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Abstract 

Spring in Arizona.  The sun is shining, trees are blooming, grasses are growing, and 

people are sneezing.  A common culprit for allergic symptoms surrounding the nose- running 

rose, stuffy nose, sneezing, coughing, and itchiness- is allergic rhinitis.  Allergic rhinitis is an 

type 1 immunopathology caused by an immune system overreaction.  Arizona has one of the 

highest allergy sensitization rates in the nation and is plagued by specific allergens.  Dust mites, 

bermuda grass, and ragweeds are common Arizona allergens and contribute to allergic rhinitis. 

Serum- specific IgE testing and skin testing are diagnostic tools for identifying the presence of 

allergic rhinitis and specific allergen triggers.  Avoidance, pharmacological treatment and 

immunotherapy are all methods to alleviate the symptoms or stop the onset of allergic rhinitis.  
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Overview of Immunology 

Anatomy and Physiology of the Innate Immune System 

The human body has two main mechanisms of defense when fighting off infections, the 

innate immune system and the adaptive immune system.  These two layers protect the human 

body from minor abrasions, dangerous chemicals, foreign pathogens and much more.  Innate 

immunity is the less specific layer of the immune system, yet has a very rapid response time. 

Adaptive immunity is much slower and has a highly specific response.  Although they work 

together, each of these systems has its own set of tissues, cells and chemicals necessary for its 

role. It is essential for these two systems to be functioning properly in order to maintain health 

and survival in us.  

Innate immunity is called into action well before the adaptive response can get started 

and is sometimes dubbed “the body’s first line of defense”.  The innate immune system includes 

the non-specific physical and chemical protective layering that separates us from the outside 

world.  The skin, mucous membranes, and tear ducts all have mechanisms to prevent the entry of 

pathogens.  The skin is a continuous impassable barrier to would-be pathogens.  Plus, skin has 

commensal bacteria which creates and releases antibiotics that kill foreign bacteria that land on 

the skin [1].  Furthermore, white blood cells (leukocytes), or epithelial (skin) cells themselves, 

make cathelicidins for further protection.  Cathelicidins are small positively charged proteins 

which bind to the negatively-charged pathogen membranes.  From there, the cathelicidins insert 

themselves and create deadly holes in the membrane, leading to the death of the pathogen [2]. 

The skin is constituted of stratified squamous epithelial cells and every seven days the skin 

replaces its cells.  This is a defense mechanism in itself, as the skin sloughs off, any foreign 
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bacteria is also removed.  Should a pathogen be inhaled, the nasal cavity and trachea have 

mucous membranes and cilia which lubricate the tract, trap pathogens and propel them outward. 

The eyes are protected from infection through the presence of lysozymes in tears.  Lysozymes 

are enzymes which break down the bacterial cell walls and make them vulnerable to destruction 

[3]. 

If microorganisms are able to bypass all those defense mechanisms, they will be sought 

out by the cells of the innate immune system.  The duty of the innate immune system is to 

identify foreign entities that have entered the body’s structures, and arrange for their elimination. 

This is usually done in a span of minutes to a few hours.  Evolutionarily, the innate immune 

system developed early on and well before the adaptive immune system.  This early presence 

evolutionarily explains why other, primitive, species also have similar innate immune systems. 

The strategy of the innate immune system is to identify the presence of motifs that are not found 

in healthy human cells or, similarly, to identify the absence of certain healthy human motifs in 

cells. Motifs are “chemical patterns” and in this case are those that are specific to the organism or 

class of organism.  Most cells in the human body have pathogen recognition receptors (PRR) on 

their membranes which allow them to recognize foreign microorganisms and differentiate “self” 

from “foreign”.  Toll-like receptors (TLR) are a subclass of PRR’s.  There are at least ten 

(known) TLRs;  they recognize molecular structures that are common in foreign microorganisms 

and not seen in humans.  Such molecular structures include flagellin, zymosan, ssRNA, dsRNA 

and glycolipids [4].  A more extensive view of what each Toll-like receptor recognizes can be 

seen in Figure 1 [5].  PRRs and TLRs recognize foreign molecular motifs called 

pathogen-associated molecular patterns (PAMP).  TLRs and PRRs also recognize molecules 
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expressed by damaged or stressed cells, these signals are called damage-associated molecular 

patterns (DAMPs).  When cells bind to these DAMPs or PAMPs, they release chemokines and 

cytokines that lead to acute inflammation.  Cytokines are signaling molecules released by cells. 

Chemokines are a type of cytokine that serves as a chemical attractant for other cells, namely 

leukocytes. 

Figure 1: Toll-Like Receptor Chart  

Toll Like Receptor 
(TLR) 

Identified Ligands 

TLR1 Triacyl lipopeptides 

TLR2 Glycolipids , lipopeptides , zymosan  (fungal) 

TLR3 dsRNA  (viral); RNA released from necrotic cells 

TLR4 Lipopolysaccharide (Endotoxin); host proteins 

TLR5 Flagellin (bacterial) 

TLR6 Diacyl lipopeptides  (mycoplasma) 

TLR7 ssRNA  (influenza); Synthetic ligands: Imidazoquinoline, 
Loxoribine 

TLR8 ssRNA  (mostly viral) 

TLR9 Unmethylated CpG DNA (mostly bacterial and viral) 

TLR10 Unknown; linked to asthma susceptibility 

Inflammation is an important process for the innate immune system and the defense of 

the body.  Inflammation is a great indicator that something wrong is happening inside the body. 

Some key characteristics of inflammation are redness, heat, swelling, pain and loss of function. 

Inflammation is involved in infections (parasitic, viral and bacterial), wounds, physical and 
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chemical agents, tissue necrosis, foreign bodies (sutures, splinters, dirt) and hypersensitivity 

immune reactions [5].  When the cells that contain PRRs recognize these abnormalities, they 

release chemokines and cytokines that initiate three cascades.  Some of these chemokines also 

attract mast cells.  Mast cells are found in connective tissues, specifically those exposed to the 

outside: the skin, lungs, and GI lining. Thus, mast cells are ideally positioned to partake in early 

recognition of pathogens and are recruited easily and early.  Mast cells are in the granulocyte 

subclass of leukocytes.  Granulocytes are differentiated as such because of their large granules 

seen under the microscope.  These granules contain the enzymes they eventually release.  When 

the mast cell recognizes the pathogen, it releases its granule contents as well as produce and 

release new proteins.  Figure 2 shows an in depth schematic of the enzymes and cytokines 

synthesized and degranulated by a mast cell [5].  

The most important of the cytokines released are histamine, TNF-⍺, IL-4, and 

chemotactic factors [5] [6].  Histamine prompts vasodilation and increases the permeability of 

capillary vessels to leukocytes.  This is important in allowing leukocytes to leave the 

bloodstream, enter the infection site, and destroy the pathogens.  By releasing IL-4 and TNF-⍺, 

mast cells also activate the adaptive response.  IL-4 is an interleukin.  Interleukins are cytokines 

produced by leukocytes.  IL-4 induces B cell proliferation and antibody production, while 

TNF-alpha leads to further vascular permeability and leukocyte emigration from the blood to the 

tissue.  Mast cells also create chemotactic factors for neutrophils and eosinophils.  Neutrophils 

and eosinophils are both granulocytes.  They normally circulate in the blood vessels until 

directed into tissue by chemokines and cytokines.  Neutrophils are involved in bacterial and 

fungal defense.  They are the first responders to microbial infections and eliminate pathogens 
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through phagocytosis.  At 40-60% of all leukocytes, neutrophils constitute the largest percentage 

of white blood cells.  Eosinophils are involved in defense of parasitic infections (and allergic 

reactions, which will be discussed later).  Eosinophils are much less numerous, at only 1-4% of 

all white blood cells.  

 

 

Figure 2: Mast Cell Degranulation + Synthesis 
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Other cells of the innate immune system include monocytes/ macrophages, basophils, 

natural killer cells, and dendritic cells.  Monocytes constitute 2-8% of all leukocytes.  Once 

monocytes emigrate out of the blood vessels, they become macrophages.  Macrophages are 

involved in the phagocytosis of bacteria and can present antigen to lymphocytes.  Basophils are 

the least numerous white blood cell, at only 0.5-1% of all white blood cells.  The function of 

basophils is not entirely known at the moment, but it is has granules of histamine and is believed 

to be involved in short-term inflammation [7].  Natural killer cells circulate in blood vessels and 

migrate into tissues to kill tumor cells and virus-infected cells.  Dendritic cells are found in the 

skin, lungs, and digestive tract.  Dendritic cells are the link between the innate immune response 

and the adaptive immune response.  Figure 3 shows a cartoon of the cells involved in the innate 

response. 

 

Figure 3: Cartoon of Innate Immune Cells 

Inflammation consists of the accumulation of three 

cascades.  Together these cascades work to address 

the infection and to keep it local.  These cascades are 

the complement system cascade, the coagulation 

cascade, and the plasma kinin cascade.  The 

complement cascade can be activated through 

classical, lectin and alternative pathways.  The innate 

immune system is involved in the lectin and 

alternative pathways.  The lectin pathway is initiated 
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through lectin.  Lectins are proteins that bind to sugar.  Humans have mannose-binding lectin 

(MBL) which recognizes mannose, a sugar polymer not seen in humans [8].  MBL binds to the 

bacterial cell wall and then activates mannose associated serine protease (MASP).  MASP will 

then start the complement system via the lectin pathway.  The alternative pathway is activated by 

certain structures in the cell walls of microorganisms.  These structures include dextrans, levans, 

zymosan, and endotoxin.  The complement system can have a variety of responses.  Through a 

series of protein activations, complement can cause opsonization. Opsonization is when a 

pathogen is essentially “sugarcoated” by complement to increase its attractiveness to be eaten by 

macrophages. Complement releases chemotactic factors which attract immune cells to the site of 

infection.  Conversely, complement components can directly kill a cell by forming a membrane 

attack complex (MAC) which lyses the bacterial cell wall resulting in its death.   Figure 4 shows 

a schematic of the complement cascade [5].  

Figure 4: Complement Cascade 
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The coagulation cascade keeps the infection or cell injury localized.  The coagulation 

cascade can be activated through the extrinsic pathway or through the intrinsic pathway.  The 

extrinsic pathway is the result of tissue damage, while the intrinsic pathway is the result of an 

abnormal vessel injury and the consequent exposure of collagen [9].  The two pathways 

converge on the same pathway.  They converge at the activation of Factor X into Xa through 

hydrolysis.  Factor Xa will transform thrombin from prothrombin.  Thrombin will then cleave 

fibrin from fibrinogen.  Fibrin polymers then cross-link and form the clot.  The coagulation 

cascade creates a fibrin clot which is crucial in controlling the blood flow to the injured area. 

Figure 5 shows a simple schematic of the cascade [5]. 

 

Figure 5: Coagulation Cascade 
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The plasma kinin cascade is initiated with the coagulation cascade from PRR activation. 

The purpose of the plasma kinin cascade is to increase the access of leukocytes to the area of 

infection/damage.  The plasma kinin cascade leads to the formation of bradykinin and results in 

vasodilation, increased vascular permeability, and pain.  The plasma kinin cascade is illustrated 

in Figure 6 [5]. 

Figure 6: Plasma Kinin Cascade 
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Anatomy and Physiology of the Adaptive Immune System 

Most of the time the innate immune system can handle infections on its own, but when it 

can not, the adaptive immune system is activated.  The adaptive immune system, also called 

acquired immunity, is slower in getting started, but is more adaptable in its response.  The 

adaptive immune system is able to recognize almost any pathogen.  The innate immune system is 

linked to the adaptive immune system through dendritic cells.  Dendritic cells are phagocytes 

found in locations where the exterior of the human body meets with the interior, such as the 

mucous membranes, the lungs, and the skin.  Dendritic cells are recruited to the site of an 

infection in response to chemokines and cytokines. At the site of infection, dendritic cells use 

their PRRs to recognize and bind to the PAMP or DAMP of the pathogen.  Then, the dendritic 

cells phagocytize the pathogen or damaged cell, and display epitopes ,or portions of the 

pathogen, on its extracellular receptors.  These are displayed on a special receptor called major 

histocompatibility (abbreviated to MHC) class II.   Dendritic cells can also undergo a special 

process called cross presentation where they exhibit the antigens of the pathogen they 

phagocytize on their MHC class I receptors.  MHC class I receptors normally show the proteins 

and antigens a cell is producing.  MHC class I and MHC class II receptors allow for the 

presentation of antigens to different cells through distinct pathways.  Cross presentation allows 

dendritic cells to present pathogenic antigens via two pathways and increase the adaptive 

immune response [10].  Dendritic cells travel to a secondary lymphoid organ through lymph 

vessels and present antigens to the lymphocytes that reside there.  Depending on the antigen 

presented, a B and/or T lymphocyte gets activated, proliferates to make more cells, and migrates 
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to the periphery.  Figure 7 is an image obtained using a field emission scanning electron 

microscope.  It pictures a dendritic cell (blue cell) interacting with a lymphocyte (yellow cell). 

Figure 7 : Microscope Image of Dendritic Cell Interaction with Lymphocyte 

 

There are two types of adaptive immunity: cell mediated and humoral.  Their goals are 

similar- to recognize and remove foreign materials- yet their specialties, cells, and mechanisms 

differ.  Cell mediated adaptive immunity fights intracellular infections and is modulated through 

T cells (also known as T lymphocytes) while humoral adaptive immunity is mediated through 

antibodies and specializes in fighting extracellular infections.  T cells involved in cell mediated 

adaptive immunity derive from the thymus.  T cells can be identified through the presence of T 

cell receptors and classification determinant 3, or CD3 (although some Purkinje cells express 

minimal CD3).  There are six classes of T cells.  There are T helper 1 (Th1) cells, T helper 2 

(Th2) cells, T helper 17 (Th17) cells, T follicular helper (Tfh) cells, T regulatory (Treg) cells, 

and cytotoxic T lymphocytes (CTL).  Of these T cells types, all but the CTLs are considered T 
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helper cells.  All T helper cells originate from an undifferentiated precursor cell called a “ T H0  

cell.” These mature but naive precursor cells are found in the paracortex of secondary lymphoid 

organs.  Upon antigen presentation by a dendritic cell, and along with the release of certain 

cytokines, a  cell will divide and differentiate into one of the helper T cells.  The T helperT H0  

cell classes differ in function and receptor expression and, consequently, they have differing 

responses. 

Th1 cells mainly develop in response to intracellular bacterial and viral infections. 

Through its cytokine release and effectors, Th1 cells promote the destruction of infected cells. 

Th1 cells secrete interferon gamma (INF-𝜸), IL-1, IL-2 and tumor necrosis factor alpha (TNF-𝛼). 

IFN-𝜸 is a pro-inflammatory cytokine and chemotactic for blood monocyte effectors.  IL-2 is 

secreted to activate CTLs.  Th1 cells promote destruction of infected cells through the 

stimulation of macrophages.  When a Th1 cell secretes IFN-𝜸, they classically activate 

macrophages into M1s.  M1s, through the use of reactive oxygen species and other 

intermediates, destroy the remaining pathogens in the localized area. Th2 cells stimulate humoral 

immunity against extracellular pathogens like parasitic helminths.  Th2 cells release IL-4 to 

attract and alternatively activate macrophages into M2s.  These M2 macrophages are different 

than classically activated macrophages.  Alternatively activated macrophages have the capacity 

to heal by inducing growth and proliferation of local cells and collagen [11].  IL-4 is also a 

chemotactic for eosinophils.  Th17 cells are newly researched and not too much is currently 

known about them.   They are similar in function to Th1 cells with a similar but larger response 

[12].  They cause inflammation by releasing IL-17.  This response is vigorous and is often 

associated with autoimmune diseases.  Tfh cells are found in secondary lymphoid organs.  T 
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follicular helper cells are important in antibody class switching [13].  T regulatory cells 

downregulate other T helper cells.  They are very potent; one Treg cell can suppress hundreds to 

thousands of other T cells [14].  All T helper cells have the surface marker CD4.  CTLs have the 

marker CD8 instead. CTLs kill cells by inducing apoptosis in damaged or infected cells. 

Together, the main goal of the T lymphocytes is to survey the tissues of the body and to 

eliminate cells that have been injured or infected by a pathogen.  
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Antibody Structure and Function 

Antibodies are produced by B lymphocytes, also called B cells.  B cells and their 

secretions protect the extracellular spaces, such as fluids and blood, from infection.  In the bone 

marrow, stem cells differentiate into immature B cells.  B cells that pass positive and negative 

selection become mature cells [15].  Mature but naive B cells leave the bone marrow and migrate 

to secondary lymphoid organs to continue development.  In the secondary lymphoid organ (or in 

circulation between lymphoid organs), mature B cells wait until they recognize and bind to their 

corresponding antigen.  If the right conditions are met during receptor binding, then the B cell 

becomes activated.  B cell activation stimulates the production of B cell clones and eventually 

the differentiation into plasma cells.  Plasma cells are “antibody factories” and have an enlarged 

endoplasmic reticulum, this allows them to produce and secrete antibodies into bodily fluids.  

There are 5 classes of antibodies, also known as immunoglobulins: IgM, IgG, IgA, IgD 

and IgE.  A basic immunoglobulin molecule contains two identical heavy chains and two 

identical light chains.  Therefore, the antibody has bilateral symmetry.  There are two classes of 

light chains: kappa and lambda.  The heavy chain determines the class of antibody. IgG contains 

gamma heavy chains, IgE contains epsilon heavy chains, IgD has delta heavy chains, IgA has 

alpha heavy chains and IgM has mu heavy chains.  Each chain has domains: compact regions 

held together via disulfide bonds.  Light chains have one variable region, , and one constantV L  

domain, . Heavy chains have one variable region, , and 3-4 constant domains,CL V H  

and possibly  [16]. Figure 8 shows a basic antibody, with clear labels for , C , C C H1  H2  H3 CH4  

all the domains and chains on the structure. 
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Figure 8: Antibody Structure  

Figure 9 illustrates the structure for each of the main five antibody classes.  On the left 

side of Figure 9 an IgG structure is shown.  IgG has the stereotypical immunoglobulin structure 

seen in Figure 8.  The bottom center of Figure 8 shows an IgE molecule.  IgE is highly 

homologous in structure compared to IgG, with the exception that IgE has the region. TheCH4  

top center of Figure 9 shows an IgD structure.  IgD is nearly identical in structure to IgG, it even 

has the same number of domain regions, however, IgD has an extra long hinge region. The left 

center of Figure 9 shows the structure of an IgA dimer.  IgA is typically found in the human 

body as a dimer, but can also exist in the monomer form.  The dimer form of IgA is linked 
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together with a junctionional chain and is wrapped in secretory component, a protein which 

allows the antibody to survive in acidic conditions.  On the right of Figure 9, an IgM pentamer 

structure is shown.  IgM monomers have the extra domain and IgM is normally arranged inCH4  

a pentamer, linked together by a junctional chain [16].  

Figure 9: Antibody Classification and Structures 

 

 

The structure of the antibody class determines functionality.  The main function of IgM is 

to activate complement.  The pentameric structure of IgM allows for this to happen much more 

readily.  The presence of secretory component on IgA, allows for IgA molecules to exist in 

mucous membranes where it can serve as the first line of adaptive immunological defense 

against would be pathogens.  IgG is the most abundant antibody in the blood and can even pass 

across the placenta from mother to fetus.  IgG along with IgM and IgA can activate complement, 

IgG can also opsonize extracellular bacteria.  IgD primarily serves as a B cell receptor.  IgE 
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triggers the release of histamine and eosinophil chemotactic factor from mast cells and basophils. 

IgE is effective at eliminating parasites and is the cause of Type 1 Immunopathology [17]. 
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Immunopathologies 

Defects or malfunctions in the immune system can result in illness or disease.  An 

immunopathology is defined as an undesired response associated with a normally functioning 

immune system. There are four main classifications of immunopathologies: type I 

immunopathology, type II immunopathology, type III immunopathology, and type IV 

immunopathology.  

Type I (Immediate) immunopathologies are mediated through IgE antibodies and mast 

cells.  Antigen- specific IgE binds strongly to mast cells and basophil Fc𝜀R1 receptors as soon as 

the IgE is produced.  The binding of IgE to Fc𝜀R1 receptors sensitizes mast cells and basophils 

to release the contents of its characteristic granules in response to subsequent encounters with 

that specific antigen or with crossreactive antigens [18].  Type I immunopathologies are 

observed to have two phases.  The first phase occurs within an hour of exposure and is called the 

immediate reaction.  Phase I occurs when 2 adjacent IgE molecules bound to mast cells are 

cross-linked by allergen.  The mast cell is signaled to release its granule mediators, notably 

histamine.  A cartoon of this process is illustrated in Figure 10.  The release of histamine and 

other granule products causes increased permeability, local or systemic vasodilation, and gut and 

bronchial smooth muscle contraction.  Biochemical processes are initiated as well, which lead to 

the second phase, the late-phase reaction.  
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Figure 10: Type I Immediate Phase Schematic 

 

The late phase begins 4 to 10 hours after exposure and depends on a series of enzymatic 

steps.  Phospholipase PLA2 cleaves arachidonic acid from membrane phospholipids, and 

arachidonic acid can be converted by the cyclooxygenase pathway to prostaglandins, and by 

lipoxygenase to leukotrienes.  It is these active compounds that initiate inflammation, constrict 

the bronchioles and are collectively known as “eosinophil chemotactic factor of anaphylaxis” or 

ECF-A, because they are skilled at attracting eosinophils [19].   These responses happen 

normally when parasites are within the human body.  They also occur when allergen reacts with 

an IgE antibody.  An allergen is an otherwise harmless substance that induces an immune 

reaction. “Allergies” are an overreaction of the immune system to an allergen.  Examples of type 

I immunopathologies include asthma, oral allergy syndrome, and eczema. 

Type II (Antibody-mediated) immunopathologies consist of antibodies directed against a 

specific self molecule, cell, or tissue.  The binding of the antibody can have a variety of 

detrimental effects, including inflammation, opsonization and phagocytosis, or functional 

derangements.  There are two mechanisms of how antibodies damage or otherwise affect cells 
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and tissue: complement-mediated damage or “stimulatory hypersensitivity.”  Complement 

mediated damage is when the accumulation of autoantibodies lead to direct tissue damage 

through lysis, phagocytosis, or by the release of phagocytes’ lysosomal enzymes and reactive 

oxygen species. Stimulatory hypersensitivity is when the autoantibody acts upon a cell-surface 

receptor.  This interaction with the receptor may serve as an agonist by mimicking the function 

of the hormone or ligand.  This can also lead to overstimulation.  Alternatively, the autoantibody 

may serve as an antagonist by blocking the receptor and preventing the extracellular ligand or 

hormone from stimulating specific pathways [20].  Examples of type II immunopathologies are 

ABO blood incompatibility, Rheumatic heart disease, Dressler syndrome, and Autoimmune 

thrombocytopenic purpura. 

Type III (Immune complex) immunopathologies are characterized by the presence of and 

damage associated with certain sized antibody-antigen complexes.  Large antibody-antigen 

complexes activate complement and are cleared from the blood by the reticuloendothelial 

system, thus not causing damage.  Small complexes of one or two antibodies are below the 

necessary size to activate complement and are essentially harmless.  When the complexes fall 

within a certain medium size range (around a million daltons), they can still activate 

complement, yet, are small enough to go undetected and not be removed from the bloodstream 

by the RES [21].  Complexes of this size often deposit in vascular walls and are associated with 

disease. Some type III immunopathologies include hypersensitivity pneumonitis, Arthus 

reaction, and IgA nephropathy. 

Type IV (cell mediated) immunopathologies, also known as delayed- type 

hypersensitivity reactions, are characterized by inappropriate or excessive T cell responses. Type 
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IV immunopathologies are the only class that do not involve antibodies, although, type IV 

immunopathologies are often seen in conjunction with type II and/or type III immunopathologies 

[22].  When a T cell reaction is beneficial, it is called cell mediated immunity.  When a T cell 

reaction is damaging, it is called delayed type hypersensitivity.  Because Type IV responses are 

mediated through T cells, the response is more localized and slower.  Some examples of type IV 

immunopathologies include rejection of allografts, graft-vs-host disease, positive tuberculin skin 

test, and contact dermatitis.  Figure 11 summarizes the four types of immunopathologies. 

Figure 11: Immunopathology Summary Table 
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Allergic Rhinitis 

General Overview 

One of the most common Type I Immunopathologies is allergic rhinitis.  Allergic rhinitis 

is allergy associated with a group of symptoms affecting the nose and causing inflammation. 

Symptoms include runny nose, stuffy nose, sneezing, fatigue, and/or itchiness of the eyes, mouth 

or skin.   These symptoms occur when you breathe in something that you are allergic to, such as 

dust, animal dander, mold spores, or pollen.  In general, if the allergen is inhaled, the symptoms 

will be in the lungs; if the allergen is in the air but not inhaled deeply, the symptoms may be in 

the oral, nasal, or conjunctival mucosa.  Allergic rhinitis is also referred to as “hay fever.” 

Allergic rhinitis can take two nonexclusive forms: seasonal and perennial.  Seasonal allergic 

rhinitis can occur in spring, summer, and early fall.  It is often associated with mold spores or 

pollens from grasses and trees.  Perennial allergic rhinitis sufferers experience symptoms 

year-round.  These symptoms are often caused by dust mites, animal dander, or cockroaches.  It 

is important to note that there are other forms of allergies including food allergies and drug 

allergies that are not included in allergic rhinitis. 

Allergic rhinitis (A.R.) is a major public health concern due to the sheer amount of 

people it affects and its corresponding impact on the healthcare system and the US.  There were 

26.1 million reported cases of allergic rhinitis in the United States in 2015 [23].  However, it is 

believed that the number is actually larger and that roughly 20% of the population of developed 

nations could suffer from allergic rhinitis.  Researchers estimate that 40-60 million people 

nationwide are affected by A.R., making it the most prevalent type I immunopathology or 

allergic disorder.  It has such a large impact on Americans that, according to the Center for 
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Disease Control, A.R. is the sixth leading chronic illness in the nation [23].  More than 17 

million physician office visits each year are due to allergic rhinitis [24].  Allergic rhinitis lowers 

work productivity.  People with A.R. miss an average of 1.7 workdays per year due to their 

allergies and experience symptoms for nearly 10 weeks a year.  When off their medication, A.R. 

sufferers demonstrate a 10% decrease in productivity.  The total annual medical impact of 

allergies from direct and indirect costs adds up to $24.8 billion in liberal estimates [24].  

Allergic rhinitis in Arizona differs from the disease elsewhere.   Tree pollen is the major 

culprit for allergies in the East.  While Arizona doesn’t have an abundance of tree pollen, it has 

plenty of ragweed and dust, two very common allergens.  According to the CDC’s National 

Health Interview Survey in 2015, the prevalence of hay fever in the United States does not differ 

by region, with the exception of the West.  Where the rest of the country (Northeast, Midwest, 

and South) has a consistent 7.3%- 7.4% hay fever frequency, the West region has a hay fever rate 

of 10% [25].  The Quest Diagnostics Health Trends (2005-2008) found that the Southwest region 

(AZ, CA, NV, and TX)  has four of the five most sensitized rates to both ragweed and mold. 

They also observed that Phoenix, Arizona is the large city with the second highest allergy 

sensitization rate (the frequency of IgE sensitization) [26].  

Arizona’s history as being the safe haven for allergies and other illnesses makes these 

findings rather curious.  For years in the past, allergy sufferers were told by physicians and 

friends to go to dry areas of Arizona for allergy alleviation.  This may have led to an increased 

allergy susceptibility in the Arizona gene pool and thus the higher frequencies of A.R..  While 

moving may have helped the allergy symptoms of some, moving offers no cure to A.R..  There is 

no safe place from allergies in America, just differences in the allergenic causes.  Some common 
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Arizona allergens that will be discussed further include dust mites ( Dermatophagoides  genus), 

Bermuda grass ( Cynodon dactylon ), and ragweed (the Ambrosia genus) [27]. 
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Dust mites 

Dust mites, also known as Dermatophagoides , are a common household allergen.  These 

microscopic creatures are 250 to 300 microns in length and are closely related to spiders.  Dust 

mites have a lifespan of 70 days and a life cycle from egg to adult of 35 days.  They appear 

spontaneously in almost all households across the world.  These creatures feed on dead human 

skin cells but are not parasitic.  Dust mites prefer a dark, warm, humid climate and thus are 

commonly found in mattresses, pillows, bedding, upholstered furniture, and carpets [28]. In fact, 

the average used mattress is estimated to have anywhere from hundreds of thousands of mites to 

up to 10 million.”  Figure 12 depicts an image of a dust mite caught on a high-resolution electron 

microscope.  

Figure 12: House Dust Mite 

 

Dermatophagoides  were identified in dust in 1964 and since then have been 

demonstrated to attribute to allergies [29].  The body segments and fecal pellets of dust mites are 
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the allergenic components.  Each dust mite excretes approximately 20 pellets a day and these 

creatures live year round, meaning that dust mites can encite allergies every season.  Although, 

there is a spike of dust mite allergies in Arizona during monsoon season as these storms increase 

humidity.  The most common dust mite species in the Southwest and barren climates is 

Dermatophagoides farinae, with Dermatophagoides pteronyssinus being more common in the 

rest of the US and Europe.  Two notable major allergens of D. farinae  are Der f 1 and Der f 2 

which correspond to Der p1 and Der p 2, respectively, in D. pteronyssinus .  80% to 90% of 

individuals with allergies to D. farinae have reactions to Der f 1 and Der f 2 [30].  These proteins 

bind strongly to IgE in sensitized individuals, and there are even more antigens in dust mites that 

encite allergies, albeit, in smaller percentages of people.  The identification and isolation of these 

allergenic proteins can be used in specific allergy treatment.  
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Bermuda Grass 

Cynodon dactylon,  also known as :Bermuda grass,” “devil’s grass,” and “dog’s tooth 

grass” is a highly invasive grass species that is believed to have originated in Africa [31].  It is 

widely seen in warm climates all over the world, including the Southern US, Australia, South 

America, Caribbean, and India.  It is not native to Bermuda, but C. dactylon  is an abundant 

invasive species there. It is presumed to have travelled from the Bermudas to North America, 

thus resulting in the common name of “Bermuda grass” [31].  Cynodon dactylon  is a major lawn 

turf or a troublesome weed.  Outside of the United States,  C. dactylon  is viewed as one of the 

most worrisome weeds and invasive species.  Bermuda grass is thought of differently in the 

United States and in Arizona.  Bermuda grass is a lawn selection of many Arizona residents and 

businesses because of its toughness and resilience.  There is a large prevalence of Bermuda grass 

in Arizona as it can withstand, and actually thrive in, extremely hot temperatures and droughts. 

Midiron and Tifway 419 are types of Bermuda grass popular in lawns, schools, sports fields, and 

golf courses in Arizona.  The blades of C. dactylon  are greyish-green in color and grow up to 

fifteen centimeters in height. Cynodon dactylon  reproduces long runners on top of the ground 

and sharp-pointed rhizomes beneath the ground.  These rhizomes can grow deep into the ground 

and allow the grass to take in water even in the event of a severe drought.  Bermuda grass 

spreads by seeds and stolons and grows rapidly, allowing it to quickly colonize new areas. 
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Figure 13: Bermuda Grass 

Cynodon dactylon  blooms in mid spring and grows the fastest in the summer. 

Consequently, C. dactylon  becomes problematic for allergy sufferers in the spring and summer 

seasons [31].  C. dactylon  is deemed a severe allergen for its ability to incite allergic responses in 

individuals.  In fact, in the 1970s and 1980s, Pima County was worried about the increase in 

allergy rate and decided to take action against the pollination of C. dactylon .  In 1984, an 

ordinance was passed in Tucson that ordered domestic Bermuda grass to be cut before it could 

pollinate and the prevention of planting other allergenic plants (such as olive trees) [32].  At the 

time, $300 citations were handed out to those who did not follow the ordinance.  

Bermuda grass pollen is an aeroallergen that causes allergic reactions when it is inhaled 

into the human body.  Cyn d 1 is the major allergen of Bermuda grass pollen [33]. Cyn d 1 is the 

most abundant protein component of  Cynodon dactylon  pollen.  It is 32 kilodaltons in mass. 
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87% of people allergic to Bermuda grass pollen exhibited IgE binding to Cyn d 1 on Western 

blot (Western blotting/immunoblotting is a technique for identifying proteins by electrophoresis 

followed by staining with antibodies) [33].   Research done by Tiwari et al looked to isolate the 

epitopes that bind to human IgE antibodies.  Their research identified two major allergenic 

regions in the C-terminal region of the Cyn d 1 protein. Specifically, these regions correspond to 

amino acids 120-170 and 224-244 [33].  Using the current knowledge on Cyn d 1, 

immunotherapy can be pursued using the specific allergenic antigens of C. dactylon . 
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Ragweed 

The Ambrosia genus is a ragweed or bursage distributed in the tropical and subtropical 

regions of the Americas.  There are roughly 50 species of Ambrosia ragweeds, with eight of 

them being severe allergens in Pima County, Arizona including the Tucson Bur Ragweed [34].  

Figure 14: A. cordifolia 

Ambrosia cordifolia , also known as 

the Tucson Bur Ragweed, as its name 

suggests, is native to Arizona.  Its 

initial discovery in 1884 by Cyrus G. 

Pringle in the mountains near Tucson 

gave it its common name [35].  A. 

cordifolia  is found on the foothills of 

mountains.  It is not found outside of 

Arizona within the United States, but 

it can commonly be found in northern 

Mexico (Sonora, Sinaloa, San Luis 

Potosí, Guanajuato, Baja California Sur). Tucson Bur Ragweed is a dicotyledon (plant with two 

embryonic leaves) shrub.  This shrub can grow up to 61 cm in height and have triangular or 

heart-shaped leaves.  The yellowish-tan male flower heads are clustered at the end of long flower 

spikes, while the female yellowish-green flower heads are clustered beneath them. A photograph 

of A cordifolia  is seen in Figure 14 [35].  A. cordifolia  are wind-pollinated and release their 

severely allergenic pollen from winter to spring [35].  Because of its locality, Ambrosia 
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cordifolia  has not been studied intensely to discover the allergenic components in its pollen. 

Thus, no allergy test is available that is specific to Tucson Bur Ragweed.  More research has 

been done on the Common Ragweed, which is a closely related species of ragweed. 

Ambrosia artemisiifolia  , also known as the Common Ragweed,  is the most prominent 

and well studied species within the Ambrosia genus.  A. artemisiifolia  is not found in Pima 

County but can be found in Northern Arizona [34].  It is believed to be native to eastern and 

central United States, Canada, the Caribbean, and southern and western South America.  It is an 

invasive species to Europe, temperate Asia, the Indian subcontinent, and southwestern United 

States.  A. artemisiifolia  is an annual plant that appears in late Spring.   It can grow up to seventy 

centimeters in height and is multibranched. The Common Ragweed has green hairy leaves of 

3-12 centimeters long.  It also produces long green hairy flowers as shown in Figure 15 [36]. 

Figure 15:  A. artemisiifolia 
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Ambrosia artemisiifolia  blooms and releases pollen from July to October.  The pollen of 

Common Ragweed is a severe allergen for many people with hay fever.  Studies have shown that 

numerous antigens in Common Ragweed pollen induce hay fever.  The major ragweed pollen 

allergen is Amb a 1.  95% of people who have allergic reactions to A. artemisiifolia  showed 

sensitivity to the Amb a 1 allergen [37].  The Amb a 1 allergen is the most well known allergen 

of A. artemisiifolia  and is thought to be the most allergenic.  Other allergens have been found 

including Amb a 4 and Amb a 11, with sensitivity rates in those allergic to ragweed at 30% and 

54%, respectively [37] [38].  The discovery of these allergens allows their used in 

immunotherapies.  More research needs to be done to compare the similarities in allergens 

between  A. cordifolia  and A. artemisiifolia,  or separately into the specific allergens of A. 

cordifolia .  
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Diagnosing Allergic Rhinitis 

 Severity of A.R. is determined by quality of life.  In mild A.R., there is no disturbance to 

sleep, leisure, school or work activities.  Conversely, moderate/severe A.R. has troublesome 

symptoms or creates disturbances in sleep, leisure, school or work.  Allergic rhinitis is also 

classified by the regularity in symptoms.  Intermittent rhinitis sufferers have symptoms for 4 or 

less days a week or for less than 4 consecutive weeks.  Persistent rhinitis sufferers have 

symptoms for more than four days a week and for more than four consecutive weeks.  Figure 16 

overviews the classes of allergic rhinitis [39].  

Figure 16: Class of Allergic Rhinitis 

 

Diagnosis of allergic rhinitis is based on the patient’s history of allergic symptoms and 

the results of diagnostic tests. A series of questions and a physical examination are done upon 

suspicion of AR.  Questions are asked about their symptoms, frequency of symptoms, 

seasonality of symptoms, severity of symptoms, family history of A.R., and cause of symptoms. 

A physical examination of the nose, ears, eyes, and oropharynx is often performed.  Physical 

manifestation of the nose from A.R. include a horizontal nasal crease across the lower half of the 
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bridge of the nose, deviation or perforation of the nasal septum, and thin, watery nasal secretions. 

Other manifestations include retraction and abnormal flexibility of the tympanic membrane of 

the ears, Dennie Morgan lines (prominent creases below the inferior eyelid), dark circles around 

the eyes, and “cobblestoning” (streaks of lymphoid tissue on the posterior pharynx). A 

confirmative diagnosis of A.R. is established by the results of a skin test or by measuring 

serum-specific IgE levels.  Other laboratory tests and imaging studies may be used for diagnosis 

and evaluation but are secondary to the skin test or serum IgE test. 

Skin testing is the most important tool in finding specific allergens.  The different skin 

test methods are prick/puncture, intradermal, and patch tests.  The skin prick test is the most used 

in clinical practice.  In the skin prick test, also known as a percutaneous test, tiny drops of 

possible allergens are pricked into the skin using a lancet.  Up to forty different substances can 

be tested at once.  Normally, a positive control (histamine) and negative control (saline or 

glycerin) are also administered to avoid false diagnosis.  The procedure does not hurt and 

immediate reactions are seen within twenty minutes.  The presence of a wheal (raised, red, itchy 

bump) indicates an allergic reaction [40].  Generally, the larger the wheal is, the greater one’s 

sensitivity is to the allergen. Skin tests are particularly useful in diagnosis as specific allergens 

are identified. 

Serum specific IgE level is another important diagnostic test for determining AR.  Skin 

tests are more accurate in their diagnosis, but a blood test may be done if the provider wishes to 

avoid possible interferences.  The multiple allergen simultaneous test (MAST) is the most widely 

used method of serum-specific IgE testing.  MAST operates by drawing blood from patients. 
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From there, possible allergens are added to the blood solution and agglutination is noted for 

allergens of conflict [41].  

Other laboratory tests used in diagnosis of AR are total blood eosinophil count, IgE blood 

test, and fluorescence enzyme immunoassay.  IgE blood count is neither sensitive nor specific for 

the diagnosis, but the results can be helpful in some cases when combined with other factors. 

Similarly, total blood eosinophil count is not sensitive nor specific for the disease, but, as with 

total blood IgE, can sometimes be helpful when combined with other factors.  Fluorescence 

enzyme immunoassay indirectly measures the quantity of IgE but is not conclusive on its own. 

Radiography, computed tomography scanning, and magnetic resonance imaging are 

imaging studies that are not required for diagnosis, but may be ordered to add another component 

for evaluation.  Radiograph may be ordered to identify possible structural abnormalities or to 

help detect complications or comorbid conditions, such as sinusitis or adenoid hypertrophy. 

Computed tomography scanning may be ordered for its helpfulness in evaluating acute or 

chronic sinusitis.  Magnetic resonance imaging may be ordered to evaluate sinusitis.  
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Treatments and Prevention 

Extensive allergy testing and diagnosis should ideally be done prior to selecting allergy 

treatments.  Allergy testing identifies which allergens are responsible for one’s allergens and can 

allow for more specific treatment or avoidance.  Proper allergy treatment is dependent on one’s 

medical history, results of allergy tests, and the severity of symptoms. There are three main 

treatment classes.  The first treatment class is the avoidance of the allergen(s).  The second 

treatment class is the use of pharmacological options to alleviate symptoms.  The third option is 

immunotherapy.  Many times, different permutations of these treatment options are used to 

combat the symptoms and underlying mechanisms behind allergies. 

Avoiding allergens is the best way to prevent the symptoms of allergies. The logic behind 

this tactic is simple, if one does not come into contact with an allergen, one does not get allergic 

symptoms.  There are plenty of pros to this approach.  This method is the least invasive and the 

most inexpensive.  Some ways to limit or prevent exposure of allergens is to remove them from 

one’s home and other frequented locations.  This may be done by regularly cleaning the house, 

not allowing pets in the bedroom, using HEPA air filters, and taking off shoes before entering 

one’s home.  Regularly using a nasal saline rinse also falls under this category.  Nasal rinses 

soothe nasal passages and reduce the exposure to airborne allergens by rinsing away debris.  Neti 

pots are nasal saline rinses and can be bought over the counter in most pharmacies.  Lastly, 

avoiding common locations for one’s allergen drastically lowers one’s chance of encountering 

them.  Sometimes avoiding allergens may not have the desired results, especially if the allergens 

are unavoidable.  
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The second treatment class is the use of medical intervention to alleviate or stop allergy 

symptoms.  Some examples of these drug types are antihistamines, corticosteroids, mast cell 

stabilizers, decongestants, epinephrine, and leukotriene inhibitors, among others. 

Antihistamines work to relieve allergy symptoms by reducing the effects of histamine. 

These drugs are similar in chemical structure to that of histamine.  This similarity allows the 

drugs to act as a competitive antagonist.  Antihistamine acts on the histamine receptors in the 

effector cells, thus blocking it to histamine.  Therefore, the vasodilation and increased blood 

vessel permeability do not occur, along with the manifested allergy symptoms.  These 

antihistamine medications come in oral and eyedrop forms and can be purchased over the 

counter or stronger medications can be ordered via a prescription.  Some generic 

over-the-counter antihistamines include loratadine (Claritin, Alavert), diphenhydramine 

(Benadryl), chlorpheniramine (Chlor-Trimeton), cetirizine (Zyrtec), and fexofenadine (Allegra). 

Prescription antihistamines include levocetirizine (Xyzal) and desloratadine (Clarinex). 

Corticosteroids are one of the major medications used to treat allergies.  Corticosteroids 

block many of the inflammatory pathways that are promoted during A.R..  Corticosteroids act on 

alveolar macrophages and eosinophils to inhibit the synthesis and release of inflammatory 

mediators and cytokines.  Corticosteroids can be administered nasally, orally, and topically. 

Nasal corticosteroids are nose sprays.  Nasal corticosteroid sprays reduce swelling and mucus in 

the nasal passages.  They are very effective for nasal symptoms.  The generic nasal 

corticosteroids are beclomethasone, budesonide, flunisolide, fluticasone, mometasone, and 

triamcinolone.  Oral corticosteroids are on the stronger side of the corticosteroid spectrum.  They 

have to be taken by prescription and should be carefully monitored while taken.  The generic oral 
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corticosteroids are cortisone acetate, dexamethasone, hydrocortisone, methylprednisolone, 

prednisolone, and prednisone.  Topical corticosteroids come in creams or ointments and are 

primarily used to treat skin conditions such as rash, dermatitis, itching, eczema, and psoriasis.  

Mast cell stabilizers are agents that decrease the reactivity of and prevent the 

degranulation of mast cell.  These mast cell stabilizers can come from natural, semi-synthetic, 

and synthetic sources.  Some of the naturally occuring mast cell stabilizers are flavonoids, 

coumarins, phenols, terpenoids, and amino acids.  Inhibitors of mast cell activation, and 

consequent degranulation, include those that interfere with and incativate signalling proteins and 

receptors required for the signal transduction of the allergic cascade at the mast cell level.  Mast 

cell stabilizer medications include cromolyn and nedocromil. 

Decongestants provide relief to the stuffiness and inflammation caused by a swollen nasal 

passage.  Decongestants stimulate the dilated arteries of the nasal mucosa to constrict.  This 

decreases the inflammation and the formation of mucus.  Decongestants do not relieve other 

symptoms of A.R..  Decongestants include oxymetazoline, phenylephrine, and pseudoephedrine. 

Epinephrine is given in the case of anaphylactic shock.  Anaphylactic shock is an acute 

life-threatening allergic reaction to an antigen to which the body has become hypersensitive to. 

Anaphylactic shock is more of a concern for those with food and insect allergies and not very 

common for sufferers of allergic rhinitis.  Epinephrine is directly injected into the bloodstream 

and functions to increase blood flow and reduce swelling in airways.  Epinephrine is not 

administered regularly and is only used in the cases of anaphylactic shock.  

Leukotrienes are potent inflammatory mediators that promote neutrophil-endothelial 

interactions and bronchoconstriction.  Leukotriene inhibitors can either be leukotriene receptor 
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antagonists or they can inhibit the synthesis of leukotriene.  By inhibiting the actions of 

leukotriene, bronchoconstriction is reduced (this is why leukotriene inhibitors are taken for 

asthma as well).  Leukotriene pathway inhibitors include montelukast (Singular), zafirlukast 

(Accolate), and zileuton (Zyflo). 

Allergen immunotherapy is the third treatment class. Immunotherapy is the 

desensitization process used to induce tolerance to allergens.  Desensitization is accomplished 

through repeated exposure to allergen extracts in increasing quantities.  Specific allergens 

determined from A.R. diagnosis allows immunotherapy to be tailored to each individual. 

Immunotherapy is the only treatment option that aims to “cure” one’s allergies.  The goal of 

immunotherapy is to change the immune response so that future allergen encounters incite mild 

to no allergic reactions.  The idea for immunotherapy came from the concept of vaccines and 

their success in eradicating diseases.  The actual mechanism by which immunotherapy works is 

still not fully known.  Late changes to immunotherapy result in decreased IgE production by B 

cells and an increase in IgG and IgA levels instead.  It has also been observed that there is a shift 

in T regulatory cell distribution with a decrease in Th2 cell production.  IL-10 production from T 

regulatory cells increases as a result of increased T regulatory production.  IL-10 reverses the 

immune and inflammatory responses to allergens and may be responsible for the shift from IgE 

to other antibody production.  

There are two routes of administration: subcutaneous and sublingual.  Sublingual 

immunotherapy is the oral administration of extracted allergen in a droplet form.  The droplets 

are kept under the tongue for two minutes prior to swallowing.  Increasing dosages are taken 

multiple times a week for a consecutive time period often spanning at least a year.  Subcutaneous 
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immunotherapy, also called ‘allergy shot,’ involves regular visits to a hospital where a provider 

injects extracted allergens beneath the skin layer.  Multiple allergy shots of increasing dosages 

are given a week for seven months, with visits occurring every other week for another 2-4 years. 

Immunotherapy is a more recent treatment option, but one that has shown the most promise in 

actually “curing” allergic rhinitis. 
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Conclusion 

In conclusion, allergic rhinitis is a serious public health concern.  Allergic rhinitis occurs 

when the human immune system overreacts to a harmless substance and creates a type I 

immunopathology.  This specific type I immunopathology is characterized by inflammation and 

symptoms centered around the nose.  Tens of millions of people suffer from it in the US alone 

every year.  Arizona has one of the highest rates of allergic rhinitis.  In particular, Arizonans 

show a high sensitization to dust mites, Bermuda grass, and ragweed.  Household dust mites are 

found throughout the world and thus its  allergy is common everywhere.  There is a high amount 

of Bermuda grass in Arizona due to its ability to thrive in hot temperatures and its popularity on 

golf courses and lawns.  Ragweeds are found ubiquitously in Arizona and the Tucson Bur 

Ragweed is severely allergenic and only found in Pima County, Arizona and Mexico.  The 

closely related Short Ragweed species is found throughout the US and is also very allergenic. 

The der f 1 and other proteins seen in dust mite feces and body segments are responsible for 

human allergic responses.  The cyn d 1 allergen on Bermuda grass pollen promotes the allergic 

reactions to Bermuda grass.  Similarly, the amb a 1 allergen of Short Ragweed pollen incites 

allergic responses.  More research needs to be done on the specific allergens of some allergenic 

species, including the Tucson Bur Ragweed.  The current and future discovery of specific 

allergens directly translates into treatments.  Specific allergens can be used in immunotherapy 

treatments to desensitize allergic rhinitis sufferers.  
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