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What Is Matrix?
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MSCRAMMS

Microorganism
B. burgdorferi

7. pallidum
7. denticola

S. aureus

S. dysgalactiae
S. pyogenes

M. leprae

MSCRAMM
DbpA, DbpB

P1, P2
Msp

FnbpA, FnbpB,
CIfA, CIfB, CNA

S2
Stbl , Sfbll

FAP

Ligand

Decorin

Fibronectin

Laminin

Fibrinogen/ Fibronectin
Fibronectin

Fibronectin

Fibronectin












Streptococcus &
Enterococcus

OHe prayeth best who
All things both great and small.
The Streptococcus is the test --

| | ove 1t | east of

-- Wallace Wilson

Public Health Medical Microbiology, 2.15.07
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General Characteristics

Gram- positive spherical
cells.

d appear more elongated
than spherical

Arranged in chains or
pairs.

d more likely to form
chains in liquid culture.

Metabolism fermentive.

d Lactic acid primary
product

Catalase negative

Most are facultative
anaerobes.

p
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Classification

AHemol ytic pattern on
agar.

A Physiologic characteristics (type of
infection , site of origin).

A Serologic group or type of C
carbohydrate (Lancefield
classification).

A Biochemical characteristics.



General Characteristics - Types of
Hemolysis

Alpha (a)- partial lysis of
RBCs around colony.

0 greenish discoloration of
area around colony.
Beta (b)- complete RBC

lysis.
d clear area around colony

Nonhemolytic - no lysis of
RBCs.

d no change in agar
Alpha- prime ( a6-)Small
area of intact RBCs
around colony surrounded
by a wider zone of
complete hemolysis.




General Characteristics -
Types of Hemolysis

Hemolysis Description

Alpha (a) Partial lysis of RBCs around colony;
greenish discoloration.

Beta (b) Complete lysis of RBCs around colony.

Nonhemolytic No lysis of RBCs; no change in color.

Alpha-prime (a0 ) Small are of intact RBCs around

colony surrounded by a wider zone of
complete hemolysis.



Classification

A Lancefield classification scheme

0 dependent upon extraction of  C carbohydrates by
placing the organism in dilute acid and heating for

10 min.
0 Lancefield was able to divide the streptococci into
serologic groups (designated by letters A - F).

A Biochemical identification
0 Susceptibility testing
A Bacitracin has been used for years to differentiate group

A streptococci from other groups of b- hemolytic
streptococci.

A Low concentrations (0.04U)  selectively inhibits the growth
of group A streptococci.

A CONVERSELY, groups A and B are resistant to
sulfamethoxazole and trimethoprim (STX), whereas other
groups are sensitive.



Classification of Streptococcus and Enterococcus

Species ?”t'ge” Common Name Disease
ype/
Hemolysin
type
S.pyogenes Alb * Group A Strep Rheumatic fever, scarlet fepkaryngitis
glomerulonephritispyogenicinfections

S. equisimilis Clb Group C Strep Pharynqiti§?), impetigo pyogenicinfections
S. equi sp.

zooepidemicus

S. equi

S. bovis D/a * Nonenterococcus EndocarditisUTI, pyogenidnfections

S. equinus

E. faecalis D/a ,*b | Enterococcus UTI, pyogenic infections

E. faecium

E. durans

S. pneumoniae -/a Pneumococcus Pneumonia, meningitis, pyogenic infectionj
S._ r_nutan_s, s_anguis _ /a Viridansstrep Endocarditisdental caries, abscesses in
mitis, salivarius various tissues




Schematic for the presumptive
identification of Gram+ cocci
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Group A Virulence Factors

A M protein ﬁ_
& only found on Group A 'f_é
streptococcus i)
& essential to virulence 2z
A resist phagocytosis =
A attach to mucosal cells =z
A More than 80 G
different serotypes. 27

A Protection against Sh e
infections is related g2

“—t

to the presence of
type - specific anti - M~ ===
antibodies. Segteshe




About 9,000 - 11,500 cases of
iInvasive GAS disease occur each
year In the United States,
resulting in 1,000 - 1,800 deaths
annually. STSS and necrotizing
fasciitis each comprise an
average of about 6% - 7% of
these invasive cases. In
contrast, there are several
million cases of strep throat and

Impetigo each year .



Group A Virulence Factors

A Hyaluronidase (spreading factor)
0 bacterial spread

A Erythrogenic toxin (exotoxin)
0 A, B, and C.

0 Responsible for the red spreading rash referred to as
O0scarl et feverao.

0 Role, if any, in pathogenesis is not known.

A Streptolysin S
d oxygen stable
d non antigenic
d also lyses leukocytes

A Streptolysin O
d Oxygen labile.

d needs to be in an anaerobic environment to work

A Lysis leukocytes, platelets, and other tissue cells as well as
RBCs.

d highly antigenic
A used for diagnostic purposes



Group A Infections
A Pharyngitis

d most common clinical expression of GAS

A majority of cases of bacterial pharyngitis are due to GAS,
although both Groups C and G can manifest this way too.

d Strep throat is most commonly seen in children between 5 - 15
years of age

A sore throat, malaise, fever, headache, vomiting and nausea.
Nausea, vomiting and abdominal pain can occur.

A 1/3 of those complaining of a sore throat have culture positive of
S. pyogenes .

A Pyodermal Infections
d Impetigo
o0 Erysipelas >
A infection of skin and subcutaneous tissues.
A it is a spreading lesion that is rare.
d Cellulitis

0 Scarlet fever
0 1- 2 days after infection -- last5 - 7 days

d Rash that appears on the upper chest and spreads to the trunk and
extremities.




Group A -- Poststreptococcal

Infection

A Rheumatic fever
0 complication of GAS pharyngitis
0 characterized by fever

d inflammation of heart, joints, subcutaneous tissue, and
blood vessels

d attacks begin around 1 month post infection
A chronic, progressive damage to heart valves
d cross reactivity to heart tissue
d direct infection of the heart tissue
d direct toxicity resulting from bacterial exotoxins

A Glomerulonephritis
d subsequent to either pharyngitis or cutaneous infection
d more common in children
d circulating immune complexes

Penicillin/Erythomycin drugs of choice for treatment



Olive et al. Expert

Rev. Vaccines. 2004.

3:43 - 58
Diagramatic
representatio
n of the GAS
M protein
illustrating
the different
repeat
regions and
degrees of
diversity .
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Reaction of anti - M5 peptide sera
with human cardiac myosin by
ELISA

A Cunningham et al. Infect. Immun.
1997. 65:3913 -3923
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Group A -- Invasive Infections

A Stretptococcal toxic
shock syndrome

A Endocarditis

o0 Group A and B are the
most common cause of
endocarditis
A Necrotizing fasciitis
d0Onecrotizing er
d0hospital gangr
o primarily GAS
d some staphylococci and

clostridial species can
cause similar lesions




Group B- - Virulence Factors and

Disease
A Capsule primary defense mechanism

0 prevents phagocytosis but is ineffective
after opsonizaiton.

A Disease

0 GBS known Initially for causing mastitis in
cattle.

0 Significant cause of invasive disease in the
newborn

Ainfection associated with obstetric
complications.

Arecommended that all pregnant women
be screened for GBS at 35 - 37 weeks
gestation.



Group C, D and G - Virulence Factors

and Disease
A Despite their different Lancefield antigens groups C
and G are now believed to belong to the same
species.

0 The name S. dysgalactiae has been proposed for strains
Isolated from human infections.

A Group D- |
0 Group D ( S. bovis, S. equinus )
0 Enterococcus

Strep. pyogenes E. faecalis



S. pneumoniae

0 Ecncapsulated, Gram - positive coccus.

0 Oval, arranged in pairs or short
chains.

0 Fastidious nutritional requirements.

0 The capsular polysaccharides have
been used for the serologic
classification of strains, currently 90
serolypes recognized.



S. pneumoniae - Cell Wall

A Like all Gram - positive organisms contains a
neptidoglycan layer of the cell wall.

A However, the teichoic acid associated with the
cellwall isalsorichin  choline which is unique to
the cell wall of  S. pneumoniae .

A Two forms of teichoic acid exist:

d One exposed on the cell surface

A This species specific structure is called the C- polysaccharide .
Linked to the peptidoglycan.

A Not related to the group - specific carbohydrate observed by
Lancefield.

AThe other form of teichoic acid covalently bound to
the plasma membrane lipids.

d This form also called F antigen because it cross - reacts
with the Forssman surface antigens on mammalian cells.




Cell wall glycopolymers (CWGS) in the cell
walls of major human pathogens

Staphylococcus aureus Streptococcus pneumoniae  Bacillus anthracis Mycobacterium tuberculosis

WD

}| ' i‘ll(‘l;' ln'j.l)lllll
|§§||‘v 'E': Eii I"lv i

Nature Reviews | Microbiology

Weidenmaier and Peschel. Nature. 2008. 6:276 - 287



Schematic structures of

Peptidoglycan-anchored CWGs (P-CWGs)
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Non- glycosyl residues: A,D -
alanine; C, choline; M, mycolic

acid; P, phosphate; S, succinate;

Y, pyruvate. Glycosyl residues:
AAT - Gal, 2 - acetamido - 4- amino-
2,4,6 - trideoxy - D- galactose; Ara,
arabinose; Gal, galactose; GalNAc,
N- acetylgalactosamine; Glc,
glucose; GIcA, glucuronic acid; Gro,
glycerol; Ins, inositol; Man,
mannose; ManNAc, WN-
acetylmannosamine; Rha,
rhamnose; Rto, ribitol.

Weidenmaier and Peschel. Nature. 2008. 6:276

Nature Reviews | Microbiology 287



S. pneumoniae- Virulence

Factors and Disease

0 S. pneumoniae (C - substance)

Amost common case of bacterial
pneumonia

ANot usually the cause of a primary

Infection
d Alcoholism, malnutrition, viral infections, anesthesia

ASinusitis, otitis media, bacteremia

Amost common cause of infectious disease
deaths in the USA

Amost common cause of bacterial
meningitis
0 40% mortality



S. pneumoniae- Treatment,
Prevention and Control

A Penicillin became
drug of choice.

0 <1990 only 5% of
U.S. strains
considered
resistant.

A Now resistant to
multiple
antibiotics.

0 Today 33% of
U.S. resistant to
penicillin.

A Control based on anti -
capsular vaccine
development.

0 7- valent conjugated
pneumococcal vaccine is
recommended for children <2

years of age.

d 23- valent recommended for
at - risk adults.

A 94% of all strains isolated from
Infected patients either are
Included in the vaccine or are
serologically related to the 23
valent serotypes.






The Usual Suspects
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Staphylococcus aureus

o7Thou art a boll,

A plague sore, an
embossed carbuncle |

In my corrupted
blood. 0

William Shakespeare
(1564 - 1616), King
Lear







The Reemergence of
Staphylococcus aureus
Infection, virulence and

Immune evasion



Rise In S. aureus Infections

A 8987 MRSA reported between July 2004 -
December 2005.

I 5250 (58.4%); community onset

I 2389 (26.6%); hospital acquired

I 1234 (13.7%);, community - associated
I 114 (1.3%); unclassified

A 2005: 94,360 invasive cases of MRSA:
18,650 resulted in death.

I Incidence rate of 31.8/100,000 compared to

1/100,000 for  S. pneumoniae and H. influenzae .

Klevens. JAMA. 2008. 298:1763

-1771



Temporal Changes In  S. aureus
Disease

—o— No. of infections
- Percent of infections resistant to methicillin

----@---- Percent of methicillin-resistant infections
sensitive only to vancomycin
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Use of Antibiotics In Human Medicine
and Resistant Gene Transfer

A In June 2002 a milestone was passed...

I Vancomycin was the last line of defense against
Staphylococcus sp. and Streptococcus sp.

A The vancomycin barrier began to crack when

Enterococcus sp. began to become vancomycin
resistant.

A In 2003, the first fully - resistant strain of  S. aureus
was reported.

| this strain was isolated from a dialysis patient
I such patients often develop mixed infections

T In this case, both S. aureus and E. faecium were
Isolated from the patients blood.




Staphylococcus aureus

A Can be cultured from
dry surfaces after
several months.

A Relatively heat
resistant.

A Can survive high salt
concentrations




Staphylococcus aureus

A Gram + cocci, benign
(?1?), symbiotic, and
commonly found in the
normal flora of the skin.

A Distinguished from other
staphylococci on the
basis of the gold
pigmentation, positive
coagulase tests, mannitol
fermentation, catalase,
and deoxyribonuclease
production.




Staphylococcal Species

| (-) Tube Coagulase (+)

- i + S. aureus
|7 () PYR broth hydrolysis ( )—| o SUTES.
S. hyicus
|— (R) Novobiocin (S) — |_ (R) Novobiocin (S) ——  S. schleiferi subsp. coagulans

S. saprophyticus |_ (-) -glucdsidase (+)—|
S. cohnii subsp. cohnii
S. cohnii subsp. urealyticum

S. asciuri S. cohnii subsp. urealyticum S. xylosus
|— (-) Alkaline phsophatase (+)—|
| (' ) Ornithine (+) S. schleiferi subsp. schleifer
S. simulans
. S. caprae
S. haemolyticus
S. simulans
(. i S. capitus subsp. urealyticus .
+
| () Alkaline phsophatase ( )—l o onculans S. lugdunensis
S. captitus )
S. captitus subsp. urealyticus | (R) Polymyxm B (S) |
S. warneri
S. homminis

S. caprae

I—(-) VogesProskauer (+)]

S. hyicus S. epidermidis



What Makes S. qureus a
Formidable Pathogen?

A S. aureus is the agent of numerous types
of infections, syndromes, and toxinosis

A S. aureus produces numerous types of
virulence factors that are coordinately
regulated by adaptive systems

A S. aureus has the ability to persist in host
cells

A Pan antibiotic resistant strain of S.
aureus have emerged
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S. aureus and Disease

n Toxic Shock Syndrome Ostermylelitis _
Endophthalmitis Pneumonia



What Makes S. qureus a
Formidable Pathogen?

A S. aureus is the agent of numerous types of
Infections, syndromes, and toxinosis.

A S. aureus produces numerous types of virulence
factors and immunomodulatory molecules that are
coordinately regulated by adaptive systems.

A S. aureus has the ability to persist in host cells.

A Pan antibiotic resistant strain of S. aureus have
emerged.



Staphylococcus aureus

A Catalase: All S. aureus produce
hydrogen peroxide that is converted
to oxygen and water by catalase.

A Suggested that catalase contributes
to the pathogenicity of
staphylococci by splitting toxic
oxygen radicals Important in killing
phagocytosed bacteria.



Staphylococcus aureus

A Coagulase Both cell - bound and
soluble coagulase mediated
coagulation by steps that differ
from those that participate In
normal thrombosis...

A Virulence...?



Coagulation

N-terminal C-terminal
fibrinopeptides o, B,y globular
domains
~ aC-domain
plasmin  _50kDa

\ plasmin
-4
* Dot 1S *

ﬁi’

' L
.
' “ coiled coil domain
y |
D-domain E-domainf D-domain
- | & | ' -4 -
~94 kDa ~50 kDa ~94 kDa

plasmin plasmin



Coagulation

Fibrinogen
\Monomers

Catalyst
(e.g. Thrombin)

.—m

Fibrils
22.5nm



Coagulation

Copyright © 2004 Dennis Kunkel Microscopy, Inc.

Copyright © 2004 Dennis Kunkel Microscopy, Inc.




Virulence Factors &
Virulence Factor Regulation



Staphylococcal Virulence

TOXINS

- a- toxin

- b- toxin

- d- toxin

- Enterotoxins A -J

- Exfoliative toxin A and B

- Panton- Valentine toxin/
g toxin

- Toxic Shock Syndrome

Toxin

ENZYMES

- b- lactamase

- Catalase

- Coagulase

- Cystein protease
- V8 protease

- Metalloprotease/aureolysin

- Staphopain

- Lipase

- Nuclease

- Thermonuclease

- PI- phospholipase C
- Staphylokinase

- Hyaluronidase

- Lipase/esterase

- Serine - like proteins

SURFACE PROTEINS (MSCRAMMS)

Factors

MIMS

- Clumping factor A/B
- Collagen binding protein

- Fibrinogen - binding protein
- Fibronectin - binding protein
- Lactoferrin - binding protein

- Laminin binding protein

- Extracellular matrix - binding protein
- Vitronectin - binding protein

- Elastin - binding protein

- Bone sialoprotein - binding protein
- Serine - aspartate repeat protein

Efb, Ecb, SCIN
Map
Protein A
CHIPS/FLIPR
SAK



Types of Toxins

Al - Membrane-active agents

All -Pyrogenic toxin
superantigens (PTSAQSs)

Alll -Exfoliative toxins (ETs)



Staphylococcal Virulence Factors

TOXINS

- a- toxin - Lipase

- b- toxin - Nuclease

- d- toxin - Thermonuclease

- Enterotoxins A -J - P1- phospholipase C

- Exfoliative toxin A and B - Staphylokinase

- Panton- Valentine toxin/ - Hyaluronidase

g- toxin - Lipase/esterase

- Toxic Shock Syndrome - Serine - like proteins
Toxin

SURFACE PROTEINS (Adhesins) MIMS

ENZYMES - Clumping factor A/B Efb, Ecb, SCIN
- b- lactamase - Collagen binding protein Map
- Catalase - Fibrinogen - binding protein Protein A
- Coagulase - Fibronectin - binding pr CHIPS/FLIPr
- Cystein protease - Lactoferrin - binding protein SAK
- V8 protease - Laminin binding protein
- Metalloprotease/ - Extracellular matrix - binding protein

aureolysin - Vitronectin - binding protein
- Staphopain - Elastin - binding protein

- Bone sialoprotein - binding protein
- Serine - aspartate repeat protein



Adapted from Victor Nizet, MD Then USAS3



