Introduction to
the Microbial World
Chapter

o n e

Human beings have coexisted on the planet with billions of microbes since the
beginning of time, and fortunately only a relatively small fraction of those
successfully managed to invade, persist and cause disease. It is useful to organize
these microbes into 3 categories: true pathogens, organisms of the microbiome
which have overcome host homeostasis, and microbes which only cause disease in
patients with speciﬁc immunodeﬁciencies.
• True pathogens infect a normal host and produce virulence factors which cause
disease. Recovery of the host is followed by immunologic memory.
• Organisms of the microbiome can persist and cause disease in patients with
mechanical failures of innate barrier systems such as cilia, mucus, epithelia or
disruption of the protective effects of normal ﬂora by antibiotics. These infections
are often mixed, with multiple different microbes involved.
• The microbes of immunodeﬁciency disease are generally single microbes that
are speciﬁc to a particular immune defect (neutrophils, antibody production or T
cell killing).
This classiﬁcation is useful to the physician to predict the patient population and
underlying physiology of that patient.
A second classiﬁcation of infectious disease agents is by their taxonomic grouping.
This is useful to anticipate the pathogenesis and the pharmacotherapy necessary to
interrupt the lifecycle. There are 5 categories of infectious agents which can be
deﬁned using these criteria: prions, viruses, bacteria, fungi and parasites.
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The Epidemiology of Infectious Disease

The physician’s understanding of where a microbe comes from is important to
understand the tissue that will be affected and how the infection might spread.
Normal ﬂora are extremely important to the health of the human, because they
compete for space with more harmful organisms, and because they assist digestion
and produce vitamin K for clotting blood. When they are not conﬁned to their
normal locations by the host immune response because there has been injury or
decline in natural immunity, they tend to spread contiguously from their preferred
niches:
• Skin – Staphylococcus epidermidis, S. aureus, diphtheroids, streptococci, yeasts,
anaerobes (acne).
• Nose – Staphylococcus aureus, S. epidermidis, diphtheroids, streptococci.
• Oropharynx – viridans streptococci (plaque and dental caries), other
streptococci, non-pathogenic Neisseria and Haemophilus, yeasts.
• Gingival crevices (anerobic niches) – Bacteroides, Fusobacterium, Actinomyces,
streptococci.
• Colon - Escherichia coli, Bacteroides fragilis, Biﬁdobacterium, Clostridium,
Eubacterium, Fusobacterium, Lactobacillus, various streptococci (S. bovis and S.
faecalis).
• Vagina (during menarche) – Lactobacillus, Streptococcus agalactiae, Bacillus
fragilis, diphtheroids, Candida, non-pathogenic streptococci and gram-negative
diplococci. Pre-menarchal and post-menopausal females may have
Staphylococcus aureus predominate.
Notice that in the oropharynx and vagina there are normal ﬂora that can confuse
the diagnosis of true pathogens:
• In the oropharynx - all streptococci are gram positive cocci in chains, so diagnosis
of Streptococcus pyogenes (GAS) in this site is not possible by gram stain alone.
Similarly, non-pathogenic (non-encapsulated) Haemophilus inﬂuenzae organisms
cannot be distinguished from the pathogenic type b by gram stain alone.
•In the vagina - normal ﬂora gram negative diplococci confuse the diagnosis of the
pathogen Neisseria gonorrhoeae.
Other means of infection include inhalation, fecal-oral, direct contact, sexual,
transplacental, parenteral (i.v. drug), vector-borne or traumatic implantation.
Geography – always important when mentioned in a vignette. Particularly with
vector-borne and fecal-oral spread, parasites and fungi.
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Microbial Mechanisms of Pathogenesis
Adherence
• Viruses
attach to speciﬁc cell membrane receptors. This causes the “tropism” of the
virus and results in cell death and symptoms/signs as a result.
• Hemagglutinin – most RNA viruses
• CD4 and chemokine receptors – HIV (via gp120)
• CD21 – Epstein-Barr virus
• Acetylcholine receptor – rabies virus
• ICAM-1 – rhinovirus
• Bacteria
• Extracellular organisms that use surface molecules
◊ Gram positives – lipoteichoic acids bind to ﬁbronectin
◊ Streptococcus pyogenes M protein binds to ﬁbrinogen
◊ Mycoplasma protein P1 binds to sialic acid
◊ Gram negatives and positives – pili (ﬁmbriae) bind to sugar receptors
◊ Bordetella pertussis – ﬁlamentous hemagglutinin binds to integrin (?)
• Bioﬁlm producers
◊ Pseudomonas aeruginosa
◊ Staphylococcus aureus and S. epidermidis
◊ Viridans streptococci
• Parasites
• Plasmodium falciparum binds to ICAM-1 and glycophorins on erythrocytes
• Plasmodium vivax binds to Duffy antigen

Evasion of Innate Immune Responses
• Inhibition of chemotaxis and complement anaphylatoxins
• Streptococcus pyogenes
◊ Chemokine protease degrades IL-8
◊ C5a peptidase inactivates C5a
• Pseudomonas aeruginosa
◊ Inactivates C3a, C5a anaphylatoxins
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• Inhibition of phagocytic engulfment
• Capsules (slime layer, glycocalyx) – slippery secretions of many organisms
(mnemonic – Some Killers Have Pretty Nice Slimy Capsules:
◊ Streptococcus pneumoniae
◊ Klebsiella pneumoniae
◊ Haemophilus inﬂuenzae type B
◊ Pseudomonas aeruginosa
◊ Neisseria meningitidis
◊ Salmonella spp.
◊ Cryptococcus neoformans
• Inhibition of opsonization
• Streptococcus pyogenes M protein destroys C3 convertase
• Staphylococcus aureus protein A binds the Fc of IgG
• Pili of Neisseria gonorrhoeae are antiphagocytic

Evasion of Acquired Immune Responses
• Antigenic Variation
• Viruses
◊ Antigenic drift – mutations cause genetic change
◊ Antigenic shift – reassortment of segmented genomes causes dramatic change
› ROBA: Reovirus, Orthomyxovirus, Bunyavirus, Arenavirus
• Neisseria gonorrhoeae – pili and outer membrane proteins
• Enterobacteriaceae – capsular and ﬂagellar antigens
• African trypanosomes – variant speciﬁc glycoprotein
• Intracellular Survival – avoid humoral immunity
• Facultative intracellular – survive in mononuclear phagocytes
◊ Mycobacterium tuberculosis – inhibit phagosome-lysosome fusion with
sulfatides (sulfolipids which hydrolyze to H2SO4)
◊ Listeria monocytogenes – ‘jets” out of phagosome before lysosomal fusion
◊ Invasins – surface proteins which promote binding of non-phagocytic cells
(Yersinia pseudotuberculosis)
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• Obligate intracellular – invade non-phagocytic cells and cannot live outside of
cells
◊ Syncytial viruses (Herpesviruses, HIV, paramyxoviruses) evade humoral immunity
by using fusion protein to make multi-nucleated giant cells.
◊ Downregulation of MHC 1 expression – herpesviruses, adenoviruses, rubeola (avoid
CTL recognition)
• Avoidance of Mucosal Immunity – IgA proteases
• Haemophilus inﬂuenzae
• Neisseria gonorrhoeae
• Neisseria meningitidis
• Streptococcus pneumoniae
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Nutrition, Penetration and Spread
• Siderophores – the competition for bioavailable forms of iron has been a problem
since the dawn of time. Many bacteria make siderophores to chelate iron for their
own cells, and the acute phase reactant hepcidin is the body’s attempt to thwart
that theft.
• Destruction of extracellular matrix
◊ Collagenase – Clostridium perfringens
◊ Hyaluronidase – Clostridium perfringens and Streptococcus pyogenes
◊ Lecithinase - C. perfringens
◊ Streptokinase – S. pyogenes (dissolves ﬁbrin)
◊ Streptodornase – S. pyogenes DNAse
• Spread via the bloodstream
◊ Bacteremia, viremia, fungemia, parasitemia – presence of microbes in the blood
◊ Septicemia – multiplication of microbes in the blood with symptoms

Injury Mediated by the Immune Response
• Acute Inﬂammation
◊ Formyl-methionyl peptides and peptidoglycan-teichoic acid fragments are
chemotactic for neutrophils, and make bacteria “pyogenic”
• Chronic Inﬂammation
◊ Type 1 Hypersensitivity – misplaced antihelminthic response, allergy
◊ Type 2 Hypersensitivity – Rheumatic fever; antibodies against Streptococcus
pyogenes crossreact with perivascular connective tissue
◊ Type 3 hypersensitivity – post-streptococcal glomerulonephritis – immune
complexes against S. pyogenes serotypes M12 and M14
◊ Type 4 hypersensitivity – tuberculosis, leprosy, chlamydial PID – CMI causes
cytotoxicity and granuloma formation
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Toxins – poisonous substances produced by living cells.

Anatomical Toxins (PAMPs)
• Endotoxin (Lipopolysaccharide)
◊ Part of the outer membrane of a gram negative bacterium
◊ Active component – lipid A, released when cell dies, except in Neisseria which
constitutively overproduces outer membrane blebs at all times.
◊ Mechanism of action – Binds to CD14 and TLR4 on macrophages, dendritic cells,
monocytes, stimulates overproduction of cytokines
◊ Cannot be inactivated in autoclave (heat stable)
◊ Not highly immunogenic
• Peptidoglycan -Teichoic Acid Fragments
◊ Released on death of a gram positive bacterium
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Endotoxin and other PAMPs
Activation of
Neutrophils and
Monocytes:
TNF, IL-1

Activation of Factor XII

Complement activation
Endothelial activation

Procoagulant

DIC,
microvascular
thrombosis

Anti-ﬁbrinolytic

Vasodilation
Permeability
Perfusion

IL-6, IL-8, NO, PAF, ROS

Systemic Effects:
Fever, metabolic
abnormalities,
myocardial
contractility

Tissue Ischemia

Adrenal
insufﬁciency
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Multi-organ failure

IL-10, apoptosis,
sTNFR, secondary
anti-inﬂammatory
mediators

Immunosuppression

Exotoxins - Protein secretions of living cells
• Some are delivered by type III secretion systems
• Some have 2 components; A = active, B = binding
• Classiﬁed by site of action: cytotoxins, enterotoxins, neurotoxins
• Inactivated to make toxoid vaccines

cAMP
Inducers

Inhibitors of
Protein Synthesis

Neurotoxins

Cytolysins

Superantigens

Organism

ETEC, V. cholerae,
B. anthracis

C. diphtheriae, P.
aeruginosa

C. tetani

C. perfringens

Staph aureus and
Strep pyogenes

Toxin

Heat labile toxin,
cholera toxin,
edema factor

Diphtheria toxin,
exotoxin A

Tetanus toxin

Alpha toxin

TSST-1 and
Exotoxins A, C

ADP ribosylates
eEF2 (targets
heart, nerve,
epithelium or
liver)

Blocks release of lecithinase
glycine and GABA
(inhibitory
transmitters)

ADP ribosylates
Mechanism GTP bp
(adenylate
of action
cyclase)

Organism

B. pertussis

S. dysenteriae,
EHEC

C. botulinum

Staph aureus

Toxin

Pertussis toxin

Shiga toxin,
verotoxin

Botulinum toxin

Alpha toxin

Blocks release of
acetylcholine

Pore-forming

Mechanism ADP ribosylates Gi Interferes with
60S ribosomal
of action
subunit

Cytokine storm
involving APC/TH
stimulation
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How do Superantigens Work?
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If you remember this diagram of the antigen presentation step between an APC
and a TH cell, you hopefully remember that the crucial ﬁrst step is the recognition of
a speciﬁc peptide/MHC class II pair by the TCR. Superantigens cross-link the outside
of the MHC to the TCR in the absence of any antigenic speciﬁcity and cause a
cytokine storm: IFN-γ and IL-2 from the TH cell, and IL-1, 6 and TNF-α from the APC.
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#MMC
1. In this chapter we discussed the mechanisms of pathogenesis of endotoxin and
superantigens. How would you expect the two presentations to differ?
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Before you leave, can you….
1. Explain the lifecycles and physiology of the viruses, prokaryotes and eukaryotes.
2. Explain how the anatomy and physiology of microbes affects the choice of
pharmacotherapy.
3. Understand the routes of entry of the major microbes of man.
4. Explain the pathogenic strategies of adherence, evasion of innate and adaptive
immunity and toxin production employed by viruses, prokaryotes and eukaryotes.
5. List the molecular mechanisms of the major bacterial toxins.
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