SECTION 1|1

Microbiology

“What lies behind us and what lies ahead of us are tiny matters
compared to what lives within us.”
—Oliver Wendell Holmes

This high-yield material covers the basic concepts of microbiology
and immunology. The emphasis in previous examinations has been
approximately 40% bacteriology (20% basic, 20% quasi-clinical),
25% immunology, 25% virology (10% basic, 15% quasi-clinical),
5% parasitology, and 5% mycology. Learning the distinguishing
characteristics, target organs, and method of spread of—as well as
relevant laboratory tests for—major pathogens can improve your
score substantially.

Many students preparing for this part of the boards make the mistake
of studying bacteriology very well without devoting sufficient time to
the other topics. For this reason, learning immunology and virology
well is high yield. Learn the components and mechanistic details of
the immune response, including T cells, B cells, and the structure
and function of immunoglobulins. Also learn the major immunodefi-
ciency diseases (e.g., AIDS, agammaglobulinemia, DiGeorge’s syn-
drome). Knowledge of viral structures and genomes remains impor-
tant as well.

. _________________________________________|
High-Yield Clinical
Vignettes

High-Yield Glossy
Material

High-Yield Topics
Clinical Bacteriology
Bacteriology
Mycology
Parasitology
Virology

Systems
Immunology

167



MICROBIOLOGY—HIGH-YIELD CLINICAL VIGNETTES

These abstracted case vignettes are designed to demonstrate the thought processes necessary to
answer multistep clinical reasoning questions.

= An alcoholic vomits gastric contents and develops foul-smelling sputum — what organisms are
most likely? — anaerobes.

= Middle-age male presents with acute-onset monoarticular joint pain and bilateral Bell’s palsy —
what is the likely disease and how did he get it? — Lyme disease, Ixodes tick vector.

= Patient with Mycoplasma pneumoniae exhibits cryoagglutinins during recovery phase — what
types of immunoglobulins are reacting? — IgM.

» Urinalysis of patient shows WBC casts — what is the diagnosis? — pyelonephritis.

= Young child presents with tetany and candidiasis. Hypocalcemia and immunosuppression are
found — what cell is deficient? — T-cell (DiGeorge’s).

» Patient presents with rose gardener’s scenario (thorn prick with ulcers along lymphatic
drainage) — what is the infectious bug? — Sporothrix schenckii.

n 25-year-old medical student from the Midwest has a burning feeling in his gut after meals.
Biopsy of gastric mucosa shows gram-negative rods — what is the likely organism? - H. pylori.

n 32-year-old male has cauliflower lesions. Tissue biopsy shows broad-based budding yeasts
— what is the likely organism? — Blastomyces.

» Breast-feeding woman suddenly develops redness and swelling of her right breast. On examina-
tion, it is found to be a fluctuant mass — what is the diagnosis? — mastitis caused by S. aureus.

= Young child has recurrent lung infections and granulomatous lesions — what is the defect in
neutrophils? -~ NADPH oxidase.

» 20-year-old college student presents with lymphadenopathy, fever, and hepatosplenomegaly. His
serum agglutinates sheep red blood cells — what cell is infected? — B cell (EBV; infectious
mononucleosis).

= One hour after eating custard at a picnic, a whole family began to vomit. After 10 hours, they
were all right — what is the organism? — S. aureus.

= Infant becomes flaccid after eating honey — what gram-positive rod is implicated? — Clostrid-
ium botulinum - what is the mechanism of action? — inhibited release of acetylcholine.

= Man with squamous cell carcinoma of penis had exposure to what virus? — HPV.

» Patient develops endocarditis three weeks after receiving prosthetic heart valve — what organ-
ism is suspected? — S. aureus or S. epidermidis.

MICROBIOLOGY—HIGH-YIELD GLOSSY MATERIAL

1. Patient who visited Mexico presents with bloody diarrhea — what infectious form is found in
the stool? - erythrocyte-ingesting trophozoite — Entamoeba histolytica.

2. Glossy photograph of cardiac valve with cauliflower growth - diagnosis? — bacterial endo-
carditis.

3. Adolescent with cough and rusty sputum — what does Gram stain of sputum show? — gram-
positive diplococci (Streptococcus pneumoniae/pneumococci).

4. HIV-positive patient with CSF showing 75/mms3 lymphocytes suddenly dies. Picture of yeast
in meninges — diagnosis? — cryptococcal meningitis.
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MICROBIOLOGY—HIGH-YIELD TOPICS

Microbiology

1. Principles and interpretation of bacteriologic lab tests (culture, drug sensitivity, specific
growth requirements).

2. Dermatologic manifestations of bacterial and viral infections (e.g., syphilis, Rocky Mountain
spotted fever, meningococcemia, herpes zoster, coxsackievirus infection).

3. Common sexually transmitted diseases (e.g., syphilis, AIDS, HSV, gonorrhea, chlamydia).

4. Viral gastroenteritis in the pediatric and adult populations.

5. Common causes of community-acquired and nosocomial pneumonia.

6. Protozoa that frequently cause disease in the U.S. (e.g., Entamoeba histolytica, Giardia).

7. Parasites (protozoa, helminths) that cause disease more commonly outside the U.S. (e.g.,
malaria, Chagas’ disease, elephantiasis).

8. Herpes simplex encephalitis (temporal lobe lesion, mental status changes, treat with acy-
clovir).

9. Tests available for diagnosis of viral infections (e.g., plaque assay, PCR).

10. Microscopic appearance of organisms.

Immunology

1. Principles and interpretation of immunologic tests (e.g., ELISA, complement-fixation tests,
direct and indirect Coombs’ test).

2. Immune complex diseases (e.g., post strep glomerulonephritis, systemic lupus erythematosus,
serum sickness).

3. Genetics of immunoglobulin variety and specificity (class switching, VDJ recombination,
affinity maturation).

4. Mechanisms of antigenic variation and immune system evasion employed by bacteria, fungi,
protozoa, and viruses.

5. How different types of immune deficiencies lead to different susceptibilities to infection (e.g.,
T-cell defects and viral/fungal infection; splenectomy and encapsulated organisms).

6. MHC/HLA serotypes: transplant compatibility, disease associations, familial inheritance.

7. Allergies: common antigens, antigen-IgE-mast cell complex, presumed mechanism of
immunotherapy (blocking antibodies).

8. Granulomas: role of macrophages, foreign body versus immune granulomas, caseating (TB)
versus noncaseating (sarcoid) granulomas, common causes (e.g., TB, sarcoid, fungi).

9. Components of vaccines and how they produce immunity.

10. Characteristics and functions of macrophages and NK (natural killer) cells.
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MICROBIOLOGY—CLINICAL BACTERIOLOGY

Bacterial structures

Structure Function Chemical composition
Peptidoglycan Gives rigid support, protects against osmotic pressure Sugar backbone with cross-
linked peptide side chains
Cell wall/cell mem- Major surface antigen Teichoic acid induces TNF
brane (gram and IL-1
positives)
Outer membrane Site of endotoxin (lipopolysaccharide); Lipid A induces TNF and IL-1;
(gram negatives) major surface antigen polysaccharide is the antigen
Plasma membrane Site of oxidative and transport enzymes Lipoprotein bilayer
Ribosome Protein synthesis RNA and protein in 50S and
30S subunits
Periplasm Space between the cytoplasmic membrane and outer Contains many hydrolytic
membrane in gram-negative bacteria enzymes, including
[B-lactamases
Capsule Protects against phagocytosis Polysaccharide (except

Bacillus anthracis, which
contains D-glutamate)
Pilus/fimbria Mediates adherence of bacteria to cell surface; sex pilus ~ Glycoprotein
forms attachment between 2 bacteria during
conjugation

Flagellum Motility Protein
Spore Provides resistance to dehydration, heat, and Keratin-like coat;
chemicals dipicolinic acid
Plasmid Contains a variety of genes for antibiotic resistance, DNA
enzymes, and toxins
Glycocalyx Mediates adherence to surfaces, especially foreign Polysaccharide

surfaces (e.g., indwelling catheters)

Cell walls
Unique to Common to both Unique to
gram-positive gram-negative
organisms organisms
Flagellum
Pilus
Teichoic
acid
Capsule WW (W v
= &= ] - +— Endotoxin/LPS
Peptidoglycan ——=| s
Cytoplasmic
I membrane -t
Gram positive Gram negative
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Bacterial growth
curve

Log number of cells

Stationary phase

Death phase

Exotoxins

Peptides that are excreted by both gram-positive and

EXotoxins are EXcreted.
Examples include
tetanospasmin, botulinum
toxin, and diphtheria toxin.

gram-negative bugs. They are highly antigenic and
generally not associated with fever. They are relatively
unstable to heat, are highly toxic, and have specific
receptors. Usually encoded by lysogenic phage DNA.

Bugs with exotoxins
Gram-positive bugs

Corynebacterium
diphtheriae
Clostridium tetani

Clostridium botulinum

Clostridium
perfringens
Bacillus anthracis
Staphylococcus
aureus
Streptococcus
pyogenes

Gram-negative bugs

Escherichia coli

Vibrio cholerae

Bordetella pertussis

Mode of action
Inactivates EF-2 by ADP ribosylation; causes mild exudative pharyngitis

Blocks the release of the inhibitory neurotransmitter glycine
Blocks the release of acetylcholine: causes anticholinergic symptoms, CNS paralysis;

spores found in canned food, honey (causes floppy baby)

Alpha toxin is a lecithinase in gas gangrene; get double zone of hemolysis on blood agar

One toxin in the toxin complex is an adenylate cyclase
Toxin is a superantigen that binds to class I MHC protein and T-cell receptor, inducing IL-1

and IL-2 synthesis in toxic shock syndrome; also causes food poisoning

Erythrogenic toxin (causes rash of scarlet fever) and streptolysin O (antigen for

ASO-antibody is found in rheumatic fever). Erythrogenic toxin is a superantigen;
streptolysin O is a hemolysin

Heat-labile toxin stimulates adenylate cyclase by ADP ribosylation of G protein
Heat-stable toxin stimulates guanylate cyclase
Stimulates adenylate cyclase by ADP ribosylation of G protein; 1 pumping of Cl- and

H,O into gut; causes voluminous rice-water diarrhea

Stimulates adenylate cyclase by ADP ribosylation; causes whooping cough, inhibits

chemokine receptor causing lymphocytosis
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MICROBIOLOGY—CLINICAL BACTERIOLOGY (continued)

Endotoxin

A lipopolysaccharide found in cell wall of gram-
negative bacteria.

N-dotoxin is an integral part of
gram-Negative cell wall.
Endotoxin is heat stable.

Endotoxin
(especially lipid A)
Y Y Y
Activates Activates comPIement Activates
macrophages (alternate pathway) Hageman factor
|
{ { ¥ — !
IL-1 T’r": Nitric oxide C3a Cbha Coagulation
| Fever H tl ) ! N ! i cascade
Hemorrhagic ypotension Hypotension eutrophi 1
Fever tissue necrgsis (shock) Edema chemotaxis DIC
Endotoxins vs.
exotoxins
Exotoxin Endotoxin
Source Some gram-positive and gram-negative bacteria Cell wall of most gram-negative
bacteria
Secreted from cell Yes No
Composition Polypeptide Lipopolysaccharide (LPS)

Location of genes
Clinical effects
Mode of action

Plasmid, bacteriophage, or bacterial chromosome

Various effects
Various modes

Bacterial chromosome
Fever, shock, DIC
Induces TNF and IL-1 synthesis

Vaccines Toxoids used as vaccines (highly antigenic), e.g., DPT No toxoids formed and no
vaccine available (poorly
antigenic)

Gram stain These bugs do not Gram stain well: These Rascals May
limitations Microscopically Lack Color.

Treponema (too thin to be visualized)

Rickettsia (intracellular parasite)
Mycobacteria (high-lipid-content cell wall requires

acid-fast sta

in)

Mycoplasma (no cell wall)
Legionella pneumophila (primarily intracellular)
Chlamydia (intracellular parasite)

Treponemes—darkfield
microscopy and fluorescent
antibody staining.

Mycobacteria—acid fast.

Legionella—silver stain.
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Pigment-producing  Staphylococcus aureus produces a yellow pigment. Aureus (Latin) = gold.
bacteria Pseudomonas aeruginosa produces a blue-green Serratia marcescens =
pigment. maraschino cherries are red.
Serratia marcescens produces a red pigment.

IgA proteases IgA proteases allow these organisms to colonize mucosal surfaces: Streptococcus
pneumoniae, Neisseria meningitidis, Neisseria gonorrhoeae, Haemophilus influenzae.

Gram-positive
lab algorithm Gram stain

Gram(*) (purple/blue)

S. pneumoniae
Capsule ((F) Quellung)
Optochin sensitive

Cocci Rods (bacilli)
1 Viridans streptococci
a (e.g., S. mutans)
Clostridium (_anaerobe) No capsule
C_ory ngbacter um Optochin resistant
Listeria
Bacillus Group A
S. pyogenes
Catalase () Catalase () _ Bacitracin sensitive
(clusters) (chains) ——> Hemolysis R
Staphylococcus Streptococcus Group B

(S. agalactiae)

Enterococcus
(E. faecalis)
and
Coagulase® Coagulase () Peptostreptococcus
S. aureus S. epidermidis (anaerobe)

S. saprophyticus

Important pathogens are in bold type.
Note: Enterococcus is either a- or y-hemolytic.
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MICROBIOLOGY—CLINICAL BACTERIOLOGY (continued)

Gram-negative

lab algorithm Gram stain
Gram(-) _(pink)
Cocci “Coccoid”
Neisseria meningitidis, rods

N. gonorrhoeae Haemophilus influenzae
(requires factors V and X)
Pasteurella—animal bites

Brucella—brucellosis

Bordetella pertussis

Lactose

Maltose Lactose nonfermenter
Maltose nonfermenter fermenter
fermenter N. gonorrhoeae
N. meningitidis — T .
Fast Slow Oxidase
fermenter fermenter
Escherichia coli Citrobacter
Enterobacter geg ratia
Klebsiella thers Oxidase (+)
Oxidase(-) Pseudomonas
Shigella
Important pathogens are in bold type. Salmonella
Proteus

Special culture
requirements
Bug
H. influenzae

N. gonorrhoeae

B. pertussis

C. diphtheriae

M. tuberculosis

Lactose-fermenting
enterics (e.g., Escherichia, Klebsiella, and
Enterobacter)

Legionella pneumophila

Fungi

Media used for isolation
Chocolate agar with factors V
(NAD) and X (hematin)

Thayer—Martin media

Bordet-Gengou (potato) agar

Tellurite agar

Lowenstein—Jensen agar

Pink colonies on MacConkey’s
agar

Charcoal yeast extract agar
buffered with 1 iron and
cysteine

Sabouraud’s agar
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Bacterial genetic
transfer

Conjugation = direct DNA transfer via sex (fertility, F)
pilus.

Transduction = DNA transfer via bacteriophage vector.

Transformation = uptake of naked DNA (which is
vulnerable to DNAse) from environment.

Transposons = “jumping genes,” DNA sequences that
jump from one site on the bacterial DNA to another
site on the same DNA or from the bacterial DNA to
plasmid DNA.

Con = with
jugate = joining

MICROBIOLOGY—BACTERIOLOGY

Obligate aerobes

Use an O,-dependent system to generate ATP.
Examples include Pseudomonas aeruginosa,
Mycobacterium tuberculosis, and Nocardia.
Mycobacterium tuberculosis has a predilection for
the apices of the lung, which have the highest PO,.

P. AERuginosa is an AERobe
seen in burn wounds,
nosocomial pneumonia, and
pneumonias in cystic fibrosis
patients.

Obligate
anaerobes

Micro2.30

Examples include Clostridium, Bacteroides, and
Actinomyces. They lack catalase and/or superoxide
dismutase and thus are susceptible to oxidative
damage. They are generally foul-smelling (short-
chain fatty acids), are difficult to culture, and produce
gas in tissue (CO, and H,).

Anaerobes are normal flora in
Gl tract, pathogenic
elsewhere. AminO_glycosides
are ineffective against
anaerobes because these
antibiotics require O, to
enter into bacterial cell.

Encapsulated
bacteria

Examples are Streptococcus pneumoniae
(pneumococcus), Haemophilus influenzae
(especially b serotype), Neisseria meningitidis
(meningococcus), and Klebsiella pneumoniae.

Polysaccharide capsule is an antiphagocytic virulence
factor.

Positive Quellung reaction: if encapsulated bug is
present, capsule swells when specific anticapsular
antisera are added.

19G, necessary for immune
response. Capsule serves as
antigen in vaccines
(Pneumovax, H. influenzae
b, meningococcal vaccines).

Quellung = capsular
“swellung.”

Pneumococcus associated with
“rusty” sputum, sepsis in
sickle cell anemia and
splenectomy.

Spores: bacterial

Only certain gram-positive rods form spores when
nutrients are limited. Spores are highly resistant to
destruction by heat and chemicals. Have dipicolinic
acid in their core. Have no metabolic activity.

Must autoclave to kill spores (as is done to surgical
equipment).

Gram-positive soil bugs = spore
formers (Bacillus anthracis,
Clostridium perfringens, C.
tetani).

a-hemolytic
bacteria

Include the following organisms:

1. Streptococcus pneumoniae (catalase-negative and optochin-sensitive)
2. Viridans streptococci (catalase-negative and optochin-resistant)
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MICROBIOLOGY—BACTERIOLOGY (continued)

B-hemolytic Include the following organisms:

bacteria 1. Staphylococcus aureus (catalase- and coagulase-positive)
2. Streptococcus pyogenes (catalase-negative and bacitracin-sensitive)
3. Streptococcus agalactiae (catalase-negative and bacitracin-resistant)
4. Listeria monocytogenes (tumbling motility, meningitis in newborns, unpasteurized milk)

Catalase/coagulase Catalase degrades H,O,, an antimicrobial product

Staph make catalase because

(gram-positive of PMNs. they have more “staff.” Bad
COCCi) Staphylococci make catalase, whereas streptococci staph (aureus, because
do not. epidermidis is skin flora)
S. aureus makes coagulase, whereas S. epidermidis make coagulase and toxins.
does not.
Staphylococcus Protein A (virulence factor) binds Fc-19G, inhibiting TSST is a superantigen that
aureus complement fixation and phagocytosis. binds to class I MHC and
Causes: T-cell receptor, resulting in

1. Inflammatory disease—skin infections, organ
abscesses, pneumonia

2. Toxin-mediated disease—toxic shock syndrome
(TSST-1 toxin), scalded skin syndrome (exfoliative
toxin), rapid-onset food poisoning (enterotoxins)

polyclonal T-cell activation.

S. aureus food poisoning is due
to ingestion of preformed
toxin.  Micro2.18

w Micro2.98

Streptococcus Causes: Pharyngitis gives you
pyogenes 1. Pyogenic—pharyngitis, cellulitis, skin infection rheumatic “phever.”
(Group A 2. Toxigenic—scarlet fever, TSS Rheumatic fever = PECCS:
B-hemolytic 3. Immunologic—rheumatic fever, acute Polyarthritis, Erythema
streptococci) glomerulonephritis marginatum, Chorea,
sequelae Bacitracin sensitive. Antibody to M protein enhances Carditis, Subcutaneous

host defenses against S. pyogenes.
Micro1.83, Micro2.103 g py g

nodules.

Enterococci Enterococci (Enterococcus faecalis and E. faecium) are
penicillin G-resistant and cause UTI and subacute
endocarditis. Lancefield group D includes the
enterococci and the nonenterococcal group D
streptococci. Lancefield grouping is based on
differences in the C-carbohydrate on the bacterial cell

Entero = intestine, faecalis =
feces, strepto = twisted
(chains), coccus = berry.
Enterococci, hardier than
nonenterococcal group D,
can thus grow in 6.5% NaCl

wall. (lab test).
Viridans group Viridans streptococci are a-hemolytic. They are normal  Sanguis (Latin) = blood.
StreptOCOCCi flora of the oropharynx and cause dental caries There is lots of blood in the

(Streptococcus mutans) and bacterial endocarditis

(S. sanguis). Resistant to optochin, differentiating
them from S. pneumoniae, which is a-hemolytic but
is optochin sensitive.

heart (endocarditis).
Viridans group strep live in
the mouth because they are
not afraid of-the-chin
(op-to-chin resistant).
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Clostridia (with Gram-positive, spore-forming, anaerobic bacilli. Tetanus is tetanic paralysis

exotoxins) Clostridium tetani produces an exotoxin causing tetanus. (blocks glycine, an inhibitory

Micro1.89 neurotransmitter).

C. botulinum produces a preformed, heat-labile toxin Botulinum is from bad bottles
that inhibits ACh release, causing botulism. of food (causes a flaccid
Micro1.30 paralysis).

C. perfringens produces o toxin, a hemolytic lecithinase  Perfringens perforates a
that causes myonecrosis or gas gangrene.  Micro2.79 gangrenous leg.

C. difficile produces a cytotoxin, an exotoxin that kills Difficile causes diarrhea. Treat
enterocytes, causing pseudomembranous colitis. with metronidazole.

Often secondary to antibiotic use, especially
clindamycin or ampicillin.  wicro2.15

EICM
Diphtheria (and Caused by Corynebacterium diphtheriae via exotoxin Coryne = club shaped.
exotoxin) encoded by B-prophage. Potent exotoxin inhibits Grows on tellurite agar.
protein synthesis via ADP-ribosylation of EF-2. ABCDEFG:
Symptoms include pseudomembranous pharyngitis ADP-ribosylation
(grayish-white membrane) with lymphadenopathy. Beta-prophage
Lab diagnosis based on gram-positive rods with Corynebacterium
metachromatic granules. Diphtheriae
Elongation Factor 2
L'@‘ Microl.41 Granmes
Anthrax Caused by Bacillus anthracis, a gram-positive, spore-forming rod that produces anthrax
toxin.

Contact — malignant pustule (painless ulcer); can progress to bacteremia and death.

Inhalation of spores can cause life-threatening pneumonia (woolsorters’ disease).
Microl.28

Actinomyces Versus Both are gram-positive rods forming long branching A. israelii forms “sulfur”
Nocardia filaments resembling fungi. granules in sinus tracts.
Actinomyces israelii, a gram-positive anaerobe, causes
oral/facial abscesses with “sulfur granules” that may
drain through sinus tracts in skin. Normal oral flora.
Nocardia asteroides, a gram-positive and also a weakly
acid-fast aerobe in soil, causes pulmonary infection

in immunocompromised patients.
WICM Micro1.67, Micro2.30

Penicillin and Gram-negative bugs are resistant to benzyl penicillin G but may be susceptible to

gram-negative penicillin derivatives like ampicillin. The gram-negative outer membrane layer inhibits

bugs entry of penicillin G and vancomycin.

Bugs causing food  Vibrio parahaemolyticus and Vibrio vulnificus in Vomit Big Smelly Chunks.

poisoning contaminated seafood. Staphylococcus aureus food
Bacillus cereus in reheated rice. poisoning starts quickly, ends
Staphylococcus aureus in meats, mayonnaise, custard. quickly. “Food poisoning from
Clostridium perfringens in reheated meat dishes. reheated rice? Be serious!”

(B. cereus)
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MICROBIOLOGY—BACTERIOLOGY (continued)

Diarrhea
Species
Escherichia coli
Vibrio cholerae
Salmonella
Shigella
Campylobacter jejuni
Vibrio parahaemolyticus
Yersinia enterocolitica

Typical findings

Ferments lactose
Comma-shaped organisms

Does not ferment lactose, motile

Does not ferment lactose, nonmotile, very low IDg,

Comma- or S-shaped organisms; growth at 42°C
Transmitted by seafood
Usually transmitted from pet feces (e.g., puppies)

Fever/leukocytosis

No
No
Yes
Yes
Yes
Yes
Yes

Bugs causing
watery diarrhea

Include Vibrio cholerae (associated with rice-water stools), enterotoxigenic E. coli, viruses
(e.g., rotaviruses), and protozoans (e.g., Cryptosporidium and Giardia).

Bugs causing
bloody diarrhea

Include Salmonella, Shigella, Campylobacter jejuni, enterohemorrhagic/enteroinvasive
E. coli, Yersinia enterocolitica, and Entamoeba histolytica (a protozoan).

Enterobacteriaceae

Diverse family including E. coli, Salmonella,
Klebsiella, Enterobacter, Serratia, Proteus.

All species have somatic (O) antigen (which is the

polysaccharide of endotoxin). The capsular (K)

antigen is related to the virulence of the bug. The
flagellar (H) antigen is found in motile species. All

ferment glucose and are oxidase negative.

Think COFFEe:

Capsular
O-antigen
Flagellar antigen
Ferment glucose
Enterobacteriacae
e

Haemophilus
influenzae

L'JQY‘ Micro1.45, 70, Micro2.51

HaEMOPHhilus causes Epiglottitis, Meningitis, Otitis

media, and Pneumonia. Small gram-negative

(coccobacillary) rod. Aerosol transmission. Most

invasive disease caused by capsular type b.
Produces IgA protease. Culture on chocolate
agar requires factors V (NAD) and X (hemin)
for growth. Treat meningitis with ceftriaxone.
Rifampin prophylaxis in close contacts.

Does not cause the flu (influenza virus does).

When a child has “flu,” mom

goes to five (V) and dime (X)
store to buy some chocolate.
Vaccine contains type b
capsular polysaccharide
conjugated to diphtheria
toxoid or other protein.

Given between 2 and 18
months of age.

Legionella
pneumophila

L@‘ Microl.54

Legionnaires’ disease. Gram-negative rod. Gram

stains poorly—use silver stain. Grow on charcoal

yeast extract culture with iron and cysteine.
Aerosol transmission from environmental
water source habitat. No person-to-person
transmission. Treat with erythromycin.

Think of a French legionnaire

(soldier) with his silver
helmet, sitting around a
campfire (charcoal) with his
iron dagger—he is no sissy
(cysteine).
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Pseudomonas
aeruginosa

PSEUdomonas causes wound and burn infections,
Pneumonia (especially in cystic fibrosis),
Sepsis (black lesions on skin), External otitis
(swimmer’s ear), UTI, and hot tub folliculitis. Aerobic
gram-negative rod. Non-lactose fermenting, oxidase
positive. Produces pyocyanin (blue-green) pigment.
Water source. Produces endotoxin (fever, shock)
and exotoxin A (inactivates EF-2). Treat with
aminoglycoside plus extended-spectrum penicillin
(e.g., piperacillin, ticarcillin).

AERuginosa—AERobic.
Think water connection and
blue-green pigment.

Think Pseudomonas in burn
victims.

Helicobacter pylori

L'@‘ Micro2.9

Pylori—think pylorus of
stomach. Proteus and
H. pylori are both urease
positive (cleave urea to
ammonia).

Causes gastritis and up to 90% of duodenal ulcers.
Risk factor for peptic ulcer and gastric
carcinoma. Gram-negative rod. Urease positive (e.g.,
urease breath test). Creates alkaline environment.
Treat with triple therapy: 1. bismuth (Pepto-Bismol),
metronidazole, and either tetracycline or amoxicillin;
2. (more costly) metronidazole, omeprazole, clarithro-
mycin.

Lactose-fermenting
enteric bacteria

These bacteria grow pink colonies on MacConkey’s agar. Lactose is KEE.
Examples include Klebsiella, E. coli, Enterobacter,

and Citrobacter.

Salmonella versus
Shigella

Microl.81, Micro2.17, 74

Salmon swim (motile and
disseminate). Salmonella has
an animal reservoir; Shigella
does not and is transmitted
via “food, fingers, feces, and
flies.”

Both are non-lactose fermenters; both invade intestinal
mucosa and can cause bloody diarrhea. Only
Salmonella is motile and can invade further and
disseminate hematogenously. Symptoms of
salmonellosis may be prolonged with antibiotic
treatments. Shigella is more virulent (10 organisms)
than Salmonella (105 organisms).

Cholera and
pertussis toxins

U@V

Cholera turns the “on” on.

Pertussis turns the “off” off.

Pertussis toxin also promotes
lymphocytosis.

Vibrio cholerae toxin permanently activates G, causing
rice-water diarrhea.

Pertussis toxin permanently disables G;, causing
whooping cough.

Both toxins act via ADP ribosylation that permanently
activates adenyl cyclase (resulting in 1 cAMP).

Micro1.35

Micro1.96

Zoonotic bacteria
Species
Borrelia burgdorferi
Brucella spp.

Francisella tularensis
Yersinia pestis
Pasteurella multocida

Disease Transmission and source

Lyme disease  Tick bite; Ixodes ticks that live on deer and mice  Bugs From Your Pet
Brucellosis/ Dairy products, contact with animals Undulates and
Undulant fever Unpasteurized dairy
Tularemia Tick bite; rabbits, deer products give you
Plague Flea bite; rodents, especially prairie dogs Undulant fever.
Cellulitis Animal bite; cats, dogs
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MICROBIOLOGY—BACTERIOLOGY (continued)

Intracellular bugs
Obligate intracellular  Rickettsia, Chlamydia. Can’t make own ATP.
Facultative intracellular Mycobacterium, Brucella, Francisella, Listeria

Stay inside (cells) when it is

Really Cold.

1° and 2° tuberculosis

Nonimmune host
(usually child)

'

Infection with Mycobacterium tuberculosis

Partially immune hypersensitized host
(usually adult)

¢ Reinfection

| Secondary tuberculosis

{ Hilar nodes

Ghon
complex

Ghon focus
(usually
lower lobes)

Fibrocaseous
cavitary lesion

Heals by fibrosis Progressive
lung disease

(HIV, malnutrition)

Severe bacteremia

Immunity and
hypersensitivity

Miliary
tuberculosis
Death (rare)

Tuberculin positive Death

Extrapulmonary tuberculosis
¢ CNS (parenchymal tuberculoma or meningitis)
« Vertebral body (Pott's disease)
e Lymphadenitis * Renal

* Gl

Preallergic lymphatic or
hematogenous dissemination

Dormant tubercle bacilli
in several organs
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Microl.75, Micro2.63

Mycobacteria Mycobacterium tuberculosis (TB)
M. kansasii (pulmonary TB-like symptoms).

M. scrofulaceum (cervical lymphadenitis in kids).

TB symptoms include fever,
night sweats, weight loss,

hemoptysis.

M. avium—intracellulare (often resistant to multiple drugs;

causes disseminated disease in AIDS).
All mycobacteria are acid-fast organisms.

Leprosy (Hansen’s
disease)

Caused by Mycobacterium leprae, an acid-fast bacillus
that likes cool temperatures (infects skin and
superficial nerves) and cannot be grown in vitro.
Reservoir in US: armadillos.

Treatment: long-term oral dapsone; toxicity is
hemolysis and methemoglobinemia.

Alternate treatments include rifampin and

combination of clofazimine and dapsone.
L'@‘ Microl.56, Micro2.61 p

Hansen’s disease has two

forms: lepromatous and
tuberculoid; lepromatous

is worse (failed cell-mediated
immunity), tuberculoid is

self-limited.
LEpromatous = LEthal.
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Rickettsiae

Rickettsiae are obligate intracellular parasites (except
R. quintana) and need CoA and NAD. All except
Coxiella are transmitted by an arthropod vector and

cause headache, fever, and rash; Coxiella is an atypical

rickettsia, because it is transmitted by aerosol.
Tetracycline is the treatment of choice for most
rickettsial infections.

Classic triad: headache, fever,

rash (vasculitis).

Rickettsial diseases
and vectors

Rocky Mountain spotted fever (tick):

Rickettsia rickettsii
Endemic typhus (fleas): R. typhi
Epidemic typhus (human body louse): R. prowazekii
Q fever (inhaled aerosols): Coxiella burnetii
Treatment for all: tetracycline.

TyPHus has centriPHugal

(outward) spread of rash,
sPotted fever is centriPetal
(inward). Q fever is Queer
because it has no rash, has
no vector, has negative Weil—
Felix, and its causative
organism can survive outside
for a long time and does not
have Rickettsia as its genus
name.

Rocky Mountain
spotted fever

L'F_fl" Microl.7

Caused by Rickettsia rickettsii.

Symptoms: rash on palms and soles (migrating to wrists,
ankles, then trunk), headache, fever.

Endemic to East Coast (in spite of name).

Palm and sole rash is seen in

Rocky Mountain spotted
fever, syphilis, and cox-
sackievirus infection (hand,
foot, and mouth disease).

Weil-Felix reaction

Weil-Felix reaction assays for antirickettsial antibodies, which cross-react with Proteus
antigen. Weil-Felix is usually positive for typhus and Rocky Mountain spotted fever but

negative for Q fever.

Mycoplasma
pneumoniae

Microl.66

Classic cause of atypical “walking” pneumonia
(insidious onset, headache, nonproductive cough).
X-ray looks worse than patient. High titer of
cold agglutinins. Grown on Eaton’s agar.

Treatment: tetracycline or erythromycin (bugs are
penicillin resistant because they have no cell wall).

No cell wall.
Only bacterial membrane

containing cholesterol.

Mycoplasma pneumonia is more

common in patients younger
than age 30.

Frequent outbreaks in military

recruits and prisons.

Chlamydiae

Chlamydiae are obligate intracellular parasites that
cause mucosal infections. Two forms:
1. Elementary body (small, dense), which Enters
cell via endocytosis
2. Initial or Reticulate body, which Replicates in
cell by fission
Chlamydiae cause arthritis, conjunctivitis, pneumonia,
and nongonococcal urethritis. The peptidoglycan
wall is unusual in that it lacks muramic acid.
Treatment: erythromycin or tetracycline.

Chlamys = cloak (intracellular).
Chlamydia psittaci notable for

an avian reservoir.

C. trachomatis infects only

humans.

Lab diagnosis: cytoplasmic

inclusions seen on Giemsa or
fluorescent-antibody stained
smear.
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