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a feature for lab diagnosis of streptococci is:
a) they are all beta haemolytic
b) they are usually arranged in pairs or chains
c) penicillin resistance
d) they all produce hyaluronidase
e) none of the above

Which of the following is an example of a specific imminy response against infection:
a) dryness of the skin (innate immunity)
b) lysis by killer T-cells
c) continuous flow of saliva in mouth (innate)
d) flow of tears in eyes (innate)
d) acidic condition in the stomach (innate)

The Lancefield group are used to distinguish what?
a) antigens of strep
b) antigens of strep toxins
c)antigens of staph
d) antigens of gram pos. bacteria

S. epidermidis is most commonly associated with boils, pimples, pneumonia and arthritis? True or false? 
on the skin, which is a good thing except for when it gets inside (opportunistic infection)
boils etc. are not an opportunistic infection
S. aureus causes these

You have isolated a microorganism from your inner nose. Microscopically, it appears in clusters, is coagulase positive, and stains Gram-positive (cocci). What did you isolate?
S. aureus

Immunology is the study of our protection from foreign macromolecules or invading organisms and our responses to them

Different classes of organisms
viruses/chlamydia 
grow only in living cells
nucleic acid (either RNA or DNA but never both)
surrounded by protein shell (capsid)
attach, inject nucleic acid (penetration), highjack synthetic processes inside cells to make more viruses, package, leave cell as soon as possible
chlamydia are more complex than viruses but still only multiply in living cells
mycoplasma
grow on non-living media
do not have a rigid cell wall
more fragile but can sometimes be an advantage to overcome some immune responses
bacteria
rigid cell wall to keep things in place
genetic material= circular chromosome
no nucleus
both DNA and RNA
often replicate by binary fission
parasites

Bacterial flora
can be resident (native to the body) or transient
GI tract is inhabited by anaerobes and coliforms
skin is inhabitated by coagulase and negative staphylococci
no bacteria should be found in the CNS, circulatory system, and on male genitalia
needed in female genitalia for the maintenance of pH
immune stimulation
since we no longer get enough exposure to parasites (due to “germophobe” environment, our immune response becomes unbalanced)

Resident Flora
ways in which normal flora are clinically important:
protect from infection by invasive organisms to some extent
participate in metabolism in the GI tract
ex. synthesize vitamin K
disturbances can occur by antibiotic therapy
this is the basis of antibiotic-induced diarrhoea
presence of natural flora may confuse the interpretation of lab results
exists as a balanced ecosystem with no single predominating organism
when a single organism becomes predominant, infection occurs

Infection 
can occur due to
adherence
ligands are present on the surface of the bacteria which bind to specific receptors on mammalian cell surfaces
toxin production, which destroys immune defenses
opportunism
opportunistic pathogens rarely cause disease in healthy humans but may do so in a compromised host
metastatic spread, in which bacteria become distributed around the body from a single focus of infection through the bloodstream
bacteraemia is the presence of bacteria in the blood type of septicaemia
septicaemia is blood poisoning
compromised host (immune system is down)
ex. pregnancy, fighting another infection, stress
don’t always want to have an immune response, such as in the case of allergies or auto-immune diseases
can be the result of bacteria, steroids, poisons such as arsenic
clinical infection (microbial disease) occurs when changes result in functional damage to the infected host
sub-clinical infections are difficult to diagnose since they are asymptomatic

Host response 
the skin, which provides a barrier to the invasion of deep tissues by bacteria (mechanical barrier)
phagocytosis-macrophages and neutrophils ingest and kill bacteria
opsonisation occurs when the host creates antibodies on a bacterial capsule (which cannot be phagocytized on its own) to allow it to be taken up by the phagocyte
antibodies- may form an opsonin or kill the bacteria directly
complement
set of proteins that circulates in the blood 
usually made in every person (w/o genetic defect)
do two things: 
make a membrane attack complex (MAC)
recognize sugar on bacteria, come together, and puncture a hole in the bacteria
opsonisation (to decorate)
bind to the antibodies (which have bound to the bacteria) to attract more immune cells 

Measure of how dangerous a microorganism is
pathogenicity is the ability to produce disease
growth rate, severity of symptoms, type of lethality
virulence is the relative capacity to cause damage
i.e. the degree of pathogenicity

Pathogenesis of infectious diseases
microorganism tries to multiply and cause disease while the host tries to prevent it 
whether or not the invade wins depends on:
transmission
most often inhalation or ingestion
sometimes break in protective barrier or direct deposit
pathogenicity
invasiveness which is the ability to overcome host defenses through
adherence
persistence (protect themselves against bactericidal substances present in body fluids
avoidance of immune system
toxigenicity
ability to make toxins
pathogens may adhere via
surface structures (pili, fimbriae)
capsules
usually polysaccharides
protect microorganism against leucocytes
enzymes
may contribute towards the virulence of the pathogen
ex. coagulase (accelerates the clotting of plasma and may provide a barrier against leukocytes)
ex. hyaluronidase (“spreading factor which polymerizes hyaluronic acid; facilitate the spread of fluids carrying the bacteria)

Toxigenicity
toxins are substances (usually proteins) secreted by bacteria with the hope to cause damage
two classes:
exotoxins
secreted by living cells
specific affinities
thermolabile
subject to destruction/decomposition or change in response to heat.
potent (active in very small concentrations)
endotoxins
liberated when cell wall disintegrates
less specific
cases fever, malaise, shock
thermostable
less potent


Innate immunity (non-specific immunity):
skin is an excellent mechanical barrier b/c it:
contains dead cells
is acidic 
low water activity (isn’t a good environment for bacteria to grow)
repairs itself quickly
has oils
suboptimal temperature for some bacteria
mucous membranes are also a mechanical barrier
cilia eliminate particles larger than 5 microns
lysozymes are the antibacterial substance in tears
high pHin gastric juice, vagina, and urine
iron-binding proteins
bind the iron some bacteria require for growth, rendering it unavailabel
phagocytes (immune cells)
PMNs, monocytes, macrophages
“general purpose vacuum cleaner”

Specific Immunity
Humoral Immunity = antibodies
plays an important role in infections in which the pathogenic mechanism involves production of toxins or presence of a capsule, as well as in some viral infections
circulating antibodies
proteins that bind specifically to a substance (antigen)
heterogeneous group of proteins called Igs or immune globulins
produced by B-lymphocytes upon stimulation from antigen presenting T-cells
recognize NON-SELF
 toxins, capsules, some viral proteins
high specificity in combination with antigens
have a “Y” shape
bottom part of Y is constant in all antibodies (this is where complement can bind)
top part is always different
one arm binds to one bacterium, one arm binds to another to form a “clump”, which is a good indicator to the immune system
Immune globulins are produced in response to stimulation by an antigen and reacting specifically with it
5 classes:
IgG
host defense
crosses placenta and protects newborn
IgD
similar to IgG
role is unknown
very low amounts in the blood
might somehow be involved in parasite control
IgA
host defense
found in secretions
teats, saliva, milk, respiratory, GI, and genito-urinary tract
must be in a dimer
IgM
host defense
early immune response (first antibody that is made)
pentamer
IgE
hypersensitivity (allergies)
defends against parasites
binds to mast cells to produce histamines, which produce allergy symptoms
antigens
must be recognized by the body as foreign or “non-self”
usually proteins, sometimes glycoprotein, lipoprotein, polysaccharide
glycocalyx, capsule, anything on the outisde could be antigenic in a bacterium
primary immune response
Ab (antibody) production triggered on first antigen introduction
latent period of several days
circulating antibody detectable after 5-10 days
antibody in serum is max. at about 21 days, then drops to low levels
secondary immune response
basis for immunizations along with primary response
occurs when Ag (antigen) is introduced a second or third time
Lag, rapid Ab increase (2-3 days) slow decrease
booster injections to maximize Ab levels
**chart in slides (fig. 10-18)
antibody detection
serological reaction
detects the presence of antibodies in serum sample
antigen and antibody interact; agglutination
antibody titration
detect unknown microorganisms using known antisera

cell-mediated immunity (CMI)= immune cells
T-cells NOT antibodies
helper, suppressive, cytotoxic generated from memory T-cells
exposure to antigen induces response from trained T-cells
essential for defense against intracellular organisms, parasites, tumours, and other foreign cells (ex. transplants, grafts)
transplant patients are on immune-suppressants to prevent the body from rejecting organs, but this opens them up to other infections
B-cells make antibodies 
T-helper 1 (TH1) cells activate CMI
TH2 “turn on” B-cells

Immunity Disorders (4)
allergies and hypersensitivity
over-reaction to antigens in the absence of true infection
anaphylaxis is fatal
auto-immune diseases
immune system reacts to its own self antigens
“auto-antibodies”
type 1 diabetes, MS, lupus
immunodeficiency states
inability to produce antibodies and/or dysfunctional CMI
congenital, AIDS
HIV destroys TH1 and TH2 cells
graft rejection is a normal (but unwanted) immune response
normal immune response to “non-self”
control by immune-suppressive medication

Immunization **EXAM**
passive immunization
administration of pre-formed antibody against a specific microbial agent for immediate protection
IgG animal origin
short-lived (will eventually be destroyed)
risk of hypersensitivity reaction
constant part is different to the ones normally in your body
IgG human origin
short-lived
no risk of hypersensitivity
useful when you’re being placed in an endemic situation (ex. in another country)
gamma globulin
IgG fraction pooled from a large group of blood donors 
contains antibodies to many naturally occurring diseases
hyperimmune globulin
IgG fractions collected form human subjects with high amounts of antibodies
results from natural exposure or hyperimmunization
active immunization
stimulates immune system by administration of a vaccine (antigen)
longer lasting
live-attenuated vaccine
weakened virus
sub-clinical or mild illness mimicking the disease
local (IgA) and humoral (IgG) immunity
rapid immunity development
can cause serious illness in immune-compromised individuals
killed vaccines, sub-unit vaccines, and toxoids
want to make sure that the antigen is intact 
antigens without infectivity
may require booster
adjuvant with toxoids
polysaccharide vaccines can be conjugated to protein
recombinant vaccines
DNA recombinant technology
avoids the possibility of a live virus surviving the inactivation process
ex. Hep B vaccine
adsorbed vaccines
vaccine mixed with inorganic salt for slower adsorption and longer-lasting immunity
gives a longer chance of recognizing antigen
ex. tetanus, diphtheria
conjugate vaccines
add on something to the antigen to promote a response
designed for poorly antigenic microorganisms
conjugate antigen of interest to immunogenic, non-toxic protein
Haemophilus influenza type b
combined vaccines
for ease of administration
combined active-passive immunization
intermediate protection after possible exposure to microbe
hyperimmune Igs and vaccine injected at different sites
useful if going to an endemic country for a long period of time (immediate protection and prolonged protection)
tetanus, rabies, Hep. B

Antibiotic resistance 
first antibiotic discovered in 1929 by Sir Alexander Fleming
used to treat staphylococci and streptococci in WWII
considered the miracle cure b/c it tackled the big issues of the time
resistance to penicillin recognized almost immediately
80% of all strains of Staph
never really been effective against Gm-negatives- WHY?
occurs when a susceptible microorganism is no longer inhibited by an antibiotic agent
intrinsic- predictable form of resistance based on the mechanisms of action of the antibiotic and the characteristics of the microorganisms
acquired-  new or added and exchange of genetic material
mutations in DNA caused by
change its site of antibiotic target 
regulatory genes
turn on alternative path
turn on efflux mechanisms
change cell permeability
with current overuse of antibiotics, we are forcing bacteria to change (evolve) in order to survive
this is achieved by humans when:
prescriptions aren’t finished
they are used in agriculture
they can be accessed anywhere around the world
creation of daycare centers, hospitals, long-term care facilities, animal feed lots **chart**
to decrease antimicrobial resistance
withhold antibiotics
self-limited viral infections
use narrow spectrum antimicrobial agents
base decision about broadness of empiric antibiotics on severity

Antibiotic therapy
effective chemotherapy depends on selective toxicity
good against pathogen, doesn’t affect host
exploit pathogen processes not seen in humans
cell wall, metabolism, etc.
knowledge of likely microorganism is crucial
site
organism
allergy to host?
other considerations
route of administration
monitoring therapy 
adverse effects sometimes occur 

Acquired resistance
three major mechanisms of resistance
alteration in drug target
production of inactivating enzymes
decreased uptake of antibiotic 
ex. changes in cell wall, can take it in but push it out just as easily

Decreasing antimicrobial resistance
withhold anitbiotics
self-limited viral infections
use narrowest spectrum antimicrobial agents
base decision about broadness of empiric antibiotic coverage on severity of illness
clinically stable and not at risk for significant morbidity… may be appropriate to wait for culture results and MIC testing
prevention of infection
hygiene, handwashing
education
helps to achieve therapeutic and preventative goals
when are antibiotics needed and how to take them
proper duration
earlier detection of therapeutic failure
good for patients with antibiotic-resistance pathogens

Emergence of new antibiotic resistance (India, Pakistan, and UK)
New Delhi metallo-beta-lactamase 1 (NDM-1)
patient from Sweden admitted to hospital in New Delhi
UK citizens going to India fr cosmetic surgery
people get colonised by K. pneumoiae and E. coli with plasmid that contained NDM-1 gene, which confers resistance to most antibiotics
few cases seen in Canada

Genetics of antibiotic resistance
exchange of genetic material
conjugation requires cell-to-cell contact as well as specialized bacterial structures (conjugative pili)
transfer DNA molecules in the form of conjugative plasmids 
horizontal gene transfer
transformation is the uptake of free DNA from the environment and its incorporation into the bacterial genome
transduction is the transfer of genetic material among cells using a bacteriophage
limited importance except for in Staphylococcus 
transposition occurs when conjugative transposons jump from the chromosome of one organism to the chromosome of another
also, integrons (mobile DNA elements) contain a central region into which encoded functions for antibiotic resistance may be inserted
Chromosomal alteration or activation
origin of the resistant phenotype is usually associated with mutation of a gene involved with either:
encoding the target site of the antibiotic, making it nonsusceptible
being a regulatory element which controls alternative pathways or efflux mechanisms
controlling cell permeability and regulating the uptake of the antibiotic/ intracellular concentration of the drug
Chromosomal locus Mar
stands for multiple antibiotic resistant
widely distributed among different bacteria
activation of this locus would result in a Mar phenotype


Vaccines
current hypothesis says the combination measles-mumps-rubella vaccine causes autism by damaging the intestinal lining, which allows the entrance of encephalopathic proteins
Thimerosal is toxic to CNS, can be linked to liver disease in high amounts
link between autism and vaccines has since been revoked

Isolation of pure culture from specimen
WHY?
exist as mixed cultures in nature and are therefore difficult to study
test it for sensitivity for antibiotics
being able to follow what illness is going around
being able to see if the bacterium is evolving
culture media is the nutrient material used to grow and isolate microorganisms
type used is based on:
source of sample tested
species suspected to be in sample
nutritional requirement of the suspected organisms
inoculation methods
streak
take inoculating loop (circle holds 15-20 um) and streak the specimen without overlapping
then turn plate, starting by overlapping with the last loop
goal of this is to dilute the sample until you get a single observable colony
can be used for antimicrobial testing
spread
useful to know number of bacteria in a sample
make a dilution, spread cells evenly around the plate to be able to count the colonies
dilution allows the colonies to be separated enough to count
pour
add agare, swish it around, put it in an incubator
problem= agare has to be ~40 deg. C, but if it’s too hot, it might kill the bacteria; colonies become embedded inside the agare
inoculated media must then be incubated at the appropriate temp to allow organisms to grow and multiply

Preservation of cultures
pure cultures of bacteria are:
freeze-dried (lyophilized)
frozen at -80 C
WHY?
keep information on the bacterium
long term
liquid nitrogen (-195 C)
freezers
lyophilisation
machine sucks out the moisture and leaves a powder, which can be stored at room temperature

Identification
morphology helps to classify and identify, as well as give clues to how microorganisms behave in environment
colony morphology
form:
puntiform
circular
filamentous
irregular
rhizoid
spindle (lens)
elevation:
flat
raised
convex
pulvinate
umbonate
margin:
entire (even)
undulate (wavy)
filamentous
lobate (lobes)
erose (serrated)
curled
cellular morphology
revolving power of a microscope (resolution) is the ability to distinguish two closely located objects as separate, distinct entities 
staining techniques
generally have three steps:
make smear
fix dried smear by heat
pass it over a flame 4-5 times
denatures proteins on the cell wall, acts as a glue to keep the sample on the plate (won’t get washed away when it is stained)
stain with desired dye
simple stain
useful in an emergency clinical setting
single dye used
all organisms same colour
size, shape, number, arrangement, etc. 
differential stain
differentiate between different types of microorganisms 
two or more dyes
differences between microorganisms or parts of cells
acid fast, Gram
other stains= endospore, capsule, flagella

Gram Stain **know why it is used and all of the steps**
1. flood slide with crystal (or gentian) violet (wash with running tap water).
stains everything, wheter gram + or gram -
2. flood with Gram’s iodine (wash with water)
makes a complex with crystal violet and attaches to inside of cell wall
binds to peptidoglycan
3. carefully decolorize with 95% ethanol (wash with water)
most critical step
if it isn’t timed properly, it will mess up the whole stain
gram neg. will become invisible
most affected by technical variations in timing and reagents
if this is done for too long, it will strip even the gram pos. bacterium (get false results)
4. flood with safranin (wash with water). Air dry, or blot with absorbent paper
gram neg. will be pink while gram pos. remains purple
cell wall is key
essential for growth and division
shape of bacteria related to peptidoglycan layer
a Gram positive bacterium will have a thick layer of peptidoglycan but no secondary cell wall
allows it to hang onto the crystal violet
a Gram negative bacterium will have a thin outer layer of peptidoglycan (in periplasmic space between outer and cytoplasmic membranes)
alcohol increases permeability of gram negative outer membrane 

Other types of staining techniques
endospore staining
malachite green applied with heat to penetrate spores followed by counter-staining with safranin
capsule staining
treat with copper sulphate before staining to visualize capsule as a clear zone surrounding cells
flagella staining
use of mordant to thicken flagella before staining to visualize them

Microscopy
Fluorescence microscopy
dye fluoresces at specific wavelength
useful to reveal only objects of interest in an otherwise black background
antibodies tagged with dyes are common
immunofluorescence microscopy
want to get ride of these so that you don’t get a false response
electron microscopy
electron beam (instead of light)
million times magnification possible (0.003 um)
Transmission electron microscopy or TEM (stain with heavy metals)
Scanning electron microscopy or SEC (3D image of cell surface)

Characteristics of bacteria
small (0.75-1.25 um in diameter)
higher SA/ volume ratio
higher metabolism
faster growth
replication rate (approx. 20 mins)
three basic shapes:
spherical cells (cocci)
cylindrical or rod shaped (bacillus)
spiral or helical shape (spirilum)
corkscrew-like
usually arranged in specific patterns:
single cells (spiral/ rod shaped)
diplococci (pairs)- single plane
chain (divide in one plane and remain attached)
streptococci
tetrads (cocci dividing at right angle to first plane of division)
division in 3 planes (grape-like clusters)
cubical packet of 8 cells (sarcinae)
the size, shape, and arrangement of bacterial cells is referred to as gross morphology
Worlds largest bacteria is a mm across
Thiomargarita namibiensis
live on seafloor sediements
size is due to a large vacuole that fills up like a balloon
contains nitrate, like a built-in scuba tank
if this is akin to a blue whale, a normal bacterium would be a newborn mouse
not dangerous

Culture media
chemically defined media = exact composition known and can be controlled
chemically undefined media = natural products added to media, therefore some components can’t be controlled (beef extract, blood, etc.)
ex. each blood sample taken will be slightly different, even from the same animal
if sold (vs. liquid) growth = 1.5% agar (agarose) used
enrichment media = increase number of specific bacteria in sample by favouring growth of interested species
ex. blood agare
tissue culture media = for cultivating viruses, derived of plant or animal cells

General media requirements
bacteria = requirements vary
take advantage of this to be able to tell bacteria apart
yeasts = high sugar and lower pH
anaerobes = must remove oxygen
only one level 4 (anaerobic) lab in Canada
all viruses

Selective, differential, and S/D media
selective media = enhance growth of one bacterial species or suppression of another 
ex. separate guys from girls
differential media = differentiate bacteria based on their nutritional requirements and phenotypic characteristics
selective/ differential media = very useful in clinical labs 
ex. MacConkey agar
allows gram neg. to grow (inhibits gram pos. with bile salts and crystal violet) allows you, based on the colour of the colony, to determine which gram neg. colony is there
ex. if able to ferment lactose, colony will turn pink; if not it will remain colourless

Conditions essential for successful cultivation of microorganisms
Temperature
cardinal temperature changes depending on nutritional content of growth medium
optimum temperature usually closer to max. temperature since enzyme activity increases with temperature
psychrophiles grow best at 15-20 deg. C
particularly problematic in food spoilage
mesophiles grow best at 25-40 deg. C
most bacteria belong here
thermophiles grow best at 40-85 deg. C
ex. Pyrolobus fumarii
“fire lobe of the chimney”
lobed shape
discovered in the walls of a deep sea hydrothermal vent
grows between 30 and 113 deg. C
106 deg. C is optimal growing temperature
Gaseous atmosphere
right combination of gasses to resemble that found in the natural habitat of the microorganism 
aerobic microorganisms includes microbes which can grow in standard atmosphere of 21% O2
anaerobic microorganisms may be poisoned by O2 and therefore can’t grow in air atmosphere
wide range in oxygen tolerance
toxicity due to production of superoxide radicals
facultative microorganisms grow in air atmosphere but can also grow anaerobically 
ex. baker’s yeasts
microaerophilic microorganisms can use O2 for chemical reactions
grow best between 1% and 15% O2
pH
optimal pH varies frm bacteria to bacteria
intracellular pH must be approx.. 7.5
growth observed at pH values of 4-9
optimum from 6-8
water and light
esp. osmotic pressure 
hypertonic, hypotonic, isotonic

ELISA
enzyme-linked immunosorbent assay
common test for the presence of particular antibodies or antigens
indirect=determines the presence of a specific antibody in a specimen 
measuring immune response (have you made antibodies/ how much have you made?)
antigen is absorbed to microtiter plate walls. Serum containing potential antibodies is added and antibodies bind to antigen. Rinsing removes any antibodies that do not attach to antigens. Antibody-enzyme conjugate is added, which bind to the IgG (antibodies) added if the correct antibody is present. Substrate is then added to induce colour change
direct= measures for the antigen using monoclonal antibodies
place solution of antibodies into microtiter plate, add sample containing antigens. Antigens will bind to antibody and will be able to withstand rinsing. Second aliquot is added containing antibodies with reporter enzymes, which produce a colour change when they react with their substrate. Sample is rinsed again to remove any unbound antibodies. Enzyme’s substrate is added to induce colour change.
sumansinc.com
 
Staphylococcus aureus
“Staphule” means grape in Greek
toxins are a problem
cytotoxins (affect WBCs)
haemolysins (affect RBCs)
enterotoxin (A-E, G-I) (exotoxin made in GI tract)
activate all T cells, can lead to shock, organ failure
“super antigen”
important cause of food poisoning
exfoliative toxins (ETA, ETB)
exotoxin
“scalded skin” syndrome in infants
toxic shock syndrome toxin 1 (used to be exotoxin C and enterotoxin F)
exotoxin 
enzymes: allow the organism to survive, move around inside the host
coagulase (coagulation of fibrin)
made by almost all pathogenic staphylococci
used in lab test to differentiate from S. epidermidis, S. capitis, and S. saprophyticus
beta-lactamase (penicillinase)
destroys penicillin
many S. aureus strains are found in normal population
armpits, throat, genitals, etc.
carried in anterior nares, ailla, perineum, and hands
problem:
85-90% of strains isolated in hospital are penicillin resistant
localized purulent infections (pustules [zit], boils [contamination of hair shaft], styes [staph underneath skin], conjunctivitis, otitis, etc.)
pneumonia, osteomyelitis, septicaemia, endocarditis
more than one pathogen can cause similar symptoms
food poisoning, toxic shock syndrome, scalded skin syndrome
important cause of hospital acquired nosocomial infectinos from stitch abcesses, infected wounds, or generalized infections
lysed by different bacteriophages
“bacteriophage typing” can be used to identify/ track sources of infection
preventative measures include
aseptic technique in ER and OR, wound precaution
education of health personnel
handwashing 

Toxic Shock Syndrome
blood being contained in tampons creates an ideal environment for staph to grow

Staphylococcus epidermidis
part of normal skin/ mucous membrane flora
non-pathogenic, except in compromised patients where can cause post-op infections
considered an opportunistic pathogen
can be transferred by improperly sterilized needles when giving blood
cause of necrotosing enterocolitis in neonates

Streptococci
Gramarranged in pairs or forming chains
“strepos” Greek word for twisted
subdivided into “groups” based on 
haemolytic properties
alpha-haemolysis causes greenish brown zone of partial RBC destruction
beta-haemolysis causes a clear zone of complete RBC destruction around colonies 
some strands are non-haemolytic
carbohydrate C antigen
extracted from the cell wall 
used to subdivide strep into groups A-T (Lancefield classification)
M-protein 
allows for the subdivision of beta-haemolytic strep
antiphagocytic and degrades complement C3b
mostly group A (strep throat)

Streptococcus pyogenes
Group A, beta haemolytic, causes:
acute tonsillitis (strep throat)- can lead to rheumatic heart disease 
esp. in developing countries
eventually the immune system will destroy step but some antigens on the outside of strep are similar to the antigens on the outside of your heart (leading to an immune response against your heart)
complications can result in Scarlet fever
skin infection
cellulitis, etc. 
fever and septicaemia
complications following infection (esp. in young patients)
acute glomerulonephritis
rheumatic fever
caused by toxins
streptolysins (O and S)
exotoxins
neutrophils and macrophages
streptococcal pyrogenic exotoxins (Specs)
scarlet fever rash
tongue becomes completely red
enzymes
hyaluronidase (helps spreading of bacteria)
virtually all are penicillin G sensitive 
transmission by direct contact
nasal carriers are particularly likely to transmit 
prevention
education of health personnel
aseptic obstetric procedures (puerperal fever also known as doctor’s plague)
doctor’s would be in the morgue, then deliver a baby, therby giving infection to the mother
early detection and treatment

flesh-eating disease (necrotizing fasciitis)
toxin is responsible for damage
research indicates that:
hijacking human plasminogen from blood, attach to surface, and activate it into protease
good for spreading
strep becomes infected by bacteriophage, which has gene encoding (erythrogenic toxins) for enzyme allowing bacteria to escape entrapment and killing by WBCs

Streptococcus agalactiae
group B
found in vagina of healthy women
can cause neonatal infections
early septicaemia
respiratory distress or shock at birth
high fatality rate
delayed meningitic form
1-12 weeks post-partum
much better prognosis but neurological/developmental damage may result

*other types of strep not on exam*

Streptococcus pneumonia
also known as pneumococcus
seen as diplococcic (seen as two circles joined together)
polysaccharide capsule has antiphagocytic properties
90 distinct capsular serotypes
found in naso-pharynx of healthy individuals
can cause:
lobar pneumonia
most often an auto-infection
more frequent in infancy, old age, and alcoholics
meningitis
more often in infants and the elderly
accompanied by bacteraemia and eventually septicaemia
prevention strategies 
programs for the elderly and alcoholics
avoidance of crowded living quarters
vaccination of those at highest risk with a polyvalent pneumococcal vaccine containing 23 capsular polysaccharide serotypes

Gram-Negative Cocci

N. meningitidis
gram-neg diplococci
lab isolations using chocolate agar
contains red blood cells, 5-10% CO2, 37 deg. C
use selective media when isolating from nasopharynx
frequently found in the naso-pharynx of healthy individuals
antiphagocytic polysaccharide capsule
13 different serogroups
carriers can eventually develop an infection or pass organism to non-immune individuals who develop infection
meningitis
septicaemia (starts as skin rash)
Waterhouse-Friderichsen Syndrome 
bilateral adrenal cortical haemorrhage with fulminating collapse/ death in less than 24 hours
complication of meningococcal septicaemea
only infect humans
usually children or those living in crowded living quarters
penicillin is primary antibiotic used
vaccination is recommended for children (11-12 years), teenagers, and college students

N. gonorrhoeae
gram-neg diplococcic
in a clinical lab, grow on Thayer-Martin plates, in damp environment with CO2
very sensitive to drying and changes in temperature
clinical gonorrhoeae
men: causes acute infection in urethra
womenL 50% are asymptomatic
cervicitis
if untreated can cause PID, sapingitis, sterility
disseminated gonococcal infection
bacteria affects elsewhere on the body 
cutaneous infection, fever, and arthritis in the wrists, knees, and ankles
prevention and treatment
simultaneous treatment of partners is essential
no vaccine available
penicillin resistance is emerging due to abusive use of penicillin
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