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Native Human Microbiota 
 

• The human microbiota (all microbes living in/on our bodies) outnumber human cells. The microbiota 
helps resist pathogen colonization and trains the immune system. The intestinal microbiota also 
produces vitamins and digests non-absorbable carbohydrates into absorbable organic acids.  

• Disrupting normal microbiota, e.g., with antibiotics, can ® disease.  
 
 
Examples of common microbes in each body system (that might be cultured from relevant samples): 

 

  Upper Respiratory Tract 
• Native defenses: Salivary 

flushing, mucus traps, ciliary 
escalator and competition from 
native microbiota. 

• Nasal microbiota: Staphylococcus 

aureus, S. epidermidis, 
Corynebacterium, and 
Streptococcus. 

• Pharyngeal microbiota: 
Streptococcus, Fusobacterium, 
Prevotella and Neisseria. 

Ear 
• Native defenses: Cerumen (earwax), 

which has antimicrobials. 
• Outer ear microbiota: Staphylococcus, 

Streptococcus, Corynebacterium 
(diphtheroids), Pseudomonas aeruginosa, 
and Candida.  

• Middle ear microbiota: The Eustachian 
tube = a microbial portal to the middle ear. 
Alpha-hemolytic Streptococci, Haemophilus, 
and Moraxella catarrhalis.   

 

Urethra 
• Native defenses: 

Urinary flushing. 
• Microbiota: S. 

epidermidis, 
Enterococcus faecalis, 
alpha-hemolytic 
Streptococci, and enteric 
bacteria. 

Oral 
• Native defenses: Biofilms that resist 

mechanical stress and antibiotics. Saliva 
flushes the mouth, contains IgA, PMNs, 
antimicrobials and minerals for tooth enamel.  

• Microbiota: Streptococcus, Actinomyces, 
Veillonella, Fusobacterium, Porphyromonas, 
Prevotella, Treponema, Neisseria, 
Haemophilus, Eubacteria, Lactobacterium, 
Capnocytophaga, Eikenella, Leptotrichia, 
Peptostreptococcus, and Cutibacterium.  

Stomach 
• Native defenses: Acid pH 

(pH 1.5-3.5).  
• Microbiota: Helicobacter 

pylori, Prevotella, 
Streptococcus, Veillonella, 
Rothia and Haemophilus.  

Vagina 
• Native defenses: Lactobacilli maintain 

acid pH (via lactic acid, pH 4.0-4.5), 
adhere to epithelial cells (competition) 
and produce antimicrobials. 

• Microbiota: Lactobacillus, Gardnerella 

vaginalis, Mobiluncus, and C. albicans.  

Intestines 
• Native defenses: Bile, mucus, secretory IgA, lymphoid tissues 

(Peyer’s patches), peristalsis and the flow of GI contents, and 
competition from native microbiota.  

• Intestinal microbiota: ~1000 different bacterial species 
(anaerobes predominate).  
o Small intestine = 102-108 microbes/ml (102 in the jejunum to 

108 in the distal ileum). Lactobacillus, Streptococcus and 
Bacteroides.  

o Large intestine = 1010-1012 microbes/ml. Bacteroides, 
Eubacterium, Clostridium, Peptostreptococcus, 
Streptococcus, Bifidobacterium, Fusobacterium, 
Lactobacillus, Enterobacteriaceae, e.g., Escherichia coli, and 
Staphylococcus.  

 

Skin 
• Native defenses: 

Competition from native 
microbiota (skin = 33°C, 
dry, salty and acidic [pH 
5.5]). Gram +ve bacteria 
resist dry environments and 
predominate. Gram -ve 
bacteria occur in moist 
areas, e.g., axilla, groin and 
toe webs.  

• Microbiota: Cutibacterium 

acnes, S. epidermidis, 
Corynebacterium, 

Micrococcus, anaerobic 
Gram +ve cocci, aerobic 
Gram -ve bacilli, 
Malassezia furfur and 
Candida albicans.  
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General Bacteriology 
*Also see pp. 49-50 for bacterial cell wall structure, staining (e.g., Gram stain), bacterial growth, hemolysis, 
growth media and bacterial tests.  
 

Type Description 
Bacterial 
Morphology 

- Bacteria are prokaryotes = no nuclear membrane or 
organelles.  
 

- Bacterial shape = bacillus (rod), coccus (sphere), 
coccobacillus, vibrio (comma), spirillum (spiral), spirochete, or 
pleomorphic.  
 

- Bacterial arrangement (grouping related to the organism’s 
division plane) = singular, diploid, chains or clusters.  

Appendages - Flagellum (rotary motor + a long filament made up of flagellin units) - Bacteria 
can have ³1 flagella. Used for motility. Rotary motor uses ion motive force (H+ or 
Na+) for energy. Spirochetes have endoflagella = flagella beneath their outer 
membrane ® spiral motility. Motile bacteria use chemotaxis to control swimming 
direction to find food and optimal [O2].  

• Flagellin is recognized by innate immunity (TLR5), so bacteria down 
regulate flagellin synthesis during invasion or change flagellar antigen (phase 
variation).  
 
- Pili and fimbriae - thin, short cell projections used for adherence. “Sex pili” are 
used for conjugation (see p46).  
 

- Capsule - gelatinous layer around some bacteria (makes bacterial colonies mucoid and 
shiny). Made up of polysaccharide, or in rare cases, protein. Can have many serotypes 
(different sugars) within species. Do not inhibit bacterial dyes and are not stained by dyes.  

• Capsules are poorly immunogenic, poorly opsonized and resist phagocytosis.  
 
- Slime layer - excreted polysaccharides that are loosely bound. Helps form a biofilm.  

 
 

Bacterial Metabolism  
 

Type Description 
Aerobic versus 
Anaerobic 
Growth 

- Obligate aerobe - requires O2. Generates ATP from the electron transport system (ETS) using O2 as the 
terminal electron acceptor. Catalase and superoxide dismutase (SOD) break down H2O2 and 
superoxide, respectively. 
 
- Facultative anaerobe - lives with or without O2. Usually prefers O2. Derives ATP 
aerobically or anaerobically.  
 
- Microaerophile - requires O2 in low concentrations. Atmospheric O2 may be toxic.  
 
- Anaerobe - can’t use O2 as an energy source. Derives energy from fermentation.  

• Obligate anaerobe - can’t tolerate O2 due to toxic O2 products.  
• Aerotolerant anaerobe - can grow in the presence of O2, but can’t use O2 for energy. Have 

catalase or SOD. Streptococci have peroxidase instead.  

Respiration  - Respiration - ETS is used to generate energy (the H+ gradient drives ATP synthase to make ATP). The ETS is located 
in the cytoplasmic membrane (the inner membrane of Gram-negatives).  

• Aerobic respiration = O2 is the terminal electron acceptor.   
• Anaerobic respiration = uses an alternative electron acceptor, e.g., nitrate. Less efficient.  

Fermentation - Uses substrate level phosphorylation for energy. Does not use the ETS. Generates less energy than aerobic or 
anaerobic respiration.  
- Products are acidic and lower the pH of growth media. pH-sensitive dyes can be used to test whether a bacterial strain 
ferments a specific sugar (see p50 for examples).  

Siderophores - Pathogens need iron in large amounts for hemes, etc. To get iron, they excrete siderophores (iron chelators) that bind 
iron and are actively transported into the cell. Excess iron increases the virulence of many bacterial pathogens.  
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Gram-Positive Cocci 
All pyogenic 

Staphylococcus: Basics Pathogenesis  Infections 

Staphylococcus aureus Colonize: nasal 
mucosa, skin and 
vaginal mucosa.  
 
Spread by: 
sneezing, hands, 
skin lesions and 
fomites.  
 
Facultative 
anaerobe - uses 
aerobic respiration.  
 
Prefers 35ºC for 
growth.  
 
Very hardy: 
withstand high salt 
(7.5-10%), drying, 
and heat.  
 
Grows on mannitol 
salt and ferments 
mannitol ® yellow.  
 
 

For colonization:  
- Adhesins = attach to collagen. 
- Fibronectin-binding protein = bind to clots 
and damaged tissue. 
For invasion: 
- Staphylokinase = lyse fibrin clot. 
- Hyaluronidase = hydrolyze hyaluronic 
acid. Tissue spreading.  
To inhibit phagocytosis: 
- Polysaccharide capsule. 
- Protein A - bind IgG Fc. 
- Coagulase - activates prothrombin to 
form a clot. 
- Clumping factor = bound coagulase - 
binds fibrin to wall off abscess. 
To enhance survival: 
- Catalase - removes H2O2. 
- b-lactamase - cleaves penicillin. 
Membrane-disrupting toxins: 
- Cytolytic/hemolysins - a, b, d, g. Cause 
cell pores.  
- Panton-Valentine Leukocidin (PVL) - 
pore forming toxin in CA-MRSA strains.  
Exotoxins: 
- TSST-1 - superantigen that binds MHC-II 
without processing antigen ® activated T 
cells ® massive cytokine release (TSS). 
- Enterotoxins A (SEA), B (SEB), C, D, etc. 
Heat-stable superantigens. Cause 
vomiting and diarrhea (food poisoning) and 
TSS.  
- Exfoliative toxins = proteases that cleave 
desmoglein-1, which normally holds skin 
layers together. Cause blisters (bullous 
impetigo) and loss of epidermis (SSSS). 
 
Methicillin resistance: 
Methicillin-resistant S. aureus (MRSA) 
contain Xsomal mecA gene ® modified 
penicillin-binding protein.  
Other drug resistances = plasmid-borne 
and transferred by phage.  
 
CA-MRSA = less antibiotic resistance than 
HA-MRSA. But CA-MRSA = more virulent 
and more invasive.  

Pyogenic infections: Impetigo 
(bullous, non-bullous, ecthyma), 
folliculitis, furuncles/boils, 
carbuncles, hordeola, mastitis, 
wound infections, otitis externa. 
 

Systemic infections: 
Pneumonia, empyema, 
septicemia, septic arthritis, 
osteomyelitis, endocarditis.  
 

- Endocarditis. Clumping factor 
binds to fibrinogen on normal 
heart endothelium. Fibronectin-
binding protein adheres to 
damaged heart. Once bound, a-
toxin damages the heart.  
 

Toxigenic infections: Food 
poisoning, toxic shock syndrome, 
Staph. scalded skin syndrome.  
 

- Food poisoning. Heat-stable 
enterotoxins (SEA, SEB) 
produced in poorly refrigerated, 
high-protein food, e.g., meat, 
dairy - before ingestion. Toxins = 
superantigens that bind vagus 
nerve endings ® rapid (1-6 hr) 
onset of nausea, vomiting, 
abdominal cramps and diarrhea. 
Over in <24 hr, not fatal.  
 

- Toxic shock syndrome (TSS). 
Surgical packing or 
hyperabsorbent tampons 
stimulate S. aureus growth, which 
produces TSST-1 or SEB/C ® 
systemic reaction. High fever, 
rash ® hypotension, vomiting, 
diarrhea, desquamation of palms 
and soles ® possible multiorgan 
failure.  No inflammation at 
original infection site.  
 

- Staphylococcal scalded skin 
syndrome (SSSS). Infection of 
umbilicus or face in < 5 year-olds. 
Exfoliative toxins ® large bullae 
(blisters) and epithelial 
desquamation.  

Staphylococcus epidermidis  Normal skin 
microbiota.  
 
Opportunistic 
pathogen. 
 
Grows on mannitol 
salt but does not 
ferment mannitol 
® red.  
 

Capsule and biofilm.  - Catheter or prosthetic device 
infections. Endocarditis of 
artificial valves.  
 
- Endocarditis in people with 
indwelling IV catheters or IV drug 
abusers.  
 
 - Otitis externa.  

Staphylococcus saprophyticus 

 

 

 

 

 

Normal vaginal and 
GIT microbiota. 
Opportunistic 
pathogen. 
 
Differentiate from 
S. epidermidis with 
novobiocin. 

 - UTIs (uncomplicated 
cystitis/pyelonephritis) - in 
adolescent females, often newly 
sexually active.  

Catalase +ve (O2 bubbles from H2O2) 
Coagulase +ve (clots blood plasma) 
b-Hemolytic 
Salt tolerant 
Golden yellow colonies 
Arranged in grape-like clusters 
Polysaccharide capsule 
 
 
 

Yellow, b-hemolytic S. aureus 
colonies on blood agar 

S. aureus fermentation on 
mannitol salt agar 

Catalase +ve 
Coagulase -ve 
Non-Hemolytic (g-hemolysis) 
Salt tolerant 
White colonies 
Arranged in grape-like clusters 
Polysaccharide capsule 
Novobiocin sensitive 
 
 
 Catalase +ve 
Coagulase -ve 
Non-Hemolytic 
Novobiocin resistant 
 
 
 

Catalase positive 

Gram 
+ve cocci 

in 
clusters 

White non-
hemolytic S. 

epidermidis 
colonies on 
blood agar 
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Streptococcus/Enterococcus: Basics Pathogenesis  Infections 
Streptococcus pneumoniae 

= Pneumococcus 

Facultative 
anaerobe, but 
ferments in the 
presence of O2.  
 
Colonize: 
Nasopharynx ® 
resp. droplet 
spread.  
 
Typing: Use 
capsular Abs = 
Quellung reaction.  
 
*Use optochin to 
differentiate S. 

pneumoniae from 
a-hemolytic 
Viridans Strep. 

To inhibit phagocytosis: 
- Capsular polysaccharide (>90 
serotypes) inhibits phagocytosis 
unless specific Ab is present.  
 
Membrane-disrupting toxin: 
- Pneumolysin O = pore-forming 
hemolysin from autolyzed S. 

pneumo. Activates complement, 
damages resp. epithelium ® 
productive cough + blood.   
 
Vaccines: <2 yrs = 13-valent 
conjugate vaccine (Prevnar13) = 
13 capsular polysaccharides 
linked to protein. ≥65 yrs = 
Prevnar13, then Pneumovax = 23 
capsular polysaccharide vaccine.  

- Pneumococcal pneumonia = lobar 
pneumonia. Major cause of death. Blood 
cultures often +ve. Rapid onset of chills, fever, 
productive cough (blood-tinged, rusty 
sputum). Predisposing factors: influenza/resp. 
viruses that damage mucociliary elevator, 
COPD, alcoholism, older adults. Bacteremia 
in pneumonia precedes meningitis.  
 
- Meningitis. Bacteremia ® meninges. Fever, 
headache, nuchal rigidity, altered mental 
status.  
 
- Otitis media & 
sinusitis. 

Streptococcus pyogenes 

= Group A Strep (GAS) 

 

 
Carriers have -ve ASO titers with 
repeated +ve throat cultures. For 
rheumatic fever, ASO titers > 200 are 
considered +ve. 

Facultative 
anaerobe, but 
ferments in the 
presence of O2.  
 
Reservoir: Human 
oropharynx. 
 
PYR test positive. 
 
*Use bacitracin to 
differentiate S. 

pyogenes from 
other b-hemolytic 
Strep.  

For adhesion/colonization:  
- M proteins = immunogenic 
fimbriae adhesins. 
- Protein F - binds fibronectin. 
For invasion: 
- Hyaluronidase = hydrolyze 
hyaluronic acid. May help tissue 
spreading. 
- Streptokinase = breaks down 
fibrin clot by activating 
plasminogen. 
To inhibit phagocytosis: 
- Hyaluronic acid capsule = 
antiphagocytic but 
nonimmunogenic polysaccharide.  
Immune interference: 
- C5a peptidase - interferes with 
PMN attraction. 
- M proteins - inhibit alternative 
complement pathway.  
Membrane-disrupting toxins: 
- Streptolysin O = a hemolysin 
that stimulates anti-streptolysin O 
(ASO) titer.  
- Streptococcal pyrogenic 
exotoxin-A and -C (SPE-A and 
SPE-C) = superantigens ® fever, 
rash, T cell proliferation and B 
cell suppression. Phage 
encoded. TSS.  
 

 

- “Strep throat” = pharyngitis with tonsillar 
exudate, anterior cervical lymphadenopathy, 
fever, nausea. 
- Scarlet fever - Strep throat + sandpapery 
rash + strawberry tongue. GAS with SPE.  
 

- Impetigo (non-bullous) - honey-crusted skin 
lesions.  
 

- Erysipelas - infection of dermal lymphatics, 
usually the face. Sharply demarcated border. 
 

- Cellulitis - erythema, pain, warmth, swelling. 
Poorly defined margins.  
 

- Necrotizing fasciitis. Kinases, 
hyaluronidase, cytolytic enzymes, SPE-A/C, 
and C5a peptidase cause rapid, life-
threatening infection. Cellulitis, gangrene, 
necrosis, multiorgan failure.  
 

- Osteomyelitis, toxic shock syndrome 
(with bacteremia), puerperal sepsis.  
 

Poststreptococcal sequelae: 
- Acute glomerulonephritis - dark urine, 
hypertension and edema. Caused by an M 
protein 12 (M12) serotype. Sequela to 
pharyngitis or impetigo. Ag-Ab complexes, 
complement activation and inflammation.  
- Rheumatic fever - fever, carditis, 
subcutaneous nodules, polyarthritis, chorea. 
Sequela to untreated GAS pharyngitis (not 
impetigo). Abs cross-react between M protein 
and heart muscle or joint antigens ® damage.  

Streptococcus agalactiae 

= Group B Strep (GBS) 
Facultative 
anaerobe, but 
ferments in the 
presence of O2.  
 
Colonize: GU and 
GI tracts. May be 
sexually 
transmitted.  

- Polysaccharide capsule, which 
is a poor immunogen.  
 

- Incomplete hemolysin = CAMP 
factor. +ve CAMP test  (>zone of 
hemolysis with S. aureus) + 
hydrolyze hippurate = ID.   
 
- Compared with S. pyogenes, 
colonies are buttery with a narrow 
zone of b-hemolysis.  

- Adult: Asymptomatic carriage, mild febrile 
illness or UTI that can lead to amnionitis or 
endometritis in pregnant women.  
 
- Neonate: Early onset (1-6 days) = resp. 
problems, sepsis, pneumonia, meningitis.  
Late onset (≥7 days)= septicemia and 
meningitis.  
 
- Pregnant women are screened for GBS -
intrapartum penicillin if +ve.  

Viridans Streptococci 
S. salivarius, S. mutans, S. sanguinis 

Facultative 
anaerobes, but 
ferment in the 
presence of O2.  
 
Normal oral, GI, 
GU tract 
microbiota.  

 

- Endocarditis - May follow dental trauma if 
have previously damaged heart valves and 
not treated prophylactically.  
 
- Dental caries, tooth abscesses and 
periodontitis. S. mutans causes dental 
plaque and dental caries through production 
of dextran biofilm and lactic acid that damage 
tooth enamel/dentin.  

Catalase -ve  
a-Hemolytic 
Lancet-shaped diplococcus 
Polysaccharide capsule 
Optochin sensitive 
Bile soluble (a cellular autolysin 
is activated by bile salts) 
No Lancefield group 
 

Catalase -ve  
b-Hemolytic 
Arranged in chains 
Hyaluronic acid capsule 
Bacitracin sensitive 
Lancefield Group A 
 

Catalase -ve   b-Hemolytic 
Diplococci in chains 
Polysaccharide capsule 
Bacitracin resistant 
Bile soluble 
Lancefield Group B 

Catalase -ve  
a-Hemolytic 
Optochin resistant 
Bile insoluble (tolerates bile) 
No Lancefield group 
 
 

S. pyogenes bacitracin sensitive 

Viridans 
Strep. - 
optochin 
resistant 

S. pneumoniae 
large capsule 

S. pyogenes 
G+ve cocci in 

chains 
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Streptococcus bovis group Important S. bovis group members: S. gallolyticus, S. 

infantarius 
Colonizes the GI tract. 
No growth in 6.5% NaCl. 

- Bacteremia with or without endocarditis.  
 
- Colorectal cancer. 

Enterococcus 

E. faecalis, E. faecium 

Normal GI tract 
and vaginal 
microbiota.  
 
Hardy: Grows in 
6.5% NaCl, at 
45°C and in bile 
esculin ® 
blackening.  

- Vancomycin resistance (VRE) = 
modification of cell wall 
pentapeptide precursor from –d-

ala-d-ala to –
d-lactate-d-
lactate.  
- Grows in bile 
(not just bile 
insoluble). 

- Significant nosocomial agents. Cause 
septicemia, wound infections, and UTIs. Esp. 
in patients with urinary or intravascular 
catheters. Subacute 
endocarditis in patients 
with previously 
damaged hearts 
following urinary or GI 
tract manipulations.  

 

Gram-Negative Cocci 
 

Neisseria: Basics Pathogenesis  Infections 

Neisseria meningitidis 

= Meningococcus 

Aerobe. OX+. 
Ferments maltose. 
 
Reservoir: Human 
nasopharynx. Respiratory 
spread.  
 
Fastidious: 
Nasopharyngeal samples 
are cultured on Thayer-
Martin + 5% CO2.  
 
CSF and blood are 
cultured on chocolate 
agar + 5% CO2.  
 
Gram stain of CSF = 
intracellular G-ve 
diplococci in WBCs. 

For colonization:  
- IgA protease - destroys IgA. 
- Pili - adherence and invasion of 
epithelial cells. 
 
To inhibit phagocytosis: 
- Polysaccharide capsule. Critical 
for bloodstream survival and for 
reaching the blood-brain barrier.  
 
- Modified LPS endotoxin = lipo-
oligosaccharide (LOS) = antigenic. 
Causes inflammation. 
- Excess unincorporated outer 
membrane blebs ® petechiae, 
purpura and disseminated 
intravascular coagulation.  
 
- Sequesters iron. 

Peak disease incidence = 6 mth-2 
yrs and young adults.  
 
- Meningococcemia. Pharyngitis or 
pneumonia may precede septicemia 
with/without meningitis. Petechiae 
or purpura = hemorrhagic rash.  
 
- Meningitis. Resp. ® meninges. 
Headache, fever, nuchal rigidity, 
vomiting, rash ® coma and Gram -
ve shock. ~100% death without 
treatment. Death in < 24 h. 
 
Vaccine: For 11-18 yr-olds, college 
freshman, new military recruits, or in 
outbreaks. 4 capsular serotypes 
(ACWY) conjugated to protein. 
Serotype B vaccines for 10-23 yrs.  

Neisseria gonorrhoeae 

= Gonococcus 
Aerobe. Does not ferment 
maltose. OX+. 
 
Reservoirs: Human 
carriers. Often 
asymptomatic. Spread by 
sexual contact or 
passage through an 
infected birth canal.  
 
Fastidious: Isolate on 
Thayer-Martin. Grow on 
chocolate agar. Both + 
5% CO2. 
 
Gram stain of male pus = 
intracellular G-ve 
diplococci in WBCs.  

For colonization:  
- IgA protease - destroys IgA. 
 

- Pili - adherence and invasion of 
epithelial cells. Pili have constant 
and hypervariable regions = > 1 
million antigenic variants = no 
immunity to reinfection. Phase 
variation turns pili genes on/off. 
  

- Outer membrane proteins (Opa 
and porins). Protein I (a porin) = for 
attachment. Opa = hypervariable 
virulence proteins that mediate cell 
binding and allow in vivo survival. 
 

- Modified LPS endotoxin = lipo-
oligosaccharide (LOS) = antigenic. 
Causes inflammation.  
- Sequesters iron. 

- Gonorrhea. Often coinfected with 
Chlamydia or other STIs.  
 

Male - Urethritis (with purulent 
discharge) or epididymitis 
(testicular pain and swelling).  
 

Female - Cervicitis +/- vaginal 
discharge. Urethritis. PID: 
Fallopian tube scarring ® infertility, 
ectopic pregnancy.  
 

Both - Proctitis (anal sex), 
pharyngitis (oral sex), 
conjunctivitis. Disseminated: Rash 
+ purulent arthritis in large joints. 
 

Infant = hyperpurulent 
ophthalmia ® blindness. Prevent: 
erythromycin eye drops after birth.  

  

Moraxella: Basics Pathogenesis  Infections 
Moraxella catarrhalis 
 

Diplococci found in the 
upper resp. tract as 
normal microbiota. OX+.  

- High level of drug resistance. b-
lactamase production can protect 
other susceptible species in the 
same location.  

- Otitis media. 
 

- Bronchitis in patients with COPD. 
- Resp. or CNS infections in 
immunocompromised. 

 

Kingella: Basics Pathogenesis  Infections 
Kingella kingae 
 

Coccobacillus in pairs or 
chains.  
OX+. 
 
Normal throat microbiota. 

 - Arthritis, osteomyelitis and 
tendon infections in young children. 
Bacteria can enter the circulation 
with minor oral trauma, e.g., 
brushing teeth.  

Catalase -ve  
a, b, or no –Hemolysis 
Diplococci in chains 
Bile insoluble (bile esculin +) 
Used to be Lancefield group D 
 

Catalase +ve 
Oxidase +ve (cytochrome oxidase +)  
Non-Hemolytic 
Kidney bean-shaped diplococcus 
Polysaccharide capsule 

Catalase +ve 
Oxidase +ve  
Non-Hemolytic 
Kidney bean-shaped 
diplococcus with flattened sides 
No capsule 

Thayer-Martin or chocolate agar 
+ 5% CO2 
 

Thayer-Martin or chocolate agar 
+ 5% CO2 
 

a or no –Hemolysis 
Lancefield group D 
 

G -ve cocci. N. men: penicillin or chloramphenicol. N. gon: 
cephalosporin (ceftriaxone) & macrolide (azithromycin).   
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Gram-Positive Bacilli 
 

Endospore Forming: Basics Pathogenesis  Infections 
- Endospores = metabolically inert and antibiotic resistant. Allow survival in adverse conditions (heat, chemicals or desiccation). Dehydration 
stabilizes proteins and nucleic acids. Calcium dipicolinate dehydrates nucleic acids. Keratin coat protects. Need an autoclave to kill spores.  
- Limited carbon or nitrogen triggers sporulation. Vegetative cell is destroyed in the process. Warm, moist conditions trigger germination.  
Bacillus 

B. anthracis 

B. cereus 

 

Aerobes & facultative 
anaerobes. CAT+.  

km, 
B. anthracis: Anthrax is a 
disease of herbivores. 
Animals are vaccinated in 
the USA. Spores can survive 
decades in soil and on 
animal skins. Spores are 
traumatically implanted, 
inhaled or ingested.  
 

B. cereus: Natural in soil, 
rice and vegetables.  
- Emetic (vomiting) 
disease, e.g., fried rice. 
Heat-stable enterotoxin ® 
rapid (1-6 h) nausea, 
vomiting, cramps + diarrhea.  
- Diarrheal disease, e.g., 
contaminat. meat, vegetable 
or sauces. 8-16h. Multiply in 
intestines, releasing heat-
labile enterotoxin ® 
abdominal cramps + 
diarrhea (no vomiting).  

B. anthracis:  
To inhibit phagocytosis: 
- Poly-D-glutamate 
capsule.  
Anthrax toxin: 
- Protective antigen (PA) 
that binds to cells and 
facilitates entry of lethal 
factor and/or edema 
factor.  
- Lethal factor (LF) = a 
metalloprotease of MAP 
kinase (needed for cell 
signaling, cell division and 
differentiation) ® cell 
death.  
- Edema factor (EF) = a 
calmodulin-activated 
adenylate cyclase that s 
cAMP, changing 
membrane permeability 
and ® cell water loss ® 
pulmonary (and other) 
edema.  
 

B. anthracis: Cutaneous anthrax - most 
human cases. Hazard for work with 
hooved animals, their skins or wool. 
Traumatic spore implantation ® papule 
® raised red lesion ® painless, black, 
necrotic eschar with a red, rolled edge. 
Edema + lymphadenopathy.  
 
- Gastrointestinal anthrax - rare. Spores 
in contaminated meat ® GI ulcers + 
edema. Nausea, fever, abdominal pain, 
vomiting blood, and diarrhea.  
 
- Inhalation anthrax (woolsorter’s 
disease) - rapid, life-threatening 
hemorrhagic lymphadenitis and 
pneumonia. Spores inhaled into lungs ® 
macrophages ® lymph nodes germinate 
and kill macrophages. Exotoxin ® lymph 
node hemorrhage and edema, 
hemorrhagic mediastinitis, pulmonary 
edema, and hemorrhagic pleural 
effusions. A widened mediastinum is a 
critical diagnostic feature. Bacteria ® 
bloodstream ® septicemia and death. 

Clostridium 

C. tetani 

C. perfringens 

C. botulinum 

Clostridioides difficile 

 

 

All anaerobes.  
 
C. tetani: Round, terminal 
endospores (drumsticks). 
Soil. Colonize GI tract of 
many animals. Traumatic 
implantation into low O2 
tissues ® germination, 
growth + toxin production.  
 
 

 

 

 

C. perfringens: Large, 
rectangular rod. Soil, dust 
and feces of humans + 
animals. Spores not usually 
seen in clinical specimens.  
 
 

 

 

 

C. botulinum: Soil and dust.  
 
 

 

 

 

 

C. difficile: Soil and human 
GI tract. Overgrowth 
associated with antibiotics.  
 

C. tetani: Deep, anaerobic 
wound. Tetanus toxin = 
acts on anterior horn cells. 
Toxin: infection site ® 
CNS ® gangliosides at 
presynaptic inhibitory 
interneurons ® cleave 
synaptobrevin ® block 
release of glycine + GABA, 
which inhibit motor nerve 
impulses ® unregulated 
excitatory synaptic activity 
® spastic paralysis.  
 
C. perfringens: Alpha-
toxin = a lecithinase that 
destroys eukaryotic 
membranes and causes 
tissue destruction. Theta-
toxin destroys PMNs. 
Fermentation of muscle 
carbohydrates ® gas.  
 
C. botulinum: Botulinum 
toxin is absorbed in the 
GIT. Acts on myoneural 
junctions, blocking the 
release of acetylcholine ® 
flaccid paralysis. 
 

C. difficile: Toxin A = an 
enterotoxin ® intestinal 
fluid secretion, mucosal 
injury and hemorrhagic 
necrosis. Toxin B = a 
cytotoxin that induces 
depolymerization of actin 
+ cell cytoskeleton loss.  

C. tetani: Tetanus - Paralysis begins in 
jaw (trismus/lock-jaw, risus sardonicus), 
and descends to large muscle groups 
(opisthotonos/back). Death from paralysis 
of throat + respiratory muscles.  
Vaccines: Tetanus toxoid vaccines: 
DTaP, Tdap, DT, Td.  
 

C. perfringens: Wound infection - Gas 
gangrene (anaerobic cellulitis).  
- Food poisoning - Watery diarrhea, 8-
24 h after ingesting contaminated meat. 
No vomiting. Toxin produced during 
sporulation. Resolves in 24 h.  
 

C. botulinum: Foodborne botulism. 
Toxin produced in poorly canned 
vegetables, e.g., green beans or 
mushrooms. Diplopia, dry mouth, 
symmetric descending flaccid paralysis. 
Neurological, not GI.  
- Infant botulism. Spores ingested in 
dust or honey. Immature GI microbiota 
permits spore germination. Toxin is 
produced in small intestine. Constipation, 
weakness, weak crying, poor feeding, 
lethargy, loss of head control (floppy baby 
syndrome), and possible respiratory 
arrest.  
- Wound botulism. Symptoms similar to 
foodborne botulism.  
 

C. difficile associated disease (CDAD): 
Environmental: Spores ® patient. Need 
soap to prevent! Endogenous: ~5% of 
adults carry C. difficile in their intestines. 
Oral antibiotics, PPIs, immunosup. or >65 
years ® C. difficile grows + toxins made.  
Mild diarrhea to pseudomembranous 
colitis (abdominal cramps, fever, and 
diarrhea with blood and pus). Megacolon. 

Anthrax 

Tetanus - opisthotonos 

Wound botulism 

Tetanus - trismus and risus 
sardonicus 

HAS 
SPORES 

HAS 
SPORES 
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Non-Endospore Forming: Basics Pathogenesis  Infections 
Listeria 

       Listeria monocytogenes 
 

Listeria are coccobacilli with 
tumbling motility. Facultative 
anaerobes that grow in acid, 
high salt + wide temperature 
range (incl. cold growth). 
CAT+. b-hemolytic.  
L. monocytogenes: Soil and 
GI tract of animals. 
Foodborne in cabbage, deli 
meats and soft cheese ( in 
bacterial numbers in fridge).  
Facultative intracellular - 
grows in macrophages and 
cells lining the GI tract.  

Immune avoidance: 
Ingest L. monocytogenes 

® intestines ® uptake into 
epithelial cells. Pore-
forming listeriolysin 
enables escape from the 
phagosome before 
lysosome-phagosome 
fusion. Multiplies in the 
cytosol ® actin 
polymerization at one pole 
® propels bacteria against 
host plasma membrane ® 
protrude into adjacent cell.  

Most Listeria infections in healthy adults 
are asymptomatic.  
- Mild gastroenteritis in summer. Some 
people remain fecal carriers. 
- Granulomatosis infantiseptica. 
Septicemia in pregnant women - cross 
placenta ® pyogenic granulomas over 
neonate. L. monocytogenes in vagina ® 
neonatal septicemia or neonatal 
meningitis. Also miscarriage and stillbirth. 
- Meningitis in compromised, e.g., renal 
transplant, pregnant women and >65 
years. Most common clinical listeriosis. 
Intestine ® blood ® meninges.  

Corynebacterium 

       Corynebacterium 

diphtheriae 

 

 

Corynebacterium: Club-
shaped, nonmotile, prefer 
O2. Angular pairs (X & Y), 
palisades. CAT+. 
 

Ubiquitous in plants and 
animals. Diphtheroids = any 
Corynebacterium that is not 
C. diphtheriae - colonize the 
skin and mucous 
membranes of humans.  

 
C. diphtheriae: Human 
reservoirs. Colonizes but 
does not invade the 
oropharynx. Maintained by 
asymptomatic carriage in the 
oropharynx or skin of 
immune individuals (after 
vaccination).  
 
Spread: Respiratory droplets 
or skin contact.  

Diphtheria toxin = an A-B 
toxin. A subunit = an ADP 
ribosyl transferase that 
ADP-ribosylates eukaryot. 
EF-2, inhibiting protein 
synthesis. B subunit 
directs the toxin to the 
oropharyngeal mucosa, 
heart, and nerve cells. 
Toxin is only produced by 
C. diphtheriae infected 
with corynephage beta (a 
bacteriophage).  

- Respiratory diphtheria - 2-6 day 
incubation ® bacteria multiply on 
epithelial cells in pharynx. Initial local 
damage caused by toxin. Exudative 
pharyngitis evolves into a thick, dirty white 
pseudomembrane (dead cells, fibrin, 
bacteria, lymphocytes and gray pigment) 
= difficult to remove. Can obstruct the 
airway ® suffocation. Toxin diffuses into 
neck tissue ® edema (bull neck). Toxin is 
absorbed and disseminated ® 
myocarditis, cardiac dysfunction, and 
laryngeal nerve palsy. Death from 
respiratory obstruction or cardiac failure.   
- Cutaneous diphtheria - Acquired by 
skin contact with an infected person. Skin 
break ® papule ® chronic nonhealing 
ulcer with (if tox+) a gray membrane. 
Toxin can cause systemic effects.  
 
Vaccines: Diphtheria toxoid vaccines: 
DTaP, Tdap, DT, Td.  

Gardnerella 

Gardnerella  

vaginalis 

Facultative anaerobe.  
 
Vaginal microbiota. 
 
Gram-variable bacillus - has 
a thin Gram +ve cell wall.  
 

Associated with “clue 
cells” = epithelial cells with 
adherent G. vaginalis 
(helps differentiate it from 
Trichomonas vaginalis). 

- Bacterial vaginosis via disruption of 
normal vaginal biota and overgrowth. 
Lactobacillus maintains acidic 
environment and prevents G. vaginalis 
overgrowth. “Fishy” vaginal discharge that 
is thin, homogeneous, milky-white, 
somewhat adherent ® +ve amine test 
(fishy smell with 10% KOH).  

Cutibacterium acnes Aerotolerant anaerobe. Skin 
microbiota (in follicles). Lives 
on glycerol from sebum.  

C. acnes enzymes digest 
sebum ® cell damage + 
inflammation.  

- Acne in young adults.  
 
- Keratitis. 

    

Branching Bacilli: Basics Pathogenesis  Infections 
Actinomyces 

Actinomyces israelii 

Non-acid-fast, anaerobe.  
 
Bacilli to branched, 
filamentous forms.  
 
Normal mucosal microbiota 
in gingival crevices, the 
female genital tract and 
gastrointestinal tract.  

Endogenous infection from 
trauma that compromises 
tissue blood flow and 
allows Actinomyces to 
penetrate. 
 

A. israelii grows 
without respect 
for internal 
anatomic 
barriers. 

- Cervicofacial (“lumpy jaw” from tooth 
extraction), thoracic, abdominal or 
pelvic abscesses (e.g., from intrauterine 
device). Cause swelling, and sinus tract 
formation with hard 
yellow microcolonies 
(sulfur granules). Brain 
abscesses can occur.  
Infections are often 
misdiagnosed as 
neoplasms.  

Nocardia 

 

Aerobe. Partially acid-fast 
(have mycolic acid in their 
cell wall) filaments that break 
up into rods.  
 
Found in soil. CAT+. 
Urease +ve. 

 - Pulmonary nocardiosis - inhalation. In 
patients with low WBC or CD4+. 
Resembles tuberculosis with 
hematogenous spread to other organs, 
incl. brain. Not contagious.  
- Cutaneous or subcutaneous 
infections - traumatic implantation.  
- Brain abscesses.  

Loeffler coagulated serum medium 
Tellurite medium 

Bull neck of diphtheria 

Clue cell 

Pseudomembrane 



All Medical Microbiology Summary, January 2021 

Created by Kylie J Watts, Loma Linda University, for educational purposes 9 

Gram-Negative Bacilli 
 

Aerobes: Basics Pathogenesis  Infections 

Pseudomonas 

       Pseudomonas 

        aeruginosa 

In water/soil, motile 
(unipolar flagellum). 
Forms biofilms. 
Grape-like odor. 
Pigments (diffusible): 
pyocyanin, pyoverdine, 
pyorubin.  
CAT+. 
OX+. 

Pigments: pyocyanin induces 
oxidative stress, pyoverdine = 
Fe3+ chelator/siderophore.  
 
Endotoxin, alginate capsule 
(antiphagocytic and involved 
in adherence/colonization).  
 
Exotoxin A = ADP ribosylates 
EF-2 ® cell death.  
Elastase - damages Ig, 
elastin, collagen. 

- Major nosocomial and opportunistic 
pathogen: burns cellulitis with blue-
green pus, CF lung infection, 
pneumonia, UTIs, ulcers, wound 
infections, osteomyelitis, swimmer’s 
ear (otitis externa), malignant otitis 
externa, hot tub folliculitis, green nail 
syndrome, septicemia (+/- ecthyma 
gangrenosum), shock/death. 
 
- 10% of normal population has 
transient GI colonization ® loose 
stools.  

Legionella 

       Legionella 

       pneumophila 

Poorly Gram-staining, 
facultative-intracellular. 
In amebae in streams - 
contaminates air 
conditioners, hot water 
heaters, etc. Inhaled 
aerosols. No human-
to-human trans. 
Common source 
exposure. CAT+. OX+. 

Bacteria are taken into 
alveolar macrophages. 
Inhibits lysosome-phagosome 
fusion. Grows in phagosome 
and kills the cell. 
 
- Affects older debilitated 
adults or 
immunocompromised. 

- Legionnaires’ disease - 
necrotizing, multifocal pneumonia 
with myalgia, headache, fever, 
diarrhea, nonproductive cough and 
often hyponatremia.  
 
- Pontiac fever = nonfatal 
pneumonitis (reaction to inhaled 
components).  

Bordetella 

      B. pertussis 

      B. parapertussis  
      B. bronchiseptica 

Small, extracellular. 
Human only pathogen. 
Acquired from droplets 
(coughing, sneezing), 
or direct contact with 
discharge. 
CAT+. 
 
 
 

Adhesins = filamentous 
hemagglutinin, pertussis toxin 
+ pertactin - attach to ciliated 
respiratory epithelium. 
Pertussis toxin - ADP 
ribosylates Gia®cAMP. 
Causes lymphocytosis. 
Adenylate cyclase toxin also 
cAMP. Tracheal cytotoxin 
inhibits respiratory cilia and 
kills cells.   

- Pertussis (whooping cough) - 
Catarrhal stage (1-2 wks) - 
rhinorrhea + cold symptoms. 
Paroxysmal stage (2-4 wks) - 
whoops with vomiting. Can ® 
aspiration pneumonia, eye 
hemorrhages, hernias, tongue 
ulcers, seizures, CNS damage.  
 
Vaccines: DTaP (2 mths - 6 yrs). 
Then Tdap booster for teens-adults.   

Francisella 

  Francisella 

  tularensis 

Facultative-intracellular 
(macrophages). Wild 
mammal reservoir. 
 
Fastidious and very 
hazardous. 
Weakly CAT+. 

Spread from infected animal 
blood, e.g., trauma while 
skinning a rabbit, or when a 
tick from the rabbit bites a 
human. Can also ingest or 
inhale organisms.  

- Ulceroglandular tularemia - fever, 
chills, malaise, an ulcerating papule 
(eschar) at inoculation site, regional 
lymphadenopathy. Septicemia ® 
disseminated abscesses. 
- Glandular tularemia - no skin 
lesion. 
- Pneumonic tularemia - from 
inhalation or hematogenous spread.  

Brucella  

     B. abortus (cow) 
     B. melitensis (goat) 
     B. suis (pig) 

Facultative-intracellular 
bacilli that localize in 
mononuclear 
phagocytes like 
macrophages.  
CAT+. 

Spread from animals by 
mucosal contact, trauma, or 
ingestion. Occupational 
hazard. Also from 
unpasteurized dairy products. 

- Brucellosis (undulant fever) - 
influenza-like with temp. undulations 
and drenching night sweats (wet hay 
smell). Mild disease (B. abortus), 
severe (B. melitensis), chronic (B. 

suis). 
Bartonella  

B. quintana 

B. henselae  

 

Facultative intracellular 
or pericellular 
(attached to 
erythrocytes or 
vascular endothelial 
cells). Require heme.   
 
Poorly Gram-staining 
(use Giemsa or silver 
stain instead).  
CAT+.  
 

B. henselae: Spread by cat 
(esp. kitten) scratch with flea 
feces.  
 
B. quintana: Spread by 
human body louse (Pediculus 

humanus humanus or 
corporis). Contamination of 
skin abrasion or louse-bite 
with louse feces.  

 

- Cat scratch disease - B. henselae. 
Papule at infection site and 
potentially chronic lymphadenopathy.   
 
- Trench fever - B. quintana. 
Homeless and HIV +ve. Relapsing 
fever, severe headache and leg pain.  
 
- Bacillary angiomatosis - B. 

henselae or B. quintana. In HIV-
positive. Blood vessel proliferation ® 
tumor-like masses, nodules or purple 
papules in skin and organs.  
 
- Septicemia - B. henselae or B. 

quintana. Homeless, inner-city 
alcoholics. Fever and rash. 
Endocarditis occurs in 20%.  

BCYE  

BCYE agar 
 

Regan-Lowe agar 
 

Body louse 
 

Burkholderia cepacia = related motile, 
Gram -ve, aerobic bacillus that also causes 
lung infection in cystic fibrosis. CAT+, OX+.  
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Microaerophilic Curved Bacteria: Basics Pathogenesis  Infections 
Campylobacter 

       C. jejuni 

       C. coli 
        

Corkscrew, flagellated, 
Nose-to-nose seagull 
wing appearance. 
Fastidious, grow at 
42ºC, nonfermenters. 
Prefers 5% O2 (+ 10% 
CO2).  
CAT+, OX+.  

In GI tract of many animals. 
Acquired by ingestion of 
raw/undercooked poultry, raw 
milk, or direct animal contact.  
Infects small or large 
intestines. 15% of strains are 
invasive.  

- Enteritis or dysentery - fever, 
abdominal pain (can resemble 
appendicitis), malaise, diarrhea (+/- 
blood and pus, dysentery). Self-
limiting <7 days.  
- Guillain-Barré syndrome - the 
leading cause.  
- Reactive arthritis can also follow.  

Helicobacter     

     Helicobacter    

     pylori 

Spiral, flagellated. 
Infects humans only - 
fecal-oral transmission. 
Urease +ve. Thus, 
urease breath test or 
direct urease test on 
culture. 
Prefers 5-19% O2. 
CAT+, OX+. 

Urease to neutralize gastric 
acid (HCO3

-). Chemotaxis to 
hemin. Mucinase + adhesins.  
cag PI: vacuolating toxin 
(VacA) ® apoptosis, CagA 
(Cag+) = assoc. with cancer.  
VacA, ammonia, CagA, etc., 
® inflammation. 

Some asymptomatic carriers.  
- Gastritis - inflammation. No 
symptoms. s cancer risk. 
- Gastric and duodenal ulcers - 
epigastric pain and reflux. 
- Adenocarcinomas, MALT 
lymphoma - Presence of cag 
pathogenicity Is. = inflammation, 
ulcer + cancer risk. Epigastric pain, 
weight loss, nausea, and vomiting. 

    

Facultative Anaerobes -  
Enterobacteriaceae: 

Basics Pathogenesis  Infections 

- Enterobacteriaceae ferment glucose, are oxidase -ve, catalase +ve (H2O2 ® H20 + O2), reduce nitrates to nitrites (anaerobic respiration).  
- Lactose fermenters (fecal coliforms) = CEEK (Citrobacter, Enterobacter, Escherichia, and Klebsiella). Citrobacter = a slow lactose fermenter. 
- Lactose nonfermenters = ShYPS (Shigella, Yersinia [both nonmotile*, no H2S], Proteus, and Salmonella [both motile and produce H2S]). (Also           
Serratia). *Yersinia pestis is nonmotile; Yersinia enterocolitica can be motile.  
- Virulence factors: Surface antigens: O (PS part of LPS), H (flagellar), K (capsular, Salmonella’s is Vi). Fimbriae, endotoxin (lipid A). 

Escherichia 

       Escherichia coli 

         UPEC 
         ETEC 
         EPEC 
         EHEC (STEC) 
         EIEC 
         EAEC 
         DAEC           
         K1 

 

Ferment lactose + 
glucose. Most species 
are nonpathogenic, 
normal human 
intestinal microbiota.  
CAT+. 
 
 
 

 
 

 
 
 

 
 

UTIs:  
UPEC - Cystitis - E. coli Type 1 fimbriae adhere to perineum. 
Pyelonephritis - P fimbriae adhere to uroepithelium ® bladder 
retention + entry to ureters and kidney where endotoxin + a hemolysin 
cause damage + fever, hematuria, flank pain, high risk of septicemia 
and shock. 
 
Diarrheas:  
ETEC - Traveler’s diarrhea, infantile diarrhea in developing world - 
both = watery diarrhea. Labile toxin (LT) - ADP-ribosylates and 
stimulates Gsa ® d cAMP. Stable toxin (ST) - stimulates cGMP. 
Both ® loss of fluids and ions, causing watery, noninflammatory 
diarrhea. 
EPEC - Chronic + infantile diarrhea. Pathogenicity Is. (PAI) encodes a 
type III secretion system (T3SS), intimin and Tir. Attach via bundle-
forming pili + intimin and inject Tir receptor into cells ® microvilli 
damage/pedestals & surface effacement ® watery, noninflammatory 
diarrhea.  
EHEC (O157:H7) - Food/water with cattle feces. Person-to-person 
also. Attaching + effacing lesions like EPEC (same PAI). In colon, 
produces shiga-like toxin that nicks 60S ribosomes. Bloody diarrhea 
(hemorrhagic colitis) +/- pus, may progress to hemolytic uremic 
syndrome (HUS) and acute renal failure.  
EIEC - Dysentery (fever, diarrhea, vomiting, abdominal cramping, 
tenesmus). Often blood and pus in stools. Invades intestinal epithelium 
(T3SS + invasion proteins) ® small colonic ulcers. Contaminated food 
transmission. Similar to Shigellosis.  
EAEC - persistent diarrhea. Bacteria adhere to cells as “stacked-
bricks”.  
DAEC - childhood diarrhea. Diffuse adherence.   
 
Neonatal septicemia or meningitis - K1-encapsulated strains 
resistant to phagocytic removal from bloodstream.  

Shigella 

       S. dysenteriae 

       S. sonnei 

       S. flexneri 

       S. boydii 

Human pathogen 
(usually infants and 
children).  
Low infectious dose 
(10-100 organisms) - 
fecal-oral spread is 
common in day care. 
Temporary fecal 
carriage after disease.  
CAT+. Ferment glc.  

Invade intestinal M cells, escape macrophage phagosome, invade 
epithelial cells (via T3SS), move to adjacent cells by actin 
polymerization, and induce apoptosis. Pass into colon and invade 
colonic cells ® shallow Shigella ulcers.  
Shiga toxin - cleaves 60S rRNA = inhibits protein synthesis and 
damages intestinal epithelium and glomerular epithelium. 
- Shigellosis - Most cases self-limiting. Invasive disease (dysentery) 
but bacteremia is rare. Fever, tenesmus, frequent low-vol. stools with 
blood and pus, abdominal cramping. Some people only have watery 
diarrhea (S. sonnei). S. dysenteriae can ® HUS.  

Catalase test 
 

TSI: Lactose + glc 
fermentation + gas 

 

Campy or Skirrow 
agar at 42ºC 
 

Eosin-methylene 
blue (EMB) agar 
 
MacConkey agar 
 
Sorbitol MacConkey 
for E. coli O157:H7 
 
 

CEEK 

ETEC 

EPEC 

EHEC 

EIEC 

Green metallic 
sheen on EMB 

 

Red colonies on 
MacConkeys 

 

Infected intestinal 
mucosa 

 
Hektoen enteric (HE) agar 
MacConkey agar 
Salmonella/Shigella agar 
 

ShYPS 
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Salmonella 

       S. enterica serotypes Typhi, 
       Typhimurium and Enteritidis 

 

 

 

 

Motile, encapsulated. 
Produce H2S.  
CAT+. Ferment glc. 
>1,500 serotypes 
classified as one 
species = S. enterica.  
 
S. Typhi: Infects only 
humans. Fecal-oral 
spread in food and 
water. Some people 
become chronic 
carriers (gall bladder).  
 
S. enterica serotypes 
Typhimurium and 
Enteritidis: Animal 
reservoirs: raw poultry, 
eggs, reptilian pets, 
raw milk. 105 inf. dose. 
Very young & very old, 
cancer, 
immunocompromise 
and ¯ stomach acid = 
more serious disease.  

Are engulfed by intestinal 
epithelial & M cells in the 
ileocecum. Inhibit lysosome-
phagosome fusion in 
macrophages (via T3SS-
injected proteins). Replicate in 
the phagosome and spread to 
the bloodstream. S. Typhi in 
the biliary tree is carried back 
to the intestines. Reseed the 
GIT.  
 

S. Typhi 
Typhoid fever - Week 1: headache, 
loss of appetite, malaise, lethargy, 
and fever. Week 2: abdominal pain + 
constipation. Rose spots on the 
trunk/abdomen in 25%. After week 2, 
green diarrhea may occur. Week 3: 
Hepatosplenomegaly and 
mesenteric lymphadenopathy are 
common. Intestinal bleeding + 
perforation may occur. Chronic 
carriage in gall bladder - predisposes 
to gall bladder cancer.  
 
Serotypes Typhimurium and 
Enteritidis:  
- Gastroenteritis - Invasive, but self-
limiting in healthy - fever, 
inflammatory but watery diarrhea 
with abdominal pain, nausea and 
vomiting. Spreads in families and 
institutionalized individuals. Post-
infectious reactive arthritis occurs.  
- Osteomyelitis and focal lesions in 
sickle cell patients. 

Klebsiella 

       K. pneumoniae 

       K. granulomatis 

 

Lactose + glucose -
fermenting opportunist. 
Found in human upper 
respiratory and GI 
tracts. 
Weakly urease +ve.  
CAT+. 
 
K. granulomatis: Grow 
in mononuclear cells. 
Donovan bodies. 

Large polysaccharide 
capsule.   

K. pneumoniae: Pneumonia (in 
patients with underlying pulmonary 
disease or alcoholism). Destructive 
lung changes. Currant-jelly sputum 
(thick, bloody, mucoid).  
- UTIs in patients with urinary 
catheters.  
 
K. granulomatis: Granuloma 
inguinale (Donovanosis) - beefy red, 
elevated granulomat. genital ulcer.  

Yersinia 

       Y. pestis 

       Y. enterocolitica 

       Y. pseudotuberculosis 

Short cells with bipolar 
(safety pin) staining. 
CAT+. Ferment glc. 
 
Y. pestis:  
Facultative-intracellular 
during early infection.  
Reservoir = rodents in 
US Southwest desert. 
Transmitted by 
fleabites or respiratory 
droplets from human 
pneumonic plague.  
 
Y. enterocolitica: 
Enteropathogen that 
invades M cells in the 
ileum. Can grow in the 
cold. Transmitted by 
animal contact or in 
meat, water or raw 
milk.  
Y. pseudotuberculosis 
= similar to Y. enteroc. 

Y. pestis: Xsomal factors, a 
pathogenicity Is, and 3 
plasmids.  
F1 capsular protein to prevent 
phagocytic uptake in lymph 
nodes.  
 
Virulence factors: Yersinia 
OM proteins (Yops), a type III 
secretion system (allows 
adhered organisms to inject 
virulence factors, e.g., Yops, 
into cells and kill phagocytes), 
and a plasminogen activator 
(aids spread of organism).  

Y. pestis: Bubonic plague - painful, 
rapidly enlarging buboes, fever, 
conjunctivitis.  
- Septicemic plague - Untreated 
bubonic or 1st symptom ® 
pulmonary emboli, pneumonic 
plague (highly contagious), shock 
with disseminated intravascular 
coagulation, organ failure. 
- Pneumonic plague - fever, 
malaise, chest tightness, pneumonia 
(mucoid at first, then bloody sputum). 
Rapid progression to cyanosis. Fatal 
if not treated quickly.  
 
Y. enterocolitica: Invasive 
enterocolitis (yersiniosis) - fever, 
abdominal pain, watery diarrhea +/- 
blood and pus, symptoms mimicking 
appendicitis (mesenteric 
lymphadenitis), or post-infectious 
reactive polyarthritis.  
Can cause blood-transfusion-
associated septic shock.  

Proteus 

       P. vulgaris 

       P. mirabilis 

Characteristic 
swarming motility. 
Found in water, GI 
tract and human feces. 
Opportunistic infection. 
Produces H2S.  
Urease +ve.  
CAT+. Ferment glc. 

Grows well in urine - s urine 
pH by urease production ® 
ammonia smell in urine. 
Kidney stones can result.  
Swarming motility (aids entry 
to bladder) Fimbriae for 
attachment.  

P. vulgaris - nosocomial opportunist: 
UTIs and kidney stones. 
 
P. mirabilis causes UTIs and kidney 
stones.  

Serratia 

       Serratia marcescens 

Ubiquitous in the 
environment.  
Salmon-red pigment.  
CAT+. 

 - Nosocomial infections: catheter-
associated bacteremia, UTIs, wound 
infections.  

Hektoen enteric (HE) agar 
MacConkey agar 
Salmonella/Shigella agar 
 

MacConkey agar 

MacConkey agar 

Eosin-methylene 
blue (EMB) agar 
MacConkey agar 
 
 

CEEK 

ShYPS 

ShYPS 

Black colonies on 
Hektoen enteric 

 

MacConkey agar 
Reduced swarming ShYPS 
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Facultative Anaerobes -  
Non-Enterobacteriaceae: 

Basics Pathogenesis  Infections 

Vibrio 

    V. cholerae  
    V. parahaemolyticus 
    V. vulnificus 
 

Comma-shaped, 
unipolar flagellum. 
Saltwater. CAT+. OX+. 
 

V. cholerae: 
Noninvasive, prefers 
alkaline environment. 
Human fecal 
contamination of 
coastal waters - water 
and shellfish transmit. 
High infective dose.   
 

V. parahaemolyticus: 
Coastal marine or 
estuarine halophile. 
Ingestion of 
undercooked/raw 
seafood.  
 

V. vulnificus: 
Halophile, 
contaminates oysters.  

V. cholerae: Toxin 
coregulated pili (TCP) for ileal 
attachment. 
Cholera toxin - binds to 
GM1-ganglioside receptors ® 
ADP-ribosylates GSa ® 
stimulates adenylate cyclase 
® d cAMP and massive 
efflux of ions and water into 
the lumen, of the small 
intestine. 

V. cholerae: Cholera - O1 biotype El 
Tor & O139 strains cause cholera. 
Profuse, watery diarrhea with 
mucous flecks (rice-water stools). 
May be vomiting, but no fever or 
blood in stools. Vaccine: Live, 
attenuated vaccine available.  
 

V. parahaemolyticus: 
Gastroenteritis - self-limiting, 
explosive, watery diarrhea (can be 
bloody), vomiting and fever. 
- Wound infections mild.  
 
V. vulnificus: Wound infections / 
cellulitis in cuts from shucking 
oysters or water exposure. Can 
progress to necrotizing fasciitis.  
- Gastroenteritis from ingesting raw 
oysters. Septicemia, bullous skin 
lesions, death (in <24 h) in patients 
with liver or iron-overload conditions.   

Haemophilus 

       H. influenzae  
H. influenzae biotype aegyptius  
H. ducreyi 

 

 

 

Pleomorphic, heme-
loving, fastidious, need 
chocolate agar which 
provides X (hemin) + V 
(NAD) factors. Doesn’t 
grow on blood agar 
unless S. aureus is 
also present. 
CAT+. OX+. 
H. influenzae (Hib): 
Nonencapsulated 
strains = normal biota. 
Non + encapsulated 
strains transmitted in 
respiratory droplets.  
 
H. ducreyi: Common in 
tropics and US south.  

H. influenzae: 
Polyribitol phosphate capsule. 
Invasive disease especially in 
<2 year olds.  

H. influenzae: Meningitis - purulent 
epidemic. Pneumonia.  
- Epiglottitis - fever, dysphagia, 
drooling, sore throat, inspiratory 
stridor, cherry-red epiglottis 
protruding into airway, 2-4 year old 
boys. 
- Otitis media or sinusitis 
(nontypeable strains). 
Vaccine: Hib = polysaccharide + 
protein.  
 
H. influenzae biotype aegyptius: 
Conjunctivitis - purulent pinkeye.   
 
H. ducreyi: Chancroid - STI with 
painful genital ulcers and inguinal 
lymphadenitis (buboes).  

Pasteurella 

Pasteurella multocida 
 

Normal oral microbiota 
in many animals. 
CAT+. OX+.  
Ferment glc. 

 - Cellulitis - From dog, pig and cat 
bites/scratches. Rapid development 
(< 24 h). Necrotizing fasciitis can 
develop.  

    

Anaerobes: Basics Pathogenesis  Infections 
Bacteroides 

       Bacteroides 

       fragilis 

Short bacilli. Common 
intestinal bacilli. 
Normal microbiota.  
B. fragilis is 
aerotolerant (it has 
SOD). 

Antiphagocytic capsule that 
stimulates abscess formation.  
Modified endotoxin with 
reduced toxicity. 

- Peritonitis and abdominal 
abscesses. 
 
- Appendicitis - fever, vomiting, 
anorexia, and periumbilical pain that 
migrates to the right lower quadrant. 

Fusobacterium  Slender, spindle-
shaped cells.  
Found in the oral 
cavity and GI tract.  

Unlike Bacteroides, 
Fusobacteria have potent 
LPS. 

- Abdominal abscesses.  
- Necrotizing gingivitis (ANUG) - 
ulcerative oral disease (with 
spirochetes and other bacteria). 
- Pharyngitis and Lemierre’s 
syndrome (tonsillar abscess, sepsis). 

Prevotella  

 

Porphyromonas  

Porphyromonas 

gingivalis  

Normal oral and 
genital microbiota. 
 
Melanin production ® 
black colonies.  

 - Periodontitis. 
 
- Respiratory, genitourinary tract and 
human bite infections. Difficult to 
treat.  

V. cholerae on 
TCBS agar 

 

Chocolate agar 
 

Rice-water stool 

Chocolate agar 
 

TCBS/alkaline media 
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Mycoplasma 
 

Mycoplasma: Basics Pathogenesis  Infections 
- Mycoplasmas are tiny extracellular bacteria not seen on Gram stain. Smallest free-living bacteria capable of passing through bacterial filters.  
- Mycoplasmas lack peptidoglycan. b-lactam antibiotics don’t work! 
- They can incorporate sterols (cholesterol) into their membranes, but they cannot make them, so they require sterol-containing media for growth.  
Mycoplasma pneumoniae 

 

Extracellular human 
pathogen.  
 
Respiratory aerosol 
spread.  
 
Slow growth on sterol-
enriched media. Colonies 
look like “fried eggs”.  
 
Patients often produce 
cryoagglutinins = IgM that 
agglutinate RBCs at 4°C, 
not at 37°C. Due to cross-
reaction of P1 protein with 
I antigen on RBCs.  

Adhere via P1 protein to sialic acid 
on ciliated respiratory epithelial 
cells, but do not invade.  
 
Secrete chemicals, e.g., H2O2, that 
cause ciliostasis and respiratory 
epithelial desquamation.  
 
Cause a prominently lymphocytic 
inflammatory response.  
 
Mycoplasma can act as a 
superantigen ® cytokine release ® 
symptoms.  

- Sore throat, bronchitis, and/or 
otitis media. No coryza.  
 
- Atypical bronchopneumonia 
(“walking pneumonia”). Starts in 
the upper resp. tract and then 
spreads to the lower resp. tract. 
Headache, fever, malaise, followed 
by a hacking cough (initially dry, 
later productive), which lasts up to 4 
wks. No coryza. Common 
community-acquired pneumonia. 
Leading cause of pneumonia in 5-
15 year olds. 

Mycoplasma genitalium 
 

STI. Urease -ve.  - Male: Nongonococcal, nonchlamydial urethritis (dysuria + discharge).  
 
- Female: Cervicitis and pelvic inflammatory disease (endometritis).  

Ureaplasma urealyticum STI. Urease +ve.  
- Can be genital tract 
microbiota in women. 

- Male: Nongonococcal, nonchlamydial urethritis and prostatitis + fever.  
 
- Female: Chorioamnionitis, pre-term labor, and postpartum fever. 

 
Chlamydia 

 

Chlamydia: Basics Pathogenesis  Infections 
- Chlamydiae are obligate intracellular bacteria that cannot make ATP or many amino acids = energy parasites.   
- Chlamydiae lack peptidoglycan but do have outer and inner membranes = Gram negative. They are not seen well on Gram stain (too small).  
- Life cycle:  

• Infectious, extracellular form = elementary body - is resistant to drying, is metabolically inactive and has ligands that bind to epithelial cell 
receptors, stimulating endocytic uptake.  

• Intracellular form = reticulate body. Endocytosed elementary bodies develop into metabolically active, dividing reticulate bodies (in 
endosomes/phagosomes) that produce new elementary bodies by binary fission.  

- All chlamydiae invade epithelium. Damage results from granuloma formation ® serotype-specific consequence.  
Chlamydia trachomatis 

 

Serotypes D-K are 
transmitted sexually or by 
other direct contact.  

Most common bacterial 
STI in US. Most patients 
are asymptomatic.  
 
C. trachomatis recovery is 
best achieved from 
epithelial scrapings.  
 
Culture in McCoy cells.  
 

Serotypes D-K, B and Ba: 
- Reproductive tract infections (e.g., nongonoccocal urethritis, 
epididymitis, cervicitis, proctitis). Infections can ® pelvic inflammatory 
disease. Subclinical infections can still cause fallopian tube damage. 
Repeated infections may occur - infertility s to 50% with ≥3 infections. 
Chlamydial infection s the risk of acquiring HIV. 
 

- Inclusion conjunctivitis. Acquired during delivery. Symptomatic onset 
between days 8-10 in neonate. Micropurulent. Erythromycin eye ointment 
for N. gonorrhoeae does not prevent chlamydial conjunctivitis. Need 
systemic erythromycin. Also in adults via inoculation of genital secretions.  
 

- Neonatal interstitial pneumonia. Acquired during delivery. Onset 2-3 
wks after birth to 6 months of age. Starts with rhinitis and develops into a 
distinctive staccato cough. Often afebrile but have difficulty feeding. May 
cause decreased pulmonary function later in life.  
 

Serotypes A, B, Ba, and C: 
- Trachoma - Major blindness cause in Asia and Africa. Endemic among 
Native Americans in SW US. Spread by direct contact (need repeated 
infections). Chlamydiae invade the epithelium of the conjunctiva ® chronic 
follicular keratoconjunctivitis. Follicular scarring ® inturned eyelashes, 
corneal scarring and blindness.  
 

Serotypes L1, L2 and L3: 
- Lymphogranuloma venereum - STI prevalent in Africa, Asia, and South 
America. Primary infection: painless genital ulcer, fever, headache,myalgia. 
Secondary infection: inflammation/swelling of lymph nodes (buboes), with 
systemic spread. Tertiary infection: ulcers, fistulas + genital elephantiasis.  
- Proctitis in MSM - anorectal pain, discharge, tenesmus, constipation.  

“Fried egg” M. pneumoniae 
colonies 

C. trachomatis cytoplasmic 
inclusions in an epithelial cell 

C. trachomatis trachoma 

Mycoplasma: macrolide (e.g., azithromycin), 
tetracycline (e.g., doxycycline), fluoroquinolone.   

Chlamydia: macrolide (e.g., azithromycin) 
or tetracycline (e.g., doxycycline). 
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Chlamydia pneumoniae 
 

Human pathogen spread 
by respiratory droplets.  

- Bronchitis, mild atypical pneumonia, or sinusitis. Mainly adults 18-45 
yrs. May be associated with atherosclerosis.  

Chlamydia psittaci 
 

Zoonosis. Causes 
pneumonia in birds (pet 
birds, zoo birds and 
turkeys). 
 
Transmitted by exposure 
to an infected bird or 
dried bird excrement.  

- Psittacosis/Atypical pneumonia. “Parrot fever”. Headache, high fever 
and chills, malaise, anorexia, myalgia, arthralgia and pale macular rash.  
Pulmonary symptoms = persistent nonproductive cough, rales and 
consolidation. CNS involvement is common = headache (usually) or 
encephalitis (severe cases).  

 
Rickettsia, Coxiella and Ehrlichia 

Rickettsia, Coxiella and Ehrlichia are all obligate intracellular microbes that make limited ATP. They all 
have a Gram-negative cell envelope but are not seen well on Gram stain because of their small size.  

 

Rickettsia: Basics/Pathogenesis Infections 
Spotted fever group rickettsioses 
 

       Rickettsia ricketsii  

 

Reservoirs: Rodents, dogs and Dermacentor ticks. 
Tick-tick transmission is transovarian.  
 
Vectors: Dermacentor (wood and dog) and 
Amblyomma (Lone star) ticks.  
 
RMSF occurs mostly in the eastern US - east of Oklahoma and 
Missouri (most common in North Carolina). Tick and RMSF 
season = April-September.  
 
Tick-injected R. rickettsii invade, replicate in and kill endothelial 
cells of capillaries ® vasculitis. Rash is caused by RBC leakage.  
 
Culturing (on tissue culture) is hazardous and is not routine.  
- Weil-Felix test = old test based on the cross-reaction of R. 

rickettsii antibodies with OX antigens of Proteus vulgaris.  
 
Rickettsia are pleomorphic in shape.  

- Rocky Mountain Spotted Fever 
(RMSF). 2-6 day incubation - up to 
14 days possible. Abrupt high fever, 
chills, headache, confusion, 
myalgia, nausea and vomiting. On 
the third-fifth day of symptoms, a 
macular rash and swelling starts on 
the ankles and wrists and spreads 
centripetally to the trunk, palms, 
soles and face. Rash in < 60%. 
Rash is hard to detect on dark skin.  
 
Small hemorrhages in organs can 
® encephalitis, pneumonitis and 
cardiac arrhythmia.  
 
5% mortality with treatment, 25% 
without.  

Typhus group rickettsioses 
 

       R. prowazekii 

       R. typhi 

R. prowazekii: Reservoir: Humans.  
Vector: Human body or head louse. Transmitted in louse feces.  
 
R. typhi: Reservoir: Rats.  
Vector: Rat flea. Transmitted in flea feces.  

- Epidemic typhus. R. prowazekii. 
Headache, fever, rash on trunk, 
muscle pain. 
 

- Endemic typhus. R. typhi: 
Headache, fever, rash, muscle + 
joint pain. 

 
Coxiella: Basics/Pathogenesis Infections 
Coxiella burnetii Sturdy bacilli - resists drying and survives in the environment. 

The most heat-resistant organism in milk.  
 
Grows in macrophage phagolysosomes, despite the presence of 
lysosomal enzymes, toxic radicals and low pH.  
 
Reservoir: Domestic livestock, esp. sheep. Highest titers in 
pregnant animals.  
 
Transmission: Inhalation of dust or aerosols of urine, feces, 
amniotic fluid, or placental tissue. Ingesting unpasteurized milk or 
cheese from infected animals.  

- Q fever = Atypical community-
acquired pneumonia. Fever, 
headache, chills, mild dry hack and 
hepatitis. No rash.   
 
Specimens are hazardous - notify 
the lab!  

 
Ehrlichia: Basics/Pathogenesis Infections 
Ehrlichia chaffeensis 

Anaplasma 
 

Infect human monocytes or granulocytes and are seen in 
mulberry-like clusters called morulae.  
 
Are cocci that replicate in leukocyte phagosomes, 
inhibiting phagolysosome fusion.  
 
Transmitted by ticks, primarily Lone star and Ixodes ticks, so 
coinfection with B. burgdorferi or Babesia may occur.    

- Ehrlichiosis/Anaplasmosis = 
Nonspecific febrile illnesses similar 
to RMSF, usually minus the rash, 
but with leukopenia and 
thrombocytopenia.  

RMSF rash 

Ehrlichia 
cytoplasmic 
inclusion in a 
mononuclear 
cell 

Rickettsia/Coxiella/Ehrlichia: 
tetracycline (e.g., doxycycline). 
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Mycobacteria  
 

Mycobacteria: Basics Pathogenesis  Infections 
- Non-motile obligate aerobes. Usually intracellular.  
- Poorly Gram staining (weakly Gram +ve), acid-fast bacilli = due to waxy, hydrophobic mycolic acid cell wall.  
- Have peptidoglycan like Gram +ves, but have N-glycolylmuramic acid instead of N-acetylmuramic acid.  
- Cell wall has lipoarabinomannan (LAM) that extends from the plasma membrane through the cell wall to the surface = functionally analogous to 
LPS. LAM binds to mannose receptors on host cells.  
- Have high infectivity but low virulence. 
- Most mycobacterial diseases develop slowly = a chronic course with granulomatous inflammation. 
- Disease is due to the host immune response = a cell-mediated delayed hypersensitivity reaction.  
Mycobacterium tuberculosis Facultative 

intracellular bacterium. 
 
Slow growth in culture.  
 
Spread by inhalation 
of aerosols. 
 
Major problem among 
poor and HIV +ve in 
crowded living 
situations due to d 
chance of respiratory 
spread and untreated 
individuals.   
 
Acid-fast bacilli in 
concentrated sputum 
suggests 
mycobacterial disease.  
 
Produces niacin and 
has a heat-sensitive 
catalase.  

Cord factor (trehalose mycolate) 
inhibits mitochondrial respiration 
and causes growth as serpentine 
cords in culture (cording).  
 
M. tuberculosis is engulfed by an 
alveolar macrophage where it 
multiplies in the macrophage 
phagosome. Sulfolipids 
(sulfatides) inhibit phagosome-
lysosome fusion ® intracellular 
survival. Non-resident 
macrophages carry bacteria to the 
hilar lymph nodes. 
 
A CMI response is stimulated: TH1 
cells secrete IFN-g that activates 
macrophages to become 
bactericidal. IFN-g mediates 
delayed hypersensitivity.  
 
Activated macrophages produce a 
granulomatous reaction that kills 
mycobacteria. Granuloma 
formation walls off viable M. 

tuberculosis. 
 
Pathogenesis = a balance 
between bacterial killing of 
nonactivated macrophages and 
CMI activation of macrophages to 
destroy ingested bacteria (which 
produces granulomatous 
inflammation).  

- Primary Tuberculosis (TB). A healthy 
person that is infected has limited 
bacterial replication in a small lung 
granuloma + an adjoining lymph node 
granuloma = the Ghon complex - without 
active disease symptoms. M. tuberculosis 
growth slows in the granuloma due to ¯d 
oxygen, but bacteria may remain viable 
without treatment. Or can heal spontan. 
 

- Reactivated/Secondary TB. Without 
treatment, if the CMI system declines, a 
granuloma wall may erode ® reactivated/ 
secondary TB = clinical disease. TH1 
response is unable to contain the bacteria 
but still produces tissue damage. 
Symptoms: Cough (becomes productive), 
weight loss, fatigue, fever and chest pain.  
 

- Cavitary TB - If the immune system is 
unable to contain reactivated infection, 
contiguous spread and cavitary disease 
may result. Granuloma evacuates into 
blood vessel or airway ® spread. 
 

- Miliary TB = Systemic disease from 
hematogenous spread. Includes Pott’s 
disease (vertebrae).  
 

Tuberculin skin test. Purified protein 
derivative (PPD, tuberculin) injected 
intradermally. Reaction = delayed 
hypersensitivity. Read at 48-72 h. ³10 mm 
= +ve; ³5 mm = +ve in HIV +ve. +ve PPD 
indicates exposure (doesn’t distinguish 
exposure from active disease). Also 
QuantiFERON test (IFNg) for latent TB.     

Mycobacterium leprae Obligate intracellular 
bacterium. 
 
Infects humans 
(mostly) + armadillos.   
 
Not cultured in artificial 
media. Can be grown 
in armadillos and in 
mouse footpads.  
 
? Spread from nasal 
secretions or traumatic 
skin inoculation.  

Invades skin, peripheral nerves 
and in lepromatous leprosy, upper 
airways and nasal mucosa.  
 
Infects macrophages, endothelial 
cells and Schwann cells (that it 
demyelinates).  
 
Has a unique mycoside = 
phenolic glycolipid.  
 
Prefers slightly lower body temps, 
i.e., skin, nose and nerves close 
to the skin.  

- Tuberculoid Leprosy - Strong CMI and 
few acid-fast bacilli. One to a few flat skin 
lesions. Nerve enlargement + loss of 
sensation at lesion ® burns and trauma.  
 
- Lepromatous Leprosy - Weak CMI and 
many acid-fast bacilli (foam cells filled). 
More contagious. More severe disease 
with multiple, bilaterally distributed skin 
lesions (often nodular), hair loss 
(eyebrows/eyelashes), skin and earlobe 
thickening, nasal septum collapse.  
 
- Intermediate disease forms also exist.  

Mycobacterium avium-
intracellulare complex (MAC) 
 

Genetically similar, 
opportunistic bacteria. 
Inhaled from environ. - 
water or soil. 
Not transmitted 
person-to-person.   

 - Pulmonary disease - In cancer, organ 
transplant and AIDS patients when 
inhaled. Similar to TB = nontuberculous 
mycobacterial pulmonary disease.  More 
difficult to treat though. 

Mycobacterium marinum 

 

Also M. ulcerans – causes Buruli 
ulcers/skin nodules. 

Marine aerobe.   - Fish tank granulomas. Skin papule on 
extremity that ulcerates and scars. Can 
spread along lymphatics and appear 
‘sporotrichoid’.  

Löwenstein-Jensen media 
 

Acid-fast M. tuberculosis 
showing cording 

Ghon complex = lung granuloma 
(upper arrow) + lymph node 

granuloma (lower arrow) 

Lepromatous leprosy 

Mycobacteria: rifampin/isoniazid/pyrazinamide/ethambutol (Mtb), 
dapsone/rifampin +/- clofazimine (leprosy), azithromycin/ethambutol (MAC).   
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Spirochetes 
 

• Spiral-shaped bacteria that have endoflagella underneath their outer membrane ® spiral motility.  
• Flexible peptidoglycan cell wall produces spiral morphology.  
• Have a Gram-negative envelope but do not Gram stain well. Use dark-field or fluorescent microscopy. 
 

Treponema: Basics Lab ID  Infections 

Treponema pallidum Thin, tightly coiled. 
 
Extracellular, 
microaerophilic.  

 
 
Reservoir: humans. 
Acquired by sexual 
contact or across 
the placenta.  
 

 

Treponema are not 
easily cultured. 
 
 
T. pallidum lacks 
virulence factors 
but induces a 
chronic 
inflammatory 
response.   

Lab ID - Diagnosis is based on 
clinical presentation + microscopy 
and/or serology.  
 
Microscopy - Not seen by light 
microscopy. Visualized in primary 
and secondary stages by: 
1) Dark-field microscopy, or    
2) Fluorescent microscopy with 
direct fluorescent antibody stain.  
Use transudate from below the 
surface of the chancre.  
Negative microscopy does not rule 
out infection.  
 
Serologic tests (traditional order) - 
detect one of two antibodies (Ab):  
 

- Nontreponemal Ab (reagin) = 
nonspecific. Appears 1 week after 
antitreponemal Ab. Binds to 
cardiolipin-cholesterol-lecithin. 
Stimulated by cellular damage. May 
be +ve in autoimmune disease, 
e.g., lupus. Tests = inexpensive, 
highly sensitive, moderately 
specific. Titers ¯ with treatment or in 
late latent phase.    
- Nontreponemal (flocculation) tests:  
1) VDRL (Venereal Disease 
Research Laboratory test) 
2) RPR (rapid plasma reagin test), 
3) ART (automated reagin test).  
A +ve nontreponemal test must be 
confirmed with a treponemal test. 
 

- Treponemal Ab = specific. 
Earliest Ab made during primary 
syphilis. Tests use cultured 
treponemes or their antigens. Used 
to confirm all +ve nontreponemal Ab 
tests. Are expensive, highly specific, 
but can be +ve in other spirochete 
diseases, e.g., Lyme disease. Ab 
titer stays high for years, even with 
treatment.  
- Treponemal Ab tests:  
1) FTAB-ABS (fluorescent 
treponemal Ab absorption test) 
2) MHA-TP (microhemagglutination-
Treponema pallidum test).  

- Syphilis. Multistage disease in untreated.  
 
Stages of untreated syphilis: 

 
Primary syphilis - chancre = painless, firm, 
indurated ulcer with smooth margins at the 
site of inoculation. Usually on the genitalia, 
but can also be on the anus, finger or in the 
pharynx. Chancres are highly infectious but 
heal in 3-6 weeks. Bacteria spread to 
regional lymph nodes (with lymphadenop.).  
T. pallidum is transmitted mainly in the 
primary disease stage.  
 
Secondary syphilis = 1-3 months later. T. 

pallidum ® bloodstream ® flu-like 
symptoms + non-pruritic, hyperpigmented, 
macular rash (that is infectious). The rash 
occurs on the trunk and limbs + the palms 
and soles.  
Condylomata lata = moist, papular perineal, 
genital, & mouth lesions (also infectious). 
Often occur on the anus, vulva or scrotum.  
Bacteria can spread to any organ.  
2/3 of patients do not clear the infection and 
go on to latent syphilis.  
 
Latent stage - Can have relapses of 
secondary syphilitic lesions. 2/3 of untreated 
will progress to tertiary syphilis.  
 
Tertiary syphilis - decades after primary 
infection. Aortitis, neurosyphilis (CNS 
involvement) or gummas (granulomatous-
like lesions) in bones, skin or viscera.  
 
Treatment in early stages prevents disease 
progression.  
(TORCH, other) 
Congenital syphilis - T. pallidum can cross 
the placenta during the first 3 years of 
disease. Symptoms: stillbirth to multiple fetal 
abnormalities (e.g., skeletal bone 
abnormalities, rhinitis, maculopapular rash 
on hands and feet, low birth weight) or 
remain asymptomatic until 2-5 years of age. 
Symptoms after 2-5 years = bone 
malformations (e.g., saddle nose), dental 
abnormalities, blindness, and deafness.  

Treponema pallidum subsp. 
pertenue 

Found in the 
tropics.  
Transmitted from 
skin lesions.   

Positive syphilitic serology.   - Yaws - Skin nodules that can ulcerate. 
Possible widespread bone, joint and soft 
tissue destruction, including extensive 
destruction of nose cartilage and bone.   

Treponema carateum  Found in Central 
and South 
America. 
Transmitted by skin 
contact.  

Positive syphilitic serology.   - Pinta (‘painted’) = thickened and flat lesion 
over the body. Can have disfiguring hyper- 
or de-pigmentation.  

Treponema denticola 

 

 

Oral, anaerobic 
spirochete.  

 - Gingivitis and periodontitis. 
- Necrotizing gingivitis (ANUG) - 
Fusobacteria + spirochetes + other bacteria. 
Inflammation and ulceration of the gums 
between teeth.  

Chancre of primary 
syphilis 

Macular rash of 
secondary syphilis 

Saddle nose of 
congenital syphilis 

Fluorescent Ab 
microscopy 

Spirochetes. Syphilis: penicillin. Lyme: tetracycline 
(doxycycline). Leptospirosis: tetracycline (e.g., 
doxycycline) or macrolide (e.g., azithromycin).   
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Borrelia: Basics Pathogenesis & Lab ID Infections 
Borrelia burgdorferi  Larger than 

Treponemes with 
more loosely and 
irregularly spaced 
coils.  
 
Can be 
intracellular. 
 
Reservoirs: White-
footed mice and 
white-tailed deer.  
 
Vectors: Ixodes 
(deer) ticks - 
Ixodes scapularis 
in NE and north 
central US; Ixodes 

pacificus in the 
western US. 
Nymphs (0.5 mm) 
are the most 
common vector.  
 
Borrelia stain Gram 
-ve, can be stained 
with ordinary dyes 
(e.g., Giemsa or 
Wright) and can be 
cultured. 

Antigenic variation is common: 
OspA = major surface antigen of 
Borrelia in ticks that ¯s as the tick 
feeds on human blood and OspC 
becomes the major surface antigen. 
In the mammalian host, OspC is 
replaced with VlsE = undergoes 
antigenic variation in the host.   
 
Borrelia can access 
immunologically privileged sites, 
e.g., CNS, tendons, vitreous humor, 
and synovia.  
 
Endotoxin-like compounds are 
found in the outer surface. 
Peptidoglycan may cause joint 
inflammation.  
 
In chronic cases, down-regulation of 
the host immune response may 
occur.  
 
Lab ID - Visualize spirochetes in a 
biopsy of the advancing edge of the 
lesion. Use serology, PCR, 
microscopy (using acridine orange) 
or culture (modified Kelly medium).  
PCR from body fluids may not be 
+ve if bacteria are intracellular. 

- Lyme disease. Infection starts with an 
infected nymph (or adult) Ixodes tick bite.  
Localized infection/first symptoms = 
erythema migrans (EM) = a spreading 
target/bull’s eye lesion + fever, chills, 
fatigue, headache, and muscle/joint pain.  
 
Disseminated infection ® multiple EM 
lesions, Bell’s palsy, fever, stiff neck, 
headache, limb numbness/pain, 
arrhythmias, persistent malaise, and fatigue.  
 
Late symptoms = polyarthritis, neurologic 
impairment and fatigue. Can develop 
months-years later if primary disease is not 
successfully treated.  
 
- Patients can have mixed infections with 
Borrelia, Ehrlichia or Babesia as Ixodes ticks 
may transmit all. Reinfections can also 
occur.  
 

Borrelia recurrentis  Vector: Human 
body louse 
Pediculus humanus 

corporis.  
 
Transmitted man-
to-man by the 
louse.  

Lab ID - Giemsa stain of peripheral 
blood smear and visualization by 
light microscopy.  
 
Serology does not work because of 
antigenic variation in outer surface 
proteins.   

- Louse-Borne Relapsing Fever - abrupt 
onset of symptoms = shaking chills, fever, 
muscle aches, headache, delirium, cough, 
lethargy, splenomegaly and hepatomegaly.  
 
Followed by spontaneous resolution of 
symptoms (due to antibodies).  
 
~ 1 week later the symptoms recur (because 
of antigenic variation) and resolve again = 1 
relapse.  

Borrelia hermsii  Reservoirs: 
Rodents and small 
animals.  
 
Vector: Soft-bodied 
Ornithodoros ticks. 
 
Transmitted animal 
to man via tick bite. 

 

- Tick-Borne Relapsing Fever - as louse-
borne relapsing fever above, but with 
multiple (3-10) relapses.  
 
Recurring septicemias and fevers are due to 
antigenic phase variation.   

 
 

Leptospira: Basics Lab ID Infections 

Leptospira interrogans  Tightly spaced coils with 
hooked ends. Aerobic.  
 
Reservoirs: Wild and 
domestic animals.  
 
Transmitted by animal 
urine in water. In US, is 
transmitted by contact with 
dog, livestock or rat urine, 
by puddle stomping, or by 
recreating in contaminated 
water, e.g., jet skiing on 
rural lakes.   

Lab ID - During first week of 

disease - direct examination of 
blood and spinal fluid for 
spirochetes. Use dark-field or 
fluorescent Ab microscopy.  
 
After first week, check urine for 
spirochetes.  
 
Can culture 
in serum-
containing 
medium, 
e.g., Fletcher medium.  

- Leptospirosis (Weil’s disease) - may 
be subclinical but usually presents with 
flu-like illness with or without abdominal 
pain, 
vomiting and 
conjunctival 
suffusion 
(redness).  
 
 
- In untreated, leptospirosis may 
progress to hepatitis, renal failure and 
aseptic meningitis.   
 

Erythema migrans lesion 
Ixodes 

pacificus 
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General Mycology 
 

Type Description 
Fungal 
Characteristics 

- Fungi (yeast, molds and mushrooms) = eukaryotes with membrane 
ergosterol ® antifungal target:  

• Fungistatic agents (imidazoles) inhibit ergosterol synthesis.  
• Fungicidal agents bind ergosterol and disrupt membranes.  

 

- Pneumocystis jirovecii = an exception since it contains membrane 
cholesterol instead of ergosterol. 
 
- Fungi have cell walls with chitin, glucans and mannans with 
mannoproteins and fibrillar proteins.  

Fungal Structures - Hyphae (sing. hypha) = filaments that form a raised mat = a mycelium.  
• Nonseptate hyphae lack regular cross walls (septae), are irregularly broad and 

branch at obtuse angles. 
• Septate hyphae have regular cross walls and are more uniform in width. Most 

hyphae are septate.  
- Yeasts = oval/spherical cells that replicate by budding.  
- Pseudohyphae occur in Candida when buds remain attached and elongate. At 37°C, yeast produce sprout-like 
projections called germ tubes as part of the conversion to hyphal forms.  
- Capsule - Cryptococcus is the only fungal pathogen with a capsule (polysaccharide).  

Dimorphism - Dimorphic fungi - convert between hyphae and yeast.  
- Thermally dimorphic fungi = filamentous (hyphae) at room temperature 
(25°C) or in the environment (remember cold/mold) but grow as yeast or 
yeast-like forms in the body (37°C).  
- The 3 major systemic fungal pathogens in the US are thermally dimorphic: 
Histoplasma, Coccidioides and Blastomyces. Spores are inhaled and develop 

into yeast in human tissue. Not 
transmitted human-to-human.  
 
- Dimorphic Candida is the opposite: it 
colonizes surfaces as yeast and 
forms hyphae in tissues. Candida is 

dimorphic, not thermally dimorphic. 
- When Candida invades tissues, yeasts, pseudohyphae and true hyphae can all 
be observed.  

Fungal 
Sporulation 

- Most medically important fungi sporulate. Spore types (all asexual):  
 

• Blastoconidia = the buds on yeasts.  
• Conidia (sing. conidium) = spores on the outside of sporulating 

hyphae. Macroconidia = larger and multicellular. Microconidia = 
smaller. Conidiophore = stalk that connects a conidium with a 
hypha.  

• Endospores = spores produced inside larger spherical structures 
called spherules or sporangia.  

• Arthroconidia/arthrospores = formed by hyphal fragmentation.  

Fungal Toxins  - Mycotoxicosis = poisoning from ingestion of fungal toxins in food, e.g., aflatoxin in peanuts.  
- Mycetismus = illness from ingesting toxic mushrooms.  

Allergic 
Reactions 

- Allergic reactions to Aspergillus fumigatus ® allergic bronchopulmonary aspergillosis and farmer’s lung. 
- Sick building syndrome = from the inhalation of volatile fungal toxins and spores, which aggravate allergies.  

Fungal Culture - Sabouraud’s agar - Fungi grow on peptone + glucose. Acidic pH 
prevents bacterial growth. Part of the mycelium grows into the agar 
to provide nutrients for aerial hyphae that form a “fuzzy” outgrowth 
above the plate.  
 
- Yeasts form moist colonies that appear similar to, but larger than, 
bacterial colonies. Can smell “yeasty”, like bread.  

Microscopy - Fungi are visualized in tissues via: 
• Skin scrapings - dissolved in 10% KOH to improve visibility with a light microscope.  
• Calcofluor-white fluorescent stain - binds the complex carbohydrate cell wall. Fungi light 

up bright blue-white. Human cells do not fluoresce.  
• India ink - highlights the capsule of Cryptococcus in a wet mount. Shows capsular halos on 

a black background (~50% sensitive). Latex particle agglutination to identify capsular 
polysaccharide antigen in CSF is more sensitive.  
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Fungi 
  
Skin & Subcutaneous Fungi: Basics Appearance  Infections 
Malassezia 

       M. globosa 

       M. furfur 

Lipophilic yeast - 
grows on blood agar 
only if 
olive oil 
is 
added.  
 
Normal 
skin microbiota, esp. 
skin with numerous 
sebaceous glands. 

Dimorphic. “Spaghetti and 
meatballs” = clusters of oval yeast 
and short, curved, septate 
hyphae.  
 
Hyphae = pathogenesis. Seen in 
tinea versicolor, but not in culture 
or in normal skin.  
 
Can inhibit melanocytes. 

- Tinea versicolor (pityriasis) = 
hypopigmented macules on the chest, 
back or both. Lighter skin tones = 
hyperpigmentation (pink or brown 
macules). Patients often complain of 
speckled tanning.  
 
- Fungemia in premature infants on IV 
lipids through a central catheter. 
 
- M. globosa likely causes dandruff.   

Dermatophytes  
       Trichophyton, e.g., T. rubrum 

       Microsporum, e.g., M. canis 

Epidermophyton, e.g., E. floccosum 

Are acquired from 
animals, fomites, and 
person-to-person 
contact. Are quite 
contagious.  
 
Grow on keratin.  

Grow as septate hyphae 
(filamentous fungi) with macro- 
and/or micro-conidia.  

- Trichophyton: infects skin, hair and 
nails. 
- Microsporum: infects hair and skin. 
- Epidermophyton: infects nails and 
skin.  
 
Tineas/ringworms named by location: 
- Tinea capitis = hair and scalp. Pruritic, 
scaly patches with alopecia. 
- Tinea barbae = beard region. 
- Tinea corporis = glabrous skin. 
Pruritic, scaly, ring-shaped plaques. 
- Tina cruris - “jock itch” = groin and 
perineal area. 
- Tinea pedis - “athlete’s foot” = feet.  
- Tinea unguium (onychomycosis) - nail 
infection. 
- Tinea favosa (favus) = scalp, 
honeycomb crusts (scutula). Causes 
permanent scarring and scalp hair loss. 

Candida 

       Candida albicans 

 

Many Candida = 
normal microbiota of 
mucous membranes 
and skin.  
 
Predisposing 
conditions = moisture, 
occluded skin, 
antibiotics, diabetes 
® mucocutaneous 
overgrowth.  

Dimorphic. Colonize surfaces as 
yeast. Forms pseudohyphae in 
infection and true hyphae when 
invading tissue. 

- Candidiasis - Minor but painful 
mucocutaneous lesions: 
- Nail infections 
- Diaper rash = sharp margin between 
affected and normal skin.  
 

- Yeast vulvovaginitis, UTIs. 
 

- Oral thrush = “cheesy” white coating 
of oral mucosa with painful 
erythematous base in premature 
babies, patients on antibiotics and 
immunocompromised patients. Also 
esophagitis in compromised. 

Sporothrix 

       Sporothrix schenckii 

Found on plant 
materials, e.g., roses, 
plum trees or 
sphagnum moss.   
 

Traumatically 
implanted into human 
tissues by thorns, 
floral wire or slivers.  
Inhalation ® 
pulmonary infection. 

Thermally dimorphic - filamentous 
fungus on plant material and in 
culture at 30°C. Cigar-shaped 
yeast in human tissues instead.  

- Lymphocutaneous sporotrichosis - 
subcutaneous lesion/s at the trauma 
site (usually on extremities) or lesions 
along the lymphatics (granulomatous 
reactions) with lymph nodes farther 
from the trauma site progressively less 
involved.  
 
- Pulmonary sporotrichosis - in 
compromised persons that inhale 
conidia. Mimics TB but can disseminate 
to skin. 

  

“Flowerettes” hyphae and 
microconidia, typical of 

Sporothrix grown at 30°C. 

Microsporum canis. Spindle-
shaped macroconidia on 
conidiophores (stalks). 

Oral thrush 

Tinea corporis 

Fungi: amphotericin B & flucytosine (systemic mycoses), nystatin (topical), azole (local/topical and less 
serious mycoses), terbinafine (onychomycosis), echinocandin (aspergillosis), griseofulvin (tineas). 
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Systemic Fungi: Basics Appearance Infections 
Histoplasma 

       Histoplasma capsulatum 

 

Endemic areas: Great 
plains around the 
Ohio, Mississippi, and 
Missouri rivers.  
 

Inhalation of spores 
(microconidia) from 
bird- and bat-enriched 
soils.  
 

Spore inhalation esp. 
during dusty activities, 
e.g., caving, 
demolition work or 
cleaning old chicken 
coops.  
 

Alveolar macrophage 
ingests microconidia, 
which survive and 
convert into yeast. 
 

Not transmitted 
human-to-human.  
 

No capsule! 

Thermally dimorphic. 
Environmental form: hyphal 
filaments with small microconidia 
and large tuberculate 
macroconidia = spherical with 
short finger-like projections.  

 

Tissue form: 
facultative 
intracellular 
yeast. Small 
oval budding 
yeast inside 
mononuclear 
phagocytes.  

- Histoplasmosis = asymptomatic to 
acute, self-resolving pneumonia in 
95% of cases. 5% become chronic or 
hematogenously disseminate to other 
tissues.  
- Symptoms: cough, fever, malaise, 
weakness, chest pain, headache, 
myalgia, chills, nausea, anorexia, 
weight loss.  
 
Radiographs in sicker patients show 
pulmonary infiltrates with hilar 
lymphadenopathy. Lesions can calcify.  
 
- Acute infections in healthy can 
reactivate later under 
immunocompromising conditions.  
 
- Systemic infections - immunocompr. 
including AIDS patients. Oral or genital 
mucocutaneous lesions are common in 
patients with disseminated disease.   

Coccidioides 

       Coccidioides immitis 

 

Found in desert 
sand/dirt of South-
Western USA (Calif., 
Arizona).  
 
Arthroconidia are 
inhaled when sand is 
disturbed.   
 
Not transmitted 
human-to-human. 
 
 
 
 
 
 
Reproduce in tissue 
by spherule rupture 
and release of the 
endospores that will 
become more 
spherules.  

Thermally dimorphic. 
Environmental form: grows in 
sand as hyphal filaments that 
develop into arthroconidia.  

Tissue form: Inhaled arthroconidia 
develop into large spherules that 
produce internal endospores.  

- Coccidioidomycosis (Valley fever) 
= asymptomatic to self-limited 
pneumonia.  
 
- Symptoms: cough, fever, dull chest 
pain, flu-like symptoms. Erythema 
nodosum (inflamm. of fat cells under 
the skin) = a good prognostic sign.  
 
- Acute infections in healthy can 
reactivate later under 
immunocompromising conditions.  
 
- Disseminated form - occurs more 
commonly in racial groups with certain 
HLA types (esp. African Americans, 
Filipinos and Hispanics), in women in 
the 3rd trimester of pregnancy, & 
immunocompromised. Hematogenously 
disseminates to skin (mimics squamous 
cell carcinoma), subcutaneous tissue, 
bones, joints or meninges (chronic 
meningitis).  
 

Blastomyces 

       Blastomyces dermatitidis 

 

Found in nearly the 
same regions as 
Histoplasma + mid-
Atlantic region and 
northern Minnesota. 
 
Probably associated 
with rotting wood.  
 
Microconidia are 
inhaled. Alveolar 
macrophages can 
ingest conidia, but the 
yeast form resists 
phagocytosis. 
 
Not transmitted 
human-to-human. 

Thermally dimorphic. 
Environmental form: hyphae with 
conidia arising off of short, lateral 
conidiophores (stalks).  

 
Tissue form: 
Large yeast 
with a unique 
broad-based 
bud* (i.e., cell 
juncture is 
wide) and a 
thick, double, 
refractile cell 
wall.  

- Blastomycosis - pneumonia. Less 
common than histoplasmosis but more 
likely to have an indolent onset.  
 
- Less likely than histoplasmosis to self-
resolve and more likely, when it 
hematogenously disseminates, to 
involve skin and bone. In skin it can 
mimic squamous cell carcinoma.   
 
- Acute infections in healthy can 
reactivate later under 
immunocompromising conditions.  

 

 
 

Pulmonary Histoplasmosis 

Pulmonary Coccidioidomycocis 
with fibrotic changes (scarring) 

Pulmonary Blastomycosis 

Histoplasma macroconidia 

*All other 
budding yeasts 
have narrow, 
teardrop type 
budding. 
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Opportunistic Fungi: Basics Appearance  Infections 

Aspergillus 

       Aspergillus fumigatus 

 

Major recyclers - 
found in/on moldy 
organic material, e.g., 
food, wet ceiling tiles, 
compost, etc.  
 
Aspergillus 
conidiophore ends in 
a bulbous vesicle that 
anchors spore chains 
that will become 
airborne conidia. 
 
Inhaled conidia are 
small enough to reach 
the alveoli. In normal 
hosts, spores are 
removed by the 
mucociliary elevator 
or growth is controlled 
by macrophages and 
neutrophils.  
Not transmitted 
human-to-human.  

Monomorphic, filamentous with 
branching hyphae that have 
acute (< 45°) angles + small, 
airborne conidia.  

- Allergic bronchopulmonary 
aspergillosis - occurs in people with 
asthma or allergies.  
Symptoms: fever, malaise, cough with 
brownish mucus plugs, sometimes 
hemoptysis, high IgE levels. 
- Fungus balls grow in pre-existing 
lung cavities. Hyphae don’t penetrate.  
 
- Farmer’s lung = complex allergic 
disease incl. allergies to Aspergillus and 
other bacteria and fungi found in silage.  
 
- Invasive aspergillosis: occurs in 
severe neutropenia, chronic 
granulomatous disease, cystic fibrosis 
and burns. Sinus colonization with 
sporulation or direct inhalation of large 
numbers of environmental spores ® 
pneumonia. May spread to the brain by 
hematogenous spread or sinus 
extension. In burns patients, Aspergillus 
cellulitis may also disseminate.  

Candida 

       Candida albicans 

Normal 
mucocutaneous 
microbiota.  
 
Yeast cells bind to 
human cells + 
extracellular matrix 
and produce 
proteases and 
phospholipases to 
invade tissue.  
 
Normal skin + a 
healthy immune 
system control 
infection. Skin or 
mucosal damage + 
compromised immune 
system ® invasion.  

Dimorphic. Colonize surfaces as 
yeast. When it invades, yeasts, 
pseudohyphae and true hyphae 
are seen. Germ tubes are part of 
the conversion to hyphal forms.  

 - Oral thrush - can progress to 
esophagitis, gastritis and septicemia. 
- Denture stomatitis - erythema. 
- Yeast vaginitis - more common in 
diabetics and in HIV +ve women as 
CD4+ ¯s. Discharge is curdy, white 
and adherent, with normal pH and a 
negative whiff test.  
- Candidiasis - moist, occluded skin 
folds. d risk with endocrine 
disturbance or skin damage. 
- Candidemia = septicemia. Patients 
with catheters, immunocompromise, 
burns, or postsurgery.  
- Endocarditis - in IV drug abusers or 
people with indwelling catheters.  
- Chronic mucocutaneous 
candidiasis - patients (often with 
endocrine problems) who are anergic.  

Cryptococcus 

       C. neoformans 

       C. gattii 

The only fungal 
pathogen with a 
capsule in vivo = 
polysaccharide. 
Inhibits phagocytosis. 
- neoformans: Inhaled 
from soil enriched 
with pigeon dropping. 
- gattii: Tree soil. 

Monomorphic 
yeast. India ink 
wet mount - 
budding yeast + 
capsular “halos” 
on a black 
background.  
 - Mucicarmine stains yeast + 
capsule red. 

- Pulmonary infection - mostly 
asymptomatic but some 
immunocompetent patients have 
severe pneumonia + mucoid sputum.  
 
- Cryptococcal meningitis = the 
dominant meningitis in AIDS. Also 
occurs in cancer patients. Pulmonary 
signs are often absent.  

Mucor, Rhizopus, Absidia 
        

Environmental - soil, 
strawberries, bread.  
 
Airborne spores 
colonize sinus tracts.  

 Monomorphic, filaments. Broad, 
ribbonlike, nonseptate hyphae 
with right-angle (90°) branches. 

- Rhinocerebral infection 
/mucormycosis - in cancer or 
ketoacidotic diabetic patients.  
 
Symptoms: paranasal swelling, mental 
lethargy, hemorrhagic exudates in 
nose and sometimes the eye. Rapidly 
invasive from sinuses to brain, 
penetrating vasculature ® 
hemorrhage. High fatality rate.  

Pneumocystis 

       Pneumocystis jirovecii 
Obligate extracellular 
fungus that can’t be 
grown in the lab.  
 
Contains cholesterol, 
not ergosterol, in its 
plasma membrane.  

 

- Pneumocystis pneumonia (PCP) - 
in AIDS patients or severely 
malnourished or premature infants. An 
interstitial pneumonia with a ground-
glass appearance in radiographs. 
Alveoli have a foamy (honeycomb) 
appearance with cysts (that stain with 
silver stain) in the center spaces.  

Candida pseudohyphae - buds 
remain attached and elongate. 

Germ tube 

Aspergillosis with fungus ball 
in upper lobe of right lung 

Mucormycosis Mucor 

Mucocutaneous candidiasis 
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General Virology 
 

Type Description 
Viral Structure 
and Genomes 

- Virion (mature virus) = nucleocapsid (nucleic acid + protein capsid). Nucleocapsid 
= icosahedral, helical or complex. Capsid determines virus shape.  
- Capsid can be surrounded by envelope (host cell origin) into which viral 
glycoproteins (protein + carbohydrate) are inserted.  
 
- Viral genomes = DNA or RNA, double- or single-stranded. ssRNA genomes = (+) 
or (-) sense. [(+) ssRNA = the same sense as mRNA]. Chromosomes = linear or 
circular. Retroviruses are diploid (two genome copies).  
- Reoviruses, orthomyxoviruses, hantaviruses, peribunyaviruses, and arenaviruses 
have segmented genomes.  
- (-) ssRNA genomes are in ribonucleoprotein (RNP) complexes = RNA genome + 
bound proteins + RNA pol.  
- Naked (-) ssRNA is NOT infectious (it requires RNA pol. = a protein). Naked (+) RNA is infectious (if you introduce a 
(+) ssRNA viral genome into a cell by transfection, virus will be made since (+) ssRNA can be translated). 

Viral Polymerases - These viruses carry polymerase: Poxviruses (DNA-dependent RNA polymerase, for cytoplasmic replication), Hepatitis 
B virus and retroviruses (RNA-dependent DNA polymerase = reverse transcriptase), and all (-) ssRNA and dsRNA 
viruses (RNA-dependent RNA polymerase).  
- Some DNA viruses and all (+) ssRNA viruses encode but do not carry polymerase.  
- Viral polymerases have poor or non-existent proofreading abilities. RNA-dep. RNA pol. lacks 3¢®5¢ exonuclease 
activity, so mutations are not repaired ® genetic drift and new viruses.    

Nonenveloped 
versus Enveloped 
Viruses 

- Nonenveloped (naked) viruses = no envelope. Capsid = exterior. More resistant to organic solvents, 
detergents (bile salts), chlorination, drying, pH extremes (stomach) and temperature ® respiratory and 
fecal-oral transmission and acquired from fomites. Often released by cell lysis (cytolysis) and controlled 
by antibodies. Most cell damage + disease symptoms are caused by the virus itself. 
 

- Enveloped viruses require intact envelope for infectivity. Transmitted by wet routes (respiratory droplets, blood, mucus, 
saliva, semen, injection or organ transplant). Bud from the cell (or exit by reverse pinocytosis) taking host membrane 
(with inserted viral glycoproteins) as envelope. Cells die from viral takeover, apoptosis, cell-mediated immune (CMI) or 
other immune response ® cell death. Disease symptoms caused by the virus + immune response.  

Viral Replication 1. Attachment and uptake - virus attaches to cell receptor (nonenveloped virus capsid protein or enveloped virus 
glycoprotein) and stimulates penetration through membrane fusion (enveloped virus) or pinocytosis/endocytosis 
(nonenveloped viruses).  
2. Uncoating - viral nucleic acid is released and transported to where it will be 
duplicated.  
3. Early synthesis (E genes) - early proteins are made that convert the cell into a 
viral factory. Often cause cytopathology. Some viruses generate polyproteins that 
are cleaved by internal viral proteases. 
4. Genome replication.  
5. Late synthesis (L genes) - late proteins are made. Usually structural. 
6. Viral assembly.  
7. Viral release - via reverse pinocytosis, budding or cell lysis. If the virus has fusion 
proteins ® virus enters adjoining cell ® syncytia.  

Virus-Induced 
Cell Changes  

- Inclusion bodies - Nuclear virus replication ® nuclear inclusion bodies, e.g., Cowdry bodies of herpesvirus and 
adenovirus infections. Cytoplasmic replication (e.g., RNA viruses) ® cytoplasmic inclusion bodies, e.g., Negri bodies of 
rabies and Guarnieri bodies of smallpox.   
 

- Syncytia (multinucleated giant cells) - Cell surface expression of paramyxoviral, 
herpesviral and retroviral glycoproteins ® cell fusion. Allows virus to spread cell-to-cell 
and escape antibody detection.  
 

- Vacuolation = fluid-filled sacs in cells, e.g., papillomavirus infection of keratinocytes ® koilocytes = cells with atypical 
nuclei and perinuclear vacuoles. Detected in Pap smears.  

Disease Patterns - Acute infection - Caused by viruses that kill the cell upon release. Also enveloped viruses with 
strong CMI responses.  
 

- Persistent infection - can be maintained for the life of the host. 
o Acute infection with late sequelae - e.g., measles encephalitis.  

 

o Chronic infection - Long-term productive infection with some enveloped viruses (virus 
released by exocytosis or budding) minus a strong immune response, e.g., hepatitis B or C.  

 

o Latent infection - Viral nucleic acid is in the cell but it is not actively producing virus, e.g., 
herpesviruses. Can recur, e.g., varicella-zoster virus and shingles.  

Viral 
Onocgenesis 

- Oncogenic viruses (HTLV, HBC, HCV, HPV, EBV, HHV8, and Merkel cell polyomavirus) ® persistent infections ® 
immortalization ® genetic instability ® transformation (cancer). Transformation (not required for any 
virus to grow) = a side effect of the infection or the host’s response.  
 

- Oncogenic viruses: 1) Activate or provide growth-stimulating proteins, e.g., HTLV-1 Tax activates 
cytokines, or 2) Remove brakes on DNA synthesis and cell growth, e.g., HPV E6 and E7 proteins 
inactivate cell growth suppressor proteins p53 and p105RB, respectively ® cellular mutations ® cancer. 

 

Merkel cell 
carcinoma 
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DNA Viruses 
 

Parvoviridae: Basics Pathogenesis Infections 
Parvovirus B19 One serotype. Smallest 

DNA virus (5 genes) - 
require growing cells for 
viral replication.  

 
Genome is (+) or (-) single 
stranded linear DNA.  
 
Replicate in the nucleus. 
Released by cell lysis.  

B19 replicates in the nasopharynx 
and then spreads to bone marrow.  
 
Biphasic disease: 
1) Febrile, infectious phase. Virus 
replicates in and kills mitotically 
active erythrocytic precursors in 
bone marrow. Virus is released 
into oral/respiratory secretions. 
Can have ¯d hemoglobin.  
2) Symptomatic, noninfectious 
phase - rash and arthralgia = 
immune-complex mediated. 

- Erythema infectiosum/Fifth disease. 
Primarily children and adolescents causing mild 
fever and a recurrent slapped-cheek rash 
followed by a lacy, reticulated, macular rash on 
the arms and then body. The rash can relapse.  
- Arthralgia & polyarthritis in adults (immune-
complex mediated) that can last weeks-months.   
 
- Fetal infection - Anemia, congestive heart 
failure, hydrops fetalis and death.  
 
- Chronic anemia in immunocompromised 
- Aplastic crisis in sickle cell disease 
- Pericarditis in adults  

Human Bocaviruses  Common in respiratory 
and fecal samples.  

Emerging pathogen. - Bronchopneumonia and bronchiolitis 
- Gastroenteritis 

    

Papillomaviridae: Basics Pathogenesis Infections 
Human 
Papillomaviruses 

>150 types: High-risk = 
HPV 16, 18, 31, & 45. 
Low-risk = HPV 6 & 11.  
 
Genome has early genes 
(E, regulatory) and late 
genes (L, structural). 
Upstream regulatory 
region controls E6 and E7 
oncogene transcription. 
 
HPVs infect and replicate 
in squamous epithelium 
(warts) and mucous 
membranes (genital, oral 
and conjunctival 
papillomas) to induce 
epithelial proliferation.  
 
Virus infects basal cell 
layer through a skin break. 
Early proteins stimulate 
cell growth ® viral 
genome replication by 
host DNA pol. in nucleus. 
Hyperplasia and 
hyperkeratosis = a wart. 
Structural proteins are 
expressed in terminally 
differentiated upper layer. 
Virus is shed with dead 
cells of the upper layer.  

Koilocyte = a large 
keratinocyte with a 
perinuclear vacuole 
around atypical 
nuclei. Characteristic 
of HPV infection.  
 
HPV maintains low antigen levels, 
except in ‘near-dead’ terminally 
differentiated skin cells = immune 
avoidance.  
 
Innate and CMI responses control 
and resolve HPV infections. 
Immunosuppressed have 
recurrences and more severe 
presentations. 
 
E6 and E7 oncogenes - Promote 
cell growth by binding and 
inactivating the cell growth 
suppressor proteins p53 and 
p105RB, respectively. E6 and E7 
drive a cell into the cell cycle 
prematurely. They do this so that 
HPV is replicated, but it also 
promotes cellular mutations that 
can lead to cancer.  
 
Malignant progression is often 
associated with integration of the 
viral genome into a host Xsome, 
which ® d E6 & E7 expression 
and stops viral replication. 

Cutaneous Infections 
- Warts (HPV 1-4, 10) - Benign, self-limited skin 
proliferations acquired though skin breaks; 
regress over time. Children and young adults. 
Types: Common (hands, feet, knees, elbows; 
cauliflower-like), plantar (soles of feet, grow 
inward), flat (arms, face; small), and periungual 
(toe- and finger-nails). Can be oral.  
- Epidermodysplasia verruciformis (HPV 5, 8) 
= Autosomal recessive skin disorder with 
abnormal HPV susceptibility. Scaly macules and 
papules on hands and feet ® squam. cell carci.  
 

Mucosal Infections 
- Benign head and neck tumors (HPV 6, 11) - 
Oral (solitary, rarely recur), laryngeal (can be 
acquired at birth) and conjunctival papillomas.  
- Oropharyngeal squamous cell carcinoma 
(HPV 16) - oral sex.  
- Oral leukoplakia (HPV 16, 18) - white patch. 
- Anogenital warts (condylomata acuminata, 
HPV 6, 11) - Squamous epithelium of external 
genitalia and perianal areas. Rarely become 
malignant. Sexually transmitted. Can transfer to 
mouth. Giant condylomata acuminata = 
Buschke-Löwenstein verrucous tumors.  
- Cervical (CIN), vaginal (VAIN), vulval (VIN), 
penile (PIN), and anal (AIN) intraepithelial 
neoplasia and carcinoma (HPV 16, 18, 31, 
45). Papanicolaou smears detect HPV-mediated 
cytological changes in the cervix (koilocytes).  
 

Vaccines: L1 virus-like particles.  
- Gardasil 9 (HPV 6, 11, 16, 18 + 5 other HPVs). 
- Cervarix (HPV 16, 18 + adjuvant).  

 
Polyomaviridae: Basics Pathogenesis Infections 
BK and JC Viruses Ubiquitous - most people 

infected but replication is 
blocked. Reactivated in 
immunosuppressed 
(AIDS).  
 
Genomes have early 
genes (regulatory), late 
genes (structural) and 
transcriptional control 

Polyoma T antigens (early genes) 
promote cell growth (inactivate p53 
and p105RB, similar to HPV).  
- Permissive cell transcribes late 
genes + replicate virus ® cell 
death.  
- Nonpermissive cell allows early 
gene expression only ® cell 
growth ® transformation (JC 
partially transforms astrocytes).   

- Asymptomatic primary infections in 
lymphocytes and kidney cells.  
- Latent infection in kidney (BK); kidney, B cells 
and monocytes (JC) = no viral replication. BK 
virus can be acquired by kidney transplant.  
- Latent infection reactivated in immunocomp. ® 
kidney reactivation, viral shedding in urine and 
UTIs (BK, tubulointerstitial nephritis or cystitis), 
or viremia and CNS infection (JC).  
JC in brain: Progressive multifocal 

ssDNA linear (+) or (-) 
Naked icosahedral 

Common warts 

Condylomata 
acuminata 

dsDNA circular 
Naked icosahedral 

dsDNA circular 
Naked icosahedral 

Slapped-cheek rash 

Merkel cell 
polyomavirus - causes 
Merkel cell carcinoma.  
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sequences (like HPV). 
 
Replicate in the nucleus. 
Released by cell lysis.  

PML occurs in ~10% of AIDS 
patients. Fatal in ~90%.  

leukoencephaolopathy (PML) = white matter 
lesions/demyelination. Impaired speech, vision, 
coordination, mentation ® paralysis ® death.  

    

Adenoviridae: Basics Pathogenesis Infections 
Adenoviruses 

 

>50 serotypes infect 
humans.  
 
Encodes its own DNA pol. 
that activates switch from 
early to late genes. 
 
Inefficiently replicates in 
the nucleus ® dense 
basophilic nuclear 
(Cowdry type B) 
inclusions = DNA, protein.  
 
Used as a DNA delivery 
vehicle for gene 
replacement therapy. 
 

Resist drying, detergents + GI 
secretions. Spread by respiratory 
and fecal-oral routes, on hands, 
fomites, and in swimming pools. 
 
Primarily infect children. Infect 
oropharynx, respiratory and enteric 
organs. Latent in lymphoid tissue 
(adenoids, tonsils, Peyer’s 
patches). Reactivated in 
immunosuppressed. Virus is shed 
from pharynx and in feces 
(sometimes for months ® spread).  
 
There are many asymptomatic 
infections with viral shedding. 
Virus is released when cell dies. 

Respiratory Infections (Serotypes 1-7) 
- Pharyngitis and coryza - flu-like symptoms 
- Pharyngoconjunctival fever - pharyngitis + 
nonpurulent conjunctivitis (pinkeye). 
- Acute respiratory disease (serotypes 4 and 
7) - fever, cough, pharyngitis, cervical adenitis. 
Pneumonia. Military recruits - oral vaccine.  
- Other respiratory tract diseases - common 
cold, laryngitis, croup and bronchiolitis.  
- Conjunctivitis - swimming pool conjunctivitis. 
- Epidemic keratoconjunctivitis = an 
occupational hazard for industrial workers.  
 
Gastrointestinal Infections (Serotypes 40-42) 
- Acute gastroenteritis - 1-2 weeks of 
abdominal pain + watery, noninflammatory 
diarrhea. Children. Shed in feces for months.  

    

Hepadnaviridae: Basics Pathogenesis/Infections 
Hepatitis B Virus HBV is spread by the sexual, 

parenteral and perinatal routes 
through blood, semen, and vaginal 
secretions.  
 
HBV infects the liver, kidneys and 
pancreas.  
 
HBV virions (Dane particles) = 
3.2kb partly dsDNA + kinase + 
reverse transcriptase (has RNA-
dependent DNA pol., DNA-dependent 
DNA pol., and ribonuclease H activity) 
- attached to the genome. 
- Surrounded by a capsid = hepatitis 
B core antigen (HBcAg) + a small 
amount of Hepatitis B e antigen 
(HBeAg).  
- The capsid is surrounded by an 
envelope containing hepatitis B 
surface antigen (HBsAg). 
Dane particles are very stable.  
 
HBV is the only DNA virus to encode 
reverse transcriptase (RT) and 
replicate through RNA. RT converts 
HBV mRNA into (-) DNA. RT 
degrades the RNA as (+) DNA is 
made from the (-) DNA. Envelopment 
interrupts the process ® partial 
dsDNA genome. 
 
HBV-infected cells release large 
amounts of HBsAg lacking DNA = 
antigenic decoys. 
 
Replicate in the nucleus. Virus is 
released from hepatocytes by 
exocytosis without killing the cell.   
 
- Up to 30% with chronic HBV are 
coinfected with HCV = > risk of 
cirrhosis and PHC. 

Infection outcome is determined by immune response: CMI responses 
+ inflammation cause symptoms but resolve infection by eliminating 
infected hepatocytes. HBsAg decoys block neutralizing antibodies ® 
immune complexes that initiate hypersensitivity reactions, causing rash, 
polyarthritis, fever, acute necrotizing vasculitis, and glomerulonephritis.  
 
- Acute hepatitis - HBV replicates in hepatocytes with minimal CPE. 
Prodrome of fever and malaise, followed by anorexia, nausea, vomiting, 
right upper quadrant discomfort, jaundice, dark urine, and pale stools. 
Recovery is indicated by a decline in fever and renewed appetite. ~90% 
resolve acute HBV infection and symptoms disappear in 1-3 months.  
 
- Fulminant hepatitis - Occurs in <1% of icteric patients. More severe 
symptoms and indications of severe liver damage, e.g., ascites and 
bleeding. May be fatal. Due to massive immune-mediated hepatocyte lysis. 
 
- Chronic hepatitis = HBsAg positive for >6 months. 5-10% of HBV 
patients. Usually after mild or inapparent initial disease. ~50% will resolve 
their infection. Some become lifelong carriers. Patients with chronic active 
hepatitis have continued liver destruction ® scarring, cirrhosis, liver failure, 
or primary hepatocellular carcinoma. Patients with chronic passive 
hepatitis experience fewer problems.                 

- Chronic carriers = recovered from disease, but still have HBV and are 
still infectious. Up to 90% of infants infected perinatally become chronic 

carriers. Young children have immature CMI responses and are less able 
to resolve infection, but have less tissue damage and milder symptoms.  
 

- Cirrhosis (fibrotic liver scarring) - a sequelae of chronic active hepatitis.  
 
- Primary hepatocellular carcinoma (PHC) - ~80% of PHC is attributed 
to chronic HBV. Occurs 9-35 years after infection and is usually fatal. HBV 
may induce PHC by promoting continued liver repair and cell growth in 
response to tissue damage, or by integrating into the host chromosome 
and directly stimulating cell growth. 
  
Vaccine: HBsAg expressed in yeast and then purified.  

 

dsDNA linear 
Naked icosahedral 

dsDNA circular (partly ss) 
Enveloped, icosahedral 
Reverse transcriptase 

 Jaundice 

BK and JC ctd. 

HBV SEROLOGY: 
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Herpesviridae: Basics Pathogenesis Infections 
- Herpesviruses replicate in the nucleus and establish latent, recurrent, and (for EBV) immortalizing infections.  
- Herpesviruses encode their own DNA polymerase = an antiviral target. 
- Contain a tegument (space between envelope and capsid) for proteins + enzymes. Facilitates replication in non-
growing cells like neurons. 

Herpes Simplex Virus 
1 and 2 

Large virus: ~80 proteins. 
 
Lytic infection of 
fibroblasts and epithelial 
cells. Latent infection of 
neurons.  
 
During latency, only the 
latency-associated 
transcript (LAT = non-
translated RNA) is 
transcribed. Antivirals do 
not clear latent infections.  
 
HSV is very labile and 
readily inactivated by 
drying, detergents, and 
the GI tract.  

Transmitted in vesicle fluid, saliva, 
vaginal secretions, close contact, 
or from mother to infant at birth. 
Autoinoculation ® eye and skin.  
 

 

- Infects through mucosal 
membrane or skin break. 
Replicates at base of the lesion 
and infect the innervating neuron 
® ganglion (retrograde via dynein 
and microtubules).  
 

- Recurrence activated by stress, 
immunosuppression, etc., that 
trigger viral replication in nerve 
cell. Anterograde transport via 
kinesin-1. Result: less severe, 
more localized, and shorter than 
the primary episode. 

HSV-1: Common in children. Causes 
gingivostomatitis (fever with painful oral 
vesicles), keratitis/conjunctivitis, encephalitis 
(temporal lobe) and herpetic whitlow (finger). 
Latent in the trigeminal nerve ganglia and recur 
periodically as a cold sore = a clear vesicle on 
an erythematous base. Herpetic ulcers of the 
cornea or conjunctivae can cause blindness.  
 

HSV-2: Correlate with d sexual activity. Latent 
in sacral nerve ganglia (S3 and S4). Genital 
herpes (painful primary outbreaks and tingling 
prior to new outbreaks of ulcerative vesicular 
lesions with lymphadenopathy), neonatal 
infections (skin, eyes, mouth, multiple organs - 
have cesarean if active lesions), CNS 
infections (meningitis) and herpetic whitlow. 
(TORCH) 
  

Herpes simian B virus (simian HSV) - Monkey 
saliva or cells. Vesicles and encephalopathy.  

Varicella Zoster (VZV)  VZV and HSV cause 
syncytia + Cowdry type A 
nuclear inclusions; ID in 
Tzanck smear or DFA 
(scraping of lesion base). 

Extremely communicable. Spread 
mainly via the respiratory route but 
also by skin lesions. Lytic infection 
of mucoepithelial cells.  
 
 
Replicates in respiratory mucosa 
® lymph nodes ® primary viremia 
(in T cells) ® visceral organs ® 
secondary viremia spreads VZV 
throughout body and to skin ® 
symptoms. 
 
 
Latent infection in dorsal root or 
cranial nerve ganglia. Reactivated 
in adults with waning immunity or 
impaired cellular immunity.  

- Varicella (chickenpox) - Fever and an itchy, 
asynchronous dermal vesiculopustular rash 
across the entire body (more severe on trunk). 
Successive lesion crops for 3-5 days.  
- CMI responses resolve infection but contribute 
to symptoms. Interstitial pneumonia in 20-30% 
of adults (inflammatory reactions). Can be fatal. 
- Dissemination ® pneumonia, encephalitis. 
- Congenital varicella - Skin lesions, ocular 
and CNS defects. 
- Herpes zoster (shingles) = Reactivated VZV. 
Virus released along neural pathway ® painful, 
vesicular skin rash along entire dermatome. 
Incl. opthalmicus. Lesions contain viable virus.  
- Postherpetic neuralgia - Chronic pain in 
older patients after shingles. Can persist 
months-years. VZV-induced nerve damage. 
Vaccines: Varivax live, attenuated varicella 
vaccine. Shingrix recombinant glycoprotein 
vaccine for shingles (to boost CMI).  

Cytomegalovirus 
(CMV)  

Large (cytomegalic) cells 
with owl’s eyes = large 
basophilic intranuclear 
inclusion bodies 
surrounded by a 
perinuclear halo. Also 
smaller basophilic 
cytoplasmic inclusions.  

Transmitted across the placenta, 
during birth, mother’s milk, through 
sexual contact, saliva, blood 
transfusion, or organ transplant.  
 
CMV is responsible for many 
kidney transplant failures. 
 
Latent in myeloid precursor cells. 

- Heterophile antibody-negative infectious 
mononucleosis - Like EBV mononucleosis, but 
heterophile-antibody negative.  
- Can trigger Guillain-Barré syndrome. 
- Pneumonia and retinitis in immunocomprom.  
 
- Cytomegalic inclusion disease in neonates. 
Deafness, visual impairment, and mental 
retardation. Intracranial calcifications. (TORCH) 

Epstein-Barr Virus 
(EBV) 

EBV has oncogenic 
potential.  

Transmitted by saliva. Lytic 
infection of epithelial and B cells. 
Latent in B cells. Uses B cell CD21 
as receptor. 
 
EBV cancers: Burkitt’s lymphoma 
of jaw/face in Africa, Hodgkin’s 
lymphoma, nasopharyngeal 
carcinoma, T cell lymphoma.  

- Heterophile antibody-positive infectious 
mononucleosis (kissing disease) - posterior 
cervical lymphadenopathy, hepatomegaly, 
splenomegaly, pharyngitis/tonsillitis, fever, and 
fatigue. Atypical lymphocytes (Downey cells). 
- Neurologic complications: meningoencephalitis 
and Guillain-Barré.  
Monospot test for heterophile antibodies. 
- Oral hairy leukoplakia in HIV+ patients.   

Human Herpesviruses 
(HHV)-6 (A & B) and -
7 

  - Exanthem subitum/Roseola. High fever, 
followed by an immune-complex mediated rash 
= small rose-pink macules/papules, prominent 
on the trunk and face once the fever breaks.  

Human Herpesvirus 
(HHV)-8 

An STI. Angioproliferative. 
Latent in B cells. 

 - Kaposi’s Sarcoma - Red/purple/brown/black 
macules, plaques or nodules on skin (+/- 
lymphedema), in mouth, respiratory & GI tracts.  

Cold sore 

 Shingles 

dsDNA linear 
Enveloped, icosahedral 

 Chickenpox 

 Mononucleosis Burkitt’s lymphoma 
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Poxviridae: Basics Pathogenesis Infections 
Variola and Vaccinia Large DNA viruses with a 

complex, brick-shaped 
appearance.  

 
Has virus-associated 
transcriptase (DNA-
dependent RNA 
polymerase) to make 
mRNA, and enzymes to 
synthesize DNA. Also 
makes its own envelope. 

Replicate in the host cell 
cytoplasm ® cytoplasmic 
inclusions called Guarnieri bodies. 
 
Variola major and minor are 
extinct in the wild.  
 
Smallpox 
was initiated 
by infection 
of the 
respiratory 
tract ® local 
lymph 
nodes ® 
viremia ® 
symptoms. 
 
 

 

- Variola (smallpox). High fever, fatigue, 
severe headache, malaise, followed by a 
vesicular rash in the mouth and centrifugal 
spread to the face, proximal extremities, trunk 
and distal extremities Vomiting, diarrhea and 
bleeding followed. The vesicular rash was in the 
same stage of development (unlike VZV). 
Vesicles = deep-seated, firm, round, well-
circumscribed and uniform size. Variola infects 
a deeper dermal layer than VZV ® scars. 
 
- Vaccinia (cowpox) = the immunogen in the 
vaccine that led to eradication of smallpox. 
Vaccine: Live vaccinia is scratched into the skin 
with a bifurcated needle ® vesicles/pustules.  
 
- Orf and vaccinia viruses = Contact with 
animal lesions ® nodule at the point of contact.  
- Monkeypox virus - Milder version of 
smallpox, including the pock-like rash. 

Molluscum 
Contagiosum 

  Virus-infected cells have large 
eosinophilic cytoplasmic inclusion 
bodies called molluscum bodies.  

- Firm, dome-shaped skin papules (clusters of 
5-20), 2-5 mm in diameter with a shiny surface 
and nipple-like indentations with waxy material.  

 
 
 

dsRNA Viruses 
 

Reoviridae: Basics Pathogenesis Infections 
- Reoviruses have nonenveloped (naked), triple-shelled capsids.  
- To avoid dsRNA-activated host defenses they must replicate entirely within their capsids.  

Rotavirus • Rotaviruses are 
ubiquitous worldwide. 
 

• 11 dsRNA segments in 
an inner capsid with RNA 
pol. + RNA processing 
enzymes = a mini 
transcription factory. 
 

• Outer capsid protects 
inner capsids from acidic 
GI tract after ingestion.  
 

• Proteolytic cleavage is 
necessary to activate the 
virus for infection. 

Fecal-oral spread: Withstands 
drying, detergents, and are stable 
over wide pH and temperature 
ranges. 
 
Viral replication after adsorption to 
columnar epithelial cells covering 
small intestine villi ® shortening + 
blunting of microvilli. 
 

• Cytolytic + viral nsP4 enterotoxin 
effects on intestinal epithelia 
(nsP4: Ca2+-dependent chloride 
secretion ® H2O efflux and altered 
SGLT1 symport ® altered H2O 
reabsorption) ® net water 
secretion + ion loss ® watery 
diarrhea.  

• - Infantile gastroenteritis. Symptomatic 
infection in infants/children: Vomiting, fever prior 
to watery, noninflammatory diarrhea and 
dehydration. 3-9 day illness. Milder diarrhea in 
older children.  

• - Can prove fatal in infants who are 
malnourished and dehydrated before infection 
(mostly in developing countries).  
- Morbidity and mortality from dehydration and 
electrolyte imbalance. Therapy must include 
electrolyte replacement. 

•  
• - Large quantities of virus in stool make direct 

detection of viral antigen (latex agglutination) 
quick, easy and inexpensive.  
 

• Vaccines: RotaTeq (oral pentavalent, five live 
reassortant rotaviruses), and Rotarix (oral, live, 
attenuated strain).  

Coltivirus Tick-borne disease in W 
& NW US (esp. Colorado) 
and Canada where the 
wood tick (Dermacentor 

andersoni) is found. 

Transmitted in tick 
saliva.  
 
 

- Colorado tick fever - Biphasic fever and viral 
encephalitis. Fever, chills, headache and 
myalgia. May have a faint, transient, generalized 
rash. Can remain viremic for 120 days - do not 
donate blood soon after recovery.   

Reovirus • Exposure is common.   • No overt disease, but can cause febrile disease.  

 
  

Smallpox 

dsDNA linear 
Enveloped, complex 
Has DNA polymerase 

Linear 
10-12 segments 

DNA viruses. Herpesviruses: acyclovir/famciclovir/valacyclovir (HSV, VZV), ganciclovir/valganciclovir (CMV), 
foscarnet or cidofovir (CMV, acyclovir-res. HSV).  
HBV: tenofovir, entecavir, interferon. 
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 Negative Sense ssRNA Viruses 
All (-) RNA viruses are helical, enveloped viruses that carry RNA-dependent RNA polymerase  

Paramyxoviridae: Basics Pathogenesis Infections 
- Each paramyxovirus has one dominant serotype, except parainfluenza, which has four. 
- Viral envelopes contain hemagglutinin-neuraminidase (HN) that binds sialic acid cell receptor or hemagglutinin (H) 
glycoprotein. Viruses also contain a fusion protein (F), which promotes fusion of the viral and host cell membranes. F protein 
in the cell membrane causes cell-cell fusion ® syncytia and multinucleated giant cells. 
Measles (Rubeola) 
Virus 

Has H + F glycoproteins. 
Binds to most cell types.  

- Transmitted in respiratory droplets - extremely contagious. Respiratory tract ® 
lymphatic system ® viremia.  
 
- Measles. Prodrome: fever and CCCP = cough, coryza, conjunctivitis and 
photophobia. Followed by Koplik spots (gray-white with red base on oral mucosa). 
Lasts 24-48 h. 12-24 hours after Koplik spots, an erythematous maculopapular rash 
(due to cytotoxic T cells killing infected endothelial cells lining small BVs) starts at the 
hairline ® face and upper neck ® down and out to hands and feet. Stays in an area 
for ~3 days and then fades in the same order in which it appeared. Infections also have 
Warthin-Finkeldey giant cells = fused lymphocytes. 
- Complications: Otitis media, giant cell pneumonia, encephalitis, diarrhea. 
Immunosuppres. after measles is common ® secondary infections, esp. pneumonia. 
Pneumonia ® 60% of measles deaths. 
- Subacute sclerosing panencephalitis (SSPE) = encephalitis years after infection 
from a defective mutant generated during acute disease. Personality and behavior 
changes, jerking & spasticity. Die from heart failure or loss of control of autonomic NS. 
- T-cell deficient children get a giant cell pneumonia without a rash.   
Vaccine: Live, attenuated MMR. 

Mumps Virus Has F + combined HN 
glycoproteins. 

Transmitted by close contact and 
in respiratory droplets (before 
symptoms).  
 
Upper respiratory tract ® parotid 
gland ® viremia ® testes, ovaries, 
and CNS (esp. meninges).  

- Mumps. Bilateral salivary gland enlargement 
(parotitis), mild meningitis (up to 50%, 
headache, stiff neck, photophobia), post pubertal 
orchitis (unilateral, rarely causing sterility) or 
oophoritis. Deafness is a rare complication. 
 
Vaccine: Live, attenuated MMR. 

Parainfluenza Virus  Has F + combined HN 
glycoproteins. 
 
4 serotypes, no vaccine. 
Short-lived, virus-
manipulated CMI. 
Reinfection is common. 

Transmitted by close contact and 
in respiratory droplets.  
 
Virus usually stays in the upper 
respiratory tract. No viremia. 
Spreads to the lower respiratory 
tract in 25% of cases.  

- Croup (laryngotracheobronchitis) in infants. 
Subglottal swelling, stidor and a ‘seal bark’ 
cough. 
 
- Pneumonia and bronchiolitis.  
 
- Mild upper respiratory infections. 

Respiratory Syncytial 
Virus (RSV) 

F glycoprotein only.  
 
Most children are infected 
by age 2.  
 
Winter epidemics. 

Highly contagious. Transmitted on 
hands, fomites, respiratory route.  
 
Localized to the respiratory tract.  
 
Induces syncytia.  

- Bronchiolitis and pneumonia in infants and 
young children (a major cause). Necrosis of 
bronchioles ® plugs of mucus, fibrin + necrotic 
material ® fever, cough, expiratory wheeze & 
rapid respiration. Aerosolized ribavirin treatment.  
 
- Colds and bronchitis in older children, 
adolescents and adults.  

Metapneumovirus F glycoprotein only. 
 
Occurs in winter.  

RSV co-infections result in more 
serious disease.  

- Bronchiolitis - 2nd most common cause after 
RSV. Slightly older children than RSV and less 
severe disease.  

    

Rhabdoviridae: Basics Pathogenesis Infections 
Rabies Virus  Bullet-shaped virus. 

 
Classis zoonosis. US 
reservoirs = skunks, 
raccoons, foxes, dogs, 
coyotes and bats. 
Rabid animals are usually 
aggressive.  

Transmitted to humans by bat 
contact (bat saliva/aerosols) or 
dog bite. Bat aerosols = a risk for 
spelunkers (cavers).  
 
Virus grows in muscle for days-
months ® infects the PNS (viral 
glycoprotein binds to acetylcholine 
receptor) ® axonal transport in 
sensory fibers to the CNS (dorsal 
ganglion, then spinal cord, brain 
stem, cerebellum, etc.) ® 
replicates in gray matter ® eyes, 
salivary glands, skin via the 
nervous system.  
 

 - Rabies. Long, variable incubation. Prodrome: 
fever, malaise, headache, fatigue, pain, 
paresthesia or itching at the bite site. Neurologic 
symptoms appear next. Brain invasion ® 
encephalitis ® coma and death.  
- Hydrophobia (fear of water) in 20-50% = 
triggered by pain associated with attempts to 
swallow water. Seizures, disorientation, and 
hallucinations are common.  
- 15-60% of patients have paralysis only 
(starting at bite site) ® respiratory failure.  
- Rabies is usually fatal once clinical disease 
occurs. Virus present in human saliva + tears. 
- Need risk assessment with Public Health 
Officers for all bites, contact with bats or 
potential exposure. 

Mumps parotitis 

Linear 
Nonsegmented 

Measles rash 

Linear 
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Negri bodies = eosinophilic 
cytoplasmic inclusions (of viral 
nucleocapsids). Potentially 
infected animals and nape-of-neck 
skin biopsies from suspected 
human cases are examined by 
fluorescent antibody staining.  

Vaccine: Rabies vaccine (inactivated, human 
diploid) is used for pre-exposure in veterinarians, 
spelunkers, and animal control officers. 
After exposure: Hyperimmune serum is injected 
in and around the wound, and rabies vaccine is 
injected at a different site. May prevent disease 
after infection (due to long incubation period).  

Vesicular Stomatitis  Arbovirus.  Transmitted by sand flies.  - Similar to foot-and-mouth. Oral vesicles.  
    

Filoviridae: Basics Pathogenesis Infections 
- Thread-like/filamentous viruses. 
- Bats are a likely reservoir. Outbreaks occur in human and nonhuman primates. Highly virulent.  
Ebola Virus Ebola was discovered in 

Zaire (now DR of Congo).  
 
Multiple outbreaks have 
occurred in Africa.  
 
Five Ebola species with 
differing virulence. 
 
Ebola usually eliminates 
the susceptible population 
before it can spread 
extensively. 

Transmitted by contact with 
infected animals or human-to-
human transmission from infected 
blood, body fluids (saliva, mucus, 
vomit, feces, sweat, tears, breast 
milk, urine and semen) or fomites.  
 
Enters through the nose, mouth, 
eyes, or skin cuts. Transmitted 
from the secretions of someone 
showing signs of infection.  
 
Filoviruses produce large amounts 
of virus that cause tissue necrosis. 

- Ebola virus disease - Starts with influenza-
like symptoms, then vomiting and diarrhea. 
Often ends with severe bleeding (especially 
from the GI tract), shock and death. 
Summarized as capillary leak syndrome, 
coagulation defects and shock. Bleeding occurs 
at needle sites and orifices, e.g., the eyes, ears, 
mouth and GI tract. 
 
Blood leakage is caused by a loss of vascular 
integrity (viral infection of blood vessel 
endothelial cells) + loss of effective coagulation.   
 

Marburg Virus First detected among lab 
workers in Marburg, 
Germany, who had been 
exposed to tissue from 
African green monkeys.  
 
Marburg infections most 
often occur in Africa.  

See Ebola above.  - Marburg virus disease - 
See Ebola above.  

    

Orthomyxoviridae: Basics Pathogenesis Infections 
Influenza Viruses 

 
 
 
 

8 unique (-) RNA segments 
in a helical nucleocapsid 
with RNA dependent RNA 
polymerase. 

 
Hemagglutinin (HA) and 
neuraminidase (NA) 
glycoproteins on surface: 
 

Influenza A (epidemics + 
pandemics), B (epidemics 
only) and C (minor virus).  
 
- HA binds virus to sialic 
acid receptors on cells.  
- NA = a sialidase that 
releases virus from 
infected cell surfaces 
during budding. Breaks 
sialic acid and HA bonds.   
 
M2 = a membrane protein. 
Forms a proton channel 
that promotes viral 
uncoating and release 
from endosomes.   
 
Antigenic drift = point 
mutations due to error-
prone RNA pol. ® minor 
surface antigen changes. 
Causes epidemics.  
 
Antigenic shift = a 
dramatic antigenic change 
in HA and/or NA. Occurs 
when the genome 
undergoes reassortment 
with another influenza A 
virus infecting the same 
cell. Pigs can reassort 
avian and human strains. 
Can result in a pandemic. 

Flu season = Nov-Mar in the 
Northern hemisphere.  
 
Influenza enters the respiratory 
tract in droplets (coughing, 
sneezing) or aerosols (droplets in 
air - linked to low humidity and low 
temperatures) and establishes an 
upper respiratory tract infection by 
killing mucus secreting, ciliated, 
and other epithelial cells.  
 
NA cleaves sialic acid residues of 
mucus to provide tissue access.  
 
If virus spreads to the lower 
respiratory tract ® severe 
bronchial or alveolar epithelial 
shedding. Promotes bacterial 
adhesion (S. aureus, H. 

influenzae, S. pneumoniae).  
 
Initial symptoms are due to viral 
damage + inflammation: Many 
classic ‘flu’ symptoms (fever, 
malaise, headache and myalgia) 
are caused by interferon.  
 
Infection is controlled by antibodies 
to HA and NA and by CMI 
responses. 

- Influenza. Begins with a few hours prodrome 
of malaise and headache. Followed by fever (3-8 
days duration), chills, myalgia, loss of appetite, 
and nonproductive cough. Recover in 7-10 days.  
 
- Pneumonia. Caused by viral pathogenesis or 
a secondary bacterial lung infection = a major 
cause of disability and death in the elderly.  
 
 
 
 
 
 
 
 
 
Vaccines: Have 2 influenza A’s (H1N1 + H3N2) 
& 1-2 influenza B’s.  
- Inactivated quadrivalent vaccine (flu shot). 
High-dose or adjuvanted quadrivalent versions 
for ≥65 years.  
- Live attenuated influenza vaccine (FluMist 
nasal spray, quadrivalent) = attenuated, cold 
adapted and temperature sensitive strains that 
replicate in the nasopharynx but not in the lungs.  
Both = grown in eggs. 2 egg-free inactivated 
vaccines also available.  
 
Strains are reviewed annually & ≥1 vaccine 
strains may be changed. Immunize each 
October.  
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Peribunyaviridae: Basics Pathogenesis Infections 
-  Segmented genomes with one ambisense RNA strand - some regions function like (-) RNA and others like (+) RNA that is directly translated. 

California Serogroup 
Viruses, e.g., 
California encephalitis 
La Crosse Virus  

Spread by Aedes spp. 
mosquitoes.  
 
Small mammal reservoirs. 
 

CEV - Infects North American 
school-aged children in summer 
and fall.  
La Crosse is common in the mid-
Western and mid-Atlantic states.  

- Encephalitis. Subclinical 
infection or nonfatal 
encephalitis. Fever, nausea, 
vomiting, headache and 
abdominal pain.  

    

Hantaviridae: Basics Pathogenesis Infections 

-  Segmented genomes with one ambisense RNA strand - some regions function like (-) RNA and others like (+) RNA that is directly translated. 

Hantaviruses - 
Sin nombre, Andes, 
Hantaan, Dobrava, 
Seoul, Puumala, and 
Saaremaa  

Reservoirs are deer mice 
in the US (Sin nombre) 
and other rodents (the 
other hantaviruses).  
 
- Sin nombre associated 
with high rainfall in the US 
South West ® bumper 
piñon nut crop ® d mice 
population ® d human 
contact and infection.  

Sin nombre is 
transmitted in 
deer mice feces, 
urine and saliva. 
Humans breathe 
contaminated aerosols.  
Virus remains in the lungs. 
 
Humans are infected with other 
hantaviruses by rodent bites or 
contact with rodent urine or saliva.  

- Hantavirus Cardiopulmonary Syndrome 
(HPS) - Caused by Sin nombre (USA) and 
Andes virus (S. America). Prodrome of fever 
and myalgia. Followed by dry cough, interstitial 
pulmonary edema, acute respiratory failure and 
death within days.  
 
- Hemorrhagic Fever with Renal Syndrome 
(HFRS) - Fever, hemorrhage, hypotension and 
renal failure.  

    

Arenaviridae: Basics Pathogenesis Infections 
- Have a ‘sandy’ appearance due to functional ribosomes that have no known purpose.  
- Segmented genomes with ambisense strands. Inefficient glycoprotein transcription ® poor virus assembly and persistent 
infection.  

Lymphocytic 
Choriomeningitis 
(LCM) Virus  

LCM 
virus 
infects 
hamsters, 
rats and house mice.  

LCM virus is excreted in rodent 
urine or feces.  
Transmitted to humans by aerosol 
inhalation, consumption of 
contaminated food or by fomites. 

- Viral meningitis - Influenza-like febrile 
disease. Meningitis in 10% of cases, which may 
be fatal = unusual for viral meningitis. 

Lassa (West Africa) 
Junin (Argentina) 
Machupo (Bolivia) 

Lassa fever, Junin fever, 
and Machupo fever are 
transmitted by contact 
with rodents.  
 
Suggested by recent 
travel to endemic areas. 

 - Viral hemorrhagic fevers. Febrile illnesses 
complicated by visceral hemorrhage. 
 
- Lassa fever - Face/neck swelling, conjunctival 
hemorrhage and bleeding. Sequela: 
Sensorineural deafness in ~25%. High death 
rates in pregnant women in third trimester.  

    

Deltaviridae: Basics Pathogenesis Infections 
Hepatitis D (Delta) 
Satellite 

Defective virus that 
requires HBsAg for 
replication.  
 
HDV infected individuals 
are always HDV + HBV 
positive. ~5% of HBV 
carriers have HDV. 
 
Small circular RNA 
genome folds into a tight, 
rod-like structure through 
RNA base pairing.  
 
Genome encodes one 
protein = delta core 
antigen, that surrounds 
the genome, which in turn 
is surrounded by HBsAg-
containing envelope.  
 
 

HDV is spread in blood, semen 
and vaginal secretions (like HBV). 
 
Uses host DNA-dependent RNA 
pol. to make mRNA and RNA 
genome copies = unique.  
 
Replicated genome forms an RNA 
ribozyme, which cleaves joined 
RNA genomes into monomers = 
the only human virus to do this. 
 
- Liver damage results from the 
direct cytopathic effect of HDV, 
combined with the underlying 
immunopathology of HBV disease.  
 
- Serology = anti-HDV & RT-PCR. 

- Hepatitis, fulminant hepatitis and cirrhosis - 
HDV causes ~40% of all fulminant hepatitis 
(altered brain function, extensive jaundice, and 
massive hepatic necrosis).  
 
HDV infections are either: 
 
- Coinfections = HBV + HDV acquired together. 
Clinically indistinguishable from acute HBV 
alone. Usually acute and self-limiting, but 
fulminant hepatitis occurs in 3-4% of infections.   
 
- Superinfections = have chronic HBV and then 
acquire HBV again with HDV. 80% develop 
chronic HDV/HBV infection. 10-15% present as 
severe acute hepatitis in a previously stable 
chronic HBV carrier or as an exacerbation of 
chronic HBV. Fulminant hepatitis in 5-10%.  
 
Preventing HBV infection also prevents HDV 
infection.  

 (-) RNA viruses. Influenza: oseltamivir/zanamivir/peramivir, baloxavir. RSV: ribavirin.  
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Positive Sense ssRNA Viruses 
All (+) RNA viruses have linear, nonsegmented RNA genomes 

Picornaviridae: Basics Pathogenesis Infections 
- Very small, naked viruses with tight-fitting capsomeres that make them hard to inactivate.  
- Fast & efficient replication: Viral genome may be injected across the cell membrane and directly binds to a ribosome.  
- The polycistronic genome is expressed as one polyprotein (containing all viral proteins) and is cleaved by viral 
proteases within it to release individual proteins. Virions are released by cell lysis. Most Picornaviruses are cytolytic. 

Enteroviruses - 
Poliovirus, 
Coxsackie A and B, 
Echovirus and 
Enterovirus 68-71 

Are resistant to pH 3-9, 
detergents, mild sewage 
treatment, and heat. 
 
ICAM-1 cell receptor for 
coxsackievirus; PVR for 
poliovirus. 
 
Are cytolytic, replicating rapidly 
and causing cell damage.  
 
Fecal-oral transmission. 
Initiate GI tract infection, but 
rarely cause enteric disease.  
 
Viral replication in tonsils and 
pharynx first, and later in 
Peyer’s patches. 1° viremia 
spreads virus to lymph nodes, 
spleen, and liver, to initiate a 
2nd phase of viral replication 
® 2° viremia and symptoms.  
 
Viral shedding from the 
oropharynx for a short time 
before symptoms, but viral 
shedding from the intestines 
for 30 days or more.  
 
Poliovirus infects skeletal 
muscle and travels up 
innervating nerves to the brain. 
Poliovirus is cytolytic for motor 
neurons of the anterior horn 
and brain stem. Which nerve 
cells the virus kills determines 
which tissue becomes 
paralyzed. The number of 
neurons killed determines 
whether paralysis occurs. 

Non-Polio Enteroviruses 
- Asymptomatic infections with viral shedding.  
- Rhinitis and pharyngitis. 
- Herpangina (coxsackie A). Fever and gray-white papulovesicles on anterior tonsillar 
pillars, tonsils, soft palate and uvula. 
- Stomatitis - inflammation of the oral mucosa.  
- GI disorders. 
- Hand-foot-and-mouth (Coxsackie A and enterovirus A71). Fever, followed by 
painful oral vesicles on the buccal mucosa and tongue, and then small, tender 
cutaneous lesions on the hands, feet, buttocks and (less commonly) the genitalia. 
Spread by nasal discharge, saliva, blister fluid, and stool.    
- CNS infections - Meningitis (coxsackie A, B, echovirus), less commonly 
encephalitis (coxsackie B), and myelitis (enteroviruses).  
- Hemorrhagic conjunctivitis (enterovirus D70 and 
coxsackie A). 
- Myopericarditis (coxsackie B, echovirus). Chest pain, 
fever, fatigue and arrhythmia. 
- Rash (echoviruses). Spread from the face to the neck, 
upper extremities and chest. 

Poliovirus 
Rare due to vaccination. But, vaccine-associated cases of paralytic poliomyelitis can 
occur with live vaccine and some populations remain unvaccinated.  
 
Poliovirus in unvaccinated: 
- Asymptomatic - ~90% of infections. Viral infection limited to the oropharynx and gut.  
- Abortive poliomyelitis - Non-specific febrile illness in ~5%. Fever, headache, 
malaise, sore throat, vomiting. Viremia is controlled by antibody.  
- Non-paralytic poliomyelitis (aseptic meningitis) - 1-2%. Virus progresses to CNS 
and meninges. Symptoms of minor illness + back pain and muscle spasms.  
- Paralytic poliomyelitis - 0.1-2%. 3-4 days after minor illness has subsided. Virus 
spreads from the blood to the spinal cord (anterior horn cells) and 
the motor cortex of the brain. Causes asymmetric flaccid paralysis 
with no sensory loss. Complete recovery within 6 months, residual 
paralysis or death. 85% = Poliovirus type 1.  
- Bulbar poliomyelitis - Involves the cranial nerves and the 
medullary respiratory center. Muscles of the pharynx, vocal cords, 
and respiration can be affected, resulting in death in 75% of 
patients.  
- Postpolio syndrome = a sequelae of poliomyelitis in 20-80% of 
original victims later in life. Patients suffer deterioration of 
originally affected muscles. Virus is not present.  
 
Vaccines: Inactivated polio vaccine (IPV, Salk) and live attenuated oral polio vaccine 
(OPV, Sabin). Both vaccines contain the three poliovirus strains. OPV replicates in the 
oropharynx + intestinal tract but not in neurons. It induces IgA and assists with herd 
immunity (virus is shed in feces and immunizes others). OPV can revert to its virulent 
form and cause paralytic disease. IPV is now used routinely in the US. 

Hepatitis A Virus Food-borne, e.g., shellfish or 
vegetables. Found worldwide.  
 
Common source outbreaks, 
e.g., water or restaurants.  
 
Resistant to detergent (bile 
salts), acid (pH 1), solvents 
and drying. Survives for 
months in fresh and salt water. 
Inactivated by chlorine.  

Fecal-oral transmission. 
 
Ingest HAV ® traverse the 
oropharyngeal or intestinal 
epithelia ® bloodstream ® 
hepatocytes ® biliary tract ® 
intestines ® feces.  
 
Viremia = ~ 2 weeks, so blood-
borne transmission is possible.  
 
Serology = anti-HAV IgM.  

- Acute hepatitis - not 
chronic. Abrupt onset fatigue, 
malaise, nausea, vomiting, 
anorexia, fever, and right 
upper quadrant pain. After a 
few days: dark urine, light-
colored stools, then jaundice 
and pruritus. Jaundice and 
hepatomegaly are common. 
Recover within 3 months.  
<1% fulminant hepatitis. 
Vaccine: Inactivated HAV vaccine. 

Rhinovirus >100 serotypes. 
 
Use ICAM-1 as a cell receptor.  

Are sensitive to stomach acid and 
replicate poorly above 33°C - this 
limits them to the upper 
respiratory tract. 

- Common cold - Major cause of the common 
cold. Infections peak in summer and early fall.  
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HCV: ledipasvir, simeprevir, 
sofosbuvir, ribavirin, interferon.  
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Caliciviridae: Basics Pathogenesis Infections 
Norovirus  Major food-borne illness.  

 

- Fecal-oral spread in food or 
shellfish. Can be water-borne. 
Person-to-person spread and 
from contaminated surfaces.  
 

- Outbreaks in semi-closed 
communities, e.g., hospitals, 
prisons, cruise ships. 

Noroviruses are very contagious 
(18 viral particles cause infection).  
 
Patients are contagious for up to 2 
weeks after recovery.  

- Acute gastroenteritis - 1-2 day incubation, 1-
3 days of illness, 
with forceful 
vomiting, watery, 
noninflammatory 
diarrhea and low-
grade fever. 
Adults + children. 

    

Flaviviridae: Basics Pathogenesis Infections 
- Flavi means ‘yellow’. Most flaviviruses will ‘turn you positively yellow’.  

Yellow Fever Virus One serotype. 
 
Found in tropical South 
America and in Africa.  
 
An arbovirus spread by 
mosquitoes (Aedes or 
Haemagogus).  
 

- Yellow fever. Most infections are subclinical. Clinical disease:  
- Period of infection (viremia) = fever, malaise, headache, photophobia, myalgia, 
anorexia, nausea, vomiting, irritability, dizziness, and slow pulse ®  
- Period of remission - lasts up to 48 h or can recover at this stage ®  
- Period of intoxication (immune-mediated) = fever, nausea, vomiting, epigastric pain, 
jaundice, oliguria, mucosal hemorrhage, hemorrhagic diathesis, liver, kidney, 
cardiovascular dysfunction, renal failure. Bleeding in the GI tract causes ‘black 
vomit’ (vomiting blood). ® 
- Recovery or death.  
 

Vaccine: Live, attenuated vaccine.  
Dengue Virus Four antigenically distinct 

serotypes.  
An arbovirus spread by Aedes 
mosquitoes in the tropics and 
the US Gulf Coast. 

Infects macrophages, which respond by releasing mediators like interferon, that 
causes many of the disease symptoms.  
 

- Classic Dengue Fever: High fever (>104°F, lasts 5-7 days), retro-orbital pain, 
severe myalgia and arthralgia (‘breakbone fever’), headache and rash.  
 

- Dengue hemorrhagic fever (DHF): Serious complication in babies with maternal 
antibodies (Ab) or individuals with Ab from a previous infection, who is infected with a 
2nd dengue serotype. Mechanism: Non-neutralizing Ab promotes virus uptake into 
macrophages ® activated memory T cells ® release of inflammatory cytokines and 
hypersensitivity reactions ® weakening and rupture of the vasculature ® internal 
bleeding and shock. DHF is marked by d vascular permeability, marked 
thrombocytopenia, a 2-7 day fever, and a hemorrhagic tendency. 

Zika Virus Spread by Aedes mosquitoes, 
sexual transmission, in utero.  

- Zika Fever: Fever, rash, headache, arthralgia, myalgia and conjunctivitis. 
 

- Congenital infection can cause fetal microcephaly and fetal loss.  
St. Louis 
Encephalitis Virus 

Spread by Culex mosquitoes.  
Endemic to Canada, USA, 
Caribbean and S. America. 

- Mild illness - fever, headache. 
 
- Encephalitis - especially in the elderly. 

West Nile Virus  Mosquito-borne infection of 
birds, horses and humans.  
 

Deaths mainly in debilitated elderly 
persons. 

- Asymptomatic infection or mild fever.  
- Meningitis or encephalitis.  
- Muscle weakness and flaccid paralysis.  

Hepatitis C Virus  Seven major variants with 
different worldwide distribution, 
disease severity and antiviral 
sensitivity.   
 
Infection with one genotype 
does not protect against 
infection with another 
genotype. 

HCV is transmitted by parenteral 
blood-borne route. Less common 
sexually or at the time of birth.  
 
Persistent HCV helped by: HCV 
binds to lymphocytes + other cells 
outside the liver. HCV inhibits 
apoptosis and blunts T cell 
responses. High HCV mutation 
rate causes immune evasion.  
 
Cell-mediated immunopathology 
causes liver damage.   
 
Serology = anti-HCV & RT-PCR. 

- Acute hepatitis with resolution - 15% of 
cases. Less inflammation than HBV and milder, 
more vague symptoms = fatigue, abdominal 
pain, jaundice, pruritus, flu-like symptoms. 
Recover in 2-3 months. 
  
- Chronic hepatitis = infection for >6 months. 
50-85% of cases. Asymptomatic infection 
(chronic carrier) or chronic fatigue. Possible 
progression to chronic active hepatitis in 10-15 
yrs and to cirrhosis (20% of chronic cases) and 
liver failure (20% of cirrhotic cases) after 20 yrs.  
 
- Rapid progression to cirrhosis - 15% of 
cases. In the US, HCV>HBV in cirrhosis. 
 

- Primary hepatocellular carcinoma after 30 
years in up to 5% of chronically infected 
patients. Caused by continual liver repair and 
induction of cell growth. In the US, HCV>HBV in 
PHC. Primarily associated with cirrhosis.  

Hepatitis G Virus 
(GB virus C) 

Related to HCV. Transmitted in blood. Replicates 
primarily in lymphocytes.  

- Hepatitis - rare cause of hepatitis. 
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Hepeviridae: Basics Pathogenesis Infections 
Hepatitis E Virus  Common in developing 

countries - fecal contamination 
of food (e.g., shellfish and 
undercooked meat) and water. 
Possible zoonotic spread, e.g., 
from pigs.  
 

Fecal-oral transmission.  
 
Blood-borne transmission possible 
during viremia.  

- Acute hepatitis - but usually worse than HAV. 
Jaundice, malaise, fever, anorexia, nausea, 
vomiting, abdominal pain, and hepatomegaly. 
Recover within 2 months. Rare chronic infection 
in transplant or immunosuppressed patients. 
 
- Fulminant hepatitis - Pregnant women in 
their 3rd trimester. 20% mortality. Due to altered 
immune responses + hormonal changes.  

    

Togaviridae: Basics Pathogenesis Infections 
- Togaviruses have surface glycoprotein spikes that force the envelope to wrap tightly = the ‘toga’.  

Alphaviruses -  
 
Eastern, Western & 
Venezuelan Equine 
Encephalitis Viruses  
 
Chikungunya Virus 

Arboviruses.  
 
Eastern + Western equine encephalitis viruses are found in the US. 
Horses are dead-end hosts, wild birds are normal hosts. Transmitted 
to humans by mosquitoes. 
 
 
Chikungunya is found in Africa, Asia, Europe, 
and the Caribbean. Main reservoirs are 
monkeys. Transmitted by Aedes mosquitoes. 

- Asymptomatic infection.  
 
Equine encephalitis viruses: 
- Encephalitis - Headache, high fever, chills 
and vomiting. May progress to disorientation, 
seizures or coma. EEE has ~30% mortality and 
significant brain damage in survivors. 
 
Chikungunya 
- Acute febrile disease followed by prolonged 
symmetric arthritis in joints of extremities. 

 Rubella Virus A respiratory virus (not an 
arbovirus).  

Virus is not cytolytic. Symptoms 
are due to the immune response. 
Immune complexes cause rash 
and arthralgia. 
 
Infects upper respiratory tract ® 
local lymph nodes, causing 
lymphadenopathy ® viremia ® 
other tissues.  
 
Can shed virus for 2 weeks before 
symptoms + 2 weeks after rash.  

- Rubella/German measles. Lymphadenopathy 
+ a 3-day, blotchy, red maculopapular rash = 
light pink/red. Rash begins at the hairline ® 
face, upper neck ® down and out to hands and 
feet within 24 h. 
- Arthralgia and arthritis in adults with rash.  
 
- Fetal infection - Virus crosses the placenta 
and can replicate in most fetal tissues. Altered 
growth, mitosis and chromosomal structure. 
Can cause cataracts, mental retardation and 
deafness. (TORCH) 
 
Vaccine: MMR - Live, attenuated rubella strain. 

    

Coronaviridae: Basics Pathogenesis Infections 
Coronaviruses  Prominent club-shaped 

surface glycoproteins 
(hemagglutinin &/or spike 
protein) make this virus 
resembles a 
crown (corona).  
 
These proteins 
mediate viral attachment and 
membrane fusion. Spike 
protein is the target of 
neutralizing antibodies.  
 
Corona allows this enveloped 
virus to endure the GI tract 
(unusual) and be spread fecal-
oral (as well as respiratory). 

- Common cold. 2nd most common cause. Winter and spring. More nasal discharge 
than rhinovirus. Grows at 33-35°C. Spread in aerosols and large droplets.  
- Pneumonia - in neonates, infants and immunocom. adults. 
 
Severe Acute Respiratory Syndrome (SARS)-CoV-1 
- Bats to palm civets + ferret badgers in China. Humans ate civets 
and selected mutations that expanded virus host range. Severe 
pneumonia - fever, chills, rigors, headache, dizziness, malaise, 
myalgia, cough, and dyspnea. Transmitted in respiratory droplets.  
 
Severe Acute Respiratory Syndrome (SARS)-CoV-2 
- Bats to ? to humans in China, then pandemic. Transmitted by resp. droplets and 
aerosols. Mild (fever, chills, headache, fatigue, nausea, diarrhea, cough, and 
dyspnea), severe (severe pneumonia with dyspnea/hypoxia) or critical (resp. failure). 
 

Middle-East Respiratory Syndrome (MERS)-Coronavirus 
- Severe pneumonia - Bat reservoir. Camel-to-human and human-to-human spread. 
Severe acute respiratory disease with fever, cough and dyspnea. 

 
Astroviridae: Basics Pathogenesis Infections 
Astroviruses  Star-like 

appearance.  
- Acute gastroenteritis - 2-3 days of malaise, nausea (not usually vomiting), watery, 
noninflammatory diarrhea, and fever. Mainly in children < 5 years. Outbreaks in 
schools, nurseries and families. Infections in winter. 

 

Congenital rubella cataracts 

Enveloped 
Helical 

Naked 
Icosahedral 

Enveloped 
Icosahedral 

Naked 
Icosahedral 
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Retroviridae: Basics Pathogenesis Infections 
- Retroviruses are diploid RNA viruses that encode RNA-dependent DNA polymerase (reverse transcriptase, RT) and replicate 
through a DNA intermediate (called the provirus).  

Human 
Immunodeficiency 
Viruses (HIV) 

HIV-1 (M, N, O and P groups) 
and HIV-2. HIV-2 disease is 
less severe.  
 
HIV is transmitted in blood, 
semen, and vaginal secretions.  
 
Transmission risk factors: high 
viral load, sexual behavior 
(e.g., unprotected receptive 
anal intercourse), ulcerative 
STIs, lack of circumcision, host 
and genetic factors. 
 
Envelope surrounds a capsid 
with two genomic RNA copies, 
each with a base-paired tRNA 
+ RT and integrase.  
 
HIV genes & proteins: 
- gag - codes for nucleocapsid, 
capsid and matrix proteins.  
- env - codes for surface 
glycoprotein gp120 (which 
binds CD4), and TM protein 
gp41 (promotes viral envelope-
cell membrane fusion). Form 
trimer spikes on virus surface.  
- pol - codes for protease, 
integrase, and RT.  
- Long terminal repeats (LTR) 
at each end of the genome are 
used for integration and 
contain promoters/enhancers 
for transcription factor binding.  
 

RT uses tRNA as a primer and 
makes (-) DNA. RT is very 
error prone. RT degrades the 
RNA genome (is an RNase H) 
and makes (+) DNA ® dsDNA. 
HIV integrase splices the 
dsDNA into the host 
chromosome = provirus that is 
transcribed by host RNA pol.  
 

After HIV budding, protease 
cleaves polyproteins to release 
RT and form the HIV core = 
required for infectious virus. 

In vagina/anus - HIV sticks to 
dendritic cells ® deliver to lymph 
nodes to infect CD4+ T cells.  
If injected into blood - HIV infects 
dendritic + other monocyte-
macrophage lineage cells.  
 
Primary infection = rapid HIV 
replication + high HIV blood levels 
(viral load) and ¯d CD4+ T cells 
(¯d by T cell lysis and rapid T cell 
differentiation and death).      
 
CD8+ T cells become activated 
and kill HIV-infected cells ® set 
the viral-load set point ® ¯d HIV 
blood levels and d CD4+ T cell 
numbers. Neutralizing antibodies 
are made against gp120. 
 
The immune response controls 
HIV and initiates clinical latency. 
There is continuous HIV replication 
in lymph nodes, with release of 
HIV and infected T cells into blood. 
The immune response selects for 
HIV escape mutants.  
 
Macrophages express CCR5 and 
CXCR4 and are persistently 
infected. Mutation of gp120 over 
the course of infection shifts HIV 
tropism from macrophages (R5-
tropic viruses that use CCR5) to 
CD4+ T cells (X4-tropic viruses 
that use CXCR4). Macrophages 
are spared the cytolytic action of 
HIV and maintain a persistent, low-
level productive HIV infection. 
 
When CD4+ T cells < 200/µl, 
antigen-specific responses are 
incapacitated, humoral responses 
are uncontrolled and delayed-type 
hypersensitivity is not activated. 
Allows the outgrowth of many 
opportunistic infections.  

Stages of HIV infection: 
- Acute/primary infection - 2-4 weeks after 
infection. Acute retroviral syndrome resembles 
influenza or infectious mononucleosis (fever, 
pharyngitis, lymphadenopathy, fatigue, etc.), 
with meningitis or rash up to 3 months post 
infection. Caused by immune responses 
triggered by infection of lymphoid cells. 
Symptoms subside after 2-3 weeks. No initial 
symptoms in some cases. High virus titers + 
800-1000/µl CD4+ T cells (normal).  
 
- Most patients seroconvert to positive HIV 
serology in 4-10 weeks.  
 
- Asymptomatic/clinically latent stage - 
Asymptomatic infection or persistent 
generalized lymphadenopathy for 2-10 years. 
Virus replicates in lymph nodes. Low virus titers 
& CD4+: 1000 Þ 500/µl.  
 
- Early symptomatic infection - Correlates 
with CD4+ levels <500/µl. Swollen lymph nodes, 
fatigue, weight loss, fever, and opportunistic 
infections, e.g., candidiasis, oral hairy 
leukoplakia, or recurrent herpes zoster. 
 
- AIDS = a CD4+ of <200/µl or the presence of 
an AIDS-defining condition regardless of CD4 
count (see table on the next page). Involves 
more significant diseases, e.g., HIV wasting 
syndrome, indicator diseases, e.g., Kaposi’s 
sarcoma, specific opportunistic diseases like 
Pneumocystis pneumonia, and AIDS-related 
dementia (direct effect of HIV on the CNS).  
Advanced HIV infection = CD4+ of <50/µl. 
 
 
Lab ID - Routine screening for all individuals 13-
75 years of age.  
- Screening test: HIV p24 capsid 
antigen/antibody immunoassay (ELISA).  
- Confirmation test: If the screening test is 
positive, a confirmatory HIV-1/HIV-2 antibody 
differentiation immunoassay is used. Window 
period is ~4 weeks.  
- During infection, HIV RNA levels (viral load, 
RT-PCR) and CD4+ T cell numbers are 
monitored.  

Human T-cell 
Lymphotropic 
Viruses (HTLV) 

HTLV has reverse transcriptase and gag, pol and env genes. 
 
HTLV-1 infects CD4+ helper T cells and is transmitted by blood 
transfusion, needle sharing, intercourse and breastfeeding. 
 
HTLV-1 cancer mechanism: Promotes cell growth through Tax = a 
transcriptional regulator that activates promoters in the viral LTR and 
cellular genes to promote cell growth. By integrating near growth-
control genes, LTR sequences can promote the expression of those 
genes. Tax also interacts with cellular proteins to affect signaling 
pathways, e.g., cell cycle control and DNA repair. Uncontrolled cell 
growth ® mutations ® cancer.  

HTLV-1  
- Immunosuppression 
- Adult T-cell leukemia/lymphoma (ATL) - T 
cell cancer after 10-30 yrs. Lymphadenopathy, 
hepatosplenomegaly, immunosuppression, 
bone and skin lesions. Lymphocytes with 
convoluted nuclei. 
- HTLV-1-associated myelopathy/tropical 
spastic paraparesis (HAM/TSP) - a thoracic 
spinal cord infection resulting in paraparesis and 
leg weakening.  
 
HTLV-2  
Milder neurologic disorders (HAM/TSP-like) and 
pulmonary infection.  

  

ATL tumor cells 

HIV rash 

HIV-related Kaposi’s 

Enveloped 
Icosahedral 

HIV (ART, 3 drugs, usually 2 NRTIs + integrase inhibitor): NRTIs (e.g., lamivudine, tenofovir, zidovudine), NNRTIs (e.g., 
delavirdine), protease inhibitors (e.g., indinavir, ritonavir), integrase inhibitors (e.g., dolutegravir), fusion inhibitors (e.g., enfuvirtide). 
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AIDS-Defining Conditions (CDC) 
 

Bacterial infections, multiple or recurrent 
Candidiasis of the esophagus, bronchi, trachea or lungs 
Cervical cancer, invasive 
Coccidioidomycosis, disseminated or extrapulmonary 
Cryptococcosis, extrapulmonary 
Cryptosporidiosis, chronic intestinal 
CMV retinitis or CMV in other than liver, spleen or nodes 
Encephalopathy, HIV related 
HSV, chronic ulcers or bronchitis, pneumonitis or esophagitis 
Histoplasmosis, disseminated or extrapulmonary 
Isosporiasis, chronic intestinal 
Kaposi‘s sarcoma 
Lymphoma, Burkitt’s, immunoblastic, or primary in brain 
Mycobacterium avium complex (MAC) or Mycobacterium kansasii, disseminated or extrapulmonary 
Mycobacterium tuberculosis at any site 
Mycobacterium, other species or unidentified species, disseminated or extrapulmonary 
Pneumocystis jirovecii pneumonia 
Pneumonia, recurrent, or lymphoid interstitial pneumonia 
Progressive multifocal leukoencephalopathy 
Salmonella septicemia, recurrent 
Toxoplasmosis of the brain 
Wasting syndrome attributed to HIV 

 
 

Prions 
 

Prions: Basics/Virulence Infections 

Protein particle (PrP or PrPSc) 
Sc for scrapie 

 

Noncellular, infectious proteins.  
 
Prion = a naked protein that has the same amino acid 
sequence as a normal human cell surface protein but 
is folded differently.  
 
Resistant to nucleases (no nucleic acid), proteases 
(because of how they are folded), many chemicals and 
normal autoclaving. Susceptible to bleach. Autoclave 
for 1 hr with 1N NaOH.   
 
Normal human protein = PrPC = cellular prionlike 
protein. Once a prion enters a human, it travels to the 
brain via axonal transport and modifies normal PrPC 
folding, thus creating additional prions. The cell then 
makes new PrPC, which are also converted.  
 
Prions accumulate in tangles ® neurologic disease. 
Degenerative brain disease with amyloid plaques and 
large vacuoles (spongy architecture).  
 
Long incubation (10- ³50 yrs) with no host 
immunologic response = no inflammation.  
 
Transmission: ingesting infected brain products, using 
cadaver-sourced grafts or transplants, using 
contaminated neurosurgical instruments, and heredity 
(mutations in the PRNP gene that encodes PrPC).  

- Transmissible spongiform 
encephalopathies - e.g., Creutzfeldt-Jakob 
disease (CJD), variant CJD, kuru, and 
inherited disorders like fatal familial insomnia 
(FFI). Kuru was associated with mortuary 
cannibalism in New Guinea. Symptoms: 
Rapidly progressive mental deterioration and 
myoclonus (muscle jerking). Always 
progressive and fatal (within ~1 yr). 
 

 
 
 
 
 
 
 
 
 

Animal diseases:  
 - Bovine Spongiform Encephalopathy (BSE, 
mad cow disease). Humans acquire from 
contaminated beef products ® human variant 
CJD.  
 - Scrapie in sheep and goats. Not 
transmissible to humans.   
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General Parasitology 
 

Terminology Description 
Parasites - Endoparasite = lives within the body. Are eukaryotes with no cell wall, ranging from single-celled organisms, e.g., 

protozoans, to large, multicellular worms.  
- Ectoparasite = lives on or in the skin, but not within the body.  
- Facultative parasite - lives in association with its host, but can be free living. 
- Obligate parasite - can’t live free of its host for any stage of its life cycle. 
- Complex life cycle - requires >1 host.   

Hosts - Hosts provide nutrition and a place for parasites to replicate. 
• Host reservoir - maintains a parasite and may be the source for human infection.  
• Essential reservoir = a host the parasite can’t exist without.  
• Intermediate host - maintains parasites asexual stage(s) or allows development only to 

the larval stage.  
• Definitive host = a host in which the adult or sexual parasites develop. 

Vectors - Vectors are biological systems that spread parasites.  
• Biological vector = vector + host for the replicative stage of a parasite.  
• Mechanical vector - transmits the parasite without being a host. 

 
Introduction to Endoparasites 

 

Type Description 
Protozoa 
 
Amebas 
Flagellates  
Apicomplexans 

- Single-celled.  
- Cysts = infective stage in fecal-oral transmission. Have chitin coatings, are inert and 
survive in the environment. Stomach acid aids in their excystment.  
- Trophozoites = delicate motile forms that don’t survive stomach acid. Found in 
infected tissues or the GI tract. For some protozoa, trophozoites are the infective form.  
 

- Amebas move by pseudopodia (temporary cytoplasmic extensions/false feet). 
- Flagellates move by one or more flagella that whip (don’t rotate).   
- Apicomplexans = obligate intracellular 
protozoans with complex life cycles (for both 
their sexual and asexual stages) and at least 

two different hosts. Have apical structures for cellular invasion and gliding motility.  

Flatworms 
 
Trematodes (flukes) 

 
Cestodes 
(tapeworms)  

- Flat, multicellular worms.  
 

- Trematodes (flukes) = flat, fleshy, nonsegmented flatworms (0.1-7 cm long) with an incomplete 
GI tract. Attach to host via a ventral sucker. Can be separate sexes or hermaphrodites.  
- Have complex life cycles with snails as their intermediate hosts and water (or aquatic animal or 
plant) transmission to humans. Metacercariae  = encysted trematode larvae (cysts). Ingested 
metacercariae excyst in the GI tract and then migrate. 

 

 - Cestodes (tapeworms) = segmented flatworms with 
3 segments:  
• Scolex = the head, which attaches to the 

intestinal wall via hooks and/or suckers.  
• Neck, which produces proglottids.  
• Strobila - resembles tape. Made up of individual 

segments called proglottids. Each proglottid has 
female and male genital tracts. Mature distal 
proglottids produce fertilized eggs (are gravid).  

 

- Cestodes have complex life cycles with at least two hosts:  
• Intermediate hosts (human or not) ingest eggs that develop into larvae in tissue. Larvae bore out of the GI tract 

into the lymphatic and vascular systems to wander through tissues causing disease + eosinophilia.  
• Definitive hosts (humans) ingest larvae from infected tissues (cysticerci), e.g., undercooked fish or meat. 

Larvae develop into adult tapeworms in the intestines. Asymptomatic unless heavy worm burden.  
Roundworms 
(nematodes) 

- Round in cross-section with tapered ends. Have unsegmented, multicellular bodies (0.1 cm-1 m long). Male or 
female with well-developed GI tracts.  
- Eggs hatch into larvae that develop through a series of molts. Final larval stage = filariform 
larvae = invasive form that can penetrate skin. 
 
- How roundworm infections occur: 
• Eggs or larvae are ingested ® intestinal worms. 
• Filariform larvae from the soil penetrate the skin ® intestinal worms 
• Mosquitoes or flies deposit filariform larvae when they bite ® filarial tissue worms.  

 

- Intestinal nematodes mature in the small intestine. Adults attach to the intestinal wall via anterior oral hooks or cutting 
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plates, e.g., pinworms, hookworms, threadworms, and whipworms. Cause disease by blood loss, irritation or allergy. 
 
- Tissue nematodes are transmitted by arthropod bite, e.g., mosquitoes or flies. Dracunculus is instead ingested in 
contaminated water. Can live in the lymphatics and subcutaneous tissue for years. Nematodes and/or their secretions 
cause irritation, inflammation or lymphatic blockage ® lymphangitis and elephantiasis (limb and/or genital swelling).  

Diseases - Symptoms = proportional to parasite burden. Can become sensitized to parasite components.   
- Reinfections = autoinfection (without the organism going through its developmental stages 
elsewhere) or from the environment. 
- Immunocompromising conditions ® reactivation of latent infections, increased susceptibility to 
infection, or more severe disease.  
- Eosinophilia (increased blood eosinophils) can occur during larval worm migration through 
vasculature or tissue.   

Lab ID - Tissue, blood and feces for microscopic examination (usually after concentration).  
- GI tract worms - identified by microscopic identification of eggs in feces using the stool 
Ova and Parasite (O&P) exam (conc. wet mounts & stained slides).  
- Bloodstream parasites - identified in thick or thin blood smears. Thick blood smear = a 
drop of blood on a glass slide. Thin blood smear = a drop of blood spread thinly across a 
slide. Allows for review of parasite morphology. Smears are stained with Giemsa.  

 

Endoparasites 
 

Protozoa 
 

Amebas: Basics Pathogenesis Infections 
- Move by pseudopodia. 

Entamoeba 

     
Pathogen: 
    E. histolytica 
 

Nonpathogens/commensals: 
    E. dispar 
    Entamoeba coli 

E. histolytica: Large 
intestine pathogen spread 
by cysts. Fecal-oral route 
by poor sanitation, anal-
oral or genital-oral sex.  
Asymptomatic carriers = 
greatest transmission risk 
(they excrete cysts).  
 
E. histolytica trophozoites 
have “wagon wheel” 
nuclei + ingested RBCs.  

Entamoeba coli lacks 
‘wagon wheel’ nuclei. 

E. histolytica: Cysts excyst via 
stomach acid to release motile 
trophozoites, which adhere to 
colonic mucosa via galactose-
specific lectins.  
 
Trophozoites replicate and 
invade the large intestinal 
mucosa in crypts ® inverted 
flask-shaped ulcers. Feed on 
RBCs.  

Trophozoites encyst as they 
leave the GI tract. Excrete ~15 
million cysts/day.  

- Amebic dysentery. High fever, 
intermittent crampy diarrhea or 
dysentery (abdominal cramps, tenesmus 
+ blood and pus in stools), alternating 
with normal stools or constipation.  
 
- Extraintestinal abscess (esp. liver, also 
lung or brain) can occur (hematogenous 
spread). Abscess may contain red-brown 
“anchovy paste-like” fluid. 
 
E. dispar and Entamoeba coli = intestinal 
commensals. Not pathogenic.   
 
E. histolytica and E. dispar have 
identical-appearing cysts. Need stool 
antigen test to distinguish.  

Naegleria  

    N. fowleri 
Free-living ameba in 
contaminated hot water. 
Mainly southeast USA.  
 
Trophozoites infect nasal 
passages during 
swimming or water skiing.  

Penetrate nasal mucosa and 
travel to the brain via olfactory 
nerves.  
 
CSF shows trophozoites, 
PMNs, RBCs, elevated protein 
and low glucose.  

- Primary amebic 
meningoencephalitis (PAM). Rapid 
onset with severe bifrontal headache 
and fever, followed by nausea, vomiting, 
sensation of constant off odor or taste 
and irrational behavior. Meningeal, 
frontal, temporal, and cerebellar signs. 
Coma and death in 3-6 days.  

Acanthamoeba 

 

 

 

 

 

Free-living soil and water 
ameba. Desiccation 
resistant.  
 
Cysts are probably 
inhaled.  
Trophozoites may enter 
across mucosa or broken 
skin. 

CSF or brain tissue shows 
spiky (wrinkled) trophozoites.  

- Granulomatous amebic 
meningoencephalitis (GAE) in 
immunocompromised. More chronic 
onset (less fulminant and more benign) 
than PAM but still progresses to death. 
Symptoms reflect focal lesions.  
 
- Keratitis - from contaminated 
homemade contact lens saline + minor 
eye abrasion. Corneal inflammation and 
pain. Can cause blindness.  

 

Cysts = infective 
Cysts + trophozoites = diagnostic 
 
 

Trophozoites = 
infective + diagnostic  
 
 

Cyst              Trophozoite 

E. histolytica 
cyst 

Cyst in brain 
tissue 

Cysts + trophozoites (spiky) = infective 
and diagnostic 
 
 In the USA, Balamuthia also causes GAE. Found in soil.  

Protozoans: metronidazole, pyrimethamine 
(toxoplasmosis), suramin & melarsoprol (T. 

brucei), nifurtimox (T. cruzi), sodium 
stibogluconate (Leishmania).  
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Flagellates: Basics Pathogenesis  Infections 
- Move by one or more flagella. 

Giardia 

    G. lamblia 

Teardrop-shaped flagellate with a ventral sucking disk.  
 
Found in water worldwide contaminated with animal or 
human feces. Cases in wilderness campers.  
 
Ingest cysts from lake-river water, fecally contaminated food 
or oral-anal sex. Municipal water systems (cysts are chlorine 
resistant), and day care centers. Excyst with stomach acid to 
release trophozoites. 
 
Ventral sucking disk attaches to duodenal/jejunal surface, 
blocks absorption and blunts microvilli. Replicates asexually. 

- Giardiasis. Traveller’s diarrhea. Watery 
diarrhea to malabsoprtion syndrome 
with epigastric pain, severe abdominal 
cramping, flatulence, light-colored, foul-
smelling stools with fat + mucus. 10-30 
days post-infection.  
- Temporary lactose intolerance (due to 
restricted surface for lactase release).  
 
May not see Giardia in stool (check ≥3 
stools to find cysts). Use Giardia fecal 
antigen test if microscopy is negative.  

Trichomonas 

    T. vaginalis 
Has an undulating 
membrane and a polar 
flagellar tuft.  
 
STI. Trophozoite = 
infectious form. No cysts. 

- Vaginitis. Malodorous (fishy), purulent thin yellow-green (60%) or frothy 
(10%) vaginal discharge and erythematous vaginal mucosa. May have 
dyspareunia, urinary frequency, dysuria or pruritus. Males are usually 
asymptomatic but may have urethritis. 
 
Vaginal discharge pH ³4.5. Discharge in KOH gives amine odor. In saline = 
PMNs and motile/jerky trophozoites. Microscopy = 60% sensitive.  

Trypanosoma 

    T. brucei (rhodesiense and 
gambiense) 

    T. cruzi 

 

Undulating membrane 
and anterior flagellum.  
 

T. brucei: Spread by 
tsetse fly saliva in Africa.  
 

 

 

 

T. cruzi: Mexico to South 
America. Intermediate 
host = mammals. 
Definitive host = 
triatomine 
(reduviid/kissing) bugs.  

- T. cruzi transmitted 
through placenta, organ 
transplant, blood 
transfusion, or reduviid 
bugs that defecate as they 
bite. Infected person 
scratches, depositing T. 

cruzi into the wound.  

T. brucei (rhodesiense and gambiense):  
- Trypanosomiasis/African sleeping sickness (ASS) 
- A red, tender nodule/chancre appears at fly bite site. 
T. brucei invades blood/lymphatics ® fever, headache, 
malaise, rash and posterior cervical lymphadenopathy 
(Winterbottom sign). Replicate in blood and lymph by 
binary fission. Symptoms recur with each wave of new 
antigenically different T. brucei.  
 
T. brucei rhodesiense (acute) - Progresses to 

myocarditis and CNS symptoms (meningoencephalitis, confusion, loss of 
coordination) in 3-6 weeks, with death in 6-9 months if untreated.  
 
T. brucei gambiense (chronic) - Recurring fever and parasitemias for years 
before CNS invasion and slow decline to lassitude, coma and death.  
 
Progression of untreated ASS due to extreme antigenic variation of 
trypanosomal surface glycoproteins ® immune evasion ® high IgM. 
Normal serum IgM levels rule out ASS. Diagnose by visualizing T. brucei in 
blood smears, lymph node or chancre aspirates, or in cerebrospinal fluid.  
 
T. cruzi:  
- American trypanosomiasis (Chagas disease). Painful, indurated ulcer 
(chagoma) at bite site. Spread through blood/lymphatics. T. cruzi binds to 
cells (esp. muscle and glial cells) through a surface protein (penetrin) and 
invade. Develop into a nonmotile intracellular form (amastigote) and 
replicate by binary fission. Infected cells swell with new organisms and lyse, 
spewing organisms back into the bloodstream.  
 
T. cruzi spread ® additional chagomas, swelling around one eye (Romaña 
sign), high fever, malaise, lymphadenopathy and hepatosplenomegaly. 
Spontaneous cure possible. Very young ® meningoencephalitis and death. 
Older children + adults = more chronic disease ® myocarditis (enlarged, 
flaccid heart - organisms proliferate in cardiac muscle) and sudden death. 
Less commonly megaesophagus or megacolon.  
 
Microscopy may reveal C-shaped, flagellated trypomastigotes in blood or 
(for T. cruzi) nonmotile amastigotes in tissue.  
Xenodiagnosis = lab reduviids feed on patient and later dissected + 
examined for trypanosomes.  

Leishmania 

   L. donovani 

   L. tropica 

   L. [V.]     

       braziliensis 

Leishmania multiply in 
and are transmitted (as 
promastigotes = 
flagellated) by sand flies.  
 
Infect mammalian 
macrophages = 
amastigote (LD bodies, 
nonflagellat.) = diagnostic.   

L. donovani: Visceral leishmaniasis (kala-azar) - Invade skin (early), 
spleen, liver and bone marrow. Hepatosplenomegaly, anemia, diarrhea, 
weight loss and feeling unwell. Fever with double or triple fever peaks daily.  
 

L. tropica (old world) & L. mexicana (new world): Cutaneous leishmaniasis 
(Oriental sore). Ulcerated lesion with a firm, raised border. Self-healing.   
 

L. [V.] braziliensis: Mucocutaneous leishmaniasis. Ulcers on the skin, 
nose and mouth. Destroys soft tissue of the nose and palate. Bone is not 
invaded.  

Trophozoites = 
infective + diagnostic  
 
 

Trypomastigote = infective + diagnostic 
Amastigotes also diagnostic for T. cruzi  
 
 
 

Motile T. brucei trypomastigotes 

Nonmotile T. cruzi 
amastigotes in cytoplasm 

(arrow points to one) 

Promastigote = infective 
Amastigote = diagnostic 
 
 

Cysts = infective; Trophs = diagnostic 
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Apicomplexans: Basics Pathogenesis  Infections 
- Obligate intracellular protozoans with complex life cycles (sexual and asexual stages) and at least two different hosts.  
- Complex apical structures enable cellular invasion and gliding motility.  ** Oocyst = a cyst with a double outer wall.  
Cryptosporidium 

    C. parvum 

Surface waters. Highly 
resistant to chlorine.  
 
Acquired by swimming in 
or drinking oocysts in 
untreated water.  

- Cryptosporidiosis. Self-limiting watery diarrhea in healthy. Chronic 
diarrhea with abdominal pain, fever and anorexia in immunocompromised 
® weight loss, death.   
 

- ID by microscopy - Acid-fast oocysts in feces, or fecal antigen tests.  

Plasmodium 

    P.  falciparum (~75% of infections) 
    P.  vivax (~20%, esp. S. America) 
    P. malariae (~4%) 
    P. ovale (<1%) 
    P. knowlesi (primate malaria) 

Found in tropic/subtropics.  
 

Life Cycle: 
- Plasmodium sp. are carried by Anopheles mosquitoes.  
- Female Anopheles injects motile sporozoites that only infect 
liver parenchymal cells and develop into hepatic schizonts 
with 1000s of daughter cells = merozoites (asexual 
reproduction = schizogony).  
 
- P. ovale and P. vivax - liver schizonts can persist for years. 
Need primaquine to kill them otherwise symptoms recur.  
 
- Liver schizonts lyse 1-2 weeks later ® release merozoites, 
which only infect RBCs (not liver) ® trophozoites (ring 
stages) mature into RBC schizonts ® divide into merozoites 
® RBC rupture to release merozoites (also asexual). Infect 
new RBCs.  
 
- P. ovale & P. vivax only infect reticulocytes - Schüffner dots.  
- P. malariae only infects senescent (old) RBCs.  
- P. falciparum infects all RBC stages ® anemia + RBC 
surface changes (knobs, adhesins). Infected RBCs adhere to 
capillary endothelium ® DIC and cerebral malaria.  
 
- Some RBCs produce and release gametocytes (male + 
female precursors).  
 
- Anopheles ingests gametocytes and fertilization occurs on 
the mosquito stomach wall (sexual cycle = sporogony). 
Sporozoites are released from the oocyst and migrate to 
salivary glands.  

- Malaria. Influenza-like prodrome, 
followed by periodic paroxysms = 
shaking chills (cold stage), pale 
cyanotic appearance, g fever ® 
flushed, hot stage (up to 107°F) with 
agitation, disorientation, severe frontal 
headache and limbic pain. Sweating as 
the fever abates ® severe exhaustion 
and deep sleep. Asymptomatic when 
patient awakes.  
- Paroxysms are timed with merozoite 
maturation and release from RBCs.  
Without treatment, paroxysms recur for 
2-24 weeks.  
- Anemia and splenomegaly common.  
 
- Falciparum malaria more likely fatal 
due to blocked capillaries + anemia.  
- Deaths mainly in African children and 
pregnant women (¯ immunity).  
 
Diagnose in stained blood smears.  

Babesia 

    B. microti 

Found in US/Europe. Spread by blood transfusion or tick bite. 
Can also present with other tick-borne diseases, esp. Lyme.   
 
- Tick introduces sporozoites. Enter RBCs and cycle between 
trophozoites and merozoites (some tetrads, ‘Maltese cross’). 
Some merozoites produce gametocytes. Tick takes up 
gametocytes during blood meal.  

- Babesiosis - (similar to malaria) - 
Malaise, fatigue, fever, hemolytic 
anemia, thrombocytopenia.  
 
- Subclinical infection may become 
apparent after splenectomy (spleen 
usually removes parasites from blood). 

Toxoplasma 

    T. gondii 

Found in most animals.  
 
Definitive host = cats. 
Where sexual stages 
occur.   
 
Feline-excreted oocysts = 
thick (double)-walled, 
hardy stage, mature in 1-
few days in the 
environment. Viable for 
years in the soil.  
 
Intermediate host = 
vertebrates.  
- Human exposure: ingest 
undercooked meat with 
tissue cysts (filled with 
bradyzoites), 
contamination with cat 
feces oocysts or 
transplacental transfer of 
tachyzoites.  

After ingestion, oocysts and 
tissue cysts transform into 
rapidly multiplying, motile 
tachyzoites. Tachyzoites 
localize in neural/muscle tissues 
and develop into tissue cysts.  
 
In chronic infections, 
tachyzoites develop into tissue 
cysts (containing bradyzoites) 
that multiply slowly.  
 
Tissue cysts created during 
initial infection remain viable for 
years ® long-lasting antibody 
titers and potential for relapse 
under immunocompromising 
conditions.  
 
Antibodies in women infected 
prior to pregnancy prevent 
transplacental transfer. Infection 
during pregnancy ® fetal 
infection (TORCH).  

- Toxoplasmosis.  
Adults: Asymptomatic or 
mononucleosis-like infection ® 
antibodies and persistent tissue cysts.  
 
Antibody-positive 
AIDs (i.e., they 
have tissue cysts): 
May reactivate ® 
chorioretinitis and 
focal CNS lesions.  
 
Fetal infection: 
Asymptomatic 
(infected late) to 
severe (infected early) = 
encephalomyelitis with cranial 
calcifications, chorioretinitis , 
hydrocephalus or microcephaly.  
Neonates infected in the third trimester 
may develop chorioretinitis if not 
identified and treated.  Oocysts, cysts (filled with bradyzoites) 

and tachyzoites = infective 
 
 

Oocysts (acid-fast) = 
infective + diagnostic  
 
 

Sporozoites = infective 
Trophozoites, schizonts and gametocytes = diagnostic 
 
 

P. falciparum trophozoite (left), 
schizont (center) and 

gametocyte (right) 

Tachyzoites 

Bradyzoites 

Sporozoites = infective 
Trophozoites and merozoites (some 
tetrads) = diagnostic 
 
 

Plasmodium: Chloroquine (except P. falciparum), quinidine, primaquine, or artesunate 
(serious malaria). P. falciparum = artmether/lumefantrine or atovaquone/proguanil. 



All Medical Microbiology Summary, January 2021 

Created by Kylie J Watts, Loma Linda University, for educational purposes 39 

 

Flatworms 
 

Trematodes (Flukes)  
 

Intestinal Fluke: Basics Pathogenesis  Infections 
Fasciolopsis 

    F. buski (Giant intestinal fluke) 
Hermaphrodite with operculated eggs (hinged lid). ~7.5 cm 
long. Found in Asia and India.  
Humans ingest cysts (metacercariae = encysted larvae) on 
water plants (bamboo shoots, water chestnuts). 
Metacercariae excyst in the GI tract. Eggs in stool are 
diagnostic.  

- Vomiting, diarrhea 
with malabsoption.  

 
Liver Flukes: Basics Pathogenesis  Infections 
Clonorchis 

    C. sinensis (Chinese liver fluke) 
Hermaphrodite with 
operculated eggs.  
 
Ingest cysts 
(metacercariae) in 
raw/undercooked 
freshwater fish.  

- Adult flukes localize in small-medium 
biliary ducts, sometimes living for >30 
years. Possible bile duct obstruction.  
 

                                                    - Most infections asymptomatic.  
- Symptomatic infections (heavy infection) = fatigue, right upper quadrant 
abdominal discomfort, anorexia, dyspepsia, flatulence and diarrhea. 
Eosinophilia. Chronic infection ® cholangiocarcinoma.  

Fasciola 

    F. hepatica (Sheep liver fluke) 
Hermaphrodite with 
operculated eggs. 
Found in sheep-raising 
areas. Ingest cysts 
(metacercariae) on 
aquatic plants, e.g., 
watercress.  

- Adult flukes localize in large biliary ducts 
and live for 9-13 years. Possible bile duct 
obstruction.  
 
- Most infections are mild. Liver migration 
can cause abdominal pain. Chronic infection 
can cause abdominal pain, diarrhea, nausea, hepatomegaly and jaundice.  

  
Lung Fluke: Basics Pathogenesis  Infections 
Paragonimus 

    P. westermani 

(Oriental/Japanese lung fluke) 
P. kellicotti in US crayfish - rare 

Found in Asia, India and 
Africa.  
 
Operculated eggs. 
 
Ingest metacercariae in 
shellfish, esp. crab.  

- Paragonimiasis - Metacercariae excyst, penetrate the intestinal wall, 
diaphragm and migrate to the lung where they become hermaphroditic 

adults. Cause fever, cough, chest pain and 
hemoptysis. Can be confused with lung cancer.   
 
- Eggs are expelled in sputum and feces (after 
swallowing coughed-up eggs).  

 
Blood Flukes 
(Schistosomes): 

Basics/ 
Pathogenesis 

Infections 

Schistosoma 

    S. mansoni 

    S. japonicum 

    S. haematobium 

Eggs with spines.  
Male is flat but folds in 
ventrally to hold the 
female (long, slender and 
rounder) in permanent 
copulation.  
 
Larvae (cercariae) in 
water leave the snail host 
and penetrate human skin 
(causing dermatitis) ® 
liver (mature and pair up) 
® veins ® lay eggs.  
 
- Physical irritation from 
egg spines and egg 
enzymes erodes venules 
and underlying tissues, 
liberating eggs into the 
intestine or bladder.  
- Granulomas form 
around eggs trapped in 
tissues.  

- Intestinal schistosomiasis.  
S. mansoni - Africa, Middle East, S. America and Caribbean. 
Adults mate in mesenteric veins of lower colon. Diarrhea, 
abdominal pain, intestinal polyps, and hepatosplenomegaly. 
Eggs with lateral spines in stool are diagnostic.  

 
S. japonicum - Far East rice paddies. Adults in 
mesenteric veins draining the small intestine. Eggs 
with minute lateral spines in stool are diagnostic.  
 
- Vesicular schistosomiasis. 
S. haematobium - Africa and Middle East. Adults 

reproduce in bladder veins. Eggs (with a terminal spine) are 
trapped in bladder venules ® granulomas and erosion ® 
urgency, frequency, dysuria and hematuria. Associated with 
bladder cancer. Eggs with a terminal spine in urine are 
diagnostic.  
 
Worms + eggs can also be carried in the circulation to distant sites, e.g., 
the choroid plexus and venules around the spinal cord (myelitis). 
 
- Dermatitis. Schistosomes of aquatic birds/animals cause dermatitis 
(swimmer’s itch) in humans. Organisms die after penetrating human skin.  

 

Cysts = infective, Eggs = diagnostic 
 
 

F. buski egg in 
feces 

Adult C. sinensis Cysts = infective, Eggs = diagnostic 
 
 

Cysts = infective, Eggs = diagnostic 
 
 

Cysts = infective, Eggs = diagnostic 
 
 

Larvae = infective 
Eggs (with spines) = diagnostic 
 
 

S. manoni 

adults in 
copulation. 

Arrow = 
female.  

Helminths: pyrantel pamoate, 
ivermectin, mebendazole, 
praziquantel, diethylcarbamazine. 
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Cestodes (Tapeworms) 
 

Intestinal Tapeworms: Basics Pathogenesis  Infections 
Taenia 

    T. solium (Pork tapeworm) 
    T. saginata (Beef tapeworm) 

Humans = definitive host. 
 

Ingest larvae (cysticerci) in undercooked pork, game, or beef. Cysts evaginate, attach to the intestine, 
and adult tapeworms (up to 5 m long) develop in the intestines. Most carriers are 
asymptomatic but may have diarrhea and weight loss.  
 

Thick-walled, spherical, dark brown eggs in the feces or proglottid segments are diagnostic. 
Sticky-tape method increases diagnostic success.   

Dibothriocephalus 

    D. latus (Broad fish tapeworm) 
Proglottids are wider than they are 
long. Adults can grow up to 10 m long.  
 
Found in fish worldwide. Ingest 
encysted larvae in raw, undercooked, 
salted or pickled fish.   

- Mostly asymptomatic infection of the 
small intestine. D. latus competes with 
the host for vitamin B12. If D. latus 
attaches high in the jejunum, macrocytic 
hyperchromic anemia can occur 
through B12 deficiency.  

 
Tissue Cestodes: Basics Pathogenesis  Infections 
Taenia 

    T. solium  

Humans = intermediate host. 
 
Humans ingest embryonated eggs, often 
from their own intestinal tapeworm. 
Hatched larvae exit the intestinal wall into 
the bloodstream and can infect any tissue.  

- Cysticercosis. Eye infection ® visual 
loss. CNS infection ® Headache, fever 
and eosinophilia. Later symptoms 
depend on where in the brain cysts 
develop. Can cause epilepsy. Kidney 
bean-shaped cysts can calcify.  

Echinococcus 

    E. granulosus (dog tapeworm) 
    E. multilocularis 

Humans = intermediate host. Dogs = definitive host. 
 
Ingest embryonated eggs from canine fecal contamination 
(often from fur) ® larvae hatch in the small intestine, enter 
portal circulation and grow into a hydatid cyst in the lung or 
liver. Grow over 10 yrs to 20 cm diameter.  
 
Hydatid cyst = capsule that contains daughter cysts with 
protoscolesces, cyst fluid, hydatid sand (ruptured vesicles) + 
anaphylatoxin. Adult worms do not mature in humans. 

- Hydatid cyst disease - E. granulosis. 
Liver: hepatomegaly and jaundice. Lung: 
cough, dyspnea, chest pain, hemoptysis.  
 
- Alveolar hydatid cyst disease - E. 

multilocularis. Similar to hydatid cyst 
disease except that multiple smaller 
cysts bud externally, producing 
structures that resemble alveoli. Starts in 
liver and metastasizes to other organs.   

 
 

Nematodes (Roundworms)  
 

Intestinal Nematodes: Basics Pathogenesis  Infections 
Ascaris 

 A. lumbricoides 

Most common worm infection worldwide. 100% infected 
in areas of poor sanitation. Adults = 0.5-35 cm = large.  
 
Ingest embryonated eggs. Larvae hatch in the small 
intestine, exit the duodenal wall and migrate through 
vasculature into liver, heart and lungs (causing 
eosinophilia). In the lung, they burst out of alveoli ® 
pneumonitis. Larvae are coughed up to reach the 
esophagus and enter the GI tract again. They become 
adults in the small intestines and females lay eggs.  

- Ascariasis. Adults stay in the intestines 
by motility (do not attach). Low worm 
burden = asymptomatic. Heavy worm 
burden ® worm tangles, abdominal pain, 
and intestinal blockage.  
 
d worm migration with fever, anesthesia 
or antibiotic use. Can block bile ducts or 
appendix or migrate up the esophagus or 
into the gallbladder.  

Enterobius 

    E. vermicularis    

    (pinworm) 

Most common roundworm infection in USA (small children). Female adult = 
~1 cm. 
Ingest eggs in household dust. Eggs hatch in the duodenum/jejunum and 
mature in the large intestine. Adult female pinworms migrate out to the 
perianal region to lay eggs at night ® intense perianal itching. Reinfection 
from perianal scratching and putting fingers in the mouth.  
 

    Use scotch tape as a perianal sampler (early in the morning) to isolate eggs for microscopy.  
Human Hookworms 
Necator americanus (New world) 
Ancylostoma duodenale (Old world) 

New world hookworms are endemic in the SE USA.  
Old world hookworms thrive in warm, humid climates.  
 
Eggs in feces develop into filariform larvae in soil. 
Filariform larvae attach between the toes of bare feet 
and penetrate the skin. Migrate through the bloodstream 
into alveoli ® pneumonitis. Migrate up trachea or are 
coughed up and swallowed, reentering the GI tract and 
attach to the duodenum/jejunum via teeth. Secrete an 
anticoagulant and suck on host blood. Release eggs into 
stool that transform into filariform larvae.  

- Repeated infection ® 
allergy at entry points 
(ground itch) and more 
severe pneumonitis. 
Chronic infection ® weight 
loss, fatigue, and 
microcytic hypochromic anemia.  
 
- Note: Dog and cat hookworms don’t 
enter the circulation but can cause 
cutaneous larva migrans (under skin).  

Eggs = infective + diagnostic. Adult worms 
also diagnostic (coughed up, pass rectally).  
 
 

Larvae = infective 
Eggs = diagnostic 
 
 

Eggs = infective + diagnostic 
 
 

Larvae = infective 
Eggs or proglottids = diagnostic 
 
 

Larvae = infective 
Eggs or proglottids = diagnostic 
 
 

Larvae in 
the brain 

Eggs = infective 
Hydatid cysts = 
diagnostic 
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Strongyloides 

    S. stercoralis (threadworm) 
In soil of tropical and subtropical areas incl. SE USA from human fecal contamination.   
Filariform larvae penetrate feet and migrate through vasculature (same route as hookworm). Some 
larvae reinvade the intestinal wall or perianal skin and begin an autoinfection. Can cause intestinal 
perforation and peritonitis. Can remain infected for years. Autoinfection of perianal skin ® 
serpiginous tracks on the buttocks (larva currens). Release rhabditiform larvae in stool (not eggs).  

Trichuris 

    T. trichiura (whipworm) 
Tropics with poor sanitation. 
Ingest eggs. Larvae develop in 
the small intestine. Adults 
attach in the cecum and 
ascending colon.  

- Trichuriasis is often asymptomatic. In 
heavier infections ® abdominal pain with 
mucoid or bloody diarrhea, tenesmus, 
possible rectal prolapse and weight loss.  

Trichinella 

    T. spiralis (pork roundworm) 
Ingest encysted larvae in undercooked pork or wild 
game (bears, wild cats or boars).  
 
Larvae hatch in the small intestine, invade mucosa and 
become adults. Females release larvae that enter the 
bloodstream ® encyst in striated muscle ® 
degenerative and inflammatory changes. Coiled larvae 
may calcify, but can remain viable for up to 30 years. 

- Intestinal stage: Nausea, abdominal 
pain, vomiting, diarrhea, headache, fever.  
 
- Muscle stage (2-8 weeks after GI 
symptoms): High fever, eosinophilia (10-
90%), myalgia, periorbital edema, 
conjunctival and subungual (splinter) 
hemorrhages, urticarial rash, myocarditis.  

 
 

Tissue Nematodes 
(Filarial worms): 

Basics Pathogenesis  Infections 

- Transmitted to humans by an arthropod bite. Arthropod = intermediate host. Vertebrate = definitive host. None are significant in the USA.  
- Adults are threadlike worms that live in lymphatics and subcutaneous tissues for years.  
- Live-borne larvae (microfilariae) migrate through the vasculature and subcutaneous tissues and are picked up by mosquitoes.  
Onchocerca 

    O. volvulus 

Spread by the Simulium 
blackfly that breeds near 
fast-flowing rivers. Africa.   

- River blindness (onchocerciasis). 
Subcutaneous nodules around adult nematodes 

are prominent early. 
Microfilariae migrate through 
body causing allergic-toxic 
reactions ® abnormal skin, 
subcutaneous tissue 
reactions and eye reaction ® blindness.  

Loa Loa Spread by 
the 
Chrysops 
biting fly. 
Africa. 

- Loiasis (African eye worm) - Similar progression to 
Onchocerca. Cause transient localized subcutaneous 
edema = Calabar swellings. Inflammation and edema 
resolve once the adult worm leaves the eye.  

Wuchereria 

 W. bancrofti 

Tropical filarial worm 
transmitted by various 
mosquitoes.  

- Fever, chills and eosinophilia from 
microfilariae in the blood.  
- Lymphatic filariasis/Elephantiasis - 
Lymph blockage due to vessel fibrosis, 
and dead worms + granulomas in 
lymphatics ® swelling of feet, legs, 
arms, breasts or genitals.  

Brugia 

    B. malayi 

Found in the Far East. 
Transmitted by various 
mosquitoes.  

- Lymphatic filariasis/Elephantiasis - Similar to Wuchereria infection but 
generally restricted to the distal extremities.   

 

Dracunculus: Basics Pathogenesis  Infections 
Dracunculus 

   D. medinensis    

    (Guinea worm) 

Ingest larvae in aquatic 
copepods (water fleas) in 
contaminated water.  

- Larvae released in stomach, penetrate the 
duodenum and invade subcutaneous tissues. 
1 yr later, male + female adults mate, & 
female migrate to skin to induce a painful 
subcutaneous blister (often on the foot). 
Females (up to 1 m) are removed by careful, 
slow rolling onto a stick over several days-wk.  

 

Animal Roundworms: Basics Pathogenesis  Infections 
Ascarids/Ancylostoma  
(dog or cat nematodes) 

- Cutaneous larva migrans. Filariform larvae penetrate human skin, but not 
vasculature and creep around in cutaneous/subcutaneous tissues. Humans 
are dead-end hosts. Serpiginous skin tracts. Resolve in 2-8 weeks.  

Toxocara 

    T. canis (dog)  
    T. cati (cat) 

Ingest eggs (environment) or encysted larvae (small animal meat). Larvae don’t mature in humans. 
- Visceral larva migrans - Hepatitis and pneumonitis as larvae migrate through the liver and lungs. Also 
eosinophilia.  
- Ocular larva migrans - Larvae in circulation localize to the eye. Unilateral visual impairment.  

Larvae = infective + diagnostic 
 
 

Cysts = infective 
+ diagnostic 
 
 

Larvae = infective; 
microfilaria + adults 
= diagnostic 
 
 

Larvae = infective; adult 
female = diagnostic 
 
 

Larvae = infective  
 
 

As Wuchereria 
 
 

Eggs = infective + diagnostic 
 
 

Encysted larvae 
in muscle  

Eggs = 
infective  
 
 

Microfilaria 



All Medical Microbiology Summary, January 2021 

Created by Kylie J Watts, Loma Linda University, for educational purposes 42 

Ectoparasites 
 

Mites: Basics Pathogenesis  Infections 

Scabies 
       Sarcoptes scabiei 

Usually invisible by eye, 
but can appear as white 
pinpoints. 
Has 4 pairs of legs. Front 
legs have suckers and 
back legs have bristles. 

- Transmitted by direct skin 
or infested fomite contact.  
- Pregnant females (0.3-
0.4 mm long) create 
serpentine burrows as they 
lay eggs.  

- Mites within and on the 
skin ® IgE and intense 
pruritus.  
- Mites live 24-36 h without 
a human host. 

- Scabies. Allergic symptoms in 4-6 
weeks, but 24 h with reinfection. Intense 
itching (worse at night) and superficial 
burrows ® papular skin rash. Linear or s-
shaped (serpentine) burrow tracks (2-15 
mm long), gray or skin-colored.  
- Burrows = on hands/finger webs, feet, 
skin folds of wrists, elbows, knees, feet, 
back, buttocks and genitals. Head, face, 
neck, palms in infants/young children.  
 
- Crusted (Norwegian) scabies in elderly 
or immunosuppressed. Mites on entire 
body, except face. Scaly rash, slight 
itching and 
thick skin 
crusts with 
1000s of 
mites. 
 
 

Chiggers 
       Trombiculidae spp. 

Larvae = chrome-orange, 
feed on humans.  
 
In forests, grasslands, 
berry bushes, orchards, 
lawns, parks - early 
summer.  

Larvae (0.1-0.2 mm long) 
feed on skin cells. Inject 
digestive enzymes to break 
down skin cells. Do not 
bite.  

- Chiggers. Severe pruritus for 1-2 days, 
hives or red, pimple-like bumps or 
papules, 1-3 h after the larvae has 
injected digestive enzymes into skin. 

    

Lice: Basics Pathogenesis and Infections 

Head Lice 
Pediculus humanus capitis  

  

 

 

 

 
Body Lice 

Pediculus humanus humanus 

(or corporis)  

Pubic Lice  
Phthirus pubis 

Feed on human blood. 
Lice have 3 pairs of legs. 
Adult head lice = 2.5-3.5 
mm long. Eggs (nits) = 
0.5-1 mm long. 
 
Body lice are 

indistinguishable from 
head lice, but are not 
found on the head. 
 
Adult crab louse (1-2 mm 
long) is smaller than body 
or head lice and is 
distinguished by its 
rounded body with two 
pairs of thick back legs 
with large claws.  
 
Louse infection ® itching 
= an allergic reaction to 
lice saliva ® scratching 
® sores ® possible 
bacterial infection. 

Head lice and pediculosis capitis: 
- Colonize hair and skin via head-to-head contact and sharing 
bedding/headwear, more common in children. Feed on human blood 1-8 
times/day by piercing skin with their mouthparts. Itching intensifies after 
3-4 weeks.  
To diagnose: Run a fine-tooth/louse comb through the hair or look for 
lice near the scalp.  
 
Body lice and pediculosis corporis/Vagabond’s disease: 
- Spread by prolonged physical contact or contact with infected clothing, 
bed linens or towels.  
- Lay eggs (nits) on clothing, cementing them to fibers. Shelter in seams 
and folds of clothing worn for long periods, moving onto the resting host 
to feed. Bite soft areas where clothes contact skin. Lice will die if 
clothing is not worn for a few days.  
- Intense itching, rash and small red bumps. Long-term infestation ® 
thickened and discolored skin, esp. around the waist, groin and upper 
thighs.  
- Body lice infest homeless that do not bathe or change clothes.  
- Can spread louse-borne typhus (Rickettsia prowazekii), trench fever 
(Bartonella quintana) and louse-borne relapsing fever (Borrelia 

recurrentis).  
To diagnose: Find eggs or crawling lice in clothing seams.  
 
Pubic (crab) lice and pediculosis pubis/phthiriasis pubis (pubic 
lice) or pediculosis ciliaris (eyelash infestation): 
- Found in pubic hair and other coarse hair (eyelashes, beard, 
moustache and underarm hair).  
- Spread by close physical contact, usually sexual. Parent-to-child 
transmission via shared towels, bedding, or clothes.  
- Itching is worse at night, but may not occur for up to 4 weeks after 
infection. Pale bluish macules may appear at the feeding site.  
To diagnose: Observe adult lice or small gray-white oval eggs (nits) 
attached to the hair shaft.  

Scabies/lice: permethrin, ivermectin. 
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Bed Bugs: Basics Pathogenesis  Infections 
Cimex lectularius  

 

Adult bed bugs = light 
brown/reddish-brown, 4-5 
mm in length. 3 pairs of 
legs. Bed bugs are 
primarily active at night. 
Feed on blood. Attracted 
by CO2 + warmth. 
 
The number of eggs 
produced by a female 
depends on a blood 
meal.  
 
 

Bed bugs pierce host skin 
with a stylet, feed for 3-10 
minutes and then 
withdraw. They try to feed 
every 5-10 days.  
 
To check for bed bugs, 
look along mattress seams 
for spotting. 

- Bed bug bites on exposed skin while 
sleeping. Painless at first, then become 
itchy red papules or welts.  
- Bed bugs can cause allergic symptoms 
and psychological effects.  
 
To diagnose: Bed bugs must be found 
and identified. 

    

Flies: Basics Pathogenesis  Infections 
- Myiasis = infestation of live humans/animals by true fly (Diptera) larvae. Human myiasis:  
• Cutaneous - Infect skin (living or dead) ® painful sores or ulcers.  
• Nasal - Severe irritation, nasal obstruction, facial edema, vomiting, fever and a foul-smelling nasal discharge.  
• Aural (ear) - Hear buzzing. Crawling sensations in ear. Possible smelly discharge. If infects middle ear, can ® brain ® cerebral myiasis.  
• Opthalmomyiasis (eye) - Irritation, redness and eye pain. Can have edema. Vision is often affected.  

Botfly 
Dermatobia hominis 

Dermatobia are found in 
Central and South 
America. Different botflies 
in U.S. 

Deposit eggs onto skin, 
which hatch. Or, larvae are 
dropped onto skin (by a fly, 
mosquito or tick). Larvae 
can use insect bite site for 
entry or burrow under the 
skin. Larvae develop inside 
subcutaneous skin layers, 
leaving a breathing hole 
while they feed off of 
blood/tissue. After ~8 
weeks, mature larvae drop 
from the skin to complete 
their pupal stage in soil. 

- Larval burrow looks like a large white 
boil, which swells under the skin and 
causes intense pain. Maggot biting and 
wriggling may be felt.  
- Maggot hooks into the skin inside the 
burrow and is difficult to remove. Best 
removed by surgery.  

    

Fleas: Basics Pathogenesis  Infections 
Human Flea 

Pulex irritans  

- Not very common in the 
U.S.  
- Reddish brown, 2-3.5 
mm long.  
 

- Adult fleas feed on blood. 
 

- Fleabite = itchy, slightly raised papules, 
often in groups of three.  
- Pulex irritans is a vector for plague 
(Yersinia pestis), and murine typhus 
(Rickettsia typhi).  

    

Ticks: Basics Pathogenesis  Infections 
Soft tick 

Argasidae 
 
Hard tick 

Ixodidae  

Ticks are common 
disease vectors e.g., 
Lyme disease, Rocky 
Mountain Spotted Fever, 
tularemia, etc.  
 
Ticks have 4 pairs of 
legs.  
 
Ticks extract blood by 
cutting a hole in the skin, 
into which they insert 
their hypostome.  
 

In the U.S., Dermacentor 
spp. ticks cause paralysis. 
In Australia, Ixodes 

holocyclus causes 
paralysis. Tick paralysis is 
caused by neurotoxin in 
tick saliva that is inoculated 
during a blood meal. 
Prolonged attachment of 
an egg-laden female tick 
(5-7 days) is required.  

- Tick bite can cause local redness, 
itching, burning or a lump.  
- Can have an allergic reaction to toxins 
or other substances injected by the tick ® 
swelling and redness.  
 
- Tick paralysis - Occurs after 2-7 days, 
beginning with weakness in both legs, 
followed by flaccid ascending paralysis 
that may lead to respiratory failure (similar 
to Guillain-Barré). Removing the tick 
stops further neurotoxin production and 
the person recovers quickly. Paralysis is 
more likely in children and when ticks are 
attached to non-detected locations, e.g., 
under bandages.  

 

    Soft tick   Hard tick 
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Infectious Diseases with An Immune Component  
(+ Multiple Infectious Disease Causes) 

 
Lesion Type Description Microbiological Causes and Details 
Petechiae and 
Purpura 

Non-blanching red/purple spots  
 
Caused by erythrocyte 
extravasation (bleeding beneath 
the skin) 
 
Petechiae = < 3 mm 
Purpura = 3 mm-1 cm 
Ecchymosis  = > 1 cm  

Purpura Fulminans (PF) in Sepsis - Neisseria meningitidis (#1 cause), Strep. A & B, 
Strep. pneumoniae, Staphylococcus aureus, Haemophilus influenzae, other Gram -ves. 
 
PF: 1) Large, purpuric skin lesions (acral lesions, ascending, become necrotic), 2) 
Fever, 3) Hypotension, 4) Disseminated intravascular coagulation.  
May require debridement, fasciotomy or limb amputation. 
 
- Neisseria meningitidis and Meningococcemia - PF with/without meningitis.  
N. meningitidis in nasopharnyx ® bloodstream ® meningitis and/or meningococcemia. 
Gram -ve LOS stimulates host white cells to release cytokines and platelet-activating 
factors ® complement activation, coagulation and blood vessel damage. DIC exhausts 
coagulation proteins ® bleeding under the skin = purpura.  
BV blockage compromises O2 supply ® tissue necrosis. 
 
- Staphylococcal PF - S. aureus + superantigens TSST-1 or enterotoxin B or C.  
Viral respiratory infection, e.g., influenza, damages respiratory tract ® S. aureus 
infection ® lungs (pneumonia) ® bloodstream.  
Toxins cause fever, hypotension, blood clots, blood vessel death, blood leakage.  
 
- PF + sepsis often causes thrombosis and hemorrhagic infarcts in lungs, kidneys, CNS, 
adrenal glands, etc. ® multi-organ failure and death. 
 
- Post-Infectious Purpura - Varicella-zoster (VZV) or Streptococcal infections. Caused 
by cross-reacting IgG antibodies to Protein S (or Protein C). Purpura on buttocks and 
thighs. Skin necrosis occurs, but multi-organ failure is uncommon.  
 
- IgA vasculitis (Henoch-Schönlein Purpura) - Systemic vasculitis. Preceded by 
respiratory illness, esp. Strep. IgA-containing immune complexes deposit into 
postcapillary venules and affected organs. Palpable purpura (esp. on legs and buttocks, 
symmetric), arthritis, abdominal pain and (later) renal disease. Smaller purpuric lesions 
than PF.  

Urticaria/Hives Well-circumscribed, itchy, raised 
wheals, 1-2 cm with pale 
centers 
 
IgE + allergen binds to mast cell 
Fc receptor and activates 
histamine release 

- Acute Hives - Can be caused by HAV, HBV, EBV, CMV, 
HSV-1, HIV, influenza A, Parvovirus B19 and enteroviruses. 
Less itching than an allergic reaction. 
 
- Associated with immune complexes so hives appear as the 
immune system clears the infection. Persist for 1-2 weeks.  
 

Papules Elevated, palpable, small 
rounded lesions 

- Papular Acrodermatitis/Gianotti-Crosti Syndrome - Caused by HBV, EBV, 
enteroviruses, CMV and other viruses (upper respiratory or GIT illness 1 week before 
rash). Symmetric eruption of small flat-topped, pink-brown or red papules, 1-10 mm 
diameter. Restricted to acral limbs (extensor aspects), buttocks and occasionally the 
face. Can take up to 10 weeks to resolve.  
Cause: Type IV hypersensitivity reaction? 

Plaques Elevated, flat-topped lesions - Erythema multiforme (HSV and others) - Erythematous macules or plaques, most 
prominent on the back of the arms, but also on the face, neck, palms, soles and trunk. 
Diagnostic lesions are targetoid with a necrotic center.  
Erythema multiforme major - has oral lesions = mucosal erythema, painful erosions, 
and/or bullae.  
Cause: Type IV hypersensitivity reaction.  
 
- Stevens-Johnson Syndrome (Mycoplasma pneumoniae and others) - Compared 
to erythema multiforme, ³ 2 mucosal surfaces are involved, lesions are more 
widespread, and there is progression to bulla formation, hemorrhagic crusting, and skin 
shedding.  
Begins with a 1-3 day flu-like prodrome ® Mucocutaneous, symmetrically distributed, 
targetoid lesions. Lesions start on the face and chest before spreading to other areas.  
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Bacterial and Viral Toxins 
• Exotoxins are secreted by living cells or released during cell lysis. Some bacterial toxins are directly injected into a 

host cell via type III or type IV secretion systems. The following list includes the most important toxin mechanisms:  
 

Bacterial Exotoxins Microbe Toxin  Mechanism/s 

Membrane-Disputing 
Toxins 

S. aureus 

- Dermonecrosis 
Alpha toxin (alpha 
hemolysin) 

Pore-forming cytolysin/hemolysin. Forms a membrane b-barrel 
through which ions leak ® osmotic lysis or apoptosis.  

S. pyogenes Streptolysin O Pore-forming cytolysin/hemolysin that binds membrane 
cholesterol and forms a b-barrel pore ® cell lysis.  
- Also stimulates anti-streptolysin O (ASO) titer.  

L. monocytogenes Listeriolysin O Pore-former in phagosomes. Enables Listeria to escape before 
lysosome-phagosome fusion. Facilitates intracellular growth. 

C. perfringens 

 - Gas gangrene 

Alpha toxin A lecithinase that binds eukaryotic phospholipid and hydrolyzes 
phosphatidyl choline to produce diacylglycerol ® cell lysis. 
Diacylglycerol ® second messenger pathways ® edema. 

S. aureus 

 - Scalded skin 
Exfoliative toxins (A 
and B) 

Serine proteases that cleave desmoglein-1 (Dsg-1 = a 
desmosomal protein that maintains keratinocyte adhesion). 
Separates skin at the stratum granulosum. Dsg-3 not affected.  

Superantigens S. aureus 
- Toxic shock 

Toxic shock syndrome 
toxin-1 (TSST-1)  

TSST-1 bridges MHC-II and T cell receptor ® nonspecific T cell 
activation ® massive cytokine release.  

S. pyogenes Exotoxin-A, C (SPE-A, -C) Same as TSST-1 above.  
S. aureus 

- Food poisoning 

Enterotoxins A, B, C, 
D, etc. 

Have enterotoxicity (mechanism not well understood) and 
superantigenicity (as above).    

A-B Toxins 
that Inhibit 
Protein 
Synthesis 
(A = active;  
B = binding)	 

C. diphtheriae 

- Diphtheria 
Diphtheria toxin A component ADP-ribosylates eukaryotic EF-2 (EF-2 usually 

facilitates translational elongation) ® inhibits protein synthesis 
® cell death.  

P. aeruginosa Exotoxin A Same as diphtheria toxin above. 
S. dysenteriae 

- Food poisoning 
Shiga toxin A component cleaves eukaryotic 60S ribosomal rRNA ® inhibits 

protein synthesis ® cell death.  
EHEC E. coli Shiga-like toxin  Same as shiga toxin above. 

A-B Toxins that 
Increase cAMP 

V. cholerae 

- Cholera 
Cholera toxin A component ADP-ribosylates G-stimulatory protein GSa 

(locking it in its GTP-bound, active state) ® stimulates 
adenylate cyclase ® d cAMP ® PKA-dependent 
phosphorylation of CFTR ® ion and water efflux.  

ETEC E. coli Labile toxin Same as cholera toxin above, but not as severe. 
B. pertussis 

- Pertussis 
Pertussis toxin A component ADP-ribosylates G-inhibitory Gia (locking it in its 

GDP-bound, inactive state) so that it can’t inhibit adenylate 
cyclase ® d cAMP.  
- Also helps bacteria adhere to respiratory mucosa.  

B. anthracis 

- Anthrax 
Anthrax toxin  
(3 components) 

- Protective antigen (PA) = B component that binds EF &/or LF.  
- Edema factor (EF) is an adenylate cyclase ® d cAMP ® 
pulmonary edema.  
- Lethal factor (LF) is a metalloprotease of MAP kinase ® 
macrophage death.  

A-B Neurotoxins C. tetani 

- Tetanus 
Tetanus toxin Localizes in the presynaptic terminals 

of inhibitory interneurons ® cleaves 
synaptobrevin (a SNARE protein 
required for neurotransmitter release) 
® blocks glycine + GABA release ® 
inhibits motor nerve impulses ® 
unregulated excitatory synaptic activity 
® spastic paralysis.  

C. botulinum 

- Botulism 
Botulinum toxin 
(A through G) 

Localizes at the myoneural junctions of 
motor neurons. Proteolyzes one of the 
SNARE proteins ® prevents 
acetylcholine release ® muscle 
relaxation ® flaccid paralysis.  

 

Viral Toxins Virus Toxin  Mechanism/s 
 Rotavirus 

- Gastroenteritis 
nsP4 enterotoxin Causes Ca2+-dependent chloride secretion ® H2O efflux and 

altered SGLT1 symport ® altered H2O reabsorption. 
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Bacterial Genetics/Gene Transfer 
 

Method DNA Transfer or Exchange Mechanism 
Transformation DNA transfer via the uptake of naked extracellular DNA 

by a live, competent bacterial cell.  
 
- Bacteria release DNA when they lyse. This DNA can 
contain one to several genes. 
 
- Not all bacteria are ‘competent’. For those that are, e.g., 
Streptococcus pneumoniae, competency occurs only 
under specific environmental conditions.  

- A competent bacterium binds dsDNA to its surface.  
- One DNA strand is degraded and one linear DNA 
strand enters the cell.  
- The DNA is incorporated into the chromosome by 
homologous recombination or degraded by nucleases. 
(Degraded nuclease can be used for DNA replication).  

Conjugation DNA transfer by direct contact between two living 
bacterial cells of opposite mating types.  
 
Donor cells (‘male’): 
- F+ = a cell with a free fertility (F) plasmid. 
- Hfr (high frequency of recombination) = has the fertility 
plasmid inserted into the bacterial chromosome via 
insertion sequences. 1 in 10, 000 F+ cells ® Hfr cell. 
 
Recipient cells (‘female’): F- = lacks a fertility plasmid.  
DNA is transferred from a male donor to a female recipient.  
 
F' = contains some bacterial genes. Caused by the F factor 
in an Hfr cell being excised from the host chromosome 
imprecisely. Contain a small section of host chromosome 
that was adjacent to the F factor.  
 
- Contact is made by an F pilus, which contracts to draw 
the two cells together. The F pilus is under the control of 
transfer (tra) genes on the F plasmid. A pore forms in the 
adjoining cell membranes and DNA is transferred.  

Two DNA crosses: 
 
- F+ x F- - One strand of the F plasmid is nicked at the 
origin (oriT) and replication proceeds. The single DNA 
strand transfers to the F- cell and the complementary 
strand is synthesized in the recipient. Genes starting at 
oriT are transferred first and the tra genes are 
transferred last. Only the F factor is transferred. The 
donor cell stays F+ (and duplicates its lost strand) and 
the recipient cell becomes F+. Transfer is fast, so 

assume the entire F plasmid is transferred.  
 
- Hfr x F- - Single-stranded transfer of part of the F 
plasmid (starting at oriT) + some adjoining bacterial 
genes from the chromosome. It takes ~2 hours for 
complete chromosome transfer. Assume that mating is 

interrupted (because the cytoplasmic bridge is fine) 

and the recipient gets some new bacterial genes, but, 

unless the tra operon is transferred, the recipient will 

not become Hfr.  

Transduction DNA transfer by a bacterial virus (bacteriophage). <1% 
of the bacterial chromosome (amount that fits inside a 
phage head) is transferred.  
- Bacteriophage = Chromosome surrounded by a protein 
head, a base plate + tail fibers (for bacterial attachment), 
and a contractile sheath (to inject DNA into the bacterium). 
Phage DNA circularizes inside the bacterium.  
 
Virulent phage: Phage take over the bacterium, breaking 
down the bacterial chromosome and directing new phage 
synthesis. Phage is released by cell lysis = lytic life cycle.  
 
Temperate phage: Lytic or lysogenic life cycles.  
Lysogenic life cycle = phage genome is integrated into the 
bacterial chromosome. The phage genome is not 
expressed (as long as repressor protein is made) but it is 
replicated with the bacterial genome. Phage reproduction 
(lytic cycle) can be induced, e.g., by UV radiation (which 
damages the repressor protein). 

Two types of transduction:  
- Generalized transduction = where phage DNA is 
accidentally replaced with bacterial DNA. Can be any 
part of the bacterial chromosome, thus a generalized 

transducing phage. When the generalized transducing 
phage infects a new cell, ONLY bacterial DNA is 
injected. The DNA must undergo recombination to be 
maintained in the cell.  
 
- Specialized transduction = where the phage carries 
phage + bacterial DNA. Results from prophage 
excising itself incorrectly from the bacterial 
chromosome (after lysogeny) and is carried out by 
temperate phage that only transduce certain parts of 
the bacterial chromosome (since the site of 
chromosomal integration is specific for a particular 
phage), thus specialized transducing phage. Each 
phage will have the bacterial gene. Transduced genes 
must be stabilized by homologous recombination. 

Homologous 
Recombination 

The exchange of two DNA pieces that have homology. 
 
- Linear DNA that enters a cell must be stabilized to avoid 
rapid degradation by cellular exonucleases. Either 
circularize into a plasmid or recombine with the bacterial 
chromosome. 

- Requires homologous DNA + recombination (Rec) 
proteins. 
- RecA binds DNA and aligns the homologous regions.  
- DNA is swapped (recombined). The chromosome 
acquires a new DNA sequence. 
- Genes on linear DNA pieces are degraded. 

Transposons 
(Non-homologous 
recombination) 

Genetic elements that transpose between sites on DNA by non-homologous recombination.  
- Insertion sequence (IS) = transposase gene + inverted repeat (IR) sequences on each end. Transposase 
recognizes the IRs and mobilizes the IS, inserting it into DNA in a new location = ‘cut and paste’. Causes insertion 
mutations. Homologous recombination between duplicated IS elements ® deletions and inversions.  
- Composite transposons - Carry antibiotic resistance genes and are bracketed on each side by ISs. Often insert 
into DNA by ‘cut and paste’ like ISs. 
- Non-composite transposons - have short IRs unrelated to IS elements. Carry antibiotic resistance genes. Often 
insert into DNA by ‘copy and paste’ (which requires resolvase). 
- Conjugative transposons - DNA elements that excise themselves to form a circular intermediate that reintegrates 
in the same cell (intracellular transposition) or transfers by conjugation to integrate into a recipient genome 
(intercellular transposition).  

Integrons - Mobile elements that capture genes. Have integrase (site-specific recombination), a recombination site + promoter.  
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Bacterial Operons 
 

Operon Components and Mechanism 
lac Operon 
 
Operon = a group of 
contiguous genes expressed 
from one promoter - a 
transcriptional unit.  
Operons contain a promoter, 
operator and structural 
genes. Regulatory genes 
may occur outside the 
operon.  
All genes in a bacterial 
operon are transcribed as 
one polycistronic RNA 
message.  
 
The lac operon is 

activated by lactose  

- The lac operon is required for lactose transport and 
metabolism in enteric bacteria, e.g., E. coli.  
 
Important components: 
lacZ - encodes b-galactosidase, which cleaves lactose into 
glucose + galactose. b-gal also makes allolactose.  
lacY - encodes lactose permease (a cell transporter) 
lacI - encodes lac repressor. Is constitutively expressed.  
lac promoter (p) - bound by RNA polymerase 
lac operator (o) - bound by lac repressor 
 
Mechanism: 
- When lactose is absent, lac repressor binds to the lac 
operator, interfering with RNA pol. binding, allowing only low 
(basal) levels of lac operon (lacZ-lacY-lacA) expression.  
 
- When lactose is present and glucose is absent - allolactose 
(a lactose metabolite) binds the lac repressor so that it no longer binds to the operator. Catabolite activator protein 
(CAP) also binds to the CAP site to  RNA pol. binding stability. RNA polymerase can now transcribe the lac genes to 
high levels. The cell can now transport and metabolize lactose efficiently.  

trp Operon 
 
The trp operon is 

inhibited by tryptophan 

- The trp operon occurs in many bacteria and encodes 
the components for tryptophan synthesis.  
 
Important components: 
Structural genes - encode tryptophan synthetase 
trpR - encodes trp repressor. Is constitutively expressed.  
trp promoter (p) - bound by RNA polymerase 
trp operator (o) - bound by trp repressor 
 
Mechanism: 
- When tryptophan is present, the trp repressor binds 
tryptophan, which allows the repressor to bind to the 
operator. This prevents transcription by RNA pol.  
 
- When tryptophan is absent, the trp repressor is inactive 
and can’t bind to the operator. Transcription proceeds 
and tryptophan is synthesized by the cell.  

 
Viral Genetics 

 

Method Mechanism 
Genetic 
Drift 
and 
Shift 

- Genetic drift = point mutations, esp. in RNA viruses that make their own pol. (RNA-dependent RNA pol., which 
lacks 3’®5’ exonuclease activity) ® minor antigenic changes, e.g., influenza or HIV ® evade immune control.  
 
- Genetic shift = gene reassortment in segmented viruses. Can occur when a cell is coninfected with two strains of 
the same virus and ³1 whole genome segments are packaged into the wrong capsid, e.g., avian + human influenza 
coinfection in pigs ® new pandemic influenza strains.  

Lysogenic 
Conversion 

- Lysogenic conversion = expression of a phage-borne virulence gene during lysogeny (phage itself is not made), 
e.g., botulinum, diphtheria and cholera toxins.  
 
EHEC shigalike toxin expression is not lysogenic conversion. EHEC are lysogenized but toxin is made only with 
phage during the lytic cycle. Antibiotics  toxin production and  HUS risk.  

Phenotypic Mixing 
and Masking 

Can occur when a cell is coinfected with two non-defective, often related, viruses:   
 
- Phenotypic mixing = virus with capsid proteins from two viruses. One genome inside 
the capsid. May result in altered host range.  
 
- Phenotypic masking occurs when the capsid proteins from one virus form around the genome of a 
different virus = a composite virus.   

Transfection - Transfection = an artificial method for introducing nucleic acid into eukaryotic cells.  
 
- Transfection of viral DNA or (+) ssRNA genome ® virus production. (+) ssRNA can be translated by the cell to 
make the RNA-dependent RNA pol. needed for viral replication.  
 
- Transfection of (-) ssRNA or dsRNA genome ® no virus produced because RNA-dependent RNA pol. is needed.  

CAP site 

CAP 
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Antibiotic Resistance 
• Bacteriostatic agents inhibit bacterial growth while the agent is present. Rely on the immune system (of an 

immunocompetent person) to aid the bacteriostatic agent and clear the infection.  
• Bactericidal agents kill bacteria but are bacteriostatic under some conditions, e.g., in biofilms.  

 
Mechanism Method Details 
Decrease 
Target Access  

Impaired uptake - Porin diameter + copy number dictate antibiotic transport rates. Mutations that change pore 
size, or down-regulate porin expression ® antibiotic resistance.  
- Natural resistance: P. aeruginosa expresses low efficiency porins. Mycobacteria have a thick, 
waxy cell wall + low porin numbers. 

Enhanced efflux  - Because small antibiotics diffuse into bacteria over time, even without porins, efflux pumps are 
necessary.  
- Efflux pumps extrude antibiotics by recognizing general features, e.g., hydrophobicity, 
aromaticity, and ionizable character. 

Inactivate the 
Drug 

Enzymatic cleavage - Example: b-lactamases, which cleave the b-lactam rings of penicillins, cephalosporins, 
carbapenems, and monobactams.  

Chemical modification - Examples: acetylation, adenylation or phosphorylation.  

Change the Target Site - Modify the target to prevent the antibiotic from inhibiting it, e.g., new penicillin-binding proteins 
(PBPs) or new ribosome subunits that the drug no longer binds. 

Enhance Antagonist Synthesis or a 
Competing Metabolite 

- Overwhelm the antibiotic by overproducing a target. Can occur via chromosomal mutations 
(especially in gene regulatory regions), or by acquiring DNA with additional gene/s.  

 

 

Testing Method Details 
Antibiotic 
Disks or 
Dilution 
Testing

 

Kirby-Bauer  
(disc diffusion) 

 

- Filter disks impregnated with specific antibiotic concentrations are placed onto a bacterial lawn 
spread on agar. The antibiotic diffuses out from each disc. After growth, inhibition zones are 
measured and compared with charts for each antibiotic.  
- Large zones = less resistance; small zones = more resistance.  

Epsilometer test  
(E-test) 

- A more accurate variant of the Kirby-Bauer method that gives the best estimate of MIC. A strip 
imprinted with values of impregnated antibiotic concentrations is placed onto the agar. After 
bacterial growth, the point at which the elliptical clearing zones intersect the strip = the MIC.  

Broth dilution 
 

- Bacteria are added to test tubes with increasing amounts of antibiotic. The concentration 
where there is no growth = the MIC. 

Antibiotic disks & dilution testing measure minimum inhibitory conc. (MIC), not minimal bactericidal conc. (MBC) 
- To determine the MBC, transfer antibiotic-exposed cells to plates or broth without antibiotic and incubate. Samples that 
don’t grow are considered dead. The lowest concentration of antibiotic that killed the cells = the MBC.   

Antagonism D-test - Erythromycin resistance is due to an efflux pump or acquisition of the erm gene. The erm gene 
product methylates the 50S ribosome, which blocks erythromycin (macrolide) binding, but also 
blocks lincosamide (e.g., clindamycin) and streptogramin binding.  
- Only macrolides like erythomycin induce erm gene expression. But, bacteria can develop an 
erm gene mutation that allows constitutive expression, so that erythromycin is no longer needed 
to induce expression.  
- In the D test, erythromycin (E) and clindamycin (CC) discs are placed near each other on a 
bacterial lawn. If bacteria have the erm gene, erythromycin will induce clindamycin resistance, 
and bacteria will grow closer to the CC disc on the E side. This gives the appearance of a “D” on 
the lawn.  
- If there is no inducible clindamycin resistance, erythromycin resistance is likely from the efflux 
pump, which does not make cells clindamycin resistant. 

 
 

Genetics Details 
Chromosome-
Mediated 
Resistance 

- Mutations that modify the cellular antibiotic-binding site, e.g., modified ribosomes that no longer bind antibiotics.  
- Mutations in regulatory sequences that increase target gene expression.  

Plasmid-
Mediated 
Resistance 

- Plasmids commonly carry antibiotic resistance genes.  
- Resistance genes linked to transposons are often attracted to plasmid insertion “hot 
spots” ® multiple drug resistance plasmids (MDR).  
- Rapid transfer of MDR plasmids occurs by conjugation or mobilization.  
- Mobilization = the conjugative transfer of a nonconjugative plasmid that has lost its 
transfer (tra) region but that can “hitchhike” a ride with a conjugative plasmid in the 
same cell. To be mobilizable, the nonconjugative plasmid must retain its origin of 
transfer (oriT).  
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Bacterial and Fungal Stains 
 

Type Description 
Gram Stain - Gram-positive bacteria have a thick cell wall (crosslinked 

peptidoglycan sheets of N-acetylglucosamine and N-
acetylmuramic acid) + teichoic acids. Crystal violet is fixed to 
bacteria with iodine (a mordant). Cells retain crystal violet after 
alcohol/acetone wash = blue. 

 
 
- Gram-negative bacteria have a thin 
peptidoglycan layer + inner and outer membranes. 
Lipoprotein is bonded to peptidoglycan and links 
peptidoglycan to the outer membrane. Lose crystal 
violet after alcohol/acetone wash because  

         peptidoglycan is too thin to retain it. Are  
               counterstained with safranin red = red.  
 
- Gram-negative outer membranes contain 
lipopolysaccharide (LPS, endotoxin) = lipid A + core 
oligosaccharide + O-antigen polysaccharide.  
- Low molecular weight LPS = lipooligosaccharide (LOS) - 
e.g., in N. gonorrhoeae.  
 
- Mycoplasma lack peptidoglycan and are not seen by 
Gram stain.  
- Spirochetes and small bacteria like Chlamydia and 
Rickettsia are difficult to see by Gram strain. 

Acid Fast Stain - Mycobacteria and Nocardia = only weakly Gram-positive due to their waxy, hydrophobic mycolic acid 
cell wall that blocks dye entry.  
- Mycobacteria and Nocardia stain red with carbol fuchsin (the phenol permeabilizes) and hold onto stain 
in the presence of alcohol + 3% HCl = acid-fast. Preparation is counterstained with methylene blue.  
- Cryptosporidium oocysts also stain acid-fast in feces = diagnostic.  

Schaeffer-Fulton 
Endospore Stain 

- Uses malachite green + heat to drive dye into endospores. Remaining cell bodies are counter-stained 
red with safranin.  
- Bacillus spp. have a central endospore.  
- Clostridial spp. have a terminal or sub-terminal endospore.  

India Ink - India ink wet mount shows budding Cryptococcus yeast with capsular “halos” on a black background.   
 
- Can also be used to observe bacterial capsules (which are clear against a black background).  

 

 

Bacterial and Fungal Growth 
 

Type Description 
Bacterial Growth 
Curve 

Bacterial growth: 
- Lag phase = cells adapt to the new environment by synthesizing 
enzymes, proteins, etc. Cells increase in size but do not divide.  
- Exponential phase = cells divide by binary fission. Semi-log plot of cell 
number versus time yields a linear plot that can be used to determine 
doubling/generation time = length of time between cell divisions.  
- Stationary phase = nutrients become depleted and toxic products 
accumulate. Cell division rate decreases and matches cell death rate. 
Sporulation (if possible) occurs during stationary phase.   
- Death phase = viable cell number decreases exponentially (autolysins).  

Bacterial 
Hemolysis on 
Blood Agar 

- Alpha (a) hemolysis - partial RBC breakdown ® brownish-green zone 
- Beta (b) hemolysis - complete RBC breakdown (due to hemolysins) ® a clear zone 
- Gamma (g) hemolysis - no RBC breakdown ® no change in appearance 
 
- CAMP test - weakly b-hemolytic bacteria, e.g., S. agalactiae, produce an extracellular protein 
(CAMP factor) that causes intense b-hemolysis when grown with S. aureus.  

Central: Terminal: 
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Growth Media - Blood agar - enriched media with mammalian (sheep or horse) blood. Many bacteria grow on blood agar. Is used to 
detect hemolysis (see above).  
 
- Chocolate agar - blood agar with lysed RBCs (lysed by heating). Releases V (NAD) and X (hemin) factors from RBCs. 
Specifically used for fastidious Haemophilus and Neisseria.  
 
- Thayer-Martin agar - Selects Neisseria from non-sterile sites. Contains 4 antibiotics to inhibit other bacteria and fungi. 

 
- Mannitol Salt agar (MSA) - selective and differential media for Staphylococcal growth. High 
NaCl (7.5%) inhibits most other bacteria. S. aureus ferments mannitol ® acid (¯pH) = yellow 
colonies + agar (from phenol red dye). Other Staph. do not ferment mannitol (grow on peptone 
instead) ® pink/red colonies + agar.  
 
- TCBS agar - alkaline media for Vibrios. V. cholerae ferment sucrose = 

yellow colonies + agar. V. vulnificus and V. parahaemolyticus = blue-green 
colonies (don’t ferment sucrose).  

 
 - MacConkey agar - selective/differential media for Gram-negative 
lactose fermenters. Bile salts + crystal violet inhibit Gram-positives. Lac+ 
(CEEKs) utilize lactose ® acid (¯pH) = red/pink colonies + agar (from neutral red dye). Lac- 
(ShYPS) utilize peptone instead ® ammonia (pH) = white/colorless colonies.  
 
- Sorbitol MacConkey agar (SMAC) - sorbitol instead of lactose. E. coli O157:H7 can’t ferment 
sorbitol, so O157:H7 grows on peptone instead ® colorless colonies. Most other E. coli ferment 

sorbitol ® red/pink colonies.  
 
- Eosin-Methylene Blue (EMB) agar - for fecal coliforms. Eosin Y + methylene blue inhibit Gram-
positives. Fermenters of lactose (CEEKs) or sucrose ® acid (¯pH) = blue-black or black colonies. 
E. coli rapidly ferments lactose ® green metallic sheen. Slow/weak fermenters = pink colonies. 
Non-lactose (ShYPS) and non-sucrose fermenters grow on peptone = normal/colorless colonies 
and thus not a fecal coliform.  
 

- Hektoen Enteric (HE) agar - selective/differential media for Salmonella and Shigella. Bile 
salts + dyes inhibit Gram-positives and nonpathogenic coliforms. Salmonella and Shigella 
tolerate high bile and grow faster/larger on peptone than coliforms. Salmonella = black 
colonies due to H2S production and deposition of iron sulfide. Shigella = translucent green 
colonies. HE also has fermentation indicators for lactose fermenters that grow in high bile ® 
turn the green agar yellow/orange, e.g., E. coli.  
 
- Bile-Esculin agar - selective/differential media for Enterococci (GDS). Bile salts = selective. 

Growth indicates bile tolerance. S. pneumoniae and S. agalactiae = bile soluble (a cellular autolysin is activated by bile 
salts), i.e., don’t grow. Esculin = differential. Enterococci hydrolyze esculin to products that react with ferric citrate ® iron 
salts ® media blackening.  
 

- Triple Sugar Iron (TSI) agar slants - To identify enterobacteriaceae. TSI contains sucrose (1%), 
lactose (1%), glucose (0.1%), iron (ferrous sulfate) and phenol red. Streak bacteria onto the top 
slant and stab to the bottom (the bottom = a low O2 environment for fermentation). Fermentation ® 
acid = yellow agar.  
          - Lactose (CEEKs) or sucrose fermenters = entire tube turns yellow. If CO2 is produced, e.g.,  
            by E.coli, the agar will fragment (see opposite). 
          - Glucose only fermenters (ShYPS) = yellow butt + red slant. Glucose fermentation initially   
            turns the whole tube yellow. As the supply of glucose is exhausted, cells at the  
            surface metabolize peptone aerobically ® NH3 (pH) = red slant.  
          - If bacteria produce H2S (e.g., Salmonella and Proteus) ® black iron sulfide deposit,  
            which may/may not obscure other slant/butt colors (see opposite).  

 
- Sabouraud’s agar - selective media for fungal, esp. dermatophyte, growth. Fungi grow on peptone and glucose. Acid 
pH prevents bacterial growth. But, can grow filamentous bacteria like Nocardia.  

Bacterial Tests - Oxidase - chromogenic test for bacterial cytochrome c oxidase in ETS. Rub bacteria on test square. Oxidase 
positive = blue/black color due to oxidation of TMPD by cytochrome c oxidase. Oxidase negative = colorless.  
 
- Catalase - test for bacterial catalase. Add bacteria to H2O2. If the bacterium produces 

catalase, it will split H2O2 into H2O + visible O2 bubbles. Catalase negative = no O2 bubbles.  
 
- Coagulase - test for coagulase on bacterial surface. Coagulase ® blood clots ® protection from host 
defenses. S. aureus = coagulase positive. Other Staph. (e.g., S. epidermidis) = coagulase negative.  
 
- Bacitracin - antibiotic to differentiate b-hemolytic Streptococci: S. pyogenes (GAS) = bacitracin sensitive. S. agalactiae 
(GBS) = bacitracin resistant (GCS are also resistant).  
 
- Optochin - surface-active agent to differentiate a-hemolytic S. pneumoniae (optochin sensitive) from other a-hemolytic 
Strep. (e.g., Viridans Strep.) = optochin resistant.  

S. epidermidis 

S. aureus 

Lactose 
fermenter 

Non-lactose 
fermenter  

E. coli 

Salmonella 
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Other Laboratory Tests 
 

Type Description 
Nucleic Acid, 
RNA, Protein 
Detection  

- Polymerase Chain Reaction (PCR) - For exponential DNA amplification.  
          Requires: DNA template, two primers, heat-stable DNA polymerase, deoxynucleotide triphosphates (dNTPs), Mg2+.  
          Steps (repeated ~30x): Denaturation (95°C, DNA strands separate), annealing (~52-60°C, primers  
          anneal to single-stranded DNA template), extension (72°C, DNA polymerase makes a new DNA strand by adding  
          dNTPs 5’®3’). Amplified DNA is detected after agarose gel electrophoresis, e.g., by binding DNA with ethidium  
          bromide, which fluoresces in UV light.  
 

- Reverse Transcription (RT)-PCR - RNA is reverse transcribed into complementary DNA (cDNA) by reverse transcriptase. 
cDNA is then amplified by traditional PCR (see above).  
              

- Real-Time PCR (qPCR) - Quantitative PCR in which amplified DNA is detected in real time by fluorescence, e.g., 
fluorophore is released from quencher during DNA amplification ® fluorescence.  
 

- Southern blot - detects DNA. Method: Electrophorese DNA fragment to separate by size ® transfer DNA to a membrane 
® probe membrane with a single-stranded DNA (or RNA) fragment that has been labeled, e.g., radioactively ® visualize 
the hybridization pattern, e.g., on X-ray film.  
 

- Northern blot - detects RNA. Method: Similar to Sothern blot, but 
using RNA sample. Probe can be RNA or DNA.   
 

- Western blot - detects protein. Method: Electrophorese proteins to 
separate by size ® transfer proteins to a membrane ® probe 
membrane with primary antibody against protein of interest ® 
expose membrane to secondary antibody = anti-primary antibody 
with linked enzyme, e.g., horseradish peroxidase (HRP) ® visualize 
bands, e.g., add luminol + peroxide, which react with HRP to release 
photons.  

Antibody Tests - Enzyme-Linked Immunosorbent Assay (ELISA) - used to screen for antibody (Ab) or antigen (Ag) in patient samples.  
          - Direct ELISA - Ag is attached to a surface. Ab with linked enzyme (peroxidase or alkaline phosphatase) is added.  
            Substrate is added ® color change (if Ab has bound to the Ag).  
          - Indirect ELISA - Ag is attached to a surface. Primary Ab is added (usually in patient serum). Secondary Ab (e.g., an  
            anti-human Ab) with linked enzyme is added. Substrate is added ® color change. Color development is proportional  
            to primary Ab concentration.  
          - Sandwich ELISA - similar to an indirect ELISA but with an additional capture Ab (the Ag is sandwiched by Abs).  
            Often used to detect Ag in a sample, e.g., in commercial test cards.  
 

- Hemagglutination inhibition - Some viruses, e.g., influenza, agglutinate RBCs = hemagglutination 
(HA). In the presence of specific antiviral Ab, HA is blocked = hemagglutination inhibition (HI). The HI 
assay detects antiviral Abs in serum. Virus  + specific Ab, followed by RBCs ® no hemagglutination 
(RBCs roll down the sides of the well to form a pellet at the bottom). In contrast, hemagglutinated 
RBCs stick together and form a layer covering the bottom of the well.  
 
The reciprocal of the highest dilution exhibiting HI = the titer. Evidence of acute infection requires a 
titer increase of at least fourfold between two samples collected 2-3 weeks apart = acute and 
convalescent samples.  
 

- Heterophile antibodies/Monospot test = Abs induced by external Ags (e.g., a virus or bacterium) that cross-react with 
self-Ags or with Ags from other species. Heterophile IgM Abs induced during EBV infection cross-react with horse and 
bovine RBCs. Monospot tests for EBV rely on heterophile antibodies in patient serum agglutinating horse or bovine RBCs.  

 
Immunology 

 

Type Description 
Innate Immunity  
(Nonspecific, fast) 

- Natural barriers - skin, mucus membranes, ciliated cells, pH, temperature, lysozyme, etc.  
 

- Innate immune cells - phagocytes (neutrophils, macrophages, dendritic cells: engulf ® endosome ® fuse with lysosome 
® digest), PMNs (neutrophils, eosinophils, basophils), monocytes, natural killer (NK) cells (kill virus-infected cells with 
downregulated MHC-I ® release perforin [forms pores] + granyzmes ® apoptosis). 
 

- Toll-like Receptors (TLRs) - on macrophages, dendritic cells and lymphocytes (cell surface or endosomal). Recognize 
pathogen-associated molecular patterns (PAMPs). TLR-microbe interaction (e.g., TLR3-dsRNA) ® interferon release. 

Complement - Hepatically synthesized plasma proteins. Complement ability of antibodies and phagocytes to clear 
pathogens. 1) Trigger inflammatory cell recruitment, 2) Tag microbes for destruction by opsonization, 3) 
Form holes in pathogen (MAC complex) ® cytolysis, 4) Rid the body of antigen-antibody complexes. 
 

- Pathways: classic (IgM or IgG mediated), alternative (C3 binds microbe), and lectin 
(mannose/sugars on microbe surface). C3b = opsonization; C3a, C4a, C5a = anaphylaxis; C5a = 
neutrophil chemotaxis; C5b-9 = MAC cytolysis.  

HA 

HI 
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Adaptive 
Immunity 
(Specific, slower) 
 

- Memory response is 
faster + stronger 
 

- Nucleated cell: 
MHC-I + TCR/CD8 
- APC: MHC-II + 
TCR/CD4 

Humoral Immunity (B cells/antibodies) 
- B cells mature in bone marrow. B cell surface has 
IgM or IgD receptor.  
- T cell-dependent activation: B cell with antigen 
on MHC-II presents to Th2 cell (that was activated by 
the same antigen). Th2 cytokines ® B cell divides 
into plasma cells (produce antibody) + memory B 
cells (future response). Antibodies inhibit pathogen 
until phagocytes or complement can clear it.  
- T cell-independent activation: 2nd signal from 
TLR or repetitive pathogen epitopes. IgM restricted. 

Cellular Immunity (T cells) 
- T cells mature in the thymus. Naïve T cells reside in lymph nodes.  
- Helper T cells (Th, CD4+) - Activated by antigen presenting cell 
(APC) with antigen on MHC-II. CD4 = co-receptor. 2nd step = Th-
CD28 + APC-B7 ® Th proliferate/differentiate into Th1 or Th2 cells.  
     - Th1 cells - activate Tc cells, NK cells and macrophages.  
     - Th2 cells - activate B cells, eosinophils and mast cells.  
- Cytotoxic T cells (Tc, CD8+) - Activated by TCR + MHC-I to kill 
virus-infected & tumor cells ® perforin + granyzmes ® apoptosis. 
- Regulatory T cells - downregulate T cell induction/proliferation. 
Are immunosuppressive. Prevent autoimmune disease.   

Antibodies - IgM - immediate response to antigen (Me first). Fixes complement. Monomer on B cell, pentamer when secreted.  
- IgG - delayed response to antigen. Most abundant Ig in serum. Fixes complement. Crosses placenta (passive immunity), 
opsonizes bacteria, neutralizes bacterial toxins and viruses.  
- IgA - prevents microbial attachment to mucus membranes. Monomer in circulation, dimer when secreted. Released into 
secretions (tears, saliva, mucus) and breast milk.  
- IgD - function? Is in serum.  
- IgE - on mast cell/basophils. Crosslinked by allergen ® histamine release and hypersensitivity. Mediates nematode 
immunity by activating eosinophils.  

Hypersensitivity 
Reactions 

- Type I = immediate/anaphylactic. Minutes-hours. Antigen crosslinks IgE on presensitized mast cells or basophils ® 
release of vasoactive compounds, e.g., histamine and leukotrienes ® vasodilation and smooth muscle contraction.  
- Type II = cytotoxic. Hours-day. IgM or IgG bind to antigens on surface of own cells ® cellular destruction by opsonization 
and phagocytosis, or complement fixation and inflammation.   
- Type III = immune complexes. Hours-days-weeks. IgG (or IgM) binds 
to soluble antigen. Small antigen-antibody (immune) complexes lodge in 
membranes ® activate complement ® attract neutrophils ® 
degranulation (lysosomal enzymes) ® tissue damage; e.g., vasculitis, 
glomerulonephritis or arthritis. 
- Type IV = delayed-type (Th) or cell-mediated (Tc). 2-3 days. No 
antibodies involved. Delayed type: Th cells recognize antigen on MHC-II 
of APC ® Th1 cytokine release ® macrophage activation ® tissue 
damage. Cell-type: Activated Tc cells ® target cell apoptosis. Can cause 
fibrosis and granuloma formation. 

 
 

Vaccinology 
 

Type Description 
Types of 
Immunity  

- Active immunity = immunity induced by a vaccine (long-term protection due to memory). 
- Passive immunity = immediate, short-term protection from preformed antibodies, e.g., for rabies, tetanus, botulism, HBV. 
Also: IgA in breast milk, transplacental IgG, and humanized monoclonal antibodies (e.g., RSV).  
- Herd immunity = individual protection because the population (herd) are immune and can’t transmit the infection. 

Vaccine Types - Killed/inactivated vaccine = whole inactivated organism (inactivated by heat, 
formaldehyde, etc.). Induces a humoral response.  
- Live attenuated vaccine = live organism modified to be less harmful. Virulence is 
lost, but antigenicity is retained. Limited growth in host. Induces cellular + humoral 
responses. Often contraindicated in pregnancy and immunodeficiency. May revert. 
- Recombinant vaccine = gene is cloned, expressed and purified. 
- Conjugate vaccine = antigenic molecule joined to a non-antigenic molecule, e.g., 
polysaccharide + protein.  
- Subunit/subcellular fraction vaccine = only the antigenic part of the organism is used. ≥1 serotypes, e.g., 23 valent.  
- Toxoid = modified toxin (e.g., denatured with formaldehyde) so that it is antigenic but not toxigenic. 
- Adjuvant = antigenic molecule (e.g., aluminum) added to enhance immune recognition of another vaccine component. 

T cell-
Dependent 
Antibody 
Responses 

- IgM memory B cells recognize encapsulated bacteria 
and are thymus-independent! (they don’t need antigen 
engagement). <2 years of age have few, and asplenic 
people lack, IgM memory B cells. Infants + asplenic 
individuals rely on T cell-dependent responses: 
 

- T cell-dependent response: Helper T cells are NOT 
activated by polysaccharide (PS) - MHCs present 
peptides. Conjugate vaccine = PS + peptide.  
- B cell receptor binds the PS portion of the conjugate 
vaccine and is endocytosed. But, the peptide part of the 
vaccine is presented on B cell MHC-II to the activated 
Th2 cell receptor. 
- T cell cytokines (IL-4, IL-5) activate the B cell to make 
plasma cells + memory B cells. **Antibodies are made 
against the PS that bound the B cell receptor, even 
though peptide was presented to the T cell.  
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Antibiotics 
(not tested by Micro) 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

Antimycobacterials 
 

Dapsone Mechanism: Similar to 
sulfonamides, but structurally distinct.  
 

Isoniazid Mechanism: Decreases 
mycolic acid synthesis. 
 

Pyrazinamide Mechanism: Unknown. 
Works best at acidic pH (in host 
phagolysosomes).   
 

Ethambutol Mechanism: Decreases 
arabinogalactan synthesis at cell wall.  
 

Rifampin - see left.  
 
 
 
 
 

Aminoglycosides Mechanism: Bind 30S 
ribosomal subunit to inhibit initiation and 
translocation. Bactericidal. 
 
Tetracyclines Mechanism: Bind 30S to 
inhibit aminoacyl-tRNA attachment. 
Bacteriostatic. Accumulate intracellularly, so 
used for intracellular bacteria. 
 
Glycylcycline Mechanism: Tetracycline 
derivative. Binds 30S. Bacteriostatic.  
 
 
 
 
 

Carbapenems 
Mechanism: Broad-
spectrum, b-
lactamase-resistant. 
For life-threatening 
infections when other 
antibiotics have 
failed.  
 
Monobactams 
Mechanism: Bind to 
PBP-3. For penicillin-
allergic patients.  
 
 
 
 
 

Metronidazole Rifampin Fluoroquinolones 
   Ciprofloxacin 
   Levofloxacin 
 

Quinolone 
   Nalidixic acid 

   Chloramphenicol 
   Clindamycin 
   Linezolid 
 

Macrolides 
   Azithromycin 
   Clarithromycin 
   Erythromycin 
 

Streptogramins 
   Quinupristin 
   Dalfopristin 

Sulfonamides 
   Sulfamethoxazole 
   Sulfisoxazole    
   Sulfadiazine 

Trimethoprim 

Daptomycin 

MEMBRANE INTEGRITY 

- 

Glycopeptides 
   Vancomycin 
   Bacitracin 

Penicillinase-sen. penicillins 
   Penicillin G, V 
   Ampicillin 
   Amoxicillin 
 

Penicillinase-res. penicillins 
   Oxacillin 
   Nafcillin 
   Dicloxacillin 

Antipseudomonal 
   Ticarcillin 
   Piperacillin 
 

Cephalosporins (I-V) 
   1st - Cefazolin 
   2nd - Cefoxitin 
   3rd - Ceftriaxone 
   4th - Cefepime 
   5th - Ceftaroline 

Carbapenems 
   Imipenem 
   Meropenem 
   Ertapenem 
   Doripenem 
 

Monobactams 
   Aztreonam 

Aminoglycosides 
   Gentamicin 
   Neomycin 
   Amikacin 
   Tobramycin 
   Streptomycin 

Tetracyclines 
   Tetracycline 
   Doxycycline 
   Minocycline 
 

Glycylcycline 
   Tigecycline 
 

Penicillin Mechanism: b-
lactams. D-Ala-D-Ala 
analog. Bind PBPs 
(transpeptidases). Block 
transpeptidase crosslinking 
of cell wall peptidoglycan. 
Activate autolytic enzymes. 
b-lactamase sensitive. 
 
Ampicillin, etc., - extended 
spectrum. Penicillinase 
sensitive. Add clavulanic 
acid for b-lactamase 
resistance. 
 

Penicillinase-res. 
penicillins: Bulky R groups 
block b-lactamase access to 
b-lactam ring. Narrow 
spectrum.  
 

Antipseudomonal 
Mechanism: Same as 
penicillin. Extended 
spectrum. Penicillinase 
sensitive. Use with a b-
lactamase inhibitor 
(clavulanic acid, 
avibactam, sulbactam, 
tazobactam).  
 
Cephalosporin 
Mechanism: b-
lactams. Less 
susceptible to 
penicillinases. 
Bactericidal.  
 
 
 
 
 

Vancomycin 
Mechanism: Inhibits  
peptidoglycan 
synthesis by binding 
D-Ala-D-Ala of cell 
wall precursors. For 
serious multi-drug 
res. infections.  
 
 
 
 
 

Chloramphenicol Mechanism: Blocks 
peptidyltransferase at 50S ribosomal subunit. 
Bacteriostatic. 
 
Clindamycin Mechanism: Blocks translocation 
at 50S. Bacteriostatic. For anaerobic infections.  
 
Linezolid Mechanism: Binds 50S to prevent 
formation of the initiation complex.  
 
 
 
 
 

Macrolides 
Mechanism: 
Block 
translocation by 
binding to the 
23S rRNA of 
the 50S 
ribosomal 
subunit. 
Bacteriostatic. 
 
 
 
 

Polymyxins 
Mechanism: 
Cation 
polypeptides 
that bind G -ve 
cell membrane 
phospholipids. 
Disrupt 
membrane 
integrity ® cell 
contents leak 
out ® death.   
 
 
 
 
 

Sulfonamides 
Mechanism: Inhibit 
dihydropteroate 
synthase, thus 
inhibiting folate 
synthesis. 
 
Trimethoprim 
Mechanism: Inhibit 
bacterial dihydrofolate 
reductase.  
TMP-SMX = 
bactericidal.  
 
 
 
 
 
 

Fluoroquinolones 
Mechanism: 
Inhibit bacterial 
DNA gyrase and 
topoisomerase IV. 
Bactericidal. 
 
 

Daptomycin 
Mechanism: 
Lipopeptide that 
forms channels 
to disrupt cell 
membrane of G 
+ve cocci.  
 
 
 
 
 

Metronidazole Mechanism: 
Forms toxic free radical 
metabolites that damage DNA. 
Bactericidal and antiprotozoal.   
 
 
 
 
 

Rifampin 
Mechanism: 
Inhibits DNA-dept 
RNA polymerase.   
 
 
 
 
 


