CHAPTER IlI
REVIEW OF THE LITERATURES

1._History of Streptococcus

The Streptococcus was discovered by. Billroth and Ehrlich in 1874 as globular

microorganisms growing in chain-formi erysipelas lesions and infected

1984).  Similar organis
twisted), were isolated from
fever. However, a number

human patients and animals, an

to hemolyze red blood cell. In 1919, Bro froducedithe term's alpha (QU), beta ([3),

and gamma (}) to describe.the three | h 5 observed on blood

-

agar plates (McCarty, 1990

The genus of Streptdcaeeus is one of fiig’ genera belonging to the family

Streptococcaceaeﬁdu E%%a&e%ﬁowsge’%a Leuconostoc and

Pediococcus (Ginsb%lrg, 1982). Primarily through the eff&Es of Lanceﬂelddn, the early
o, S| T I b
immunogeniﬂ groups désigned by thé Iéttérs A through U. Most strains céusing human
infections were found to belong to group A. The group specific antigens were identified

as carbohydrates and the type-specific antigens as proteins (McCarty, 1990).



The focus of this thesis is on GCS and GGS streptococci. However due to the

closed similarity between GAS, GCS, and GGS and since the data of GCS and GGS is
much less comprehensive than GAS, thus, these reviews were discussed by including

GAS information as well.

2. The organisms
2.1 Morphol ltural h
\:\
The streptoc e gi!up itive cocci that were grow

in pairs or in chains of up to e typlcally 0.5-1.0 pm x

1.0-2.0 um (Kilian, 1998).

composed of hyaluronic acid and Cap most noticeable in very young
,,_,,, SN .
cultures and they resist tﬂlphagocytoms (awéti ¥ / Oﬁ). Streptococci are

atmosphere containing inf}éée o stilﬂlates many isolates.

Medically important streptoca;:cu enterococci, and aerococci are homofermentative,

meaning that the ﬁ% uo&j %%ﬁ%ﬁuw bl:@l ﬂﬁoneman et al,

1992, 1994). The témperature range for the growth of most pathogenic streptococm is

N, 013 (37 e

Most of the pathogenic streptococci produce hemolysins (Chesbrough, 1984). In
general, colonies of the streptococci on blood agar are non-pigmented (Kilian, 1998).
The ability of certain clinically important streptococci to induce zones of complete
hemolysis (B—hemolysis) around colonies on blood containing agar media was one of

the first characters to be recognized and used for distinguishing between isolates.



Other isolates of streptococci induce a zone of greenish discoloration (OL-hemolysis) on
blood agar, and yet others cause no detectable changes to the red blood cells (Y-

hemolysis) (Kilian, 1998). In this study, we are interested in B-hemolysis streptococci,

which are GCS and GGS only.

2.2 Structure and antigeni mpositions of GAS, GCS, and GG
The structures have ﬂ\’ compositions of particular
importance for the virulence of th g%ac 1assification are located in the
I ' it of GCS and GGS are most
athog the information is more

ibes instead of the

surface layers of the bacterium.
similar to GAS (Rotta, 1986)
comprehensive than GCS
information of GAS. The cellu 066 he ol t of the cell surface is the
capsule and beneath the in"a simplified way, can
er most cell wall layer
contains lipoteichoic acid and'a ; ., ents, namely, M, T, R
antigens, MAP (M-associated p eu‘ir'.or'r.so-c led ni e specific protein), SOF
(serum opacity factor) and the Fc-&gﬂﬁg ’e second layer consists of

polysaccharide, and the m}}d layer is ointed out that the

outer most layers usually ies fimbriae, whi ce factor and can

cause various diseases ag the peptidoglycan layer has amintercalating mosaic

Angnsnensg

The ceII wall of streptgcocci consists of the shape-forming

oo ®, T BN o8 B4 ) o

of proteins (Kﬂlan, 1998). Cell wall peptidoglycan accounts for about 40 to 80 percent of

structure (Rotta and Ffjicklam

the cell wall (Ginsburg, 1982). The streptococcal cell wall may contain several forms of
polysaccharides, which is one of some species have constitutes the Lancefield group
antigen (Kilian, 1998). The work of Rebecca Lancefield laid the ground for the serologic
classification of the cell wall of the streptococci and hemolytic streptococci can be

divided into serologic groups (A-H, K-U) (Kilian, 1998; Jawetz, et al., 2001) and certain



groups can be subdividing into types. The polysaccharides GAS and GCS contain an

identical backbone consisting of O(-1,2- and O-1,3-glycosidically linked rhamnose
molecules, but differ in their limited side branches. GAS carries N-acetylglucosamine
residues, GCS disaccharides of N-acetylgalactosamine, and GGS carries galactose,
galactosamine, and rhamnose (Ginsburg, 1982), which are the immunodominant
substituents (McCarty, 1959; Coligan, Kindt, and Krause, 1978; Kilian, 1998). Cell walls

always contain the amino sugar glucosamin muramic acid, while galactosamine is

a variable component (Hardie, 198t ' #/ roduce an array of proteins
associated with the cell wall ( 1994; Kilian ﬁﬂe cytoplasmic membrane
..

ibe cytoplasm contains a

encloses the cytoplasm and is s

complex of nucleoproteins

Facklam, 1983).

ucture that enables the
microorganisms to adhere to the €pi ‘r__- f the oral mucosa by means of
the fatty acid moiety of its molecule, _;_:: also receptor for LTA on the surface of
human polymorphonuclez 0C) i e involved in the recognition of GAS and
enable attachment in the proce ,fii , 1983).

téin is a jor vifllénce factors that responsible for

s B A ST e

about M protein wascglscussed in the part ef M protein typing
ARIANN TN UANINYAY
- The M-associated protein (MAP) is a non-type specific
substance, but closely associated with the M protein (Rotta and Facklam, 1983). MAP is
found in all M protein-containing GAS and some strains of GCS and GGS but not in M-
negative strains. It is antigenically related to sarcolemmal components of the
myocardium. Antibody responses to MAPs are usually highest in-patients with acute

rheumatic fever (Joklik, et al., 1992).



- T protein type antigens, which are trypsin resistant that occur in
several antigenic patterns. Most of them shared with a number of M types and some T
antigens restricted to a single M type, whereas others may be shared by several M
types (Joklik, et al., 1992). T antigen has also been found in some GCS and GGS strains
(Rotta, 1986).

- R protein antigens are also trypsin resistant and occur in some

strains of some types only. They have in strains of groups other than A

and have been identified in four anti , common being R28 and R3.

antigen causing opacity -1986) and 'was 0 be a second type

specific substance in som

chain of immunoglobulin and thus fac o S
: .-:_':e’:__-"f‘

(Rotta, 1986).

ed by weak.@(ali yields mixtures of
protein and other substance of little serologic specificity, called P substance, which

probably make up ﬂ;%ﬂﬂtr’e}%g %‘oﬁy%’e‘ sﬂz@ ).
ARTREATHRNING 1N

- Hemolysins found in many streptococci, is able to hemolyze red
blood cells in vitro in varying degrees (Jawetz, et al., 2001). They have two hemolysins
one that is hemolytic in the reduced form and the other is oxygen stable and releasing in

serum containing media. They have been termed streptolysin O (oxygen labile) and

streptolysin S (serum soluble) (Kilian, 1998). Streptolysin O (SLO) is a protein (MW
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60,000) that is formed by most GAS and by many strains of GCS and GGS, but not by
member of other groups (Parker, 1984) which is reversibly activated from the reduced
form. It is antigenic and the antigen and its antibody can be quantified in a standard
hemolytic system using a reference serum (Rotta, 1986). An antistreptolysin O (ASO),
and antibody that appears in humans following infection with any streptococci that
produce streptolysin O and this antibody blocks hemolysis by streptolysin O. An ASO

d abnormally high and suggests either

serum titer in excess of 160-200 units is consi

(MW 2,800) (Ginsburg, 1982) f; ) lysis around colonies of

many streptococci on aerobice

by GAS (Parker, 1984).
There are three antigenically dlstlnc,t-grﬁquoo al pyrogenic exotoxin A, B, and C

! - ’--f fl' !._\é o 4
(Jawetz, et al., 2001). For ifs production, the Strew

a lysogenic state

usly (Rotta, 1986).

- Streptokinase (fibrinolysin)gwas produced by most GAS and

T Gcﬂ YsiANSINSWeINNS

system of human od. Streptokmase‘«s a protein wuth a molecularqyelght of
sy 5 EPGTI T (9 N AR p oo
human plasmia into plasmin, an active proteolytic enzyme that digests fibrin and other
proteins. This process of digestion may be interfered with by nonspecific serum

inhibitors and by a specific antibody (antistreptokinase) (Jawetz, et al., 2001).

- Streptodornase (streptococcal DNAase) was produced by

strains of GAS, GCS, and GGS (Parker, 1984). All strains of GAS form at least one
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DNase. Of the 4 enzymes (A-D) that have been detected, the B enzyme is the
predominant nuclease in GAS (Kilian, 1998). Antibody titers to DNAase B are helpful in
diagnosing streptococcal pyoderma and poststreptococcal glomerulonephritis (which
most often follows pyoderma), because these diseases are often not accompanied by

elevated ASO titers (Walker, 1998).

- Nicotinamide adenine dinucleotidase (NADase) was produced

eptococcal strains that cause
glomerulonephritis (the so-called meph Jenic iAs) also good producers of
NADase and anti-NADase titers . ' ese strains as etiologic

agents in suspected cases of st v erme erulonephrltls (Walker,

1998).

AS and this enzyme
is also produced by strains o \\ 9). Hyaluronidase splits
hyaluronic acid, an important ¢ d's \ e of connective tissue.

Thus, hyaluronidase aids in spreading infe g- or nisms (spreading factor).

Hyaluronidases are antigenic and spe ific-for each terial or tissue source. Following
infection with hyaluronidase o] 20 :ﬁ are found in the

serum (Jawetz etal., 200 l’; ‘

E 1
ﬂ‘lJEJ’J“fIEJV]‘ﬁWEJ’T‘i
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P Capsule {hyaluronic acid)
L) °

o ® Extracellular °,

® e substance \

Streptolysins
NADase
Hyaluronidase

Cell membrane

Streptokinases
Streptodornases

Pyrogenic exotoxing
Peptidoglycan {cell wall)
- {(group carbohydrate
antigen: rhamnose,
“acetylglucosamine)

Pili M protein type
gen: lipoteichoic
. acid; R and T proteins

The classification of streptocor =‘; e major categories based on a series

of observations including“golc actions on blood agar,

serologic specific of the (I néefield classification),

and biochemical reactions gd resistance to al and cher@al factors (Jawetz, et

T Audinenswens
3.1 Colony morpholo nd hemol reaction n.ﬂ.l. ar "
RAINSUNAINA Y

4 The classification hemolytic patterns is used primarily with the

streptococci and not with other bacteria that cause disease and which typically produce
a variety of hemolysins (Jawetz, et al., 2001). When cultured on blood agar, aerobic

Streptococcus species can be classified as follows:
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- Ol-Hemolysis is partial lysis of the erythrocytes surrounding a
colony that causing a gray-green or brownish discoloration in the media

“ B-Hemolysis is complete lysis of the red blood cells
surrounding a colony that causing a clearing of blood from the medium

- Y-Hemolysis is no hemolysis and consequently, which is no
color change of the medium surrounding a colony. Organisms showing no hemolysis

are generally termed nonhemolytic rather tha

- OL-Prime or wi /) sis is a small zone of intact
erythrocytes immediately adjace ' ( % it f complete red blood cell

lysis may be confused

hemolysis surrounding the zone

with B-hemolysis (Koneman,

In some clagsifiéati ns trains include strains

that show OL-hemolysis after oyérni cubation blood agar. In other

In addition, ﬁ-hemolytlc isolates of GAS-GES EGS can be subdivided into two
|-",J.|l",-'.l‘l l-_r'al" il

groups: large-colony (>0j"3mm in diameter) aﬁﬁ" mall
formers (Ruoff, 1995).

3.2 Serol i fiel

e ﬂumwamwmm
AT e

streptococcal cell wall by placing the organisms in dilute acid and heating for 10
minutes (Larsen, 1995). ﬂ-hemolytic streptococci and some other streptococci produce
group specific carbohydrates (C carbohydrates) that can be identified using group
specific antiserum (Chesbrough, 1984). These C carbohydrates, many of which are

teichoic acids, could be identified using type-specific antibody. Twenty-one groups of C
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carbohydrates were identified and assigned letter designations from A to U. Based on
the Lancefield classification system, most human streptococcal disease is caused by

group A B-hemolytic streptococci (S. pyogenes), while group B streptococci (S.
agalactiae) and group D organisms (such as E. faecalis) are also important pathogens.
S. pneumoniae does not exhibit Lancefield antigens (Walker, 1998). In addition,
streptococcal species other than those that produce B-hemolytic are found possess C

carbohydrate. Some are found as normal flora in animals or as animal pathogens, and
ﬁﬁﬁﬁ
groups commonly cause hu@am , q

other may be found in both hum The Lancefield groups most

commonly seen in human infection aIthough not all Lancefield

i

3.3 Biochemical reactiongf@ndfresistancelto physical and chemical factors

LY

Biochemical#€stsfing ,sugar ermentation. reactions, tests for the

f‘-r
presence of enzyme, and tgsts for sceptlb' \ asistance to certain chemical
u r‘i_i{-u |
agents. Biochemical tests are mos yiten ysﬁp{p- ify streptococci after the colony

.aiJ.r"" et

growth and hemolytic characteristi iochemical tests are used

for species that typically do not react wmﬁﬁ co nly:used antibody preparations for

"".-ll"...—",.a"

the group specific substan&es, group A, B, C, F,

fermentation of carbohydreiés may be carried
sugar. All the streptococci_r_arment glucose alfose and a)st of them ferment
lactose and sucrose. Other su@aeseactions may be.of value in distinguishing between

sy o srdBb 3 B) DIV NS W I E St o

infrequent (Kilian, 1956') Traditionally, largescolony formln%;roup C |solatesqjve been
d.fferennate’q n‘ws’qca &%sﬂ ﬁ tw N%’]e’a Fﬂ%’ "] a Elirates
(Ruoff, 1995)% Briefly, the carbohydrate broth is inoculated with a loopful of broth or
several colonies from an agar plate. The carbohydrate broth is incubated at 35 °C for up
to 7 days. A positive reaction is recorded when the indicator turns yellow (if bromcresol

purple is the indicator). Acid formation in broth containing trehalose or sorbital is used

to differentiate the ﬁ-hemolytic group C and G streptococci (Table 1) (Kilian, 1998).
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In addition, streptococci have also been classified” according to
physiologic characteristics. This classification divides the species into four groups that
include pyogenic streptococci, lactic acid streptococci, enterococci, and viridans

streptococci (Parker, 1984; Larsen, 1995). The pyogenic streptococci are those that

produce pus, which these organisms are mostly B-hemolytic and constitute the majority
of the Lancefield groups. The lactic acid streptococci are non-hemolytic organisms

often found in dairy products that they are part of Lancefield group N. The enterococci
comprise those species found as part Tt // human intestine that this group
of organisms is now part of the g  Ei . %mdans streptococci are not

parting of Lancefield’ s clasw ma C carbohydrate that

they are widely found as norma

viridans streptococci are O
opportunistic pathogens (Larsen
Table 1: Identification of GC eman et al., 1994; Kilian,
1998)

Species Lancefield Hemoly Fermentation of

--"_.- .-*“
serog[‘cm bitol Lactose  Trehalose

S. equi C - -
S. zooepidemicus c [3 + *\/ + 4 -
S. dysgalactiae & + g ‘ % + 4
S. equisimilis MW - \Y +
S. cani ¢ _ W +
- -7 -~ P k - iR B -
S. constellatus C.G o B.y - NA . v Vv
S. intermedius C.G Q, B Y 2 NA = + i

*V = variable

**NA = not available
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4. Stre | species in Lancefield serogro n Table 1

Streptococcus equisimilis is the most common GCS and can be found in GGS
(Vandamme, et al., 1996) to colonize and cause infection in humans. It ferments
trehalose but not sorbitol, and it produces streptokinase and streptolysin O but not
streptolysin S. The streptokinase used for human thrombolytic therapy is derived from S.

equisimilis. Because S. equisimilis produces streptolysin O, infections caused by this

organism may result in elevated antis (ASO) antibody titers, which are
classically used to screen patie . previot -hemolytic streptococcal
infection. S. equisimilis has 7 ﬁse, and genital tract of
asymtomatic carriers (Christens d Breton, 1978) and from
the umbilicus of up to two thi ¢ newborns. (Drusin, et al., 1973).
Domestic animals (e.g., y also be infected

(Johnson and Tunkel, 2000

Streptococcus dysgalagtia but causes mastitis in

cows and suppurative polyarhtriti s, 1t produces Ol-hemolysis or no
it

hemolysis on blood agar, ferment trehﬁieﬁn | pre es a single hemolysin that is not

.—-...-u,.f

streptolysin O or S (John§’1‘land Tunkel, 200,Q)

Streptococcus zoerjemicus , often ‘gidemic, infections in

domestic animals (horses, cattlé sheep, and pigs).gMost cases of human infection can

e 03 10 on PSR D IEIR S LI RToe v oo

isolated as the etuo@!;nc agent in cases gf bovine mastltls equine resp{gtory tract
rer @ A SRR AR VLA 1) Ay
sorbitol but n@t trehalose, produces a novel hemolysin but not streptolysin O or S, dose
not produce streptokinase, and is not considered part of the normal human flora (Deibel
and Seeley, 1974). Human infection is uncommon and has been associated with
consumption of homemade cheese and unpasteurized cow' s milk (Duca, et al., 1969;

Barnham, et al., 1983).
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Streptococcus equi is primarily a pathogen of young horses that causes
strangles, which is a serious and highly contagious respiratory disease (Bryans and
Moore, 1972; Wilson, et al., 1978). It ferments neither trehalose nor sorbitol that
produces a soluble hemolysin but not streptolysin O or S, and dose not produce

streptokinase (Johnson and Tunkel, 2000).
Streptococcus canis is a species originally proposed in 1986 (Deviere, et al.,
,}) om dogs and cows possessing
n |solated from a variety of

|coj’rab oxes. Although S. canis

1986; Whatmore, et al., 2001) for strept
the Lancefield group G antigen.

other animals including cats,
isolates may often represent s in and mucosa that they
infections. abortion, vagini i - skir otio ion, severe invasive

S. canis infections in dog ' ' G xic shock syndrome

group A, C, and G strepto@cn and includec species c&prising the S. milleri

group. These organisms may hiaye, variable hemolyticrreactions, B -hemolytic strains are

s ey fRBB PRIV T IR 5 smat coony

forming B hemolytlcgreptococm constituterpart of the n%mal flora of the urynx and
oo BV B A | Ry e
small colonyqformmg B-hemolytlc streptococci include fibronectin-binding ability and
production of hydrolytic enzymes. These organisms have been isolated from purulent
infections of the oral cavity, upper respiratory tract, central nervous' system,
gastrointestinal and genitourinary tracts, abdominal cavity, skin, soft tissues and bone

(Ruoff, 1995).
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5. Pathogenesis and clinical findings

The clinical significance of these organisms is similar to GAS, which is a major
pathogen. The streptococci are usually found as parasites of humans and other
animals. Some strains are normal flora of the alimentary, respiratory and genital tracts
by colonizing the skin and mucous membrane (Ruoff, 1995). A variety of distinct disease
processes are associated with streptococcal infections. The biologic properties of the

infecting organisms, the nature of the ho w

infection all greatly influence the

cause a wide range of infectiorwm cuplcal

and can also cause post-str

, and the portal of entry of the

tz, et al., 2001). They can

tions to severe infections

that cause pharyngitis, tonsiliti ervical adenitis, pyoderma
lymphadenitis, impetigo, erysipel Celiits D steomyelitis, arthritis, and
endocarditis. This infection is charac{éﬁfé‘d':by 8 sore throat, with malaise, fever,
and headache. Rare cajfs of men‘i"r:f'g’ritféJalr;ﬂ‘F phe 7 ave also been reported
(Bisno, 1990). Severe w:--:vr--:---.—:-r::-:--:-:,:;: ----------------- » ke syndrome, with

presentations similar to thosﬁfc}'u d in pati - sta;ﬂlococcal toxic shock

syndrome that have also bee& descrlbed (Cone, et al., 1987; Stevens, et al., 1989).

These clinical Chaﬁﬁﬂ@%ﬁﬂﬁeﬂﬁﬂ ﬂ ﬁpoalbummuna

thrombocytopenia, hypocalcemia, and resplratory failure (Koneman et al., 1994). When

primary a it ﬂ p late
sequelaeH jﬁ Ta in ﬁm 1'[ mjg mﬁwr ﬂe are
acute rheumatic fever (ARF) and acute glomerulonephritis (AGN). In each case,
disease is associated with a specific subset of GAS strain, as identified by their M
protein profiles (Walker, 1998). Rheumatic fever, which can occur 1 to 5 weeks after

acute pharyngiitis that is a multisystemic collagen vascular disease characterized by

carditis, polyarthritis, subcutaneous nodules, and erythema marginatum (rash). ARF
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occurs in about 3% of patients who have suffered from streptococcal pharyngitis, but
ARF can also follow an asymtomatic pharyngeal infection. ARF occurs in-patients
infected with rheumatogenic M serotypes 1, 3, 5, 6, 14, 18, 19, 24, 27, and 19 (Walker,
1998). Although the course is self-limited, chronic or progressive damage to the heart
valves may occur. Another poststreptococcal sequlae is glomerulonephritis, which is an
inflammatory disease of the renal glomerulus that may occur as soon as 10 days after

pharyngitis or 21 days after pyoderma caused by a nephritogenic strain of GAS. AGN

\ /\ , Or 12 or pyoderma caused by
| ated with diffuse glomerular
__-J
al

most often follows pharyngitis caused

M serotype 49, 55, 57, or 60 (Walker,
e

lesions, hypertension, hem@e.

intraabdominal

tions,

abscesses, pericarditis, and eado "'g J al. . In man, GCS can be

ilis (Barnham, et al.,
1983). One study was reparted that C ca carria@might be capable of
causing rheumatic fever, whi€hgs GCS, might have acquired rheumatogenic factors

o 645 by homﬂl 6813 RIS W) Ao one sy

was reported th GCS bacteremla‘ in-patients mfected with h human
ey G Y ) Ay
septicemia fh cows, rabbits and swine. Frequently GCS were isolated from wound
infections of horses. Sometimes GCS were associated with various avian diseases
(Peckham, 1966). GCS were isolated from milk and udders of cows with acute or
sometimes mild mastitis. Also GCS were isolated from blood and tissues of lambs
suffering from polyarthrits (Rotta, 1986). Streptococcus equisimilis, the most common

human group C isolates, has been recovered from the pharynges of carries and from
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‘those with exudative pharyngitis and tonsillitis. It has also caused several other human
infections, including sepsis in neutropenic hosts, puerperal sepsis, cellulitis, necrotizing
fasciitis, pneumonia, epiglottitis, empyema, bacteremia, meningitis, brain abscess,
osteomyelitis, septic arthritis, and endocarditis (Stamm and Cobbs, 1980; Kuskie, 1987,
Arditi, et al., 1989; Salata, et al., 1989; Ortel, et al., 1990; Koneman, et al., 1992, 1994).
S. zooepidemicus causes various types of diseases in animals, include bovine mastitis,
respiratory infections in horses, and genital tract infections in poultry. This species that
has also been found in human infection : W monia, endocarditis, meningitis,
and cervical lymphadenitis (Barn \ \ : % et al., 1987; Koneman, et
al., 1992, 1994). S. equi is twa re#iratem"'fnﬁnﬁection in horses called “

strangles”. Strangles is charﬁ(" ' wlent nasal discharge,
.‘:\.

ph nodes that eventually

rupture and drain into th

1985). This organism is rai

GGS constifute 2 jastrointestinal, vaginal,

oropharyngeal, and skin floa. "I'n ecti his rgén@m include pharynagitis,
otitis media, pleuropulmonary Lnfg_c.:}ion, cellulitis, se&t,ic arthritis, septic thrombophlebitis,

bacteremia, endoﬂjqﬂ ﬂ @%utﬂ%hng 51] ﬂ8§j Vartian, et al.,

1985; Watsky, et al}/1985; Yanelli, et al., ;987; Koneman, et al., 1992, 1994; Murray,

=9 s
1994). S li ﬂv is” et al.,
1985; Gr:raq ﬂ.mﬁﬁﬁg\:@jz&jﬁha G Swzg[::lla?rz! might

be capable of causing rheumatic fever, which is GGS, might have acquired
rheumatogenic factors from GAS by horizontal transfer of genetic material (Haidan, et
al., 2000). GGS can cause severe infections of bone and joint prostheses. GGS
cellulitis at sites of parenteral injection and bacteremia with subsequent hematogeneous

complications have been reported frequently in intraveneous drug users (Golshlack and
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Blackburn, 1984; Craven, et al., 1986; Lebar, et al., 1988; Koneman, et al., 1992).

Bacteremia with this organism may occur in the clinical settings of underlying
malignancies, puerperal sepsis, septic abortion, chronic pulmonary disease, and
congestive heart failure. GGS meningitis and sepsis has also been reported in a patient
with acquired immunodeficiency syndrome (Raviglione, et al., 1990; Koneman, et al.,
1992). S. canis have been implicated in a variety of canine diseases associated with

urinary tract infections, abortion, vaginitis, mastitis, and skin infections. In addition,

severe invasive S. canis infections in to human streptococcal toxic

mantly with GAS that have

Whatmore et al., 2001).

u ture_&nd form solid media
as well (Koneman, et al., 1992‘1224). GCS and (‘@; have ovoid or spherical cell 0.6-

1.0 pm in diamete«ﬂa%dn&lrrfc% i%ﬂ%‘}%fﬂa'&}lﬂfﬁnsverse to the

long axis of the chaifiland at other times p%rallei with the Iong axis of the chaun In the

e QA T TN ‘V’I‘E;[ZFQ o

pairs, short on long chains, very long chains being common in broth
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6.2 Culture media

Most streptococci grow aerobically and anaerobically. The temperature
range for the growth of most pathogenic streptococci is 22-42 °C with an optimum of 35-
37 °C. On blood agar, colonies are usually less than 1 mm in diameter, gray-white or
colorless, dry or shiny and usually irregular in outline. Most of the pathogenic
, 1984). The appearance of surface or
‘# t differ sufficiently from that of
: @Washington, 1991). GCS

streptococci produce hemolysins (Cheesbrou

subsurface ﬁ-hemolysis GCS or GG

have wide zone of B-hemoly vhich is the small, watery
colonies dry out rapidly an A soluble
hemolysin, distinct from stre | in, serum-fortified broth
culture (Rotta, 1986). GGS h e board zones of [3-
hemolysis on blood agar may b is produced (Rotta,
1986). :

;'_";.l:;"l' !

..i*;"'gf.";!!' , i

Basemw

serological classiﬁcﬁn of hufhafstre tococci, is Based on the detection of the group

spcitc carvonyorkeardat ool tall b opaRintfrehdrgetmiqos o

the exploring work of Rebecca Lancefield, which is the

which serologic identification of streptogocci may beﬁccomplished 'qude the

oers A WTANN I NATIVIETQE

- The capillary precipitin test, which from the method used by
Lancefield, in which the extracted antigen is layered over group-specific antisera in a
capillary tube and the information of a precipitin reaction at the extract-antiserum

interface that provides the group designation of the organism (Koneman et al., 1994).
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- Coagglutination, in which visible agglutination of the
staphylococcal cells coated with a specific antiserum, provides the group designation of

the organism (Koneman et al., 1994).

- Latex agglutination, in which polystyrene latex beads are used
as the carriers for the group specific antisera that are reacted with the organism extract,

with visible agglutination of the latex particles serving as a positive test (Facklam et al.,

1979; Daly and Seskin, 1988).

Several commereial - gglutination and latex
techniques, which are available (K adn, et al.; 1 . cefield antigens of group
A, C, and G, however, are noi#Specific/ 1o ingle Streptococcus. When
nongroupable B-hemolytic isolate® thét fail't | group A, B, C, F, and
G are encountered, physiola od may aidiin ident ' uoff, 1995).

The streptocogeﬂiﬁnttb are useful in establishing
""..- H_ﬂ__, ]
previous streptococcal )!Ifection in cases gheumatic fever or

glomerulonephritis. By the' time these di

resolved and streptococcall_-auuure is ofte n gen@l, anti-streptococcal

antibody levels rise above normialdimits within 2-3 weeks of the acute infection that can
be estimated suchﬂtiui'g w@.u%%}t% %lw E}a tﬂ "§particularly in
respiratory disease, qJn’u DNAase and anghyaluronldase that is particularly in skin
ncr QARINTRIUNATNE N8
anti-ASO titeflis most widely used (Jawetz, et al., 2001). Table 2 were summarized the
principle streptococcal antibody test. It is difficult to demonstrate a rising antibody titer
by the time the patient presents with symptoms of non-suppurative sequelae. Therefore,
sera are evaluated for titers that are evaluated above the “ upper limit of normal " a value
that is variable in populations of different ages, in different locations and with different

frequencies of streptococcal infection was summarized in table 3 (Ruoff, 1998). Anti-
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streptolysin O and other anti-streptococcal antibodies may also be produced in

response to infection with large colony forming GCS and GGS (Efstratiou, 1989; Ruoff,

1998).

Table 2: Principle of streptococcal antibody tests (Ruoff, 1998)

Test Antigen Method

ASO Streptolysin O % antibodies in patient serum inhibit streptolysin

'no

o
¥ ‘\L

Anti-DNAase B DNAase B FANLIED) E

AN

EX

hemolysis. Titers may be

ational units depending on how

ent serum inhibit DNAase B
colored conjugate. End

arbitrary (2+ to 4+) degree

Anti-A-CHO Group A ir \ 1\ of antibody in patient serum
carbohydrate bohydrate.
Table 3: Normal limits of streptoco CCa ,J:%,,cu\, , nnamaker and Ayoub, 1960;

Ruoff, 1998) =

(7

a

Antibody 31 Upper limits of normal 'm Lower limits for
5-12 y&ars Ydling adults rheumatic fever
Antistreptolysin O W . 2 250
Antihyaluronidase W 110 P 80 ﬂ
Anti-DNAasﬂ 1qqa aﬂ§ a I 3 |§q%g3[ Elq %}I
Anti-NADase q 13 '
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7. Typing system of |3-hemolvtic streptococci

B-hemolytic streptococci is very important, especially GAS is the most common
group found in human pathogenic. The typing system of B-hemolytic streptococci is
considerable important in particular cases of streptococcal disease and in special
epidemiological situations. The application of Streptococcus typing is in microbiological

and epidemiological studies of streptococcal infections and their sequelaes (Rotta and

, and GGS) can be typed in
OF gjie, 1986). Detail about T
[ @ection “ structure and

antigenic compositions of GAS, . M typing is.discussed in detail later in

Facklam, 1983). The Streptococcus
different way, e.g., M typing, T typir
protein, R protein, and SOF fac

section “ M typing ". The T typi : the agglutination reaction. The T

typing of GAS has been import ogy of GAS infections
and has identified strain M type was not
identifiable (Cunningham, 2 to a single M type,
whereas several M types may 'f-(. T antigens are not
associated with virulence. Antib protective (Joklik, et al.,
1992). R protein has been identifi_e_d_:_, sin destroys one (designated

to virulence factor (Hardie;19 dacity factor (OF) of B-

hemolytic streptococci that ?m test is useful in epidemiological t"m for that association

with specific M types ériddowsﬁnht al., 1971; Rotta¥ahd Facklam, 1983).
U

TETNENINEANT
RIAINTUNNIINYAY
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Table 4: Relation of T patterns to M types (Joklik, et al., 1992)

T complex M types bearing T complex
1 1
2 | 2
3/13/B3264 3,13, 33, 39, 41, 43, 52, 53, 56
8/25/lmp.19 2,8, 25,5557, 58
5/111/12/27/44

14/49
15/17/19/23/47
7.1 M typing
M protein is a
streptococci (Bisno, et al., ! cts the variation in
the M. protein molecule be ifferent 4strains, i ' f the Lancefield M

protein structure and fu '. on in G 5C ) GAS (Jones and

Fischetti, 1987; Bisno, et e, |
appear to be able to share tgr M protei es by ho 20ntél transfer (Simpson, et al.,
1992; Sriprakash and Hartas,#1996). M protein serotype identification is not done

et e sorf@ ) B VAEIIAT T SR o o

streptococcal dlseasé| (such as rheumatic Lever scarlet fever glomerulone@ns toxic
e NG FOTE PN AL )R s
number of stfeptococcal strains (Walker, 1998). For example, acute rheumatic fever
associates with rheumatogenic strain which are M type 1, 6 and 12 and acute
glomerulonephritis associates with nephritogenic strain which are M type 1, 5, 6 and 19

(Robinson and Kehoe, 1992).
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The structure of M protein may be detected by electron microscopy on
the surface cells as fibrils protruding up to 200 nm outwards from the cell (Swanson,
Hsu and Gotschlich, 1969; Robinson and Kehoe, 1992; Kilian, 1998) (Figure 2). The
amino terminal region extends from the surface of the streptococcal cell wall, while the
carboxy terminal region is within the membrane. The M protein is anchored in the cell
membrane by the LPSTGE motif identified by Fishchetti and colleagues (Fischetti, et al.,
1990). Each fibre consists of a dimeric M protein molecule, which, with few exceptional
H W 7-residue periodicity (Fischetti,
gh @echnology to the study of
streptococcal antigens, the y gar . Qemm genes revealed
repeating sequences motifs within ) the N-termi ‘ ) th\e mid molecule region

)

domains, has a Ol-helical coiled-coil g\

1989). The age of molecular bi

molecule, illustrating the repeating C@%& , in cleavage site (Cunningham,
.l!l"; ﬂ"=-"' - i =

2000). '.:.l

M proteins gve bee ss | a@ class Il molecules

(Bessen, et al., 1989, 1997). Tyegvision of the M qgteins into two classes is based on

their reaction with ﬂ\i%ﬁ%]aéan%hﬂ:qﬁo% wucﬂcﬂﬂﬂoﬁn Class | M

proteins are reporte&o contain a surfaceaexposed epitog.? on whole GASﬁ?at reacts
v QAR AR TURN TN IR
class Il M pfoteins do not react with these antibodies and do not contain the class |
epitope (Bessen, et al., 1989, 1997). In addition, the class | M protein serotypes were
opacity factor negative, while the class Il serotypes were opacity factor positive

(Cunningham, 2000).
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N terminus

Cefl wall
TA

Figure 2: The structure'of M proteis T } Kaplan, 1996)

o o
AUEANENINEGIDS

Figure 3: The A, B, C, and D repeat region of M protein, with the protein anchor and pepsin cleavage
site shown. The A repeat region varies between serotypes and contains the highly serotype-specific
amino acid sequence of M protein at the N-terminus. The B repeat region varies from serotype to
serotype, while the C repeat region contains a conserved sequence shared among all of the
serotypes. The anchor region contains the LPXTGX motif required to anchor gram-positive proteins

in cell membrane (Cunningham, 2000).
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As mention above, M protein is very important due to its the function as a
major virulence factor that has highly resistant to phagocytosis. The antiphagocytic
activity of M protein is due to two mechanisms that it binding of complement regulatory
protein factor H and fibrinogen. One mechanism is binding of factor H, which inhibits
the activation of the complement pathway (Horstmann, et al., 1988). Factor H is a
regulatory component of the complement pathway, which inhibits the deposition of

soluble C3b. Factor H binds to the C repeat region of the M proteins, and deletion of the

C1 and C2 repeat regions reduces f eres-Casal, et al., 1996). The

inding of fibrinogen to the

surface of M protein (Whitnac Q binding to the surface
of GAS blocks the activation g v ent via lternative pathway and greatly
tococci, therefore reduces

phagocytosis by polymorphonygle {IdUkocyt (Horstma ., 1992). Figure 4

w330

Jflﬁfi-«"l ‘

NI (V1 Y LaX AT YU T Tio 2 e

recognizes GAS and us& opsonization by complgment and type-sg‘ciﬂc antibody agamjt M protein

M 4\ W KA L1 A A 1 o

macrophargesq)ind o the antibody FcC region, inducing phagocytosis and killing o ptococi

(Cunningham, 2000).

N-terminal of M protein has hypervariable part that is highly
heterogeneous for typing that is called M serotyping or Lancefield M serotyping.

Serological M typing has identified more than 100 M types (Facklam, et al, 1999).



30

Antibodies to hypervariable part of M protein have been proved to be protective
(Robinson and Kehoe, 1992). Protective immunity has two major mechanisms. First,
organisms entering the host can be blocked from attachment to mucosal surfaces by
IgA specific for the C repeat region of M proteins (Figure 5). Second, the GAS has
entered the host tissue that is effectively eliminated by opsonization with type specific
antibody and complement, with subsequent phagocytosis and killing (Figure 4). One

mechanism prevents colonization, while the other mechanism prevents multiplication in

the host tissues or blood (Cunningham, 2t recent vaccine strategies have
b proteln or highly conserved
carboxy-terminal region of the ; : agalnst the N-terminal
type specific region induced proteetive bactericidal onlc antibody against the
specific M protein serotype, whi > \@ 2 3gains ’ rved carboxy-terminal
region of the M protein pro G . i e serot and prevented colonization
at mucosal surfaces. pe dgvelop 13 ine has always been met with
enthusiasm, but certain probiéms/mu . . First, it should not intensify the
rheumatic disease that the vacgine w . dasig t. Second, the immune
response should provide Iasting ( € —Thirc i_ aus mbre than 100 different M
protein serotypes cause infections i ed number of M protein serotype are

practical for type specificyact an#1991; Cunningham,

B ‘- of M protein from

)
ﬂﬂﬂ’)ﬂﬂﬂ‘ﬁwmﬂ‘i
quﬂﬂﬂim UANAINYIA Y

2000). Therefore, it is believe
multiple types that is importg in causing diseases.
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MUCOSAL IMMUNITY AGAINST
GROUP A STREPTOCOCCI

in different part of the wad ;====.‘=.';..A':::‘.'.';1::;;;:::1:1&:;:1:5;31«"/'» that all 94 isolates
have M1 (16%), M12 (12%Jwand M3 nfound in invasive GAS

disease in Metropolitan Atlafnta (Zurawski, et al., 1998). In 2007, Brandt and colleges

reported that all rﬁé igw lowed by M12
(15.7%), M3 (14. jﬁ ﬂﬂ ij ﬁm Uﬁrﬁ'a s in the region
of Aachen, Germ (Brandt et al., 2001" M seroty an also be uséd’to identify
source ofa ﬁks atﬁnmtimum 5%lﬂglra &emicity
(Gardiner and Sriprakash, 1996). GAS are endemic in Thailand, and ARF is a severe
health problem in that area (Phornphutkul and Markowitz, 1981). In 2000, Pruksakorn
and her colleges reported that M25 is endemic to Northern Thailand (Pruksakorn, et al.,

2000). M serotyping is useful for monitor and follows up of diseases (Gardiner and

Sriprakash, 1996).
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However, M serotyping has several limitations. First, the producing of
type specific M typing antisera are difficult and specialized (Beall, et al., 1997; Facklam,
etal., 1999). Second, the antibodies are cross-reactive (Robinson and Kehoe, 1992). In
1997, Beall and his colleague examined the production of M typing sera that were
collected from M typing reference strains. They found that Lancefield extracts of many
strains no longer consistently gave positive results with their respective M type specific

serum, and positive reactions were often very weak. Thus, its appears that many of the
vj#/ Unfortunately, time and labor

stocks of M typing sera may have | qt:\%

constraints prevent the refill of the e typlng sera will no longer
—

be used (Beall, et al., 1997)@.

because of either a loss of M an

not M protein typeable
|onAor a lack of availability

of appropriate M antisera ( production of M type

precipitating antisera is very expénsi Plabot i i ﬁ%e:tial usefulness of a
nonserologic typing system™ ing the rotein (emm) gene

toward a molecular based typifg X _ am, et al., 1999).

7.2 Emm gene

Ay |‘rl_,,|"‘,“#'.-,l' " _,-Jr _.:':::"n. =

Emm geqej_}s a virulent gene h"\(at encode

family are located in a

(previouly mry/virR) and the‘g)regu a Ing Cg peptidase within the

vir regulon on the chromosomq-(gparon and Scotu987; Simpson, et al., 1990; Perez-

Casal, et al., 1991 ﬂnauﬁ)’%;%r%ﬂw@ Wtﬁeﬁyﬂsﬁ;ed genes that

have evolved througﬂlgene duplication foll%yved by sequence and functional dlvergence

e R RN S AT “Yrﬂ”] ‘éi‘f;f"a'”s
harbor vir regulons, the first that contain emm-related genes (Hollingshead, e 1993),

consists of virR-fcrA (-like)-emm-ennX (-like)-scpA that termed large vir regulons (LVR).

The second, regulons without emm-related genes are known as small vir regulons (SVR)
that contains virR-emm-scpA. The last, designated unusual vir regulon (UVR),
resembles SVR but contains additional heterogeneous sequences between emm and

scpA (Podbielski, 1993). M protein family (emm) genes were divided into two groups
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also. M type have been identified into two classes (OF+ and OF-), based on the ability
of OF+ M types to express a poorly characterized serum opacity factor (Figure 6)
(Widdowson, et al., 1970). The structure of emm gene, at 5 ' end or amino terminus is
highly heterogeneous that were used to identify the strain of the Streptococcus and this
system, called emm typing. Emm typing focuses on the 5 ' ends that are highly
heterogeneous (Figure 7). To consider as a given emm type by Centers for Disease

Control and Prevention (CDC, USA), if it has r than or equal 95% identity over the

e and if it has less than 95%

; Sing 2 gjfts of up to 7 codons, or

0 7 €odo

m-am‘ 5|'s7re_garded for these emm

first 160 bases of sequences is classifi
identity is classified to be the diffe

single in frame deletions/insertions

gene designations, only if flanki | of 95% identity over

160 bp is obtained. The indicate that several
laboratories besides the CDC, e validated this type
and sequences starting wit st been validated by all of
the reference laboratories | strep/strepindex.html).
The emm genes of GGC and _ '4- 3 y iS¢ il e heterogeneity at their 5’ ends,

giving rise to at leas

The emm typing system has thi : fy.isolates that cannot
be typed by serological met@ds, unnecessary for producing of @body and high level
sensitivity and specificity (Beally'et-al., 1996). In 1996, Beall and his colleague reported

one advantage of uﬂgurﬁp% %W %lenﬂag q ﬂ ‘rﬁlysis of seven

emmb3 strains, whlcmwere obtained wuthlg.a very short tlme from the same hospital

o QAT G 4168 W) 99 e

reliable epidemiological tool for subdividing especially GAS, GCS and GGS (Beall, et al.,
1997; Facklam, et al., 1999).
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Oplrlt}' | emm ’ﬁ‘
Factor i"m‘l P Py e
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Figure 6: Complication of vir reguio genes are described by

the generic terms mrp, emm, en The relative positions

of genes are well characterize the bdivisions and that the

emmL subdivision can be furth genes on the basis of

characteristic sequence differe e, 1994; Whatmore and

Kehoe, 1994).

mga mrp(fcrvy SpCA —

AUBINIMINGING

T P T el hischy M gam Rreptamt e o,l

; Ator 'C' WalAssoc. PGTS-Rich  Wall Soding
Poptde Domain  Domem  speals  Rogiod Domein Signa!

Figure 7: The structure and location of emm gene (Navarre and Schneewind, 1999)
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8. The reason for this study

GCS and GGS are the focus of this study. These organisms have higher
incidence of infection in human and other animals (Bisno et al., 1987, 1996) that
associated with severe infection and complications, which are similar to GAS infections
(Bessen, et al., 1989, 1990). In addition, there is evidence of horizontal gene transfer of

emm gene between 3 group of Streptococcus (A, C, and G). Therefore, emm gene of

GCS and GGS can be the source for GAS (S yet al., 1995). At present the study
of emm typing in GCS and GGS aie less than

~! 7—

compare with published GAS emm o : S€ ICes, gene portions of emmLG480
e _,"“i-'d' ) ]

sequences.

There is no pubhcattorkof GCS emm study However, there are some reports of

emm sequences fﬂ wc@%ﬁﬂqwqme are 12 emm

types of GCS anéll 23 emm types of GGS reported in CDC, USA database

T 006911058
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In this study, the emm gene sequences of GCS and GGS from Thai patients was
examined. Emm typing were used to identify these organisms, relies upon the use of the
two highly conserved primers to amplify a large portion of the emm gene. The
hypervariable sequence encoding M serospecificity lies adjacent to one of the
amplifying primer sequences, allowing for direct sequencing. In addition, we study
emm pattern from both invasive and non-invasive specimens from each GCS and GGS

in order to compare the different type of emm gene. These data will provide information

of emm type from GCS and GGS in Thai p:

invasive groups.

AULINENTNEINS
ARANTAUNNING A Y




	Chapter III Review of the Literatures

