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LECTURE 5: GRAM POSITIVE BACILLI 
-6 medically important Gram positive bacteria
1) 2 are cocci – staph and strep
2) 4 are rods (2 spore formers and 2 non spore formers) 

1) SPORE FORMING RODS

Spore Forming Rods
-Bacillus and Clostridium 
-Release of potent exotoxins cause disease 
-they differ biochemically by the ability (or lack thereof) to grow in the presence of oxygen – Bacillus likes oxygen (aerobic); where as Clostridum is anaerobic 

Bacillus Species:

1) Bacillus Anrthracis:  
-causative agent of anthrax-effects herbivores (cows + sheep) 
-UNIQUE protein capsule (poly D glutamic acid)  antiphagocytic 
-aerobic growth conditions
-spores are very stable, resistant to heart, drying, UV and disinfectants; spores germinate and toxins are made 
-spores germinate and make toxins 
-humans exposed to spores usually through contact with animals or soil 

-germination + expression of plasmid encoded virulence factors (plasmids pX01 and pXO2)  regulated by increase in temp to 37 degree C , C02 increased, and serum proteins 
-spores activate only when introduce to host
-used for biological terrorism and warfare 

B. anthracis Exotoxin 
-encoded on plasmid called pOX1 
-plasmid contains virulence factors which are transcribed optimally @ 37 degrees C, increased C02 and serum proteins
-where are these conditions found? 

-exotoxin composed of 3 separate proteins: *not toxic by themselves
Anthrax:
 Edema factor (EF): disrupts water homeostatsis 
 Protective antigen (PA): promotes entry of EF into phagocytic cells (similar to B subunit of A-B toxins)
 Lethal factor (LF): zinc metaloprotease that inactivate protein kinase
 separately proteins are not toxic, but combined are lethal 
-pXO2 plasmid – encodes 3 genes require for synthesis of poly-glutamyl capsule

-both plasmids required for virulence 
Prevention and Treatment:
-rapid identification* and prompt use of penicillin, doxycycline, cipro, levo are critical in prevention of high mortality
-vaccine against PA available for humans; animals sometimes vaccinate with live cultures that have their capsules removed 

2) Bacillus Cereus: 
-different from anthracis: motile, non-encapsulated and resistant to penicillin
-causes food poisning when spores are present in food – survive intial cooking 
-gram positive –Aerobic – causes gastroenteritis 
-found in ground, wet soil – rice  grown in wet soil – harvest rice – harvest spores 
-spores is only dangerous if it releases enterotoxin 
-rice that is reheated – but not properly 
-bacter germinate food + release entertoxin 

-causes food poisoning when spores enter the product
-motile non-encapsulated, resistant to penicillin
-ENTEROTOXIN is responsible for illness 

2 types of enterotoxin 
(i) heat labile: nausea, abdominal pain, diarrhea, lasts 12-24 hrs 
-similar to cholera and LT from E. coli
(ii) heat stable: SEVERE nausea and vomiting, short incubation
-antibiotic treatment useless… preformed toxins 
-limited diarrhea – similar to S. aureus food poisoning 

-antibiotic therapy does not work – preformed toxins are what caused it 

Clostridium Species:

Clostridium: -spore formers – gram positive –exotoxin producing 
-anaerobic (the one before is not) 
-Anaerobic  differentiates this bacteria from other spore-forming bacilli 
-Botulism, tetanus, gas gangrene ad pseudomembranous colitis 
-Powerful exotoxins  rapid diagnosis 

3) Clostridium botulinum:
-rapidly fatal food poisoning from lethal neurotoxin
-neurotoxin blocks Ach release from nerve terminals in in autonomic system; flaccid muscle paralysis:
Symptoms: -afebrile, bilateral cranial nerve palsies, double vision, trouble swallowing, muscle weakness, general muscle weakness (leads to resp and paralysis) 
-respiratory paralysis  death 

-Adult Botulism: smoked fish, improperly canned vegetables
-proper cooking destroys spores 
-most common in canned food (but rarely seen) – HOME CANNING problems 

Action of Botulinum Neurotoxin (picture) 
-contraction signal from central nervous system 
-Acetylcholine induces contraction of muscle fibers
-Botulinum toxin: release of A, inhibiting contraction 

-loss of speech, local paralysis – breathing – die 

Infant Botulism: 
-honey contamination with spores (and sometimes live bacteria of botulism) 
-honey is very sweat and viscosity 
-not fatal right away – more time to give treatment 
-spores germinate and bacteria colonizes intestine 
-neurotoxin release  
-2-3 days of constipation  -trouble swallowing, muscle weakness 

Clinically Manifestation of Clostridium botulinum
1) Entry: Adults toxin (or wound infection, rare), Infants, C botulinum 
2) Absorption: Adults: ingested toxin
Infant: toxin produced by C. botulinum infection 
3) Spread of toxin 
4) Disease: Flaccid paralysis (cranial and peripheral nerves) Cardiac failure
Respiratory failure (musculature) 
 
Treatment: antitoxin  neutralizes the unbound free neurotoxin in the blood stream and respiratory assistance (intubation and venilalatory support) 

4) Clostridium tetani: -
-tetanus – anything that come into contact with soil! 
-rusty nails contaminated with spores punctures skin; wound provides anaerobic environment 
-once psores in wound – germinate as long as it anaerobic 
-exotoxin: tetanopasmin 
 sustained contraction of skeletal muscles (tetany)
 severe muscle spasms (lock jaw); high mortality at this stage 
-booster (inactivated toxoid) given every 10 years 

i. tetanus toxin taken up at neuromuscular junction and transported to central nervous system 
ii. toxin acts on the inhibitory Renshaw cell interneurons (prevents release of GABA and glycine, which are inhibitory neurotransmitters) 
iii. inhibition of inhibitory interneurons allows motor neurons to send high frequency impulses to muscle cells (sustained tetany ensues) 
iv. clinical presentation tetanus includes evere muscle spasms (trismus- lock jaw), grostesque grinning expression (risus sardonicus)
v. mortality is high once stafe of lock jaw achieve
vi. formalin-inactivated toxin (tetanus toxoid) given every 10 years as booster and is part of DPT (diphtheria-pertussis-tetanus) shot

Clinical Manifestations of Clostridum tetani
1) Entry, wound, C tetanti
2) Spread of toxin
3) Disease: rigid paralysis ex: lock jaw
-cranial and peripheral motor nerves, cardiac failure, respiratory failure
4) No exit 

5) Clostridium perfringens
-gas gangrene
-seen in soldiers wounded in battle
-spores mature in anaerobic conditions and produce gas 
-2 class of infections
(i) Wound infection/ cellulitis: -necrotic skin exposed to bacteria, damage to local tissues; skin feels moist, spongy with crackly pockets (of gas – crepitus)
(ii) Clostridial myonecrosis: bacteria incoluated from trauma into muscles; exotoxin secretion destroys adjacent muscles; gas formation when carbohydrates are fermented from action of enzymes; CT scan will show pocket of gas (muscle and subcutaneous tissue); enzymes degrade muscle, get tin – blackish fluid excreted from skin
-Fatal unless treated with oxygen, antibiotics (penicillin) and removal of damaged tissue

-to treat: LOTS of antibiotics – injure site wont get enough blood supply
-apply antibiotic right to the injury site + add lots of oxygen 

6) Clostridium difficile

-causes antibiotic associated pseudomembraneous colitis 
-seen more common in hospitals than tetanus, anthrax or botulism
-naturally resistant to many antibiotics 
-arises from the overuse of broad spectrum antibiotics destroys normal intestinal flora
-super infects colon and release exotoxins:

Toxin A: diarrhea – not that bad 
Toxin B: cytotoxic to colon cells – when they continue to colonize without treatment 
-much more dangerous – destroys cells (blood in stool)  - 
Symptoms: severe diarrhea, abdominal cramping, fever
-possible cause of diarrhea in patients is antibiotics

Treatment: discontinue antibiotic treatment (difficult to give antibiotics)
-administer metronidazole or vancomycin orally 
-considered possible cause whne patients develop diarrhea while on antibiotics
-Different about these antibiotic? 

Clinical manifestations: 
1) Entry
2) Spread: C difficile overgrowth and toxin production after administration of braod spectrum antibiotics
3) Disease: diarrhea, pseudomembraneous colitis 

2) NON-SPORE FORMING RODS:
-2 medically important bacilli: Listeria monocytogenes and Corneybacterium diptheriae 

7) Listeria monocytogenes:
Causative agent of listeriosis: immunocompromised are at high risk
-immunosuppression = high risk individual for disease (listeriosis)
-found in foods such as soft cheese, unpasteurized milk, cold cuts, pate
-Psychophile  survives in refrigerator
-variety of symptoms: general malaise, diarrhea, meningitis, septicaemia, still birth/ abortions 
-facultative intracellular aerobe (can live outside or within cell)
-crosses 3 protective barriers (blood-brain, GI and feto-placental) 

Treatment: ampicillin or trimethoprim-sulfamethoxazole 

Clinical manifestions: 1) Entry 2) Invasion 3) Spread
4) Disease: meningitis and encephalitis, Septicemia 
5) Exit 

8) Corynebacterium diptheriae
-causative agent of diphtheria 
-colonization of pharynx – forms grayish pseudomembrane composed of fibrin leuocytes necrotic epithelial cells and C. dip cells
-then bacteria release of exotoxin into bloodstream 
-exotoxin damages heart and neural cells (interfere with protein synthesis) 

Treatment (3 steps) (i) antitoxin (ii) penicillin or erythromycin (iii) DPT vaccine 
-must be lysogenized by bacteriophage (virus that infects bacteria)
-bacteriophage codes for dip. exotoxin, which contains 2 subunits
 B subunit binds to target cells and allows A subunit to enter
 A subunit blocks protein synthesis 
(inactivates elongation factor EF2) 

Clinical manifestations: 1) Entry 2) Spread – bacteria rarely become disseminated by toxin becomes blood borne
3) Disease: Pharyneal diphtheria: Pharynigitis, Hypoxia –pseudomembrane obstruction, Fever, Lymphadenitis
-Cutaneous diphtheria
-Systematic Complication: Toxin peripheral neuropathy, Toxic myocarditis and congestive heart failure 
4) Exit 

GRAM NEGATIVE BACILLI: The Enterics  

Enterics: -found as part of normal intestinal flora but can also cause disease
-4 Major groups: - 
i) Enterobacteriaceae (Salmonellae, Shigellae, E. coli)
ii) Vibrionaceae (vibro, campylobacter)
iii) Pseudomonadaceae (pseudomonas)
iv) Bacterioidaceae 

-organisms are divided into groups a based on biochemical and antigenic properties 

Biochemical Classifications:
-ability to ferment lactose

EMB Media: lactose fermenters are dark purple/ black
-inhibits Gram positive bacteria

MacConkey Media: lactose fermenters are pink purple
-inhibits gram positive bacteria

-H2S production
-Hydrolysis of urea
-Liquefy gelatin
-Decarboxylation of AA

Classification Using Surface 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 

Diseases caused by Enterics:
-cause diarrhea with various complications and other infections

1) Diarrhea- with /without systematic invasion
-bacteria bind intestinal cells but do not enter
-EXOTOXIN release causes diarrhea: ENTEROTOXIN causes fluid/ electrolyte loss
-Watery diarrhea, NO FEVER
-Vibro cholera
2) Diarrhea with intestinal cell invasion:
-bacterial virulence factors allow binding and invasion of cells
-toxin release destroys cells  blood stools
-fever response
-Shigella 
3) Diarrhea with invasion of lymph nodes and bloodstream
-abdominal pain with diarrhea containing white and red cells
-fever headache increased white cell counts
-Samonella Typhi, Yersinia enterocolitica, Camplobacter jejeuni

Other Infections: UTI, pneumonia, bacteremia, and sepsis

Nosocomial infections by: E. coli, Klebsiella pneumonia, Proteus mirabillis, Enterobacter, Serratia, Pseudomonas aeruginosa 

Pseudomonoas aeruginosa: opportunities pathogen, often infects burn patients and can disseminate through body into CNS 

1) ENTEROBACTERIACEAE 
-large family of closely related bacteria includes species associated with the intestinal tract of man and animals both as normal flora (Escherirchia coli) and specific pathogens (Salmonella, Shigella) as well as soil bacteria and plant pathogens 
-most species – capacity to cause opportunistic infections in man 

1.1) Salmonellae: (genus) – two species 
-member of Enterobacteriaceae family
-unable to ferment lactose
-all have animal reservoirs EXCEPT S. enterica serovar Typhi (humans are only hosts)
-types of infections in humans: enterocolitis, enteric fever, opportunistic infections, specticemia and osteomyelitis 

2  Species: each contain multiple serovars 
1) S. enterica 
2) S. bongori 
-differentiated on the basis of biochemical traits and genomic relatedness 
-ex: say S. enterica serovar Typhimurium and S. enterica serovar Enteriditis 
-Salmonella genus contains over 2541 serovars 

Salmonella Infection of man: 
1) Enterocolitis (caused by many serotypes of S. enterica)
-tummy problems 
-S. enterica serovar Enteritidis 
-S. enterica serovar Typhimurium
2) Enteric fever: (known as typhoid and paratyphoid) caused by S. enterica serovar Typhi and S. enterica serovar Paratyphi 
-S. enterica serovar Typhi
-S. enterica serovar Paratyphi 

1.1.1) Enterocolitis (gastroenteritis)  S. enterica serovar Enteritidis
Pathogenesis depends on: dose of ingested organisms (min 10^5) 
-immune status of host
-state of host; highest incidence in young (under 5), eldery and individuals with predisposing conditions such as malnutrition impaired immunity underlying infection
-virulence of strain
Short incubation period: incubation time: 6-48 hours; multiplication in small intestine and colon – leading to inflammation with a mononucleus response

Clinical symptoms:
Symptoms: nausea, vomiting, profuse diarrhea, abdominal pain
-fever (38-39) chills headache myaglgia
-203 days recovery 
-Septicaemia  rare
-use stool culture for lab diagnosis 
Laboratory diagnosis: stool culture

Epidemiology 
-ingestion of contaminated food (poor handling practices) 
-animal products - poultry eggs meat and milk
-person to person spread – most cases occur at home
-under reported and undiagnosed
-antibiotics NOT RECOMMENDED 

Treatment: antimicrobials are NOT recommended in uncomplicated 
-antibiotic treatment may prolong excretion of organisms in the stool and does not shorten the illness

1.1.2) Enteric Fever (typhoid and paratyphoid) 
-S. enterica serovar Typhy  typhoid fever
-S. enterica serotypes Paratyphi A, Scottmuelleri, Hirschfeldi  paratyphoid fever (milder) 

Enteric fever: is a severe generalized infection; bacterial multiplication in lymphoid tissue 
-invasion of intestinal epithelium is followed by multiplication lymph nodes and entry into blood stream  
-necrosis + hyperplasia of intestinal lymphoid tissue (Peyers patches)  ulceration, haemorrhage, perforation  peritonitis abscesses 

-Untreated: 10% mortality  Survivors=  
(1) Convalescent carriers: excrete bacteria for 3 months
(2) Chronic carriers (1-2%): excrete bacteria for at least 6 months, sometimes life long 

Diagnosis: isolation of bacteria from blood (1st week), Stool and urine (2nd-3rd week) 


Epidemiology: human carriers are only known reservoirs 
-infective dose is about 10^6 – requires therefore previous multiplication in food or drink 

-infective dose of 10^5 will infect about 25%; 10^9 will infect 95% 

-sources are contaminated drinking water, shellfish, milk and milk products
-chronic carrires maintain endemic tyhpoid
-clean handling of food, water treatment and safe sewage disposal are essential
-vaccine available, but only effective against small bacteria load 

Prevention: sanitary disposl of human faeces scrupulous cleanliness in handling food and purification and chlorination of water supplies – available vaccines protect again small inocula and are there of low efficacy 

1.2) SHIGELLAE:
-generally non lactose fermenters – GI of humans – acute diarrhea (mucus pus and blood in severe cases)
-Shigella sonnei – seen in Europe and north American 
-S. flexneri cause mild illness
-S. dysenteriae – mainly in tropics causes severe illness: -invasion of epithelial mucosa of the colon result sin watery diarrhea, cramps and fever 
-infection follows ingestion of small numbers

-cause acute diarrhea with mucus pus and blood
-generally non lactose fermenters
-dose of 10^5 infects 25% of people, 10^9 infects 95% 
-Shigella sonnei  Europe and North America
-S.dysenteriae: tropics, severe illness:watery diarrhea, cramps fever – infection from SMALL number of organisms

-most commonly seen in children: poor sanitation and crowding
-prevention by safe handling of food, treatment of water, safe disposal of sewage
-No vaccine 

Epidemiology: most frequent (2/3) in children (under 10)
-poor sanitation and crowding – bacteria disappear from stool in 1 month 
Prevention: similar to typhoid; no vaccines available 

1.3) ESCHERICHIA COLI: most numerous aerobic bacteria of normal gut flora
-lactose fermenting – harmless in intestine 
-pathogenic to other parts of the body: frequent cause of UTI – account for responsibility for 85% of uncomplicated bateriuria 

E. coli: Gastroenteritis – isolates differentiated based on 3 major surface antigens
i) O (somatic) ii) H (flagella) and iii) K (capsule) 
-there are at least 173 O antigens, 56 H antigens and 103 K antigens 
-certain strains caused diarrhea
-categorized into specific groups: Pathogens  -- based on virulence properties, mechanisms of pathogenicity, clinical syndrome and distinct O:H serotypes 

Groups: 
Enterotoxigenic E. coli (TPEC)
-infant diarrhea (developing countries)
-traveller’s diarrhea 
-enterotoxins  

Enteroinvasive E. coli (EIEC)
-symptoms similar to shigellosis 
-blood diarrhea and dysentery similar to Shigella species 

Enteropathogenic E. coli: (EPEC): older name for some serotypes causing infant diarrhea (dev c) 
-first pathotype to be described 

Diffuse-adhering E.coli (DAEC)
-associated with diarrhea – young kids -1-5

Enteroaggregative E. coli (EAEEC)

Enterohemorrhagic E. coli (EHEC): recognized as human pathogen in 1982 in hermorrhagic colitis oubtbreak 
-E. coli O157:H7 – most common cuase of EHEC associated disease
-verotoxins or Shiga toxins (since similar to Shiga toxin from Shigella dysenteriae type 1) associated to a severe and sometimes fatal condition  hemolytic uremic syndrome (HUS) 

E.coli 0157: H7
-haemorrhagic colitis 
-hamburger disease
-proper handling of food, safe preparation and proper cooking
-E.coli is also implicated in neonatal meningitis and nosocomial urinary and wound infections

1.4) ENTEROBACTERA spp. 
-can cause nosocomial infections
-wound infections, pneumonia, bacteremia
-E. sakazakii linked to infant illness from powdered infant formula

1.5) OTHER ENTEROBACTERIACEAE 
-large number of Gram-negative rods, free living or commensals of man or animals 
-cause infection in compromised hosts – infection are usually nosocomial 
-species: Klebsiella, Enterobactera, Serratia, Acinetobacter, Citrobacter, Proteus 
2) VIBRIO AND CAMPYLOBACTERA
Vibrio cholera: cause of Asisatic cholera 
-comma shaped Gram negative bacterium – produces entertoxin (cholera toxin) 
-enteroxin binds to epithelial cellsin small intestine and cuases to secret chlorides and to decrease absorption of sodium 
-water accumulates in the lumen resulting in diarrhea 
-infection is endemic in Southeast Asia and parts of Africa an dis mainly waterborne 

Causes cholera: acute gastrointestinal illness
-profuse watery diarrhea, cramp, vomiting
-Enterotoxin binds cell in small intestine
 cell secrete chlorides, decreased Sodium absorption
 water accumulates in gut  watery diarrhea
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 jejuni / Campylobactera coli 
-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, blood diarrhea 
-one of the agents of travellers diarrhea 

-stool cultures are inoculated on special media because the microorganisms requires reduce oxygen tension and CO2 (micro aerophilic) 

3) PSEUDOMONAS 
-opportunistic pathogen (compromised patients) 
-found in many moist habitats and water
-sources of infection can be humidifiers etc 
-treatment is difficult because of all Pseudomonas sp. are resistant to many antibiotics 

3.1) Pseudomonas aeruginosa: -most common 
-respiratory pathogen in cystic fibrosis patient
-infections in lesion of burn patient 


3.2) Pseudomonas capacia
-common contaminant of saline solutions and water
-able to multiply in low nutrient environment
-respiratory pathogen of cystic fibrosis patient

ALL Pseudomonas infections are particularly difficult to treat – organisms are intrinsically resistant to many commonly used antibitoiics – may acquire resistance to additional antibiotics 

4) HAEMOPHILUS INFLUENZAE 
-part of normal nasopharyngeal flora in many adults and children
Significant: i) cause invasive infections of young children – meningitis pneumonia and joint infection – now there is vaccine
ii) associated with exacerbation of infection in chronic bronchitis are is commonly isolated from sputum from these patients -can cause increased bronchial inflammation in patient already have chronic bronchitis 

-development of vaccine now used routinely, decreased the number of cases in Canada

5) HELICOBACTERACEAE

Helicobacter pylori: 
-microaerophilic, spiral bacilli  (non spore forming) 
-most common cause of duondenal stomach ulcers and chronic gastritis (inflamed tummy) -in past – thought to be stress and diet
-1982 – Dr Robin Warren and Dr Barry Marshal discovered link between H.pylori and ulcers – medical community slow to accept their theory
-aspirin products rank second J – bacteria isolated from ulcer craters 
-pepto-bismol long used for gastritis – contains bismuth salts – inhibit H. pylori 
-organism expressed  Urease: protection form from low pH (raised pH locally – protects from acidity of stomach) 
-triple therapy treatment: antibiotic and H+ pump inhibitors – most succesfull (amoxicillin metronidazole omeprazole) 

6) LEGIONELLA (Legionella pneumophilia) 
-causes Legionnaires disease
-opportunistic pathogen – with definciency in CMI 
-may cause severe pneumonia
-grows in 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

7) ALCALIGENACEAE 

Borderetella pertussis: 
-named in 1900 by Bordet and Genou – pertussis mean violent cough 
-causative againt of whooping cough (destroying cilitted cells in trachea and bronchi) 
4 Virulence Factors:
-pertussis toxin (A-B) 
-extra cytoplasmic adenylate cyclase (weakens host cell defense mechanisms) 
-filamentous hemagluttinin (bronchial attachment and exotoxoin release- does NOT actually invade the body per se)
-tracheal cytotoxin (destroys ciliated cells  poor clearance of mucous, bacteria and inflammatory exudates – violent cough) 

Prevention: vaccination with heat killed organisms, including pertuissis toxin, filamentous hemagglutinin and adenylate cyclase (part of DPT vaccine) 

BIOCHEMICAL CLASSFICATION
-ability to ferment lactose to gas and acid
-E. coli and most of Enterobacteriaceae ferment lactose
-while Salmonella, Shigella and Pseudomonas do NOT 

-production of H2S – ability to hydrolyze urea, liqufy geleatin and decarboxylate specific amino acids 
-two important growth media re EMB and MacConkey agar
i) EMB: Eosine-Methylene- lue
-inhibits Gram positive
-lactose fermenters are deep purple to black
ii) MacConkey: 
-bile salts inhibit gram positive
-lactose fermenters develop pink purple coloration 

The Enterics are also classified  cell surface structures that bind specific antibodies 
-3 major surface antigens

O antigen: most external component of LPS
-different from enteric to enteric 
K antigen: capsule that covers the O antigen
H antigen: part of subunits of the bacterial flagella (only motile bacteria have a H antigen)  

Types of Diseases: 
1) Diarrhea:
i) with or without systematic invasion
a) no cell invasion – bacteria bind intestinal epithelial cells but do not enter the cell
b) diarrhea caused by release of exotoxins (enterotoxins in the GI tract)
c) entertoxins cause electrolyte and fluid loss
d) watery diarrhea without systematic symptoms (fever) – example includes Vibrio cholera 
ii) Diarrhea with invasion of intestinal epithelial cells 
e) virulence factors allows binding and invasion of cell
f) toxins are released destroyed the cells
g) systematic immune response (fever)
h) cell death result in bloody stool 
i) example include Escherichia coli O157:H7 
iii) Diarrhea with invasion of lymph nodes and blood stream
j) abdominal pain and diarrhea containing white and red cells
k) fever headache and increased white cell counts
i) examples include Salmonella enterica serovar Typhi, Yersinia entercolitica, Campyloabcter jejuni 

2) Various other infection
-UTI, pneumonia, bacteremia, sepsis

-Enterics are normal intestinal inhabitants
-In hospital settings nosocomial infection can arise 
-examples: E. coli, Klebseilla pneumonia, Proteus mirabilis, Enterobactera, Serratia and Pseudomonas aeruginosa 



































LECTURE 6: MYCOBACTERIA

Mycobacteria:
-causative agents of tuberculosis and leprosy – high content of lipids (waxes)
-waxy coat  NO Gram stain  resistant to disinfectant 
-Acid fast  after staining with certain aniline dyes resist decolorisation by mineral acid
-Use Ziehl-Neelsen staining technique – special procedure for staining mycobacteria  

1) Ziehl-Neelsen carbol fuchsin to the slide for five minutes while applying heat
2) Follow with a gentle wash with water to cool that slide
3) Acid alcohol is now added to decolorize the slide
4) Wash the slide in water again and counterstain with methylene blue for 1-2 minutes 

1) MYCOBACTERIUM TUBERCULOSIS 
-acid fast bacillus causing chronic slow progressing pulmonary infection 
-chronic slow progressing pulmonary infection; transmission by aerosol droplets
-obligate aerobe, facultative intracellular parasite 
-4-6 WEEKS to see colonies on a plate  Lowenstein-jensen medium  use microscopy of sputum smears as first line of diagnosis 

-leading cause of death world-wide form a single infection (Bacteriology, Kenneth Todar, 2005)
-Affects 1.7 billion/year – Declining in US 
-Infection develops in stages 

i) Primary Tuberculosis
-Aersol inhalation – bacteria multiplication in alveoli – macrophage ingestion of bacilli and formation of 1 degree complex – Foci of infection in lungs (may be spread to kidneys, bones and meninges) – 6 weeks – CMI is fully active infection is stopped (majority of cases) – some bacilli survive, reactivation several years later 

-macrophages mobilized – ingest them – move to hilar lymph nodes; tubucle bacilli survive inside macrophages 
-complex formed by the local lesion in the lung, draining lymphatic and reacting (enlarged) lymph nodes is called PRIMARY COMPLEX 
-phase of infection is overwhelming majority of cases unapparent (parient unaware) 

-during primary infection some tubercle cell escape  lymphatic and blood stream and reach lungs bones kidney menings etc – produce microscopic foci of infection

-6 weeks after onset CMI system becomes fully active in most cases – stop infection and walls in the microscopic lesion 
-primary complex heals as the foci resulting from dissemination 

-Tubercle bacilli, though, can survive in those foci ( controlled by the CMI) and eventually reactive months or years later 
-latent infection and active CMI is reflected in a POSITIVE TUBERCULIN TEST 

ii) Post primary TB
-late reactivation of silent lesions (lungs, kidneys, bones etc) in hosts who have developed a certain degree of immunity (tuberculin positive) 
-late reactivation of lesions in lungs, kidney, bones etc 
-occurs in small percent of those infected 5% of cases; higher in patients with AIDS
-reinfection (infection with different strain) occurs rarely
-runs a chronic infection 

iii) Immunity in TB
-cell mediated immunity is most important (T-cells) react to M. tb – evidenced by a positive tubuclin test 
-Mantoux test (more used test) – 0.1 ml of TB solution 
-Tuberculin solution is injected INTRADERMALLY, wait 48-72 hrs, check for induration
-record diameter of induration 
- > 10 mm POSITIVE 
-5-9 mm Doubtful – maybe cross reaction with other Mycobacteria
-4<mm NEGATIVE – a positive test does not necessarily mean there is a currently an active infection 

N.B. a positive tb test indicates that the individual has been infected with M. tb at some time; it does not necessarily diagnosis an active infection 
Laboratory diagnosis includes:
Microscopic examination: of sputum smears, an important step in the presumptive diagnosis because of the long time taken by the cultures. Smears are stained by fluorescent dies or by Ziehl-Neelsen
Cultures on special media (Lowenstein-Jensen) take usually 3-6 weeks to show growth and rea generally kept for up to 8 weeks. Positive cultures are checked for sensitivity to anti-TB drugs 

2) NON-TB (ATYPICALY) MYCOBACTERIA 
-occasionally isolated from patients with chronic pulmonary disease  indistinguishable from TB (M kansassi, M avium, M intracellulare)  
-higher resistance to anti-TB drugs
-give doubtful Mantoux test (5-9 mm) 
-M. scrofulaceum: cause of lymphadenitis (especially cervical) in children 
-M. marinum: skin infections
-M. fortuitum: soft tissue abscesses
-all these infections are most typically seen in the immune-compromised particularly generalized infection with M. avium or M. intracellulare  

3) MYCOBACTERIUM LEPRAE:
-causes leprosy (Hansen’s disease) 
-2 kinds 
i) Tuberculoid leprosy: visible nerve enlargement, few erthmatous plaques, few bacilli in infected tissues, but many lymphocytes and granulomas; low infectivity
-fat centers, raises edges 
-peripheral nerve damage with complete sensory loss; nerve enlargement is visible 
-infected tissues have many lymphocytes and granulomas but very few bacilli

ii) Lepromatous leprosy: no visible nerve enlargement, many erthyromatous nodules, many bacilli in infected tissue, high infectivity 
-papules and nodules, severe tissue destruction, patchy sensory loss; no nerve enlargement 
-infected tissue have many bacilli present 
-rarely found in developed countries 

Epidemiology: not common in North American – Asia and Africa
-between 1-2 million currently reported worldworld – 125 new cases in USA each year 
-transmission – human to human respiratory droplets 
-care cases animal reservoirs 

Diagnosis: microscopy is used for lepromatous diagnois – not for TB frm since so many few bacilli are present
-skin testing is use for the TB form 
-culture is not used for diagnosis 

Treatment:
-Tuberculoid form: Dapsone combined with rifampin
-Lepromatous form: Dapsone, rifampin and clofazimine 
-Prompt recognition and treatment is necessary to prevent and control the spread of the disease 

SPIROCHETES
-Spiral shaped, Gram negative microorganisms including the genera: 
Treponema- causing syphilis yaws and pinta
Leptospira- causing leptospirosis
Borrelia- causing relapsing fever, known as Lyme disease

1) TREPONEMA PALLIDUM: syphilis
-spiralshaped
-gram negative helical bacteria
-unculturable in vitro 
-use dark field microscopy; almost invisible under Gram stain, Geimsa stain and Ziehl-Neelsen 

i) Syphilis
-infection caused by T. pallidum – sexually – chronic evolution  stages:


Primary syphilis: appearance of chancre 3-4 weeks after infection contract
-fluid from lesion contains bacteria (treponemes)  seen under dark-field microscopy 

Secondary syphilis: 6 weeks after appearance of chancre 
-generalized or local rash
-mucosal lesion (oral perineal anal) -with many treponemes and generalized lymphadenopathy 

-spontaneous remission may occur after 1 or 2 phase*

Latent syphilis: - no symptoms of infection
-non transmissittable after 4 years
-BUT congenital infection may occur ( can give to fetus) 

Late syphilis: - due to obliterative endarteritis
-can involve skin, mucosae, nervous system, cardiovascular system and all tissues 

Serology Testing: main diagnostic tool – becoming positive during the primary stage – reaching 100% at 2nd and latent stage
-slight decline in late stage – but a lot still positive
-two types of test: 

Non treponemal tests (VDRL, RPR, Wassermann)
-non specific: use cardiolipin as antigen
-NOT  extracted from treponemes 
-screening – positive in early stage 

Treponemal tests:
-Specific: use whole treponemal or trep extracts (specific) 
-FTA-ABS: fluorescent Treponemal Antibody Absorption 
-MHA-TP: microhemagglutination of T. pallidum  used to confirm positive VDRL 

Microscopy: darked microscopy used to identify from the exudate of the lesion of the patient BUT – must be done immediately in order for organisms to remain active

Culture: methods are not available: does not grow in cell culture assays 

Prevention: education about the risk of STI and prevention + condoms 
-periodic serological testing of individual at high risk 

2) LYME DISEASE: Borrelia burgdorferi (spirochete) 
-tick bites- Ixodes ticks – 2 year life cycle with 3 stages (larva, nymph and adult) 
-affects skin, joints, nervous system and heart
-common in US rare in Canada
-Use serology for diagnosis (ELISA)
-organisms is very difficult to see under microscope 
-difficult to culture
-serology does not give +ve result in first 2-4 weeks of infection 

Clinical Diagnosis:
-patient has either (or both of the following)
i) Erthyma migrans ii) One type of late manifestations (NS of cardiovasulcar, musculoskeletal) 

Laboratry Diagnosis: - Microscopy: not recommended: rarely seen in clinical specimens
-difficult to culture and requires specialized media: rarely used
-Serology: commonly used: 
 Immunofluorescence assay and ELISA are most commonly used
 ELISA: preferred identify stages of disease EXCEPT early 

Treatment: doxycylince, amoxicillin, cefuroxime for early disease 
-for neurological and musculoskeletal manifestations, undergo prolonged treatment 

Prevention: -avoid ticks and wear protective clothing in woods (long sleeves and pants)
-Vaccine available: ospA antigen of organism 

3) LEPTOSPIRA INTERROGANS 
-can cause sub clinical infection: mild flu like illness or severe systematic disease (Weil’s disease-renal, hepatic failure, extensive vasculitis, myocarditis and death) 
-severity: # of infection organisms, host immune system and virulence of strain
-thin and highly motile; enter body through small cuts and abrasions; disseminate into bloodstream + infect all tissues, including CNS 
-few cases in North American
-humans are accidental end stage hosts; infection from exposure to water contaminated with urine from an infected animal (reservoirs: rodents, dogs, farm animals) 

Treatment: IV penicillin or ampicillin for sever infections; oral amplicillin, amoxicillin or doxycycline for milder infections

CHLAMYDIAE: 
-small bacteria: Obligate intracellular energy parasites; cocci
can NOT make their own ATP or other energy intermediates
can NOT be grown in artificial media
-life cycle has 2 forms:
i) Elementary body (300-400 nm)
-infectious form – no growth or replication
ii) Reticulate body (800-1000nm) – replication and growth 

3 Species:
i) Chlamydia trachomatis: - STD chlamydia
-most common STD in Canada and US
-Male: urethritis Female: cervicitis 
-many patients asymptomatic + untreated  limited diagnostic tools 
-Untreated male: prostatitis, epididymitis
-Untreated female: PID, tubal infertility, ectopic pregnancy, chronic pelvic pain

2 biovars: -prokaryote strain that differs physiologically or biochemically 
 i) Trachoma and ii) LGV (lymphogranulomas venereum) 
-Trachoma: 15 serovars; LGV: 4 serovars
Serovars/ Serotype: distinct variaions with a species of bacteria or viruses among immune cells of different indivudals – classified based on cell surface antigen 

Other infections:
Trachoma: chronic ocular infection; leading cause of blindness in Middle East, North Africa and South East Asia
-conjunctivitis in newborns + pneumonia  perinatal transmission
Lymphoganuloma venereum: STD from some serotypes of C. tracheomatis; endemic in tropical and subtropical countries – resulting in inguinal lymphadenopathy 

ii) Chlamydia pneumonia: respiratory tract infection, mild pneumonia to pharyngitis 
-usually sub clinical infection – cause atypical pneumonia 
-probably spread by aerosols (droplets of respiratory secretions)

iii) Chlamydia psittac: -primarily a bird pathogen – can transmit to human – pneumonia or systematic infections such as endocarditis 

MYCOPLASMAS 
-smallest free living bacterium (100-300 nm)
-can grow outside cells and artificial media 
-Many species are found as -Saprophytes, part of normal flora or oropharynx and genital tract of humans and animals
-lack true cell wall 
-some species are pathogenic 

1) Mycoplasma pneumonia: - PRIMARY cause of atypical pneumonia  + acute respiratory disease 
-more common in younger individual (15-35 years)
-rarely complication lead to meningoencephalitis myocarditis
-diagnosis is usually clinical, no lab confirmation

-this organisms causes 2 million cases of pneumonia and 20 million cases of other respiratory infection in the  USA 

Treatment: erythromycin or tetracycline

2) Genital Mycoplasma (Mycoplasma Hominis + Unreaplasma urealticum):
-part of normal genital flora 
-rate of colonization increases with number of sexual partners
-may cause: urethritis epididymitis, PID, postpartum fever
-role in infertility and premature births – controversial 

MYCOTIC (FUNAL) INFECTIONS:
-lowered CMI – increase in incidences of fungal infections
-fungi – eukaryotic organisms, lack chlorophyll – cannot generate energy through photosynthesis 
-need aerobic environment 

Dimorphic fungi: grows as either yeast or mold 
Hyphae: threadlike, branching tubules composed of fungal cells attached end to end 
Molds (mycella) : multicellular colonies composed of clumps of interwined and branching hyphae 
Saprophytes: fungi that live and use organic matter such as soil, rotten vegetation as the energy source
Spores: reproducing bodies of molds
Yeast: unicellular growth form of fungi – spherical or ellipsoidal 
-reproduce by budding (if they do not separate, form long chains of yeast cells knowns as pseudohyphae) 

Levels (depth) of Infection by funal pathogens:
Skin              Blood stream
Superficial  cutaneous subcutaneous  systemic 
1) Superficial Fungal Infection:
-pityriasis versicolr (multicoloured) – caused by Malassexia furfur – hypo or hyperpigmented patches that remain white if you suntan 
-tinea nigra (black coloured) - caused by Exophialia werneckii – painless patches on soles of hands and feet
-pigment change of the skin
Treatment: spreading dandruff shampoo containing selenium and sulfide over skin 

2) Cutaneous funfal infections (skin, hair, nails) 
-dermatophytoses are a category of cutaneous fungal infection – caused by more than 30 species of fungi 
-dermatophytic unfi live in dead, horny layer of skin, hair and anils 
-secret enzyme keratinases (digest keratin)  scaling of skin, loss of hair and crumbling of nails

Common: Microsporum, Trichophyton and Epidermophyton
-Tinea corporis (body): ringworm (ring shaped worm under skin) 
-Tinea cruris (jock itch): itchy red patches on groin and scotum 
-Tinea pedis (athlete foot): commonly begins between toes
-Tinea capitis (scalp): primarily in children, seen as scaly red lesion with loss of hair 
-Tinea unguium (onychomycosis): nails are thickened discolored and brittle 
-Treatment: topical imidazoles (keep skin dry)

-Candida albicans: can infect the mouth (oral thrush), groin (diaper rash) and vagina (vaginitis) 

3) Subcutaneous fungal infection:
i) Sporothrix schenckii: cases sporotrichosis, occupational hazard for gardeners
-subcutaneous nodule appears and becomes necrotic and ulcerative 
-ulcer may heal but new nodules will arise nearby and along the lymphatic tracts of the arm
-treatment with potassium, idodide or amphotericin B 
ii) Phialophora and Cladosporium 
-causes chromoblastomycosis
-found on rotting wood, infection follows puncture wound
-violent colored wart like lesions (cluster of lesion – cauliflower)

Treatment: with itraconazole and local excision 

4) Systematic fungal infection:
-dimorphic funfi – grow as mycelial forms – spores at 25 degree C on Sabouraud agar
-at 37 degree C (on blood agar plates)  grow in yeast form 
-dimorphism  part of human infection in soil, they are myecelia and released spores in air  once inhaled by humans  grow as yeast cells 
-3 fungi that cause systematic disease in humans are Histoplasma capsulatum, Blastomyces dermatitidis and Coccidioides immitis 

All 3 have similar mechanisms of disease
-acquired by inhalation (or spores) – NOT transmitted person to person 
-local infection in lung, then blood stream dissemintation
-3 clinical presentation: Asymptomatic, Pneumonia, Disseminated 

Cryptococcus neoformans: polysaccharide encapsulated yeast (not dimorphic though)
-inhaled in lungs usually asymptomatic 
-major manifestation in meningoencaphalitis
-most cases occur in imuunocompromised persons (10% in AIDS develop cyrptococcosis) 
-treatment with amphotericin B and glucytosine
-Treatment may last for 6 months (AIDS ppl need for life) 

Aspergillus flavus
-spores of this mold are everywhere 
-some develop type 1 hypersensitivity reaction (IgE-mediated) 
-persons with lung cavitation from TB or malignancies can get aspergillus funal ball (aspergilloma) in cavity 
-immunocompromised persons can develop invasive pneumonias and disseminated diseases
-A. flavus and other fungi produce toxins called mycotoxins 
-A. flavus produces aflatoxin: 
-contamination of peanuts, grains and rice

[image: ]

Average Levels of Aflatoxin: ** look at graph 
-peanuts and peanut products – vegetable oil and fat – cereal and cereal products 
































LECTURE 7: PARASITISM

-intimate  and obligatory symbiotic relationship between two organism of different species
-parasite is metabolically and physiologically dependent on host
-short term (mosquito) or permanent (tapeworm)
-very common way of life (50% of animal species)
-true parasites: include protozoans (single celled), helminthes (worms) and arthropods (ectoparasites) 

“Success of parasites” defined in terms of:
-prevalence in hosts
-number of host species available 
-geographic range
-number of offspring
-available routes of transmission

A) PROTOZOA (unicellular)

1) Giardia lamblia (syn G. duodenalis, G. intestinalis) 

Disease: Giardiasis; infection of the small bowel, often asymptomatic
-various intestinal symptoms (diarrhea and steatorrhea, excess lipids in stool – stinky!)
Incubation 1-4 weeks
Symptoms:
-most infection are asymptomatic (carriers)
-acute giardiasis: diarrhea, weight loss, abdominal discomfort, nausea, vomiting
-retardation of growth and development in young children (failure to thrive)

History: first described by Leeuwenhoek in 1691: 
-demonstrated to be a true pathogen in the early 1900s 
-most frequently identified intestinal parasite worldwide 

Epidemiology: Trophozoites in bowl  cysts eliminated with stool 
-then accidentily ingested –poor sanitation and children 

Prevalence: - most common protozoan infection of intestinal tract worldwide
-2-5% in industrialized world and 20-30% in developing world;
-prevalence rises through infancy and childhood and declines in adolescence (related to faecal-oral route of transmission) 
-health education and sanitary disposal of faeces – effective water treatment 

Lifecycle:
-excystation
-trophozoites in small intestines
-longitudinal binary fission
-encystation
-cycsts shed with faeces 

Microscopy (stool exam):
-cysts concentrated by flotation and identified using bright field microscopy
-immunofluorecence microscopy using fluorochrome-conjugated mAb’s that bind to cyst wall 

Immunological Testing: detection of Giardia-specific antigens in faeces (eg ELISA)

Treatment: 
-nitroimidazole derivate: metronidazole and tinidazole are the drugs of choices; 2 g (single dose) daily for 3 days

NB. Drug resistance to metronidazole and furazolidone has been described 

Control – Water Treatment:
-resistance to chlorination
-fewer outbreaks municipalities using water filtration 
-ozone/ UV light promising 
-EPA method 1623 

Public Health Education: 
-increase awareness of person to person transmission; improve hygienic practices (eg daycare) 
-food borne infection (food handlers, was produce)
-backpackers drinking raw surface water are at risk (portable filters, boil water) 
-advice to travelers (avoid tap water, peeled fruits) 

2) Trichomonas vaginalis:
-possibly the most common sexually transmitted disease worldwide (200 million cases) 
-transmitted through mucous membrane contact (no resistant cyst stage) 

Symptoms: 
-40-50% asymptomatic carrier 
-vaginitis (trichomoniasis) with itching, foul smelling, sometimes forthy discharge 
-may increase susceptibility to cervical cancer and HIV infection
-infection during pregnancy may result in premature delivery and low birth weight
-males usually asymptomatic; occasionally urethritis, prostatitis 

Diagnosis: 
-microscopy (wet mounts) to identify trichomonands in vaginal or urethral discharge
-vary greatly in size (10-30um) 
-can be cultivated

Treatment: -metronidazole and tinidazole are drugs of choice
-to avoid re-infection testing and treatment of partners is important 

N.B in order to avoied reinfection – treatment of partners is necessary

3) Entamoeba histolytica
-common in developing tropical countries 
-transmitter through faecal-oral route (person to person), contaminated water, raw produce, food handlers, flies
-largely related to poor sanitation and hygiene 

Symptoms:
-typically infections of the large intestines may be asymptomatic or may result in diarrhea and constipation
-amoebic dysentery in some patients (blood/ mucoid diarrhea) 
-may spread through blood to produce liver lung or brain abscesses 

Diagnosis: microscopic identification of trophozoites (18-30 um) or cysts in faeces or in lesions 

Treatment:
-luminal amoebicides (such as paromomycin, diloxanide furoate and iodoquinol) act on organisms in the intestinal lumen 
-for symptomatic intestinal disease or extraintestinal infections (liver abscess), the drugs of choice are metronidazole or tinidazole, immediately followed by treatment with luminal amoebicdes 

Control: -public health education – improve sanitation and water treatment – wash fruits and vegetables 

4) Toxoplasma gondii: Toxoplasmosis 
-recognized as  a human pathogen in early 1900’s
-very high seroprevalence in humans worldwide
-large number of mammals and birds act as intermediate hosts
-cats are the only definitive hosts (shed oocysts) 

Disease: usually mild often undetetected 
-may present with fever, lymphadenopathy 
-Congenital infection can be very serious: hydrocephaly, microephaly, pyshchomotor disturbances, choriorentinitis 
Symptoms: 
1) Immunocompetent host : 90% asymptomatic, lymphadenopathy, headaches, muscle aches, fever, malaise 
2) Immunocopromised host: encephalitis, myocarditis, pneumonia (AIDS- defining disease) 
3) Congenital infection: hepatosplenomegaly, mental retardation, retinochoroiditis, hydrocephalus 
Diagnosis: (1) serological (2) mouse inoculation 
Life Cycle:  
[image: ]

Transmission: 
1) Ingestion of sporulated oocysts (10-12 um)
-contaminated soil/sand
-contaminated fruits and vegetables 
-waterborne outbreaks (Victoria BC 1995) 
2) Ingestion of tissue cysts: raw or poorly cooked meat
3) Congenital Infection of fetus: infection acquired during pregnancy (most severe if acquired in first trimester) 

Epidemiology: Acquired through ingestion of raw or undercooked meat 
-by contact with cat faeces – other animals couldbe infected (Cattle, sheeps, chickens)

Treatment of toxoplasmosis
-diagnosis based on serological assays 
-immunocompetent patients normally don’t require treatment unless symptoms become severe or chronic
-immunocompromised patients require prompt treatment with a combo of pyrimethamine and sulfadiazine 
-Congenital infections: mother/fetus can be treated or reduce incidence and severity of fetal infection – infected neworns cab be treated to minimize sequelae 

5) Plasmodium species 
-group of 4 protozzoa – cause different types of MALARIA 
-Plasmodium vivax, P. malariae, P. falciparum, P. ovale 

Disease: malaria  chills, sweating, headache 
-may lead to jaundice, renal failure, acute encephalitis and coms
-Secondary anemia: enlarged spleen
-intervel of recurrences varies with organisms causing the infection 
Symptoms: - spiking fever and chills
-flu like symptoms (myalgias, headaches, abdominal pain, malaise)
-severe symptoms (P. falciparum) – seizures, coma, renal failure, resp failure 
Diagnosis: blood smears stained with Giemsa 
-NB: Collected blood just before fever peaks  
-if unknown- six hour interval 

Epidemiology: sporozoites of plasmodia introduced  bite of mosquitos 
-occasionally through transfusion from infected donors; drug addicts 

Transmision: anopheles mosquitoes (vectors), blood transfusion/ shared needles, congenital infection, airport malaria 

Malaria propylaxis and treatment:
-chloroquine and mefloquine are drugs of choices for prevention and treatment 
-drug resistance is a serious problem 

Control: - a largely a man made disease (clearing of forests, building of irrigation canals) 
-eradication or control of mosquitoes (resistance to insecticides)
-protection against mosquito bites: avoid rural areas at night, long-sleeved shirts/long pants, insect repellent, bed netting 

6) Cryptosporidium spp. 
-recognized as human pathogen (1976) 
-reported in humans worldwide
-most common symptoms: dehydration, weight loss, abdominal pain, fever, nausea, vomiting
-chronic, debilitating and potentially life threatening symptoms in immunocompromised 

Life cycle
-complex life cycle including both sexual and asexual phases (oocysts 4-6 u) 
-obligate intracellular protozoan which infects the intestinal epithelial cells of the host (typically in small intestine) 

Transmission: water, food, faecal oral route 
WATER: -numerically the most important mode of transmission (contaminated drinking water) – waterborne outbreaks – cattle 
-recently numerous outbreaks associated with water park/pools 

Transmission – C. parvum 
Person to person: ingestion of occysts due to poor hygiene (day cares, institutionalized patients) 
Autoinfection: thin walled oocysts are released into the lumen and cause auto infection
-responsible for chronic and life threatening disease in immunocompromised 
Zoonotic: -cattle serve as important reservoir hsots
-calves with diarrhea can excrete up to 10^10 oocysts/ day
-environmental contaminations; veterinary personnel and animal handlers at increased risk (petting zoo visitors) 

Diagnosis: Microscopy: oocysts in faecal specimens
-oocysts shedding intermittent; multiply stools examined 
-concentration methods can be used when low oocysts shedding
-wet mounts or permanent stains are used (acid-fast) 
-fluorescein-labeled IgG mAB is used inimmunofluorescence microscopy 

Control: 
Water treatment
-watershed management – flocculation/ sand filtration –resistance to chlorination
-ozone, UV light –water testing (EPA method 1623) 
Public Health Education:
-in endemic areas, avoid drinking tap water/ ice cubes, raw fruits and vegetables unless you can peel them 
-immunocompromised patients should consider bottled water
-exposure to temperatures above 60 degree C and below – 20 degree C will kill oocysts
-because crypto is spread person to person – handwashing
-precautions are required when caring for patients with crypto diarrhea; lack of effective disinfectants against oocysts (nosocomial infection) 

7) Cyclospora (Cyclosporiasis) cayetanensis
-identified as a coccidian protozoan parasites and named in 1993
-cases reported in North, Cental, South America, Carribean, SE Asia, Europe, UK, India, Africa
-Endemic countries include Nepal, Haiti, Peru and Guatemala 

Symptoms: prolonged and severe diarrhea 
-low infection dose
-incubation period approx. 1 week
-profuse and prolonged diarrhea
-abdominal pain, nausea, vomiting, fatigue, fever, loss of appetite

-effectively treated with Bactrim (trimethoprim sulfamethoxazole) 

Diagnosis
-microscopic examination of wet mount stool for oocysts (bright field, differential interference contrast, autofluorescence)
-staining methods (ex acid fast) 

Transmission: incubation 1 week 
-contaminated water or food 
-person to person transmission unlikely 
-zoonotic transmission unlikely
-most earlier outbreaks were waterborne
-90-99% of cases n US are food borne
-numerous foodborne outbreaks in recent years 

Contamination of Foods:
Direct Contamination: infected pickers, sorters, inspector or other food handlers (poor hygiene sporulation)
Indirect Contamination: contaminated water used for irrigation mixing pesticides washing equipment washing hands 

Prevention: hand washing, sanitary disposal of faeces – effective h20 treatment

B) METAZOA (multicellular) 

1) Nematodes (round worm) 

i) Enterobius vermicularis (pinworm, oxyuriarsis) 
-prevalent world wide
-highest incidence in school age children
-up to 50% of children in North America
-more of a nuisance than a health problem
-eggs ingested (faecal oral route) 

Symptoms: mild infection of caecum/ colon
-may cause itching (pruritus ani) leading to disturbed sleep, irritability 
-scratching may cause secondary infections

Diagnosis/ Treatment: - scotch tape test of anal area
-microscopic identification of (ova) eggs; adult females worms may also be present (8-13mm)
-drug of choice is pyrantel pamoate 

Epidemiology: highest incidence in school age children – transmitted directly (eggs) 

Control: personal hygiene education for children (wash hands)
-discourage scratching, nail biting
-frequent bathing: regular change of under clothing, pjs and bedding

ii) Trichinella spp. (Trichinosis)
-small roundworm found worldwide in many carnivorous and omnivorous animals, including humans
-transmitted through ingestion of larvae in raw or poorly cooked meat
-survives as adult in small intestines; as larvae encytsted in striated muscle 

Diagnosis: caused by migration through the body of larvae of Trichinella spiralis and subsequent encystsment in muscles characteristics oedema, muscle pains, headache, fever, weakness

Trichinella spiralis (domestic form)
-human swine rats responsible for endemicity
-horses (probably fed animal products supplement) 

Trichinella native (sylvatic or wild form)
-human, bears, wild boar, wolf, fox, walrus etc

Symptoms: dependent upon phase of life cycle 
-when larvae excyst in small intestine –diarrhea, abdominal pain vomiting 
-when next generation of lavae migrate into muscle tissues – facial edema conjunctivitis fever myalgias 
-occasional life threatening manifestation include myocarditis central nervous sytem involvement and pneumonitis 
-occasional life threatening manifestation include myocarditis central nervous system involvement and pneumonitis 

Epidemiology: ingestion of raw or badly cooked meat containg viable encytsted trichinae (pork, bear) 

Treatment: -thiabendazole effective against intestinal phae
-mebendazole and albendazole have some effect on tissue phases
-steroids may be used to refuce inflammation

Control: rodent control
-avoid garbage feeding to livestock 
-inspection program (trichinoscopy, digestion, ELISA)
-cooking/ freezing (T. native very resistant to freezing) 

iii) Ascaris lumbricoides 
-very large intestinal nematode (adult females 20-35 cm; adult male 15-30 cm) 
-high prevalene worldwide (especially warmer regions); most common human helminth infection (over 1 billion cases) 

Transmission: after shedding with the faeces, eggs mature and become infective after several days
-transmitted through ingestion of eggs in soil, fruits/ veg or water
-associated with poor sanitation

Symptoms: -asymptomatic or vague abdominal discomfort
-vomiting and or obstruction may occur 

Diagnosis and Treatment: 
-stool examination (microscopy) for the presence of eggs
-mebendazole, albendazole or pyrantal pamoate 
-surgery may be required to clear worm bolus 

Treatment: Mebendazole or pyrantel pamoate surgery to clear worm bolus 

iv) Anisakis simplex (whale worm or herring worm) 
-Anisakiasis first reported in Netherlands in 1950 
-high prevalent in Japan (over 1000 cases per year)
-tsill quite rare in North America
-most cases arise from home prepared sushi, sashimi, ceviche 

Anisakis simplex – host
-definitive hosts – dolphins porpoises whales
-first intermediate hosts – marine crustaceans
-second intermediate hosts – salmon meckeral cod herring tuna squid 

NB. Humans are dead end hosts only 

Symptoms: 
-A. simplex often invasive (penetrates mucosa) 
-abdominal pain, nausea, vomiting

Diagnosis/ Treatment
-diagnosis difficult – no eggs in stool
-endoscopic and radiological examination may be useful 
-immunological tests 
-symptoms often mistaken for appendicitis; exploratory surgery may reveal larvae which are then removed
-drug treatment is not effective  spontaneous expulsion, surgical resection, endoscopy 

Control:
-inspection of fillets at processing plant
-candling on a light table will reveal larvae
-cooking/ freezing very effective 

2) Platyhelminths (Flat worms) 

i) Cestodes: 
a) Diphyllobothrium spp. Broad fish tape worm
-large tapeworm (10 m long) 
-adult tapeworm inhabits the small intestine of humans and other fish eating mammals
-larva stages in freshwater fishes (eg pike trout perch whitefish salmon) which act as intermediate hosts 

-transmitted through consumption of raw or poorly overcooked freshwater fish containing infective larvae 

Disease: infection with adult tapeworm 6 nervousness, loss of appetite, insomnia, wight loss, abdominal pain 
Symptoms: -most cases are symptomatic 
-badominal pain dizziness fatigue vomiting diarrhea constipation
-vitamin B 12 deficiency with pernicious anemia

D. latum- infection can caused anemia (competitor for vitamin B12) 

Diagnosis and Treatment: - stool examination for eggs (microscopy) or proglottids (segments) 
-anthelmintic drugs effective (Praziquantal) 

Epidemiology: ingestion of raw/ under cooked meat or fish containing 6 tapeworm
-with T. Solium, ingestion of eggs can lead to cysicerosis (brain absesses) rare 

Taenia spp. 
-large tapeworms (up to 20mg in length) 
-adult stage only found in humans
-transmitted through ingestion of larvae in raw or poorly cooked meat 

b) Taenia saginata- beef takeworm
c) Taenia solium – pork tapeworm 

Taenia spp.
Symptoms (adult tapeworm): mild abdominal complaints 
Diagnosis: eggs or proglottids in stool – serological techniques 
Treatment: anthelmintic drugs (praziquantael) – surgery 

T. solium neurocysticercosis 
-infection with larval stage following ingestion of T. solium eggs (humans act as the intermediate host) 
-larvae migrate and develop in brain
-intracranial hypertension, hydrocephalus, convulsive seizures 

Control: both species are rare in Canada
-routine inspections in Canada by CFIA 
-cooking meat readily kills larvae
-in endemic countries – sanitation; present access of pigs to human faeces 

ii) Trematodes (Flukes) 

Schistosoma spp (Blood flukes) 
-world wide 200-300 million cases 
-free swimming larvae in fresh water penetrate skin and develop in BV surrounding intestine or bladder 
-three main species: S. haematobium, S. japonicum, S. mansoni 




Symptoms of schistosomiasis:
-rare except in heavily infected individuals 
-rash itchiness from penetrating larvae 
-fever, musce aches, enlargement of liver and spleen lymphadenopathy, hepatosplenomegaly 

Diagnosis: microscopic examination for eggs in faeces or urine
-treated with praziquantel 

Control: - eliminate habitate for snails which act as intermediate hosts: drainage channels
-spraying with molluscicides
-improved sanitation
-avoid contact with fresh water in endemic area 
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