
The Immune System, Inflammation and the War on Bugs

Remember the 3 I’s...ischemia, inflammation, and immune alteration! These are the physiological basis of the 
disease process. 

The Defending Army
Level 1: Anatomical Barriers
Level 2: Inflammatory Response
Level 3: Natural/Active/Passive Immunity (B&T cells)

• The Immune Response
• Hyper Immunity (Allergy/IgE, Autoimmune such as  Lupus, Allomune as in graphs/transplants)
• Immune Deficiencies (HIV, DM, malnutrition)

Purpose of the Immune System
• Protect the host
• Identifies self from non-self (the good guys vs. the bad guys)

• Antigens are proteins, and self-antigens act as ID markers (HLA/human leukocyte antigens)...they say 
“I’m Self!” These are specific for each person. 

• Kill foreign invaders and mutant cells (cancer cells)
• Clean up cellular debris
• Prevent future infections (has antigen memory and produces antibodies against those antigens). Antibodies 

will clump onto the antigen, thereby changing its shape so it can’t attach.

Types of Immunity
Acquired (adaptive) can be active or passive. 

• Active Acquired = development of sensitized T cells  or antibodies through exposure to foreign organism or 
from a vaccine. This type of immunity lasts!

• Passive Acquired = Maternal antibodies via the placenta or breast milk; or antibody injected into an 
unprotected individual (Tetanus Immune Globulin). This is injected into a person who has not had a previous 
tetanus vaccine, but needs immediate protection.

First Line of Defense: Anatomical Barriers
• Skin: pH of the skin is acidic...pathogens do not like this!
• Mucous membranes : if they are nice and moist it traps microbes and prevents them from doing their thing.
• Secretions, tears: saliva and tears contain lysosomes
• GI tract: gastrich pH is very acidic
• Respiratory tract: cilia, mucous, sneeze, cough (intubation bypasses these defense mechanisms)
• Cell receptors: toll receptors alert other cells when infected to put up barriers (toll receptors enable cells to talk 

to each other and say “Hey, I’m being attacked...get your sheilds up! These receptors work well when your pt 
is hydrated, nourished and without disease.”

Case Study: Obese Female, Skin Folds with Candidiasis
64-year old female, ER admit with decreased LOC, VS: BP 104/37 (MAP 56), R 28, HR 116, T 103.2, O2 95% RA, 
pain 2-3 general for 2-3 days; complaint of itching. 

• Critical Assessments: 
• Skin (look for more infection)
• Look at urinary output
• Listen to heart and lungs
• VS

• Labs
• CBC with manual diff
• Chem 7 (includes Serum CO2) ... maybe a Chem 20
• ABG
• U/A culture, blood culture, skin culture (a “pan” culture = everything!)
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Nursing Interventions to Support Immune Function/The First Line of Defense!
• Maintain skin integrity
• Maintain oral mucosa
• Minimize ETT secretions
• Minimize catheter/line infection risk
• Assess for S/S of infection (WBCs, VS, LOC)
• Promote nutrition/decrease GI ulcer risk (Protonix)
• Maintain fluid and electrolytes (keeps the Toll receptors happy)
• Minimize risk of immobility

Inflammation: The Second Line of Defense
This line of defense is initiated within seconds, when cell injury or cell death occurs. The cardinal signs are redness, 
swelling, heat and pain. 

Inflammation Process
• Symptoms are the result of the release of chemicals from:

• Injured endothelial cells
• Mast cells
• WBC macrophages and neutrophils

• Chemical mediators call immune cells to the area to fight the foreign invader
• The plasma proteins system is stimulated!

• Complement (a protein) causes immediate vasodilation, increased vascular permeability
• Kinin is part of the long term inflammatory response
• Clotting proteins

• Plasma protein chemical mediators
• Tumor necrosis factor → vasodilation, endothelial cell dysfunction, chemotaxis
• Tissue factor → clotting activation, platelet activation
• IL-1 and IL-2 → vasodilation, platelet activation
• Leukotrienes → bronchoconstriction, vasodilation, capillary leak
• Prostaglandins → smooth muscle constriction, pain

Summary of Inflammatory Physiology and Symptoms
• Vasodilation → Redness
• Increased blood flow → Redness, heat
• Vessel permeability → Edema
• Increased cellular metabolism → O2 needs, heat
• Increased WBC/inflammatory cells → Pus
• Clotting factor stimulation → Micro-clots 

The Clotting System
• Group of proteins and cofactors
• They form a fibrin mesh
• They trap platelets to stop bleeding
• They trap exudates and debris and contain them
• The system is mediated by thrombin and proteins C & S
• There is a new treatment where they are giving C-reactive protein as a tx for sepsis. It is an IV given over 92 

hours.
• Calcium and Vitamin K are needed for clotting
• Clotting system is ALWAYS stimulated with systemic inflammatory response or other injury. 
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Medications that Affect Clotting
• Heparin (SubQ, IV)

• Monitor: PTT
• Antidote is Protamine Sulfate

• Coumadin (PO)
• Monitor PT/INR
• Antidote is Vitamin K (green leafy veggies)

• Meds that affect platelets
• Intergrilin (IV). This is an antiplatelet agent (glycoprotein IIb/IIIa inhibitor). Monitor PLT, PTT
• ASA (PO). Changes platelets...nothing to monitor
• Plavix (PO). Changes platelets...monitor PLT 

Localized Inflammatory Response
• Clinical examples

• Cuts
• Cellulitis
• Bronchial edema
• CVA
• Acute MI
• Surgical Incision

Systemic Inflammatory Response
SIRS is a Systemic Inflammatory Response to a variety of severe clinical insults. (does not always = sepsis)

• This response is manifested by 2 or more of the following:
• Temperature (> 38C or < 36C (> 100.4F or < 98.6F) Older and immune get hypothermic
• Heart rate > 90 bpm
• RR > 20 bpm OR PaCO2 < 32 mm Hg
• WBCs > 12,000 cells/cubic millimeter, < 4,000 cells/cubic millimeter, or > 10% bands
• LOOK AT THIS EVERY SHIFT! A “shift to the left” occurs with new bands = new infection. 

• Clincical Examples
• Trauma
• Sepsis
• Burns
• Pneumonia
• Wound/graph rejections
• Pancreatitis

• What VS changes would you expect? Rationale?
• ↑ P, ↓ BP d/t vasodilators r/t inflammation
• ↑ RR

• Tx for Sepsis
• Fluid! At least 500-1000 ml over 10 mins...a bolus! 

• Labs to get
• ABGs, lactic acid level (d/t anaerobic metabolism)

Sepsis
• Sepsis is SIRS + Infection (documented or suspected)
• Clinical examples: wound or surgical infection, severe cellulitis, severe UTI, severe 

pneumonia, bowel perforation
• In SIRS, fluid doesn’t fix the problem b/c of massive vasodilation. You need pressors! 
• There is also low MAP, so you get end-organ perfusion problems. This is SEVERE sepsis.
• The inflammatory changes of sepsis are tightly linked to disturbed homeostasis.
• EARLY SIGNS

• Hypotension → Vasodilation, low SVR, wide pulse pressure
• Tachycardia → Increased metabolic demands, increased O2 deamands and fever
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If PTT, INR are elevated, and the 
patient is not on these meds, look 

for systemic infection. 

If your patient has purpura/
petechia, the clotting 
cascade has begun!



• Tachypnea → Increased O2 demands, fever
• Febrile → Interleukin messages from WBCs to increase body temp
• O2 sat may decrease → increased demand
• Change in LOC, malaise → decreased O2 to the brain

Types of WBCs (leukocytes)
• Granulocytes

• Neutrophils (including bands)...these are phagocytic. Neutrophils are the FIRST phagocytes to arrive at 
the site of the injury. They have segmented nuclei, and immature neutrophils have banded nuclei. “Segs” 
are adult neutrophils and “bands” are immature neutrophils. Lots of bands mean lots of infection or an 
abscess. Neutrophils are present in the greatest number during the first phase of injury for about 72 
hours. Many die in the first 10 hours. After 72 hours, macrophages arrive and begin eating. 

• Eosinophils. These increase with allergic reactions and parasite infection. They release an antivasoactive 
factor. 

• Basophils. Circulate for a short time, then settle down in tissue and become mast cells. They release 
histamine and heparin in areas of tissue damage. 

• Non-granulocytes
• Monocytes 
• Macrophages live in tissue, so don’t show up on blood count. They are mature monocytes

• Monocytes and macrophages are extremely important in imflammation and infection. They secrete 
TNF and IL-1, IL-6. When great numbers are at the site trying to mature, frustrated phagocytosis 
damages surrounding tissue. 

• Lymphocytes
• T Cells
• B Cells
• NK Cells

3rd Line of Defense
• Lymph cells and Organs of the Immune System

• Bone Marrow - stem cells from here “choose a career”...either T cell or B cell
• Thymus - this is where T-cells mature (in childhood)
• Spleen - Red pulp breaks down RBCs; White pulp (B Cells and T Cells)
• Nodes - These are groups of lymph tissues

• Neck & head, supraclavicular, axilla
• Groin
• Tonsils (specialized nodes in the throat)
• Peyers patches (fixed lymphatic tissue in gut)

• Bronchial-associated lymphoid tissue (includes alveolar macrophages)
• Lymph vessels - drain lymph fluid (chyle), they run parallel to the veins, clear lymph tissue of debris

T-Lymphocytes (cell-mediated response)
• T-cells regulate the immune response
• T-cells mature into several subsets:

• T helpers (CD4) - major regulator of immune fxn
• Cytotoxic T cells (CD8) - secrete cytokines that lyse cells
• Suppressor T cells (CD8) - reduce or stop secondary immune response
• Memory T cells - secondary immune response
• Lymphokine-producing T cells - delayed hypersensitivity

• T helper cells chemically “turn on” the immune response.
• They stimulate T cytotoxic cells and natural killer cells to kill infected cells through direct attack (ex: cell 

with virus or bacteria)
• Recognize and destroy “traitor cells” (example: cancer cells)
• Recognize and destroy foreign cells (ex: organ transplant cells)
• Severe immune compromise if T cells are non-functioning (HIV)
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B-Lymphocytes - Humoral Immunity
• B cells mature in bursa-related tissue (lymph nodes, spleen, tonsils)
• Functions include:

• B cells differentiate into plasma and memory cells important for 2nd exposure defense
• Plasma cells make antibodies (IgG, IgA, IgE, IgD, IgM)

• B cells respond to chemical stimulation from T cells

That Nasty Rhinovirus
• Exposure to antigen (virus particle)

• WBC and chemical mediators go to work. 
• The inflammatory symptoms start (mucous, sneeze, cough)

• Macrophage → T cell → B cells
• B cells form antibodies to viral antigen
• Antibodies combat virus

• About a 6-day response
• Rest, fluids, symptom-control meds (antihistamines, decongestants, anti-inflammatories, pain control)

• Antibodies remember! (IgM)
• 2nd exposure you get an immediate response...no cold! 

How Antibodies Work
• Agglutination - attach to antigen and clump up...make it easy for the macrophages to “eat it”
• Opsonization - coat antigen and make it very delicious for macrophages and neutrophils
• Neutralization - attach and prevent antigen from attaching to cells
• Cell lysis - assist in cutting open bacterial cell walls

“Cell Phones” = Important Chemical Mediators
• Cytokines - chemicals of the immune response (if made by WBC called lymphokine)
• Interleukins and Interferons (interferons stimulate up-regulation)
• Made by T cells and macrophages and used to: 

• Stimulate other immune cells
• Increase immune protection

Fever
• The result of the hypothalamus being stimulated by interleukins, cell debris. The core thermostat is reset at a 

higher temperature. A FEVER OF > 102 IN AN OTHERWISE HEALTHY PERSON IS TOO HIGH!
• Results

• Increased heat (kills bacteria, so a little fever is OK)
• Increased metabolic rate
• Increased heart rate
• Increased peripheral vasoconstriction
• Increased muscular tone

• Heat kills bacteria
• Heat promotes an acidic environment, and an acidic environment aids in killing bacteria
• Fever is down-regulated by the action of arginine vasopressin on the hypothalamus
• Critical Fever Levels

• Pt on chemo = Fever ≥ 100F is a crisis b/c cannot mount an immune response
• Neonate = ≥ 100F = a big deal!
• Transplant = ≥ 100F a big deal d/t immunosuppressants
• Brain injury = ≥ 100F is bad...this increases ICP and leads to death of neurons. 

Immune



Immune Function in the Older Adult (> 65)
• Decrease in T-cell function
• Delayed stimulation of T-cell, B-cell stimulation
• Decreased antibody production
• Delayed hypersensitivity response
• Increased autoantibody production
• By the time showing S/S, there is already a full-blown infection

Atypical Clinical Symptoms of Infection in the Older Adult
• Change in LOC
• Malaise
• “Flu-like” symptoms
• Hypothermia
• Minimal change in WBC (can’t mount response)
• Increased severity of infection
• Prolonged recovery d/t weakness
• Resulting immobility/weakness (a major killer...immobility leads to clots, constipation, bowel obstruction and 

pressure ulcers)

Immune Alterations
• Immune Hypersensitivity Response: an abnormal/exagerrated response to a specific indicator that leads to an 

overactive immune response
• Allergy
• Autoimmune
• Alloimmune

Allergy
• Hyperimmune response to an antigen resulting in harm to the host
• Antigen = any foreign particle, usually a protein (food, environmental, vaccines, insects)
• Mediated by IgE
• Mast cells and basophils release histamine
• BP drops with allergy
• Allergies range from irritating to life-threatening (anaphylactic shock)
• S/S: hives, swelling, itching, bronchial constriction, difficulty breathing, circulatory collapse d/t overwhelming 

inflammatory response. One of the first signs is itching at back of palate or clearing of throat, then the next 
sign is often that the tongue feels thick...this is a sign that it’s getting bad. 

• Watch out for allergies for: new antibiotics, interventional radiology dye, pt who have had other allergies/
autoimmune. 

• Bad allergy attack is going to cause massive vasodilation leading to decreased BP and increased HR.
• Goal is to minimize exposure to allergen
• Assess and document allergies

• History increases allergy risk
• Assess for allergy response when giving new meds, especially antibiotics

• DO: start fluids, give Epi to squeeze BV and bronchodilate
• Nursing Interventions

• STOP the exposure. Stop the abx, close clamp and get a new IV bag and tube
• Monitor airway
• Administer meds as needed: antihistamine, epinephrine (subQ), Cromolyn (prevents histamine release), 

glucocorticosteroids (decrease inflammation), plasmaphoresis (removes plasma where the antibodies 
live...blood is returned to the body with NS, and the body makes more plasma. The line looks like a 
Quentin cath. 

• If your pt has had an anaphylatic response, you need to do allergy testing follow-up and educate pt on 
Allergy ID band and Epipen.

Immune



Autoimmune
• Immune system fails to recognize self antigens, and directs immune defenses against own tissue. 
• Patho? A hidden antigen or virus or bacteria causes development of auto antibodies. 

• Antibody-Antigen complexes travel systemically, so S/S of the disorders can be in multiple locations.
• Common Autoimmune Disorders

• Systemic Lupus Erythematosis (SLE). This is a classic example of autoimmune disease!
• Review ATI materials

Immune Fxn Tests: Lab
• CBC with manual differential
• Erythrocyte Sedimentation Rate (ESR) - elevated with inflammation
• C reactive protein (positive = acute or chronic inflammation)
• Antibody testing (measure antibodies to infection or immunization)
• Protein electrophoresis (measures immune globulins, IgG, IgA, IgM, IgD, IgE antibodies)
• Skin testing
• Serum protein (may not see with SLE)...measures albumin and globulin, which are decreased in immune 

deficiencies.

Autoimmune Nursing Management
• Educate pt on diagnostic testing
• Medication administration, education, monitoring for effectiveness
• Monitor for system effects (labs, c/o pain, loss of fxn)

• Anti-inflammatory meds (NSAIDS, steroids, ASA)
• Antirheumatic drugs (gold salts, hydrochloroquine)
• Cytotoxic drugs (depress T-cell function)

• Symptom control/comfort
• Educate pt on plasmaphoresis process (see handout)
• During plasmaphoresis, monitor for dizziness, hypotension, tachycardia
• Prevent infection
• Monitor catheters for signs of bleeding and excessive movement

Alloimmune: Immune Alteration
• Immune response to a transplanted foreign antigen
• Transplant immunology

• HOST: individual receiving the organ
• GRAFT: donated organ grafted directly into the host’s body
• HLA (human leukocyte antigen)...you’re trying to match these...they’re on the WBC

• Syngeneic: donor genetically identical to recipient (twin)
• Allogenic: donor not genetically identical to recipient (but a good match, at least a 4 of 6).

• A match of 4 will need more immunosuppressant drugs than a match of 6
• Donor banks look for local matches first

Immunosuppressive Therapy
• GOAL: Suppress the recipient’s immune system to prevent rejection (T cells are the rejectors)
• AGENTS: corticosteroids, azathioprine, clycosporine, cellcept (CellCept is the main one...this dose will go up 

when the pt shows signs of infection)
• RESCUE THERAPY: OKT3, Antilymphocyte Globulin (ALG)
• ISSUE: Medication education and compliance

Organ Rejection (Excellent matching is the best prevention)
• Hyper Acute Rejection

• Begins immediately...within hours of transplant
• Microcoagulation occurs throughout the organ vasculature
• Widespread coagulation and occlusion lead to ischemic necrosis and inflammation
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• Acute Rejection
• Occurs days to weeks after transplantation
• Lysis of graft cells occurs due to inflammation within transplanted organ
• High dose corticosteroids useful in halting the process
• Lab values  and VS you’ll see: ↑ CR, ↑ AST, ↑ ALT, weight gain, ↑ BP

• Chronic Rejection
• Occurs months to years after transplant
• Functional tissue is replaced with scarring
• Organ functioning gradually declines
• Retransplantation may be needed

Nursing Mangement for Alloimmune
• Recognize signs of rejection
• Monitor for signs of infection (think of the same S/S an older adult shows...malaise, change in LOC)
• Educate on medications and compliance
• Monitor labs (CBC and organ specific labs)
• Educate on minimizing risk of infection and follow-up labs/monitoring

Immune Deficiencies: Immune Alterations
• Primary: Defective or deficient WBCs

• Lymphocytes (T cells, B cells)
• Phagocytes (Neutrophils, Monocytes)
• Chemical Mediator (complement)

• Secondary: Suppressed immune response due to disease
• HIV, diabetes, malnutrition, drug-induced, CRD, cirrhosis, cancer, medical treatments, injury. 

• Key issue: Client is at risk for opportunistic infections (pathogens that an immune competent host can normally  
control...things that wouldn’t make a healthy person sick.)

Immune Deficiencies: Screening Lab Tests
• CBC with manual differential
• Protein electrophoresis (measures immune globulins, IgG, IgA, IgM, IgD, IgE)
• Serum protein (measures total protein, albumin, and globulin which are decreased in immune deficiencies)
• Specific Lymphocyte Counts (CD4, CD8)

HIV
• HIV affects CD4 T Cells and progresses along the continuum to AIDS. 
• Confirmed HIV infection

• + ELISA test, confirmed with Western Blot Test
• Rapid HIV tests now available in the ER, clinics
• Can take up to 6 months to “seroconvert”, retesting at 3 & 6 months if 1st test negative. Can take up to 12 

months. 
• CD4 count of < 200 in the presence of an opportunistic infection = AIDS
• Major Nursing Considerations

• Identifying at-risk clients and educating on risk factors (unprotected sex, shared IV drug equipment)
• Educating clients on HIV testing
• Education and monitoring regarding antiviral medications (promote compliance, prevent development of 

resistance)
• Viral load testing and CD4 counts. If Viral load is high, then antiretrovirals are not effective.  When viral 

load is up, CD4 is down.
• Major Nursing Interventions

• Prevention of opportunistic infections...maximize immune function
• Helping client maintain nutrition intake
• Comfort and symptom management
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