Preface
A well-developed knowledge of clinical microbiology is
critical for the practicing physician in any medical field.
Bacteria, viruses, and protozoans have no respect for
the distinction between ophthalmology, pediatrics,
trauma surgery, or geriatric medicine. As a physician
you will be faced daily with the concepts of microbial
disease and antimicrobial therapy. Microbiology is one
of the few courses where much of the "minutia" is regularly used by the practicing physician.
This book attempts to facilitate the learning of microbiology by presenting the information in a clear and
entertaining manner brimming with memory aids.
Our approach has been to:

4) Create a conceptual, organized approach to the organisms studied so the student relies less on memory
and more on logical pathophysiology.

The text has been updated to include current information on rapidly developing topics, such as HIV and
AIDS (vaccine efforts and all the new anti-HIV medications), Ebola virus, Hantavirus, E. coli outbreaks, Mad
Cow Disease, and brand-new antimicrobial antibiotics.
The mnemonics and cartoons in this book do not intend disrespect for any particular patient population or
racial or ethnic group but are solely presented as memory devices to assist in the learning of a complex and important medical subject.
We welcome suggestions for future editions.

1) Write in a conversational style for rapid assimilation.
2) Include numerous figures serving as "visual memory tools" and summary charts at the end of each chapter. These can be used for "cram sessions" after the
concepts have been studied in the text.
3) Concentrate more on clinical and infectious disease issues that are both interesting and vital to the actual practice of medicine.
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PART 1. BACTERIA
CHAPTER 1. BACTERIAL TAXONOMY
All organisms have a name consisting of two parts: the
genus followed by the species (i.e., Homo sapiens). Bacteria have been grouped and named primarily on their
morphological and biochemical/metabolic differences.
However, bacteria are now also being classified according to their immunologic and genetic characteristics.
This chapter focuses on the Gram stain, bacterial morphology, and metabolic characteristics, all of which enable the clinician to rapidly determine the organism
causing a patient's infection.

DISACCHARIDE

GRAM STAIN
Because bacteria are colorless and usually invisible to
light microscopy, colorful stains have been developed to
visualize them. The most useful is the Gram stain,
which separates organisms into 2 groups: gram-positive
bugs and gram-negative bugs. This stain also allows the
clinician to determine whether the organism is round or
rod-shaped.
For any stain you must first smear the substance to
be stained (sputum, pus, etc.) onto a slide and then heat
it to fix the bacteria on the slide.
There are 4 steps to the Gram stain:

AMINO ACIDS

Figure 1-1

1) Pour on crystal violet stain (a blue dye) and wait
60 seconds.
2) Wash off with water and flood with iodine solution. Wait 60 seconds.
3) Wash off with water and then "decolorize" with
95% alcohol.
4) Finally, counter-stain with safranin (a red dye).
Wait 30 seconds and wash off with water.

Both gram-positive and gram-negative organisms
have more than 1 layer protecting their cytoplasm and
nucleus from the extracellular environment, unlike animal cells, which have only a single cytoplasmic membrane composed of a phospholipid bilayer. The layer just
outside the bacterial cytoplasmic membrane is the peptidoglycan layer or cell wall. It is present in both
gram-positive and gram-negative organisms.

When the slide is studied microscopically, cells that
absorb the crystal violet and hold onto it will appear
blue. These are called gram-positive organisms. However, if the crystal violet is washed off by the alcohol,
these cells will absorb the safranin and appear red.
These are called gram-negative organisms.

Fig. 1-1. The peptidoglycan layer or cell wall is
composed of repeating disaccharides with 4 amino acids
in a side chain extending from each disaccharide.
Fig. 1-2. The amino-acid chains of the peptidoglycan
covalently bind to other amino acids from neighboring
chains. This results in a stable cross-linked structure.
The enzyme that catalyzes the formation of this linkage
is called transpeptidase and is located in the inner cytoplasmic membrane. The antibiotic penicillin binds to
and inhibits this enzyme. For this reason the enzyme is
also called penicillin binding protein (see page 114).

Gram-positive = BLUE
I'm positively BLUE over you!!
Gram-negative = RED
No (negative) RED commies!!
The different stains are the result of differences in the
cell walls of gram-positive and gram-negative bacteria.
1
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Figure 1-2

plasmic membrane (unlike that of animals) has no cholesterol or other sterols.
An important polysaccharide present in the grampositive cell wall is teichoic acid. It acts as an antigenic
determinant, so it is important for serologic identification of many gram-positive species.

Fig. 1-5. The gram-negative cell envelope has S layers,
not including the periplasmic space. Like gram-positive
bacteria, it has 1) a cytoplasmic membrane surrounded
by 2) a peptidoglycan layer. 3) In addition, a gramnegative cell has a unique outer cell membrane.
The inner cytoplasmic membrane (as in gram-positive
bacteria) contains a phospholipid bilayer with embedded proteins. Gram-negative bacteria have a periplasmic space between the cytoplasmic membrane and an
extremely thin peptidoglycan layer. This periplasmic
space is filled with a gel that contains proteins and enzymes. The thin peptidoglycan layer does not contain
teichoic acid, although it does have a small helical

Figure 1-3

Fig. 1-3. The gram-positive cell wall is very thick and
has extensive cross-linking of the amino-acid side
chains. In contrast, the gram-negative cell wall is very
thin with a fairly simple cross-linking pattern.

Fig. 1-4. The gram-positive cell envelope has an outer
cell wall composed of complex cross-linked peptidoglycan, teichoic acid, polysaccharides, and other proteins.
The inner surface of the cell wall touches the cytoplasmic membrane. The cytoplasmic membrane contains
proteins that span the lipid bilayer. The bacterial cyto-

Figure 1-4
2
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GRAM-NEGATIVE
CELL ENVELOPE

OUTER MEMBRANE

MUREIN
LIPOPROTEIN
PERIPLASMIC SPACE

PEPTIDOGLYCAN LAYER
(CELL WALL)

CYTOPLASMIC MEMBRANE
EMBEDDED
PROTEINS

Figure 1-5
lipoprotein called murein lipoprotein. This lipoprotein is important because it originates from the peptidoglycan layer and extends outward to bind the unique
third outer membrane. This last membrane is similar to
other cell membranes in that it is composed of two layers of phospholipid (bilayer) with hydrophobic tails in
the center. What makes it unique is that the outermost
portion of the bilayer contains lipopolysaccharide (LPS).
Fig. 1-6. Lipopolysaccharide (LPS) is composed of 3
covalently linked components:
1) Outer carbohydrate chains of 1-50 oligosaccharide units that extend into the surrounding media.
These differ from one organism to another and are antigenic determinants. This part is called the 0-specific

Figure 1-6
3
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Gram-Negative Cells
Gram-Positive Cells
2 Layers:
3 Layers:
1. Inner cytoplasmic membrane
1. Inner cytoplasmic membrane
2. Outer thick peptidoglycan layer
2. Thin peptidoglycan layer
(5- 10% peptidoglycan)
(60-100% peptidoglycan)
3. Outer membrane with
lipopolysaccharide (LPS)
High
lipid content
Low lipid content
Endotoxin (LPS) - lipid A
NO endotoxin (except Listeria

monocytogenes)

NO periplasmic space
NO porin channel
Vulnerable to lysozyme and
penicillin attack

Figure 1-7

Periplasmic space
Porin channel
Resistant to lysozyme and
penicillin attack

DIFFERENCES BETWEEN GRAM-POSITIVE AND GRAM-NEGATIVE ORGANISMS

side chain or the 0-antigen. Think of O for Outer to
help remember this.
2) The center part is a water soluble core polysaccharide.
3) Interior to the core polysaccharide is the third
component, lipid A, which is a disaccharide with multiple fatty acid tails reaching into the membrane. Lipid
A is toxic to humans and is known as the gram-negative
endotoxin. When bacterial cells are lysed by our efficiently working immune system, fragments of membrane containing lipid A are released into the
circulation, causing fever, diarrhea, and possibly fatal
endotoxic shock (also called septic shock).

dally dissolved by alcohol, thus washing out the crystal
violet and allowing the safranin counterstain to take.
Fig. 1-7. Summary of differences between grampositive and gram-negative bacteria.

BACTERIAL MORPHOLOGY

Bacteria have 4 major shapes:
1) Cocci: spherical.
2) Bacilli: rods. Short bacilli are called coccobacilli.
3) Spiral forms: comma-shaped, S-shaped, or spiral-shaped.
4) Pleomorphic: lacking a distinct shape (like jello).

Embedded in the gram-negative outer membrane are
porin proteins, which allow passage of nutrients. These
are also unique to gram-negative organisms.

The different shaped creatures organize together into
more complex patterns, such as pairs (diplococci), clusters, strips, and single bacteria with flagella.

What does this mean clinically?

Fig. 1-8.

The differences between gram-positive and gramnegative organisms result in varied interactions with
the environment. The gram-positive thickly meshed
peptidoglycan layer does not block diffusion of low molecular weight compounds, so substances that damage
the cytoplasmic membrane (such as antibiotics, dyes,
and detergents) can pass through. However, the gramnegative outer lipopolysaccharide-containing cell membrane blocks the passage of these substances to the
peptidoglycan layer and sensitive inner cytoplasmic
membrane. Therefore, antibiotics and chemicals that
attempt to attack the peptidoglycan cell wall (such as
penicillins and lysozyme) are unable to pass through.
Interestingly, the crystal violet stain used for Gram
staining is a large dye complex that is trapped in the
thick, cross-linked gram-positive cell wall, resulting in
the gram-positive blue stain. The outer lipid-containing
cell membrane of the gram-negative organisms is par-

Bacterial morphology.
SO, WHAT ARE THE NAMES?!!!!

Gram-Positive

Start by remembering that there are 6 classic grampositive bugs that cause disease in humans, and basically every other organism is gram-negative.
Of the gram-positives, 2 are cocci, and the other 4 are
rod-shaped (bacilli).
The 2 gram-positive cocci both have the word coccus
in their names:
1) Streptococcus forms strips of cocci.
2) Staphylococcus forms clusters of cocci.
Two of the 4 gram-positive rods produce spores
(spheres that protect a dormant bacterium from the
harsh environment). They are:
4
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Gram-Negative

COCCI

Of the gram-negative organisms, there is only one
group of gram-negative cocci. It is actually a diplococcus
(looks like 2 coffee beans kissing): Neisseria.
There is also just 1 group of spiral-shaped organisms:
the Spirochetes. This group includes the bacterium Treponema pallidum, which causes syphilis.
The rest are gram-negative rods or pleomorphic.

BACILLI or RODS
SPIRAL

Exceptions:
1) Mycobacteria are weakly gram-positive but
stain better with a special stain called the acid-fast
stain (See Chapter 14). This special group includes organisms that cause tuberculosis and leprosy.
2) Spirochetes have a gram-negative cell wall
but are too small to be seen with the light microscope
and so must be visualized with a special darkfield
microscope.
3) Mycoplasma do not have a cell wall. They only
have a simple cell membrane, so they are neither grampositive nor gram-negative.

COMMA
S-SHAPED

PLEOMORPHIC

Fig. 1-9. Summary of morphological differences
among the bacteria.

CYTOPLASMIC STRUCTURES

CLUSTERS

Bacterial DNA usually consists of a single circle of
double-stranded DNA. Smaller adjacent circles of
double-stranded DNA are called plasmids; they often
contain antibiotic resistance genes. Ribosomes are
composed of protein and RNA and are involved in the
translation process, during the synthesis of proteins.
Bacteria, which are procaryotes, have smaller ribosomes (70S) than animals (80S), which are eucaryotes.
Bacterial ribosomes consist of 2 subunits, a large subunit ( 50S) and a small subunit (30S). These numbers relate to the rate of sedimentation. Antibiotics, such as
erythromycin and tetracycline, have been developed
that attack like magic bullets. They inhibit protein synthesis preferentially at the bacterial ribosomal subunits
while leaving the animal ribosomes alone. Erythromycin works at the 50S subunit, while tetracycline blocks
protein synthesis at the 30S subunit.

STRIPS
DIPLOCOCCI
WITH FLAGELLA

Figure 1-8

3) Bacillus
4) Clostridium

METABOLIC CHARACTERISTICS
Bacteria can be divided into groups based on their
metabolic properties. Two important properties include:
1) how the organism deals with oxygen, and 2) what the
organism uses as a carbon and energy source. Other
properties include the different metabolic end-products
that bacteria produce such as acid and gas.

The last 2 gram-positive rods do not form spores:
5) Corynebacterium
6) Listeria, which surprisingly has endotoxin-sur-

prising because ALL other organisms with endotoxin
are gram-negative.
5
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MORPHOLOGY
Circular (Coccus)
Rod (Bacillus)

GRAM-POSITIVE
Streptococcus
Staphylococcus
Corynebacterium
Listeria
Bacillus
Clostridium

GRAM-NEGATIVE
Neisseria

Mycobacterium (acid-fast)

Serratia
Vibrio
Campylobacter
Helicobacter
Pseudomonas
'BacteroIdes (anaerobic)
Haemophilus
Bordetella
Legionella
Yersinia
Francisella
Brucella
Pasteurella
Gardnerella
Spirochetes:
Treponema
Borrelia
Leptospira

ENTERICS (live in the GI tract):

Spiral

Branching filamentous growth
(like fungi)
Pleomorphic
No cell wall

Figure 1-9

Actinomyces (anaerobic)
Nocardia (partially acid-fast)

Escherichia coli
Shigella
Salmonella
• Yersinia
Klebsiella
Proteus
Enterobacter

Chlamydia
Rickettsiae
Mycoplasma

MORPHOLOGICAL DIFFERENCES AMONG THE BACTERIA

Oxygen

3) Superoxide dismutase breaks down the superoxide radical in the following reaction:

How bacteria deal with oxygen is a major factor in
their classification. Molecular oxygen is very reactive,
and when it snatches up electrons, it can form hydrogen
peroxide (H2O2), superoxide radicals (02i, and a hydroxyl radical (OH - ). All of these are toxic unless broken down. In fact, our very own macrophages produce
these oxygen radicals to pour over bacteria. There are 3
enzymes that some bacteria possess to break down
these oxygen products:

Bacteria are classified on a continuum. At one end are
those that love oxygen, have all the preceding protective
enzymes, and cannot live without oxygen. On the opposite end are bacteria which have no enzymes and pretty
much kick the bucket in the presence of oxygen:
1) Obligate aerobes: These critters are just like us
in that they use glycolysis, the Krebs TCA cycle, and the
electron transport chain with oxygen as the final electron acceptor. These guys have all the above enzymes.
2) Facultative anaerobes: Don't let this name fool
you! These bacteria are aerobic. They use oxygen as an
electron acceptor in their electron transfer chain and

1) Catalase breaks down hydrogen peroxide in the
following reaction:
2) Peroxidase also breaks down hydrogen peroxide.
6
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Gram-positive

Gram-negative

Acid-fast
No cell wall

OBLIGATE
AEROBES
Nocardia
(weakly acid-fast)
Bacillus cereus
Neisseria
Pseudomonas
Bordetella
Legionella
Brucella
Mycobacterium
Nocardia

FACULTATIVE
ANAEROBES
Staphylococcus
Bacillus anthracis
Corynebacterium
Listeria
Actinomyces
Most other gramnegative rods

MICROAEROPHILIC
Streptococcus

Spirochetes
Treponema
Borrelia
Leptospira
Campylobacter

OBLIGATE
ANAEROBES
Clostridium

Bacteroides

Mycoplasma

and Rickettsia do not have the metabolic machinery to utilize oxygen. They are energy parasites,
and must steal their host's ATP.

*Chlamydia

Figure 1-10

OXYGEN SPECTRUM

have catalase and superoxide dismutase. The only difference is that they can grow in the absence of oxygen
by using fermentation for energy. Thus they have the
faculty to be anaerobic but prefer aerobic conditions.
Phis is similar to the switch to anaerobic glycolysis that
human muscle cells undergo during sprinting.
3) Microaerophilic bacteria (also called aerotolerant anaerobes): These bacteria use fermentation
and have no electron transport system. They can tolerate low amounts of oxygen because they have superoxide dismutase (but they have no catalase).
4) Obligate anaerobes: These guys hate oxygen
and have no enzymes to defend against it. When you are
working on the hospital ward, you will often draw blood
for culture. You will put the blood into 2 bottles for
growth. One of these is an anaerobic growth media with
no oxygen in it!
Fig. 1-10.
groups.

The oxygen spectrum of the major bacterial

Carbon and Energy Source
Some organisms use light as an energy source (phototrophs), and some use chemical compounds as an energy source (chemotrophs). Of the organisms that use
chemical sources, those that use inorganic sources, such
as ammonium and sulfide, are called autotrophs. Others use organic carbon sources and are called het-

erotrophs. All the medically important bacteria are
chemoheterotrophs because they use chemical and
organic compounds, such as glucose, for energy.
Fermentation (glycolysis) is used by many bacteria
for oxygen metabolism. In fermentation, glucose is broken down to pyruvic acid, yielding ATP directly. There
are different pathways for the breakdown of glucose to
pyruvate, but the most common is the EmbdenMeyerhof pathway. This is the pathway of glycolysis
that we have all studied in biochemistry. Following fermentation the pyruvate must be broken down, and the
different end products formed in this process can be
used to classify bacteria. Lactic acid, ethanol, propionic
acid, butyric acid, acetone, and other mixed acids can
be formed.
Respiration is used with the aerobic and facultative
anaerobic organisms. Respiration includes glycolysis,
Krebs tricarboxylic-acid cycle, and the electron transport chain coupled with oxidative phosphorylation.
These pathways combine to produce ATP.
Obligate intracellular organisms are not capable
of the metabolic pathways for ATP synthesis and thus
must steal ATP from their host. These bacteria live in
their host cell and cannot survive without the host.
Further metabolic differences (such as sugar sources
used, end products formed, and the specific need for certain nutrients) figure in classifying bacteria and will be
discussed in the chapters covering specific organisms.

CHAPTER 2. CELL STRUCTURES,
VIRULENCE FACTORS AND TOXINS

Figure 2-1
Virulent organisms are those that can cause disease.
The virulence of an organism is the degree of organism
pathogenicity. Virulence depends on the presence of certain cell structures and on bacterial exotoxins and endotoxins, all of which are virulence factors.

gradient or away from the gradient. This movement is
called chemotaxis.
Fig. 2-2. Bacteria can have a single polar flagellum
( polar means at one end of the cell) as is the case with
Vibrio cholera, or many peritrichous flagella (all
around the cell) as is the case with Escherichia coli and
Proteus mirabilis. Shigella does not have flagella.

CELL STRUCTURES AS VIRULENCE
FACTORS

Flagella

Pili
Pili (also called fimbriae) are straight filaments
arising from the bacterial cell wall, making the bacterium look like a porcupine.

Fig. 2-1. Flagella are protein filaments that extend
like long tails from the cell membranes of certain grampositive and gram-negative bacteria. These tails, which
are several times the length of the bacterial cell, move
the bacteria around. The flagellum is affixed to the bacteria by a basal body. The basal body spans through
the entire cell wall, binding to the inner and outer cell
membrane in gram-negative bacteria and to the inner
membrane in gram-positive bugs (the gram-positive
bacteria don't have an outer membrane). The basal body
spins around and spins the flagellum. This causes the
bacterial flagella to undulate in a coordinated manner
to move the bacteria toward a chemical concentration

Fig. 2-3. Pili are much shorter than flagella and do
not move. Pili can serve as adherence factors (in which
case they are called adhesins). Many bacteria possess
adhesins that are vital to their ability to cause disease.
For example, Neisseria gonorrhea has pili that allow it
to bind to cervical cells and buccal cells to cause gonorrhea. Escherichia coli and Campylobacter jejuni cannot
cause diarrhea without their adhesins to bind to the intestinal epithelium, and Bordetella pertussis uses its
adhesin to bind to ciliated respiratory cells and cause

8
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whooping cough. Bacteria that do not produce these pili
cannot grab hold of their victim; they lose their virulence and thus cannot infect humans. There are also
special pili, discussed in the next chapter, called sex pili.

Capsules

Capsules are protective walls that surround the
cell membranes of gram-positive and gram-negative
bacteria. They are usually composed of simple sugar
residues. Bacteria secrete these sugar moieties, which
then coat their outer wall. One bacterium, Bacillus anthracis, is unique in that its capsule is made up of amino
acid residues.
Fig. 2-4. Capsules enable bacteria to be more virulent because macrophages and neutrophils are unable
to phagocytize the encapsulated buggers. For example, Streptococcus pneumoniae has a capsule. When
grown on media, these encapsulated bacteria appear as
smooth (S) colonies that cause rapid death when injected into mice. Some Streptococcus pneumoniae do not
have capsules and appear as rough (R) colonies on agar.

Figure 2-2

Figure 2-3
9

CHAPTER 2. CELL STRUCTURES, VIRULENCE FACTORS AND TOXINS

Figure 2-4

These rough colonies have lost their virulence and when
injected into mice do not cause death.
Two important tests enable doctors to visualize
capsules under the microscope and aid in identifying
bacteria:
1) India ink stain: Because this stain is not taken
up by the capsule, the capsule appears as a transparent
halo around the cell. This test is used primarily to identify the fungus Cryptococcus.
2) Quellung reaction: The bacteria are mixed with
antibodies that bind to the capsule. When these antibodies bind, the capsule swells with water, and this can
be visualized microscopically.

Figure 2-5

that protects the individual against future infections
by this organism.

Antibodies directed against bacterial capsules protect
us as they help our macrophages and neutrophils bind
to and eat the encapsulated bacteria. The process of antibodies binding to the capsule is called opsonization.

Endospores

Fig. 2-5. Once the antibodies have bound to the
bacterial capsule (opsonization), the macrophage or
neutrophil can then bind to the Fc portion of the antibody and gobble up the bacteria. A vaccine against
Streptococcus pneumoniae contains antigens from the
23 most common types of capsules. Immunization with
this vaccine elicits an immune response against the
capsular antigens and the production of antibodies

Endospores are formed by only 2 genera of bacteria,
both of which are gram-positive: the aerobic Bacillus
and the anaerobic Clostridium.
Fig. 2-6. Endospores are metabolically dormant
forms of bacteria that are resistant to heat (boiling),
cold, drying and chemical agents. They have a multilayered protective coat consisting of:
10
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phagosome-lysosome fusion, thus escaping the host's
deadly hydrogen peroxide and superoxide radicals. Inside the cells these bacteria are safe from antibodies and
other immune defenses.
FACULTATIVE INTRACELLULAR ORGANISMS

1. Listeria monocytogenes
2. Salmonella typhi
3. Yersinia
4. Francisella tularensis
5. Brucella
6. Legionella
7. Mycobacterium

Figure 2-7
Fig. 2-7.

Facultative intracellular organisms.

Exotoxins

TOXINS

Exotoxins are proteins that are released by both
gram-positive and gram-negative bacteria. They may
cause many disease manifestations. Essentially, exotoxins are released by all the major gram-positive
genera except for Listeria monocytogenes, which produces endotoxin. Gram-negative bacteria such as Vibrio
cholera, Escherichia coli, and others can also excrete exotoxins. Severe diseases caused by bacterial exotoxins
i nclude anthrax (Saddam Hussein's threatened germ
warfare agent), botulism, tetanus, and cholera.
Neurotoxins are exotoxins that act on the nerves or
motor endplates to cause paralysis. Tetanus toxin and
botulinum toxin are examples.
Enterotoxins are exotoxins that act on the gastrointestinal (GI) tract to cause diarrhea. Enterotoxins
inhibit NaCl resorption, activate NaCl secretion, or kill
intestinal epithelial cells. The common end result is
the osmotic pull of fluid into the intestine, which
causes diarrhea. The enterotoxins cause 2 disease
manife- stations:

Figure 2-6
A) A cell membrane
B) A thick peptidoglycan mesh
C) Another cell membrane
D) A wall of keratin-like protein
E) An outer layer called the exosporium
Spores form when there is a shortage of needed nutrients and can lie dormant for years. Surgical instruments are heated in an autoclave, which uses steam
under pressure, to 121°C for 15 minutes, in order to ensure the destruction of Clostridium and Bacillus spores.
When the spore is exposed to a favorable nutrient or environment, it becomes active again.

1) Infectious diarrhea: Bacteria colonize and bind
to the GI tract, continuously releasing their enterotoxins locally. The diarrhea will continue until the bacteria
are destroyed by the immune system or antibiotics (or
the patient dies secondary to dehydration). Examples:

Vibrio cholera, Escherichia coli, Campylobacter jejuni,
and Shigella dysenteriae.

Facultative Intracellular Organisms

2) Food poisoning: Bacteria grow in food and release enterotoxin in the food. The enterotoxin is ingested resulting in diarrhea and vomiting for less than
24 hours. Examples: Bacillus cereus and Staphylococcus
aureus.

Many bacteria are phagocytosed by the host's
macrophages and neutrophils yet survive within these
white blood cells unharmed!!! These bacteria inhibit
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CHAPTER 2. CELL STRUCTURES, VIRULENCE FACTORS AND TOXINS
To better understand septic shock, let us back up and
review some terms.
Bacteremia: This is simply bacteria in the bloodstream. Bacteria can be detected by isolating the offending critters in blood cultures. Bacteremia can occur
silently and without symptoms. Brushing your teeth results in transient bacteremia with few systemic consequences. Bacteremia can also trigger the immune
system, resulting in sepsis and possibly death.
Sepsis: Sepsis refers to bacteremia that causes a systemic immune response to the infection. This response
can include high or low temperature, elevation of the
white blood cell count, and fast heart rate or breathing
rate. Septic patients are described as "looking sick."
Septic shock: Sepsis that results in dangerous drops
i n blood pressure and organ dysfunction is called septic
shock. It is also referred to as endotoxic shock because endotoxin often triggers the immune response
that results in sepsis and shock. Since gram-positive
bacteria and fungi can also trigger this adverse immune
response, the term septic shock is more appropriate
and inclusive.
The chain of events that lead to sepsis and often
death begins with a localized site of infection of gramnegative or gram-positive bacteria or fungi. From this
site or from the blood (bacteremia), the organisms release structural components (such as endotoxin and/or
exotoxin) that circulate in the bloodstream and stimulate immune cells such as macrophages and neutrophils. These cells, in response to the stimulus,
release a host of proteins that are referred to as endogenous mediators of sepsis.
The most famous endogenous mediator of sepsis is
tumor necrosis factor (TNF). TNF is also called
cachectin because it is released from tumors, producing a wasting (weight loss) syndrome, called cachexia,
in cancer patients. Injecting TNF into experimental
animals produces hypotension and death (septic shock).
In sepsis, TNF triggers the release of the cytokine
interleukin-1 from macrophages and endothelial cells,
which in turn triggers the release of other cytokines
and prostaglandins. This churning maelstrom of mediators at first defends the body against the offending
microorganisms, but ultimately turns against the body.
The mediators act on the blood vessels and organs
to produce vasodilatation, hypotension, and organ system dysfunction.
The mortality rate for septic shock is high: up to 40%
of patients will die, even with intensive care and antibiotic therapy. For every organ system that fails the
mortality rises. Usually two organs are involved (vascular system with hypotension and lungs with hypoxia)
and the mortality rate is about 40%. For each additional organ failure (renal failure, etc.) add 15-20%
mortality!

Pyrogenic exotoxins stimulate the release of cytokines and can cause rash, fever, and toxic shock syndrome (see page 33). Examples: Staphylococcus aureus
and Streptococcus pyogenes.
Tissue invasive exotoxins allow bacteria to destroy and tunnel through tissues. These include enzymes that destroy DNA, collagen, fibrin, NAD, red
blood cells, and white blood cells.
Miscellaneous exotoxins, which are the principle
virulence factors for many bacteria, can cause disease
unique to the individual bacterium. Often the exact role
of the exotoxin is poorly understood.
Fig. 2-S. This chart gives many of the important exotoxins and compares their mechanisms of action. Glance
over the chart now and return to it as you study individual bacteria.
Fig. 2-9. Exotoxin subunits in Bacillus anthracis,
Clostridium botulinum, Clostridium tetani, Corynebacterium diphtheriae, and Vibrio cholera. Their exotoxins
are all composed of 2 polypeptide subunits bound together by disulfide bridges. One of these subunits
(called B for binding or H for holding on) binds to the
target cell. The other subunit (called A for action or L
for laser) then enters the cell and exerts the toxic effect.
Picture these subunits as a key (B and H) and a gun (A
and L) bound together by disulfide bonds. The key opens
the cell, and then the gun does its damage.

Endotoxins
Remember from the last chapter that endotoxin is
lipid A, which is a piece of the outer membrane
lipopolysaccharide (LPS) of gram-negative bacteria (see
Fig. 1-6). Lipid A/endotoxin is very toxic and is released
when the bacterial cell undergoes lysis (destruction).
Endotoxin is also shed in steady amounts from living
bacteria. Sometimes, treating a patient who has a gramnegative infection with antibiotics can worsen the patient's condition because all the bacteria are lysed,
releasing large quantities of endotoxin. Endotoxin differs from exotoxin in that it is not a protein excreted from cells, but rather is a normal part of
the outer membrane that sort of sheds off, especially during lysis. Endotoxin is ONLY present in
gram-negative bacteria with one exception: Listeria
monocytogenes, a gram-positive bacteria, has endotoxin.
Septic Shock
Septic shock (endotoxic shock) is a common and
deadly response to both gram-negative and grampositive infection. In fact, septic shock is the number
one cause of death in intensive care units and the 13th
most common cause of death in the U.S. (Parrillo, 1990).
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