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Mark
Sticky Note
With a gram stain, they stain purple


Spore Forming Rods

> Bacillus and Clostridium ©

» Release of potent exotoxins causes disease



Mark
Sticky Note
They're able to make bacterial spores which makes the unique. They can also produce strong exotoxins 


Bacillus anthracis

» Causative agent of anthrax
» UNIQUE protein capsule, antiphagocytic o
» Aerobic growth conditions

» Spores are very stable, resistant to heat, drying, UV and
disinfectants; spores germinate and toxins are made

» Humans exposed to spores usually through contact with animals or
soll

> Used In bio-terrorism and warfare
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Reason why anthrax is well know is because its linked to terrorism. 
-Capsules are protective barrier for them to escape host immune system
-Require oxygen to grow
-Most important feature for this (and all bacillus): they can produce spores which offers bacteria protection against nasty environment condition. Makes them resistant to various conditions.
-Sense a change in condition and change from vegetative form active form for survival
-While spore allows bacteria to survive, doesn't allow growth because it doesn't allow anything (ie. nutrients) in. In spore form, its consider dormant
-When in its spore form, it can't create toxin 
-Usually found in soil or animal hide or skin, can cause infection if they enter through wound


Bacillus anthracis exotoxin

» Encoded on pXO1 plasmid

» Plasmid contains virulence factors which are transcribed optimally
@ 37°C, increased CO, and serum proteins

> ?? Where are these conditions found ??

» Exotoxin composed of 3 separate proteins:
» Edema factor (EF)
» Protective antigen (PA)
» Lethal factor (LF)
» Separately proteins are not toxic, but combined are lethal

» pXO2 plasmid encodes capsule genes

» **BQOTH plasmids required for virulence**
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-Bacterial chromosome not bound by nuclear membrane, floats freely in plasma membrane
-In order for this bacterium to be successful pathogen, it must carry 2 plasmids: 1. pxo1 and it encodes three proteins that make up the toxin (all three needed or it isnt pathogenic)
2.pxo2- makes plasmid that protects the bacteria. Important for early days of sickness, helps bacteria survive initially from the immune system response
-Both are required for symptoms to appear


Prevention and Treatment

» RAPID treatment is essential
» Antibiotics: penicillin, doxycyclin, ciprofloxacin or levofloxacin

» Vaccine against PA protein is available

PENICILLIN
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Bacillus cereus

Causes food poisoning when spores enter food product

Motile, non-encapsulated, resistant to penicillin

ENTEROTOXIN is responsible for iliness

2 types of enterotoxin
(i) Heat labile: nausea, abdominal pain, diarrhea. Lasts 12-24hrs
(i) Heat stable: SEVERE nausea and vomiting, short incubation

Antibiotic treatment useless....preformed toxins
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-Difference between this and other bacillus are that these are food-borne. Connected to rice and rice products
-Spores are usually not activated much once ingested
-Must be exposed to enterotoxin to show illness, bacteria alone won't be anything. Spores are not active so they wont do harm regardless of how much you eat. Most likely to get sick from rice when its cooled down (not cooked right away) because spore can be activated
-heating it can deactivate/denature toxin so risk goes away
-heat labile: symptoms are mild but heat destroys them enterotoxins easily
-Heat stable: takes a bit more heating to destroy them
-very short time between eating and illness (hours) so we don't give antibiotics for it because we don't worry about bacteria, it's the toxin


Clostridium

> Anaerobic ———mpp-|fferentiates this bacteria from other

spore-forming bacilli
(=

» Botulism, tetanus, gas gangrene and pseudomembranous
colitis

» POWERFUL EXOTOXINS == RAPID DIAGNOSIS
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gram positive, rod shaped, spore forming, anaerobic bacteria (main difference between bacillus and clostridium)
-anaerobic but still produce powerful toxins and spores make them resistant 


Clostridium botulinum

> Rapidly fatal food poisoning from lethal neurotoxin

» Neurotoxin blocks Ach release in autonomic system; flaccid
muscle paralysis:

» Afebrile, bilateral cranial nerve palsies, double vision,
trouble swallowing, muscle weakness

>Respiratory paralysis ™= DEATH

» Treatment: antitoxin and respiratory assistance
» Smoked fish, improperly canned vegetables

» Proper cooking destroys spores



Mark
Sticky Note
Affects nervous system. In normal NS, we have motor nerve that control fibres but CB blocks release of Ach and relaxing muscles (paralysis). 
-Depending on amount of toxin exposed to, symptoms can escalate quickly
need to give antitoxins to stop Ach from being blocked
-Canned food at the highest risk. In cans, food can become almost anaerobic and spores can become active however heating destroys spore/letting oxygen into can
-Spore=heat resistant, bacteria is not
-Smoked fish can be dangerous because certain smoked fish is not cooked
-Rapid treatment is the key! This is a problem for some Inuit people


Action of Botulinum Neurotoxin

Muscle
fibers

Acetylcholine (A) Botulinum toxin { £
induces contraction blocks release of A,
of muscle ficers inhibiting contraction




Infant Botulism

(&)
» Honey contamination with spores

» Spores germinate and bacteria colonizes
Intestine

> Neurotoxin release

!

2-3 days of constipation

Trouble swallowing, muscle weakness
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Baby not exposed to actual toxin but spores in the environment. Bceause babies don't have normal flora, bacteria can multiply very quick. SYmptoms of botulism are much milder but still have long-term

-Honey slightly anaerobic so spores can be produced in it. Pasterization makes it safe. Not supposed to feed babies honey til about 2 years to avoid risk of botulism. Doesn't take much toxin for baby's breathing to slow down. 

-People who have severe forms of irritable bowel syndrome or where part of colon take out, spores can easily become problem or cause botulism.



Clinical Manifestations of Clostridium botulinum

1. Entry
Adults, toxin
(or wound infection, rare)
Infants, C botulinum

4 Disease
Flaccid paralysis {cranial and
peripheral nerves)
Cardiac failure
Respiratery failure

{musculature) | 3. Spread of toxin
¢ t

_—— 2. Absorption

Adults: ingested toxin

Infants: toxin produced by
C botulinum infection
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> Tetanus

» Rusty nail contaminated with spores punctures
skin; wound provides anaerobic environment

» EXxotoxin: tetanospasmin
» Sustained contraction of skeletal muscles

» Severe muscle spasms (lock jaw); high
mortality at this stage

» Booster (Inactivated toxoid) given every 10 years
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Neurotxin: causes muscle to go into sustained muscle contraction
-For vaccine, this is the worst case scenario. Need to rely on self to go to doctor every ten years to shot


Clinical manifestations of Clostridium tetani

3. Disease
Rigid paralysis, e.qg., lockjaw
(cranial and peripheral
motor nerves)
Cardiac failure
Respiratory failure (™

/ 1. Entry, wound, C tetani

~——— 2. Spread of toxin

4. No exit




»  (Gas gangrene
»  Seen In soldiers wounded In battle

» 2 classes of infection:
() Wound infection/cellulitis

-necrotic skin exposed to bacteria, damage to local
tissues; skin feels moist, spongy, with ‘crackly’ pockets

(i1) Clostridial myonecrosis

-bacteria inoculated from trauma into muscles; exotoxin
secretion destroys adjacent muscles; as muscles degrade get
black fluid excreeted from skin

-FATAL unless treated with oxygen, antibiotics
(penicillin) and removal of damaged tissue
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-Its anaerobic (needs this produce toxin). Need an open wound for infection to occur.
-Treated with a can of pure oxygen


» Causes antibiotic-associated
pseudomembranous colitis

» Seen more commonly in hospitals than tetanus,
anthrax or botulism

» Overuse of broad-spectrum antibiotics destroys
normal intestinal flora

» Infects colon and releases exotoxins
> Toxin A: diarrhea
» Toxin B: cytotoxic to colon cells
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Normally normal form flora bacteria in people. When exposed, it can't compete with flora. Only time it can become a problem is with diminished gut flora because of taking intestines
-Elderly and young children are particularly vulnerable. Most likely in hospitals


Clostridium difficile

» Symptoms: severe diarrhea, abdominal cramping, fever
» Possible cause of diarrhea in patients on antibiotics

» Treatment
»discontinue antibiotic treatment
» Administer metronidazole or vancomycin
»?? What is different about these antibiotics ??
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don't have as much of an effect on gut form and are restrictive towards target


Clinical manifestations of Clostridium difficile

1. Entry

—

2. Spread
| P :

C difficle overgrowth
and toxin production after
administration of broad
spectrum antibiotics

3. Disease
Diarrhea
Pseudomembranous colilis




Non-Spore Forming Rods

» 2 medically important bacilli

» Listeria monocytogenes and
Corynebacterium diptheriae

L. monocytogenes C. diptheriae



Listeria monocytogenes g

>

>

>
>

Causative agent of listeriosis; immunocompromised are at =
high risk

Found in foods such as soft cheeses, unpasteurized milk, cold
cuts, pate = |
PSYCHROPHILE —— survives in refrigerator )
Variety of symptoms: -

» General malaise, diarrhea, meningitis, septicaemia,
still-birth/abortions

Facultative intracellular aerobe

Crosses 3 protective barriers (blood-brain, Gl and feto-
placental)

Treatment: ampicillin or trimethoprim-sulfamethoxazole
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Major problem in food industry because lysteria commonly found in animals and environment, no way to get rid of it 100%. They can multiple quickly because they grow at low temperatures.
-Most susceptible are babies in the womb



Clinical manifestations of Listeria monocytogenes

4, Disease
hMeningitis and encephalitis
Septicemia

i. Entry

2. Invasicn
3. Spread

5. Exut




Corynebacterium diptheriae

» Causative agent of diptheria

» Colonization of pharynx and release of exotoxins into
bloodstream

» Exotoxin damages heart and neural cells 1

» Treatment (3 steps):
(1) Antitoxin
(i) Penicillin or erythromycin
(i) DPT vaccine

» Can be lysogenized by a bacteriophage (virus that infects
bacteria)
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gram positive, makes exotoxins
-Part of DPP vaccines child gets, main reasons for decreased rate.


Clinical manifestations of C. diptheriae

3, Disease A . 1. Entry
Pharyngeal diphtheria = 4. Exit
Pharyngitis /
Hypoxia - pseudomembrane
obstruction
Fewver 2. Spread - bacteria
Lymphadenitis .\ prarely become
Cutansous diphtheria disseminated but

Systemic complications
Toxic peripheral neuropathy =
Toxic myocarditis and

congestive heart failure

toxin bacomes
blood borne




Gram Negative Bacilli

The Enterics
F’ :

—= Sple

- g Stomach
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= Pancreas




Enterics

 Found as part of normal intestinal flora BUT can also
cause disease o

« 4 Major Groups: Enterobacteriaceae (Salmonellae,
Shigellae, E. coli ), Vibrionaceae (Vibrio, Campylobacter)
Pseudomonadaceae (Pseudomonas), Bacterioidaceae

 Organisms are divided into groups based on biochemical
and antigenic properties
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Don't worry about names much bu those are the major ones


Biochemical
Classifications

 Abllity to ferment lactose
- EMB Media:
- Lactose fermenters are dark purple/black g
* Inhibits Gram positive bacteria
 MacConkey Media:
» Lactose fermenters are pink-purple
* Inhibits Gram positive bacteria

?? What type of media are these ??
SELECTIVE/DIFFERENTIAL
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MacConkey Agar plate are way to differentiate these into lactose vs non lactose fermenters
-


Biochemical
Classifications cont’d

H,S production

Hydrolysis of urea

-Ve tve +ve

Liquefy gelatin




Classification Using Sugace

Antigens

« Variable O-antigen: outermost layer of LPS
« Changes between enterics

« K-antigen: covers the O-antigen

« H-antigen: flagellar sub-unit
« Only in motile bacteria
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E. coli 0157 assigned to a specifc strain of e. coli and track their outbreaks/treatment over time


Diseases Caused by Enterics
&

 Cause diarrhoea with various complications and other
Infections

1) Diarrhea-with/without systemic invasion

 Bacteria bind intestinal cells but do not enter

« EXOTOXIN release causes diarrhoea; ENTEROTOXIN causes
fluid/electrolyte loss

«  Watery diarrhoea, NO FEVER

. Vibrio cholera

=

Vibrio cholera
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Enteric Diseases cont’d

=
2) Diarrhea with intestinal cell invasion
« Bacterial virulence factors allow binding and invasion of cells
« Toxin release destroys cells — bloody stools
* Fever response

» Shigella,
Shigella, entry and spread

i &3]
apoptosis
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blood stool is a sign of invasion by gram negative bacilli/tissue destruction


Enteric Diseases cont’d

3) Diarrhea with invasion of lymph nodes and bloodstream
« Abdominal pain with diarrhoea containing white and red cells
* Fever, headache, increased white cell counts
« Salmonella Typhi, Yersinia enterocolitica, Campylobacter jejeuni

Y. enterocolitica

S. Typhi C. jejeuni
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Can become systemic and cause symptoms all over however they're rare. Camp jejuni is more though


Other Enteric Infections _

« Urinary tract infects, pneumonia, bacteremia and sepsis

* Nosocomial infections by: E. coli, Klebsiella pneumoniae,
Proteus mirabilis, Enterobacter, Serratia, Pseudomonas
aeruginosa

 Pseudomonas aeruginosa: opportunistic pathogen, often
Infects burn patients and can disseminate through body
Into CNS
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Although most are enteric, they can cause other symptoms, lung and wound infections 


Salmonellae

Member of Enterobacteriaceae family .
Unable to ferment lactose

All have animal reservoirs EXCEPT S. enterica
serovar Typhi (humans are only host!!)

Types of infections in humans: enterocolitis, enteric
fever, opportunistic infections, septicemia and
osteomyelitis


Mark
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only two types of salmonellae we need to know 


» Two species: S. enterica and S. bongori

» Enterocolitis (tummy problems):
> S. enterica serovar Enteritidis

» S. enterica serovar Typhimurium

» Enteric fever:
» S. enterica serovar Typhi

» S. enterica serovar Paratyphi
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Most common source is  raw or uncooked poultry. Tracked by Health Canada. Usually two month peak in October and December because of Turkey. Frozen chicken nuggets carries as much salmonellae, they need to be cooked to kill salmonellae. Nuggets are favorite for kids so its common among them.
-Most hazard step in cooking turkey is thawing. Official way to do it plan ahead and put it in fridge for a week but people don't do that. Best way is to do it in sink with cold water. Most salmonellae is found on inside of turkey and we put stuffing on the inside so salmonellae may be spread easily. Leave the bird cooking seperate then put in prepared stuffing. Also we cut outside of turkey then leave it. At room temperature, bacteria can multiple on turkey. First helping might be fine but second serving might now have salmonellae. 


S. enterica serovar Enteritidis
mm) Enterocolitis

 Pathogenesis depends on:
« Dose of ingested organism (min 10°)
* Immune status of host
 Virulence of strain
 Incubation time: 6-48h; multiplication in small intestine
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Enterocolitis
=

e Symptoms
* Nausea, vomiting, profuse diarrhoea, abdominal
pain
* Fever, chills, headache, myalgia
« 2-3 days recovery

- Septicaemia M) Rare

» Use stool culture for lab diagnosis

Salmonella on MacConkey
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Often self limiting disease


S. enterica serovar Enteritidis
=) Enterocolitis =

Ingestion of contaminated food
* Poultry, eggs, meat and milk

%Mi\
N/

« Person to person spread

« Most cases occur at home

« Under-reported and undiagnosed

* Antibiotics NOT RECOMMENDED — WHY?
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These bacteria can become resistant if too much antiobtics given frequently
-Doug Powell: goes to conference in t-shirt and jeans. Talks about safety in kitchen. In undergrad class, has an assignment where students go home to watch cooking shows and watch for cross contamination/heallth violations. Kitchen is not the most dangerous place though. Another survey looked at babies and children/protecting from infections from food-borne enteric bacteria. Most hazardous activity is grocery shopping (specifically shopping cart). All kinds of bacteria growing there.


Enteric Fever

S. enterica serovar Typhy mmptyphoid fever &

S. enterica serotypes Paratyphi A, Schottmueller,
Hirschfeldii mmp paratyphoid fever (milder)

Enteric fever: generalized infection; bacterial
multiplication in lymphoid tissue

Necrosis of intestinal lymphoid tissue —ulceration,
haemorrhage, perforation

Untreated: 10% mortality
Convalescent carriers: excrete bacteria for 3 months

Chronic carriers (1-2%): excrete bacteria for at least 6
months, sometimes life long


Mark
Sticky Note
typhoid fever: can shed it up to their whole life time, its water-borne, its in the gut and found in developing countries. Happens because they don't have good water treatment system


f&g‘f/—/ Enteric Fever

Diagnosis: Isolation of bacteria from blood (15 week)
Stool and urine (2"d-3'9 week) S

Infective dose is 10° organisms

Sources are contaminated drinking water, shellfish, milk and
milk products

Clean handling of food, water treatment and safe sewage
disposal are essential

Vaccine available, but only effective against small bacterial
load
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-Water is the main source of typhoid fever but shellfish is a common food for it. Shellfish traps water (and whatever else, including bacteria, is in the water) and has supposedly good filtration system (not really). Also most of us eat raw shellfish


E. Coli on

« Lactose fermenting MacConkey agar

« Pathogenic to other parts of the body
 responsible for 85% of bacteriuria
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-Some unique strains that are pathogens, most are part of normal gut


E. coli = Gastroenteritis

S
Enterotoxigenic E. coli

 Infant diarrhoea (developing countries)
* Traveller's diarrhoea
* Enterotoxins

I oo

"
=]
o A

Enteroinvasive E. coli
e Symptoms similar to shigellosis
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Because most of local population is exposed to it before so they're fine but for travellers, this is often the first time exposed to it and problems arise from the enterotoxin 

-Enteroinvase e.coli: can invade and cause tissue damage in gut. Share similarities with Shingellae 


E. coli ==& Gastroenteritis

« Enteropathogenic E. coli

 older name for some serotypes causing infant
diarrhoea

* E.coliO157:H7
« Haemorrhagic colitis
« Hamburger disease

* Proper handling of food, safe preparatlon and
proper cooking practices are essential to prevent
lIness

« E. coliis also implicated in neonatal meningitis and
nosocomial urinary and wound infections
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These strains tend to be extremely sticky because they have lots of pilae 
-O157:H7 often causes infection and can lead to kidney damage. Most common reason for fatality with it is kidney failure. Health Canada recommendation is to measure inside temp of burger (til 71 degrees C), kills bacteria. 
-Vegetables can be infected if fecal matter reaches them through contimated water supplies. 
-Ways to reduce incidence of this bacteria: vaccine administered to cattle and use of gamma radiation to treat food (In US, this beef was more expensive and companies went out of business quick because it was tough to market radiated foods
-Ie. Trinople reindeer story/setting of f alarm at nuclear plant
-Apple cider also dangerous for children. It's unsafe because bruised apples off the ground are used which can contain bacteria, need to pasteurize. Also oranges can have same problem. Health Canada suggests warming up cider if necessary but its not completely fool proof


Shigellae

Cause acute diarrhoea with mucus, pus and blood
Generally non-lactose fermentors

Dose of 10° infects 25% of people, 10° infects 95%
Shigella sonnei—— Europe and North America

S. dysenteriae:
* Tropics ,
- SEVERE illness: watery diarrhoea, cramps, fever
* Infection from SMALL numbers of organism

Most commonly seen in children; poor sanitation and
crowding

Prevention by safe handling of food, treatment of water, Safeum
disposal of sewage =3

NO VACCINE




Vibrio cholerae

Causes cholera: acute gastrointestinal illness
Profuse watery diarrhoea, cramps and vomiting
Enterotoxin binds cells in small intestine

 Cells secrete chlorides, 1 Na+ absorption

« Water accumulates in gut == watery diarrhoea

« Can lead to severe dehydration and death if
untreated

Endemic in South East Asia and parts of Africa
 Lack of clean drinking water!

Mainly water-borne

Massive (10-15 litres per day) loss




Campylobacter

C. jejuni and C. coli
Major cause of human enteritis

Normal flora in birds and domestic animals

Some strains invasive, others toxigenic
Symptoms: fever, abdominal pain, bloody diarrhoea

Maybe one cause of traveller's diarrhoea



Pseudomonas

Opportunistic pathogen

Found in many moist habitats and water

Source of infection can be humidifiers etc.

Treatment iIs difficult because all Pseudomonas
Sp. are resistant to many antibiotics!!!!



Pseudomonas aeruginosa

* Respiratory pathogen in cystic fibrosis
patients

« Infections in lesions of burn patients <&




Pseudomonas cepacia

« Common contaminant of saline solutions and
water

* Able to multiply in low nutrient environment

* Respiratory pathogen of cystic fibrosis patients
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Haemophilus influenzae

« Part of normal nasopharyngeal flora in many adults and
children

« Causes invasive infections of young children
« Meningitis, pneumonia, joint infections

-5 .+ Development of vaccine, now used
. routinely, decreased the number of cases in
Canada

« Can cause increased bronchial inflammation in patients
already having chronic bronchitis




Enterobacter spp.

* Wound infections, pneumonia, bacteremia

 E. sakazakii linked to infant illness from
powdered infant formula

Now called Cronobacter




Helicobacter pylori

Microaerophillic, spiral bacilli
Most common cause of stomach ulcers
* In the past, cause was thought to be stress and diet

» 1982-Dr.Robin Warren and Dr. Barry Marshall discovered
link between H. pylori and ulcers

« Medical community slow to accept their theory (1994-
National Institute of Health Conference concludes strong
association between ulcers and H. pylori)

Urease: protection form low pH
Triple therapy treatment: antibiotics and H+ pump inhibitors

Duodenal Ulcer




Bordetella pertussis

 Whooping cough *VIOLENT COUGH?*

* 4 Virulence Factors
» Pertussis toxin (A-B)
« Extra cytoplasmic adenylate cyclase (weakens host defense)

« Filamentous hemagglutinin (bronchial attachment and exotoxoin
release)

» Tracheal cytotoxin (destroys ciliated cells— poor clearance of
mucous and bacteria)

* Prevention: vaccination with heat-killed organism




mLegionella pneumophila i

Causes Legionnaires disease
Opportunistic pathogen
May cause severe pneumonia

Grows Iin water and is found in shower
heads, water tanks, air cooling/heating
tanks

Exposure is by aerosol and there is NO
person-to-person transmission





