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General pathology: Acute inflammation, clinical pathologic correlation
Reverse bioengineering acute inflammation:
-

-

Bacteria have a proliferation rate of 20-30 minutes. The only way that the body can
respond to this in a timely manner is to have a preformed response, called innate
immunity.
• Innate immunity can be identified in evolution with the first multicellular
organisms. By comparison, adaptive immunity does not appear until jawed fish
(the next step past non-jawed fish like eels).
The key effector cell in innate immunity is the neutrophil. The whole design of the
innate response is to get the neutrophil to the pathogen.

Homeostasis and the microbiome
-

-
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Any surface of the body that has exposure to the outside environment has a
microbiome. A microbiome is a community of microorganisms that lives in balance with
the underlying tissues.
• In fluids with open exposure to the environment, the microbiome can make up
as much as 1/3 of the fluid by mass. Examples of this include feces and saliva.
• Even organs that were once called “sterile”, such as the bladder, have been
shown to have a microbiome.
There is extensive cross-talk between the microbiome and the associated epithelium
and each affects the other.
The cells that cover a surface with exposure to the outside environment form an
epithelium. Each the 3 types of epithelium, glandular, squamous and urothelial has a
process for regulating its microbiome based on the common principles of:
• Physical barrier
 All epithelia has an impermeable seal on its apical surface. The zonula
occludens use claudins as the regulatory protein and the zonula adherens
uses e-cadherin as its key protein.
• The barrier function of epithelial is the most critical element for resisting
infection.
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Mechanical movement of surface fluid
Inhibition of attachment of microorganisms
Secretion of antimicrobial peptides (AMP)

Homeostasis in glandular epithelium:
• Physical barrier (most important)
• Fluid secretion: All glandular epithelia secrete fluid to keep its surface moist.
Glandular epithelial will also have the specialized function of secretion or
absorption. There is wide variation in the types of secretions, including exocrine
fluid (e.g. pancreas, salivary glands), serous fluid (e.g. fallopian tube) or mucus
(e.g. bronchial tree). Fluid secretion is often supplemented by underlying glands.
The surface fluids serve to trap microorganisms for exposure to compounds and
allow for their movement.
• Propulsion of fluid is either by peristalsis (e.g. GI tract) or cilia (e.g. bronchial
tree). Fluid stasis, including obstructions, invariably leads to opportunistic
infections due to overgrowth of normal flora (e.g. cystic fibrosis).
Clinical Rule: Obstruction leads to infection
•
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Antimicrobial peptides (AMP) are a large, diverse family of compounds from 1050 amino acids long. They are positively charged, which allows them to bind to
the negatively charged bacterial membranes which they disrupt or inhibit
growth. The most common AMPs are the defensins. Bacitracin, a topical

© 2020, ClinicoPath LLC. All rights reserved.

www.MedicalSchoolCompanion.org

•

-

3

antibiotic, is an AMP. AMPs are secreted by multiple cells, including the
epithelium.
Inhibition of adhesion: the first step of any infection is attachment of the
microorganism to the epithelium. Most of the plasma cells localized in the
submucosa produce IgA, which has a polymeric form for secretion through the
epithelium. Many bacteria produce IgA-ase as a virulence factor.

Homeostasis in squamous epithelium:
• Physical barrier (most important)
• Fluid secretion: squamous cells have no secretory function. Squamous mucosa
needs underlying glands that secrete fluid to keep its surface moist. Skin has
adnexal structures (e.g. sweat glands & apocrine glands) for fluid secretion.
• Propulsion: squamous mucosa moves fluid by tongue motion and swallowing in
the oropharynx and by peristalsis in the esophagus. Skin is subject to mechanical
loss of fluid.
• Antimicrobial peptides: keratinocytes secrete AMPs.
• Inhibition of adhesion: the stratum corneum not only functions as a physical
barrier but also sheds. This is an important function in defense against fungi.
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Types of infections:
- There are 4 basic families of microorganisms that cause infections:
• Bacteria
• Viruses
• Fungi
• Parasites
- There are 3 basic types of infections:
• Pathogenic: a pathogen is any organism that can infect a normal host. This
means that it has ways to avoid the normal defenses. These are called virulence
factors. Pathogenic organisms have a specific reservoir, pattern of disease and
clinical picture.
• Opportunistic: infections arise when there is a non-immunologic defect in the
host such as obstruction or breakdown of the epithelium. Infecting organisms
come from the underlying normal flora and often involve multiple organisms.
• Immune deficiency: these infections occur when there is a defect in the innate
and/or adaptive immune systems. The defect can be qualitative, such as the
adhesion defect due to loss of CD18 (β2 integrin) in leukocyte adhesion
deficiency disease, or a quantitative defect such as neutropenia after
chemotherapy. Immunodeficiency can be acquired, such as in HIV infection or
congenital/hereditary.
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Overview of acute inflammation
-
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Acute inflammation is the process by which a neutrophil is delivered to the site of
infection where it can phagocytose and kill the infecting organism.
There is a well defined process by which this occurs:
• Alarm signal:
 PAMP (pathogen-associated molecular pattern): a compound from the
organism that identifies a foreign presence. It is usually from the cell wall.
 DAMP (damage-associated molecular pattern): a compound that
indicates cell injury. Most important is HMBG1 (an important nuclear
organizing protein), but also ATP, DNA and uric acid.
• Pattern recognition receptor (PRR): these receptors are found on many cells,
most importantly the resident macrophages, antigen presenting cells (APC) and
mast cells.
• Secondary signal
 Macrophages: cytokines (IL-1, IL-6 & TNFα)
 Mast cells: histamine, bradykinin many others…
• Endothelial cells: trapping of circulating neutrophils
 Vasodilation
 Slow rolling
 Adhesion
• Neutrophil diapedesis: chemokine gradient and anaphylotoxins
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Phagocytosis:
 Exudate and opsonins

Clinical pathologic correlation: local effects
-

-

-
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The classical findings of “rubor, calor, tumor, dolor and functio laesa” are all expressions
of specific steps in the acute inflammatory response.
The redness (rubor) and warmth (calor) are both due to the vasodilation of the postcapillary venule, the site of acute inflammation. Vasodilation is due to decreased
intracellular calcium in venular smooth muscle both by direct action (e.g. histamine) and
endothelial action (e.g. NO).
Swelling (tumor) is the result of edema created by loosening of the endothelial cells
tight junctions. It is important to note that this edema is an exudate; it contains high
molecular weight proteins such as fibrinogen that creates clumping that traps bacteria
(this is why S. aureus has coagulase as a virulence factor). Other critical proteins are
complement (C3a & C5a) and IgG that act as opsonins. Opsonins bind to bacteria,
increasing the signal for phagocytosis by 1000 fold.
Pain (dolor) is increased by bradykinin from mast cells that increases the sensitivity of
pain fibers by 1000 fold.
Loss of function (functio laesa) is the classic 5th finding of acute inflammation and is due
to pain and stiffness.
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Feature
Redness (rubor)
Warmth (calor)
Swelling (tumor)
Pain (dolor)

Pathophysiology Effector cell
Vasodilation
Mast cell
Endothelial cell
Vasodilation
Exudate
Endothelial cell
contraction
↑sensitivity
Mast cell
nociceptors

Mediator
Histamine
NO, PGI2
Same as redness
Bradykinin

Clinical pathologic correlation: systemic effects
-

-

-

-
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When an acute infection becomes severe enough, the local production of cytokines and
hormones gets into the systemic circulation and causes generalized responses, typically
called sepsis. Sepsis is a systemic inflammatory response syndrome (SIRS) due to
infection.
IL-1 and fever:
• Fever is an increase in core temperature due to the hypothalamus elevating the
body’s set point. Endothelial cell overlying the hypothalamic temperature
centers have an IL-1 receptor. When stimulated by a cytokine like IL-1, called a
pyrogen, the endothelial cells release PGE2 that crosses the blood brain barrier
and stimulates the hypothalamic temperature regulatory neurons.
• The commonest therapy for fever is a NSAID. The Cox inhibition decreases PGE2
production.
IL-6 and the acute phase reactants (APRs):
• Hepatocytes have an IL-6 receptor that triggers the production of over 30
proteins as part of a systemic response to inflammation. An APR is any protein or
cell that increases or decreases more than 20% in inflammation. APRs are used in
clinical medicine to assess the degree of inflammation. Examples include C
reactive protein (CRP) and erythrocyte sedimentation rate (ESR) which is
determined mostly by fibrinogen.
TNF-α and shock:
• High levels of cytokines can cause dysregulation of endothelial cells. Endothelial
cells are key regulators of peripheral resistance (TPR) and their dysfunction can
lead to a loss of TPR and blood pressure. Shock is defined as blood pressure is <
90 mmHg systolic pressure and leads to ineffective perfusion. Septic shock is a
type of distributive shock.
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The Endotheliopathies
The endothelial cells have unique functions and vary in vulnerability by location in the
body. Endothelial cells in the lung, a sequestration site for neutrophils and kidney with
the trilamellar glomerulus are particular vulnerable to cytokine injury. Systemic
endothelial cell injuries are called the endotheliopathies and have common clinical
pathologic correlations:
-

Blood pressure  distributive shock
Coagulation  DIC
Kidney  renal failure
Lung  acute respiratory distress syndrome (ARDS)

Bradykinin/histamine and anaphylaxis:
-
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Massive mast cell degranulation, seen with IgE allergic reactions such as peanut or bee
sting allergies can lead to shock from vasodilation and fluid extravasation. It is a type of
distributive shock as it is due to vasomotor collapse.
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General pathology: Acute inflammation, clinical pathologic correlation
Do You Know It?

1. How does an epithelium regulate the microbiome?

2. Describe the 3 basic types of infections and their characteristics.

3. Describe the steps of acute inflammation:

4. Explain the molecular and cellular basis of “rubor, tumor, calor and dolor”.

5. Describe the systemic effects of
a. IL-1
b. IL-6
c. TNF-α
d. Histamine
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