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This book is primarily focused on allergic pollen which are the most common 
and important causative and triggering agents in respiratory allergy, and thus 
is written for the suffering people who are tormented by these interesting but 
often inconspicuous plants in a changing world with environmental change. 
A growing number of people are recently contracting allergic diseases caused 
by pollen because of climate change in the world. Moreover the seasonal and 
regional variations of pollen have been changed in Asian pacific countries as 
well as in Europe and America. As the sensitization rate to pollen has 
increased in children recently, allergic plants which are rapidly proliferating, 
has emerged as a dangerous element to allergic children. It is now essential to 
survey pollens around the patient for the management of pollen allergy.

Plants causing allergies are difficult to identify because they seldom have 
prominent flowers. It is strongly proposed that the reason behind this is not 
only the rapid proliferation of weeds and trees, but also air pollution such as 
greenhouse gases caused by the increase of traffic and the construction of 
apartments and factories, and increased temperature resulted from climate 
change which expedites the proliferation of plants such as ragweed and ‑pro-
vides a harmful environment to allergies. Nobody can be protected from 
allergy plants by staying in the cities as well as in rural areas. Allergenic 
plants grow abundantly in areas where man is disturbing the natural environ-
ment for his houses, roadways, even highways, and agricultural activities. 
They grow best in soil disturbed by human’s activities and deforestation with 
a changing world. It is almost impossible to avoid plants which cause aller-
gies, because pollen can travel many kilometers on the breezes or winds. 
However, the ability to avoid large doses is critical for sensitive people. The 
intensity of the allergic reaction depends on the amount of exposure.

Weather conditions, including rainfall, atmospheric temperature, humid-
ity, wind speed and wind direction, may alter the concentrations of plant pol-
lens and other allergens, which can subsequently influence the occurrence of 
allergic diseases such as asthma, allergic rhinitis, allergic conjunctivitis, and 
even atopic dermatitis. Many studies have demonstrated that CO2 concentra-
tion and increased atmospheric temperature increase pollen concentration in 
the world. Most work on the impact of climate change on aeroallergens can 
be divided into a number of distinct areas, including impact on pollen amount, 
pollen allergenicity, pollen season, plants and pollen distribution. Although 
few observations and estimates were reported regarding season start and 
length of allergic pollen season in other countries including the USA, earlier 
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start dates and rising pollen concentrations have been reported widely in 
many European countries. The growing degree hour model was used to estab-
lish a relationship between start and end dates of pollen production and dif-
ferential temperature sums using observed hourly temperatures from 
surrounding meteorology stations. Studies of climate change effects on distri-
butions of allergenic pollens have focused typically on analysis of observed 
pollen counts and their regression relationships with local meteorological and 
climatic factors. The onset, duration and intensity (i.e. abundance of pollen 
grains in the air) of the pollen season vary from year to year. Weather vari-
ables, mainly air temperature, sunlight and rainfall, together with CO2 are 
among the main factors affecting phenology (that means the times of the 
appearance of first leaves, first flowers, autumn leaf coloration and so on) and 
pollen production by plant. In addition weather patterns influence the move-
ment and dispersion of all aeroallergens in the atmosphere through the action 
of winds, rainfall and depending on the atmospheric stability.

This book is not only designed to assist allergists, physicians, and medical 
students to guide to clinical practice of pollen allergy with information of 
climate change in the world, but also published to help allergic sufferers rec-
ognize the cause of their misery, the allergenic plants. Scientific names must 
be used to be certain of the identity of plants and rare usual botanical words 
have been avoided if possible. It would be more comfortable to use common 
names, but there are so many different common names for most plants that 
the use of these names might cause confusion.

Seoul, South Korea� Jae-Won Oh  
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Allergy and Pollen

1.1	 �What Is Allergy?

The understanding of allergy is growing expo-
nentially with the ongoing expansion in our 
knowledge of the immune system. The immune 
system is the capacity to distinguish harmful 
non-self molecules from self-molecules, a char-
acteristic that exists in a delicate balance between 
tolerance to self and response or rejection of 
non-self. This system is focused on host defense 
and is composed of specific cellular and protein 
components that develop and function in a highly 
complex manner, in order to neutralize or destroy 
dangerous non-self while preserving self.

Allergic responses are clear examples of the 
detrimental side of the immune system, because 
they represent immunological reactions to 
innocuous environmental elements, resulting in 
annoying and sometimes debilitating effects in 
the affected individuals. The allergic response 
involves hypersensitivity reactions directed at 
allergens, in contrast to similar hypersensitivity 
mechanisms that provide host protection to para-
sitic infections. Autoimmunity defines a state in 
which tolerance to self is lost and the immune 
response is activated against host tissues. 
Otherwise, allergic and hypersensitivity reactions 
are the result of immune responses to innocuous 
non-self molecules.

Allergy is a kind of disorders in which this bal-
ance is disrupted, which is an abnormal reaction 
to a very small amount of a specific substance, 
called an allergen which is usually proteins or 

glycoproteins of a molecular weight of 10,000–
60,000 Da. This substance is harmless to general 
people who do not have this particular allergy. 
Allergens stimulate the production of allergic 
antibodies or of sensitized cells. This response 
is mediated by immunoglobulin (Ig) E antibody 
specific to the allergen. Mast cells and basophils 
are activated after IgE binding, starting a series 
of cellular and molecular events that results in 
the clinical manifestations of allergic disease. 
Allergens usually contained in pollens, molds, 
animal skin cells, danders, or hairs, house dust, 
insects, medication, or even foods such as milk, 
eggs, soy, wheat or nuts, fish, shellfish. These 
allergens cause trouble when they are inhaled, or 
swallowed, or injected into the body [1].

Allergic sensitization can be arisen de novo 
at any stage of life. However it is much more 
common for these diseases to appear initially 
in a mild form during childhood. Indeed, par-
ticularly in the case of allergy, the transient 
appearance of IgE against ubiquitous environ-
mental allergens in early childhood is so fre-
quent within the overall population that it can 
be classed as normal and it is only in a small 
subset of children that these responses fail to 
resolve spontaneously and instead persist and 
consolidate, leading to clinically significant 
allergic symptoms. It is also becoming increas-
ingly evident that this period in early life rep-
resents a crucial window period of opportunity 
for modulation of these responses before they 
become persistent. There is accordingly interest 
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in definition of the underlying regulatory mech-
anisms at play within the immature immune 
system at this time, as these constitute potential 
therapeutic targets. Moreover, although atopic 
sensitization is an important risk factor for dis-
eases such as asthma, it is also evident which 
infers that other important cofactor are involved 
that operate against the atopic background to 
produce allergy.

A reaction upon exposure to these pollen 
allergens was called hay fever in the past; how-
ever, the expression is a misnomer. Hay fever 
is neither caused by hay nor is there any fever 
although the weakened body may develop vari-
ous infections. This condition must be seasonal 
allergic rhinitis in which the lining of the nose 
becomes swollen and exudes a watery discharge, 
the nose and palate itch, and there are frequent 
sneezes. The eyes may become itchy, reddened, 
and runny, and some peoples may proceed to 
chronic rhinitis with conjunctivitis or chronic 
ear infections. Another reaction to allergens is 
asthma. In asthma there may be hard to breath 
with wheezing as the air passes through narrowed 
bronchus or bronchioles. In addition, there are 
other allergic reactions such as urticaria, angio-
edema, and anaphylactic shock. These seldom 
occur from ordinary exposure to allergic plants. 
Allergens are so small that they are not usually 
seen, and thus it often seems mysterious that the 
allergic person can detect such a small amount of 
the allergen [2].

1.2	 �The Overview of Allergic 
Immune Mechanism

Allergic diseases such as allergic rhinitis, asthma, 
and food allergy are characterized by the ability 
to make an IgE antibody response to an environ-
mental allergen. There is both a strong genetic 
and environmental contribution to the develop-
ment of allergic disease. IgE-mediated allergic 
responses most frequently occur on mucosal tis-
sue in nose, conjunctiva, airway, and gastrointes-
tinal tract or skin surfaces as these anatomical 
sites contain high levels of mast cells to which 
IgE is linked.

Initial exposure of a genetically predisposed 
individual to low levels of allergens such as tree, 
grass or weed pollens results in uptake of the pol-
len allergen by antigen-presenting cells (APCs), 
intracellular digestion of the allergen into peptide 
fragments, and display of the allergen peptide 
fragments in a human leukocyte antigen (HLA) 
groove on the APC surface. When circulating T 
cells (expressing an antigen cell surface recep-
tor specific for the allergen peptide) interact with 
the APC, the interaction activates the T cell to 
express cytokines characterized by a helper T 
cell type 2 (Th2) cytokine profile. Th2 cytokines 
such as interleukin (IL)-4 play an important role 
in inducing B cells to switch class and express 
IgE, induce eosinophil proliferation in the bone 
marrow induced by IL-5, and upregulate adhe-
sion molecules on blood vessels to promote tis-
sue infiltration of circulating inflammatory cells 
associated with allergic inflammation such as 
eosinophils and basophils. The allergen-specific 
IgE (induced by initial exposure to allergen) 
binds to high-affinity IgE receptors on mast cells 
and basophils. These IgE sensitized mast cells 
upon re-exposure to specific allergen are acti-
vated to release histamine, cysteinyl leukotriene, 
and many other proinflammatory mediators that 
contribute to the allergic inflammatory response. 
Although this induction of a Th2 response is 
characteristic of allergic inflammation, it is 
increasingly evident that additional immune and 
inflammatory responses contribute to allergic 
inflammation.

The innate immunity presents the first line of 
host defense. The specificity of innate immunity 
is based on pattern recognition, involving mol-
ecules that are shared by multiple microbes, how-
ever not present in the host. The innate immune 
system comprises cellular elements that are both 
resident in tissues (i.e., epithelium, macrophages, 
mast cells) for a rapid response and circulat-
ing leukocytes that are recruited from the blood 
stream such as neutrophils, eosinophils, baso-
phils, mononuclear cells, natural killer (NK) 
cells, and NKT cells. In addition to the cellular 
response the innate immune system has humoral 
elements, which provides a mechanism for an 
immediate response to infection that is not anti-
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gen specific and does not have immunological 
memory. The group of proteins that circulate 
in the blood called the complement system and 
diverse blood cells contact with a pathogen or an 
infected cell, either directly induce cytotoxicity 
or initiate a phagocytosis process and intracellu-
lar killing.

Adaptive immunity mechanisms are designed 
to specifically recognize and distinguish a large 
number of molecules, together with an ability to 
amplify the response with repeated exposures to 
the same pathogen or molecule. Thus, recognition 
of a particular pathogen by the adaptive immunity 
may result in enhanced killing by phagocytes. 
Conversely, activation of complement proteins 
facilitates chemotaxis and migration of lym-
phocytes, which develop the adaptive response. 
A remarkable aspect of the adaptive immune 
system is its property of memory. The adaptive 
immune response generated by its component T 
and B cells is slower to respond to infections but 
has the advantage of exhibiting antigen specific-
ity and immunological memory. Immunologic 
memory is made possible by the clonal expansion 
of lymphocytes in response to allergen stimula-
tion. Since the human immune system first begins 
to differentiate in fetal life, uniquely reacting 
lymphocytes are created by the recombination 
of genes encoding antigen receptors expressed 
on the lymphocyte cell membrane. Through the 
expression of these receptors, each lymphocyte 
has the ability to bind to and become activated 
by a specific antigen, either natural or artificial. 
Interaction with antigen not only activates the 
lymphocytes but also results in the generation of 
long-lived antigen-specific memory cell clones. 
Thus, when the same antigen enters the body, 
there is immediate recognition by these memory 
cells. Both cellular and humoral responses to the 
antigen are produced more rapidly than in the first 
encounter, and more memory cells are generated. 
This process of expansion of clonal populations 
of uniquely reacting lymphocytes first explained 
the B cell origin of antibody diversity and applies 
to cellular immune responses as well. Thus, the 
cellular and molecular mechanisms through 
which an aberrant immune response to low levels 
of otherwise innocuous and ubiquitous environ-

mental exposures such as pollens or foods may 
trigger a range of allergic responses from chronic 
symptoms affecting quality of life to acute severe 
allergic reactions that are life threatening [3, 4].

1.3	 �Who Has Allergic?

It is unusual to be allergic at birth. Most allergic 
individuals inherit only the capacity to become 
allergic. They usually become sensitized to the 
allergen during an infection or when exposed to 
excessive air pollution. The mucous membranes 
along the respiratory tract and intestinal tract are 
quite efficient in keeping foreign materials from 
entering the body’s tissues during normal health. 
However, inflammation caused by infections or 
air pollution disrupts the mucous blanket and 
allows penetration of the foreign proteins in an 
unaltered state. The body’s immune system then 
makes antibodies which are specific for these 
allergens. On later exposure to these allergens, 
even when the mucous membrane is intact, the 
immune system stimulates the release of agents 
by specialized cells such as B, T cells, mast cells, 
and so on to prevent invasion by these foreign 
substances. These agents produce edema, con-
gestion with increased blood flow to the local 
tissues, and watery secretions. These responses 
result in the allergic symptoms, which really 
are somewhat like common cold symptoms. On 
repeated exposure to the allergens, some patients 
become more and more highly sensitized. Other 
patients tend to do better in time.

Some of the possible causes accounting for a 
number of observations of the increased preva-
lence of allergic disorders in urban communities 
are related to the environment, such as ambi-
ent pollution, increased concentration of indoor 
allergens, diet, and the decrease of childhood 
infections. The hygiene hypothesis is based on 
the possible immunomodulation induced by 
bacterial and viral infections early in infancy, 
modifying the chances of developing an aller-
gic response. However, environmental factors 
do not fully explain the increase of allergic dis-
ease. Genetic predisposition to allergic disorders 
has also been extensively explored recently, as 
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it has been known that children of allergic par-
ents are more critical to develop allergic disease. 
Genetic studies, including linkage analysis of 
large families, have identified several possible 
loci containing candidate genes that may confer 
increased susceptibility to allergic disease. It is 
not unexpected that allergic disorders, with their 
variety of presentations, may result from a com-
plex interplay between a genetic predisposition 
of particular populations and specific environ-
mental factors [5–11].

1.4	 �What Is Aeroallergen?

Aeroallergens are airborne particles that can cause 
respiratory or conjunctival allergy. Aeroallergens 
are named using nomenclature established by an 
International Union of Immunologic Societies 
subcommittee: the first three letters of the genus, 
followed by the first letter of the species and an 
Arabic numeral. Allergens from the same group 
are often given the same numeral [12]. For exam-
ple, Lol p 1 and Phi p 1 are both group I grass 
allergens (Table 1.1).

For a particle to be clinically significant as 
an aeroallergen, it must be buoyant, present in 
significant numbers, and allergenic such as rag-
weed pollen. Pine pollen, by contrast, is abun-
dant in certain regions like Korea, Japan, and 
China, and is buoyant, but because it does not 
readily elicit IgE antibodies, it is not a significant 
aeroallergen. In general, the insect-pollinated 
plants do not produce appreciable amounts of 
airborne pollen, as opposed to wind-pollinated 
plants, which, by necessity, produce particles 
that travel for miles. Fungal spores are ubiqui-
tous, highly allergenic, and may be more numer-
ous than pollen grains in the air, even during the 
height of the pollen season. The house dust mite 
is very common and important indoor allergen. 
The above allergens are emphasized because 
they are the ones most commonly encountered, 
and they are considered responsible for most of 
the morbidity among atopic patients. Certain 
aeroallergens, such as animal dander, feath-
ers, and epidermal antigens, may be localized 
to individual places. Others may be associated 

with occupational exposures, as is the case in 
veterinarians who work with certain animals, 
in farmers who encounter a variety of pollens 
and fungi in hay and stored grains, and in bakers 
who inhale flour [13].

Observations that allergic symptoms due to 
ragweed may persist for days after intact air-
borne pollen is no longer detectable, spurred 
studies demonstrating aeroallergens in submi-
cronic particles, presumably from fragmented 
pollen grains as submicronic allergenic particles. 
Airborne birch allergenic activity also has been 
demonstrated on particles smaller than 2.4 μm. 
Starch granules are prominent in the cytoplasm 
of certain pollens such as the grasses (Poaceae) 
and docks (Rumex, species of Polygonaceae). 
Such grass starch granules have heavy concen-
trations of major allergen groups. The force of 
storm-driven raindrops may disrupt pollen grains, 
releasing large amounts of respirable allergen-
laden particles [14–18].

Fungi constitute one of the kingdoms of liv-
ing organism. Fungi are eukaryotic organisms 
with chromosomes within membrane-bound 
nuclei, dividing through mitosis. These organ-
isms have chitin-containing cell walls, a poly-
saccharide found also in insect exoskeletons. 
Fungi may be unicellular; syncytial, with many 
nuclei not divided into separate cells; or mul-
ticellular, with nuclei separated by septa. Life 
cycles frequently are very complex, with mul-
tiple life stages having either sexual or asexual 
reproduction. Holomorph refers to the whole 
fungus with its varying life stages, which is 
comprised of the anamorph (asexual reproduc-
tive) stages plus the teleomorph (sexual repro-
ductive) stages. Frequently, only the anamorph 
or the teleomorph is identified, and the alternate 
life stages are not known. Other major phyla 
of fungi include Ascomycota, characterized by 
spores developing in sacs, or asci, in groups of 
eight; Zygomycota, containing typical bread 
molds, and producing sporangia containing 
numerous spores; and Basidiomycota, contain-
ing mushrooms, puffballs, smuts, and rusts, 
with basidiospores produced in quartets on 
basidia. Oomycota, containing powdery mildew 
(Oidium), has been reclassified out of the fun-
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gal kingdom and into the kingdom Chromista, 
owing to a lack of chitin in cell walls. Slime 
molds, Myxomycetes, are likewise not classi-
fied as true fungi. Both of these latter two groups 
have members incriminated as allergens [19].

Although animal sources are primarily indoors 
as pets, some may be significant outdoor allergens 
as well. Heavy hatches of caddis flies or mayflies 
or miller moth infestations have been reported to 
induce allergic symptoms. Occupational expo-

Table 1.1  Classification of allergenic plants

Class General name Species (genus name plus specific epithet) Allergenicity

Fagaceae Oriental chestnut oak
Daimyo oak
Oak
Oriental white oak
Mongolian oak
Beech

Quercus acutissima Carruth.
Q. dentata Thunb.
Q. variavilis Bl.
Q. aliena Bl.
Q. mongolica Fisch. ex Ledeb.
Fagus engleriana Seem. ex Diels

+++

Betulaceae Birch
Alder
Hazelnut

Betula platyphylla var. japonica H.
Alnus japonica (Thunb.) Steud.
Corylus heterothylla Fisch. ex Trautv.

+++

Salicaceae Korean willow
Italian poplar

Salix koreensis Ander.
Populus euramericana Guinier

+

Ulmaceae Japanese elm
Hackberry

Ulmus davidiana var. japonica Nakai
Celtis sinensis Persoon

++

Platanaceae Planetree Platanus occidentalis L. +
Aceraceae Maple Acer palmatum Thunb. +
Juglandaceae Walnut Juglan sinensis Dode +
Oleaceae Korean ash Fraxinus rhynchophylla Hance +
Taxodiaceae Japanese cedar Cryptomeria japonica (L. f) D. Don +++
Pinaceae Pine Pinus densiflora Siebold & Zucc. +
Asteraceae Common ragweed

Giant ragweed
Sagegrush
Wormwood
Mugwort

Ambrosia artemisiifolia L.
A. trifida L. var. trifida
A. trifida for. integrifolia (Muhi.) Fern.
A. montana (Nakai) Pamp.
A. tridentata Nutt.
A. absinthium L.
A. vulgaris L.

+++

Amaranthaceae Green amaranth
Wild amaranth
Slender amaranth

Amaranthus mangostanus L.
A. retroflexus L.
A. lividus L.
A. viridis L.

++

Chenopodiaceae Goosefoot
Mexican tea

Chenopodium album var. centrorubrum Makino
C. ambrosioides L.
C. glaucum L.
C. bryoniaefolium Bunge

++

Cannabaceae Japanese hop Humulus japonicus Siebold et Zucc. +++
Plantaginaceae Asian plantain

English plantain
Plantago asiatica L.
P. lanceolata L.

+++

Polygonaceae Common sorrel
Sheep sorrel
Curly dock

Rumex acetosa L.
R. acetosella L.
R. crispus L.

+

Urticaceae Nettle Urtica thunbergiana Siebold et Zucc. ±
Gramiceae Lawngrass

Bermuda grass
Timothy grass
Orchard grass

Zoysia japonica Steud.
Cynodon dactylon (L.) Pers.
Phleum pratense L.
Dactylis glomerata L.

++

1.4  What Is Aeroallergen?
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sures to sewer flies, municipal sanitation workers. 
Horse dander allergen may be sampled outdoors 
downstream of stables [20, 21].

1.5	 �Pollen As Aeroallergen

Pollen size and weight as aeroallergens as they 
fall in the 20–60 μm range of most particulate 
matter and their allergenic constituents are pro-
tein with a proteins with a molecular weight 
between 10,000 and 40,000 Da. Protective mech-
anisms in the nasal mucosa and upper tracheo-
bronchial passages remove most of the larger 
particles, so only those 5 μm or smaller reach the 
alveoli of the lungs. These are considerations in 
the pathogenesis of allergic rhinitis, bronchial 
asthma, and hypersensitivity pneumonitis as well 
as the irritant effects of chemical and particulate 
atmospheric pollutants [22].

The development of asthma after pollen 
exposure is enigmatic because pollen grains are 
deposited in the upper airways as a result of their 
large particle size. Experimental evidence sug-
gests that rhinitis, but not asthma, is caused by 
inhalation of whole pollen in amounts encoun-
tered naturally. Pollen asthma may be caused 
by the inhalation of pollen debris that is small 
enough to access the bronchial tree. Evidence 
supports this hypothesis. Extracts of materials 
collected on an 8-μm filter that excludes rag-
weed pollen grains induced positive skin test 
results in ragweed-sensitive subjects. Using an 
immunochemical method of identifying atmo-
spheric allergens, Amb a 1 was found to exist 
in ambient air in the absence of ragweed pol-
len grains. Positive bronchial challenge test 
was induced with pollen grains that had been 
fragmented in a ball mill, but was not induced 
by inhalation of whole ragweed pollen grains. 
Exposure of grass pollen grains to water cre-
ates rupture into smaller, respirable size starch 
granules with intact group V allergens, possibly 
explaining the phenomenon of thunderstorm 
asthma during grass pollen seasons. However, 
despite the generally accepted limitations previ-
ously mentioned, examination of tracheobron-
chial aspirates and surgical lung specimens has 

revealed large numbers of whole pollen grains in 
the lower respiratory tract [22, 23].

Another consideration is the rapidity with 
which various allergens are leached out of the 
whole pollen grains. The mucous blanket of the 
respiratory tract has been estimated to transport 
pollens into the gastrointestinal tract in less 
than 10 min. The allergens of grass pollens and 
ragweed Amb a 5 are extracted rapidly from the 
pollen grains in aqueous solutions and can be 
absorbed through the respiratory mucosa before 
the pollen grains are swallowed. But ragweed 
Amb a 1 is extracted slowly, and only a small 
percentage of the total extractable Amb a 1 
is released from the pollen grain in this time 
frame. This observation has not been reconciled 
with the presumed importance of Amb a 1  in 
clinical allergy, but absorption may be more 
rapid in the more alkaline mucus found in aller-
gic rhinitis [24].

1.6	 �Evaluation of Pollen Allergy

Pollens stimulate immunoglobulin E (IgE) anti-
body production in susceptible persons when 
they impact mucous membrane with specific 
allergen, which can result in a reaction between 
the allergen and the fixed IgE antibodies, caus-
ing a release of mast cell mediators of acute 
inflammation leading to clinical allergic disease. 
Allergic rhinitis and asthma are referred to as 
IgE-mediated diseases because total IgE lev-
els are elevated and specific IgE sensitization is 
present. Allergic rhinitis, suggested by a patient’s 
history of symptoms that seemingly follow a sea-
sonal pattern, should not be assumed unless con-
firmed by appropriated laboratory tests.

Laboratory tests for IgE antibodies are of two 
types: direct skin test and the quantitative serum 
test for allergen-specific IgE such as Unicap sys-
tem, RAST (radioallergosorbent test), MAST 
(multiple allergosorbent test). Increased levels of 
a pollen allergen-specific serum IgE are an indi-
cation of sensitization of the pollen. However, as 
with skin tests, the clinical relevance of a positive 
test still needs to be determined. Each attempts 
to diagnose a patients’ sensitization to allergens. 
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Skin testing is done usually by either the prick 
or intradermal technique and has the advantage 
of being relatively inexpensive, easy to perform, 
and is usually sensitive and reliable. Prick test-
ing is the safest of two, but may produce less 
reliable results. Intradermal testing can, on occa-
sion, produce dangerous reactions; false posi-
tive reactions may occur if the antigens are too 
concentrated. Serum testing is costly but is less 
traumatic and may be indicated when patients 
have eczema or other skin problems that would 
adversely affect skin testing in the affected area. 
Perhaps the greatest advantage of skin testing is 
that the results are almost immediately available, 
while serum test results may take a considerable 
length of time to obtain (See Chapter 7.5).

For allergy testing, a good patient history can 
help isolate suspected allergens, but it must be 
as accurate as memory and medical records can 
make it. Because inhalant allergens and their 
numbers can change dramatically from day to 
day, a patient’s faulty memory can send his phy-
sician off on a wild goose chase and prevent 
identification of the offensive allergen and delay 
necessary therapy. It is helpful if patients main-
tain a daily record of overall symptoms index 
along with the symptoms they experienced on 
specific days [25].

1.7	 �Factors Influencing Clinical 
Significance of Pollen

Pollens are typical frequently encountered aero-
allergens. In general, entomophilous (insect-
pollinated) plants produce scant, heavy, or 
sticky pollens that do not become airborne. 
Anemophilous (wind-pollinated) plants rep-
resent only about one-tenth of the more than 
250,000 pollen-producing species. Depending 
on their season, anemophilous spores can reach 
concentrations over 100  grains/m3, can remain 
airborne for days, and can be carried hundreds 
of miles from their point of origin. In contrast to 
entomophilous plants, anemophilous plants pos-
sess large stamens borne on long, well-exposed 
filaments, often organized as catkins. Their 
flowers usually lack color, scent, and nectar and 

release large quantities of pollen in warm, dry 
weather. Particle size is a critical physical attri-
bute of aeroallergens and an important consid-
eration in the pathogenesis of allergic rhinitis, 
asthma, hypersensitivity pneumonitis. Protective 
mechanisms in the nasal mucosa and upper tra-
cheobronchial passages remove larger particles, 
so only those of 5 μm or less reach the alveoli of 
the lungs. Pollen grains range in size from about 
15–75  μm. Thus the conjunctivae and upper 
respiratory tract are exposed to the highest dose 
of aeroallergens [3].
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The Formation of Pollen

Plants propagate through extension via trunk, or 
root shoots, or by seed. Transport of the male gam-
ete, the pollen, to the female gamete, the ovary, 
accomplishes sexual reproduction. Pollen disper-
sal mechanisms may involve the wind (anemoph-
ily) or a vector such as an insect (entomophily). 
Insect-pollinated plants are uncommon inducers 
of seasonal allergic rhinitis, with a few exceptions 
because they are not capable to fly for enough time 
to affect the human in the air with its high molecu-
lar weight. Some plants using both mechanisms, 
but primarily insect-pollinated, produce sufficient 
pollen that becomes airborne (amphiphily) [1].

Pollen itself is not the male gamete [2]. Each 
pollen grain contains vegetative (non-reproductive) 
cells and a generative (reproductive) cell. In flow-
ering plants the vegetative tube cell produces the 
pollen tube, and the generative cell divides to form 
the two sperm cells.

2.1	 �The Production of Pollen

Pollen is produced in the microsporangia in the 
male cone of a conifer or other gymnosperm or 
in the anthers of an angiosperm flower. Pollen 
grains come in a wide variety of shapes, sizes, 
and surface markings characteristic of the spe-
cies. Pollen grains of pines, firs, and spruces are 
winged. The smallest pollen grain, that of the 
forget-me-not (Myosotis spp), is around 6  μm 
(0.006  mm) in diameter. Wind-borne pollen 
grains can be as large as about 90–100 μm [3].

In angiosperms, during flower development 
the anther is composed of a mass of cells that 
appear undifferentiated, except for a partially 
differentiated dermis. As the flower develops, 
four groups of sporogenous cells form within 
the anther. The fertile sporogenous cells are sur-
rounded by layers of sterile cells that grow into 
the wall of the pollen sac. Some of the cells grow 
into nutritive cells that supply nutrition for the 
microspores that form by meiotic division from 
the sporogenous cells.

In a process called microsporogenesis, four 
haploid microspores are produced from each 
diploid sporogenous cell (microsporocyte, pol-
len mother cell or meiocyte), after meiotic 
division. After the formation of the four micro-
spores, which are contained by callose walls, the 
development of the pollen grain walls begins. 
The callose wall is broken down by an enzyme 
called callase and the freed pollen grains grow in 
size and develop their characteristic shape and 
form a resistant outer wall called the exine and 
an inner wall called the intine. Two basic types 
of microsporogenesis are recognized, simultane-
ous and successive. In simultaneous microsporo-
genesis meiotic steps I and II are completed prior 
to cytokinesis, whereas in successive microspo-
rogenesis cytokinesis follows. While there may 
be a continuum with intermediate forms, the 
type of microsporogenesis has systematic sig-
nificance. The predominant form amongst the 
monocots is successive, but there are important 
exceptions [4].

2
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During microgametogenesis, the unicellular 
microspores undergo mitosis and develop into 
mature microgametophytes containing the gam-
etes. In some flowering plants germination of 
the pollen grain may begin even before it leaves 
the microsporangium, with the generative cell 
forming the two sperm cells. Pollen in plants is 
used for transferring haploid male genetic mate-
rial from the anther of a single flower to the 
stigma of another in cross-pollination. In a case 
of self-pollination, this process takes place from 
the anther of a flower to the stigma of the same 
flower. Particle size of aeroallergen is an impor-
tant element of allergic disease.

2.2	 �Pollination

The transfer of pollen grains to the female repro-
ductive structure (pistil in angiosperms) is called 
pollination. This transfer can be mediated by the 
wind, in which case the plant is described as ane-
mophilous (literally wind-loving). Anemophilous 
plants typically produce great quantities of very 
light weight pollen grains, sometimes with air-
sacs. Non-flowering seed plants are characteris-
tically anemophilous. Anemophilous flowering 
plants generally have inconspicuous flowers. 
Entomophilous (literally insect-loving) plants 
produce pollen that is relatively heavy, sticky, 
and protein-rich, for dispersal by insect pollina-
tors attracted to their flowers. Many insects and 
some mites are specialized to feed on pollen, and 
are called palynivores.

In non-flowering seed plants, pollen germi-
nates in the pollen chamber, located beneath the 
micropyle, underneath the integuments of the 
ovule. A pollen tube is produced, which grows 
into the nucellus to provide nutrients for the devel-
oping sperm cells. Sperm cells of Pinophyta and 
Gnetophyta are without flagella, and are carried 
by the pollen tube, while those of Cycadophyta 
and Ginkgophyta have many flagella.

When placed on the stigma of a flowering 
plant, under favorable circumstances, a pollen 
grain puts forth a pollen tube, which grows down 
the tissue of the style to the ovary, and makes its 
way along the placenta, guided by projections or 

hairs, to the micropyle of an ovule. The nucleus 
of the tube cell has meanwhile passed into the 
tube, as does also the generative nucleus, which 
divides to form two sperm cells. The sperm cells 
are carried to their destination in the tip of the 
pollen tube. Double-strand breaks in DNA that 
arise during pollen tube growth appear to be effi-
ciently repaired in the generative cell that carries 
the male genomic information to be passed on to 
the next plant generation [5].

2.3	 �Characteristics of Wind-
Pollinated Plants

Although wind pollination appears to be a sim-
pler process than vector-facilitated pollination, it 
is extravagant in requiring a large amount of pol-
len to ensure successful reproduction. Studies for 
numerous trees and grasses showed that wind-
pollinated plants produce extraordinary amounts 
of pollen. Each catkin may have more than 200 
individual tiny flowers. They reported that a 
single birch catkin produced about 6 million pol-
len grains, and an alder catkin, 4.5 million. An 
English oak catkin released 1.25 million grains. 
Erdtman then tabulated the number of catkins per 
trees and calculated the amount of pollen pro-
duced. A birch tree released more than 5.5 billion 
grains over a single year, alder released 7.2 bil-
lion, and an oak released less at 0.6 billion grains. 
Spruce also produced about 5.5 billion grains in 
a year. Cereal rye grass contained 4.25 million 
pollen grains per inflorescence [1].

Anemophilous characteristics are summa-
rized as (1) incomplete flowers—spatially sepa-
rate male (staminate) and female (pistillate), (2) 
male flowers (stamens) exposed to the wind. (3) 
petals and sepals inconspicuous or absent, (4) 
absent vector attractants such as color, aroma, or 
nectar, (5) pollen grains small, dry, with reduced 
surface ornamentation. Such plants have incom-
plete flowers are found on separate structures. 
The pollen-producing flowers are exposed to the 
wind. On taller plants or trees this occurs on dan-
gling catkins, which as noted are composed of 
hundreds of small individual flowers. On weeds 
or grasses the inflorescences are thrust up into 
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the air on the higher portions of the plant. Female 
flowers may be lower, often at axils of leaves, 
or at stem junctions. Petals and sepals, rather 
than being showy, are insignificant or absent, 
and other attractants such as color, fragrance, or 
nectar are lacking. The pollen grains tend to be 
small and dry, with little surface resin, and with 
reduced ornamentation to minimize turbulence in 
air [1, 6].

2.4	 �Allergens of Pollen

Pollen grains are living male gametophytes of 
plants (gymnosperms and angiosperms). Each 
grain has an internal limiting cellulose mem-
brane, the intine, and a two-layered external 
covering, the exine, composed of a durable sub-
stance called sporopollenin. Sporopollenin is a 
high molecular weight polymer of fatty acids. 
Morphologic studies of pollens using the scan-
ning electron microscope disclose an intricate 
infrastructure. The morphologic structure varies 
in relation to size, number of furrows, form and 
location of pores, thickness of the exine, and other 
features of the cell wall such as spines, reticula-
tions, an operculum in grass pollens, and air-sacs. 
Ragweed pollen is about 20 μm in diameter, tree 
pollens vary from 20 to 60 μm, and grass pollens, 
which are all morphologically similar, are usu-
ally 30–40 μm [1, 7] (see Chapter 4).

Some plants produce prodigious amounts of 
pollen. A single ragweed plant may expel one 
million pollen grains in a single day. Trees may 
release so much pollen that it is visible as a cloud 
and may be scooped up by the handful after set-
tling. The seasonal onset of pollination of cer-
tain plants is determined by the duration of light 
received daily. Pollination occurs earlier in the 
northern latitudes and demonstrates little year-to-
year variation in terms of date.

Most brightly colored flowering plants are 
of little clinical importance in inhalant allergy 
because their pollen generally is carried by 
insects (entomophilous plants) rather than the 
wind (anemophilous plants). Entomophilous 
plants have relatively scant, heavy, and sticky 
pollen. Nevertheless, in isolated cases, the pol-

lens of most entomophilous plants can sensitize 
and then cause symptoms if exposure is suf-
ficient. Of the pollens of anemophilous plants, 
ragweed has a long range, having been detected 
600 miles out at sea. The range of tree pollens 
is much shorter. Thus, an individual living in the 
center of a city is more likely to be affected by 
weed and grass pollens than by trees. Air condi-
tioners significantly reduce indoor particle recov-
ery because windows are shut when they operate 
and they largely exclude outdoor air.

2.4.1	 �Tree Pollen

There seems to be a higher degree of specificity 
to skin testing with individual tree pollen extracts 
compared with grass pollens because pollens of 
individual tree species may contain unique aller-
gens. Despite this observation, several amino 
acid homologies and antigenic cross-reactivities 
have been noted. Most tree pollen characteriza-
tion has been done using birch (Betula verru-
cosa), Japanese cedar (Cryptomeria japonica), 
alder (Alnus glutinosa), hazel (Corylus avellana), 
white oak (Quercus alba), and olive (Olea euro-
paea) allergens (see Table 1.1, Table 5.1).

2.4.1.1	 �Birch
A major birch-pollen allergen, Bet v 1, has been 
isolated by a combination chromatographic tech-
nique. Monoclonal antibodies directed against 
this allergen have simplified the purification pro-
cess [8]. Both amino acid sequence and a cDNA 
clone coding for the Bet v 1 antigen have been 
described [9]. There is considerable (>80%) 
amino acid homology between Bet v 1 and other 
group I tree allergens. Bet v 7 is the birch tree 
allergen that cross-reacts with a low-molecular-
weight apple allergen, a discovery that helps to 
explain the association between birch sensitivity 
and oral apple sensitivity [10]. Further investi-
gations by the same workers extend this cross-
reactivity to include pear, celery, carrot, and 
potato allergens. Most of the 20 patients tested 
had birch-specific serum IgE (anti-Bet v 1 and 
anti-Bet v 2) that cross-reacted to these fruits and 
vegetables. Bet v 2 has been cloned and identi-
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fied as profilin, a compound responsible for actin 
polymerization in eukaryotes. There is approxi-
mately 33% amino acid homology between the 
human and birch profilin molecules [59].

Bet v 3 and Bet v 4 have both been cloned and 
further described as calcium binding molecules 
[11, 12]. Recombinant Bet v 5 appears to have 
sequence homology with isoflavone reductase, but 
the biochemical function remains unknown [13]. 
Bet v 7 is the most recent to be cloned. It reacts 
with IgE from 20% of birch allergic patients and 
has been identified as a cyclophilin [14].

2.4.1.2	 �Japanese Cedar
A major allergen has been isolated from the 
Japanese cedar, which contributes the most impor-
tant group of pollens causing allergy in Japan. 
This allergen, designated Cry j 1, was initially 
separated by a combination of chromatographic 
techniques. Four subfractions were found to be 
antigenically and allergenically identical [15]. 
There is some amino acid homology between Cry 
j 1 and Amb a 1 and 2, but the significance of this 
is unclear. A second Japanese cedar allergen, Cry 
j 2, also has been described [16]. Allergens from 
mountain cedar (Juniperus ashei) are important 
in the United States. The major allergen, Jun a 
1, has a 96% homology with Cry j 1 and with 
Japanese cypress (Chamaecyparis obtusa) [17]. 
Olive tree pollen is an important allergen in the 
Mediterranean and California. Ole e 1 through 
Ole e 7 have all been described [18].

2.4.1.3	 �Alder
More than 30 allergens have been detected in 
Alnus pollen, mainly from analysis of A. glu-
tinosa [19–22]. No allergens have been charac-
terized from grey alder tree (A. incana), but the 
following allergens have been characterized from 
A. glutinosa [23].

2.4.1.4	 �Oak
White oak pollen contains multiple proteins 
that are potentially allergenic [24]. Que a 1 was 
purified from Oak pollen extract and evaluated 
in 16 subjects sensitized to Oak pollen. Que a 1 
showed a 58–74% sequence identity with other 
pathogenesis-related class 10 allergens. All 

subjects were sensitized to Que a 1 and Bet v 1, 
and 2 to profiling [25].

2.4.2	 �Grass Pollen

Grass pollen sensitivity may be the most com-
mon cause of allergic disease in the world. This 
is because of the wide distribution of wind-
pollinated grasses. Important grass species 
involved in allergic reactions are Lolium perenne 
(ryegrass), Phleum pratense (timothy), Poa pra-
tensis (June grass, Kentucky bluegrass), Festuca 
pratensis (meadow fescue), Dactylis glomerata 
(cocksfoot, orchard grass), Agrotis tenuis (red-
top), An- thoxanthum odoratum (sweet ver-
nal), Sorghum halepense (Johnson grass), and 
Cynodon dactylon (Bermuda grass). The last two 
are subtropical grasses, whereas the others are 
temperate grasses (see Table 1.1, Table 5.1).

Grass pollens differ from ragweed pollen in 
their allergenic and antigenic properties, and offer 
additional immunologic perspectives because of 
their extensive cross-reactivity. In addition, in 
contrast to ragweed, grasses typically release 
their pollen grains in the afternoon. Among the 
grasses, ryegrass and timothy have been most 
extensively studied [26, 27].

Examination of a number of allergenic grass 
pollen extracts by immunochemical methods has 
disclosed between 20 and 40 different antigens. 
Further analysis of these components has shown 
that some are more able than others to bind IgE 
from the serum of allergic patients or to produce 
positive skin test results. Some of these are major 
allergens in that they produce skin test reactiv-
ity or demonstrate IgE binding in more than 50% 
of grass-sensitive patients. Several grass pollen 
allergens have been isolated and categorized into 
eight groups based on chemical and immuno-
logic characteristics. They are as follows: I, II, 
III, IV, IX (V), X, XI, and the profilins. Within 
each group, several individual allergens have 
been identified that are similar immunochemi-
cally and are extensively cross-reactive.

The group I allergens are located in the outer 
wall and cytoplasm of the pollen grains, as well as 
around the starch granules [28]. These small gran-
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ules are readily released on contact with water. 
Two representative members of the group I grass 
allergens are Lol p 1 (ryegrass) and Phi p 1 (timo-
thy). Despite the fact that both of these allergens 
have been sequenced and cloned, their biochemi-
cal identity is not known with certainty. Studies of 
group I allergens isolated with antibody against 
Lol p 1 suggest that the group I antigens may act 
as cell wall-loosening agents [29]. High cross-
reactivity between the group I allergens from 
different grass species has been observed, includ-
ing similarities in IgE RAST inhibition, crossed 
immunoelectrophoresis (CIE), and monoclonal 
antibody mapping. Indeed, amino acid sequences 
document homologies among these group I mem-
bers. Other studied group I members include Poa 
p  1 (Kentucky bluegrass), Cyn d 1 (Bermuda), 
Dac g 1 (orchard), and Sor h 1 (Johnson). The 
group I allergens are of major importance in that 
by skin testing and histamine release, 90–95% of 
grass pollen-allergic patients react on testing [30–
34]. Groups II and III show significant but lesser 
degrees of reaction, varying between 60 and 70% 
of patients [35].

There is a relative paucity of data regarding 
the group II, III, and IV grass allergens. Group 
II allergens include Lol p2, a ryegrass allergen 
that has been cloned and expressed as a recom-
binant molecule in a bacterial vector. Forty-five 
percent of ryegrass-allergic patients react to this 
allergen. Profilin, a compound involved in actin 
polymerization, has been described as a compo-
nent of several tree pollens [36]. It is allergenic 
and also has been found to be a minor allergen in 
the grass allergen group II family, in addition to 
several weed species.

Lol p 3 and Dac g 3 have both been sequenced 
and cloned. Despite 84% identity, the predicted 
secondary structures suggest they may not be 
cross-reactive [37]. Group IV allergen from tim-
othy grass has been characterized and found to 
have a significant cross-reactivity with Amb a 1 
[38]. Only about 20% of grass pollen sensitive 
patients appear to be skin test reactive to these 
allergens.

Groups IX are a heterogeneous group of pro-
teins. Group IX allergens from Kentucky blue-
grass, ryegrass, and timothy grass all have been 

sequenced and cloned. Analysis of the cloned 
Kentucky bluegrass allergen, Poa p  9, has sug-
gested the existence of a family of related genes. 
When compared with the ryegrass allergen, Lol 
p  9, a. 44% homology is seen [39]. No other 
members of group IX show this level of homol-
ogy. Among the group V allergens, the most 
work has been done with the timothy grass 
allergens Phi p 5a and Phi p 5b. These allergens 
have been cloned and identified as novel pollen 
RNAses, which may play a role in host–pathogen 
interactions in the mature plant [40]. Other group 
V allergens have been isolated from a number of 
temperate grasses, including Dactylis glomerata 
(orchard grass). The Dac g 5b allergen also has 
been cloned and coded for a fusion protein that 
was recognized by IgE antibodies in six of eight 
samples of atopic sera tested. This suggests that 
Dac g 5b may be a major allergen, but it has not 
been completely characterized [41].

The most recent major grass pollen to be 
identified, Lol p 11, appears to be a member of 
a novel allergen family. No sequence homology 
with known grass pollen allergens was found, 
but it does have 32% homology with soybean 
trypsin inhibitor [42]. This allergen reacted with 
IgE from over 65% of grass pollen positive sera 
tested. Lol p 11 appears to share some sequences 
with allergens from olive pollen, as well as 
tomato pollen. The cDNA of Cyn d 7 also has 
been cloned recently and has two calcium bind-
ing sites. Depletion of calcium causes a loss of 
IgE reactivity [43]. The cDNA cloning of mul-
tiple grass allergens has some potential diagnos-
tic applications. A strategy to take advantage of 
the extensive crossreactivity between species 
using recombinant allergens has been studied. 
A mixture of Phi p 1, Phi p 2, Phi p 5, and Bet 
v 2 (birch profilin) accounted for 59% of grass-
specific IgE. A study of purified Lol p 1 and Lol 
p 5 versus recombinant Phi p 1 and Phi p 5 was 
performed on RAST-positive patients. The Lol p 
extracts reacted with 80% of the IgE, whereas the 
recombinant Phi p reacted with 57% of the IgE 
[44]. One of the most innovative applications of 
DNA technology has been the development of 
rye grass plants with downregulation of the Lol 
p 5 gene. This transgenic ryegrass pollen main-
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tained its fertility, but had a significant decrease 
in its IgE-binding capacity compared with nor-
mal pollen. This creates the possibility of genetic 
engineering of less allergenic grasses [45, 46].

2.4.3	 �Weed Pollen

2.4.3.1	 �Ragweed
All of the peptides and proteins in pollen extracts 
can elicit the formation of lgG antibodies in ani-
mals. Therefore, they are antigens. Only some of 
these antigens, however, are allergens. Crossed 
immune-electrophoresis shows that short rag-
weed pollen extract contains at least 52 antigens 
as recognized by the rabbit antisera, but only 22 
of these are allergens, as shown by their binding 
of specific IgE from the sera of ragweed-sensitive 
allergic individuals. Use of sophisticated bio-
chemical methods has resulted in the isolation 
of ragweed fractions of up to 300 times the 
potency of crude ragweed extracts, as measured 
by the ability to induce positive skin test results 
in appropriate subjects and the ability to cause 
histamine release from their peripheral blood leu-
kocytes in vitro [47].

Several investigators have studied purified 
ragweed antigens. The early works of King and 
Norman aid the foundation for the purification 
and analysis of allergens [47, 48]. Two major 
allergens, Amb a 1 (antigen E) and Amb a 2 (anti-
gen K), were isolated by gel filtration and ion 
exchange chromatography. These have certain 
immunologic and chemical properties in com-
mon, but differ in molecular weight and biologic 
activity [49]. Recently, sophisticated molecu-
lar biology techniques have enabled workers to 
isolate and clone DNA sequences (cDNA) for 
many other ragweed allergens. This has allowed 
comparisons of DNA sequences. DNA sequences 
showing similarity (homology) are likely to cor-
respond to proteins with similar function and 
structural antigenicity. In addition to the two 
major ragweed allergens, eight intermediate or 
minor allergens have been isolated. These are 
Amb a 3 through Amb a 7 and cystatin.

Amb a 1 is a protein contained primar-
ily in the intine of the pollen grain. It accounts 

for about 6% of the total protein of whole rag-
weed extract. Quantitative studies of ragweed-
sensitive patients with Amb a 1 have shown a 
positive correlation with skin test reactivity and 
leukocyte histamine release, but no correlation 
with protein-nitrogen content in six commercial 
preparations of ragweed extract [50]. Techniques 
are available, however, such as radial immuno-
diffusion, that allow direct quantitation of Amb 
a 1  in allergenic extracts, and, by use of RAST 
inhibition, the potency of ragweed allergenic 
extracts can be assessed. The U.S.  Food and 
Drug Administration (FDA) require that ragweed 
allergenic extracts be labeled with their Amb a 1 
content.

Amb a 1 consists of two fragments, named A 
and B. These fragments are not bound covalently 
and are dissociated readily, which results in a sig-
nificant loss of allergenic activity. Recombination 
of these polypeptide chains does not restore 
allergenic activity, presumably because the ste-
ric conformation is not readily restored. Amb a 1 
is resistant to enzymatic degradation, suggesting 
that readily accessible amino or carboxyl groups 
are not the principal immunologic determinants. 
Interestingly, tenfold more Amb a 1 is extract-
able in vitro at the pH of nasal secretions from 
patients with allergic rhinitis (pH 7–8), than at 
the pH of nasal secretions from nonatopic indi-
viduals (pH 6.3). Four isoallergenic variants have 
been demonstrated for Amb a 1, both by physio-
chemical studies and recent cDNA analyses [47]. 
Isoallergens have the same immunologic proper-
ties and similar chemical structures, but differ in 
some way such as isoelectric point, carbohydrate 
content, or amino acid composition [47–50].

The amount of Amb a 1 produced by an indi-
vidual ragweed plant appears to be determined 
genetically. There is considerable variation in 
the amount extractable by standard methods 
from pollen from plants grown under identical 
conditions (59–468/μg/mL) [51]. Amb a 2 con-
stitutes about 3% of extractable ragweed pollen 
protein. Approximately 90–95% of ragweed-
sensitive subjects show skin reactivity to this 
antigen. Amb a 2 may cross-react slightly with 
Amb a 1, finding reinforced by a 68% sequence 
homology at a DNA level [52].
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Amb a 4 (Ra 4), Amb a 5 (Ra 5), Amb a 6 
(Ra 6), Amb a 7 (Ra 7), and cystatin have been 
identified [53–58]. These low-molecular-weight 
fractions are rapidly extractable (<10 min) from 
pollen and have basic isoelectric points in contrast 
to Amb a 1 [60]. Amb a 3 has high carbohydrate 
content, making it similar to certain grass pollen 
antigens. It consists of a single peptide chain of 
102 amino acids. Two variants of Amb a 3 dif-
fering by a single amino acid residue have been 
described; however, this difference does not alter 
the allergenic specificity [61]. This gene has not 
been cloned. Amb a 5 consists of a single poly-
peptide chain whose 45 amino acids have been 
sequenced. The two isoallergenic forms differ at 
the second position by the substitution of leucine 
for valine in about 25% of samples. The frequency 
of positive skin test results to these antigens in 
ragweed-sensitive subjects demonstrates that 
approximately 90–95% react to Amb a 1 and Amb 
a 2, 20–25% react to Amb a 3 and Amb a 6, and 
about 10% to Amb a 5. The frequency of reaction 
to Amb a 4 is not known. A small fraction (10%) 
of ragweed-sensitive patients is more sensitive to 
Amb a 3 and 5 than to Amb a 1. Amb a 6 and 
Amb a 7 show sequence homology to other plant 
proteins involved in lipid metabolism and elec-
tron transport, respectively [57, 61]. Cystatin, the 
most recent ragweed allergen to be cloned, shows 
homology to a family of cysteine protease inhibi-
tors found in other plants [58].

These various allergens have made it pos-
sible to study genetic responses in the ragweed-
sensitive population. A complex antigen such as 
Amb a 1 appears unrelated to total serum IgE or 
to any specific HLA phenotype, whereas subjects 
who respond to the lower molecular weight aller-
gens such as Amb a 3 have elevated total serum 
IgE levels [62]. Response to Amb a 5 requires 
an immune response (Ir) gene usually associated 
with HLA DW2. Sensitivity to Amb a 3 has been 
associated with increased frequency of the HLA-
A2 and HLA-B12 phenotype. When a group of 
highly pollen sensitive patients were allergic skin 
prick tested with individual purified ragweed and 
ryegrass allergens, each patient reacted in a dis-
tinctive pattern. This pattern was undoubtedly 
genetically programmed [55].

In addition to the short ragweed allergens 
just described, an allergen from giant ragweed 
(A. trifida), Amb t V (Ra 5G), has been identi-
fied [63]. Other allergens that cause allergic rhi-
nitis have been purified from additional weeds. 
These include Sal p 1 from S. pestifer (Russian 
thistle), [64] Par j 1 and Par j 2 from Parietaria 
judaica pollen (Coccharia), [65, 66] and Par o 1 
from Parietaria officinalis [67]. The cDNA for 
Par j 1 and Par o 1 also have been described [68, 
69, 70]. 

2.4.3.2	 �Mugwort
Art v 1 abd Art v 2 from A vulgaris (mugwort) 
also have been purified. Mugwort has shown 
significant cross-reactivity with ragweed, includ-
ing Art v l and recombinant Bet v 1 [71, 72]. 
Approximately 79–95% of Mugwort-allergic 
patients are sensitized to Art v 1 [73–75]. In 
contrast to other common pollen allergens that 
contain multiple T-cell epitopes, Art v 1 contains 
only 1 immunodominant T-cell epitope [74, 76].

Earlier studies reported on the IgE-binding 
capacity of an allergen of 60  kDa [77] and a 
47  kDa protein that was able to elicit positive 
skin specific responses in 70% of the Mugwort-
allergic individuals [78]. Both were termed Art 
v 1 at one stage. These 2 proteins are no longer 
designated Art v 1 according to the rules of the 
IUIS allergen nomenclature subcommittee [79].

Art v 2 was shown to be antigenically identi-
cal with the allergen formerly isolated by Nilsen 
et  al. and denoted Ag7 [80]. In addition to the 
characterized allergens, Mugwort has been shown 
to contain many other allergens that will require 
further elaboration. Caballero et al. demonstrated 
that Mugwort pollen contained 9 allergens rang-
ing from <16–65 kDa in size [81].

2.4.3.3	 �Japanese Hop
Proteins of 10, 16, 20, 29, and 42 kDa have been 
isolated from Humulus japonicus in immunob-
lot analysis. In sera of H. japonicus-reactive 
patients, a protein of 10 kDa was the most preva-
lent allergen isolated, occurring in 72% of sera 
and therefore being classed as a major allergen 
[82]. An earlier study reported isolating 12 IgE-
binding components ranging from 13 to 89 kDa. 
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Three protein bands of 13, 74, and 80 kDa were 
isolated and bound to serum IgE of more than 
50% of patients allergic to this pollen [83].

2.4.3.4	 �English Plantain
Pla I 1 occurs as 16–20  kDa isoforms. Pla I 1 
shares a partial sequence identity with Ole e 1. 
The prevalence of specific IgE to purified Pla I 
1  in Plantain-allergic patients was demonstrated 
to be 86%, and this represents about 80% of the 
total allergen-specific IgE-binding capacity of the 
Plantain extract [84]. However, although Pla I 1 is 
an Ole e 1-related protein (olive tree pollen), this 
similarity appears to have little clinical relevance 
[85]. In a Spanish study of 179 pollen-sensitized 
patients who underwent skin prick testing with pol-
len extract and allergen-specific IgE determination 
against different allergens, 94 (53%) were sensi-
tized to P. lanceolata and 8 (5%) to Pla I 1 [86].
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Pollen Collection and Counting

Air sampling has been used since the nineteenth 
century to examine the bioaerosol composition of 
the atmosphere. The early history of aerobiology 
and the development of air samplers have been 
thoroughly reviewed in several publications [1–
5]. Allergists have used aeroallergen information 
to aid in the diagnosis and treatment of patients 
and to determine pollen calendars for their geo-
graphic areas. The air sampling data have also 
been used in the medical community to determine 
the effects of allergen exposure on patient symp-
toms and to evaluate clinical trials. Airborne par-
ticles can be collected passively by gravity as well 
as with specific instruments that actively sample 
the atmosphere through impaction, impingement, 
filtration, or other methods that provide volumet-
ric samples (Table 3.1) [2, 6–11].

Identification of specific pollens is most desir-
able as all inhalant allergens contributing to 
symptoms should be included in the injection 
mixture. More precise identification of specific 
pollens may also bring light to previously 
unknown allergens of importance.

3.1	 �Purpose of Standardized Air 
Sampling

Air sampling is used routinely to monitor 
airborne particles, biological pollutants, and 
aeroallergens. Standard methods or procedures 
adopted for monitoring viable and non-viable 
airborne particles of biological origin provide 

a means to evaluate and compare data gener-
ated from any part of the world.

3.2	 �Samplers

Airborne particles can be collected passively by 
gravity as well as with specific instruments that 
actively sample the atmosphere through impaction, 
impingement, filtration, or other methods that pro-
vide volumetric samples. The presence or absence 
of pollens in ambient air can be determined quite 
easily by a variety of air sampling methods. Passive 
gravity slides, rotary samplers, suction-type such 
as Burkard sampler and other devices can be used 
for this purpose. The devices used most are exposed 
gravity slides and the rotary samplers with the 
Rotorod being far and away. The suction type sam-
plers, however, are the most efficient and produce 
counts three to ten times those reported from grav-
ity slides or rotary samplers. Suction-type samplers 
draw air through a narrow slit approximately 3/4 in. 
in length that directs it onto a greased laboratory 
slide, sticky tape, or some other collection medium, 
at high velocity [1, 3, 12].

The major types of sampling devices used for 
outdoor monitoring of airborne particles and 
aeroallergens are:

	1.	 Passive gravity slides
	2.	 Rotary-impact
	3.	 Slit suction type-volumetric spore traps (peri-

odic or constant)

3

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-5499-0_3&domain=pdf


22

3.2.1	 �Passive Gravity Slides

The simplest, least expensive, but least accurate 
method of collecting airborne biological samples 
is through the use of gravity. Passive gravity 
slides are the most elementary aeroallergen col-
lectors, for they are totally reliant upon the wind 
and gravity to deliver airborne objects to the col-
lecting surface. An agar plate, exposed to ambi-
ent air for a short period of time, is a passive 
collector. The most commonly used passive col-
lector is a greased laboratory slide placed unpro-
tected, in an exposed position, and when clipped 
to the floor of a gazebo-like structure called a 

Durham sampler, it is better protected against 
loss of samples to the elements [8, 9].

Exposed laboratory slides, dependent as they 
are upon airborne objects being delivered by 
gravity, should not be used for serious research, 
or for any purpose requiring reasonably accu-
rate counts, or a thorough sampling of what is in 
the air.

The distribution of objects collected on a 
greased slide often bears little or no resemblance 
to that in the ambient air. Although many objects 
may strike the surface of a slide, a large number 
of them fail to adhere, and this loss of objects 
increases with wind speed. The amount of air to 
which the slide has been exposed cannot be 
determined, which makes it impossible to con-
vert the already inaccurate counts to what would 
become even less accurate volumetric counts.

Discrepancies in the numbers of objects col-
lected by exposed greased slides, as opposed to 
those collected by mechanical samplers, may 
vary as much as 1,000 times with the mechani-
cal samplers consistently producing much 
higher counts. Although the exposed slide offers 
the advantage of simplicity and ease of han-
dling, the advantages do not seem to justify the 
introduction of grossly inaccurate data into a 
clinical setting [15].

3.2.2	 �Rotary Impact

The most widely used mechanical samplers are 
the rotary impaction devices, such as Rotoslide 
and Rotorod, with the latter far in the lead in the 
numbers sold. The first rotating impactor of this 
type was developed in the 1950s, and within the 
next decade various modifications of this instru-
ment were developed. These samplers contained 
a small battery-driven motor that rotated the sam-
pling head at 2,400  rpm; airborne particles are 
collected by adhesive-coated rods, bars, slides, or 
tape attached to the rotating component. On cur-
rent and previous models, sampling rate is 
approximately 120  L of air per minute. As a 
result, these samplers are volumetric, and the 
average atmospheric concentration of the pollen 
and spores can be determined [5].

Table 3.1  Types of aeroallergen samplers

Type Example(s) Comments

Gravimetric No longer adequate for 
research
Smaller particles 
underrepresented

Durham Particles/surface area 
(p/cm2)

Petrie dish Colonies/plate

Volumetric Particles/volume air 
(p/m3)

Impaction

  Intermittent 
rotary

Rotorod Overloads with 
continuous sampling
Poor capture efficiency 
for particles ≤5 μm

  Suction 
drum

Burkard 
Hirst-type 
trap
Lanzoni 
Hirst-type 
trap

Needs wind orientation
Better capture 
efficiency for particles 
≤5 μm
Capable of either 24-h 
or weekly sampling

  Suction 
slide

Personal 
Burkard 
sampler

Individual point 
exposure

Filtration

  
High-
volume

Accu-vol
Air-sentinel

Continuous high-
volume sampling
Microscopic and/or 
immunoassay

  Automatic 
counters

KH3000 Misidentification of 
snow and sleet particles

Kowa High maintenance

Shinyei 
NTT

Threshold minimal 
measurable 
concentration: 
~50 grains/m3

3  Pollen Collection and Counting
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The samplers can be run continuously for 
short periods of time or intermittently for longer 
periods. The Rotorod samplers that are currently 
available are intermittent samplers usually run 
for 30–60  s out of every 10  min (5–10% sam-
pling time). Airborne particulates are collected 
onto two small plastic retractable “I” rods; the 
exposed area of each rod is 1.52 × 23 mm. When 
the instrument cycles on, the rods drop down as 
the arm begins rotating. The leading edge of the 
rods is coated with an adhesive, usually silicon 
grease. The rods are changed each day, placed in 
a specially designed plastic microscope slide 
with grooves to hold the rods, and stained with 
Calberla’s stain. The rods are then examined with 
a compound microscope for pollen and spore 
identification and enumeration. This sampler is 
easy to use and is relatively efficient for pollen 
and large fungal spores. Unfortunately, sampler 
efficiency drops for particles below 10 μm. Also, 
sampler efficiency decreases over time, with 
increasing numbers of particles, causing over-
loading of the exposed side of the rods. For areas 
where high concentrations of pollen are common, 
5% sampling times, or even less, should be used 
to avoid overload [16].

Advantages

	1.	 Unattended operation
	2.	 Reliability of equipment
	3.	 Easily obtained supplies and repairs

Disadvantages

	1.	 Counts cannot be converted to accurate volu-
metric counts.

	2.	 Preparing slides or rods for inspection pro-
vides some problems, especially for those 
lacking finger dexterity.

	3.	 Wind orientation occurs at only one compass 
point per rotation.

	4.	 Turbulence, created by the rapid rotation of 
the holding devices and slides or rods, may 
result in air being sampled more than once.

	5.	 Because samples are laid down on top of each 
other, it is not possible to determine at what 
time a particular plant began and/or ended its 
pollination period, nor is it possible to deter-

mine at what times counts were high, medium, 
low, or zero.

	6.	 Satisfactory reference material cannot be pre-
pared with Rotoslides or Rotorods, as infiltra-
tion of air into the sample may begin very 
quickly once the slide or rod is prepared for 
inspection. Efforts to clear the air bubbles 
may result in a considerable loss of sample, as 
may efforts to transfer the sample to another 
slide or from rod to slide.

3.2.3	 �Slit Suction Type-Volumetric 
Spore Traps (Periodic or 
Constant)

The Burkard 7-Day Volumetric Spore Trap is 
most commonly used among them recently. Wind 
vane maintains reasonable wind orientation. 
Samples are collected on sticky tape, which must 
be transferred to a laboratory slide. It operates on 
the principle of “impaction through suction” with 
2-mm clockwise movement of the drum each 
hour. It provides data for both pollen and spores 
in a given amount of air from an hour to any 
numbers of days, months, or years. The Burkard 
Volumetric 7-Day Sampler with the Burkard 
Personal Sampler (viable mode) is considered by 
the group to provide the optimal combination in 
comparison to various other non-viable and via-
ble techniques for sampling of pollens. In addi-
tion to easy handling, prolonged sampling, robust 
machines, etc., they can provide data each hour 
for calculating particle concentration per cubic 
meter. Maximum hourly concentrations and sea-
sonal and diurnal periodicities can also be 
determined.

3.2.4	 �Burkard 7-Day Recording 
Volumetric Spore Trap

The Burkard Volumetric Spore Trap is a com-
mon and efficient instrument for outdoor air sam-
pling that is a standard of reference throughout 
the world [13, 14] (Fig 3.1). The Burkard spore 
trap (Burkard, Hertfordshire, England) is a suc-
tion slit impactor used for pollen and spore sam-

3.2  Samplers
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pling. The first sampler of this type was designed 
by Hirst in 1952 [17]. The American Academy 
of Allergy, Asthma and Immunology certifica-
tion is given to data collected using a Burkard 
Trap. The Burkard sampler contains a drum 
that is turned by a precision clock mechanism 
(Figs.  3.2a and 3.3). Adhesive-coated transpar-
ent plastic tape (Melinex) is secured around the 
drum with double-sided adhesive tape (Fig 3.2b). 
A vacuum pump (available in models that can 
be used with most voltages, 110/240 V and fre-

quencies) draws 10 L/min of air, pulling airborne 
spores and pollen into the sampler through an ori-
fice, where they impact and stick to the Melinex. 
In the Burkard spore trap, air is drawn into the 
14  ×  2  mm orifice at 10  L/min, and airborne 
particles with sufficient inertia are impacted on 
either tape or a microscope slide beneath the 
orifice. The impaction surface moves past the 
orifice at 2  mm/h, permitting time-discriminate 
sampling. A wind vane is attached to the sampler 
head, which is able to rotate. This ensures that the 

rain shield

intake orifice

pump

pin

locking arm

wind vane

Fig. 3.1  Burkard 
volumetric spore trap

a b

Fig. 3.2  Burkard volumetric spore trap: (a) drum change, (b) adhesive coated transparent plastic tape on drum
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orifice is always oriented into the wind. The stan-
dard orifice on the Burkard sampler is efficient 
for particles down to 3.7 μm; this means that all 
but the smallest spores will be efficiently trapped. 
An interchangeable orifice is available from the 
manufacturer for increasing trapping efficiencies 
for spores as small as 1 μm. The alternative ori-
fice is 14 × 2 mm at the intake but tapers down to 
14 × 0.5 mm. Two sampling lids are available for 
the Burkard spore trap: the standard 7-day lid and 
an alternate 24-h lid.

The principal advantage of the Burkard sam-
pler is its ability to record continuously for up 
to 7 days and 4 h. It can be converted to 24 h 
sampling by exchanging the drum to a slide-
holding mechanism, and other models are avail-
able that allow for non-viable (slide mode) and 
viable sampling for 10–15 min. The instrument 
is reliable, lightweight, readily portable, pro-
tected from the weather and simple to operate 
(Fig. 3.1).

3.2.5	 �Personal Volumetric Air 
Sampler (Slide Mode 
for Non-Viable Particles)

Personal samplers are used to determine more 
precise levels of exposure to aeroallergens or 
other airborne particles. The Burkard Personal 
Volumetric Air Sampler is designed for short-
term sampling for collecting airborne particles 
directly onto glass slides. It has options for indoor 
and outdoor sampling. The instrument is essen-
tially intended for use in a domestic or confined 
area particularly where no power supplies are 
available. This is not used for sampling in the 
field during inclement weather conditions, which 
would destroy the unit. The orifice is mounted 
vertically and works on the same principle as the 
Burkard Volumetric Air sampler (culture mode), 
operating at a nominal air throughput of 10-L/
min. Changing the glass slide is quick and simple 
through the knurled upper ring, which can be 

Green line is at the
beginning of day one

The line is at the
end of the week

Line up the red line on
the drum with the metal arrow

Handle the drum
only by the knurled rim

Fig. 3.3  Burkard volumetric spore trap’s drum

3.2  Samplers



26

rotated to the “open” position marked by the 
alignment of red dots. Standard 76  ×  26-mm 
(3 × 1 in.) glass slides can be accommodated. The 
base of the device bears an “on-off’ switch and 
interval timer enabling operation time to be set to 
1–9 min. When the selector is set to “0” the tur-
bine runs continuously [18, 19, 20].

3.3	 �Operation

3.3.1	 �Burkard 7-Day Recording 
Volumetric Trap

The Burkard 7-Day Recording Volumetric Spore 
Trap is used to monitor and analyze the biologi-
cal particles present in the air. Its effective use 
involves selecting the appropriate site, time, 
adhesives, mountants and stains, preparing the 
drums, setting the sampling and flow rate, cutting 
the tape, mounting and preparing the slides, 
microscopy, counting of particles, identification 
of particles and calculating the concentrations of 
airborne biological particles.

3.3.1.1	 �Location and Height
The location of the sampler can directly influence 
the results obtained. Care must be taken to evalu-
ate the proper location for the sampler including 
vertical distance because pollen and spore con-
centrations vary with height in the atmosphere as 
well as with geographic location. For aerobio-
logical reporting, a flat rooftop at a height above 
local treetops and far away from any rooftop 
obstructions would be optimal. However, too 
high an elevation will yield a high proportion of 
tree pollen. If sampling at ground level, raising 
the trap to 1.5 m is desirable because air spora 
from immediate (within 5–10  m) sources pre-
dominate when the trap is too close to the ground 
(Fig. 3.1).

3.3.1.2	 �Desired Sampling Period
If a complete record of all pollen and spore taxa 
is desired, then consider year-round sampling. 
To detect any particular airborne pollen, start 
sampling at least one month prior to the usual 
start of the pollen season. Seasonal and diurnal 

periodicities are best determined using data over 
at least 12 months and one year of data for any 
site is more desirable than data from isolated 
months. Obtaining seasonal and circadian peri-
odicities is imperative for determining the sea-
sonal flora of the site. This may then be used for 
symptoms correlation as well as in the prepara-
tion of pollen and spore calendars for avoidance 
and prevention.

3.3.1.3	 �Adhesives
Many adhesives have been used in aerobiological 
sampling with varying success. Important con-
siderations are thermal stability, hygroscopicity, 
and compatibility with the mountant. Some adhe-
sives that we recommend are:

Lubriseal stopcock grease: melting point 
52°C.

Vaseline or other brand of white petroleum 
jelly

Vaseline & wax: 18 g Vaseline with 2 g white 
paraffin wax: Melt wax and Vaseline and com-
bine. Mix thoroughly and let cool. Mix thor-
oughly again before each application onto tape.

Melting of Vaseline Adhesive
If high temperatures cause the Vaseline adhesive 
to melt, we recommend that either a higher-
melting-point paraffin wax be incorporated or 
that silicone grease be used instead of Vaseline.

Prevention of Germination
This can be prevented by incorporating a trace of 
0.1% tecnazene (4-chloro nitrobenzene) into the 
adhesive mixture.

3.3.1.4	 �Mountants
Gelvatol is a soluble plastic available from 
Burkard Manufacturing Co., Ltd., Rickmansworth, 
Hertfordshire, England.

A suitable mixture (suggested by Burkard) is:

•	 35 g Gelvatol (grade 40–20)
•	 100 mL distilled water
•	 50  mL glycerol (also known as glycerol) or 

40 mL lactic acid
•	 2 g phenol (phenol is toxic and should be han-

dled carefully using gloves).
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Gelvatol is a soluble plastic available from 
Burkard Manufacturing Co., Ltd. (Rickmansworth, 
Hertfordshire, England). Add the Gelvatol to the 
water and let stand overnight. Then add the glyc-
erol or lactic acid and warm the solution slightly. 
Add the phenol and let it stand. In order to identify 
pollen, one can add a few drops of concentrated 
solution of basic fuchsin (see Sect. 3.5 below) 
or safranin which stains all pollen pink without 
changing the natural colors of spores.

Glycerine Jelly

•	 20 g gelatin
•	 70 mL water
•	 60 mL glycerin (also known as glycerol)
•	 2.4  g phenol (phenol is toxic and should be 

handled carefully using gloves)

Boil water. Measure 70 mL and add to gelatin. 
Boil again and mix. Add glycerin and phenol and 
mix. Add a small amount of stain and mix again.

3.3.1.5	 �Preparing the Drum
Place the drum on the tape-mounting stand and 
clean the sampling surface (ethanol works well) 
by adjusting the brass locking nut so that the 
drum can be revolved. Place a piece of the 
double-sided adhesive tape (for example, 3M 
Scotch Double Stick Tape) on the sampling sur-
face centered between the black notches on the 
side of the drum. Cut the correct length of 
Melinex tape (345 mm) and wind the tape around 
the drum tightly by rotating the drum and apply-
ing resistance on the tape such that the joint coin-
cides with the black mark “B”. The two ends of 
the Melinex tape should just touch with a mini-
mum of overlap. Apply a thin film of adhesive 
mixture to the tape by rotating the drum (Fig. 3.2).

3.3.1.6	 �Changing the Drum
Hold the drum by the knurled flange, position the 
drum on the spindle and push the drum over the 
clock housing. Rotate the drum until the red mark 
coincides with the pointer located under the top 
of the unit. Tighten the brass locking nut with the 
drum in this position. The green mark now indi-
cates where the center of the orifice will be 
located when the trap is re-assembled. If the 

clock is fully wound and correctly adjusted after 
168 h (24 × 7 days), the drum will have revolved 
to bring the black mark “A” into the center of the 
orifice (Fig. 3.3).

Now follow this checklist:

	 1.	 Stop the trap from rotating with restraining 
pin on the chain.

	 2.	 Unbolt the swinging arm restrainer on top of 
the drum and swing it open.

	 3.	 Remove the drum holder.
	 4.	 If the drum has not rotated to bring the red 

mark opposite to the point again, mark the 
point position on the drum with a pencil.

	 5.	 Record the time of removal as “OFF time.”
	 6.	 Unscrew the drum, keeping your fingers 

away from the sticky tape. Place the drum 
immediately into the drum canister and 
screw on the lid of the canister.

	 7.	 Place a new drum onto the spindle of the 
drum carrier so that the red mark is opposite 
to the pointer. Avoid touching the tape with 
your fingers.

	 8.	 Tighten the bolt to hold the drum.
	 9.	 Wind up the clockwork mechanism with 

the key.
	10.	 Replace the drum carrier into the spore trap 

and return the restraining arm to the locked 
position.

	11.	 Check the airflow.
	12.	 Apply the suction cap of a flow meter to the 

air intake. The top of the red spindle should 
be between 9 and 11  m. If it is above or 
below those lines, remove the drum and open 
or close the screw thread at the base of the 
trap to adjust the flow rate. Replace the drum 
and recheck.

	13.	 Remove the restraining pin on the chain to 
allow the trap to rotate freely. Record the 
time as “ON time.”

	14.	 Record the time and date of the drum change.

3.3.1.7	 �Sampling and Flow Rate
Once the power cord is fitted and switched on, 
the vacuum pump is started. The flow rate of the 
sampler should be 10  L/min and should be 
checked by fitting a specially adapted flow meter 
completely over the intake orifice each time you 
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change the drum. A screw located inside the sam-
pling chamber at the bottom can be used to adjust 
the flow rate if required. The flow meter should 
read as close as possible to 10 L/min. The drum is 
designed to operate for up to 7  days between 
drum changes. The time that the drum is changed 
should remain constant with respect to standard 
time. This ensures that each segment of tape has 
been exposed for exactly 24 h. The constant flow 
rate permits conversion of the number of spores/
pollen collected to concentration per cubic meter.

3.3.1.8	 �Cutting the Tape
The deposit on the trapping surface is macro-
scopically visible and is known as the “trace.” 
The cellulose strip is removed from the drum 
after 7 days (although it can be taken at any ear-
lier time if desired or needed) and divided into 
seven equal sections, each representing a 24-h 
period.

There are several methods of preparing the 
strips for microscopy [21]. Holding the drum by 
the knurled flange, use fine forceps or a dissect-
ing needle to lift the comer from the joint of the 
Melinex tape and then peel off the strip taking 
care (a) not to scratch the strip and (b) to ensure 
that the starting point is laid to the left side of the 
Perspex cutting block. The block is marked at 
48-mm intervals, representing lengths of 24  h. 
The end mark should align with the last edge on 
the seventh day of the cutting block. The Melinex 
tape can be conveniently cut into 48-mm (24 h) 
segments using fine pointed scissors or a sharp 
blade. Care must be taken to make the cuts as 
straight as possible.

3.3.1.9	 �Mounting and Preparing 
the Slides

Prepare the slides by labeling clean slides with 
the location (site), date and time of the samples 
(and sampler number if using more than one 
trap). Place a strip of Gelvatol 45 mm long down 
the center of the slide. This works well as an 
adhesive to hold the tape on the slide. The 
exposed segment of the tape can then be rolled 
onto the Gelvatol, using fine forceps, taking care 
not to get bubbles under the tape. Once in place, 
the tape can be readjusted to make sure it is per-

fectly straight. The start of the tape should con-
sistently be placed at the same end of the slide. 
The Gelvatol should be allowed to dry for 24 h 
before further processing. Sections can be 
mounted under 60  ×  24  mm cover glasses but 
care must be taken not to mount the sections 
reversed or out of sequence.

3.3.1.10	 �Stains
Basic fuchsin can be used as crystals or in 
Calberla’s solution. Prepare a saturated solution 
of basic fuchsin in a glass bottle. Use a rubber 
dropper to add a few drops to the mountant. Do 
not stir.

3.3.1.11	 �Microscopy
A research grade light microscope, with a vernier 
scale, is required for the analysis of pollen. It 
should be fitted with 10× ocular lenses, a 40× 
objective, and an oil-immersion 100× objective. 
A magnification of 400× or 600× (a 40× objec-
tive lens with 10× ocular lenses) is normally used 
for identifying pollens [22, 23]. However, the 
100× objective may be required to identify some 
species. Stage and eyepiece micrometers are 
required to determine the size of the field of view. 
An eyepiece micrometer, calibrated with a stage 
micrometer, is needed for measuring particle 
sizes. Samples can be identified and enumerated 
using hour-by-hour or alternate hour counts. 
Scanning of all areas with 2 × 14 mm = 28 mm 
diameter (=100%) is very time consuming; there-
fore, several fields should be selected. For exam-
ple, five random fields can be selected in each 
traverse representing hourly or every 2 h counts, 
for a total of 60 or 120 fields per day.

Each microscope has to be calibrated individ-
ually for each magnification, as differences can 
occur even between microscopes of the same 
make and model. These differences could be vital 
at high magnifications. Calibration begins by 
unscrewing the upper lens of the eyepiece and 
inserting a graticule. To settle the disc horizon-
tally on its shelf, gently tap or shake the eyepiece 
tube. Replace the upper lens and view through 
the microscope to check that the scale reads 1–10 
and is not back to front. If the scale is back to 
front, the disc is upside down and the process 
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needs to be repeated to insert the disc the right 
way up. A square graticule used for counting 
should be inserted in the same way for calibra-
tion, similarly checking that any numbers and let-
ters read correctly.

3.3.1.12	 �Identification
The slides are allowed to dry for a day or two 
before scanning them. Scan each slide using a 
microscope to identify deposited particles and 
organisms, and record the data on a specially 
designed preform a showing the date, time, loca-
tion, and type of pollen. Identification of particles 
should be made at the most specific classification 
possible, but pollen can only rarely be identified 
to the species level, and some may have to be 
placed in groups of multiple genera or families. 
Pollen grains that are in good condition, but 
whose taxonomic identifications cannot be deter-
mined should be recorded in the category 
“Unknown”. Pollen grains that cannot be identi-
fied due to degradation, destruction, or obstruc-
tion should be recorded as “Indeterminable.” 
Generally it is sufficient to write “Unknown” or 
“Damaged” in these categories and to indicate 
whether the sample contained pollen (Fig. 3.4).

3.3.1.13	 �Collection of Reference 
Slides

A valuable source for identification is a collec-
tion of pollen reference slides made from plants 
found in the area, or from known samples. 
Ideally, reference slides should be prepared using 

the same media as used for air sampling and 
maintained in the laboratory.

3.3.1.14	 �Atlases, Monographs, 
Literature, and Manuals

Consultation of identification manuals are rec-
ommended for descriptions of distinctive fea-
tures of particular types of pollen. An atlas may 
be used to study the geography of the local area. 
Literature and monographs may be used in con-
junction with reference slides, to further identify 
or confirm the provisional identification.

3.3.1.15	 �Analysis

Method of Counting
In both traps, the adhesive surface is moved at 
2  mm/h past the orifice, which is 2  mm wide. 
When the trap is turned on, the adhesive beneath 
the orifice is moved away, and only after one 
hour does the deposit behind the orifice represent 
the true concentration, when all points will have 
been behind the orifice for one hour. The con-
verse is true at the other end of the adhesive 
(daily in the Hirst trap, and weekly in the Burkard 
trap). There is thus a 2 mm band of decreasing 
concentration (a wedge) at either end of the spore 
trace. Average concentrations over 24-h periods 
are estimated by considering a long traverse par-
allel to the direction of movement. If hourly con-
centrations are needed, counts are made on 
traverses at right angles to the direction of move-
ment at positions representing the required times. 
For the first hourly measurement it is necessary 
to find the middle of the wedge of particle depos-
its, where a narrow traverse deposited in the 
30 min after the trap was started represents half 
the hourly concentration. If this is added to a cor-
responding estimate at the end of the previous 
day’s deposit, the total represents the mean 
hourly concentration at the time of change. 
Thereafter, counts at 2, 4, or 8 mm intervals rep-
resent times 1, 2, or 4 h apart.

The column of air drawn through both traps is 
10 L/min or 0.6 m−3/h. The dimensions of the trap 
orifice are 14 × 2 mm, but because the deposit 
scatters slightly, the actual length at right angles 
to the movement is somewhat greater than Fig. 3.4  Counting and identification of pollens
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14 mm. The adhesive film is moved at 2 mm/h 
and the orifice is 2 mm wide, hence spores caught 
in any one hour can be spread over a 4 mm-wide 
band. However, spores along any straight line 
across the surface (14 mm axis of the orifice) will 
all have been deposited within 1 h (Fig. 3.4).

Counting/Enumeration Technique
Two counting techniques are in common use in 
aerobiology; counting along a single longitudinal 
traverse, or along 12 bi-hourly traverses.

Longitudinal Traverse
Advantages: Provides average prevalence over 24 h 
and requires less time to examine a daily slide.

Disadvantages: Due to uneven particle depo-
sition across the tape, a single traverse may not 
be representative. A smaller area of the tape is 
examined using a single longitudinal traverse 
than with 12 transverse traverses and the esti-
mated concentration is therefore less accurate.

Twelve Traverses at 4 mm (2 h) Intervals
The most accurate way of determining the mean 
pollen count would clearly be to count all pol-
len grains on the 24  h trace. However, this 
would be time consuming and uneconomic so it 
is necessary to examine representative small 
portions of the trace. This can be done in differ-
ent ways.

Precautions are necessary when designing a 
counting pattern because of unevenness in the 
way pollens and spores are deposited on the trace. 
If numbers of particles per unit area are plotted 
across the 14  mm width of the trace, it can be 
shown that there are twin zones, whose positions 
differ with grain size and wind speed, with heavier 

deposition than on other parts of the traverse. A 
consequence of this is that the position of a longi-
tudinal traverse can affect the number of pollen 
grains counted, depending on whether the traverse 
is along a peak or in a trough. Counting twelve 
transverse traverses rather than a number of longi-
tudinal ones allows all relevant particles along the 
14 mm axis to be counted and takes account of the 
unevenness. It also allows diurnal concentration 
patterns to be determined and compared with 
weather conditions. Twelve transverse traverses 
can usually be counted in about an hour (Fig. 3.5).

Advantages: This method examines a larger 
area of the slide surface, and the estimated con-
centration is more accurate. By providing con-
centrations for every 2 h, the diurnal periodicity 
of particles can also be studied. An average of the 
twelve 2-hour concentrations gives an average 
daily concentration that can be directly compared 
with weather parameters.

Disadvantages: This method requires more 
time to examine the slide. Because traverses are 
at intervals, important peak or trough concentra-
tions may be missed between the sampled hours.

3.3.1.16	 �Conversion

Burkard version
As noted above, air is drawn through the trap at 
10 L/min or 0.6 m−3/h. The dimensions of the trap 
orifice are 14 × 2 mm, although particles may be 
deposited across slightly more than 14 mm.

The adhesive film is moved at 2 mm/h, so the 
particles deposited in an hour can be spread over 
a 4 mm-wide band. It is therefore reasonable to 
regard counts on narrow traverses as the mean for 
an hour but as the width of the traverse is 

48 mm

14 mm

Traverse

Fig. 3.5  Relative areas 
of a 24-h trap trace and 
of counting traverses
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increased so is the time at which pollens could 
have been trapped. Thus traverses 0.25  mm, 
0.5  mm, 1.0  mm and 2  mm wide provide esti-
mates of mean concentration over 1, 1.25, 1.5, 
and 2 h, respectively. If the number of pollens on 
a 100 μm wide traverse represents the mean con-
centration over an hour (actually 63 min) because 
the orifice is 2  mm wide, the number must be 
multiplied by 20 to represent the total catch dur-
ing one hour, and by 1.0 to correct for the esti-
mated 0.6 m−3 sampled per hour.

For traverses 100  μm wide parallel to the 
movement of the slide (along the 14  mm 
[14,000 μm] axis of the orifice), the fraction of the 
trace scanned is 100/14,000 = 1/140. The volume 
of air sampled in 24  h is 24  h  ×  0.6  m−3/h to 
14.4  m−3. These final correction factors assume 
that the trap is 100% efficient, but efficiency var-
ies with wind speed and grain size, and although 
corrections can be made on the basis of wind tun-
nel tests, these are seldom done. Thus the correc-
tions given above will give concentrations below 
the true value.

Recommended conversion formula
The results of the microscopic analysis of the air 
sample are recorded on a specially designed pro-
forma showing type/genus/species, date, and 
time of day, corresponding hours, and number 
counted. These numbers can later be converted to 
particles (pollen grains) per cubic meter of air by 
applying an appropriate factor(s) per the manu-
facturer’s recommendation.

Concentration of propagules/m−3 = NT × 
AE/n × A × Va,

NT  =  the total number of spores/pollen 
counted in n fields of view;

AE = total effective area in mm2 (this is equiv-
alent to the long  ×  short axis of the 
orifice = 14 × 2 = 28 mm2)

n = number of fields counted;
A = unit area of the field, in mm2 (=0.15205); 

this will vary from microscope to microscope;
Va = air volume sampled (m−3) at a sampling 

rate of 10 L/min (=0.6 m−3/h).
Note: Since the drum moves 2mm per hr and 

the orifice is 2  mm wide, hourly readings of 

selected fields with 2 h intervals is likely to be the 
best option. However, if data from each hour are 
required, take the middle of the hour exposure on 
the slide. If the 1 h sample is from 8:30 to 9:30 
am, the count should be conducted at 8:00 am for 
that hour.

Units
Concentrations of particles should be reported 
with the following standard units: Pollen grains/m3

Interpretation of Results
Results can be presented under the following 
categories:

•	 Daily mean concentrations of various airborne 
pollen per m−3 of air

•	 Weekly mean concentrations of various air-
borne pollen per m−3 of air

•	 Monthly mean concentrations of various air-
borne pollen per m−3

•	 Seasonal periodicities of airborne pollen 
per m−3

•	 Diurnal periodicities of airborne pollen 
per m−3

•	 Maximum concentrations of individual types 
of allergens

•	 Percent catch of major particles/pollen/spores 
relative to the total catch of each group of 
allergens.

Note: Rare or occasional peaks or very high 
hourly concentrations of airborne pollen may not 
be evident if the data are presented as: monthly 
or weekly means or as seasonal traits.

3.3.1.17	 �Meteorological Effects
Meteorological data are only relevant if obtained 
from a site close to the sampling site. Meteoro-
logical parameters, such as average daily temper-
ature, humidity and atmospheric pressure, wind 
speed and direction and rainfall figures, may have 
a marked effect on the data obtained by the spore 
trap. It is recommended that any pollen forecast or 
prevention and/or avoidance guideline/s for the 
region should take climate information into con-
sideration.
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3.3.1.18	 �Maintenance and Safety
Each of the samplers is virtually maintenance free, 
but dust and insects can occasionally block the ori-
fice, and the hole to the pump should be cleaned 
out periodically using alcohol on a cotton swab. A 
continuous power supply must be ensured, for 
example by securing the switch with tape.

3.3.1.19	 �Checklist

How to Count Pollen
	 1.	 Using a low power objective, find the edge of 

the trace, and note its position using the ver-
nier scales on the microscope’s mechanical 
stage.

	 2.	 With traces deposited directly onto slides, 
measure 3 mm in from the beginning of the 
trace to the position of the first traverse. If 
the trap is changed at 9 am BST, this will 
represent 10 am BST: if changed at other 
times, the position or the recorded time will 
have to be adjusted accordingly.

	 3.	 Traces deposited on Melinex tape should 
have the first millimeter trimmed away from 
the first and last segment so that the position 
of the first traverse of all segments is 2 mm 
from the beginning of the tape.

	 4.	 Place the ×40 objective in position and adjust 
the microscope.

	 5.	 If using the counting sheet above, start count-
ing from the bottom of the trace along the 
first traverse. Otherwise, keep a note of the 
direction the slide is moving under the 
microscope as it is all too easy to look away 
and then forget which direction is being fol-
lowed. An arrow pointing up or down is 
quick and easy to understand.

	 6.	 Observe the counting conventions to determine 
whether a grain is within the traverse or not.

	 7.	 Note the traverse width, in numbers of grati-
cule squares. This will depend on the size 
and numbers of pollens. For pollens, ten 
graticule squares under 400× magnification 
have been recommended.

	 8.	 Record the number of grass pollen grains 
counted along the traverse.

	 9.	 Move the slide 4 mm, i.e. 2 h, using the ver-
nier scales.

	10.	 Count for the next traverse and record the 
total.

	11.	 Repeat instructions 6–9 until all 12 traverses 
have been counted.

	12.	 Add the twelve counts to give a total for the 
whole slide. Multiply this total by the 
Correction Factor appropriate to the traverse 
width that is being used.

Why Twelve Transverse Traverses?
The most accurate way of determining the mean 
pollen count would clearly be to count all the 
grass pollen grains on the 24 h trace. However, 
this would be time consuming so that it is neces-
sary to examine representative small portions of 
the trace. This can be done in different ways 
(Fig. 3.5).

Precautions are necessary when designing a 
counting pattern because of unevenness in the 
way pollens and spores are deposited on the 
trace. If numbers of particles per unit area are 
plotted across the 14 mm width of the trace, it can 
be shown that there are twin zones, whose posi-
tions differ with spore size and wind speed, with 
heavier deposition than on other parts of the 
traverse.

A consequence of this is that the position of a 
longitudinal traverse can affect the number of 
pollen grains counted, depending on whether the 
traverse is along a peak or in a trough.

Counting twelve transverse traverses rather 
than a number of longitudinal ones allows all rel-
evant particles along the 14  mm axis to be 
counted and takes account of the unevenness. It 
also allows diurnal concentration patterns to be 
determined and compared with weather condi-
tions. Twelve transverse traverses can usually be 
counted in about an hour.

•	 Although unlikely with pollen grains, perhaps 
after a summer thunderstorm, can sometimes 
be missed between two-hourly transverse 
counts although they would be detected using 
a longitudinal scan.
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Pollen Concentrations and Correction 
Factors
	1.	 Summary

	a.	 The pollen grains counted on a trap slide form 
only a small sample of the total number which 
has been trapped. The number counted must, 
therefore, be “corrected” to give the actual 
concentration of grains per cubic meter (m3) 
of air.

	b.	 Total number of grass pollen grains in each 
of the twelve traverses to get the daily total 
count (N).

	c.	 Multiply this total by the correction factor 
(CF) for your microscope/lens combination 
using:-

N  ×  CF  =  N  ×  0.28/width of one transverse 
(mm)

	d.	 The result of this calculation is the daily 
mean concentration of pollen grains per 
cubic meter.

	2.	 Calculating a correction factor

To calculate a correction factor to convert the 
total counts of different pollens on the twelve tra-
verses to concentrations per cubic meter (m3), the 
exact size of the traverses counted must first be 
measured (in mm) and the area (in mm2) calcu-
lated (the width of a traverse in mm can be 
derived by dividing the width in m by one thou-
sand, i.e. 250 m = 0.25 mm). Then, the propor-
tion of this forms of the total area on the trap is 
determined to give a multiplication factor which 
converts the number of grains on the area counted 
to that on the whole trace. This is then divided by 
the volume of air sampled in 24 h to give the final 
correction factor.

a. The total area of a 24 h trap trace is:
48 × 14 mm

b. The area of one traverse is:
(14 mm × width of traverse in mm) mm2

c. The total area of the 12 traverses counted is:
�(14 mm × width of one traverse in mm × 12) 
mm2

d. �The fraction of the total area counted, i.e. 
occupied by the twelve traverses is, therefore:

�(14 mm × width of one traverse (mm) × 12/
(48 × 14 mm)

e. �If N grains are counted in twelve traces, the 
total number deposited on the slide is:
�N  ×  (48  ×  14)/(14  ×  width of one tra-
verse × 12) grains

f. �Concentrations of pollen grains are usually 
expressed in numbers per m3 of air.

In 24 h, a standard trap samples 14.4 m3 of air 
(10 L/min × 60 min × 24 h), depositing its con-
tent of pollen on the trapping surface. The calcu-
lated total number of pollen grains on the slide 
must, therefore, be divided by 14.4 to give the 
average concentration of pollen grains per m3 of 
air over 24 h.

g. �The total calculation to convert the raw 
count to a concentration, in pollen grains/
m3, is thus:
�N  ×  (48  ×  14)/(14  ×  width of one 
traverse × 12 × 14.4)

h. This can be reduced to:
N × (0.28)/width of one traverse (mm)

i. �The correction factor is the expression:
(0.28)/width of one traverse (mm)

j. �Having calculated the correction factor 
(CF), counts are converted to concentra-
tions/m3 using:
N × CF

The “correction factor” is specific to the 
microscope and lens combination for which it is 
calculated. It can be calculated at the start of the 
pollen counting season and then used throughout, 
providing conditions such as microscopes or 
lenses do not change.

Using Eyepiece Graticules
	1.	 Summary

The width of the counting traverse is deter-
mined by the size of the squares in the eyepiece 
graticule. To measure the sizes of pollen grains, 
fungal spores and ornamentation or other charac-
teristic features require an eyepiece graticule 
divided into 100 subdivisions. Use of both grati-
cules at the same time, one in each eyepiece 
should be avoided. These eyepiece graticules can 
be calibrated against an accurately measured mil-
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limeter scale etched on a microscope slide called 
a stage micrometer. This scale is divided into 100 
subdivisions.

	2.	 Measuring the squares on an eyepiece 
graticule
	a.	 Do the following measurements for each 

objective.
	b.	 Place the stage micrometer on the micro-

scope stage; locate the millimeter scale 
markings using a low power objective and 
then focus on the scale using the objective 
with which the eyepiece graticule is to be 
calibrated. Move the stage micrometer so 
that the central eyepiece graticule line 
coincides exactly with one of the long lines 
near the middle of the stage micrometer .

	c.	 At intervals to the right and left of the cen-
terline, some graticule lines will coincide 
with lines on the stage micrometer scale.

	d.	 Count the number of squares and number 
of graticule divisions between lines which 
coincide exactly.

Counting Conventions
	1.	 When an eyepiece graticule is used to define 

the width of the traverse, “rules” must be 
imposed to simplify counting and to ensure its 
accuracy. A pollen grain could be counted if 
more than half of it was within the counting 
traverse and excluded if more than half of it 
was outside. However, it is simpler to desig-
nate the line at one side of the traverse as the 
“master” edge. If a pollen grain touches or 
crosses this line, even if most of it is outside 
the traverse, it is included in the count. 
Conversely, any pollen grain which touches or 
crosses the opposite “slave” edge it is excluded 
from the count, even if it is almost all inside 
the traverse. It does not matter whether the left 
or the right edge is chosen as the “master” 
edge but the same one should always be used 
to avoid confusion.

	2.	 Instead of counting all the pollens in a micro-
scope field while the slide is stationary, it is 
often easier to move the slide slowly and con-
tinuously, logging grains as they cross the 
central line.

	3.	 The traverse width should always be wider than 
the particles being counted to prevent over esti-
mating concentrations. For grass pollen grains, 
the minimum width should be about 50 μm.

Using Vernier Scales
	1.	 The microscope stage has two scales placed at 

right angles. Each consists of a large scale that 
runs along the edge of the stage calibrated in 
mm. Alongside this is a small scale 9  mm 
long, with ten divisions numbered 0–10.

	2.	 To define the position of the stage, read the 
value on the large scale immediately before 
the “0” line of the small scale. This gives the 
whole “numbers” of the position.

	3.	 To determine the decimal value of the exact 
position of the stage, the small scale lines 
must be exactly opposite a line on the large 
scale. This value on the small scale is the deci-
mal value of the interval between the whole 
number position on the large scale and the “0” 
position on the small scale.

3.3.2	 �Personal Volumetric Air 
Sampler

3.3.2.1	 �Operating Procedure
Prepare the glass slide with an adhesive suitable 
for the conditions and the type of sample 
required. Ensure the batteries are fully charged 
before sampling. Rotate the upper ring assembly 
until the red dots are in line. This will now 
expose the side aperture for the glass slide to be 
inserted. Insert the glass slide through the aper-
ture, adhesive side upwards, until the end of the 
slide is firmly against the stop within the unit. 
The on/off switch is mounted underneath the 
unit and must be switched towards the red dot. 
The fan will now accelerate until a steady level is 
reached and the unit will then be drawing 10 L of 
air per minute. The exhausted air will be moved 
through the holes on the sides of wall of the 
instrument. The normal sampling time is approx-
imately 10 min but may depend on environmen-
tal conditions such as a turbulent or still 
environment, or upon the individual operator’s 
chosen sampling time. The slide can be removed 
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by rotating the upper knurled ring and using a 
suitable spatula or similar instrument. A sample 
from an orifice of 2 × 14 mm will be deposited 
on the glass slide and can be evaluated quantita-
tively with the use of a standard optical micro-
scope. Depending upon the time of exposure, the 
calculation can be made to enumerate the volu-
metric quantity of pollen/spores during that par-
ticular hour.

3.3.2.2	 �Adhesives
Many adhesives have been tried over the years. 
The factors to consider are:

	1.	 Stickiness—the surface should be as “wet” as 
possible, spores often bounce off hard tacky 
adhesives like the polyisobutene of Scotch tape.

	2.	 Weather resistance—many surfaces are dam-
aged by fog or high humidity, either because 
they slough off or are emulsified.

	3.	 Microscopy—the surface must be compatible 
with stains and mountants and these must re-
swell shrunken pollen for visual identification.

	4.	 The Vaseline adhesive has a “structure” visible 
under the microscope, which is extremely valu-
able as an indicator of the deposition surface 
when scanning with oil immersion objectives.

3.3.2.3	 �Method of Counting
Slides are allowed to dry for a day or two before 
scanning. Each slide is scanned at 400× and 
1000× magnification for identification of depos-

ited particles and organisms. Search the total area 
of the slide (2 × 14 mm = 28 mm2) for deposited 
particles. Note that the band of deposited parti-
cles will, in practice, be less than 2 mm in width. 
Record the data on specially designed preform 
that show the date, time, location, and type of 
specimen. Deposited pollens may be identified to 
the species level if possible, but some may have 
to be placed in groups of families.

3.3.2.4	 �Conversion
The suction rate of 10  L/min is maintained for 
most sampling and is equal to 0.6 m−3/h. In addi-
tion to the Burkard manufacturing conversion 
method, other appropriate conversion formulas 
may be applied for converting the raw counts of 
pollen to a concentration m−3 of air.

3.4	 �Pollen Identification

3.4.1	 �The Appearance of Grass 
Pollen Grains

3.4.1.1	 �Microscopic Appearance 
of Grass Pollen Grains

Grass pollen grains are almost spherical or slightly 
oval, with thin walls that have a smooth or slightly 
granular surface. The walls are less than 1  μm 
thick but may be thickened and slightly raised 
around the single circular pore (Fig. 3.6a, b). This 
raised ring is known as an annulus (Fig. 3.6c, d). 

pore

pore
operculum

operculumpore annulus

a b c

d e f

Fig. 3.6  Diagrams of 
grass pollen grain walls 
and pores. a and c, and e 
are side views, b, d, and 
f are top views
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The membrane covering the wall may also 
be slightly thickened at the middle to form an 
operculum, a term meaning a “small lid” 
(Fig. 3.6e, f).

The different species of grass have pollen 
grains with characteristic size ranges. Trapped 
grass pollens generally range from 18 to 60 μm, 
the smaller often coming from wild grasses 
and the larger from cereal crops. Most are in 
the size range 20–35 μm. With a magnification 
of ×400 and graticule squares measuring 
22  μm, a grain 20  μm in length would be 
smaller than one square of an eyepiece grati-
cule. One 35 μm in length would be more than 
1.5 graticule squares. Figure 3.7 shows the size 
ranges of different grass pollen grains and a 

nettle pollen grain compared with 22 μm grati-
cule squares.

The microscopic appearance of grass pollen 
grains may be affected by their orientation on the 
slide. If they land so that the pore is visible on the 
side or top of the grain, they can easily be identi-
fied as grass pollen. However, if the pore is under-
neath the grain and hidden by the contents 
(Fig. 3.8a), other features must be used for identi-
fication and alternative identifications eliminated. 
Pores close to the edge of a grain may not give the 
typically circular appearance seen in top view but 
appear elliptical (Fig.  3.8b–d). The nearer the 
edge, the more elliptical the pore appears and the 
more difficult it may be to identify (Fig. 3.8c, d). 
A “hidden” pore may become visible by focusing 
down slowly through the pollen grain.

Line of
eyepiece
graticule

14.5µm 18µm
21.5µm

33.5µm

60µm

nettle
pollen

Size range of grass pollen grains

Size range of most common
grass pollen grains

Fig. 3.7  Size range of airborne different grass pollen grains and a nettle pollen compared with 22 μm squares of an 
eyepiece graticule (magnification ×400)

a b c d

wall

content

Fig. 3.8  Appearance of pores in relation to the orientation of grass pollen grains. (a) Pore underneath, obscured by 
contents, (b) Top view, (c, d) Pore progressively closer to the side of the grain
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3.4.1.2	 �Grass Pollen Grain Contents
The pollen grain wall encloses the protoplast, a 
finely granular jelly-like substance, which may 
contain smaller or larger numbers of large starch 
grains (Fig.  3.9). A wide gap is often apparent 
between the wall and the contents of dehydrated 
and mounted grains.

3.4.1.3	 �Grass Pollen Grains 
with Collapsed Walls

Dehydration during airborne transport may cause 
grass pollen grains to collapse inwards, often 
assuming many different shapes, unlike the spheri-
cal appearance of fully hydrated grains. The sides 
of the grain may collapse slightly (Fig. 3.10a) or 

wall

gap between wall and contents

starch grains

protoplasm

Fig. 3.9  Side view of 
grass pollen grain and 
contents

annulus
pore

ba c

d e
Fig. 3.10  The range of 
shapes formed when 
grass pollen grains 
collapse. (a) slight 
collapse at sides, (b) 
deep folds, (c) dimples 
on surface, (d) sharp 
folds in an empty grain, 
(e) old, resuspended 
grain

3.4  Pollen Identification



38

more deeply (Fig. 3.10b) or the surface of the grain 
may develop an irregular wavy outline (Fig. 3.10c). 
Other grains may collapse into a few rather sharp 
folds and their contents may be lost (Fig. 3.10d).

Occasionally, old-looking, empty, collapsed 
grains may be seen (Fig. 3.10e). They may stain 
dull red with basic fuchsin or safranin, rather 
than the bright pink or red of fresh grains. Such 
grains may have been deposited on the ground or 
on vegetation and been resuspended in the air.

3.4.2	 �Other Pollen Grains

Grass is generally the most common pollen type 
in the air during June and July. However, other 
pollens that are present can sometimes be con-
fused with grass pollen resulting in overestimates 
of pollen concentration and inaccurate forecasts.

3.4.2.1	 �Dock Pollen
Dock (Rumex) pollen is more or less spherical, 
20–30 μm diameter, with walls of medium thick-
ness (1–1.5 μm). Like grass pollen, dock pollen 
contains starch grains but these are larger 
(2–3 μm) than those in grass pollen and are less 
tightly packed.

The walls of dock pollen appear finely reticu-
late, because of a fine network of perforations 
and grooves, visible at a magnification of ×400 as 
dark holes in the wall surface and as vertical lines 
in optical section of the wall. Dock pollen grains 
have 3–6 μm very long, narrow, slit-like furrows 
in the wall, not necessarily longitudinal, tapering 
to each end from a central pore, although this 

may be difficult to see. They may require close 
examination, by focusing slowly up and down the 
grain, to be seen as lines, pale slits or indenta-
tions in the wall, depending on orientation 
(Fig. 3.11).

3.4.2.2	 �Plantain Pollen
Plantain (Plantago) pollen is about 24 μm diam-
eter and has a verrucate (warty) surface 
(Fig. 3.12a). The irregularities of the surface are 
similar in size to starch grains, and may give a 
false impression of starch grains although there is 
none in the grain. Plantain pollen is clearly dis-
tinguished from grass pollen by the presence of 
5–14 pores, depending on species. The circular 
pores are scattered irregularly over the surface of 
the grain. Several may be seen as breaks in the 
wall in equatorial view (Fig.  3.8a) and also as 
circles or ellipses (Fig. 3.12b), each with a cen-
tral operculum.

3.5	 �The Importance of Pollen 
Counting

Airborne biological particles are responsible for 
many diseases in humans, plants, and animals. In 
humans, respiratory allergies, such as bronchial 
asthma and allergic rhinoconjunctivitis and respi-
ratory tract infections, are common consequences 
of inhaling these particles. Airborne biological 
particles may include plant fragments, and a large 
number of pollen grains, particularly from wind 
pollinated flowering plants. The aeroallergens 
responsible for sensitization and production of 

furrow

Starch grains, which fill pollen grain

Dark holes on surface

Vertical lines in wall

There is a very fine
Network on the grain,
But at x 400 this is all
That is visibleFig. 3.11  Dock pollen 

grain
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specific IgE antibodies may vary from place to 
place, and from region to region, and fluctuate 
with geographic and climatic conditions such as 
temperature, humidity, and rain. Therefore, 
regional variations greatly influence the develop-
ment of allergic symptoms.

Data on aeroallergens are required in order to 
track and manage inhalant allergies in any par-
ticular region or locality. The types and numbers 
of allergenic species (dead or alive) in a known 
volume of air, their seasonal and circadian peri-
odicities, and weather factors affecting their 
appearance and concentration must be evaluated 
and interpreted in order to ascertain the maxi-
mum concentrations to which a person is likely to 
be exposed. Aerobiological data also provide a 
starting point to further evaluate the antigenic 
potency of suspected allergens, the immunologi-
cal responses of allergic subjects to the antigens 
and ultimately, prescription of immunotherapy.

In order for any pollen to be considered an 
aeroallergen, “Thommen’s postulates” should be 
met [24–26]. The postulates require that (1) the 
pollen must contain an excitant of hay fever, (2) 
the pollens must be sufficiently buoyant to 
become airborne, or wind-borne (3) the pollens 
must be produced in sufficiently large quantities, 
(4) the pollen must be sufficiently buoyant to be 
carried considerable distances, with an excitant 
or antigen (allergen) to cause allergic rhinitis 
and/or asthma, and (5) the plant producing the 
pollen must be widely and abundantly distrib-
uted. If these postulates are satisfied and a given 

kind of pollen or spore is present in effective con-
centrations, susceptible individuals may become 
sensitized by the formation of an IgE antibody 
specific for the allergen. Once the subjects have 
become sensitized, an even lower concentration 
of pollens may produce the symptoms.

Among aeroallergens, airborne pollen is moni-
tored because it forms the principal allergen in the 
outdoor environment and is the principal cause of 
seasonal allergic rhinitis and an important cause 
of asthma. However, other airborne pollens are 
also allergenic. It is currently estimated that about 
15–20% of the population suffers from pollen 
allergy. Its incidence has increased markedly over 
the last few decades. The greatest frequencies are 
found in younger generation, especially in those 
under teen ages [27]. Seasonal allergic rhinitis is 
not life threatening; however, it interferes with 
education and decreases the quality of life and 
causes substantial economic loss because of time 
taken off work in sufferers. Asthma is much more 
serious and can be fatal. Often some medication 
can support to control symptoms but information 
about the start of the pollen season and changes in 
concentration of airborne pollen may be valuable, 
for allergic patients, to help people to time their 
activities to avoid the worst conditions, to help 
explain symptoms, to assist patients in following 
their doctor’s instruction, and to determine levels 
of medication.

Pollen seasons differ greatly from year to year 
while daily concentrations differ widely because of 
changing climate and the progress of flowering in 

Faint outline of
low protuberance

pore

protuberance

pore

pore

pore

Faint outline of
low protuberance
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Fig. 3.12  Plantain pollen grain has a verrucate (warty) surface (a), some may be seen as circles or ellipses (b)
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different ways. The general population and health-
care workers as well as medical doctors would find 
it helpful to know when the pollen season has 
started, what the day-to-day variation is and when 
the season has finished. The onset, severity, and 
duration of the season each year can be forecast 
using long range weather forecasts in conjunction 
with detailed analyses of past records of pollen sea-
sons in relation to weather conditions. Daily con-
centrations can be forecast from those of previous 
days during the current season, weather forecasts 
analyses of long-term data sets as regression model.

There are many number of plants in the world, 
however, all kind of plants have not allergic to 
human, some of them have allergenic (Table 5.1). 
In addition, pollen seasons and species of aller-
genic plants can differ regionally and nationally 
because of differences in climate and in the 
nature of stage of development of the local vege-
tation. Results from a widespread network cover-
ing the main geographical areas of the world are 
necessary to provide the level of information 
required (Table 3.2). Seasons differ from year to 
year making it important to continue counting, 

Table 3.2  Common allergenic plants of each country in the world

1st 2nd 3rd 4th

Korea Ragweed (Ambrosia) Japanese hop (Humulus J) Oak (Quercus) Pine (Pinus)

Japan Japan cedar 
(Cryptomeria)

Japanese Hop (Humulus J) Ragweed (Ambrosia) Orchard grass 
(Dactylis)

China Wormwood (Artemisia) Ragweed (Ambrosia) London plane tree 
(Platanus)

Paper mulberry 
(Brousonetia)

Thailand Johnson grass 
(Sorghum)

Acacia (Acacia) Orchard grass (Dactylis) Bermuda grass 
(Cynodon)

Saudi 
Arabia

Bermuda grass 
(Cynodon)

Rusian thistle (Salsora) Mesquite (Prosopis) Lamb’s quarters 
(Chenopodium)

Arab 
Emirates

Mesquite (Prosopis) Grasses (Poaceae) Poplar (Populus) Lamb’s quarters 
(Chenopodium)

Greece Grasses (Poaceae) Olive (Olea) Pellitory (Parietaria) Mugwort (Artemisia)

Hungary Ragweed (Ambrosia) Mugwort (Artemisia) Grasses (Poaceae) Birch (Betula)

England Grasses (Poaceae) Pellitory (Parietaria) Olive (Olea) Birch (Betula)

Germany Birch (Betula) Grasses (Poaceae) Hazel (Corylus) Alder (Alnus)

Denmark Grasses (Poaceae) Birch (Betula) Hazel (Corylus) Alder (Alnus)

Italy Parietaria, Pellitory Olive (Olea) Grasses (Poaceae) Birch (Betula)

France Grasses (Poaceae) Olive (Olea) Hazel (Corylus) Cypress (Cupressus)

Spain Orchard grass (Dactylis) Olive (Olea) London plane tree 
(Platanus)

White poplar 
(Populus)

Turkey Grasses (Poaceae) Lamb’s Quarters 
(Chenopodium)

Plantain (Plantago) Olive (Olea)

Sweden Birch (Betula) Alder (Alnus) Hazel (Corylus) Beech (Fagus)

USA 
middle

Ragweed (Ambrosia) Cocklebur (Xanthium) Sweet vernal grass 
(Anthoxanthum)

Marshelder (Iva)

USA 
West

Orchard grass (Dactylis) rye grass (Lolium) Olive (Olea) Careless weed 
(Amaranthus)

Mexico White ash (Fraxinus) Oak (Quercus) Mesquite (Prosopis) Kentucky blue grass 
(Poa)

Argentina Privet (Ligustrum) Bermuda grass (Cynodon) Poa, Annual meadow 
grass

Johnson grass 
(Sorghum)

Australia Rye grass (Lolium) Ragweed (Ambrosia) Dallis grass 
(Paspalum)

Bermuda grass 
(Cynodon)

Sudan Lamb’s Quarters 
(Chenopodium)

Rusian thistle (Salsora) Bermuda grass 
(Cynodon)

Annual saltbush 
(Atriplex)

South 
Africa

Bermuda grass 
(Cynodon)

Boer Love grass 
(Eragrostis)

Maize (Zea) Sweet vernal grass 
(Anthoxanthum)
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even after several consecutive years of counts 
until forecasting methods are much improved. 
Tree pollens predominate in the spring and are 
generally held to be less allergenic than the 
grasses and weeds that dominate the summer and 
fall. Ragweed and Japanese hop, which is widely 
considered to be the most allergenic of the pol-
lens, pollinates in late summer and early fall in 
most temperate climate regions.
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The Structure of Pollen

In plants, the life cycle is an alternation between a 
diploid, spore-producing multicellular generation 
(the sporophyte) and a haploid, also multicellular 
generation (the gametophyte), producing sperm 
and/or egg cells [1, 2]. Pollen is a biological struc-
ture functioning as a container, in which is housed 
male gametophyte generation of the angiosperms 
and gymnosperms. Such a container is an evolu-
tionary adaptation for life out of water because it 
protects male gametes from adverse atmospheric 
influence while transferring from anthers to pistils.

Each pollen grain contains vegetative (non-
reproductive) cells and a generative (reproduc-
tive) cell. In flowering plants the vegetative tube 
cell produces the pollen tube, and the generative 
cell divides to form the two sperm cells. A pollen 
grain contains the male gametophyte of the seed 
plant, i.e., the sperm-producing generation (gym-
nosperms and angiosperms). In seedless plants, 
gametophytes are generally independent from the 
sporophyte, and consist of hundreds of cells; evo-
lution of the seed-bearing habit involved depen-
dence of the gametophytes upon sporophytes and 
reduction of their size. Thus, in gymnosperms, 
the male gametophyte has up to ten cells, whereas 
in angiosperms, there is only one vegetative cell 
apart from the two sperm cells. Each grain has an 
internal limiting cellulose membrane, the intine, 
and a two-layered external covering, the exine, 
composed of a durable substance called sporo-
pollenin which is primarily a high molecular 
weight polymer of fatty acids. The male gameto-
phyte originates from a spore, generally called a 

microspore, and is still surrounded by this spore’s 
sporopollenin outer wall, the exine, at maturity. 
The gametophyte’s own wall is called the intine.

Pollen is a fine to coarse powdery substance 
comprising pollen grains which are male micro-
gametophytes of seed plants, which produce male 
gametes. Pollen grains have a hard coat made of 
sporopollenin that protects the gametophytes 
during the process of their movement from the 
stamens to the pistil of flowering plants or from 
the male cone to the female cone of coniferous 
plants. If pollen lands on a compatible pistil or 
female cone, it germinates, producing a pollen 
tube that transfers the sperm to the ovule contain-
ing the female gametophyte [3, 4].

The morphologic structure of pollen varies 
in relation to size, number of furrows, form and 
location of pores, thickness of the exine, and other 
features of the cell wall such as spines, reticula-
tions, an operculum in grass pollens, and air sacs 
(bladders) in certain conifers. Ragweed pollen is 
about 20 μm in diameter, tree pollens vary from 
20 to 60  μm, and grass pollens, which are all 
morphologically similar, are usually 30–40 μm. 
The identification of pollens important in aller-
gic disease is not difficult and is certainly within 
the capabilities of the physician with no special 
expertise in botany [5–7].

Except in the case of some submerged aquatic 
plants, the mature pollen grain has a double 
wall. The vegetative and generative cells are sur-
rounded by a thin delicate wall of unaltered cel-
lulose called the endospore or intine, and a tough 
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resistant outer cuticularized wall composed 
largely of sporopollenin called the exospore or 
exine [8]. The exine often bears spines or warts, 
or is variously sculptured, and the character of the 
markings is often of value for identifying genus, 
species, or even cultivar or individual. The spines 
may be less than a micron in length (spinulus, 
plural spinuli) referred to as spinulose (scabrate), 
or longer than a micron (echina, echinae) referred 
to as echinate. Various terms also describe the 
sculpturing such as reticulate, a net like appear-
ance consisting of elements (murus, muri) sepa-
rated from each other by a lumen (plural lumina).

The pollen wall protects the sperm while the 
pollen grain is moving from the anther to the 
stigma; it protects the vital genetic material from 
drying out and solar radiation. The pollen grain 
surface is covered with waxes and proteins, which 
are held in place by structures called sculpture 
elements on the surface of the grain. The outer 
pollen wall, which prevents the pollen grain 
from shrinking and crushing the genetic mate-
rial during desiccation, is composed of two lay-
ers. These two layers are the tectum and the foot 
layer, which is just above the intine. The tectum 
and foot layer are separated by a region called the 
columella, which is composed of strengthening 
rods. The outer wall is constructed with a resis-
tant biopolymer called sporopollenin [8].

Pollen apertures are regions of the pollen wall 
that may involve exine thinning or a significant 
reduction in exine thickness. They allow shrink-
ing and swelling of the grain caused by changes 
in moisture content. Elongated apertures or fur-
rows in the pollen grain are called colpi (single 
colpus) or sulci (single: sulcus). Apertures that 
are more circular are called pores. Colpi, sulci, 
and pores are major features in the identification 
of classes of pollen [9]. Pollen may be referred 
to as inaperturate (apertures absent) or aperturate 
(apertures present). The aperture may have a lid 
(operculum), hence is described as operculate 
[10]. However the term inaperturate covers a wide 
range of morphological types, such as function-
ally inaperturate (cryptoaperturate) and omniap-
erturate [3]. Inaperaturate pollen grains often have 
thin walls, which facilitates pollen tube germina-
tion at any position [9].

The orientation of furrows (relative to the 
original tetrad of microspores) classifies the pol-
len as sulcate or colpate. Sulcate pollen has a fur-
row across the middle of what was the outer face 
when the pollen grain was in its tetrad [11]. If the 
pollen has only a single sulcus, it is described as 
monosulcate, has two sulci, as bisulcate, or more, 
as polysulcate [12, 13]. Colpate pollen has fur-
rows other than across the middle of the outer 
faces [11]. Eudicots have pollen with three colpi 
(tricolpate) or with shapes that are evolutionarily 
derived from tricolpate pollen [14]. The evolu-
tionary trend in plants has been from monosul-
cate to polycolpate or polyporate pollen [11].

4.1	 �Single Grains (Monads) 
Without Apertures

4.1.1	 �With Two Bladders 
(Vesiculate)

Shrubs pollen (Podocarpus) at top is 30 × 50 μm 
and the bladders are attached in same plane with 
ridges. Ridges between bladders and grain is the 
hallmark for identification

Pine (Pinus) pollen is larger and two bladders 
are mounted closer to furrow at bottom. Spruce 
(Picea) pollen does not have the junction between 
the bladder and body in pine pollen (Fig. 4.1).

4.1.2	 �Without Bladders, but Annular 
Thickening

Tsuga (Araucaria) pollen is spherical with frill 
and size is 70 μm. It can be frisbee-shaped with 
the frill under the body.

4.1.3	 �Without Ridges and Folds, 
Triangular with Poroids

Sedge (Cyperaceae) pollen size is 
25–65 × 20–40 μm wide. The intine is variously 
thickened, mostly at the narrow end of the grain. 
The grain stains lighter than most pollens of this 
size. They are wind-pollinated but not allergenic.

4  The Structure of Pollen
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4.1.4	 �Without Ridges and Folds, 
Spherical

Cupressaceae. Juniper (Juniperus), cypress 
(Taxodium), cedar (Cryptomeria), arbor vita 
(Thuja) pollen size is 20~40 μm sphere with 
star shaped interior. The surface has irregu-
lar clumps of warts. The exine can rupture 
and extrude the intine, which then appears as 
a colorless fried egg. When Taxodium lands 
with the papilla in view it can be identified, 
but often this is not the case and are counted 
as Cupressaceae. Taxodium is slightly larger 
than Juniperus. Cryptomeria also has a conical 
appendage which functions like a pore. Thuja 
is similar and is also in this size. It blooms 
a month later than the other Cupressaceae 
(Fig. 4.2).

Spherical pollen 25–35 μm with slightly thick-
ened intine and no spinules. The intine and cell 
contents often shrink from the exine showing a 
clear space. The exine is flaky giving the outer 
wall a peanut shell appearance.

4.2	 Single Grains with Furrows

4.2.1	 Monocolpate Grains (Monads)

Ginkgo has one furrow with boat-shaped, spheri-
cal 25–30  μm size. The most other pollens 
(Agave, Amaryllis, Iris, Magnolia, Lily) have 
boat-shaped grains due to the one furrow, are 
insect pollinated but do become airborne due to 
the abundance of pollens.

a b

Fig. 4.1  (a) Pinus strobus (staining after acetolysis), (b) Pinus strobus

Fig. 4.2  Cupressaceae

4.2  Single Grains with Furrows
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4.2.2	 Tricolpate Pollen Grains

4.2.2.1	 Striate Sculpturing of Surface
Acer negundo is the most allergenic of the maples. 
Furrow (colpus) with a smooth membrane is 
wide and tapers nearly to pole, with a small polar 
area. The shape is prolate/spheroid and the exine 
is striate. No pore is present. Its exine is more 
regulate, but not striate. Its exine surface is less 
regulate than the oak pollen and has a more pink-
ish hue (Fig. 4.3). Prunus blooms during the oak 
season and these grains are about the same size 
but note the wall is not thick in Prunus as in the 
oaks and the intine at the furrows does not bulge 
as in oaks when seen in polar view.

4.2.2.2	 With Irregular Verrucate Exine
Oaks are in the Fagaceae family but other mem-
bers are tricolporate. Oaks are wind pollinated, 
but beech and chestnut are insect pollinated. 
Short furrows and in polar view appears triangu-
lar with a bulging transparent area in three cor-
ners of thickened intine. In the equatorial view the 
Quercus grain is prolate measuring 24–35 μm and 
the furrows in the unexpanded grain. The many 
Quercus species give a cascading of very abun-
dant pollen over a 2–3 months period (Fig. 4.4).

4.2.2.3	 With Coarse Reticulum
Fabaceae that are monads (rather than polyads) 
are tricolporate in most texts. The exine is a 

coarse reticulum and the furrows are fairly long 
and the indistinct pores are elongated and not 
easily defined within the furrows. The rounded, 
prolate grains stain a similar shade as oak pollens 
but the longer furrows and no bulge of intine give 
a more rounded appearance.

4.2.2.4	 With Very Coarse Exine
Salix (willow) is mostly insect-pollinated but 
some pollen become airborne. The grain is most 
coarse at the equator between the furrows and 
finer near the furrows and at polar areas. Furrows 
are long giving a small polar area. This polar 
view shows the furrow nearly meet at the poles. 
In the equatorial view note varying size of the 
holes in the exine pattern with greater coarseness 
at the equator and finer pattern near the furrows 
and polar area (Fig. 4.5).

4.2.2.5	 �With Finely Pitted Exine and 
Verrucate Furrows

Platanus has tricolpate pollen grains with ver-
rucae furrows that are broad and moderately 
short. The margins of the furrows are indistinct 
due to this flecking of the membrane with ver-
rucae (warts). A Platanus grain shows short 
broad furrow at a surface focus in polar view 
(Fig. 4.6).

4.2.3	 �Tetracolpate Pollen Grains 
with Short Furrows

Fraxinus (Ash) grain has no membrane of fur-
row and the exine is a netted or beaded reticulum 
that is homogenous in texture and 2  μm thick. 
The grains are 19–33 μm and easy to recognize. 
They bloom in the spring and are mainly wind-
pollinated (Fig. 4.7).

4.3	 Single Grain with Apertures

4.3.1	 Monoporate

Poaceae (grasses): spheroidal to ellipsoidal grains 
with a thin exine (1–1.5 μm, a granular surface, 
22–122 μm in diameter with one pore 2–8 μm, Fig. 4.3  Acer negundo

4  The Structure of Pollen
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dozen are important allergens. Sometimes grass 
pollens have lost most of granular material and 
have collapsed. May of the grasses cross react 
and have similar allergens.

The grass pollens are not able to be identified 
the grass pollen from each other microscopically 
(Fig. 4.8).

4.3.2	 Diporate

Mulberry (Morus rubra) has pore protruding, 
smooth exine and elliptical shape, but the two 
pores not directly opposite.

Fig. 4.4  Quercus alba

Fig. 4.5  Salix caprea

Fig. 4.6  Plantanus

Fig. 4.7  Fraxinus Americana

4.3  Single Grain with Apertures
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4.3.3	 Triporate

4.3.3.1	 Pore Protruding
	a.	 Betula (birch) and alnus (alder): pore pro-

trudes, exine layers are knobbed at pore open-
ing. Size is 25–30 μm (Fig. 4.9).

	b.	 Corylus (hazelnut): exine layers only slightly 
thickened at pore opening. Grain size is 
35–40 μm (Fig. 4.10).

	c.	 Carpinus (hornbeam): exine layers are parallel 
at pore opening. Grain size is 35–40 μm. 

	d.	 Myrica (bayberry) and Casuarina: pore pro-
trudes, inner exine layer is dissolved looking at 
pore opening. Sizeis 27–30 μm. 

4.3.3.2	 Pore Only Slightly Protruding
	a.	 Ten to 15 μm spherical grain with tiny aspi-

date pores.
	b.	 Twenty to 25 μm grains, spherical with 3 aspi-

rate pores, very thin walls and often collapsed.

4.3.3.3	 Pore Not Protruding
	a.	 Size is quite variable (25–50  μm), grains 

markedly spheroid and with 3–4 pores, 
markedly annulate (3.5 μm annulus in diame-
ter, texture of grain very granular like grass 
pollen: Celtis (hackberry, sugarberry). The 
larger grains have more pores. The spheroid 
shape and no protruding of large pores but 
with obvious onci set this apart from other tri-

porates. (Oncus: a thickened portion of the 
intine below the aperture) (Fig. 4.11).

	b.	 40–50 μm grains of spherical/triangular shape 
and relatively smaller pores, only slightly 
aspidate and the pores are off center (hetero-
polar). Carya (hickory, pecan) Pores is not 
annulate. The aspidate pores give a very slight 
protrusion and the sphere/triangular shape.

	c.	 Oblate grain with a thick endexine around the 
pores. Shape of grain and placement of pores 
gives the look of a betula grain with the pores 
in the wrong place. Tilia 35–65 μm (corkwood 
blooms) (Fig. 4.11).

	d.	 Pore not protruding and not altering shape of 
grain. Spherical 15–20  μm grain with tiny 
1.5  μm pore with small annulus. Urtica is 
more apt to bloom in the summer (Fig. 4.12).

4.3.3.4	 �More Than Three Pores 
Arranged Around the Equator

1.	 Tetraporate
Rutaceae has four pores and beaded surface 
(insect pollinated citrus). Buxus and Nerium 
also are 4 pored. (30 μm, 30 and 45 μm) and 
occasionally Acalypha (10–12 μm).

	2.	 Stephanoporate
a.	 20–27  μm with 4–6 pores: Alnus (Alder) 

(betula like pore pattern) with 5 pores. Arci 
are best seen arching from pore to pore as 
you focus up and down) (Fig. 4.13).

b.	 25–35 μm grains with 5–6 pores and a reg-
ulate sculpturing Ulmus (elm) (Fig. 4.14).

c.	 20–25  μm grains with strongly annulate 
pores. Myriophyllum (water milfoil) in 
spring and summer. Shape is sub-oblate 
and texture is smooth. Appears as distorted 
birch pollen.

4.3.3.5	 �Periporate—Pores Scattered 
on Surface

8–14 pores scattered on surface. Plantago: Each 
pore has a distinct annulus and an operculum 
over the center of the pore. The exine is coarsely 
granular. Size varies 20–35  μm and is spheri-
cal in shape. It blooms during the grass season. 
Plantago lanceolata (English plantain) blooms 
in the early grass season and is the most aller-
genic species of the group (Fig. 4.15).

Fig. 4.8  Cynodon dactylon

4  The Structure of Pollen
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Fig. 4.9  Betula pendula

Fig. 4.10  Corylus avellana

Fig. 4.11  Tilia codata

Fig. 4.12  Urtica dioia

Fig. 4.13  Alnus glutinosa

4.3  Single Grain with Apertures
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4.3.3.6	 �Periporate More Than 3 Pores 
Scattered on Surface

Thirty to fifty micrometer grains with coarse 
reticulum with pores of varying size at bottom of 

lumina (5–10 μm). Pores is not annulate nor with 
operculum. Polygonum (smartweed). The edge 
of pore is distinct but no annulus. Liquidambar 
(sweet gum).

4.3.3.7	 �Periporate Spheroidal Grains 
with Uniformly Distributed 
Pores of Same Size

Chenopodium/Amaranthus (Pigweed) Most are 
20–30 μm in diameter and are not differentiated 
by most aerobiologists (Fig.  4.16). Beta (sugar 
beet) is only 14–15 μm in diameter. The allerge-
nicity of the pollen is very strong and very cross 
reactive. Salsola is the most reactive.

4.3.3.8	 Heteropolar Periporate
Seven to eighteen pores arranged on one hemi-
sphere of oblate-spheroidal grain. Juglans (wal-
nut) Pores are annulate.

Fig. 4.15  Plantago lanceolata

Fig. 4.14  Ulmus 
crassifolia

a b

Fig. 4.16  (a) Chenopodium album, (b) Amaranthus retroflexus

4  The Structure of Pollen
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4.3.4	 �Tricolporate Pollen Grain has 
Compound Apertures with 
Pores and Furrows

4.3.4.1	 Echinate Exine: Asteraceae
	a.	 Spines short, conical (1.5–2.5 μm) and grains 

(17–22 μm) with very short furrows and indis-
tinct pores. Ambrosia (Fig. 4.17) and Franseria 
have similar size and appearance of pollen. 
Iva (elder) has a slightly longer furrow. It is 
difficult to separate these pollens with light 
microscopy. Xanthium (cocklebur) has larger 
grains with tiny spines.

	b.	 Spines is very tiny, exine thickened to 
3–4 μm between colpi with distinct colum-
nellae and the grains are 20–25 μm. Artemisia 
(sage brush, mugwort, wormwood) may 
have a bulging hyaline pore (at the equato-
rial midsection similar to those seen in the 
oaks). Very thick exine makes this pollen 
appear different than the other Asteraceae 
(Fig. 4.18).

	c.	 Spines moderately long 2.5–3.5 μm and spaced 
further apart. Eupatorium and Baccharis are 
sharing in some of the allergens of ragweed 
and might be considered as “ragweed allies.” 
Totally Dog fennel and groundsel bush 
(Baccharis) are prevalent on surveys at the end 
of the ragweed season. They have strong aller-
gens, perhaps shared with ragweed.

4.3.4.2	 �Small Grain <20 μm without 
Spines, Smooth Exine 
with Narrow Furrows

	a.	 Long furrows with small pores with margo 
Rhamnus (Buckthorn family) The furrow is 
thickened around the pore. The midsection 
gives another view of margo.

	b.	 Long furrows and indistinct pores without 
margo 
Hdyrangea are mainly insect pollinated but 
have this smooth exine and the pores are 
small and lack a margo aorund the small 
pore and furrow.

	c.	 Small grains with smooth exine and well 
defined pores 

Fig. 4.17  Ambrosia artemisiifolia

Fig. 4.18  Artemisia vulgaris

4.3  Single Grain with Apertures
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Castanea blooms 4-6 weeks later than oaks. At 
that time red buckeye also blooms and are 
insect pollinated.

	d.	 Small triangular grains with onci at the apertures 
		 Mytraceae family. All are insect pollinated and 

not numerous on surveys.

4.3.4.3	 �Grains >20 μm that are 
Spheroid or Prolate

	a.	 Grains with densely stained, but thin exine, 
and long, thin furrows and small pore within 
furrows. Rumex (dock) has these small but 
granular staining grains. The exine is not 
thick. Focus up and down to see the very nar-
row furrows (Fig. 4.19).

	b.	 Tricolporate grains with thick exine and long 
furrows. Viburnum. Exine coarsely reticulated 
4 μm thick.

	c.	 Tricolporate grains with long furrows and 
beaded exine (2  μm thick). Pore indistinct 
and furrow with warty surface Sambucus 
(elderberry)

	d.	 Tricolporate, large (50 × 48) grain with long 
furrows and lalongate pores (2  ×  5) and a 
margo thickening of intine and nexine near the 
pores. Cornus (dogwood).

	d.	 Tricolpo rate, large grain with coarse granular 
exine with long narrow furrows and an indis-
tinct elongated pore. Fagus has exine similar to 
oaks but the lond furrows with pores and larger 
size separates it. Fagus (beech) and Castanea 
(chestnuts) bloom 4–5 weeks later than oaks but 
still in the end of the tree season.
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Description and Clinical Exposure 
of Allergic Plants

5.1	 �Anatomy of Plant

Seed-bearing plants produce their reproductive 
structures in cones or flowers. Gymnosperms 
(naked seeds) are trees and shrubs that bear 
their seeds in cones. Pines, firs, junipers, 
spruces, yews, hemlocks, savins, cedars, larches, 
cypresses, retinisporas, and ginkgoes are gymno-
sperms. Angiosperms produce seeds enclosed in 
the female reproductive structures of the flower. 
Angiosperms may be monocotyledons, whose 
seeds contain one cotyledon, or dicotyledons, 
with two seed leaves. Leaves of monocotyledons 
have parallel veins, whereas leaves of dicotyle-
dons have branching veins. Grasses are mono-
cotyledons; most other allergenic plants are 
dicotyledons.

The flower has four fundamental parts 
(Fig. 5.1):

	1.	 Pistils (one or more) are the female portion of 
the plant and consist of an ovary at the base, a 
style projecting upward, and a stigma, the 
sticky portion to which pollen grains adhere.

	2.	 Stamens, which are the male portions of the 
plant, are variable in number and consist of 
anthers borne on filaments. Pollen grains are 
produced in the anthers.

	3.	 Petals, the colored parts of the flower, vary 
from three to many in number.

	4.	 Sepals, the protective portion of the flower 
bud, are usually green and three to six in 
number.

The phylogenetically primitive flower had 
numerous separate parts, as typified by the mag-
nolia. Fusion of flower parts and reduction of 
their number is a characteristic of phylogenetic 
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advancement. As a group, dicotyledons are more 
primitive than monocotyledons.

A perfect flower contains both male and 
female organs; an imperfect flower contains 
only stamens or only pistils. Monoecious (one 
house) plants bear both stamens and pistils; the 
individual flowers may be perfect or imperfect. 
Dioecious plants (two house) have imperfect 
flowers, and all flowers on a particular plant are 
the same type (male and female). Ragweed is a 
monoecious plant with imperfect flowers; corn is 
a monoecious plant with perfect flowers; willows 
are dioecious plants. Like the flowering plants, 
gymnosperms may be either monoecious (pines) 
or dioecious (cypresses and ginkgoes).

5.2	 �Taxonomy

Plants are classified in a hierarchical system. The 
principal ranks, their endings, and examples are 
as follows:

Class (-ae): Angiosperm, Gymnosperm
�Subclass (-ae): Monocotyledonae, Dicotyle-
donae
Order (-ales): Coniferales, Salicales
Suborder (-ineare)
Family (-aceae): Asteraceae, Poaceae
Subfamily (-oideae)
Tribe (-eae)
�Genus (no characteristic ending: italicized); 
Acer
�Species (genus name plus “Specific epithet”): 
Acer rubrum

5.3	 �Description and Clinical 
Relation of Allergic Plants

5.3.1	 �Tree

A.	�Gymnosperms

Trees may be gymnosperms or angiosperms. The 
gymnosperms include tow orders, the Pinales, 
formerly known as Coniferales (conifers) and 
the Ginkgoales. Neither is of particular impor-
tance in allergy, but because of the prevalence of 
conifers and the incidence of their pollens in sur-

veys, some comments are in order. Conifers grow 
mainly in temperate climates. They have needle-
shaped leaves.

5.3.1.1  �Family Pinaceae
The Pinaceae (pine family) are trees or shrubs, 
including many of the well-known conifers of 
commercial importance such as cedars, firs, 
hemlocks, larches, pines, and spruces. The fam-
ily is included in the order Pinales. Pinaceae are 
supported as monophyletic by their protein-type 
sieve cell plastids, pattern of proembryogeny, and 
lack of bioflavonoids. They are the largest extant 
conifer family in species diversity, with between 
220 and 250 species (depending on taxonomic 
opinion) in 11 genera [1]. The 11 genera are 
grouped into four subfamilies, based on the mor-
phology of the cones, seeds, and leaves [2] and 
the second-largest (after Cupressaceae) in geo-
graphical range, found in most of the Northern 
Hemisphere, with the majority of the species in 
temperate climates, P. radiata has become the 
most important in the Southern Hemisphere, but 
ranging from subarctic to tropical.

A family of coniferous trees and shrubs com-
prising plants with needle-shaped or scale-like 
leaves, cones with woody, fleshy, or membranous 
scales, and fine-grained wood that is often divided 
into four or more smaller families. Members of the 
family Pinaceae are trees growing from 2 to 100 m 
(7–300 ft) tall, mostly evergreen, resinous, monoe-
cious, with subopposite or whorled branches, and 
spirally arranged, linear leaves [1]. The embryos of 
Pinaceae have three to 24 cotyledons.

The female cones are large and usually woody, 
2–60 cm long, with numerous spirally arranged 
scales, and two winged seeds on each scale. The 
male cones are small, 0.5–6.0 cm long, and fall 
soon after pollination; pollen dispersal is by 
wind. Seed dispersal is mostly by wind, but some 
species have large seeds with reduced wings, and 
are dispersed by birds.

Pines, Spruces
Pine tree is a common name for a family of conif-
erous trees, of widespread distribution in north-
ern temperate areas. Of the 100 different species 
included in the genus, almost all are found in the 
Northern Hemisphere. Pinus radiata has become 
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the most important in the Southern Hemisphere. 
Family members include the Douglas fir tree 
(Pseudotsuga taxifolia), the Spruce tree (Picea 
excelsa), and the White pine tree (Pinus strobus), 
which is native to northeastern North America. 
Pines can be divided into 2 groups, hard Pines 
and soft Pines.

The Pine tree is an evergreen reaching a height 
of 15–35 m, with upward-pointing branches and 
a rounded top. The outer bark is narrowly ridged, 
and the inner bark is resinous. The leaves (“nee-
dles”) are bright green, occur in clusters of 3, and 
are 10–15 cm long with blunt tips. They persist 
on the tree for approximately 3 years. Cones are 
7.5–14 cm long, brown, egg-shaped, and usually 
set asymmetrically on a branch; they are attached 
at an oblique angle [1]. Pines are monoecious 
evergreens whose leaves are arranged in bundles 
of two to five and are enclosed at the base by a 
sheath (all other members of the Pinaceae family 
bear leaves singly, not in bundles) (Figs. 5.2 and 
5.3a–c). The male and female flowers are sepa-
rate but on the same tree. Pollination occurs from 
January to February in the Northern Hemisphere, 
but may be extended due to high temperatures. 
The pollen count is often high, but the pollen 
grains are large; this is a possible reason for the 
low induction of sensitization.

The pollen grains of pines are 45–65 μm in 
diameter and have two bladders (Figs.  5.4a, b 
and 5.5). Spruces produce pollen grains morpho-
logically similar to pine pollen but much larger, 
ranging from 70 to 90 μm exclusive of the blad-
ders. Hemlock pollen grains may have bladders, 
depending on the species. The firs produce even 
larger pollen grains, ranging from 80 to 100 μm, 
not including the tow bladders.

Cross-Reactivity
A high cross-reactivity among Pinus nigra, P. 
sylvestris, P. radiate, and P. strobus has been 
demonstrated using RAST inhibition [3]. IgE 
studies have demonstrated that pollen extracts 
from Olive, Birch, Mugwort, Pine, and Cypress 
contain proteins that share common epitopes rec-
ognizable by sera from Olive-allergic individuals 
[4]. The possibility of cross-reactivity between 
Pinus and Rye grass (Lolium perenne) has also 
been suggested [5]. Enzyme immunoassay inhi-

bition studies have revealed that leached P. radi-
ata pollen proteins could partially inhibit serum 
IgE binding to Rye grass-specific IgE. This pro-
vides preliminary evidence for allergen cross-
reactivity between these two unrelated species 
[6]. Importantly, allergy to Pine nuts (P. edulis) 
can occur with no symptoms of sensitization to 
Pine pollen. Immunoblot experiments have dem-
onstrated the presence of IgE antibodies in serum 
against several components of Pine nuts and pol-
len, and some cross-reacting components were 
found.

Allergic Reaction
This pollen occasionally has been implicated 
in allergy. Pine tree pollen may cause asthma, 
allergic rhinitis, and allergic conjunctivitis. Pine 
pollen allergy has been generally considered to 
be rare and clinically insignificant. Although 
Pine pollen is released in large quantities, IgE-
sensitization to it occurs in only 1.5–3% of atopic 
patients, according to studies from northern 
Arizona and France [7, 8]. This has been thought 
to be due to the large size of the pollen from this 
tree.

However, a Spanish study suggests that Pine 
tree pollen is a significant pollen aeroaller-
gen and should be considered in assessment of 
pollen-allergic individuals. In the study, Pinus 
pollen (P. pinaster and P. radiata) was shown to 
be among the predominant pollens in an area of 
Spain. The majority of patients was monosensi-
tized to Pine pollen and suffered from seasonal 
rhinoconjunctivitis [9]. In an aerobiology study 
in Zagreb, Croatia, Pine pollen was also reported 
to be significant major pollen [10]. In a study 
on the Croatian Adriatic, high pollen concen-
trations from the closely related P. halepensis 
were demonstrated [11]. A survey of the east-
Mediterranean coast of Turkey found that the 
most prominent tree pollens were Cupressaceae, 
Eucalyptus, and Pinus. The sensitizing Pine pol-
len seemed to depend on which species of Pine 
tree was present in the vicinity.

5.3.1.2  �Family Cupressaceae
Cupressaceae is a conifer family, the cypress 
family, with worldwide distribution. The fam-
ily includes 27–30 genera (17 monotypic), 
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Fig. 5.2  Forest of pines
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Fig. 5.3  (a) Catkins, (b) pistil of Korean pine (Pinus koraiensis), (c) fruits of pitch pine (Pinus rigida)
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which include the junipers and redwoods, 
with about 130–140 species in total. They are 
monoecious, subdioecious or (rarely), dioe-
cious trees and shrubs 1–116 m tall. The bark 
of mature trees is commonly orange- to red-
brown and of stringy texture, often flaking or 
peeling in vertical strips, but smooth, scaly or 
hard and square-cracked in some species. The 
leaves are arranged either spirally, in decussate 
pairs (opposite pairs, each pair at 90° to the 
previous pair) or in decussate whorls of three 
or four, depending on the genus. On young 
plants, the leaves are needle-like, becoming 
small and scale-like on mature plants of many 
genera; some genera and species retain needle-
like leaves throughout their lives.

The pollen cones are more uniform in struc-
ture across the family, 1–20 mm long, with the 

scales again arranged spirally, decussate (oppo-
site) or whorled, depending on the genus.

(1)	 Japanese Cedar

It is endemic to Japan, where it is known as sugi 
(Japanese). The tree is called Japanese sugi pine 
or Japanese red-cedar in English. It is a very large 
evergreen tree, reaching up to 70 m tall and 4 m 
trunk diameter, with red-brown bark which peels 
in vertical strips. The leaves are arranged spirally, 
needle-like, 0.5–1  cm long; and the seed cones 
globular, 1–2  cm diameter with about 20–40 
scales (Fig. 5.6a–c). It is superficially similar to 
the related giant sequoia (Sequoiadendron gigan-
teum), from which it can be differentiated by the 
longer leaves (under 0.5 cm in the giant sequoia) 
and smaller cones (4–6 cm in the giant sequoia), 

a b

Fig. 5.4  Pollen of (a) Korean red pine (Pinus densiflora) and (b) white pine (Pinus strobus)

Fig. 5.5  Electromicroscopic pollen of White pine (Pinus strobus)
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a b

Fig. 5.6  (a, b) Leaves and fruits, (c) forest, (d) bark of Japanese cedar (Cupressus japonica)

and the harder bark on the trunk (thick, soft and 
spongy in giant sequoia) (Fig.  5.6d). Sugi has 
been cultivated in China for so long that it is fre-
quently thought to be native [12].

Japanese cedar pollen grains are almost globu-
lar, approximately 30 μm in diameter, provided 
with a single germ pore, consisting of a finger-
like projection called papillae standing straight 
up from the surface and slightly bent at the top 
(Figs. 5.7 and 5.8).

Cross-Reactivity
Japanese cedar (Cry j 1) has been shown to be 
very similar to the major allergens of mountain 
cedar (Jun a 1), Japanese cypress (Cha o 1), and 
Cupressus arizonica (Cup a 1), and this is thought 
to throw light on the cross-reactivity of conifer 
pollens [13–15]. These results have been con-
firmed by specific IgE inhibition assays. In Japan, 
many patients with pollinosis have IgE antibodies 
to pollen of both Japanese cypress and Japanese 
cedar. The sequences of Cha o 1 and Cry j 1, the 
major allergens of Japanese cypress and Japanese 
cedar pollens, respectively, are 80% identical 
[16]. The presence of both T cells reactive to T 
cell epitopes common to Cha o 1 and Cry j 1, and 
T cells specific to T cell epitopes unique to Cha o 
1 in patients with pollinosis, contributes to symp-
toms continuing after the cedar pollen season in 
March and into the cypress pollen season in April 
[17]. Japanese cedar pollinosis is one of the most 
widespread diseases in Japan. Cross-reactivity 
between Japanese cedar pollen and tomato fruit 
was demonstrated through inhibition studies [18]. 

A potential allergen responsible may be Cry j 2, 
a polygalacturonase, which has a 40% identity 
with the polygalacturonase from tomatoes. Cross-
reactivity has also been demonstrated between the 
pollen of Italian funeral cypress tree (Cupressus 
sempervirens) and that of Japanese cedar [19].

Allergic Reaction
Japanese cedar pollen is the most common aller-
gen causing seasonal pollen allergy in Japan 
[20–25]. It is the most common cause of seasonal 
allergic rhinitis [23, 26, 27] and rhinoconjuncti-
vitis during spring [28, 29]. It is a risk factor for 
bronchial asthma in Japanese adult asthmatics 
[30]. Pollen from this tree also affects the sever-
ity of atopic dermatitis [31].

Japanese cedar pollen is the most common 
causative allergen for seasonal allergic rhinitis 
in Japan [32]. It occurs in spring, causing the 
typical symptoms of seasonal allergic rhinitis. 
Furthermore, pollen counts of Japanese cedar are 
increasing [33]. Japanese cedar pollen is not only 
a cause of allergic rhinitis, but also of allergic 
conjunctivitis. Allergic rhinitis can interfere with 
cognitive function and impair work productiv-
ity, and may cause work absence. Japanese cedar 
pollen plays a role in atopic dermatitis. Among 
children with atopic dermatitis, a statistically sig-
nificant correlation was demonstrated between 
the severity of atopic dermatitis and the presence 
of Japanese cedar pollen; i.e. those tended to have 
more severe atopic dermatitis [34, 35].

Japanese cedar pollen is also a common sen-
sitizing allergen in other areas where the tree is 
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Fig. 5.6  (continued)
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grown. A Korean study reported a 10% sensiti-
zation rate in the urban population and a 1.3% 
sensitization rate in the rural population [36], but 
variable prevalence has been reported [37]. An 
earlier Korean study of skin-prick tests for 16 
aeroallergens performed on 1060 subjects from 
different research centers found the prevalence 
of atopy to be 52%. Sensitization to Japanese 
cedar varied from 16 to 21%. Compared with 
previous reports, the prevalence of atopy and 
the sensitization rates of house dust mite, cedar, 
and outdoor molds were shown to be increasing 
(Table 5.1) [38].

(2)	 Cypress

Arizona cypress is the only cypress native to 
the southwest of North America and has been 
widely exported, especially to Europe. It is a 

steeple-shaped, coniferous evergreen that can 
grow over 25 m tall. Its leaves are pale green to 
gray-blue. The small, inconspicuous yellow flow-
ers are monoecious (individual flowers are either 
male or female, but both sexes can be found on 
the same plant), and are pollinated by wind. The 
brown bark peels in thin strips and turns gray 
with age. The taller, greener, longer-lived but 
closely related and—where pollen allergy is con-
cerned—very similar Italian funeral cypress tree 
is indigenous to the Mediterranean and has been 
introduced in places such as Australia, the US, 
New Zealand, Chile, China, and India. It is the 
classic ornamental in cemeteries, a usage dating 
back to ancient times. The Italian cypress tree is 
the most common cypress in the countries around 
the Mediterranean, followed by the Arizona 
cypress, and their prevalence is reflected in the 
allergic impact of their pollen [39].

Fig. 5.7  Pollens of Japanese cedar (Cupressus japonica)

Fig. 5.8  Electromicroscopic pollen of Japanese cedar (Cupressus japonica)
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Table 5.1  Commonly encountered allergens and their allergenicity of allergenic plants

Order Family General name
Genus name plus 
specific epithet Allergen Allergenicity

 Fagales Fagaceae White oak Quercus alba Que a 1 +++

Daimyo oak Q. dentata Thunb.

Oriental white oak Q. aliena Bl.

Beech Fagus engleriana +

Betulaceae Birch Betula verrucosa Bet v 1-5,7 +++

Alder Alnus glutinosa Aln g 1,-4

Hazelnut Corylus avellana Cor a 1,2, 10,  
Cor a profilin

Salicales Salicaceae Willow Salix caprea +

Poplar Populus 
euramericana 
Guinier

Urticales Ulmaceae Elm Ulmus americana ++

Hackberry Celtis sinensis 
Persoon

Proteales Platanaceae American sycamore Platanus occidentalis Pla a 1-3, Pla a 
profilin

+

Plane tree P. orientalis

Malvales Moraceae Mulberry Morus alba +

Tiliaceae Lindens Tilia cordata

Sapindales Aceraceae Maple Acer palmatum 
Thunb.

+

Juglandales Juglandaceae Walnut Juglan sinensis +

Pecan tree Carya illinoinensis

Sapindales Oleaceae Ash Fraxinus 
rhynchophylla

Fra e 1-3, 9, 12

Olive Olea europaea Ole e 1-12 +

Pinales Cupressaceae Japanese cedar Cryptomeria 
japonica, Cupressus 
japonica

Cry j 1-4, Cry 
LTP, Cry CPA9

+++

Cypress Cupressus arizonica, 
C. Glabra

Cup a 1-3

Pinaceae Pine Pinus densiflora 
Siebold & Zucc.

+

Poales Gramiceae 
(Poaceae)

Meadow fescue 
(tribe festuceae)

Festuca pratensis Fes p 1, 4, 13 +++

Sweet Vernal grass 
(tribe aveneae)

Anthoxanthum 
odoratum

Orchard grass or 
cocksfoot (tribe 
poeae)

Dactylis glomerata L. Dac g 1,-5

Timothy grass (tribe 
argostideae)

Phleum pratense L. Phlp 1, 2, 4, 5, 
6, 12

Bermuda grass 
(tribe chlorideae)

Cynodon dactylon 
(L.) Pers.

Cyn d 1,7
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Table 5.1  (continued)

The pollen grains, which range from 20 to 
30 μm in size are usually inaperturate, spherical, 
and with rounded granules or gemmae of vary-
ing shape and size irregularly scattered on top of 
a thin exine. Any palynological sampling of the 
atmosphere will then yield results concerning the 
Cupressaceae as a whole (including Cupressus, 
Juniperus, Thuja, etc.) for a given area, without 
any further taxonomic distinction. Moreover, 
methods that use nonacetolyzed pollen analy-
ses cannot separate the Cupressaceae from the 
Taxaceae when they both occur in the same area. 
A good knowledge of the phenology of each spe-
cies may help to assign observed pollen peaks 
to the genera and species occurring in the area 
(Fig. 5.9).

Cross-Reactivity
Intense cross-reactivity has been reported 
between Italian funeral cypress, Arizona cypress 
and mountain cedar. For example, for in  vivo 
diagnosis of cypress allergy, mountain cedar 
tree pollen extract demonstrated a sensitivity of 
95%, a specificity of 100%, a negative predictive 
value of 96%, and a positive predictive value of 
100% [13, 40]. Extensive cross-reactivity also 
occurs with other family members. These include 
prickly juniper (J. oxycedrus), Japanese cypress/
false cypress (Chamaecyparis obtusa), and west-
ern red cedar (Thuja plicata) [41]. Pollen from 
Juniperus oxycedrus (prickly juniper tree) has 
also been shown to have wide cross-reactivity 
with other family members [42].

Order Family General name
Genus name plus 
specific epithet Allergen Allergenicity

Asterales Asteraceae Common ragweed 
(tribe ambrosieae)

Ambrosia 
artemisiifolia L.

Amb a 1-7, 
Cystatin

+++

Giant ragweed (Trbe 
Ambrosieae

A. trifida L. var. 
trifida

Amb t 5

Mugwort (tribe 
anthemideae)

Artemisia vulgaris L. Art v 1-6, Art 
60 kD, 47 kD

Caryophyllales Amaranthaceae carelessweed Amaranthus palmeri  
L.

++

Green amaranth, 
orredroot pigweed

A. retroflexus L.

Spring amaranth A. spinosus  L.

Edible amaranth A. mangostanus L.

Caryophyllales Chenopodiaceae Goosefoot or 
Lamb’s quarters

Chenopodium album Che a 1-3 ++

Mexican tea C. ambrosioides L.

Rosales Cannabaceae Japanese hop Humulus japonicus 
Siebold et Zucc.

Hum j 1,2 
Hum j 10kD

+++

Urticaceae Nettle Urtica thunbergiana 
Siebold et Zucc.

±

Lamiales Plantaginaceae Asian plantain Plantago asiatica L. +++

English plantain P. lanceolata L. Pla I 1 
17–20 kDa

Caryophyllales Polygonaceae Common sorrel Rumex acetosa L. +

Sheep sorrel R. acetosella L.
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Allergic Reaction
Arizona cypress, in common with the other mem-
bers of the Cupressaceae family, is an important 
source of allergens, causing winter respiratory 
allergies and commonly inducing symptoms of 
asthma, allergic rhinitis, and allergic conjunctivi-
tis in sensitized individuals [13, 42].

B.	� Angiosperms

Most allergenic trees are in this group. The more 
important orders and families are listed here 
with relevant notations. Other trees have been 
implicated in pollen allergy, but most of the pol-
linosis can be attributed to those mentioned here 
(Table 5.1).

5.3.1.3  �Family Salicaceae
The Salicaceae are a family, the willow fam-
ily, of flowering plants. The traditional family 
included the willows (Salix), poplar (Populus), 
aspen, and cottonwoods. Recent genetic stud-
ies summarized by the Angiosperm Phylogeny 
Group have greatly expanded the circumscrip-
tion of the family to contain 56 genera and 
about 1220 species [43, 44]. The Salicaceae 
were assigned to their own order, Salicales, 
and contained three genera (Salix, Populus, and 
Chosenia native to Korea, Sakhalin, Kamchatka, 
and the Russian Far East).

(1)	 Willows

Willow is found primarily on moist soils in 
cold and temperate regions of the Northern 
Hemisphere. Most species are known as Willow, 
but some narrow-leaved shrub species are called 
osier, and some broader-leaved species are 
called sallow. Some willows (particularly arctic 
and alpine species) are low-growing or creep-
ing shrubs [45, 46]. Willows are cool-climate 
trees and are common in most of Europe, North 
America, western temperate Asia, and north-
east Africa. In eastern Asia they are replaced 
by related species. The tree is uncommon in  
the tropics.

Willow is a deciduous shrub or small tree, usu-
ally attaining between 3 and 15 m in height. It may 
grow in the form of a large and upright shrub or a 
multi-stemmed small tree. The bark is yellowish-
brown, becoming dark brown as the tree grows 
older. The green leaves are oblong and irregularly 
toothed. Willow is among the first trees flowering 
in spring. The flowers are dioecious and appear 
in catkins. The male Willow produces white, 
2.5–5 cm-long flowers on a bottlebrush-like cat-
kin. The catkins are produced early in the spring, 
often before the leaves, or as the new leaves 
open (Fig.  5.10a–c). Pollination is by insects. 
The fruit is a small, cylindrical, beaked capsule 
containing numerous tiny (0.1  mm) seeds. The 

Fig. 5.9  Pollens of cypress (Cupressus arizonica)
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Fig. 5.10  (a) Leaves, (b) pistils, (c) catkins of willow (Salix alba)

seeds are furnished with long, silky, white hairs, 
which allow the seeds to be widely dispersed by 
the wind [46]. Willow pollen grains are spheri-
cal with long furrows, 22–30 μm in diameter, and 
characterized by an intine (Figs. 5.11 and 5.12).

Allergic Reaction
Willow tree pollen can induce asthma, aller-
gic rhinitis, and allergic conjunctivitis. Willow 
tree pollen is an important aeroallergen in 
many parts of the world. This has been demon-
strated in Turkey and other parts of the eastern 
Mediterranean region, Poland, Switzerland, and 
Missouri, USA. Pollen from Salix was reported to 
play a role in allergic rhinitis in Eskisehir, Turkey 
[47, 48]. Other aerobiological studies from vari-
ous regions in Turkey have documented the pres-
ence of Salix pollens in the air [10, 49–51]. Salix 
pollen was also recorded in Anchorage, Alaska 
[52]. Measurement of daily pollen concentration 
over a 6-year period in Badajoz, in southwest-
ern Spain, demonstrated high levels of Willow 

pollen, along with the pollen of another family 
member, Poplar [53].

Willow pollen has been demonstrated to be an 
important aeroallergen in Tehran, with the pollen 
season extending from the first week of February 
through the middle of October. In northern China, 
the most common aeroallergens included the pol-
len of willow and its family member Populus 
[54]; the findings were similar in Seoul, Korea, 
where the pollen from these trees was recorded 
from March to May [55, 56].

(2)	 Cottonwood, Poplar Tree

The botanical family willow (Salicaceae) con-
sists of Populus and Salix, the latter being true 
willows. Populus deltoides is the common des-
ignation for species of trees in this genus, but 
in fact Populus can be divided into 3 distinct 
groups: cottonwoods, aspens, and poplars. The 
botanical family Salicaceae consists of Populus 
and Salix, the latter being willows. Populus is a 
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genus of between 30 and 40 species of flower-
ing plants. Their native distribution covers most 
of the northern hemisphere, and 9 are native to 
North America [57]. They do not occur in the 
southern hemisphere. Cottonwood is a decidu-
ous tree native to eastern North America. It is 
the fastest-growing native tree in that continent. 
In open areas, it typically has a large trunk that 
divides into upright branches near its base, 
and ascends to form a broad, open, spreading 
crown. The bark is smooth and yellowish-gray, 
becoming dark gray and developing deep fur-
rows with age. The leaves are finely toothed, 
triangular, dark green, and shiny on top and 
paler underneath, with a long, flattened stalk 
(Fig.  5.13a–c) [57]. Their seeds are borne on 
buoyant cotton-like tufts that may fill the air in 

June like a localized snow-storm and Poplar is 
wind pollinated.

Poplar pollen grains are spherical, 27–34 μm 
in diameter, and characterized by a thick intine 
(Figs. 5.14 and 5.15).

Cross-Reactivity
Extensive cross-reactivity could be expected 
between species in the genus Populus, as well 
as with species of the genus Salix, such as 
willow [58].

Allergic Reaction
Some are of considerable allergenic impor-
tance. Pollen from the cottonwood tree results 
in asthma, hay fever, and allergic conjunctivitis 
[59]. Estimates in the USA attributed 20% of 

Fig. 5.11  Pollens of Goat willow (Salix caprea)

Fig. 5.12  Electromicroscopic pollen of Goat willow (Salix caprea)
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Fig. 5.13  (a) Leaves, (b) pistils, (c) catkins of Euramerican poplar (Populus nigra var. Italica)
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all hay fever to cottonwood [57, 60, 61]. Lewis 
et  al. showed skin-test reactivity to cottonwood 
in 60% of atopic patients from 7 different states 
in the USA [62]. In a study of the impact of dif-
ferent trees on asthma, and of the association 
between daily hospitalizations for asthma and 
daily concentrations of different tree pollens in 
10 large Canadian cities, statistically significant 
but small (<2%) effects were observed from 
Populus (aspen, poplar) [63]. In a Korean study 
of patients with allergic symptoms evaluated 
using 3 different kits for detection of allergen-
specific IgEs, depending on the test used, 0–3.8% 
was shown to be sensitized to a poplar mix [64].

5.3.1.4  �Family Betulaceae
Betulaceae, the birch family, includes six gen-
era of deciduous nut-bearing trees and shrubs, 

including the birches, alders, hazels, hornbeams, 
hazel-hornbeam, and hop-hornbeams number-
ing a total of 167 species [43]. They are mostly 
natives of the temperate Northern Hemisphere 
and are widely distributed in North America, 
Northern Asian and European countries, with a 
few species reaching the Southern Hemisphere in 
the Andes in South America. Their typical flow-
ers are catkins and often appear before leaves.

Because of climatic conditions characterized 
by mild winters and dry summers with sunny 
days, the vegetation of the Mediterranean area is 
normally different from that of central and north-
ern Europe. But the pollen map of Europe and the 
Mediterranean is changing because of cultural 
factors such as the import of Birch and Cypress 
for urban parklands. Birch is spreading down into 
the Mediterranean area: to northern Italy.

Fig. 5.14  Pollen of Euramerican poplar (Populus nigra var. Italica)

Fig. 5.15  Electromicroscopic pollen of Euramerican poplar (Populus nigra var. Italica)
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(1)	 Birch

Birch is a single-stemmed, deciduous tree up to 
about 25 m tall. The bark is smooth and silvery 
white, but can become black and fissured into 
rectangular bosses. The leaves are alternate, ovate 
or triangular, and doubly serrate. Common Silver 
Birch flowers in late spring, usually at the same 
time as the leaves appear, but in North America it 
blooms early in spring and occasionally flowers 
again in late summer or fall. The bloom time is 
usually short. Birches are wind-pollinated, with 
pollen and seed catkins on the same tree. Male 
catkins are formed in late summer and appear 
in winter as stiff fingers on long shoots; they are 
elongated and pendulous in early spring. The pis-
tillate catkins may persist into winter, discharg-
ing small winged seeds (Fig. 5.16a–c).

Birches shed enormous quantities of pollen 
in advance of the unfolding of the leaves: single 
catkins can produce 6  million grains. Birch has 
reproductive rhythms of high and low years for 
the abundance of pollen and subsequent seed [64].

The pollen grains are 20–30 μm and flattened, 
generally with three pores, although some spe-
cies have as many as seven (Figs. 5.17 and 5.18).

Cross-Reactivity
The most common manifestation of allergy to food 
in Birch pollen-allergic individuals is oral allergy 
syndrome (OAS) [65]. Individuals with Birch 
allergy and oral allergy syndrome are more fre-
quently allergic to Apple than to other foods [66]. 
Rhinitis, itching, tingling, and other mild reac-
tions on the oropharyngeal mucosa were reported 
to be the most common complaints after eating 
raw Apples (in about 30% of patients with hyper-
sensitivity to Birch pollen). Importantly, allergens 
present in Peach and Apple may result in cross-
reactivity between these two foods and Birch, 
even though patients have never been exposed to 
Birch. Further evidence for the cross-reactive rela-
tionship between Birch and Apple is demonstrated 
by the fact that 56% of patients allergic to Birch 
pollen and Apple improved in their fruit allergy if 
desensitized to Birch pollen [67].

In a study of 283 patients with clinical Birch 
pollen hypersensitivity, OAS was associated 

with more severe respiratory symptoms and with 
higher Birch-specific and total IgE levels; more-
over, its onset was related to the duration of Birch 
pollinosis. Significantly, this study suggests that 
about 15% of patients with Birch pollen hyper-
sensitivity are not prone to OAS, and that their 
anti-Birch IgE might be directed against determi-
nants that do not cross-react with food allergens 
[68]. Furthermore, in Mediterranean areas, OAS 
occurs independently of Birch pollinosis; more-
over, on occasion it presents with no associated 
pollinosis [69]. Also, IgE antibodies to Birch 
may be detected in patients with OAS even in 
geographical areas where Birch pollen is absent. 
The authors suggest that even in such areas mea-
surement of IgE antibodies to Birch pollen is 
important for screening and diagnosing patients 
with OAS [70].

Bet v 1 mainly results in mild symptoms of 
OAS.  This is usually caused by Apple, Cherry, 
Peach, and Plum but can also be observed 
with other allergens giving rise to generalized 
symptoms. Sensitization to Bet v 2 is com-
monly associated with more-generalized symp-
toms, in particular urticaria and angioedema. In 
allergy that is not related to Birch pollen, OAS 
to Rosaceae foods may occur as a result of lipid 
transfer proteins and, in contrast to the typical 
experience of Birch-Rosaceae cross-reactive 
patients, this kind of OAS is frequently accompa-
nied by more severe and systemic reactions [71].

Symptoms of food allergy in Birch pollino-
sis patients are usually mild and restricted to 
the oral cavity. Sometimes Birch pollen-related 
foods have been reported to trigger atopic der-
matitis in patients [72–74]. In particular, immedi-
ate and delayed hypersensitivity to Birch pollen 
may result in worsening of atopic dermatitis dur-
ing the Birch pollen season [75]. Adult patients 
with hypersensitivity to Birch pollen and atopic 
dermatitis have been shown to have a worsening 
of their condition after oral challenge with Birch 
pollen-related foods. Contact urticaria to fruit 
related to Birch sensitivity has been reported 
[76]. Children with Birch pollen-allergic rhi-
noconjunctivitis have been reported to exhibit 
an enhanced degree of gingival inflammatory 
reaction [77].
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c

Fig. 5.16  (a) Forest, (b) catkins, (c) leaves of birches (Betula pendula)
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Allergic Reaction
Birch pollen is highly allergenic and is a signifi-
cant cause of immediate hypersensitivity, in par-
ticular asthma and rhinoconjunctivitis, not only 
in Europe, Canada, and the northern part of the 
United States but also in Japan, Korea resulting 
in allergic reactions such as asthma, allergic rhi-
nitis, and conjunctivitis in adults and children 
[75, 78–90]. Birch pollen is a significant cause 
of immediate hypersensitivity among susceptible 
subjects in temperate climates, affecting 5–54% 
of the population in Western Europe [91].

Immune response to Birch has been reported 
to occur in all children during the first 7  years 
of life, regardless of atopic status [92]. It was 
documented that children exposed to high Birch 
pollen levels at 1  year were more likely to be 

sensitized to Birch pollen than those born in a 
year with a lower exposure, and more likely to 
have allergic asthma [93]. Furthermore, exposure 
of the mother during pregnancy to high levels 
of Birch pollen was reported to result in a ten-
dency towards increased risk of sensitization to 
the same allergen, and increased symptoms of 
allergic disease in children with atopic genetic 
background [94, 95].

Sensitization to Birch tree pollens are het-
erogeneous in character with individuals being 
sensitized to one or more Birch tree pollen aller-
gens. In a retrospective Spanish study of pollen 
allergy caused by Birch out of 222 patients diag-
nosed with pollen allergy, 41.89% were shown 
to have skin reactivity to Betula alba (10.75% 
were monosensitized); 30% suffered from an 

Fig. 5.17  Pollen of Silver birch (Betula pendula)

Fig. 5.18  Electromicroscopic pollen of Silver birch (Betula pendula)
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oral allergy syndrome to fruits; 41.93% of the 
patients with skin reactivity to Birch pollen had 
asthma, in comparison with 23.25% of those with 
no sensitization to Birch [96]. In Sapporo, Japan, 
the most common allergen responsible for pol-
len allergy was Birch, affecting 54 of 87 patients 
(62%) [97].

(2)	 Alder

Alder is a rapidly growing, deciduous, multi-
stemmed shrub or small tree, which tends to 
form thickets. It has a long trunk and a narrow 
crown. The alder typically grows between 2 and 
5 m in height, but may reach 12 m. The bark is 
thin, smooth, and green-gray, grayish-brown, or 

reddish-brown. Trees often produce adventitious 
roots from near the base of the stem. The leaves 
are broadly elliptic or ovate, and dull green on 
both sides. The leaves remain green until they 
are dropped in the autumn. Flowering gener-
ally begins during March or April, with seeds 
ripening from September to November. The 
flowers occur in catkins and are monoecious 
(individual flowers are either male or female, but 
both sexes are found on the same plant). Alders 
are wind-pollinated, and produce clouds of yel-
low pollen. The cones remain on the plants for 
about a year after the seeds are shed, aiding in 
identification during winter. The fruit is a small, 
single-seeded nutlet, with narrow lateral wings 
(Fig. 5.19a–d) [98].

a

b

Fig. 5.19  (a) Leaves 
and fruit of Alnus 
japonica, (b) catkins of 
Montane alder (Alnus 
maximowiczii), (c) Alnus 
mandshurica, (d) leaves 
and fruit of Alnus 
mandshurica
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The pollen grains are 20–30 μm and the more 
common 5-pore and the 4-pore form. It is oblate, 
granulate, and has characteristic arcs between the 
pores. The characteristic arcs can be seen as a 
lighter band inside the outer wall (exine) of the 
grain (Figs. 5.20 and 5.21).

Cross-Reactivity
The Fagales order consists of trees from the 
Betulaceae family (alder and birch), along with 
hazel, hornbeam, oak, and chestnut tree. It is 
widely accepted that Fagales pollen allergies are 
initiated by sensitization against the birch pollen 
major allergen (Bet v 1). A study investigated 
the clinical important allergenic potential of the 

Fagales pollen allergens from birch, alder, hazel, 
hornbeam, oak, beech, and chestnut, and pre-
sented that all the allergens showed the typical 
Bet v 1-like secondary structure elements, and 
were all able to bind serum IgE from Fagales-
allergic donors. The results suggested that accord-
ing to modern molecular phylogenetic system, 
Bet v 1-like allergens of the Casaurinaceae fam-
ily including both Betuloideae and Coryloideae 
subfamily might have the potential to induce 
IgE antibodies with different specificities, while 
allergic reactions towards Fagaceae allergens are 
the result of IgE cross-reactivity [99]. Studies 
of cross-reactivity have mostly concerned A. 
glutinosa, but because of the close relationship 

c

d

Fig. 5.19  (continued)
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between this species and A. incana, their cross-
reactivity is most probably similar. Close cross-
reactivity has been demonstrated between birch, 
alder and beech pollen, as well as between birch, 
alder and hazel [100–103]. Cross-reactivity has 
also been demonstrated among birch, alder, 
hornbeam, hazel, European chestnut, and oak 
[104–106]. Cor a 1 isoforms from hazel pollen 
have been reported to have a 75.5–76.7% identity 
(83.6–85% similarity) with Aln g 1 [107].

Cross-reactions between alder tree pollen and 
foods can occur due to something known as oral 
allergy syndrome. With oral allergy syndrome 
you may experience an itchy mouth after eat-
ing raw fruits, vegetables, or nuts. If you have 
an alder tree pollen allergy, you may experi-
ence cross-reactions with one or more of these 

foods: almond, aniseed, apple, apricot, caraway, 
carrot, celery, cherry, coriander, fennel, hazelnut, 
kiwi, parsley, peach, pear, peanut, plum, and soy-
bean [108].

Allergic Reaction
Fagales pollen allergy represents the main cause 
of winter/spring pollinosis in the temperate cli-
mate zone of the Northern hemisphere [99]. Alder 
pollen (a member of the Fagales order) is a signif-
icant cause of asthma, allergic rhinitis, and aller-
gic conjunctivitis, in particular in springtime in 
middle and northern Europe, and in conjunction 
with birch and hazel pollen [109–111]. A number 
of studies have assessed either the Alnus species 
in general or A. glutinosa specifically. Allergy to 
alder is important in northern European countries 

Fig. 5.20  Pollen of common alder (Alnus glutinosa)

Fig. 5.21  Electromicroscopic pollen of Common alder (Alnus glutinosa)
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and is increasing in Canada [63]. In Croatia and 
Zagreb study, patients with monosensitization to 
birch pollen had the most severe symptoms in 
April. In patients with polysensitization to alder, 
hazel, and birch pollen who were cross-reactive, 
initial symptoms occurred as early as February, 
with abrupt exacerbation in March and April. 
The most severely affected patients were those 
allergic to birch, hazel, alder, grass and ragweed 
pollen, who had symptoms throughout the year, 
with exacerbation in spring and the late summer 
months [112].

(3)	 Hazel

The hazel tree is native to all of the British Isles 
and Europe, and to West Asia and North Africa. 
The hazel is a deciduous tree growing to 6 m, but 
some cultivars are small shrubs or grow in hedges. 
The tree often develops numerous upright stems 
from the roots, creating a thicket. The bark is 
pale brown or gray-brown, and smooth on older 
stems. The 7.5–10 cm-long green leaves mature 
to a dark green, becoming reddish in autumn. The 
hazel tree is monoecious. The male catkins open 
in late winter or early spring in bunches of bright 
yellow, drooping “lamb tails.” The female flow-
ers are almost inconspicuous and appear on the 
same branches, as tiny pink-red tufts. The tree is 
wind-pollinated. The fertilized flowers develop 
into clusters of 2 cm nuts, which turn brown in 
October (Fig. 5.22a–c) [113].
The pollen of hazel species can be identified by 
their characteristic granular exines bearing three 
conspicuous pores (Fig. 5.23).

Cross-Reactivity
Cor a 1 has an 80.5–83% similarity to aller-
gens of other trees of the order Fagales: Bet v 
1, the major birch pollen allergen; Aln g 1, the 
major allergen from gray alder tree; and Car b 
1, the major allergen from hornbeam tree [113]. 
Approximately 95% of patients allergic to tree 
pollens from the order Fagales display IgE 
binding to these allergens [100, 101, 105, 114]. 
Further evidence for clinical cross-reactivity in 
this family is the finding that the allergens of 

birch (Bet v 1), alder (Aln g 1), hazel (Cor a 1), 
and hornbeam (Car b 1) are confined to shared 
epitopes [115]. Cross-reactivity has also been 
demonstrated between members of the Fagales 
family (birch, alder, hazel, and beech) and with 
members of the Oleaceae family (ash, olive, lilac, 
and privet). As an antigenic relationship between 
hazel pollen and hazelnut exists, cross-reactivity 
can be expected [116].

Allergic Reaction
Hazel pollen is important, resulting in asthma, 
hay fever, and allergic rhinitis in hazel pollen-
allergic individuals, in particular in early spring 
[78, 101, 117]. Hazel pollen has been shown to be 
an important cause of pollinosis in Switzerland 
[118], Sweden [109], and Italy [119]. A study 
determined the impact of different trees on 
asthma and explored the association between 
daily hospitalizations for asthma and daily con-
centrations of different tree pollens in 10 large 
Canadian cities [63].

5.3.1.5  �Family Fagaceae
Fagaceae is a family of flowering plants that 
includes beeches and oaks, and comprises eight 
genera with about 927 species [43]. It is wide-
spread in northeastern America. Related spe-
cies are distributed widely over the Northern 
Hemisphere and are found in Java and the 
mountains of Mexico and South America. The 
Fagaceae are deciduous or evergreen trees and 
shrubs, characterized by alternate simple leaves 
with pinnate venation, unisexual flowers in the 
form of catkins, and fruit in the form of cup-like 
(cupule) nuts. Their leaves are often lobed and 
both petioles and stipules are generally pres-
ent. Leaf characteristics of Fagaceae can be 
very similar to those of Rosaceae and other rose 
motif families. Their fruits lack endosperm and 
lie in a scaly or spiny husk that may or may not 
enclose the entire nut, which may consist of one 
to seven seeds. In the oaks, genus Quercus, the 
fruit is a non-valved nut (usually containing one 
seed) called an acorn. The husk of the acorn in 
most oaks only forms a cup in which the nut sits 
(Fig. 5.24a, d).
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Fig. 5.22  (a) Fruit, (b) 
catkins, (c) pistil of Hazel 
(Corylus avellana)
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(1)	 Oaks

Oaks are wind-pollinated. Flowering generally 
occurs in spring, when the new leaves are elon-
gating, but varies according to latitude, weather 
conditions, and the genetic composition of indi-
vidual trees. In the Northern Hemisphere, flower-
ing can occur at any time from late March to May 
or June.

The White oak is a medium-sized to com-
monly reaching 18–24 m in height. White oak is 
slow-growing and may live up to 600 years. The 
flowers are of 2 kinds: the male, in drooping cat-
kins 2.5–8  cm long; and the female, appearing 
later, either singly or in pairs on short stalks, and 
producing as fruit an acorn 1.5–2.5 cm long (fi5-
24b, 24c, 24e, 24f). Acorns are generally borne 
in pairs. Oaks are generally classified into 1 of 2 
types, White or Red. Among species, the White 
oak (Quercus alba) is the most common [120].

The pollens of these two genera are morpho-
logically similar but not identical. Both produce 
abundant pollen; oaks in particular cause a great 
deal of tree pollinosis in areas where they are 
numerous. They are 40  μm in diameter, with 
an irregular exine and three tapering furrows. 
Tricolpate is relatively short, straight furrows, 
occasionally bent in the pore areas, with surface 
verrucate to scabrate (Figs. 5.25 and 5.26). Pollen 
is generally shed within 3 days, but light winds 
can accelerate shedding, and prolonged rainy 
weather can delay it. Oaks shed copious amounts 

of pollen, more than any other plant, but it gener-
ally travels less than 200 m.

Cross-Reactivity
A characteristic of Fagaceae is their tendency 
to easily cross-pollinate with members of their 
same genus/section. In Sapporo, Japan, many 
Birch pollen-allergic patients complained of 
typical symptoms after the Birch pollen season. 
This has been attributed to Birch pollen-allergic 
individuals being affected by Oak pollinosis due 
to cross-reactivity between Birch and Oak pollen. 
Natural Birch, Alder, Horn beam, Hazel, and Oak 
pollen contain allergens that share IgE epitopes 
with recombinant Bet v 1 and recombinant Bet 
v 2. A combination of recombinant Bet v 1 and 
Bet v 2 accounted for 82% of tree pollen-specific 
IgE in a European study. Most of the tree pollen-
specific IgE antibodies were directed against rBet 
v 1 [104]. Therefore, in regions where Oak tree 
is a dominant or significant aeroallergen, tests 
for sensitization to Birch, Alder, Beech, or other 
Fagales members may be positive as a result of 
cross-reactive mechanisms [121, 122].

Allergic Reaction
Of Fagaceae, only the Beeches (Fagus) and Oaks 
(Quercus) are wind pollinated and of allergenic 
importance. Oak pollen affects sensitized individ-
uals throughout the world. In Madrid, Spain, the 
highest level of airborne pollen from 1979 to 1993 
was from the Oak species (17%) [123]. Oak pollen 

Fig. 5.23  Pollen of Hazel (Corylus avellana)
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Fig. 5.24  (a) Fruits, (b) 
catkins, (c) pistils of 
Chinese cork oak 
(Quercus variabilis). (d) 
fruits, (e) catkins, (f) 
pistils of Korean oak or 
Daimyo oak (Quercus 
dentata)
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Fig. 5.24   (continued)
d

e

f
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has also been shown to be significant in Zurich, 
Mexico City, Japan, Korea, Tampa, Florida, the 
Iberian Peninsula, southwestern Turkey, and Cape 
Town, South Africa [124–128]. A study examined 
the impact of different trees on asthma, and the 
association between daily hospitalizations for 

asthma and daily concentrations of different tree 
pollens in 10 large Canadian cities, and found that 
as a result of an interquartile increase in daily tree 
pollen concentration, percent increases in daily 
hospitalization for asthma were 2.32% for the 
group containing Quercus and Castanea [63].

Fig. 5.25  Pollens of Common oak (Quercus robur)

Fig. 5.26  Electromicroscopic pollen of White Oak (Quercus alba)
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(2)	 Beech

The genus Fagus comprises 10 species of 
deciduous trees in the family Fagaceae, native 
to temperate Europe and North America. The 
equivalent in Europe is the common beech 
(Fagus sylvatica). In Europe, beech is indig-
enous only in England. Beech is also found 
in Armenia, Palestine, and Asia Minor. The 
southern beeches of genus Nothofagus were 
previously thought to be closely related to 
beeches, but are now treated as members of a 
separate family, Nothofagaceae. They are found 
in Australia, New Zealand, New Guinea, New 
Caledonia, and South America [129].

American beech (Fagus grandifolia) is a tall, 
deciduous tree, usually growing 20–25  m tall, 
although trees up to 40  m have been recorded. 
The crown is broad and the roots are wide-
spreading. The bark is smooth and blue-gray to 
light gray. The 6–14 cm-long leaves are leathery, 
oval, and yellow-green during the growing sea-
son. American beech leaves are finely toothed, 
whereas those of the European beech have a 
wavy border [130].

The flowers are small and monoecious. The 
female flowers are borne in pairs. The male 
flowers are wind-pollinated catkins, produced in 
spring shortly after the new leaves appear. Male 
flowers occur in ball-like clusters on pendulous 
stalks. Female flowers are lesser in number, in 
leaf axils near the shoot tip. The beech flowers 
in late spring. In the northern hemisphere, beech 
pollen season extends from April to May. Beech 
trees are wind-pollinated. Beeches begin produc-
ing seed (fruit) when 40 years old, and produce 
large quantities by 60 years of age. The fruit is a 
small, sharply three-angled pyramidal-shaped nut 
10–15 mm long, borne singly or in pairs in bris-
tly though soft-spined husks or burs 1.5–2.5 cm 
long, known as cupules (Fig. 5.27) [130].

The European varieties shed more pollen 
than the American species. Beech pollen closely 
resembles oak pollen in morphology [129].

Cross-Reactivity
High cross-reactivity is often found among dif-
ferent species within the same family. There is a 
relatively high degree of cross-reactivity between 

species of the family Fagaceae [131], and exten-
sive cross-reactivity within the genus Fagus has 
been demonstrated [78]. There is strong cross-
reactivity between oak and members of the birch 
family, Betulaceae [132].

Allergic Reaction
It was found that birch, beech, alder, hazel, 
bog-myrtle, and oak pollens are most impor-
tant as causes of springtime allergic rhinitis 
in studies on patients with seasonal rhinitis 
[109, 133]. Exposure to beech dust may lead to 
the development of sore throat and bronchial 
hyper-responsiveness [134]. In an earlier study 
of hypersensitivity towards prevalent tree pol-
lens in the New  York area, the highest preva-
lence of hypersensitivity was for oak (34.3%), 
then birch (32.9%), maple (32.8%), American 
beech (29.6%), hickory (27.1%), ash (26%), elm 
(24.6%), and poplar (20.6%) [135]. In Japan, 
investigation of stored sera demonstrated IgE 
antibodies directed at American beech [121].

(3)	 Chestnut

The European chestnut in its natural form is a 
large, spreading, deciduous tree, growing to over 
30  m tall. Mature leaves are 10–20  cm long, 
3–7 cm broad, and have between 6 and 20 bris-
tles on each of the deeply serrated margins. Both 
female and male flowers are borne on the current 
season’s shoots, in early summer to midsummer. 
The trees are cold-hardy and can withstand tem-
peratures as low as −25°C when dormant. The 
fruit (chestnut) is a spiny husk containing 2 or 3 
nuts (Fig. 5.28). Several edible species of chest-
nut are grown around the world, the four main 
species being Chinese chestnut (Castanea mollis-
sima), European or Spanish or sweet chestnut 
(C. sativa), Japanese chestnut (C. crenata), and 
American chestnut (C. dentata)

Cross-Reactivity
The chestnut belongs to the Fagaceae family, 
which consists of 3 important genera: beech 
(Fagus), chestnut (Castanea), and oak (Quercus). 
Extensive cross-reactivity between the different 
individual species of the Fagaceae family could 
be expected [78, 99, 131].
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Allergic Reaction
Extensive cross-reactivity between the different 
individual species of the Fagaceae family could 
be expected (5, 7). IgE-mediated reactions to pol-
len of the European chestnut represents an impor-
tant cause of pollinosis in European countries, 
Canada’, and Mediterranean areas [136–139].

5.3.1.6  �Family Ulmaceae
Members of the family are widely distributed 
throughout the north temperate zone, and have 
a scattered distribution elsewhere except for 

Australasia [140]. The Ulmaceae consists of elms 
and hackberries. The elm family, Ulmaceae, con-
tains 6 genera, the most important being Ulmus, 
Planera, and Zelkova. There are about 45 species 
of elm worldwide, found in the temperate north-
ern hemisphere [141].

The family is a group of evergreen or decidu-
ous trees and shrubs with mucilaginous sub-
stances in leaf and bark tissue. Leaves are usually 
alternate on the stems. The leaf blades are simple, 
with entire smooth or variously toothed margins, 
and often have an asymmetrical base.

a

b

Fig. 5.27  (a) Forest, (b) 
leaves, (c, d) leaves and 
pistil of Beech (Fagus 
grandifolia)
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(1)	 Elms

White elm is a deciduous tree growing up to 
40 m tall, and is well known for its vase-shaped 
crown. The bark is furrowed and light or dark 
gray. The dark-green leaves are alternate, simple, 
and have doubly-toothed margins. The flowers 
are small and either bisexual or unisexual [142]. 
The flowers appear in late winter or early spring 
as drooping, hairy, greenish-red clusters of 3–4 
flowers, while other species of the genus flower in 

autumn. Oval and flat fruit are produced. The fruit 
is an indehiscent samara, nut, or drupe. Ulmus 
provides important timber trees mostly for furni-
ture, and U. rubra, the slippery elm, is a medici-
nal plant known for the demulcent property of its 
inner bark (Figs. 5.29 and 5.30a, b) [141].

They produce large amounts of allergenic pol-
len and continue to be a major cause of tree pol-
linosis. Elm pollen is 25–35 μm in diameter with 
five pores and a thick, rippled exine (Figs. 5.31 
and 5.32).

Fig. 5.27  (continued)

d

c
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Cross-Reactivity
Extensive cross-reactivity between the different 
individual species of the genus may be expected, 
as well as to a certain degree between members 
of the family Ulmaceae. However, to date this has 
not been documented [131].

Allergic Reaction
Ulmus Americana and Ulmus crassifolia 
have strong allergenicity. The importance of 
Ulmaceae pollen in asthma, allergic rhinitis, and 
other allergy conditions has been demonstrated 
by numerous studies from around the world. 

The Ulmaceae have been shown to have two 
distinct pollinating times, with the later-flow-
ering species of elm pollinating from August 
until October, coinciding with ragweed season 
in Washington, DC. April is usually the month 
with the highest weekly average concentrations 
[143]. Elm tree pollen has also been demon-
strated to be an important aeroallergen in Spain 
[53, 123]. Elm tree pollen has also been demon-
strated to be an important aeroallergen in nine 
districts of northern China. In one district, elm 
pollen was the dominant aeroallergen detected 
[54, 144]. In a New York study of 371 allergy 

a

b

Fig. 5.28  (a) Catkins, (b) 
fruits, (c) stamen (d) pistil 
and pistil of Chestnut 
(Castanea sativa)
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patients tested serologically for hypersensitiv-
ity to prevalent tree pollens in the surrounding 
area, the highest rate of hypersensitivity was to 
oak (34.3%), birch (32.9%), and maple (32.8%) 
tree pollens, with a rate of 24.6% for elm being 
recorded [135]. In a Canadian study that evalu-
ated the impact of different trees on asthma, 
along with the association between daily hospi-
talizations for asthma and daily concentrations 
of different tree pollens in 10 large Canadian 
cities, it was reported that for an interquar-
tile increase in daily tree pollen concentration, 

percentage increases in daily hospitalization 
for asthma were 2.63% for Ulmus [63]. Studies 
conducted in Texas demonstrated sensitization 
to white elm tree. Twenty-six percent were sen-
sitized to American elm [145].

(2)	 Hackberries

Hackberries used to be included in Ulmaceae along 
with elm, but are now regarded as more closely 
related to Urticaceae and have therefore been 
placed in a separate family, Celtidaceae [146]. 

c

d

Fig. 5.28  (continued)
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However, in the APG II system Hackberry has 
been placed in the hemp family (Cannabaceae).

Hackberry (Celtis) is a genus of about 60–70 
species of deciduous trees or shrubs widespread 
in southern Europe, southern and eastern Asia, 
Southern and Central North America, and South 
to Central Africa. They are found in both temper-
ate and tropical climates. Hackberries are fast-
growing and relatively long-lived, growing in a 
variety of soils. Hackberry (C. occidentalis), a 
tree native to the USA, grows 10–13 m in height. 
Southern hackberry, also native to the USA and 
the largest hackberry, grows 20–25 m in height. 
There are five native North American tree spe-
cies and two shrubs [147]. The trees have broad 
crowns with ascending, arching branches. The 
leaves are single and alternate, 5–15  cm long, 
serrated, and asymmetric at the base. The bark is 
scaly and coarsely ridged. Both male and female 
flowers are found on the tree (monoecious repro-
duction). The flowers are inconspicuous and 
appear about the same time as the leaves. Male 

flowers are longer and fuzzy. Female flowers are 
greenish and more rounded. The fruit is a berry-
like, pitted drupe 6–10 mm in diameter, on a sin-
gle stalk, persisting in winter, and dispersed by 
birds and mammals (Fig. 5.33a–c).

The pollen grains are small for tree pollens, 
about 20 μm in diameter, and contain two or three 
germinal pores arranged. Pollen is shed in large 
amounts [147].

Allergic Reaction
Hackberries (Celtis) also may be highly allergic 
regionally. Although C. tala was reported over 4 
decades ago to be an important cause of seasonal 
allergic rhinitis in Argentina, affecting up to 44% 
of patients [148], very few studies have evaluated 
the significance of this tree pollen in allergy. The 
most important hackberry for seasonal allergic 
rhinitis was reported to be C. occidentalis. In a 
recent study by the lead author and others, serum 
IgE testing was compared to skin-prick test-
ing for 53 inhalant allergens using subjects > or 

a b

Fig. 5.29  (a) Tree, (b) bark of American elm (Ulmus americana).
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b

Fig. 5.30  (a) Pistils, 
(b) fruits of Cedar elm 
(Ulmus crassifolia)

a b

Fig. 5.31  Pollens of (a) American elm (Ulmus Americana), (b) Cedar elm (Ulmus crassifolia)
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=18 years old with chronic rhinitis, and who had 
at least 1 positive ST to a 53-inhalant allergen 
panel. The mean number of positive ST and CAP 
result were similar. For hackberry, 43% were sen-
sitized according to skin-prick tests, versus 25% 
with serum-specific IgE testing [149].

5.3.1.7  �Family Juglandaceae
The Juglandaceae are a family, known as the wal-
nut family, of trees, or sometimes shrubs, in the 
order Fagales. Various members of this family are 
native to the Americas, Eurasia, and Southeast 
Asia. Members of the walnut family have large, 
aromatic leaves that are usually alternate. The 
leaves are compound or ternate, and usually 
20–100 cm long. The trees are wind-pollinated, 
and the flowers are usually arranged in catkins.

The nine or ten genera in the family have a 
total of 50 species [43], and include the com-
mercially important nut-producing trees walnut 
(Juglans), pecan (Carya illinoinensis), and hick-
ory (Carya). The Persian walnut, Juglans regia, 
is one of the major nut crops of the world.

(1)	 Walnut

Walnut is the common name given to twenty spe-
cies of deciduous trees in the genus Juglans, of 
which six species are native to the United States. 
Walnut is native to California, but about 15 
related species occur in North and South America 
as well as in central and southern parts of Europe 

and Asia. The flowers of separate sexes are borne 
upon the same tree and appear in early spring 
before the leaves. The Walnut tree flowers and 
produces pollen after 20–30 years of growth, in 
late spring to early summer (Fig. 5.34a, b).

Walnut trees pollen is large and does not travel 
far. However, in areas where the trees are culti-
vated commercially, heavy exposure to the pollen 
can occur. These trees produce large amounts of 
highly allergenic pollen.

The pollen grains are 40–50 μm in diameter 
and usually contain three germinal pores.

Cross-Reactivity
Cross-reactivity could be expected between spe-
cies of the genus Juglans, and on a moderate level 
to the genus Carya, e.g., Pecan tree [131]. The 
Walnut tree nut contains a lipid transfer protein 
allergen (LTP) [71, 150]. Whether a similar LTP 
allergen is present in Walnut tree pollen has not 
been determined yet. Cross-reactivity due to LTP 
allergens appears to be relevant only in foods, 
which are ingested, and not in pollens, which are 
inhaled.

Allergic Reaction
Walnut pollen is generally considered to be mod-
erately allergenic. Anecdotal evidence suggests 
that asthma, allergic rhinitis, and allergic con-
junctivitis are common following exposure to 
pollen from Walnut tree; however, few specific 
studies have been reported to date [47].

Fig. 5.32  Electromicroscopic pollen of American elm (Ulmus Americana)
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(2)	 Pecan Tree

The Pecan tree or Hickory is a deciduous tree, 
usually 23–34 m tall but sometimes growing to 
over 50 m. The tree has a rather narrow crown 

and usually occurs in forests. Some Pecan trees 
are over 150  years old. They have compound 
leaves with lance-shaped leaflets. The bark is a 
pale gray or whitish brown, scaly, and deeply 
furrowed, and the twigs are hairy. The trees lose 

a

b

c

Fig. 5.33  (a) Pistils, (b) 
leaves, (c) fruits of 
Hackberry (Celtis sinensis)
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their leaves each year and bear sweet, edible 
nuts, deep brown in color, that range from 2.5 to 
5 cm in length. The Pecan has separate male and 
female flowers on the same tree (monoecious). 
Tiny pistillate flowers hang down in tassels.

The tree flowers in spring, shedding enormous 
quantities of pollen. The pollen season extends 
from April to June in the Northern Hemisphere. 
Pollination occurs by wind. Although the pollen 
is very allergenic, it is large and does not travel 
far. However, in areas where the trees are culti-
vated commercially, heavy exposure to the pollen 
can cause allergy symptoms. The Pecan is native 
to North America. The range of Pecan covers the 

warmer temperate zone and subtropical areas. 
It is very common in the South and Southeast 
of the USA, but is also planted far beyond this 
range. In the USA, Texas is the largest producer 
of Pecan nuts.

The pollen grains are 35–40 μm in diameter, 
with about 12 pores predominantly localized in 
one area and a smooth exine.

Allergic Reaction
Pecan trees in particular are important in the 
etiology of allergic rhinitis where they grow or 
are cultivated. In an Israeli study, 705 allergic 
patients living in 3 cities and 19 rural settle-

a

b

Fig. 5.34  (a) Leaves, 
(b) fruits of Walnut 
(Juglans regia)
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ments were tested for sensitivity to Pecan tree 
pollen. Sensitivity to the pollen extracts of 
Pecan tree was much higher among residents of 
rural than of urban communities, with a clear 
relationship between the abundance of these 
trees in a region and the incidence of positive 
skin-prick tests to their pollen. Sensitivity was 
frequent in those close to Pecan plantations 
[151]. Of 247 patients evaluated in Monclova, 
Mexico, 4.8% were skin test-positive for Pecan 
pollen. Pollen from this tree has also been doc-
umented in aerobiological surveys in southern 
Brazil [152].

5.3.1.8  �Family Platanaceae

(1)	� Plane Tree, American Sycamore, Maple 
Leaf Sycamore

Plane tree is easily recognized by the bark, which 
exfoliates in large flakes, is renowned as a street 
tree, particularly in Europe. The origin of this 
hybrid is uncertain. It is found planted from 
southern and central Europe to western Asia, 
North America, South Africa, Australia and New 
Zealand, especially in urban areas. In America 
the tree probably crossed with a native variety 
and thus looks different from the European spe-
cies. Over half of the trees on London streets are 
Plane trees, and called London plane tree.

The plane tree is wind-pollinated and a large 
deciduous tree in a spreading form, with heavy, 
slightly drooping branches, reaching 21–30  m 
in height, and normally with a single stem clear 
of branches to a considerable height. The bark is 
mottled cream, gray, olive, and light-brown and 
usually but not always flakes in patches, creat-
ing a dappled appearance. The trunk may look 
rugged. The triangular-ovate “maple-like” leaf is 
medium- to dark-green, paler on the underside, 
and mat to glossy on the top (Fig. 5.35a–c). The 
leaves turn yellow-brown in autumn. The green 
flowers are monoecious and appear in April in 
the Northern Hemisphere.

The pollen is in subprolate monads, 16–22 μm 
in length, tricolpate, tectate-columellate, reticu-
lated surface, the base layer as thick as the tectum 
and is thought to be very allergenic.

Cross-Reactivity
Pla a 3, a lipid transfer protein, is a major cross-
reactive allergen in Plane pollen-allergic patients 
with Peach allergy [153]. IgE reactivity to pro-
filin was studied using a pool of sera from 23 
patients with London plane pollen allergy and 
food allergy. Inhibition assays conducted with 
Hazelnut, Apple peel, Peanut, Chick pea, and 
Peanut extracts demonstrated cross-reactivity, but 
neither the profilin nor Pla a 1 nor Pla a 2 could 
explain the strong cross-reactivity demonstrated 
[154]. Further evidence for cross-reactivity 
between plane tree pollen and foods was that 
plane tree-specific immunotherapy resulted in a 
significant decrease in food allergy in 16 adult 
patients with allergy to hazelnut, walnut, lettuce, 
peach, cherry, and plane tree pollen [69, 155].

Allergic Reaction
Plane tree pollen was not thought to contribute 
much to the prevalence of atopic sensitization, 
even though the pollen had been detected in 
the atmosphere initially, but recent studies have 
shown that pollen from this tree is an important 
cause of pollinosis. Plane trees are an important 
source of airborne allergens in many cities of the 
United States and Western Europe [156, 157]. 
Thus, exposure to plane tree pollen can induce 
asthma, allergic rhinitis, and allergic conjunctivi-
tis [158, 159], systemic reactions have occurred 
during immunotherapy [160].
In a study in Madrid, Spain, among 187 patients 
with a history of rhinitis and/or seasonal asthma, 
a 56% prevalence of positive skin-prick tests to 
Platanus was found. Aerobiological sampling of 
the pollen content of the air in Madrid revealed 
that 14.9% of this content consisted of Platanus. 
Specific IgE confirmed sensitization to this aller-
gen [161]. Importantly, London plane-allergic 
individuals may be concomitantly allergic to 
foods [69].

5.3.1.9  �Family Moraceae

(1)	 Mulberries

The Moraceae are a family of flowering plants 
comprising about 38 genera and over 1180 spe-
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Fig. 5.35  (a) Trees, 
(b) catkins, (c) bark of 
Eastern sycamore 
(Platanus occidentalis)
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cies [43]. Most are widespread in tropical and 
subtropical regions, less so in temperate cli-
mates. The Mulberries are monoecious or dioe-
cious trees or shrubs. The origins of the Mulberry 
tree (Morus alba) are mainly in China, Japan, 
Thailand, and Malaysia. The tree is now found 
throughout the world.

The Mulberry is a deciduous tree growing 
18–20 m in height, with a wide-spreading, round 
top. The trunk is light gray. The green leaves 
may be unlobed, mitten-shaped, or 3-lobed. The 
trees bear the staminate and pistillate flowers on 
different branches of the same tree or on differ-
ent trees; these flowers are minute, and the stami-
nate ones are in cylindric spikes up to 2 cm long 
(Fig. 5.36a–c) [161]. The tree flowers in spring 
and is wind-pollinated, and the pollen is domi-
nant in its region. The pollen is highly allergenic. 
The seeds (fruits) ripen from summer. The fruit is 
an aggregate, 1–5 cm long, white becoming pink 
and then purplish to nearly black.

Allergic Reaction
Certain members of mulberries (Morus) may 
be highly allergic. A study from Arizona, USA 
reported that Mulberry pollen is an important 
allergen associated with asthma and allergic rhi-
nitis in children raised in a semiarid environment 
[162]. In the tropical area of Caracas, Venezuela, 
Mulberry tree pollen was shown to be a fre-
quently encountered aeroallergen [163]. Further 
studies, including from Spain and India, have 
shown Mulberry tree pollen to be an important 
aeroallergen [164–169]. In a study of the pollen 
spectrum in La Plata, Argentina, 79 pollen types 
were represented. The most prevalent 10 pollens 
included pollen from Mulberry tree [170].

5.3.1.10  �Family Tiliaceae

(1)	 Lindens

Tilia (the linden or basswood tree) is native to 
England and Wales, the south of Scotland, most 
of Western Europe except southern Spain, Italy 
and Greece, and parts of the USA. Fifty species 
of Tilia occur from the north temperate regions. 

They are widely distributed in Europe, Asia, and 
North America, and are found as far south as 
Indochina and Mexico. Seven species are found 
in the North American continent. The European 
species is often used as a street, park or lawn tree. 
Tilia cordata is the most common species of Tilia.

Tilia cordata is a common deciduous shade 
or specimen tree, very symmetrical in shape, 
pyramidal to oval in outline, densely dark-green 
and shiny-foliaged in summer. The heart-shaped 
leaves turn yellow or yellow-green in autumn. 
The tree grows 20–27 m in height, or up to 38 m 
in optimal conditions [171]. The trunk is reddish-
brown and very smooth when young, darken-
ing and developing prominent ridges and deep 
furrows when older. The leaves are alternately 
arranged, rounded to triangular-ovate, 3 and 
8 cm long and broad, and mostly hairless except 
for small tufts of brown hair in the leaf vein axils 
(Fig. 5.37a, b) [172]. The small, creamy-yellow, 
moderately fragrant hermaphrodite flowers are 
produced in clusters of 5–11 and appear around 
June in the Northern Hemisphere, on lime-
colored, elongated and curving bracts. Linden 
pollen extends from May to July. Linden in the 
USA is believed to lack allergenic activity for 
this reason, whereas in Europe, where pollination 
is considered to occur by wind as well, the pollen 
of Tilia is of allergenic importance, although it is 
insect pollinated.

The pollen grains are distinct, 28–36 μm, with 
germ pores sunk in furrows in a thick, reticulate 
exine (Figs. 5.38 and 5.39). The pollen of Tilia 
is of allergenic importance, although it is insect 
pollinated.

Allergic Reaction
A study assessing the aeroallergen sensitization 
in an allergic population in Portugal found that 
high pollen counts could explain the early sensi-
tization occurring, even in young children [173]. 
Linden tree was found to be one of the most rep-
resentative aeroallergens, resulting in sensitiza-
tion in 11.4% of 557 pediatric (less than 15 years 
old) patients. Sensitization to the closely related 
T. platyphyllos has been reported among children 
with respiratory allergy in Turkey [174].
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Fig. 5.36  (a) Pistils, (b) 
leave, (c) fruits of Mulberry 
(Morus alba)
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Fig. 5.37  (a) Fruits, (b) 
leaves of Linden (Tilia 
cordata)

Fig. 5.38  Pollens of linden (Tilia cordata)
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5.3.1.11  �Family Aceraceae
Aceraceae were recognized as a family of flow-
ering plants also called the maple family. They 
contain two to four genera, depending upon the 
circumscription, of some 120 species of trees and 
shrubs. A common characteristic is that the leaves 
are opposite, and the fruit a schizocarp [47]. 
The maples have long been known to be closely 
related to the family Sapindaceae. Several tax-
onomists including the Angiosperm Phylogeny 
Group now include both the Aceraceae and the 
Hippocastanaceae in the Sapindaceae [63].

(1)	 Maples

Maples, genus Acer, are abundant trees or shrubs 
of northern, temperate climates. Common mem-
bers include box elder (Acer negundo), sugar 
maple (or silver maple) (A. saccharum), and 
sycamore maple (A. pseudoplatanus). Acer is a 
genus of trees and shrubs, variously classified in 
a family of their own, the Aceraceae, or (together 
with the Hippocastanaceae) included in the fam-
ily Sapindaceae. There are approximately 125 
species, most of which are native to Asia, but sev-
eral occur also in Europe, northern Africa, and 
North America.

Box elder, a species of Acer, is particularly 
important because of its wide distribution, its 
prevalence, and the amount of pollen it sheds. 
Box elder is dioecious, with male and female 
flowers occurring separately but on the same tree. 

The flowers are small and appear in early spring 
on drooping racemes 10–20 cm long. The male 
flowers are in small bundles, and the female ones 
in clusters on drooping, stalk-like structures. The 
flowers are greenish-yellow, without petals, and 
inconspicuous. Box elder flowers in the early 
spring, just before the leaves appear. The box 
elder is a small- to medium-sized tree, reaching 
heights of 10–15 m (up to 30 m in gardens), with 
a trunk diameter up to 1.2 m. It is usually fast-
growing and fairly short-lived. It often has sev-
eral trunks and can form impenetrable thickets 
[175]. The trunk is relatively short and tapering, 
and the crown is spreading and bushy. The bark is 
thin and pale gray to light brown when young, but 
on maturity becomes grayish-brown, scaly, and 
deeply grooved or deeply cleft into broad ridges. 
The shoots or twigs are bright green, often with 
a whitish (or pink or violet), shiny, waxy coating 
when young (Fig. 5.40a–c).

Maple pollen grains have three furrows but no 
pores (Figs. 5.41 and 5.42).

Allergic Reaction
Many maple species are important in allergy. Box 
elder pollen will result in asthma, hay fever, and 
allergic conjunctivitis in susceptible individuals. 
A study investigating the effects of SO2 and NO2 
on the protein content, allergenicity, and germi-
nation rate of box elder pollen reported that in 
urban areas, concentrations of these two sub-
stances below the limits established for human 

Fig. 5.39  Electromicroscopic pollen of Linden (Tilia cordata)

5  Description and Clinical Exposure of Allergic Plants



97

a

b

c

Fig. 5.40  (a) Pistils, (b) 
fruits, (c) leaves of Palmate 
maple (Acer palmatum)
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protection can indirectly aggravate pollen allergy 
on predisposed individuals and affect plant repro-
duction. In a population in Missouri, USA, skin-
tested with pollen from 12 wind-pollinated tree 
species, box elder, willow, and hickory elicited 
the most intense allergic reactions [47, 176]. In a 
study that evaluated the impact of different trees 
on asthma, and the association between daily hos-
pitalizations for asthma and daily concentrations 
of different tree pollens in 10 large Canadian cit-
ies, it was reported that for an increase in daily 
tree pollen concentration, percentage increases 
in daily hospitalization for asthma were 2.6% 
for Ulmus (elm), 2.45% for the group containing 
Pinaceae (pine, fir, spruce), Tsuga (hemlock) and 
Larix (larch, tamarack); 2.3% for the group con-
taining Quercus (oak) and Castanea (chestnut); 
and 2.2% for Acer (box elder and maple) [63].

Sensitization rates in a general population 
group of elementary school to teenage stu-
dents in Incheon, Jeju, and Ulsan in Korea were 
investigated. Skin-prick tests were performed 
on 5094 students. For Acer (maple—species 
not specified), sensitization ranged from 1.1 to 
2.2% [177].

5.3.1.12  �Family Oleaceae

(1)	 Ash

It presently comprises 26 genera [178]. The num-
ber of species in the Oleaceae is variously esti-

mated in a wide range around 700. The family 
has a subcosmopolitan distribution, ranging from 
the subarctic to the southernmost parts of Africa, 
Australia, and South America. Notable mem-
bers of the Oleaceae include olive, ash, jasmine, 
and several popular ornamental plants including 
privet, forsythia, fringe trees, and lilac.

Fraxinus is a genus of about 65 species, 
which are distributed in the northern temper-
ate regions. White ash is dioecious. Clusters of 
yellow-orange flowers appear in April and May, 
the male flowers blooming first, long before the 
leaf buds appear. The hardy White ash is native 
and common in eastern North America. It also 
thrives in Europe. White ash is a tall, deciduous, 
long-lived tree, growing to a height of between 
18 and 40 m. The trunk is long, straight and free 
of branches for most of its length, and the crown 
is narrow and pyramidal when the tree is grown 
in a mixed stand. Specimens grown in the open 
have a short trunk with a rounded crown. The 
bark is ash-gray to brown, with a diamond pat-
tern. The leaves are compound and 20–38  cm 
in length (Fig. 5.42a, b). Winged fruits hang in 
bunches throughout the winter and are shaped 
like keys. The flowers are often numerous and 
highly odoriferous.

Pollen season may start as early as January. 
Ash sheds copious amounts of pollen. Ash is 
entirely wind-pollinated. The pollen is carried by 
wind as far as 110 m from the point of disper-
sion. Pollen grains have a diameter of 20–25 μm, 

Fig. 5.41  Pollens of box elder (Acer negundo)
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Fig. 5.42  Electo
microscopic pollen of 
Box elder (Acer 
negundo)
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are somewhat flattened, and usually have four 
furrows. The exine is coarsely reticulate (Figs.  
5.43, 5.44 and 5.45).

Cross-Reactivity
Fraxinus belongs to the family Oleaceae. 
It is closely related to jasmine (Jasminum), 
lilac (Syringa), privet (Ligustrum), forsythia 
(Forsythia), and olive (Olea). Extensive cross-
reactivity between the different individual spe-
cies of the genus could be expected, as well as 
(to a certain degree) to members of the family 

Oleaceae [131]. Indeed, cross-reactivity has been 
documented among olive (Olea europaea), white 
ash (Fraxinus americana), privet (Ligustrum vul-
gare), and Russian olive tree (Elaeagnus angus-
tifolia) pollen allergens [179]. A high degree 
of cross-reactivity has also been demonstrated 
among olive tree (Olea europaea), European 
ash (Fraxinus exselsior), privet (Ligustrum vul-
gare), and Phillyrea angustifolia, although there 
was no 100% identity among these species [180]. 
Similar results have been reported by other stud-
ies [181–183].

a

b

Fig. 5.43  (a) catkins,  
(b) fruits of Ash (Fraxinus 
americana)
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Fig. 5.44  (a) Pollen of Ash (Fraxinus Americana), (b) European ash (Fraxinus excelsior)

Fig. 5.45  Electromicroscopic pollen of Ash (Fraxinus americana)

Allergic Reaction
Fraxinus is prominent among the allergenic trees. 
Pollens from White ash can induce asthma, aller-
gic rhinitis, and allergic conjunctivitis. Pollen 
from the Ash tree is an important aeroallergen. 
In a European study of 5416 consecutive patients 
sensitized to various pollens, 17.6% had a posi-
tive skin-prick test to Ash [179, 184–186]. The 
presence of pollen from this tree was also dem-
onstrated in an aerobiological study of 10 large 
Canadian cities [63]. In a study of 371 allergy 
patients tested serologically for hypersensitivity 
to prevalent tree pollens in the area surround-
ing New  York, 26% were found to be sensi-
tized to Ash [135]. In a population in St. Louis, 

Missouri, USA, who were skin-tested with pollen 
from 12 wind-pollinated tree species, White ash 
was found to have sensitized some individuals, 
although it was shown to be less reactive than 
other tree species [47].

(2)	 Olive

The olive tree has been recognized as one of the 
most important causes of seasonal respiratory 
allergy in the Mediterranean area [186] and in 
the many other parts of the world where this tree 
is now grown. Its germplasm is very broad, with 
250 varieties in Spain alone [187]. The olive tree 
probably originated in Asia Minor, spread to the 
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Mediterranean region, and was then introduced 
into North America (especially California and 
Arizona), South America (Chile), Australia, and 
South Africa. Although olive trees are found only 
in the southwest of North America, ash and privet 
are widespread—a detail of relevance to cross-
reactivity [179]. Different countries and regions 
have distinct varieties of olive. In Italy, varieties 
of Olea europaea differing between the northern 
and southern parts of the country may induce dif-
ferent IgE-mediated reactions [188]. The olive 
tree is an evergreen growing to 10  m, with a 
broad, round crown and a thick and knotty trunk. 
The flowers are hermaphrodite (have both male 
and female organs). Pollination is by insects, but 
also by wind when pollen is in abundance. The 
pollination period of Olea varies. In Europe it 
may start as early as January, depending on the 
region [186].

Cross-Reactivity
A high degree of cross-reactivity has been dem-
onstrated between olive tree (Olea europaea), 
ash (Fraxinus exselsior), and privet (Ligustrum 
vulgare). Cross-reactivity between extracts of 
Oleaceae and some species of the Poaceae family 
has also been shown [189, 190]. The major aller-
gen of English plantain (Plantago lanceolata) 
pollen, Pla l 1, has been shown to have significant 
sequence homology with the major olive pollen 
allergen Ole e 1 [191].

Allergic Reaction
Olive pollens can induce asthma, allergic rhinitis, 
and allergic conjunctivitis in sensitized individu-
als [192–198]. The majority of studies demon-
strate a higher prevalence of rhinoconjunctival 
symptoms than asthma symptoms [186]. Patients 
are more likely to be polysensitized than mono-
sensitized to olive tree pollen. Monosensitized 
individuals may have symptoms throughout the 
year, without an increase being apparent during 
the olive pollination season [195, 199]. Studies in 
Spain have demonstrated that patients exposed to 
extremely high olive pollen levels display a differ-
ent severity of allergy compared to those exposed 
to normal levels, which makes it necessary to fol-
low different treatment approaches [200].

5.3.2	 �Grasses

5.3.2.1  Family Gramineae or Poaceae
Family Gramineae or Poaceae is a large and 
nearly ubiquitous family of monocotyledon-
ous flowering plants known as grasses. Poaceae 
includes the cereal grasses, bamboos, and the 
grasses of natural grassland and cultivated lawns 
and pasture. Grasses have stems that are hollow 
except at the nodes and narrow alternate leaves 
borne in two ranks. The lower part of each leaf 
encloses the stem, forming a leaf-sheath. With 
around 780 genera and around 12,000 species 
in world [43], Poaceae are the fifth-largest plant 
family, following the Asteraceae, Orchidaceae, 
Fabaceae, and Rubiaceae.

The stems are round and commonly hollow, at 
least in the internodes. The leaves are alternate, 
and commonly 2-ranked, proximally comprising 
an open sheathing base with overlapping margins, 
and distally producing a parallel-veined, strap-
shaped blade. On the adaxial leaf surface at the 
junction of the blade and sheath is an often hairy 
fringe of tissue called a ligule. The basic unit of the 
inflorescence is called a spikelet typically consist-
ing of a basal pair of minute sterile bracts called 
glumes and one or more distichously arranged 
distal florets on an often zigzag extension of the 
spikelet axis called the rachilla. Each floret is typ-
ically embraced by an additional pair of minute 
chaffy bracts called the lemma and the palea. The 
florets are unisexual or bisexual and have usually 
two or three barely recognizable structures called 
lodicules that may represent a vestigial whorl of 
perianth that forces the lemma and palea apart 
during anthesis, thereby facilitating exsertion of 
the stamens and stigmas. The androecium typi-
cally consists of three or occasionally 6 distinct 
stamens. The gynoecium consists of a single 
compound pistil of 2 or sometimes 3 carpels, an 
equal number of styles with feathery stigmas, 
and a superior ovary with one locule containing 
a single subapical to basal ovule. The fruit is usu-
ally a caryopsis. Grasses are monocotyledons of 
the family Poaceae (or Gramineae). The flowers 
usually are perfect [201, 202].

Some grasses are self-pollinated and therefore 
noncontributory to allergies. The others are wind 
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pollinated, with only a few species are significant 
in producing allergic symptoms. Those few, how-
ever, are important in terms of the numbers of 
patients affected and the high degree of morbid-
ity produced. Most of the allergenic grasses are 
cultivated and are prevalent where people live.

Pollen grains of most allergenic grasses are 
20–25 μm in diameter, with one germinal pore 
or furrow and a thick intine. The grass family 
contains several subfamilies and tribes of varying 
importance to allergists. The most important are 
listed here.

Tribe Festuceae
The tribe Festuceae contains meadow fescue 
(Festuca pratensis or F. elatior), Kentucky blue-
grass (F. poapratensis), which are among the 
most important allergenic grasses.

Meadow Fescue
Fescues are of two basic types, Meadow fescue 
(Festuca ovina) (Fig.  5.46a, b) and Tall fescue 
(Festuca arundinacea) (Fig. 5.46c, d), with some 
confusion existing between their taxonomical 
designations. Tall Fescue is more persistent and 
more heavily yielding, so that it is now the domi-
nant type. Some researchers regard Festuca ela-
tior as a synonym for Meadow fescue grass; other 
regard Festuca elatior as Reed Fescue grass.

The pollens are 30–40  μm in diameter 
(Fig. 5.47).

Cross-Reactivity
Extensive cross-reactivity among the different 
individual species of the genus may be expected, 
as well as among members of the family Poaceae 
to a certain degree, and in particular within the 

a

b

Fig. 5.46  (a) Cluster, (b) catkins of meadow 
fescue (Festuca ovina), (c) cluster, (d) catkins of 
meadow fescue (Festuca arundinacea)
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Fig. 5.46  (continued)
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subfamily Pooideae (Rye grass (g5), Canary 
grass (g71), Meadow grass (g8), Timothy (g6), 
Cocksfoot (g3), Meadow Fescue (g4), Velvet 
(g13), Redtop (g9), Meadow Foxtail (g16), Wild 
Rye grass (g70)) [131, 203]. As a result of the 
presence of allergens belonging to group 1, 4, 5, 
and 13 grass allergen families, varying degrees of 
cross-reactivity between Meadow Fescue pollen 
and grass pollen are possible, but have not been 
extensively studied or reported on.

Allergic Reaction
This grass contains Group 1 allergens, to which 
more than 95% of patients allergic to grass pollen 
possess IgE antibodies. These are highly cross-
reactive glycoproteins exclusively expressed in 
the pollen of many grasses [204–207]. Group 1 
allergens are highly homologous, but not all of 
the antigenic epitopes are cross-reactive [207, 
208]. For example, Group 1 allergens from eight 
different clinically important grass pollens of 
the Pooideae (Rye grass, Canary grass, Meadow 
grass, Cocksfoot and Timothy), Chloridoideae 
(Bermuda grass), and Panicoideae (Johnson 
grass, Maize) were isolated, and IgE binding to 
an allergic human serum pool was conducted 
to determine the degree of antigenic and IgE-
binding similarities. The highest IgE-binding 
similarity was observed between Cocksfoot and 
Rye grass (53%) and between Rye grass and 
Canary grass (43%).

Meadow Fescue pollen is a common inducer 
of asthma, allergic rhinitis and allergic conjuncti-

vitis. Further, therapeutic and/or diagnostic stud-
ies have alluded to patients sensitized or allergic 
to Meadow Fescue grass [209]. In Norway, in 770 
patients with seasonal and perennial nasal symp-
toms, pollens from Timothy, Meadow Foxtail, 
Meadow grass, and Meadow Fescue were found 
to be very important causative factors [210].

Tribe Poeae
The Poeae are the largest tribe of the grasses, 
with around 2800 species in 118 genera. The 
tribe includes many lawn and pasture grasses.

(1)	 Rye Grass

It is native to Europe but has been introduced in 
all continents with temperate zones, and many 
islands. Ryegrass has become a highly valued 
and productive cool-season forage, hay, lawn and 
erosion-control grass. It was the first meadow 
grass cultivated in Europe, and is considered the 
most important forage grass there.

Rye grass is a short-lived perennial, biennial, 
or annual bunchgrass growing to as much as 
1.5 m tall at a fast rate, and with a deeply fibrous 
root system. The plant is loosely to densely tuft. 
The culms are erect, spreading, decumbent or 
rarely prostrate, sometimes rooting at the lowest 
nodes. The leaves are scattered along the culms. 
The leaf blades, folded in the young shoots, are 
1–6  mm wide, 5.5–30  cm long, flat or folded, 
glossy, dark green, and hairless. The tips of the 
leaves may be prowlike.

Fig. 5.47  Pollens of meadow fescue (Festuca ovina)
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The inflorescence is a single spike, green or 
purple, erect, straight or slightly curved, symmet-
rical, fully exserted and up to 25 cm long. The 
spikelets alternate up the axis. The hermaphro-
dite (having both male and female organs) flo-
rets number 6–22 per spikelet. An incomplete 
(male) floret may also be present. Rye grass may 
remain in leaf all year, and may flower almost all 
summer; otherwise between May and July in the 
Northern Hemisphere. The flowers are pollinated 
by wind.

Cross-Reactivity
A cross-reactivity among the different individual 
species of the genus could be expected, as well 
as to a certain degree among members of the 
family Poaceae; and in particular among grasses 
belonging to the subfamily Pooideae (Rye grass 
(g5), Canary grass (g71), Meadow grass (g8), 
Timothy (g6), Cocksfoot (g3), Meadow Fescue 
(g4), Velvet grass (g13), Redtop (g9), Meadow 
Foxtail (g16), Wild Rye grass (g70) [131, 203].

Group 1 allergens are highly homologous, but 
not all of the antigenic epitopes are cross-reactive. 
For example, Group 1 allergens from eight dif-
ferent clinically important grass pollens of the 
Pooideae (Rye grass, Canary grass, Meadow 
grass, Cocksfoot and Timothy), Chloridoideae 
(Bermuda grass), and Panicoideae (Johnson 
grass, Maize) were isolated, and IgE binding to 
an allergic human serum pool was conducted 
to determine the degree of antigenic and IgE-
binding similarities. The highest IgE-binding 
similarity was observed between Cocksfoot and 
Rye grass (53%) and between Rye grass and 
Canary grass (43%).

Allergic Reaction
Rye grass pollen is a very common inducer of 
asthma, allergic rhinitis, and allergic conjuncti-
vitis [211–214]. Sensitization to Rye grass pol-
len has been reported throughout the world. Late 
spring thunderstorms have been reported to trig-
ger epidemics of asthma attacks [215]. Various 
mechanisms for this have been postulated, includ-
ing the release of starch granules from Rye grass 
pollen [213]. In-utero sensitization of T cells due 

to inhalation of these allergens by the mother 
during pregnancy has been suggested [216].

Rye grass pollen was shown to be a very 
prominent sensitizing allergen in Europe includ-
ing Spain, Germany [217] and also in Mexico, 
Australia, and New Zealand [218–220].

(2)	 Orchard Grass

Orchard grass or cocksfoot (Dactylis glomerata) 
is now found throughout most of US, except for 
desert or arctic regions, and also grows in the 
temperate regions of Africa (Kenya, Tanzania, 
Rhodesia, S. Africa), Australia (NSW, Victoria, 
and other areas of southern Australia), and 
South America (Brazil, Colombia, Venezuela, 
Argentina). It is widespread in Europe and tem-
perate Asian regions such as Japan, where it is a 
major pollen source. It is one of the commonest 
grasses, and is widely used for forage and hay. It 
is one of the best grasses for cultivating in shady 
areas.

Orchard grass is an evergreen perennial 
bunchgrass growing to 1.4 m tall and with a deep 
root system. The plant is non-rhizomatous, repro-
ducing by seeds and tillers. It has erect, glabrous 
culms, and blades 10–60 cm long and 0.2–1.1 cm 
wide. The inflorescence is a panicle 8–20  cm 
long with 2–6 florets per spikelet, and the spike-
lets tightly clustered on one side of the blade 
(Fig. 5.48a–c). In North America it flowers from 
April/May to August, and in Europe from June to 
September. The flowers are hermaphrodite (have 
both male and female organs) and are pollinated 
by wind.

Pollen is spheroidal to suboblate, with a single 
circular pore surrounded by a distinct thickening 
of the outer and inner wall (annulus). Pore cov-
ered by operculum comprised of both layers of 
the wall (Fig. 5.49).

Cross-Reactivity
An extensive cross-reactivity among the different 
individual species of the genus could be expected, 
as well as to a certain degree among members of 
the family Poaceae; and is especially likely for 
members of the subfamily Pooideae (Rye grass, 
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Fig. 5.48  (a, b) Catkins, and (c) leaves of Orchard grasses (Dactylis glomerata)
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Canary grass, Meadow, Timothy, Cocksfoot, 
Meadow Fescue, Velvet grass , Redtop, Meadow 
Foxtail, Wild Rye grass) [131, 203]. The vari-
ability of cross-reactivity of IgE antibodies to 
Group 1 and 5 allergens in Dactylis glomerata 
(Cocksfoot), Festuca rubra (Red Fescue), Phleum 
pratense (Timothy), Anthoxanthum odoratum 
(Sweet Vernal grass), Secale cereale (Cultivated 
Rye), Zea mays (Maize), and Phragmites com-
munis (Common Reed) to IgE antibodies against 
Lol p I or Lol p V (from Rye grass) was investi-
gated by means of RAST-inhibition. The degree 
of cross-reactivity was demonstrated to be highly 
variable. Individual sera were not always equally 
cross-reactive to all pollen species [221].

Allergic Reaction
Orchard grass is among the most important 
allergenic grass. Cocksfoot grass pollen is a 
very common allergen inducing asthma, allergic 
rhinitis, and allergic conjunctivitis. Cocksfoot 
grass is a very important aeroallergen in Europe, 
and Japan, resulting in a high prevalence of sen-
sitization as determined by specific IgE deter-
mination [161, 222–225]. Patients with allergic 
rhinitis were shown by specific IgE determina-
tion to be sensitized to Cocksfoot grass in study 
from Thailand [226].

Tribe Argostideae
The Argostideae tribe includes timothy (Phleum 
pratense) and redtop (Agrostis alba), two particu-
larly significant grasses in terms of the amount of 

pollen shed, their allergenicity, and the intensity 
of symptoms produced.

Timothy is native to Europe, North Africa, 
and Northern Asia, and has been introduced and 
widely cultivated as a hay and pasture grass in 
North and South America, South Africa, and 
Australia. It is one of the world’s most common 
grasses. It grows best in cooler, humid climates. 
The plant is wind-pollinated. Timothy grows to 
1 m tall. It is a clump-forming, rather short-lived 
perennial with characteristic long, cylindrical, 
spike-like, somewhat purplish to silvery flower 
heads on wiry stems. The stem often bends at 
the lower nodes. Sheaths are open with edges 
inrolled. Leaf blades are 4–10 mm wide, flat and 
tapering. The leaf blades on the mid- to upper-
flowering stem are much shorter (3–10 cm long) 
than the sheaths (Fig. 5.50a–c). Timothy flowers 
from early summer to midsummer. Just before or 
during flowering is the usual time for hay cutting, 
a circumstance that may reduce pollen exposure.

Timothy pollens are 30–35  μm in diameter, 
redtop pollens are 25–30  μm (Figs.  5.51 and 
5.52).

Allergic Reaction
Allergy to Timothy grass pollen has been 
reported widely. Timothy grass is one of the most 
important causes of allergic rhinitis, asthma, and 
allergic conjunctivitis during summer in cool 
temperate climates [212, 227, 228]. A European 
Community respiratory health survey reported 
that adults who had lived on farms as children 

Fig. 5.49  Pollen of orhard grasses (Dactylis glomerata)
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Fig. 5.50  (a) Pistils, (b, c) leaves of Timothy grass (Phleum pratense)
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were less frequently sensitized to Timothy grass, 
and were at lower risk of having nasal symptoms 
in the presence of pollen in general [229]. The 
strongest associations between bronchial hyper-
reactivity and specific IgE responses were seen 
with Timothy grass. Timothy grass has also been 
shown by specific IgE determination to be an 
important allergen in many European countries 
[81, 192, 210, 230–233]. In Japan, Timothy grass 
has been shown by specific IgE and other inves-
tigations to be a very prevalent allergen [224]. 
Timothy pollen is also an important aeroallergen 
in Thailand. In 100 patients with allergic rhinitis, 
sera-specific IgE to Timothy grass was raised in 
16% [226].

Tribe Aveneae
Sweet vernal grass (Anthoxanthum odoratum) 
is an important cause of allergic rhinitis in 
areas where it is indigenous. Native to Eurasia, 
this grass is now widely naturalized in temper-
ate North America and other temperate regions 
of the world, such as Australia, western North 
Africa, northern Asia, and Japan.

Sweet Vernal grass is a perennial with short 
rootstocks and tufted stems usually 30–60  cm 
long, erect or spreading. The shoots are aromatic, 
like new-mown hay. When eaten it has a taste 
similar to caramel. The leaves, distributed along 
the stems, are rolled in the bud-shoot. They are 
2–9 mm wide, 2–30 cm long, flat, bright-green, 

Fig. 5.51  Pollen of Timothy grass (Phleum pratense)

Fig. 5.52  Electromicroscopic pollen of Timothy grass (Phleum pratense)
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and hairy, especially near the base. The margins 
are scabrous or smooth, and the tips acute, flat 
or hooded. The inflorescence is a spike-like, ter-
minal cylindrical panicle, straw-colored, green or 
purple, contracted (5–18 mm wide), and 3–8 cm 
long. The spikelets are 6.5–10 mm long. The flo-
rets, one per spikelet, become shiny and golden-
brown at maturity. In the Northern Hemisphere 
Sweet Vernal grass is in flower from April to 
June, and the seeds ripen from May to July. In 
the Southern Hemisphere, flowering is from 
September to February; and fruiting in and after 
November. The pollen grains are 38–45  μm in 
diameter.

Allergic Reaction
Sweet Vernal grass pollen can induce asthma, 
allergic rhinitis, and allergic conjunctivitis [212, 
234, 235]. In a Japanese study evaluating serum-
specific IgE for Japanese cedar pollen, Ragweed, 
Sweet Vernal grass, Dermatophagoides pteronys-
sinus, House dust and Cat dander in 79 school 
children aged 9–11  years, and 119 school chil-
dren aged 12–15, the results were 10% and 12% 
for Ragweed, 18% and 19% for Sweet Vernal 
grass, and 23% and 14% for Cat dander, respec-
tively [236].

Tribe Chlorideae
Bermuda grass (Cynodon dactylon) is found in 
much of Europe though not Scandinavia, in the 
USA, South Africa, Australia, India, and Japan. 
The genus Cynodon comprises nine species, 
which are geographically widely distributed and 
genetically diverse. It probably originated in 
India. It is the dominant forage grass of Brazil. 
It is the most common tropical lawn grass, espe-
cially in dry areas, and an important pasture grass 
in the southern US. It is considered to be one of 
the most allergenic grasses. Bermuda grass is a 
creeping, low-growing, evergreen perennial usu-
ally growing to 0.3 × 0.5 m at a medium rate. It is 
one of about nine species of the genus Cynodon. 
Reproduction is mostly by means of long run-
ners on top of the ground, but also through seeds 
and a vast system of hard, sharp-pointed rhi-
zomes beneath the ground. The grayish leaves 
on the erect stems are 1.5–10  cm long, while 
those on the runners and rhizomes are very short, 

scaly, and not leaf-like. Roots are formed at the 
joints, and frequent erect stalks are produced, 
about 10–45  cm high. There are 3–5 very nar-
row 2–6  cm finger-like flowering spikes at the 
tip (Fig.  5.53a–c). The grass flowers in North 
America from April/May to September/October. 
Around the Mediterranean, blooming occurs 
from May to August, and in other regions of the 
world from February to December.

Pollen grains of grass are spheroidal to ovoidal 
with a thin exine. The surface of Cynodon grains 
is granular and the grains are 1-porate. Cynodon 
pollen grains are typically 28–30 μm in diameter 
(Figs. 5.54 and 5.55).

Allergic Reaction
It sheds pollen almost year round and is a major 
cause of pollen allergy. Bermuda grass pollen 
is a very common source of pollinosis through-
out the world and is a potent inducer of asthma, 
allergic rhinitis, and allergic conjunctivitis 
[237–239]. Specific IgE tests for Bermuda grass 
demonstrated that it was the most prevalent aller-
gen among children with allergic rhinitis [162]. 
A further study confirmed the high prevalence 
of Bermuda grass sensitization and found that 
Bermuda grass pollen was also significantly 
associated with sinusitis [240].

5.3.3	 �Weeds

A weed is a plant that grows where people do 
not intend it to grow. Thus, a rose could be con-
sidered a weed if it is growing in a wheat field. 
What are commonly called weeds are small 
annual plants that grow without cultivation and 
have no agricultural or ornamental value. All are 
angiosperms and most are dicotyledons. Those of 
interest to allergists are wind pollinated, and thus 
tend to have relatively inconspicuous flowers.

5.3.3.1  �Family Asteraceae
Asteraceae or Compositae is a very large and 
widespread family of flowering plants. The 
family currently has 32,913 accepted spe-
cies names, in 1911 genera and 13 subfamilies 
[241]. Asteraceae species have a cosmopolitan 
distribution, and are found everywhere except 
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Fig. 5.53  (a) Pistil, (b) catkins, (c) cluster of Bermuda grass (Cynodon dactylon)
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Fig. 5.55  Electromicroscopic pollen of Bermuda grass (Cynodon dactylon)

Antarctica and the extreme Arctic. They are 
especially numerous in tropical and subtropi-
cal regions (Central America, eastern Brazil, 
the Mediterranean region, the Levant part of the 
Middle East, southern Africa, central Asia, and 
southwestern China). Many members have com-
posite flowers in the form of flower heads (capit-
ula or pseudanthia) surrounded by involucral 
bracts. When viewed from a distance, each capit-
ulum may have the appearance of being a single 
flower. The name Asteraceae comes from the type 
genus Aster, meaning star, and refers to the star-
like form of the inflorescence. Compositae is an 

older name which refers to the fact that the fam-
ily is one of the few angiosperm families to have 
composite flowers. Most members of Asteraceae 
are herbaceous, but a significant number are also 
shrubs, vines, or trees. It is most common in 
the arid and semiarid regions of subtropical and 
lower temperate latitudes [242]. The Asteraceae 
may represent as much as 10% of autochthonous 
flora in many regions of the world.

Asteraceae is especially common in open and 
dry environments. Many members of Asteraceae 
are pollinated by insects, which explains 
their value in attracting beneficial insects, but 

Fig. 5.54  Pollen of Bermuda grass (Cynodon dactylon)
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anemophily is also present (e.g. Ambrosia, 
Artemisia). There are many apomictic species in 
the family. Seeds are ordinarily dispersed intact 
with the fruiting body, the cypsela. Anemochory 
(wind dispersal) is common, assisted by a hairy 
pappus. Asteraceae is perhaps the most important 
allergenic weed group. It is characterized by mul-
tiple tiny flowers arranged on a common recep-
tacle and usually surrounded by a ring of colorful 
bracts. There are many tribes within this family; 
only those of allergenic or general interest are 
mentioned [243].

5.3.3.2  �Tribe Ambrosieae
Tribe Ambrosieae, or the ragweed tribe, is the 
most important cause of allergic rhinitis and pol-
len asthma in North America, northern European, 
and northern Asian countries.

(1)	 Short Ragweed

Short (common) ragweed, Ambrosia artemisi-
ifolia (or A. elatior), generally grows to a height 
of 100–120 cm. The leaves are soft, green, and 
opposite or alternate. Each leaf is divided into 

a

b

Fig. 5.56  (a) Leaves, (b) 
cluster, (c, d) catkins of 
Short (common) ragweed 
(Ambrosia artemisiifolia)
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narrow segments, which are in turn irregularly 
lobed. It closely resembles False ragweed. Short 
ragweed produces burs similar to those of Giant 
ragweed, but the former are considerably smaller 
(2–4 mm long) (Fig. 5.56a–d). Its leaves are more 
slender and usually have two pinnae on each side 
of a central axis. Common ragweed is native to 
North America, but can also be found in Canada, 
Japan, Australia, and Europe. It is a prime cause 
of allergy in the US, and now in Europe, the 
Balkan states and Russia. Short ragweed flowers 
from August to October. It is wind-pollinated, 
releasing millions of pollen grains into the air.

The pollination period extends from the begin-
ning of August to mid-October with a peak from 
mid-August to the end of September. Ragweed 
pollen release begins at sunrise and continues 
during the morning, reaching its highest count 
around mid-day. Pollen release is maximal in 
sunny and dry weather, and when night tempera-
ture is above 10 °C. The pollen of A. artemisiifo-
lia is produced in enormous amounts compared 
to other grasses, and a single plant alone may 
produce millions of pollen grains.

The pollen grains are small (18–22  μm) and 
are almost indistinguishable from those of Giant 
ragweed (Figs.  5.57 and 5.58). They are often 
transported long distances. Ragweed pollen is very 
allergenic, and very low concentrations such as 
5–10 pollen by cubic meter of air are sufficient to 
trigger allergic reactions in sensitive patients [244].

(2)	 Giant Ragweed

Giant ragweed (Ambrosia trifida) is a coarse, 
unsightly, erect summer annual herbaceous plant 
that typically grows to 2 m in height but can reach 
5m in fertile soil. The 6–35  cm-long soft green 
leaves are broad and sparsely covered with minute, 
stiff hairs with three to five lobes. The staminate 
heads are borne in long terminal spikes, and the 
pistillate heads are borne in clusters at the base of 
the staminate spikes. The stems are coarse, single 
or branched, and woody at the base. Longitudinal 
black lines occur on the stems, which are also 
covered with soft to bristly hairs (Fig. 5.59a–d). 
Giant ragweed is native to eastern North America, 
and to Colorado and Mexico. It is most abundant 
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Fig. 5.56  (continued)
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along the flood plains of south-eastern rivers. In 
the Mississippi Delta it can form vast stands. It 
can also be found in Korea, Japan, and Europe.

The plant is in flower from June to September. 
It is wind-pollinated, releasing millions of pollen 
grains into the air. The pollen grains, 16–19 μm 
in diameter, are slightly smaller than those of 
Ambrosia artemisiifolia (Figs. 5.60 and 5.61).

Cross-Reactivity
With the use of a serum pool from patients sensi-
tive to Short ragweed, the cross-reactivity of IgE 
antibodies to six Ragweeds was studied through 
the radioallergosorbent test. Further cross-
reactivity among the various Ragweeds can be 
inferred due to the high cross-reactivity among 

various other members of the genus Ambrosia 
and of the family Asteraceae, for example, 
Artemisia vulgaris (Mugwort), and Ambrosia 
trifida [245]. However, Common ragweed and 
Giant ragweed are not allergenically equivalent 
because of allergenic differences involving both 
the major allergens Amb a 1-2 and Amb t 1-2 and 
some minor allergens [246].

Allergic Reaction
Ragweed, both Short ragweed (A. artemisiifo-
lia) and Giant ragweed (Ambrosia trifida) are 
clinically the most important source of seasonal 
aeroallergens, as it is responsible for both the 
majority of cases and the most severe cases of 
allergic rhinitis [247–250]. Giant ragweed is 

Fig. 5.58  Electromicroscopic pollen of Short (common) ragweed (Ambrosia artemisiifolia)

Fig. 5.57  Pollens of short (common) ragweed (Ambrosia artemisiifolia)
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Fig. 5.59  (a) Catkins, (b) pistils, (c) leaves, (d) cluster of Giant ragweeds (Ambrosia trifida)

c

d
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much less abundant to Common ragweed, other 
species causing less frequent and less serious 
allergic symptoms. These two species are the 
most troublesome of the ragweed, causing allergy 
and asthmatic symptoms. The two species are the 
main cause of seasonal allergic rhinitis in eastern 
and middle North America.

Ragweed pollen also contributes signifi-
cantly to exacerbation of asthma and allergic 
conjunctivitis. Ragweed pollen has also been 
implicated in Eustachian tube dysfunction in 
patients with allergic rhinitis [251]. The efficacy 
of Ragweed pollen in exacerbating allergic symp-
toms may be due to the Ragweed pollen endopep-
tidase, which may be involved in the inactivation 
of regulatory neuropeptides during pollen-initi-
ated allergic reactions [252]. Studies have also 

shown that complement activation induced by the 
allergen may enhance the clinical symptoms of 
Ragweed allergy [253, 254]. The measurement of 
specific IgE has been shown to be an accurate and 
useful diagnostic tool in the evaluation of sensiti-
zation to Ragweed pollen [255–258].

Aerobiological and clinical studies from vari-
ous cities in the USA have documented the impor-
tance of Ragweed pollen as an aeroallergen [259]. 
In Canada, Ragweed pollinosis studies have been 
conducted in Quebec. Of 3371 subjects with a 
clinical diagnosis of symptomatic asthma or rhi-
nitis, Ragweed sensitization was documented in 
44.9% [260]. Ragweed pollen was shown to be 
the principal allergen causing allergic rhinitis. In 
Europe, the severity of Ragweed pollinosis varies 
according to geographical region. Expansion of 
the Ragweed genus is occurring across Europe, 
in particular in France, northern Italy, Austria, 
and Hungary [91]. Ragweed pollinosis has also 
become a rapidly emerging problem in Italy and 
England, and South America [248, 261, 262].
Ragweed pollinosis is also spreading across Asia. 
As Ragweed becomes widespread over China, 
Ragweed pollinosis tends to be more frequent. 
Ragweed pollinosis has also been documented in 
Korea [263, 264] and Japan [265]. In 226 chil-
dren visiting a pediatric allergy clinic in Kyoto, 
Japan, 17.1% were shown to be sensitized to 
Ambrosia artemisiifolia [266].

5.3.3.3  �Tribe Anthemideae
Tribe Anthemideae, or the mayweed tribe, 
is important to allergy because it contains 

Fig. 5.61  Electromicroscopic pollens of Giant ragweed 
(Ambrosia trifida)

Fig. 5.60  Pollens of giant ragweed (Ambrosia trifida)
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chrysanthemums. Pyrethrum is made from 
flowers of these plants, and inhalation of this 
substance may cause allergic symptoms in 
ragweed-sensitive persons. There are 390 spe-
cies of genus Artemisia in north hemisphere, 
which includes the sagebrush, mugworts, and 
wormwoods and is one of the most important 
groups of allergenic weeds.

Mugwort
Artemisia vulgaris is the common mugwort, is 
native to Europe and Asia, but is now also found 
mainly throughout the eastern US.  It is indige-
nous to Europe and Asia. Artemisia princeps is 
most common in East Asia. Artemisia tridentate 

is common sagebrush, the most important aller-
genic plant of this tribe.

The plant is an aggressive, coarse perennial 
that spreads by persistent rhizomes. It gener-
ally reaches a meter or more in height, and has 
a rather untidy and unattractive appearance. The 
stem is downy, woody, grooved, and has a slight 
red tinged. The alternate, pinnate, deeply lobed 
leaves, 6–12 cm long and 3–9 cm wide, have a 
pleasant smell when bruised. The foliage resem-
bles that of cultivated Chrysanthemum, but can 
be distinguished by the heavy covering of white/
light-gray woolly hairs on the lower leaf surface 
(Fig. 5.62a–d). Mugwort also has a basal rosette 
of leaves that survives most winters. Small, 

a

b

Fig. 5.62  (a) Leaves, (b). 
catkins of Annual mugwort 
(Artemisia annua), (c) 
leaves, (d) stamens of 
Artemisia princeps
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greenish-yellow to red-brown flower heads 
appear from summer to mid-autumn in clusters at 
the top of the plant, and produce tiny, inconspicu-
ous yellowish-green flowers which are pollinated 
by wind.

The pollen grains are spheroidal, 15–30 μm in 
diameter with three furrows and central pores, a 
thick exine, and essentially so spines (Figs. 5.63 
and 5.64).

Allergic Reaction
Mugwort sensitization and allergy has been 
reported widely. Mugwort pollen is a major cause 
of asthma, allergic rhinitis, and allergic conjuncti-
vitis. Exposure to Mugwort pollen contributes to 
the causation or exacerbation of the Oral Allergy 
Syndrome, eczema, urticaria. The prevalence 
of sensitization to Mugwort has also increased 
in Europe [267–270]. Mugwort and Ragweed 

c

d

Fig. 5.62  (continued)
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pollens have been considered to be important 
respiratory allergens in Korea. These two pol-
lens are abundant in the air of Seoul from August 
through October [271, 272]. Mugwort sensitiza-
tion has also been reported from Japan [273].

An extensive cross-reactivity among the dif-
ferent individual species of the genus could be 
expected, as well as to a large degree among 
members of the family Asteraceae (Compositae) 
[131]. Approximately 25% of Mugwort-
allergic patients have reported subsequent 
hypersensitivity to a variety of foods: (in decreas-
ing order) Honey, Sunflower seeds, Camomile, 
Pistachio, Hazelnut, Lettuce, Beer, Almond, 
Peanut, other nuts, Carrot, and Apple [274].

5.3.3.4  �Family Amaranthaceae
The amaranth family comprises about 40 genera 
and 475 species in the world. Amaranthus, col-
lectively known as amaranth, is a cosmopolitan 
genus of annual or short-lived perennial plants. 
The flowers of all are characterized by extreme 
simplicity. Some species are wind pollinated 
whereas others are insect pollinated. The flow-
ers may be monoecious or dioecious, but they are 
always small, often greenish or yellowish. Most 
of the Amaranthus species are summer annual 
weeds and are commonly referred to as pigweed. 
Catkin-like cymes of densely packed flowers 
grow in summer or autumn. Approximately 60 
species are recognized, with inflorescences and 

Fig. 5.64  Electromicroscopic pollens Mugwort (Artemisia vulgaris)

Fig. 5.63  Pollen of Mugwort (Artemisia vulgaris)
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b

Fig. 5.65  (a) Leaves, (b) 
pistils, (c) catkins of red-root 
pigweed (Amaranthus 
retroflexus), (d) catkins of 
Amaranthus viridis

foliage ranging from purple, through red and 
green to gold [275, 276].

Carelessweed, Green Amaranth, Red-root 
Pigweed
The best known of the amaranths are Amaranthus 
palmeri (carelessweed), Amaranthus retroflexus 
(Green amaranth, red-root pigweed) (Fig. 5.65a–
c), and Amaranthus spinosus (spring amaranth). 
Careless weed closely resembles many other pig-
weed species. It is an erect summer annual that 
may reach 1.5–2 m in height. It has one central 

stem from which several lateral branches arise. 
The leaves are alternate, glabrous (without hairs), 
and lance- or egg-shaped in outline. Leaf sizes 
are from 5 to 20 cm in length and 1–6 cm wide 
with prominent white veins on the under-surface. 
Leaves occur on relatively long petioles. Western 
waterhemp (Amaranthus tamariscinus), a potent 
allergen, is most prevalent in the Midwest of 
America. Wild amaranth (Amaranthus lividus) 
and Slender amaranth (Amaranthus viridis) 
is common pigweed in East Asian countries 
(Fig. 5.65d).
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Pollens of the Amaranthaceae and Cheno-
podiaceae are so morphologically similar that 
they are generally described as “chenopodama-
ranth” when found in pollen surveys. Although 
subtle differences exist, it is generally fruit-
less and impractical to attempt to identify 

them more precisely. They have the appear-
ance of golf balls, which makes them unique 
and easy to identify. Multiple pores give this 
peculiar surface appearance. The grains are 
20–25 μm in diameter and spheroidal (Figs. 5.66  
and 5.67).

c

d

Fig. 5.65  (continued)
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Cross-Reactivity
In a study using a fluorescent allergosorbent 
test, similar antigenic determinants were found 
between Short Ragweed and Giant Ragweed, 
Cocklebur, Lamb’s Quarters, Rough Pigweed, 
Marsh Elder, and Goldenrod. Cocklebur and 
Giant ragweed were highly potent in competi-
tively binding to short ragweed IgE.  The other 
pollens demonstrated lower potency of cross-
reacting antigens [277]. A high degree of cross-
reactivity has been reported to occur between 
Goosefoot (Chenopodium album), and other 
species taxonomically less related members of 
the Amaranthaceae family like Amaranthus ret-
roflexus. Common allergenic determinants are 
present in these plants [278].

Allergic Reaction
They are prolific pollen producers and should be 
considered in the etiology of seasonal allergic rhi-
nitis in the areas where they abound. Anecdotal 
evidence suggests that asthma, allergic rhinitis, 
and allergic conjunctivitis are common following 
exposure to pollen from Careless weed; however, 
few specific studies have been reported to date 
[279]. Sensitization to Careless weed has been 
documented in Tucson, Arizona [280].

5.3.3.5  �Family Chenopodiaceae

Goosefoot
The genus Chenopodium, goosefoot or Lamb’s 
quarters, is a genus of numerous species of peren-

Fig. 5.67  Electromicroscopic pollens of red-root pigweed (Amaranthus retroflexus)

Fig. 5.66  Pollen of red-root pigweed (Amaranthus retroflexus)
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nial or annual herbaceous flowering plants known 
as the goosefoots, which occur almost anywhere 
in the world. The species of Chenopodium are 
annual or perennial herbs, shrubs, or small trees. 
Goosefoot originated in Europe but is now found 
throughout the world. Chenopodium comes from 
the Latin for goose foot, which describes the 
shape of the leaves.

Goosefoot is an annual herb varying from 
30  cm to 2  m in height. The stems are erect, 
smooth, longitudinally grooved, and often red, 
purple or light-green striped. The leaves are 
2.5–8  cm long, stalked, smooth, and covered 
with tiny white mealy particles/scales, particu-
larly on the lower surface. Occasionally the 
plant may have purple leaf bases. The entire 
plant is covered with varying amounts of a 
waxy substance, giving a light-green appear-
ance. The young stems and leaves are often 
densely covered by vesicular globose hairs, 
thus looking farinose. Characteristically, these 
trichomes persist, collapsing later and becom-
ing cup-shaped. The branched stems grow erect, 
ascending, prostrate or scrambling. Their thin 
or slightly fleshy leaf blade is linear, rhombic 
or triangular-hastate, with entire or dentate or 
lobed margins. The flowers are inconspicuous: 
green, and without petals, which consist of (4-) 
5 perianth segments connate. These flowers are 
found in dense clusters at the tips of branches 
and at the top of the stem. Basally membranous 
margined and with a roundish to keeled back; 
almost always 5 stamens, and one ovary with 2 
stigmas [281]. Goose family is best represented 
by lamb’s quarters (Chenopodium album) 
(Fig.  5.68a). Chenopodium ambrosioides is 
Chenopodiaceae whose allergenic presence is 
more significant than that of lamb’s quarters in 
Asia (Fig. 5.68b).

Each plant produces a relatively small amount 
of pollen, but in some areas the abundance of 
plants assures a profusion of pollen in the air 
(Figs.  5.69 and 5.70). Two crops numbered 
among the Chenopodiaceae are the sugar beet 
(Beta vulgaris) (Fig. 5.71) and spinach (Spinacia 
oleracea). The former has been implicated in 
allergy where it is cultivated.

Cross-Reactivity
An extensive cross-reactivity among the dif-
ferent individual species of the genus could be 
expected, as well as to a certain degree among 
members of the family Chenopodiaceae [131]. 
Atriplex latifolia, Beta vulgaris, Salsola kali, and 
Amaranthus retroflexus were compared with an 
extract from Chenopodium album by both in vivo 
and in vitro methods, the results suggesting that 
common allergenic determinants were present 
[278]. Sera from individuals sensitized to White 
Cypress Pine, Italian cypress, Ryegrass or Birch 
pollen were shown to have IgE antibodies that 
reacted with pollens from these four species and 
from Cocksfoot, Couch Grass, Lamb’s quarter, 
Wall pellitory, Olive, Plantain, and Ragweed 
[282].

Allergic Reaction
Goosefoot pollen can induce asthma, allergic 
rhinitis, and allergic conjunctivitis [283–285]. 
Indigenous to Europe and Asia are now impor-
tant in the pathogenesis of pollinosis. Plants 
from the Chenopodium genus have been shown 
to have the highest atopic prevalence in a des-
ert environment in Kuwait, where 64.3% of 706 
patients with allergic rhinitis sensitized to this 
weed’s pollen. Chenopodium pollen was the 
most prevalent sensitizing pollen in asthmatics, 
with 70.7% of 553 asthmatics sensitized. Plants 
from the Chenopodium genus were imported and 
cultivated for the purpose of ”greening” the des-
ert [284]. European studies have reported the sig-
nificance of Goosefoot pollen including Spain, 
Greece, and Poland [286–288].

5.3.3.6  �Family Plantaginaceae

English Plantain
English plantain (Plantago lanceolata) is an 
erect perennial growing 0.3–0.5 m in height. The 
leaves are found at the base of the stalk, and are 
dark green, 5–40 cm long, 8–25 mm wide, and 
3-ribbed, with a smooth, wavy texture. The mar-
gins are slightly toothed. The leaves are oblong 
or lance-shaped, tapering at the base into a slen-
der stalk. The leaf axils are often filled with long 
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Fig. 5.68  (a) Leaves of lamb’s quarters (Chenopodium album), (b) American wormseed (Chenopodium 
ambrosioides)
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brownish cottony hairs (Fig. 5.72a, b). Grouping 
leaf stalk deeply furrowed, ending in an ovoid 
inflorescence of many small flowers each with a 
pointed bract. Each flower can produce up to two 
seeds. Flowers are 4 mm, 4 bent back lobes with 
brown midribs, long white stamens. The plant 
flowers from April to August.

These green weedy plants are native to Europe 
and Asia, but now grow practically anywhere in 
the world. English plantain is common in most 
temperate regions, and is considered a trouble-
some pollen weed in such diverse areas as New 
Zealand, Mauritania, Italy, Canada, Ecuador, 
Belgium, Germany, France, and the USA [142]. 

Fig. 5.70  Electromicroscopic pollens of lamb’s quarters (Chenopodium album)

Fig. 5.69  Pollen of lamb’s quarters (Chenopodium album)
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Asian plantain (Plantago asiatica) is common in 
East Asia, originated from Europe (Fig. 5.73a, b).

It sheds pollen mainly in May and June, corre-
sponding to the time when grasses pollinate. The 
pollen grains may be distinguished by their mul-
tiple pores (numbering 7–14) and variable size 
(25–40 μm) (Figs. 5.74 and 5.75).

Cross-Reactivity
An extensive cross-reactivity among the dif-
ferent individual species of the genus could be 
expected, as well as to a certain degree among 
members of the family Plantaginaceae [131]. 
However, contrary to the taxonomical infer-
ences, the results of two studies showed that 
there was little cross-allergenicity between 
English plantain pollen and Psyllium (P. ovata), 
closely related members of the same genus [289, 
290]. These studies are contrary to an earlier 
study which suggested that English plantain may 
cross-react to Psyllium [291].

Allergic Reaction
English plantain may be a potent cause of aller-
gic rhinitis, which may be confused with grass 
pollinosis. English plantain pollen is an impor-
tant cause of asthma, allergic rhinitis, and aller-
gic conjunctivitis, particularly in the temperate 
regions of North America, Australia, and Europe 
[8, 230, 287, 292–295].

5.3.3.7  �Family Cannabaceae
Cannabaceae is a small family of flowering 
plants. The family includes about 170 species 
grouped in about 11 genera, including Japanese 
Hop (Humulus japonicus), hop (Humulus lupu-
lus), and Marijuana (Cannabis sativa), Cannabis 
(hemp, marijuana), and Celtis (hackberries).

Japanese Hop
Japanese Hop is an annual or weakly perennial 
climber (climbing twining vine), growing 3–6 m 
high. It has deeply 5- to 7-lobed large leaves with 
serrate edges and rough surface, with pubescent 
underside, on a long petiole and prickly stems. 
The flowers are green spikes. Variegated forms 
are common. Hop is dioecious, with sepa-
rate male and female plants. Male flowers are 
yellow-green, arranged on 15–25 cm long, nar-
rowly spreading panicles. Female flowers are 
catkin-like drooping spikes 5  mm in diameter. 
The flowers are symmetrical. These plants are 
pollinated by the wind. As an adaptation to this 
kind of pollination, the calyx is short and there is 
no corolla. Flowers are grouped to form cymes. 
The pistil is made of two connate carpels, the 
usually superior ovary is unilocular; there is no 
fixed number of stamens (Fig.  5.76a–e) [43]. 
The pollen grains may be distinguished by three 
pores and variable size (22–26 μm) (Figs. 5.77 
and 5.78) [296–298].

Fig. 5.71  Pollen of Sugar beet (Beta vulgaris)
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Fig. 5.72  (a) Full shape, (b) catkins of English plantain (Plantago lanceolata)
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Cross-Reactivity
An extensive cross-reactivity among the dif-
ferent individual species of the family could be 
expected [131]. Members of this family include 
Hemp (Cannabis sativa) and commercial Hop 
(Humulus lupulus). Patients allergic to Japanese 
Hop pollen were noted to have an associated 
sensitization to Hop (Humulus lupulus), Celery 
and Sunflower pollen [264]. Ginkgo pollen, a 
prominent aeroallergen in Korea, was shown 
to have a minor degree of cross-reactivity with 
pollen from Japanese Hop. In patients with 
IgE antibodies to Ginkgo pollen, in inhibitory 

ELISA tests, IgE binding to Ginkgo pollen was 
inhibited by more than 80% by Oak, Ryegrass, 
Mugwort, and  Ragweed; and 34% by Japanese 
Hop. In inhibitory immunoblot tests, IgE bind-
ing to Ginkgo pollen proteins was almost com-
pletely inhibited by Oak, Ryegrass, Mugwort and 
Ragweed, but only partially by Japanese Hop and 
rBet v 2 [122, 299].

Allergic Reaction
Cannabaceae is not common in America and 
Europe. Otherwise, Humulus japonicus is the 
only member of this family that is important for 

a b

Fig. 5.73  (a) Full shape, (b) stamens of Asian plantain (Plantago asiatica)
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allergy in autumn causing major pollinosis in 
Korea and Japan recently. Japanese Hop is a very 
frequent cause of symptoms of asthma and aller-
gic rhinitis in sensitized individuals in autumn. 
Between 6.1 and 14% of Korean patients with 
asthma, rhinitis and conjunctivitis attending an 
allergy clinic have been shown to be sensitized 
to this allergen, and a similarly high prevalence 

occurs in China [54, 125, 300, 301]. Recent 
studies in Korea suggest that sensitization to 
this pollen is increasing [264]. Although expo-
sure to pollen from this plant appears to be less 
prevalent in Europe and the USA, aerobiologi-
cal studies have detected this pollen in the city 
of Salamanca, Spain, as well as on the western 
United States Gulf Coast [302].

Fig. 5.74  Pollens of English plantain (Plantago lanceolata)

Fig. 5.75  Electromicroscopic pollens of English plantain (Plantago lanceolata)

5.3  Description and Clinical Relation of Allergic Plants



132

5.3.3.8  �Family Polygonaceae
The docks, comprising the genus Rumex, are the 
only allergenic members of the buckwheat fam-
ily. The Polygonaceae comprises about 1200 
species distributed into about 48 genera [303]. 
The largest genera are Eriogonum (240 species), 
Rumex (200 species), Coccoloba (120 species), 
Persicaria (100 species), and Calligonum (80 
species) [304]. Rumex acetosella (sheep sorrel), 
Rumex crispus (curly dock), and Rumex acetosa 
(common sorrel) (Fig.  5.79a–c) are the most 
important species.

Sheep Sorrel
Sheep sorrel is present worldwide, perennial 
weed that originated in Europe and Asia and has 
become naturalized throughout temperate North 
America and all other temperate regions. The 
plant produces tiny flowers in spring and sum-
mer, which are borne in slender, loose racemes 
at the end of stalks. The plant is dioecious. The 
leaves are simple, and arranged alternately on 
the stems which are erect, slender, 10–60  cm 
tall. The arrowhead-like mid-green to dark-
green fleshy leaves are 2–10 cm long and 1–2 cm 

a

b

Fig. 5.76  (a) Clusters, 
(b) leaves, (c) catkins, 
(d) Pistils, (e) fruits of 
Japanese hop 
(Humulus japonicus)
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e

Fig. 5.76  (continued)
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wide and are situated mostly at the stem base 
(Fig. 5.80a–c).

The grains of pollen are 20–30 μm in diam-
eter. Spheroidal; 23–27  μm in diameter; thin 
exine is finely pitted. 3, 4, or 6 linear furrows are 
evenly arranged, each having a small elliptical 
germ pore (Figs. 5.81 and 5.82).

Allergic Reaction
In the whole spectrum of pollen allergy, however, 
the docks are of minor significance. Sheep sorrel 
pollen can induce asthma, allergic rhinitis, and 

allergic conjunctivitis. Various studies in North 
America and Europe have demonstrated the pres-
ence of Rumex pollen [145, 305–307]. Rumex 
pollen has been documented as an important 
aeroallergen in India [166] and Korea [308].

5.3.3.9  �Family Urticaceae

Nettle
The Nettle is a fast-growing perennial reach-
ing 1.2  m wide by 1  m tall. In Urticaceae, the 
plant grows as a large main stem with leaves in 

a b

Fig. 5.77  Pollen of (a) Common hop (Humulus lupulus), (b) Japanese hop (Humulus japonicus)

Fig. 5.78  Electromicroscopic pollens of Japanese hop (Humulus japonicus)
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opposite pairs. Leaves are produced from March 
to November. The plant is wind-pollinated. The 
leaves are large, dark-green, triangular, coarsely 
toothed, and covered with poison-filled hairs. 
The leaves discharge their poison when touched, 

which results in a burning sensation and then a 
rash. The reddish-brown to greenish-white flow-
ers have no petals, are found in dangling clus-
ters at the junction of stems and leaves, and are 
dioecious (Fig. 5.83a–d). The species is distrib-

a
b

c

Fig. 5.79  (a) Whole body, (b) pilstils, (c) fruit of Common sorrel (Rumex acetosa)
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uted throughout Europe, western Asia and North 
Africa, and has been introduced in western North 
America, Australia and parts of South America.

Pollen grains are oblate-spheroidal to sphe-
roidal, and are small with a rounded-triangular 
amb. The grains are 2–4 porate and the pores 

a

b

c

Fig. 5.80  (a) Whole body, (b) leaves, (c) stamens of Sheep sorrel (Rumex acetosella)

a b

Fig. 5.81  Pollen of (a) Sheep sorrel (Rumex acetosella), (b) Common sorrel (Rumex acetosa)
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Fig. 5.82  Electromicroscopic pollens of Common sorrel (Rumex acetosa)

a

b

Fig. 5.83  (a) Cluster, 
(b) leaves, (c) fruits, (d) 
stem of Nettle (Urtica 
dioica)
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are circular. Pollen grains are usually 12–15 μm 
(Figs. 5.84 and 5.85).

Cross-Reactivity
An extensive cross-reactivity among the dif-
ferent individual species of the genus could be 
expected, as well as to a certain degree among 
members of the family Urticaceae, e.g., Parietaria 
judaica and Parietaria officinalis [131]. This, 
however, does not appear to be the general case. 
RAST inhibition demonstrated the total absence 
of cross-reactivity between Parietaria and Urtica 
[309, 310].

Allergic Reaction
Nettle pollen frequently induces asthma, allergic 
rhinitis, and allergic conjunctivitis. Urticaceae 
pollen including both Parietaria and Urtica has 
been detected in large quantities in aeroallergen 
studies. It is reported to be the predominant pol-
len in northwest Spain [9, 311–313] have docu-
mented the importance of this aeroallergen in this 
country. Urticaceae pollen has also been reported 
in Italy [314], Poland [315], and Switzerland 
[316]. Nettle pollen is also an important aeroal-
lergen in England. IgE antibodies to Nettle pol-
len was found in 13 of 62 patients with a clinical 

c

d

Fig. 5.83  (continued)

5  Description and Clinical Exposure of Allergic Plants



139

Fig. 5.84  Pollens of nettle (Uritca dioica)

Fig. 5.85  Electromicroscopic pollen of Nettle (Urtica dioica)

history of summer seasonal respiratory symp-
toms [317]. Nettle pollen has also been detected 
in aeroallergen studies in Rochester, New York, 
Minnesota [318], Texas [302], in Turkey [51], 
and in Korea [264].
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Pollen and Climate

Pollen grains, a causative agent of asthma and 
allergic rhinitis, allergic conjunctivitis are 
among the commonest allergens in atopic 
patients. Pollen allergy has a remarkable clini-
cal impact all over world and there is a body of 
evidence suggesting that the prevalence of 
respiratory allergic reactions induced by pollens 
in a changing world is on the increase [1–3]. 
The prevalence of asthma has increased, and it 
is still increasing worldwide in parallel with that 
of allergy for the past 4 decades [4, 5]. This data 
suggests that it might be possible that the 
increase is related to changing many environ-
ments including climate.

Pollen season is defined as the period during 
which pollen is present in the air. The term is 
used either collectively, referring to pollen from 
any plant taxon or from each taxon separately. 
Evidently, the pollen season in a certain area is 
related to the local flowering season, as for pol-
len to be present in the air, it has to be previ-
ously produced and emitted by mature flowers. 
However, pollen seasons and flowering seasons 
usually do not fully coincide; this is the result of 
intervening winds that allow for long-range 
transport. In temperate regions, the main polli-
nation period covers about half the year, from 
spring to autumn.

6.1	 �Effects of Weather 
on Allergen Load and Pollen 
Potency

Both climate and weather play a key role in the 
production, release, and bioavailability of pollen-
derived allergens. A photoperiod response is a 
biological response to changes in day-length at 
latitudes where this phenomenon is associated 
with seasonal progression. Plants discriminate day 
from night by means of photoreceptors, that is, pig-
ments that capture different wavelengths that may 
promote or inhibit flowering. These pigments syn-
chronize biological activities with the day and night 
cycle. Plants may respond to day lengths surpassing 
a critical threshold in late spring or early summer, 
securing time for seed maturation, or in contrast, 
when nights become long so that as much of spring 
and summer as possible can be used for vegetative 
growth. Increasing light intensity during springtime 
and early summer is likely to influence flowering 
in summer-flowering plants and this increase can 
modify the effect of the photoperiod [6].

The explanation why pollen varies in their 
potency is that the allergens are synthesized in pol-
len during ripening of the pollen. In the week before 
pollination, no allergen was found in pollen, which 
otherwise were ready to release. Subsequently, 
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a rapid increase in allergen content of the pollen 
occurred. At the same time, the anthers developed. 
Anthers react to weather conditions, and when 
conditions are good for pollination they open and 
release pollen. If the weather conditions are favor-
able for early pollination, ripe anthers will release 
less ripe pollen with less allergen. Otherwise, when 
weather is such that anthers do not open until later, 
riper pollen with more allergen is released [7]. The 
meteorological factors that control allergen ripen-
ing are not yet clear, as studies performed so far 
compared weather condition around the pollen trap 
with the potency or amount of detected pollen. This 
assumes that the detected pollen stem from plants 
that live in the area for which the temperature is 
recorded. However, pollen travel longer distances 
and the weather condition at the source, i.e., at the 
place of pollination, must be correlated with pollen 
potency.

6.2	 �Pollen Calendars

The frequency of pollinosis, including allergic rhi-
nitis, has recently increased in children, and many 
studies have investigated the relationships between 
the concentrations of allergic pollens and the clini-
cal manifestations of allergic diseases in pollen 
season. The abundance of pollen grains in the air is 
described by pollen season intensity: the more 
there are, the more intense the season is. Pollen in 
the air, which is the result of pollen production and 
the different aerobiological processes, emission, 
dispersion, and/or transport and deposition, is con-
trolled by factors associated with climate. Any 
change in these factors may affect the phenological 
and quantitative features of the season. Monitoring 
airborne pollen provides substantial information on 
plants performance under different environmental 
conditions and could allow predictions of their 
response under the ongoing climate change.

The onset, duration, and intensity of the pol-
len season vary from year to year. In order to be 
able to predict future situations, it is necessary to 
know the determinants of all related processes. 
At an applied level, this is particularly important 
because the pollen season and its intensity affect 
the quality of life of allergic persons, who consti-

tute a considerable part of the human population. 
Thus, there is a necessity for pollen forecasting 
or a pollen calendar in order to prevent or reduce 
the prevalence of pollinosis. A pollen calendar for 
each region of a country can be prepared by sam-
pling one or more locations for at least 12 months. 
These calendars can be used in clinics and hospi-
tals for symptoms correlation, selection of subse-
quent diagnostic kits (allergen panels), and finally 
for prevention and control purposes. Updated 
information on pollen distribution and concen-
tration in each region should be provided to the 
general public and persons with allergic diseases 
through a website in order to manage and pre-
vent pollinosis. Yearly variations in the airborne 
pollens of a region can be enumerated by allowing 
the pollen sampler to run for a longer period at 
one location (Figs. 6.1, 6.2, and 6.3) [8–11].

6.3	 �Effects of Weather on Pollen 
Flight

Pollen season, that is the period during which 
pollen is present in the air, is related to the flow-
ering season, for pollen has to be previously pro-
duced and emitted by mature flowers. Pollen 
seasons and flowering seasons usually do not 
fully coincide because of the effects of mid- and/
or long-range transport. The onset, duration, and 
intensity of the pollen season vary from year to 
year. Weather variables, mainly air temperature, 
sunlight, and rainfall together with CO2 are 
among the main factors affecting phenology and 
pollen production by plant. In addition, weather 
patterns influence the movement and dispersion 
of all aeroallergens in the atmosphere through the 
action of winds and rainfall and depending on the 
atmospheric stability [12].

The effect of temperature is greater on the 
spring and early summer-flowering plants 
whereas species that flower in late summer and 
fall generally are correlated with photo period. 
Thus, the former species are more affected by 
warmer winters and springs, showing an earlier 
flowering in the last two decades [13]. The com-
plex relationship between weather and concen-
tration of pollen in the atmosphere plays a key 
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Fig. 6.1  The allergic pollen calendar for (a) Seoul and (b) Jeju in Korea
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Fig. 6.2  Generalized UK pollen calendar (Zyrtec)
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Fig. 6.3  An allergic pollen calendar in the USA (Hollister-Stier Allergy)
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role in the allergen level. The optimal amplitude 
of this fluctuation range varies between plants 
adapted to upper limit, above which development 
is again zero. In most temperate woody species, 
flowering time is mainly controlled by tempera-
ture which usually acts through accumulation of 
heat above a threshold level [14].

In order to reduce the exposure to pollen and 
to improve the measures listed earlier, it is there-
fore crucial to provide patients with a reliable 
aerobiological forecast. Although the quality of 
weather forecast improved substantially in the 
last decades, effects of weather variables on aero-
allergen load are not completely understood. For 
instance, rainfall clears the air from pollen, thus 
reducing the risk of exacerbation of rhinitis and 
asthma; thunderstorms, however, are associated 
with severe and near fatal asthma epidemics [15].

Weather conditions, including rainfall, atmo-
spheric temperature, humidity, wind speed, and 
wind direction, may alter the concentrations of 
plant pollens and other allergens, which can sub-
sequently influence the occurrence of allergic 
diseases such as asthma, allergic rhinitis, allergic 
conjunctivitis, and even atopic dermatitis [16–
21]. Many studies have demonstrated that CO2 
concentration and increased atmospheric tem-
perature increase pollen concentration [22]. Most 
work on the impacts of climate change on aeroal-
lergens can be divided into a number of distinct 
areas, including impacts on pollen amount, pol-

len allergenicity, pollen season, plants, and pol-
len distribution. Metrological factors such as 
mean temperature, wind speed, humidity, amount 
of sunlight, and degree-days can directly affect 
biological and chemical components of this inter-
action [23, 24]. The accumulation of daily sun-
shine, and other impacting meteorology factors 
such as humidity and precipitation, should be 
taken into consideration to further improve the 
accuracy of the modeled start dates and season 
lengths of birch and oak pollen and develop 
regression models for pollen prediction. Daily 
fluctuations in the amount of pollen have to do 
with a variety of meteorological factors such as 
temperature, rainfall, and the duration of sun-
shine. Temperature and rainfall are especially 
important in determining pollen concentrations, 
but the relationship is complex and influenced by 
other variables (Figs. 6.4 and 6.5).

6.4	 �Forecasting Pollen 
Concentration

It has been reported that approximately 10–25% 
of general population is affected by airborne 
pollen in the world. Especially allergic rhinitis 
among the young children is increasing even 
more rapidly; its prevalence in elementary 
school students increased from 16% in 1995 to 
20% in 2000 and 28% in 2006 [25, 26]. The 

1400

Pollen Distribution (seoul)
(1997-2002)

Pollen Distribution (seoul)
(1997-2002)

1200

1000

800

600co
un

t

400

200

0

1400

1200

1000

800

600co
un

t

400

200

0
-20 -10 10

temperature precipitation (0.1 mm)

20 30 400 0 50 100 200 300150 250 350

a b

Fig. 6.4  The association between pollen distribution and (a) air temperature, and (b) rain precipitation

6.4  Forecasting Pollen Concentration



156

potential risk of pollen allergies, therefore, is 
expected to increase in the future because of this 
increase in young patients in addition to the pro-
longing and intensification of the pollen season 
associated with climate change such as global 
warming [27]. In Japan, more than 25% of the 
population suffers from allergies to Japanese 
cedar pollen in spring [28].

A deeper understanding of the relationship 
between weather and pollen concentration is the 
first step for the development of a reliable pollen 
forecast, useful in preventing pollen dependent 
allergic symptoms. Therefore daily forecasts for 
major allergenic pollens are provided in Korea and 
Japan as well as in many developed countries in 
Europe and North America. Pollen calendars for 
each species and location were developed based 
on 10-day average pollen concentration. At least 
10 weather elements that are thought to affect the 
concentration of pollen are used to develop equa-
tions for the pollen forecasts. The elements are: 
daily mean temperature, rainfall, average wind 
speed, relative humidity, maximum temperature, 
minimum temperature, temperature range, contin-
ued rainfall hours, accumulated sunshine hours, 
and accumulated mean temperature. Predictive 
equations for each pollen species and month are 
developed based on statistical analyses using 
observed data with 10 weather elements during the 
last several years in some countries [29].

Although very different in the way of being 
observed and measured, phonological events and 
pollen counts can be traced back to the same phe-
nomenon, the flowering of plants. Similarly, both 
kinds of data can in many respects be modeled 
with a similar set of observation-based models.

Observation-orientated models relate pollen 
records (dependent variable) to one or more vari-
ables (independent variables) that can be mea-
sured or predicted, and are constructed without 
knowledge of the sources, emission, or calcula-
tions of diffusion [30]. Pollen data usually pro-
duce mean daily values for the studied area. 
These data can be used for producing forecasts of 
day-to-day variations in pollen concentrations, or 
for predicting characteristics of the pollen sea-
son, such as start dates and severity. All methods 
use certain mathematical tools in order to describe 
and imitate the behavior of pollen count; they 
may be applied for better understanding, descrip-
tion, and knowledge concerning pollen season 
problems. The most rudimentary method for pol-
len forecasting is the pollen calendar.

Regression analysis is an empirical technique 
that is often used in aerobiological studies. It is 
used to predict a score on one variable from a 
score on the other and as a result is often referred 
to as a causal method of statistical modeling. 
Causal models predict the future by modeling the 
past relationships between a dependent variable 
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and one or more other variables called either 
independent or predictor variables [31–33].

Simple regression models can predict entry 
dates of phenological phases and likewise the 
start, peak, and end of the pollen season or, given 
a greater number of independent variables, the 
day-to-day variability of the pollen counts. 
Phenological models will equally well predict the 
entry dates of phenological phases as well as the 
start, peak, and end of the pollen season. 
Phenological models are sometimes grouped into 
the class of process-based models, because they 
are built on assumptions rooted in experimental 
results on plant physiological responses to vari-
ous environmental variables [34, 35]. This 
includes regression models, time-series model-
ing, and a survey about applications of artificial 
intelligence methods to pollen data.

In multiple regression analysis, the values of 
the dependent variable are estimated from those 
of two or more independent variables [36]. The 
forecasting models were developed from the 
multiple regression analysis based on daily 
observed pollen concentrations and meteorologi-
cal variables. The models were developed sepa-
rately for different periods and pollen species; 
tree pollen models were developed for spring, 
while weed pollen models were developed for 
autumn. These models were able to predict daily 
pollen risk levels. However, the parameters of the 
regression models do not necessarily explain the 
response of the biological processes of pollen 
production. In addition, there are spatiotemporal 
limitations to the application of these models: 
such a model developed for a specific location 
and month cannot be generalized to the other 
places or times.

Weather conditions play a crucial role in the 
spread of pollen by influencing processes such 
as flowering, release, transportation, and deposi-
tion of pollen; therefore, weather conditions are 
key variables in the prediction of pollen allergy 
risks [26, 29]. There are two categories of models 
for forecasting pollen based on meteorological 
conditions: one category estimates the timing of 
pollen season, and the other estimates daily con-
centrations of pollen. Models in the former cat-
egory estimate either the date of the first pollen 
appearance or the dates of the start, peak, and end 

of pollen seasons [37]. For predictors, they ana-
lyze air temperature data as well as data for previ-
ously reported pollen concentrations. Definitions 
of pollen season include, but are not limited to, 
when the sum of daily mean pollen concentra-
tions reaches 1, 2.5, or 5% of the yearly total pol-
len, or when the daily pollen count exceeds 3, 20, 
or 30  grains  m−3. Many studies have attempted 
to estimate these forecasts quantitatively [38]. 
For example, seasonal and annual total pollen 
counts have been estimated based on cumulative 
air temperature and rainfall and on monthly total 
rainfall and mean humidity, respectively [33, 39, 
40]. Recent studies have estimated daily pollen 
concentrations using a number of methods, e.g., 
cypress tree pollen concentration predicted based 
on daily maximum temperature; birch and grass 
pollen concentration predicted based on daily air 
temperature, solar radiation, and wind speed; and 
grass pollen concentration based on weather con-
ditions and previous pollen observations [41–43]. 
Models that estimate daily pollen concentrations 
are typically developed through multiple regres-
sion analysis that incorporates stepwise methods 
for the selection of independent variables [33]. 
Pollen season can be divided into two sub-sea-
sons: the pre- and post-peak periods. These two 
periods either were analyzed separately or only 
the pre-peak season was targeted for model 
development because this period is considered to 
be more important. Values representing meteo-
rological conditions can be used to forecast pol-
len concentration and to issue allergy warnings 
(Fig. 6.6) [41, 42, 44].

6.5	 �The Influence of Climate 
Change to Allergenic Pollen

Most of the observed increase in global average 
temperatures since the mid-twentieth century is 
very likely due to the observed increase in anthro-
pogenic greenhouse gas concentrations. Moreover, 
the major changes to our world involve the atmo-
sphere and its associated climate, including global 
warming induced by human activity, and they are 
causing an impact on the biosphere, biodiversity, 
and the human environment. Observational evi-
dence indicates that recent regional changes in 
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climate, particularly increases in temperature, 
have already affected a diverse set of physical 
and biological systems in many parts of the world 
[45, 46]. A rapid increase has been observed in 
the number of hot days and severe meteorologi-
cal events witnessed across the globe. Quantitative 
increase in allergenic pollen will burden the 
patients with allergic rhinitis, which are known as 
many as 10–30% of the total population, and 300 
million patients with asthma [47]. Airborne pollen 
was analyzed to escalate the sales of allergy medi-
cine by 28.7% after two days of high concentra-
tion [48]. Especially, allergy-related disorders are 
supposed to increase in children [49]. In addition, 
climate change may induce the changes in ecolog-
ical suitability of the allergenic plants, which may 
result in new allergy symptoms in the group with 
no previous problems [50].

The major changes involve the atmosphere 
with the associated climate change induced by 
human activity, and are causing an impact on the 
biosphere, biodiversity, and the human environ-
ment [46, 47]. Climate change may also affect 
many fields of human health and the view of clin-
ical experts is that allergic diseases are likely to 
increase under climate change in a part because 

of the impact on allergenic plant species. Impacts 
on allergens may be one of the most important 
consequences of climate change for human health 
[47, 51]. Recently, climate change has become a 
crucial concern of public health because it has the 
potential to alter the timing and abundance of 
aeroallergens, which may result in increased 
symptoms in those with allergic diseases, such as 
allergic rhinitis, allergic conjunctivitis, and 
asthma. Climate change has already been sug-
gested as one factor behind the increasing preva-
lence of allergic asthma [53]. Pollens are a major 
cause of symptoms in people with allergic dis-
ease, but there is no quantitative assessment of 
how future climate change may affect the levels 
of pollen allergy in humans because the influence 
of climate change is complex [54]. Thus, an 
altered climate will affect the range of allergenic 
species as well as the timing and length of the 
pollen season, and elevated carbon dioxide (CO2) 
may increase plant productivity and pollen pro-
duction. Climate change may also affect the 
release and atmospheric dispersion of pollen 
[55]. The overall impact will be alteration of pol-
len season timing and load, and hence, changes in 
exposure.

a b

Fig. 6.6  Daily forecast for pollen in (a) Korean Meteorological Agency homepage and (b) www.pollen.or.kr
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Environmental and meteorological change, 
driven by increased concentrations of greenhouse 
gases, have widespread impacts on biotic systems, 
including direct and indirect effects on human 
health. Carbon dioxide is one of the important 
gasses that have greenhouse effect. An increase 
in the concentration of atmospheric CO2 is one 
of the most certain predictors of climate change 
models. Predicting the future threat to public 
health caused by CO2 stimulated pollen produc-
tion will be challenging. As with most environ-
mental health issues, many factors are involved, 
and in the specific case of climate change, the 
future state of many of the factors themselves 
is uncertain. CO2 concentration has increased 
by 29% since preindustrial times. The average 
tropospheric carbon dioxide concentration has 
risen from 290 ppm in 1850 as preindustrial era 
to 353 ppm in 1990. Although atmospheric CO2 
has no apparent direct effect on human health, it 
does have well-known direct effects on plants. 
Increased CO2 concentrations stimulate plant 
photosynthetic rate and alter phenology. Plants 
grow larger, use water more effectively, and 
reach maturity faster when grown in elevated 
CO2. Due to the effects of increased greenhouse 
gases, the mean global air temperature increased 
by 0.85 °C since 1880 [27]. A number of recent 
studies demonstrated the magnitudes of growth 
and physiologic enhancements vary considerably 
with environmental conditions and some plants 
can have an enhanced reproductability. Some 
studies suggest that this enhanced reproductive 
effort may lead to an increase in pollen of rag-
weed with increasing CO2 concentration. CO2 
increase as well as the air temperature in temper-
ate regions can induce increased carbon uptake 
and prolonged growing period. In general, plants 
are expected to grow more rapidly in the period 
of the global warming.

Although few observations and estimates 
were reported regarding season start and length 
of allergic pollens in the other countries, earlier 
start dates and rising pollen concentrations have 
been reported widely in many western countries. 
Plants require a certain amount of heat to com-
plete their development; then air temperature 
plays a key role, together with other factors, such 

as day-length, water and nutrient availability, and 
soil type. Increasing worldwide evidence demon-
strates that the timing of life cycle events of a 
large number of species has responded to the 
increase in air temperature. Changes involve also 
plants producing allergenic pollen, with expected 
consequences on atopic populations.

There are many reports on the increase of pol-
len allergenicity in relation to the climate change. 
Allergenic plants under the warmer temperature 
may grow longer period of time so that they pro-
duce more pollen grains and have longer pollen 
season. It was expected to have early pollen sea-
son with increased yearly pollen production and 
peak concentration [56]. Data provided by 
30 years of observations within the International 
Phenological Gardens network showed that 
spring events advanced by 6  days, the highest 
rate of phonological changes observed in the 
Western Europe and Baltic regions. Conversely, 
phenological trends appear to be different in the 
eastern border of Europe, sometimes showing 
1–2 weeks later in the start of the phases. The 
growing degree hour model was used to estab-
lish a relationship between start and end dates of 
pollen production and differential temperature 
sums using observed hourly temperatures from 
surrounding meteorology stations. Studies of cli-
mate change effects on distributions of allergenic 
pollens have focused typically on analysis of 
observed airborne pollen counts and their regres-
sion relationships with local meteorological and 
climatic factors. Observed airborne pollen data 
for pollen collecting stations at locations repre-
senting a wide range of geographic and climatic 
conditions should be analyzed statistically to 
identify the trends of start date, season length, 
and annual mean and peak value of daily con-
centrations of allergic pollen [57].

An earlier start of the season was confirmed in 
studies focused on allergenic plants, as birch, 
grass and Japanese cedar, even if different meth-
ods and different lengths of datasets have been 
used. Due to the earlier onset, the pollen seasons 
are more often interrupted by adverse weather 
conditions in late winter/early spring. Duration of 
the pollen season is also extended, especially in 
summer and in late flowering species. Moreover, 
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there is some evidence of significantly stronger 
allergenicity in pollen from trees growing at 
increased temperatures. The allergenicity of a 
pollen grain can change qualitatively as well as 
quantitatively by the global warming and CO2 
increase. Previous studies revealed increased 
number of pollen grains and allergenicity of 
weed species such as ragweed and timothy grass. 
Increasing CO2 and temperature seem to substan-
tially increase pollen production from ragweed in 
experimental conditions. The same results were 
obtained in a study on ragweed plants growing in 
urban and rural areas. In the study, allergen epit-
ope (Amb a 1) concentration in ragweed pollen 
increased as a function of CO2 concentration. The 
difference in Amb 1 as a result of increased CO2 
may be affected also by influences among and 
within different ragweed populations [50].

Because content of the ragweed major aller-
gen Amb a 1 will vary in plants from site to site 
and even from year to year at the same site, the 
question was raised whether increased pollen 
production necessarily implies an increase in air-
borne allergenic load. A number of studies pro-
vided an answer by collecting ragweed pollen 
along an urban transect, using the urban environ-
ment as a surrogate for climate change [52, 53]. 
There were found out a gradient of both air tem-
perature and CO2 level through four sites: urban, 
suburban, semirural, and rural. The urban site 
averaged 2 °C higher and a 30% higher CO2 level 
than in the rural site. The urban ragweed grew 
faster with a greater above-ground biomass, 
flowered earlier, and produced more pollen than 
the rural site. A twofold greater concentration of 
Amb a 1 per microgram of protein was seen in 
the rural versus the other sites. Pollen production 
in the urban site, however, was more than double 
that in the rural site, showing indeed an increased 
airborne allergenic burden [54].

6.6	 �Thunderstorm-Related 
Asthma

There is evidence that, during pollen season, 
thunderstorms can be associated with allergic 
asthma outbreaks in patients suffering from pol-

len allergy [58–69]. Pollen grains can be carried 
by thunderstorms at ground level, where, after 
rupture by osmotic shock, they may release into 
the atmosphere part of their content, including 
inhalable allergen-carrying cytoplasmic starch 
granules (<5 μm). Such small particles may be 
inhaled into the distal airways and induce 
asthma in subjects with pollen allergy [58, 59]. 
Changes in the weather such as rain or humidity 
may induce hydration of pollen grains and 
sometimes also their fragmentation which gen-
erates atmospheric biological aerosols carrying 
allergens [61, 63, 67]. During the first phase of a 
thunderstorm, patients suffering from pollen 
allergy may inhale a high concentration of the 
allergenic material, like biological antigenic 
aerosols dispersed in atmosphere, which can 
induce severe asthmatic reactions in some cases 
[27, 60–68]. Thunderstorms can induce attacks 
of severe asthma [61–63] and, in some circum-
stances, are a common cause of epidemics of 
exacerbations of asthma requiring attendance at 
the Emergency Department [65]. A study in 
New South Wales, Australia found that thunder-
storm outflows were detected in 33% of epidem-
ics, compared with 3% of nonepidemic days 
[66]. Furthermore, 48% of epidemic days dur-
ing late spring and summer were associated 
with thunderstorm outflow. The mechanisms 
involved in the release of allergens from pollens 
during thunderstorms and associated risk should 
be known by physicians, not only allergists but 
also general physicians and pollen allergy 
patients, to help with prevention. Information 
about the risk of an asthma attack is relevant 
also in subjects affected only by seasonal aller-
gic rhinitis. In addition, there is a potential risk 
of thunderstorm-related relapse of asthma 
attacks in some patients. The increase in fre-
quency of thunderstorms in some geographical 
areas due to climate change will potentially 
heighten the importance of thunderstorm-related 
asthma exacerbations [67–69].

Although much remains to be understood 
about the relationship between an increase in the 
number of asthma attacks and thunderstorms, 
reasonable evidence exists in favor of a causal 
link in patients suffering from pollen allergy [59–
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73]. What is most frequently hypothesized is that 
dry updrafts entrain whole pollens into the high 
humidity at the cloud base of a thunderstorm 
where pollens may rupture and cold downdrafts 
carry pollen fragments to ground level. In other 
words, at the onset of a thunderstorm, pollen 
fragments are carried to ground level where out-
flows distribute them. As a consequence, there is 
a high inhalable allergen load in the air. Strong 
electric fields develop in the thunderstorm. 
Positive ions are released from the ground and 
attach to particles and electric charge may 
enhance pollen rupture. Grass pollens, after rup-
ture by osmotic shock during thunderstorms, 
release large amounts of paucimicronic aller-
genic particles. Because of their very small size, 
these microparticles can penetrate the lower air-
ways inducing the occurrence of bronchial aller-
gic symptoms. Pollen grains are ruptured in 
rainwater by osmotic shock, with each grain 
releasing around 700 starch granules that are 
small enough to penetrate the airways and trigger 
asthma attacks in previously sensitized subjects. 
These phenomena were observed while levels of 
chemical air pollution were below or similar to 
levels in a control period. Thunderstorm asthma 
does not accompany all thunderstorms. Despite 
published evidence being limited and highly 
variable in quality due to thunderstorm asthma 
being a rare event, there is evidence for the role 
of aeroallergens, meteorological features, and the 
impact of thunderstorm asthma on health ser-
vices [74, 75].

Characteristics of described epidemics of 
thunderstorm associated asthma

•	 There is a link between asthma epidemics and 
thunderstorms.

•	 The epidemics related to thunderstorms are 
limited to seasons when there are high atmo-
spheric concentrations of airborne allergenic 
pollens.

•	 There is a close temporal association between 
the start of the thunderstorms and the onset of 
epidemics.

•	 There are not high levels of gaseous and par-
ticulate components of air pollution during 
thunderstorm related asthma outbreaks.

•	 Subjects with pollen allergy who stay indoors 
with windows closed during thunderstorm are 
not affected.

•	 There is a major risk for subjects who are not 
optimally treated for asthma, but subjects with 
pollen induced allergic rhinitis and without 
prior asthma are also at risk.
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Pollen Allergy

Charles Blackley was the first to demonstrate that 
pollen has an impact on human health. He per-
formed the first pollen provocation tests on him-
self by applying several pollen types to the nostrils, 
the conjunctiva, the tongue and lips, by inhaling it 
and by inoculating the upper and lower limbs. 
Furthermore, he demonstrated that the amount of 
pollen in the atmosphere was correlated with the 
severity of his own symptoms [1]. Nowadays, it 
was well known that proteins carried by pollen as 
allergens can evoke specific responses in the 
immune system. At first individuals can get sensi-
tized to the allergens and subsequently these IgE-
sensitized individuals can respond to the allergens 
with allergic symptoms. These can consist of nasal 
symptoms, eye symptoms, or bronchial asthma, or 
a combination of these. The level of allergen expo-
sure can vary with the location, the weather or the 
time of year and it is a relevant determinant for 
both sensitization and symptom development. 
Allergenic pollen not only appeared to interact 
with the human immune system to elicit an aller-
gic response in sensitized individuals but it has 
other effects as well [2].

7.1	 �Sensitization to Pollen

Sensitization is determined by both host genetic 
factors and environmental factors, like tempera-
ture, atmospheric pressure, storms, or air-pollution. 
Environmental factors that are associated with 

asthma, rhinoconjunctivitis, and eczema have 
been recently discussed by Asher et  al. [3]. The 
effect of pollen exposure on the sensitization rate 
in a population is not clear: two regional scale 
studies showed a positive correlation between the 
pollen exposure and the sensitization rate [4, 5], 
while a worldwide study suggesting high exposure 
to pollen in early life may give some protection 
against the risk of acquiring respiratory allergy 
[6]. Sensitization against pollen is identified either 
by an allergy skin prick test or by determina-
tion of allergen-specific IgE in peripheral blood. 
However, a positive result of either of these tests 
indicates sensitization to particular pollen, but 
does not fully correlate with the clinical relevance 
of this sensitization, i.e. symptom development 
upon exposure. False positive and false nega-
tive results can both occur. The characteristics of 
an allergen that distinguish it from other pollen 
components that do not result in sensitization are 
incompletely understood [7, 8]. Pollen exposure is 
not the only environmental factor that determines 
sensitization. Other factors include air pollution 
[9] and microbial exposures. Environmental pol-
lution, such as diesel soot particles, can change 
the immune response in making non-reactive indi-
viduals react to a pollen [10]. Also non-protein 
substances derived from pollen for example the 
“pollen-associated lipid mediators” (PALMS) and 
adenosine influence the human immune system by 
making it more prone to trigger a Th2-sensitization 
response [11].
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7.2	 �Pollen Threshold Levels 
for Symptom Development

The determination of pollen threshold levels for 
symptom development is hampered by many fac-
tors that influence the outcome. Sensitized indi-
viduals differ in the extent of exposure to pollen 
required for symptom development. Furthermore, 
airborne allergen is thought to be present not only 
in intact pollen, but also in small respiratory par-
ticles [12–14]. A large variety of studies have 
focused on the determination of pollen threshold 
levels that cause symptoms. These deal with the 
determination of pollen thresholds that cause pre-
viously documented symptoms. Although natural 
exposure to pollen under conditions of daily life 
is the most relevant, it has several disadvantages. 
Therefore more controlled settings have been 
developed a pollen provocation tests.

7.3	 �Allergenic Pollen Species 
and Their Threshold Levels

Pollen of species belonging to the same genus or of 
genera belonging to the same family usually cannot 
be distinguished under the light microscope as they 
share the same characteristics. For this reason the 
different allergenic pollen expositions refer to air-
borne pollen that represents a family, a genus, and 
rarely a single species. Furthermore it is important 
to note that when we try to define the pollen risk 
threshold, the definition depends on the methodol-
ogy used for pollen monitoring, i.e. the sampler 
type or the sampler height position. For instance, 
most threshold studies in ambient air determine 
pollen levels using a pollen sampler on a roof top, 
usually at a different height from personal expo-
sure. This is one of the reasons why threshold lev-
els differ among the different studies (Table  7.1) 

Table 7.1  Pollen threshold levels published in peer-reviewed journals

Country (city) [reference] Criteria
Pollen threshold 
(grains/m3/day)

Alnus

Poland [15] First symptoms 45

Symptoms present in all patients 85

Finland [16] Low <10

Moderate 10–100

Abundant >100

France [17] Low 6–13

Moderate 14–227

High >227

Betula

Finland [18] Highly sensitive patients develop symptoms 30

90% of patients had symptoms 80

Poland [15] First symptoms 20

Symptoms present in all patients 75

Finland [16] Low <10

Moderate 10–100

Abundant >100

France (North and Mid-France) [17] Low 5–20

Moderate 20–99

High >99

France (Mediterranean area) [17] Low 5–99

Moderate 100–299

Corylus

France [17] Low 6–13

Moderate 14–227

High >227
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Table 7.1  (continued)

Country (city) [reference] Criteria
Pollen threshold 
(grains/m3/day)

Cupressaceae

Israel [19] Initiation of symptoms 10–50

France (North and Mid-France) [17] Low 70–141

Moderate >141

France (Mediterranean area) [17] Low 7–13

Moderate 14–141

High >141

Olea

Israel [19] Initiation of symptoms >4

France [17] Low 6–13

Moderate 14–227

High >227

Parietaria

Israel [19] Initiation of symptoms 5

France (North and Mid-France) [17] Low 20–49

Moderate >49

France (Mediterranean area) [17] Low 5–19

Moderate 20–69

High >69

Platanus

Spain (Cordoba) [20] Most patients had symptoms >50

France [17] Low 6–13

Moderate 14–227

High >227

Poaceae

London [21] All patients experience symptoms 50

Poland [22] A of patients showed allergic reaction (eyes) 22

All patients symptoms score 2 (eyes) 52

Finland [16] Low <10

Moderate 10–30

Abundant >30

Israel [19] Initiation of symptoms >4

France [17] Low >1

Moderate >4

High >35

Quercus

France [17] Low 6–13

Moderate 14–227

High >227

Ambrosia

France (North) [17] Low >30

Moderate >80

France (Mid-France) [17] Low >1

Moderate >2

High >10

France (Mediterranean area) [17] Low >10

(continued)
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[15–21]. Greater differences can be observed when 
comparing daily pollen content in the air at human 
height or roof top height, showing higher or lower 
differences depending on pollen size, meteorologi-
cal conditions, and atmospheric stability during the 
sampling period [22–26].

7.4	 �Clinical Manifestation 
of Pollen Allergy

7.4.1	 �Allergic Rhinitis

Allergic rhinitis is caused by hypersensitivity 
to airborne allergens such as pollen, which is 
inflammation of the nasal lining, can be defined 
as two or more of nasal symptoms lasting for at 
least 1 h a day on most days. The classic, cardinal 
symptoms are nasal congestion or blocking, nasal 
running, usually clear and watery discharge, 
sneezing, and itching of the nose, palate, throat, 
or ears. In approximately two thirds of patients, 
eye symptoms and signs may be present, includ-
ing itching, conjunctival injection, and watering 
[27]. Prominent nasal symptoms of itching and 
sneezing and ocular symptoms help to distinguish 
allergic rhinitis from other causes of rhinitis [28]. 
Patients with predominant congestion and dis-
charge alone, however, may still have allergy as 
the primary cause of their rhinitis. These may be 
intermittent or persistent. Intermittent rhinitis is 
defined by the Allergic Rhinitis and Its Impact on 
Asthma (ARIA) guidelines as symptoms lasting 

less than 4 days per week or for less than 4 weeks, 
and persistent as lasting more than 4  days per 
week and for more than 4  weeks at a time. A 
large number of allergic patients, however, do not 
demonstrate this clear seasonal occurrence of rhi-
nitis and may experience intermittent symptoms 
of variable degree. This type of pattern prompted 
the development of a new system for classify-
ing allergic rhinitis that characterizes allergic 
rhinitis by severity level and duration (Fig. 7.1) 
[29]. This classification is not synonymous with 
seasonal and perennial; indeed, seasonal rhinitis 
is often persistent and perennial often intermit-
tent, but it is applicable worldwide and correlates 
with treatment requirements. Clinical diagnosis 
of seasonal allergic rhinitis may be straightfor-
ward in patients who live in areas where there 
are clearly defined pollen seasons and experience 
purely seasonal symptoms. Symptoms that occur 
during the spring usually are ascribed to tree pol-
len exposure, in summer to grasses, and in fall 
to weeds; precise start and stop dates of specific 
pollination seasons vary geographically.

One of the hallmarks of pollen allergic rhi-
nitis is hyperresponsiveness to pollens. Specific 
hyperresponsiveness refers to the alteration in 
pollen threshold levels required to evoke a clini-
cal response, a phenomenon known as priming. 
Many pollen allergic patients report worsen-
ing symptoms as the allergy season progresses, 
despite unchanged or decreased pollen counts. 
This phenomenon probably is caused by a shift 
in the threshold of responsiveness. Connell 

Table 7.1  (continued)

Country (city) [reference] Criteria
Pollen threshold 
(grains/m3/day)

Moderate >50

High >100

Artemisia

Poland [15] First symptoms 30

Symptoms present in all patients 55

Finland [16] Low <10

Moderate 10–30

Abundant >30

France [17] Low 5–19

Moderate 20–69

High >69
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found that the dose of pollen necessary to cre-
ate symptoms decreased more than fivefold by 
the fourth day of consecutive allergen chal-
lenges [30]. In other studies, consecutive nasal 
challenges caused significantly more sneezing 
along with higher concentrations of histamine 
and kinins and an increase in the number of 
neutrophils, eosinophils, and basophils in nasal 
fluid samples [31]. These observations suggest 
that mechanisms of priming involve cellular 
infiltration, increased mediator production, and 
increased end-organ responsiveness. Influxing 
inflammatory cells are hypothesized to alter the 
mucosal penetration of pollen and to provide 
additional targets for pollen stimulation and 
increased generation of inflammatory mediators. 
These changes presumably lead in turn to the 
exaggerated response noted after repeated pollen 
exposure.

7.4.1.1	 �Early Response to Pollen
Within minutes after exposure of an allergic 
patient to pollen, a symptomatic response occurs. 
The patient first senses tingling and itching, fol-
lowed by onset of sneezing, rhinorrhea, and nasal 
congestion. Histamine and tryptase are found in 
mast cell granules, and their detection in nasal 
secretions with mast cell degranulation during 
the nasal allergic reaction. PGD2 and the cyste-
inyl leukotrienes, which are newly synthesized 
by the arachidonic acid pathway, and major basic 

protein (MBP), and platelet-activating factor 
(PAF) also are secreted by mast cells [32–37].

7.4.1.2	 �Late Response to Pollen
The response to allergen exposure is not lim-
ited to the acute events that occur a few min-
utes after the exposure. Late response occurs 
at 4–10  h after pollen exposure, with a peak 
around 6  h and resolution by 24  h. Some 
patients experience a recurrence of symptoms, 
particularly nasal congestion, which is termed 
the late response [38].

In addition to the different preformed and 
newly generated inflammatory mediators secreted 
by mast cells and other inflammatory cells during 
the allergic reaction, cytokines have been identi-
fied in the nasal mucosa and in nasal secretions 
of allergic patients after pollen exposure. In dif-
ferent allergen challenge experiments, increased 
levels of IL-1β, tumor necrosis factor (TNF)-α, 
and granulocyte-macrophage colony-stimulating 
factor (GM-CSF) were detected during the early 
hours after provocation, and increased levels 
of IL-5, IL-6, IL-8, GM-CSF, and TNF were 
detected during the late phase response [39, 40]. 
These findings suggest that both T lymphocytes 
and mast cells are contributors to cytokine pro-
duction during the allergic reaction. The cyto-
kine profile observed after exposure to allergen 
emphasizes the importance of Th2 cells and their 
cytokines in the allergic reaction.

Intermittent

• <4 days/week
• or < 4 weeks

Persistent

• >4 days/week
• and < 4 weeks

Mild

Normal sleep and
• No impairment of daily

activities, sports, leisure
• Normal school and work
• No troublesome symptoms

Moderate/Severe

One or more items
• Abnormal sleep
• Impairment of daily activities,

sports, leisure
• Abnormal school and work
• Troublesome symptoms

Fig. 7.1  ARIA (allergic rhinitis and its impact on asthma) study guideline for classification of allergic rhinitis
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7.4.2	 �Local Allergic Rhinitis

Local allergic rhinitis (LAR) is a localized nasal 
allergic response in the absence of systemic 
allergy characterized by local production of spe-
cific IgE antibodies, especially allergic response 
during natural exposure to aeroallergens, and a 
positive nasal allergen provocation test response. 
Localized IgE-mediated inflammation may be 
suspected in a small subgroup of the idiopathic 
rhinitis group with negative skin prick testing, 
where allergen-specific IgE is measurable in 
nasal secretions of patients. Studies have proven 
that the localized cellular pathogenesis is analo-
gous to that in patients with AR [41, 42]. Patients 
with NAR have been considered nonallergic 
because they give negative skin prick test 
responses and serum sIgE is absent. However, 
over the past decade, a number of studies have 
shown that many patients with negative SPT 
responses, and who lack serum sIgE and would 
otherwise have been categorized as having NAR, 
develop nasal symptoms after nasal allergic 
provocation tests with common aeroallergens 
such as house dust mites, grass, and some pol-
lens, and possibly others. In addition recent stud-
ies suggest that local production of sIgE occurs in 
these patients [43].

7.4.3	 �Allergic Conjunctivitis

The dominant symptom of allergic conjunctivitis 
is ocular itching which ranges from mild to 
severe. Other symptoms and signs include watery 
tearing, redness, swelling, burning, a sensation of 
fullness in the eyes or eyelids, an urge to rub the 
eyes, sensitivity to light, and occasionally blurred 
vision. Allergic conjunctivitis commonly is asso-
ciated with symptoms of allergic rhinitis. 
Conjunctival hyperemia and chemosis with pal-
pebral edema are typical. Hyperemia is the result 
of vascular dilatation, whereas edema is second-
ary to altered permeability of postcapillary 
venules. Periorbital darkening due to an local 
pigmentation resulting from the decreased 
venous return in the skin and subcutaneous tissue 
also are common as Allergic shiners.

Allergic conjunctivitis is a bilateral, self-
limiting conjunctival inflammatory process. It 
occurs in sensitized individuals with no gender 
difference and is initiated by allergen binding to 
IgE antibody on mast cells. The importance of 
this process is related more to its frequency than 
to its symptom severity. The two forms of aller-
gic conjunctivitis are defined by whether the 
inflammation and symptoms occur seasonally 
(spring, fall) or perennially. Although the inflam-
matory signs and symptoms are similar for both 
entities, the seasonal form of allergic conjuncti-
vitis is more common. It accounts for a majority 
of cases of allergic conjunctivitis and is related 
to pollens that appear during specific seasons. 
The perennial form of the condition often is 
related to animal dander, dust mites, or other 
allergens that are present in the environment 
year-round.

The distribution of seasonal allergic conjunc-
tivitis (SAC) depends largely on the climate. For 
example, in the template regions, grass pollen-
induced SAC generally occurs from May to 
August. Conversely, ragweed pollen-induced 
SAC occurs in most regions during August 
through October. Tree pollens can become a 
problem from February to June. This pattern is 
similar to seasonal allergic rhinitis.

Tear film analysis in patients with allergic 
conjunctivitis consistently reveals the presence 
of IgE antibody, histamine, tryptase, eotaxin, 
and eosinophil cationic protein [44–47]. The 
contributions of cysteinyl leukotrienes and pros-
taglandins also present in ocular inflammation 
have been well documented. These mediators 
are known to have overlapping biologic effects 
that contribute to the characteristic ocular itch-
ing, redness, and watery discharge associated 
with allergic eye disease. Histamine is involved 
in the regulation of vascular permeability, 
smooth muscle contraction, mucus secretion, 
inflammatory cell migration, cellular activation, 
and modulation of T cell function. Cysteinyl 
leukotrienes and tryptase originating from mast 
cells also have been shown to be specifically 
involved in the regulation of many of these same 
processes. Mast cells also synthesize cytokines 
and chemokines.
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7.4.4	 �Asthma

Asthma is a complex clinical syndrome character-
ized by variable airflow obstruction, some of 
which may be reversible or permanent, hyperre-
sponsiveness of airway, and chronic inflammation. 
It is increasingly understood that asthma develops 
from complex interactions from a variety of envi-
ronmental exposures interacting with a number of 
underlying genetic predispositions. Many of the 
important exposures occur during fetal develop-
ment or in early postnatal life, and the conse-
quences are determined in part by the stage of 
development of the respiratory and immune sys-
tems [48]. From this viewpoint, asthma and many 
of the phenotypic features recognized as part of 
the asthma occur as maladaptive developmental 
responses; asthma is a developmental disease [49]. 
There is a general agreement that airway inflam-
mation and injury, as well as remodeling that 
occurs in some patients, are likely critical compo-
nents of asthma pathogenesis.

Exacerbation of asthma may occur through 
interaction with a variety of factors, including pol-
lens, airborne allergens, viral respiratory infections, 
and occupational exposure, each of which likely 
acts through different pathways to produce the same 
end result: multicellular inflammation, enhanced 
bronchial responsiveness, and airflow obstruction. 
The International Study of Asthma and Allergies in 
Childhood (ISAAC) reported results from phase I 
studies that showed the 12-month prevalence of 
asthma symptoms ranged from 3 to 5% in countries 
that included Indonesia, China, and Greece to more 
than 20% in Canada, Australia, New Zealand, and 
the United Kingdom [50].

Asthma is a disease of the conducting airways, 
with airway obstruction the defining feature. 
Persistent airway inflammation is also a feature 
of asthma across the severity spectrum and is 
almost always accompanied by increased airway 
smooth muscle, thickening of the subepithelial 
reticular lamina, matrix deposition throughout 
the airway wall, an increase in microvessels and 
neural networks, and mucous metaplasia of the 
epithelium with increased submucosal glands. 
Mucus plugs in asthmatic airways cause further 
obstruction, which may extend to the membra-

nous bronchioles and are often continuous with 
mucus in the ducts and lumen of the submucosal 
glands [51].

Mucus plugs are composed of mucus, serum 
proteins, inflammatory cells, and cellular debris, 
which include desquamated epithelial cells and 
macrophages often arranged in a spiral pattern 
(Curschmann spirals). The excessive mucus pro-
duction in fatal asthma is attributed to hypertro-
phy and hyperplasia of the submucosal glands 
[52]. The inflammatory and immunologic cell 
infiltration of the airways in asthma results from 
both the activation of the resident cells and the 
recruitment of inflammatory cells into airways. 
An important feature of the inflammatory infil-
trate is the multicellular nature of the reaction, 
which is mainly composed of eosinophils but 
also includes neutrophils, lymphocytes, and other 
cells in varying degrees. Whereas neutrophils, 
eosinophils, and T lymphocytes are recruited 
from the circulation, mast cells are resident cells. 
Macrophages and dendritic cells are both resi-
dent cells and are recruited to the lungs. Histologic 
evidence of mast cell degranulation and eosino-
phil vacuolation reveals that the inflammatory 
cells are activated. In asthma mucosal mast cells 
are not only increased in number, but also show 
evidence of granule secretion [53].

Epithelial damage and shedding result from 
separation of the columnar cells from the basal 
cells, which are more resistant to detachment in 
asthma even in the presence of extensive inflam-
mation. The desquamated epithelial cells expec-
torated in the sputum of asthmatic patients are 
known as “Creola bodies.” In more severe dis-
ease, there is some evidence of epithelial prolif-
eration contributing to remodeling [54]. The 
subepithelial collagen is produced by myofibro-
blasts lying beneath the epithelium, with their 
numbers correlating with the extent of collagen 
thickness [55].

7.5	 �Diagnosis of Pollen Allergy

The diagnosis of pollen allergy begins with the 
patient’s clinical history and physical examina-
tion. When the clinical history identifies allergic 
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symptoms that are in temporal relationship to a 
definable and relevant allergen exposure, immu-
noglobulin E (IgE) antibody sensitization is then 
confirmed with in vivo skin tests (prick or intra-
dermal) or in vitro blood tests (allergen-specific 
IgE antibody serological assays). If there is a 
mismatch between the history and these primary 
diagnostic tests for sensitization, then a second-
ary provocation test (nasal challenge, bronchial 
challenge) may adjudicate the veracity of the 
history-driven diagnosis.

Patients with pollen allergy are often sensi-
tized to many allergens, but are only clinically 
allergic to one or more specific substances. 
Allergy tests should not be ordered randomly, 
either. Allergy tests are chosen based on symp-
toms, environmental and occupational exposures, 
age, and even hobbies. All results are then inter-
preted in the context of the patient’s medical his-
tory. A medical history is as important which is 
the critical link between allergy test results and 
allergic disease itself. There are two kinds of test 
as a skin test and blood test to determine the caus-
ing allergens. No one test alone is able to diag-
nose an allergy. Both blood and skin allergy tests 
can detect a patient’s sensitivity to common 
inhalants like pollens and dust mites, or other 
substances. Generally skin testing is the most 
accurate and preferred method used by allergists. 
Allergy blood tests may be ordered in certain 
specific situations, such as severe skin rashes, or 
if it is impossible to stop a medication that inter-
feres with the interpretation of the skin test. If the 
results of skin and blood allergy tests are not 
clear or are inconsistent with the patient’s medi-
cal history, challenge tests to find allergens are 
valuable to give accurate and reliable results that 
confirm information gathered in the medical 
history.

7.5.1	 �Skin Prick Test

Allergy skin testing is the gold standard and is 
used along with the medical history to establish a 
diagnosis. Skin testing can confirm many com-
mon types of allergies. In some cases, skin tests 
can be the most accurate and least expensive way 

to confirm allergens. For prick/scratch testing, 
the doctor or nurse places a small drop of the pos-
sible allergen on the skin. They will then lightly 
prick or scratch your skin with a needle through 
the drop. The prick test is performed by introduc-
ing the tip of the device into the epidermis at 
approximately a 45° angle through a drop of 
extract; the tip is then lifted, creating a small, 
transient break in the epidermis. Prick testing can 
be performed with either solid needles or hollow 
hypodermic needles. The scratch test has recently 
been abandoned due to greater discomfort, poorer 
reproducibility, and the possibility of leaving 
multiple linear depigmented areas for some time 
afterward [56]. If you are sensitive to the aller-
gen, you will develop redness, swelling, and itch-
ing at the test site within 15 min. You may also 
see a “wheal,” or raised, round area, that looks 
like a hive. Usually, the larger the wheal, the 
more likely you are to be allergic to the allergen. 
Skin testing is the preferred method for in vivo 
detection of IgE-mediated sensitivity due to its 
objective end-point and the ability to test for mul-
tiple sensitivities in one session. Positive skin 
tests are present in most patients with asthma and 
allergic rhinitis but are also common in subjects 
without symptoms. Therefore the presence of a 
positive skin test is not sufficient to make a clini-
cal diagnosis of allergy. Some patients have typi-
cal symptoms of allergic rhinitis but negative 
skin and in vitro tests for the relevant allergens. 
This local nasal allergy can be confirmed by the 
presence of a positive nasal challenge with the 
allergen.

It is important to know:

•	 A positive skin test result does not by itself 
diagnose an allergy.

•	 A positive skin test does not predict the sever-
ity of an allergic reaction.

•	 A negative skin test usually means you are not 
allergic.

7.5.2	 �Intradermal Skin Test

Intradermal testing is injected a tiny amount of 
allergen into the outer layer under skin. This test 
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may be used if the skin prick test results are nega-
tive but they still suspect you have allergies. It is 
clear from these studies that the intradermal skin 
test adds little to the diagnostic evaluation of 
allergy when allergy extracts of reasonable qual-
ity are available for skin testing. This probably 
includes almost all pollen extracts.

7.5.3	 �Serologic Tests

Skin tests are more sensitive than blood tests, but 
an allergist might use a blood test to diagnose 
allergies if: You’re taking a medicine that could 
interfere with allergy test results. You have very 
sensitive skin or a serious skin condition. You 
had a previous reaction to an allergen that sug-
gested you were very sensitive and should avoid 
more exposure. Historically, total serum IgE was 
used as a diagnostic marker for allergic disease. 
However, the wide overlap in the total serum IgE 
levels between atopic and nonatopic populations 
caused it to be superseded by allergen-specific 
IgE as the single most important laboratory ana-
lyte in the diagnostic work-up for allergic dis-
ease. After drawing blood, the sample is sent to a 
lab to look for the antibodies of specific allergens 
that show if you have allergies. It takes a few 
days to receive blood test results. No matter what 
type of allergy test is given, this test is called 
Specific IgE (sIgE) Blood Testing (commonly 
referred to as RAST or ImmunoCAP testing). 
This test is a not a good screening test due to the 
high rates of false positive results. There is no test 
that can determine how severe an allergy is.

The radioallergosorbent test (RAST) was the 
first assay developed in 1968 for the detection of 
allergen-specific IgE antibodies in human serum 
[57]. The RAST is a noncompetitive, heteroge-
neous (separation step included), solid-phase 
immunoradiometric. Recently there have been 
major advances in assay automation and reagent 
quality. For instance, the number and quality 
of allergen extracts and especially component 
allergens used in preparing allergosorbents have 
increased as a result of extensive research using 
new methods of extraction and quality control. 
The paper disc solid phase in the one current assay 

is being replaced by newer matrix materials such 
as the cellulose sponge (Phadia ImmunoCAP) 
and biotinylated allergens (Siemens Immulite) 
that bind to avidin-coated beads. These advances 
have enhanced the binding capacity and reduced 
the nonspecific binding levels of allergosorbents. 
Various polyclonal and monoclonal anti-IgE 
detection antibody combinations insure maximal 
assay sensitivity while maintaining their required 
specificity for human IgE.  Microprocessor-
driven automation has improved intra-assay pre-
cision and inter-assay reproducibility [58].

7.5.4	 �Component Resolved 
Diagnosis

In 2002, microarray chip technology emerged 
[59]. Its commercialized version, the 
ImmunoCAP ISAC or immuno-solid phase aller-
gen chip (Thermofisher Scientific/Phadia), has 
112 native/recombinant component allergens that 
are spotted in triplicate onto glass slides 
(Table 7.2). Thirty microliters of serum are pipet-
ted onto the chip and antibodies specific for the 
allergens attached to the chip bind during a 2-h 
incubation period. Following a buffer wash, 
bound IgE is detected with a fluorescently labeled 
antihuman IgE conjugate. The chip is read in a 
fluorometer and fluorescent signal units are inter-
polated into ISU or immuno-solid phase allergen 
chip (ISAC) units as semi-quantitative estimates 
of specific IgE antibody in the original serum. 
The analytical sensitivity of the ISAC varies as a 
function of the allergen specificity. It is generally 
less than the ImmunoCAP singleplex system 
when the same component allergen is coupled to 
the sponge. The strength of the microarray sys-
tem is its ability to identify cross-reactivity 
among structurally similar allergens from differ-
ent biological substances. Knowledge of the 
extent of IgE cross-reactivity must be factored 
into the diagnostic process within the context of 
the patient’s clinical history.

A point-of-care IgE antibody lateral flow test 
is a novel alternative IgE antibody assay technol-
ogy that is used in Europe but has failed to obtain 
acceptance in North America. In this assay, a 
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drop of whole blood from a finger prick is 
inserted into the sample well of the cassette. A 
current commercialized device (ImmunoCAP 
Rapid, Phadia) allows serum proteins to flow 

with the fluid front across a nitrocellulose strip 
that has been impregnated with 10 lines of 
extract-based aeroallergens (cat dander, D. fari-
nae, D. pteronyssinus, Bermuda grass, short rag-
weed, oak tree, Alternaria, timothy, elm tree and 
dog dander). If IgE antibody is bound, it is 
detected with anti-IgE colloidal gold that subse-
quently migrates up the same nitrocellulose strip 
following the addition of developing solution to a 
second well in the cassette.

7.5.5	 �Nasal Pollen Provocation

Nasal provocation is the use of various pollens to 
elicit responses within the nose. Outcomes of 
interest include clinical symptoms, changes in 
nasal airflow and resistance, and local inflamma-
tion. The accessibility of the nasal mucosa makes 
it an ideal site for the study of allergic and muco-
sal inflammation in general, including as a sur-
rogate for the lower airways and asthma. 
Provocation tests have been used primarily in the 
research setting. Testing may increasingly have a 
role in the clinical practice of allergists and rhi-
nologists, including in the diagnosis of local 
allergic rhinitis and confirmation of causative 
agents in occupational rhinitis, and possibly in 
the identification of the pollen as allergic triggers 
in polysensitized atopic individuals.

7.6	 �Management of the Pollen 
Allergy

The management of individuals with allergic dis-
ease involves the combined use of pharmacotherapy, 
immunotherapy, anti-IgE therapy, and avoidance 
therapy. Of them, the best course of action is to avoid 
pollen completely, but as that is not always possible. 
There is far less ability to control exposure to out-
door allergens than indoor allergens. Source control 
is rarely an option because the airborne pollens and 
molds travel so widely. Exposure may be reduced by 
staying indoors when pollen and mold counts are 
high, as long as windows and doors are kept closed. 
An air filter may help to reduce exposure, especially 
if windows are being left open; some activities, such 

Table 7.2  Commercialized pollen components for 
immuno-solid phase allergen chip

Name Genus Component

Tree

Birch Betula verrucosa rBet v 2 
Profilin

rBet v 4

rBet v 2, rBet 
v 4

rBet v 6

rBet v 1 PR-10

Cypress Cupressus 
arizonica

nCup a 1

Olive Olea europaea nOle e 7 LTP

rOle e 9

rOle e 1

Hazel Corylus avellana rCor a 1

Maple leaf 
sycamore

Platanus 
acerifolia

rPla a 1

Grass

Timothy Phleum pratense rPhl p 1

rPhl p 1, rPhl 
p 5b

rPhl p 5b

rPhl p 11

rPhl p 12 
Profilin

rPhl p 2

rPhl p 6

rPhl p 7

rPhl p 7, rPhl 
p 12

nPhl p 4

Bermuda grass Cynodon 
dactylon

nCyn d 1

Weed

Wall pellitory Parietaria 
judaica

rPar j 2 LTP

Salsola kali nSal k 1

Mugwort Artemisia 
vulgaris

nArt v 1

Artemisia 
vulgaris

nArt v 3 LTP

Ragweed Ambrosia elatior nAmb a 1

English plantain Plantago 
lanceolata

rPla l 1
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as lawn mowing or plowing, may need to be avoided 
altogether. After being outside, it is important that 
allergic individuals wash their hands and faces 
immediately and they wash their hair daily. There 
are ways to alleviate your reaction to the allergen. 
(1) Wear a mask on high pollen count days. (2) Keep 
windows closed on high pollen count days. (3) 
Avoid the outdoors on dry, windy days. (4) Avoid 
gardening during the peak of each allergy season. 
With persistent symptoms, there are products on the 
market for pollen allergy relief. Some of the medica-
tions your doctor may suggest include antihista-
mines, nasal spray such as normal saline, 
corticosteroid and decongestants.

7.6.1	 �Antihistamines

Antihistamines are available in both oral and 
nasal formulations (Table  7.3). The decision 

in choosing between an oral or nasal formula-
tion is driven by a variety of factors including 
insurance coverage, side-effects, and patient 
preference [60]. Three generations of oral 
antihistamines are available: the 1st genera-
tion which is sedating, antihistamines, which 
are available without prescription; the 2nd 
generation, which is hyposedating or nonse-
dating, agents, which are available without a 
prescription; and the 3rd generation which is 
nonsedating metabolites of 2nd generation anti-
histamines, informally labeled third-generation 
because the active enantiomer (levocetirizine) 
or metabolite (desloratadine and fexofenadine) 
derivatives of second-generation drugs are 
intended to have increased efficacy with fewer 
adverse drug reactions. Fexofenadine is asso-
ciated with a lower risk of cardiac arrhythmia 
compared to terfenadine. However, there is 
little evidence for any advantage of levoceti-
rizine or desloratadine, compared to cetirizine 
or loratadine, respectively. Oral antihistamines 
act primarily by blocking the H1 receptor. 
The 2nd and 3rd generation agents have sev-
eral advantages over the 1st generation agents, 
including preferential binding to peripheral H1 
receptors, which results in minimal penetration 
of the central nervous system; minimal antise-
rotonergic, anticholinergic, and α-adrenergic 
blocking activities; and minimal sedative and 
performance-impairing effects [61].

7.6.2	 �Intranasal Corticosteroids

Intranasal corticosteroids represent the most 
efficacious agents for the treatment of allergic 
rhinitis and are useful in relieving symptoms of 
nasal itching, rhinorrhea, sneezing, and nasal 
congestion. These medicines exert their effects 
through multiple functions, including vasocon-
striction and reduction of edema, suppression 
of cytokine production, and inhibition of 
inflammatory cell influx [62]. These agents 
work best when taken regularly on a daily basis 
or prophylactically in anticipation of an immi-
nent pollen season. However, because of their 
rapid onset of action within 12–24  h, there is 

Table 7.3  Classification of antihistamines

Class Examples

Type I Ethylenediamines

First-
generation

Antazoline, pyrilamine, 
tripelennamine

Type II ethanolamines

First-
generation

Carbinoxamine, clemastine, 
diphenhydramine

Type III alkylamines

First-
generation

Brompheniramine, 
chlorpheniramine, triprolidine

Second-
generation

Acrivastine

Type IV piperazines

First-
generation

Cyclizine, hydroxyzine, meclizine

Second-
generation

Cetirizine

Third-
generation

Levocetirizine

Type V piperidines

First-
generation

Azatadine, cyproheptadine, 
ketotifen

Second-
generation

Loratadine

Third-
generation

Desloratadine, fexofenadine

Type VI phenothiazines

First-
generation

Methdilazine, promethazine
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increasing evidence that they may also be effec-
tive when used intermittently. A number of glu-
cocorticoid compounds are available for 
intranasal use in both aerosol and aqueous for-
mulations (Table 7.4) [63, 64].

7.6.3	 �Leukotriene Inhibitors

Leukotriene inhibitors present two kinds of 
mechanism; one is the effective inhibitors of the 
5-lipoxygenase pathway (zileuton) and the other 
is leukotriene receptor antagonists (montelukast 
and zafirlukast). In placebo-controlled studies, 
montelukast has repeatedly been shown to be 
more effective than placebo and equal in effec-

tiveness to antihistamines for relief of all ocular 
and nasal symptoms of allergic rhinitis, including 
congestion, rhinorrhea, and sneezing [65]. The 
combination of montelukast and antihistamine 
was found to be superior to either agent used 
alone. Despite initial enthusiasm for treatment of 
combining a leukotriene receptor antagonist with 
an antihistamine in allergic rhinitis, subsequent 
large studies have not found benefit over either 
agent used alone [66].

7.6.4	 �Anticholinergics

Anticholinergic drugs are useful in the treatment 
of those patients in whom rhinorrhea is the pre-
dominant complaint. Ipratropium bromide has 
little or no systemic effect when administered 
intranasally and has been shown to be effective 
in controlling watery nasal discharge in peren-
nial allergic rhinitis [67]. It has no effect, how-
ever, on sneezing, itching, or nasal congestion. 
Ipratropium can be used in conjunction with 
drugs of other classes, such as antihistamines 
or intranasal corticosteroids, for the treatment 
of rhinorrhea in patients with allergic rhinitis. 
Ipratropium bromide also is useful for the treat-
ment of watery discharge that occurs in patients 
with perennial nonallergic rhinitis [68]. In addi-
tion, ipratropium has been found to effectively 
reduce rhinorrhea associated with gustatory rhi-
nitis and rhinorrhea induced by exposure to cold, 
dry air [69, 70].

7.6.5	 �Immunotherapy

Severe pollen allergy symptoms may be alle-
viated with immunotherapy. Allergen immu-
notherapy is an effective treatment for both 
allergic rhinitis and allergic asthma. Clinical 
effectiveness requires administration of ade-
quate doses of extracts; effective doses have 
been determined for many allergens in con-
trolled studies. Immunotherapy induces an 
early and transient increase in regulatory T 
cells that decrease both T helper cell subset 
Th1 and Th2 responses to allergens. Later in 

Table 7.4  Dosage of intranasal corticosteroid sprays

Corticosteroid
Dose per 
actuation (μg)

Recommended 
dosage

Beclomethasone 42 ≥6 year: 
168–336 μg/day 
bid

Budesonide 32 ≥12 year: 
64–256 μg/day qd

6–11 year: 
64–128 μg/day qd

Ciclesonide 50 ≥6 year: 200 μg/
day qd

Flunisolide 25 ≥14 year: 
200–400 μg/day 
bid

6–14 year: 
100–200 μg/day 
bid

Fluticasone 
furoate

27.5 >12 yr: 110 μg/
day qd

2–11 year: 55 μg/
day qd

Fluticasone 
propionate

50 ≥4 year: 
100–200 μg/day 
qd

Mometasone 
furoate

50 ≥12 year: 
100–200 μg/day 
qd

2–11 year: 100 μg/
day qd

Triamcinolone 
acetonide

55 ≥12 year: 
110–220 μg/day 
qd

6–11 year: 110 μg/
day qd
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immunotherapy, there is immune deviation 
from a predominantly Th2 to a predominantly 
Th1 response to the administered allergen. 
Immunotherapy induces disease modification, 
reducing new sensitizations, progression from 
rhinitis to asthma, and resulting in clinical 
improvement that persists for years after it is 
discontinued. Active investigation of modifica-
tions in allergen extracts and in their route of 
administration is under way, seeking to reduce 
the inconvenience and improve the safety of 
immunotherapy. The type of immunotherapy 
comprises of subcutaneous injections (SCIT) 
or sublingual dropping (SLIT) of the allergen 
given over time. These are intended to adapt 
your immune system to the particular allergen. 
For some patients, their allergy symptoms may 
disappear forever within 1–3 years.

7.6.5.1	 �Subcutaneous Immunotherapy
Although asthma due to plant aeroallergens does 
occur and responds well to allergen subcutaneous 
injections immunotherapy (SCIT), pollen typi-
cally produces symptoms of rhinitis and conjunc-
tivitis [71, 72]. The ability to make an accurate 
diagnosis of pollen rhinitis has made seasonal 
allergic rhinitis due to grass in England and to 
ragweed in the United States the most popular 
model for investigating the efficacy and mecha-
nisms of SCIT [73, 74]. Adequate doses of pollen 
extracts regularly reduce the clinical symptoms 
of allergic rhinitis and, when present, asthma [75, 
76] In a meta-analysis of data from 51 studies 
with 2871 participants receiving allergen SCIT 
for seasonal allergic rhinitis [77], 16 studies eval-
uated efficacy with extracts of mixed grass, 12 
with ragweed, 6 with Parietaria, 5 with timothy 
grass, 4 with birch, 3 cedar, 2 orchard grass, 1 
Bermuda grass, 1 Juniperus ashei, and 1 Cocos 
(coconut). The standardized mean difference 
(SMD) (95% CI) between active treatment and 
placebo in symptom scores was −0.73 (−0.97 to 
−0.50) and for medication scores, −0.57 (−0.82 
to −0.33). The SMD for quality of life was −0.52 
(−0.69 to −0.34).

The specificity of SCIT has been addressed by 
Norman and Lichtenstein [78]. These investigators 
identified a group of patients with allergic rhini-

tis who were sensitive to both grass and ragweed. 
They treated half the patients with ragweed immu-
notherapy and then monitored all of their subjects 
through both ragweed and grass seasons. Patients 
in the treatment group had markedly reduced 
symptoms compared with those in the placebo 
group during the ragweed season, but symptoms 
did not differ between the two groups during the 
grass pollen season. Thus, treatment with ragweed 
pollen extract had little or no effect on grass pol-
len-induced symptoms.

7.6.5.2	 �Sublingual Immunotherapy
Sublingual immunotherapy (SLIT) provides a 
safer, more convenient approach to desensitizing 
patients than SLIT.  The immunologic mecha-
nisms of successful SLIT are largely similar to 
those of SCIT. A number of large clinical trials 
have shown SLIT to be clinically effective, 
improving allergic rhinitis and asthma symptoms 
and reducing requirements for rescue medication 
[79–83].

Dendritic cells play a key role in inducing tol-
erance, most likely through regulatory T cells. 
Three phases of tolerance can be identified: early 
tolerance of mast cells and basophils, followed 
by T cell tolerance (T cell anergy) and shift to 
Th1 cell from Th2 cell, and eventually B cell tol-
erance (B cell suppression). Tolerance in humans 
may be induced by several mechanisms, includ-
ing induction of allergen-specific IgG4, the 
induction of secretory immunoglobulin antibod-
ies, which bind foreign proteins and prevent their 
entry into the body without causing local inflam-
mation. Another, likely more relevant mechanism 
is the development of Tregs, which can mediate 
suppression by direct cell–cell contact or through 
soluble immunoregulatory cytokines, principally 
IL-10 and TGF-β1 [84–86]. SLIT effectively 
reduces symptoms and medication requirements 
that parallel immunologic changes such as 
reduced T cell proliferation, immune deviation, 
Treg induction, and modifies the course of aller-
gic disease.

SLIT is widely used in Europe and is now 
being adopted in the United States. The allergen 
is held under the tongue for 2 min to allow opti-
mal contact with the oral mucosa before being 
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swallowed. Economically SCIT provides similar 
long-term benefits at a lower cost than SLIT, and 
standard therapy is a relatively inexpensive 
option for symptom control compared with SLIT.
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