can be re ncorporated intg choleste -free phosqhgtidylcholine
siposend lschiked el el a cHdot Jooh iyt on
erythrocytes lysed by native SLO. Thus, although the cholesterol
plays a key role in the initial binding of SLO to the membrane, it‘
does nof directly participate in the formation of the membrane-
penetrating toxin channels. The membranes damaged by SLO haboured
extremely large functional pores through which hemoglobin would

directly escape, and this would explain why SLO-dependent hemolysis
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does not follow the characteristic of osmotic lysis, as found for

complement and staphylococcal o —toxin induced hemolysis (28, 31).

2.4 Production of Streptolysin O

Culture supernate fluids are the starting material for toxin
production as SLO is an extracellular toxin (37) released during the

exponential and stationar // cterial growth (7). Cellular

ntially peripiasmic s the

location of SLO befor

region between ce]y -‘ -a (38). Early work on SLO
‘was often carried i |1traces. prepared from: organismé
: ' \ witt broth (26), which

grown in very co

was not appropria because of the presence

of large molecular several investigators
showed that SLO can ically defined medium
(39—41.). Excellent y obtained in media prepared
by dialysis' of p_eptones e (Trypticase) supplemented
with yeast extrs -

')

In gener it appears at incr‘easm growth of the
microorganis i c‘ﬁ iﬁu by dincre ed SLO yields
(18): Howe\a,ﬂzj; mﬁs e1 E!r;iﬁj et al., obtained
evide s eqa , ¢ G;T? sult i ﬁ( ed SLO
formaﬁnﬁ:loa a ﬁiﬁﬁﬁﬁth i cz[B ;(jZ,- 42[

Fuvessy, et al. had studied the role of reducing
agénts. in the formation of SLO and reported that SLO formation was
markedly increased by the combination of cysteine and ascorbic acid,

and slightly by cysteine as well as the combination of cystine and

ascorbic acid. The other reducing agents were ineffective in this
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respect. Specific growth rate of the strain was not influenced by

the reducing compounds. (43)

Boszormenyi, et al. found that a glucose concentration
of about 1.0 % and neutral pH, maintained during the entire cultivation
period were necessary for optimal SLO production. If the glucose
concentration was above or W / L0 production was reduced to
a greater extent than *: :':5 11 count. (44) There is
e oo—— :
s of glucose are essential

general agreement t

for the satisfacto w\\;‘ the resulting acids,

particularly lacti 1.s0 as to maintain the

cultural pH betwee d toxin destruction by

acidity and (or) by , occal proteinase which

5}q2:IJ Fdh o
i;gi ﬁrops below 6.7 (7, 45).

en 6 - 12 hr after inoculation,

and in many studie: sppedil by £ollowing this time

(7).

Although SLQf usually carri ied out by batchwise cultures,

cntnne M wémq@ SR §m ia o0

yields (19).

AN IR

ost strains group A and many strazil of group C and G
streptococci appear to produce a SLO which is identical biologically
and immunochemically, Individual strains vary conéiderably in ‘thedixr

quantitative ability to produce SLO in suitable media. (19)

The best yields in optimal culture conditions have been

obtained with the following strains : C 203 S (20, 39, 46 - 48),
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Richard type 3, Kalback's S 84 type 3, strain 814 type 4. (7) The
production of SLS by these strains may be avoided if culture media are
free from SLS-inducers, e.g. éerum components, RNA, detergents. This
is the case for the dialized medium (49). The SLS mutant C 203 U

derived from C 203 S strain (50) has also been successfully employed

factors, such as tho ein hydrolysates of

complex medium, as w toxins (41).

2.5 Titration of

The quantitati; de i“jrr"‘r" in either crude or

purified material can be inct methods :

ﬂTolytic units
per ml of toxin solutin (53) i+ .The hemolytlc unit is arbitrarily

defined as the ﬁ ‘Heﬁ %o% E}%%ﬂlﬂ:{}ﬂfj‘:oxiﬂ previously

activated (54) t t will liberaif half the hemoglobln gag % lysis)

o ¢ AR HHIRHANIRE AR Eore

.under flxe conditions of time, temperature, ionic environment and

red blood cell concentration. As shown in Table 5 (7) the hemolytic
unit empioyed is unfortunately not identical in all instances, the‘
parameters of the assay system being different depending on laboratories.
However, the figures found in the literature are at least roughly

comparable (10).
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Table 5 Some Parameters of Assay System at 37°C of Streptoiysin 0

from Various Laboratories

Reaction mixture Erythrocyte suspension Buffer Incubation References
volume (ml) (volume and %) time (min)
b 1 ml 2.25 %X RRBC PBS pH 6.5 30 (5;)
1.6 0.4 ml 4 A PBé + BSA pH 6.7 .60 (55)
1.5 x 0.5 ml 2.25 % + BSA pH 6.5 45 (56)
1.5 0.5 ml 5 pH 6.5 45 (57)
2 1 ml 2 il 7 pH 6.4 45 (58)
4 2 ml 30 (59)
2 1 ml 30 3 (60)
2 1 30 (61)
5.5 0.5 75 (38)
2 2 45 (34)

Abbreviations : RRBC = rabbit

SRBC = sheep

PBS = phosphat

BSA = bovine seru

UEANENINAIN L
“* AWIAINIU NI INYINY

The combining unit of toxih is defined as that

amount of SLO which in the presence of 'l international unit of ASO

lyses under the experimental condition described of 50 % of the

standard cell suspension.
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1 combining unit of SLO is equivalent on
average to 50 hemolytic units in the rabbit cells assay system or 25

hemolytic units in the sheep cells assay system.

It can be explained by the fact that ASO combines with SLO

its reduced form and different

in its oxidized form as well as
lots of SLO differ ﬁot onl
proportion of reduced t
of SLO which have alm ; 7 , : e city may have

different hemolytic

As is known,

the fact that, when per gauqzzidgr S e plotted against

the concentration of SLO, fgmoid - formed. Thus at both

small for rather l{ ge i f th ations of the SLO.
However, at the regiotn all®increase of SLO

wiil lead to a great dncrease of hemolysis. Therefore, the 50 % end

point ean be dﬁ:ﬂrﬁ ﬁfwﬁﬂe%’ﬂaﬂﬁﬁ?mlysis énd

point (62).

ARIAIATHNR VNG A -

various concentrations of red blood cells, the amount of hemolysis
varied inversely with the amount of red cells. There was more

hemolysis in tubes with less red cells than in those with more cells
(62). Thus, red blood cells should be standardized by spectrophotometer
before being added in the titration system so as to yield accurate

results.

¢

| 102G222Q
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It has been demonstrated that hemolytic activity of a
reagent varies with the total volume of the lytic system (63).
Therefore, it seems advisable to retain the original proportions of

the reagents and the total volume of the reaction mixture (62).

2.6 Antistreptolysin O (ASO)

arynx and skin are rather

A

common and easily doc 7 | r@vsr, such infection may
not be clinically app( he a ﬁot seek medical
rrheumatic fever or
post-streptococcal glo L; il Ir sse situations,

occal antigen provides

evidence of antecede ; ':;; featic d the antistreptolysin O
(ASO) titer determination e one of the most suitable
tests (64).

Owing to & uity of group . A streptbcocel among . the

population, the freq ctions and their

repeated occurrence in the same 1nd1viduals, a certain quantity of

ASO called cheﬁoﬂﬂ&‘}%ﬁiwgqm The level

usually considefed normal is up‘to 200 unlts (8, 48, 65) There is
e QR PRI N TN B
season, climate and geographical location (48, 64, 66) . The newborn
has the ASO titers similar to those of the mother,'but this falls
significantly by the age of six months. Streptococcal infections‘
under the age of two years are uncommon, and persons in this age
group usually have ASO titers less than 50 units. A child in the

school age group, 5 - 12 years of age, is repeatedly exposed to
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group A streptococci and often has titers up to 200 units without
having experienced a recent clinically apparent infection. In
adults, the upper normal titer is in the range of 125 units.

(8, 66 - 68)

In human streptococcal reSpiratory tract disease, a rise in ASO

is usually detectable by th-; " t week of illness and the

peak level is reached betu en. th fth weeks. The level
then decreases, return in the second or
third month. On an 80 occur in the
non-suppurative comp

rheumatic fever and erulor ritis, than in uncomplicated

rise in titer (66) i dicate: i 1though paired serum
samples. are the best w%y Lo demonstrate a recent infection,

sty G143 RIS ) At o=

laboratory ; or f two samples ire sent they may both have been
s A SR TRV INBAR L e
peak titer are present. Therefore, interpretation of single titer or
constant titers must be made with an understanding‘of the variations
seen in'"ﬁormals" of different ages (8, 15, 66). These stated A
"normal" values have been obtained by measuring titers in persons
lacking evidence of recent group A streptococcal infections and by

arbitrarily setting the upper normal limit to include 80 % of the
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group tested (71).

It 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 rarely, even if glomerulonephritis occurs. (8, 48, 68, 72).

. ,y# ily mean that the patient

merulonephrltis, but it

A high ASO titer

is suffering from rheuma
—

does indicate that a (

deciding factors in : i L 5N . f;\\' ptoms and other

ction is present. The

relevant laboratory

4

if a third different t : yaluronldase and
anti-DNase-B are the. wo most frequently used sécondary procedures ;

however, the aﬂﬂaﬁwﬂﬂﬁ wfﬂﬂﬂ? se of its

utility in patiéhts with streptococcal pyoderma (8. 12), as prevously
= Q RN AT MANE 6
determinations increases the percentage of positive results, the ASO
titer dertermination is still mainly used both in rouﬁine works and

in research studies.

Nowadays, there are several techniqueg used for determination
of ASO in human serum, such as the Rantz-Randall macro technique

(73) ; the microtitration procedure of Klein et al. (74) ; agglutination
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tests utilizing latex or erythrocytes as carrier of SLO (75 - 78)

the Blue-ASO test, based on the principle of passive agglutination
of sensitized bacterial carrier cells (79) ; bentonite
antistreptolysin O Test (80) ; new hemolytic method for determination

of ASO in whole blood (34) ; the automated method (81) ; etc. The

is the procedure standardized

by Todd (22) and subsequently modifie &tz and Randall (73).

This classical hemolytic he ability of free
reduced SLO, not neutral ; antibod . to lyse erythrocytes,

which serve as an indic

of serum having no hemo is & n. Todd units (36, 46,
68, 70).

The problem in Thai - o { ents and antigens
have to be imported, maki et ost of est high. Many attempts
were made to eliminate this preblen 1970 Vejjajiva, et al., |
proposed the detail "7'-':{_ ‘method for pre 7 69) so as to be
used in routine work iﬂ the epatment of
Microbiology, Chulalongker Hospital. ~ was quite easy to carry

IRk - %gg NEBS WHADS, oo

the satisfactory lyesults obtainedgby the us of that preparation
. xR RIRIMUIAINY AR
method is not constant in potency. There are several factors which
may be involved, such as the strain of the microorgnism, cultural
media, cultural conditions, etc. Among these, the most interesting
factor is the cultural conditions because there have been very few

studies dealing with this factor. Therefore, the cultural conditions
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have been so far poorly documented.

Streptococcus pyogenés (group A) strain C 203 S, which is one

of the powerful hemolytic strains recommended by several investigators
(20, 39, 46 - 48), was chosen to be studied and Todd Hewitt broth

(Difco Laboratories, Detroit, Michigan, U.S.A.), recommended by

The purpose © out various optimum

conditions for SLO prod ain in Todd Hewitt

broth. Those cultural

A. The ihc
B. The ag

C. The siz ‘f,_;_;;

D. The incub
E. ___________ :
)
F. {“', agitation

i . :
Lt iﬁo ed L‘\A the resultdlubbtained will be useful for the

swprovenent: of YibeEhidl ﬂﬂﬂiﬂﬂﬂﬁﬁ
AR a9NT0d NW’W’JWEHEQ d
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