
Contents lists available at ScienceDirect

Ann Allergy Asthma Immunol 118 (2017) 148e153
How Allergen Extracts Are MadedFrom Source Materials to Allergen Extracts
Pollen used to produce allergen extracts

Rosa Codina, PhD *,y; Richard F. Lockey, MD y

*Allergen Science and Consulting, Lenoir, North Carolina
yDivision of Allergy and Immunology, Department or Internal Medicine, University of South Florida Morsani College of Medicine, Tampa, Florida
A R T I C L E I N F O

Article history:
Received for publication January 8, 2016.
Received in revised form February 13, 2016.
Accepted for publication February 15, 2016.

A

O
d
D
u

Reprints: Rosa Codina, PhD, Allergen Science an
Lenoir, NC 28646; E-mail: rosacodina@allergensci
Disclosures: Dr Codina is the founder and princip
Consulting and has received consulting fees fro
(including Bial Industria Farmacéutica, Inmunotek
Lockey is on the World Allergy Organization Boa
from Merck and Genentech, has received researc
pharmaceutical organizations, has received lectu
neca; receives royalties from Informa Publishing,
from the World Allergy Organization.

http://dx.doi.org/10.1016/j.anai.2016.02.005
1081-1206/� 2016 American College of Allergy, A
B S T R A C T

bjective: To review the use of pollen for the production of allergen extracts to diagnose and treat allergic
iseases, examine the associated regulations, and highlight candidate areas for improvement.
ata Sources: A PubMed search was performed using focused keywords combined with a review of reg-
latory documents and industry guidelines.

Study Selections: The information obtained through literature, documents, and industry was scrutinized
and used with personal experience and expertise to write this article.
Results: Both genetic and environmental factors affect the allergenic composition of pollen because it is a
biologically active pharmaceutical ingredient obtained from nature. The potential effect of airborne con-
taminants in pollen requires major attention but can be properly addressed through careful collection
practices, combined with a proper interpretation of the data on purity obtained for each pollen lot. The
regulations associated with pollen used to manufacture allergen extracts in the United States and Europe
and the numbers of pollen allergen extracts commercially available in both areas of the world differ.
A critical parameter to select the appropriate extracts for diagnosis and allergen immunotherapy is to
understand the phenomenon of cross-reactivity among pollen families, genera, and species.
Conclusion: Physicians should be aware of the factors responsible for the qualitative and quantitative
composition of pollen allergen extracts and the associated regulations to produce suitable extracts to
diagnose and treat allergic diseases. Collaboration and cooperation among allergen manufacturing com-
panies and regulatory agencies are necessary.
� 2016 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
Introduction

Pollen is a natural, biologically active substance composed of the
male reproductive cells of many plants. Because it is used as a
source material to manufacture allergen extracts used to diagnose
and treat allergic diseases, it is considered an active pharmaceutical
ingredient. Therefore, the manufacturing processes to produce
pollen allergen extracts and the quality of these extracts are regu-
lated by the Food and Drug Administration (FDA) and the Center for
Biologics Evaluations and Research (CBER) in the United States. The
main regulatory agencies in Europe include the European
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A major difference between pollen and other active pharma-
ceutical ingredients is the fact that pollen is a natural product, not
synthesized in the laboratory. Therefore, as discussed in this article,
pollen is exposed to the outdoor environment, and both natural and
human factors can potentially affect its quality and biologic activity.

The pollen derived from many plant families, genera, and spe-
cies often contain cross-reacting allergens that belong to conserved
allergen families (eg, pathogenesis-related and nonspecific lipid
transfer proteins, which are also present in fruits and vegetables).1

This factor explains why some individuals who are allergic to
particular pollen species also experience allergic symptoms after
ingestion of particular fruits and vegetables. For example,
individuals allergic to short ragweed (Ambrosia artemisiifolia) pol-
len often react to bananas and melons. Similarly, individuals with
clinical sensitivity to birch (Betula species) pollen might also
experience symptoms after the ingestion of apples and peaches.2

The cross-reactivity phenomenon described is relevant to pre-
pare allergen extracts for diagnosis and allergen immunotherapy
(AIT). Although cross-reactive allergen extracts can be used for
lsevier Inc. All rights reserved.
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diagnostic purposes, the sensitizing pollen should be ideally used
for AIT.3

Another challenge regarding pollen is the fact that the allergenic
content of pollen grains often varies, depending on particular plant
varieties of the same species and areas where they grow.4 This
phenomenon implies that an extensive level of control should be
ideally implemented at the manufacturing level to ensure the
consistency of the final extracts to the best possible extent,
although this is not always possible.

Another consideration regarding the clinical relevance of pollen
exposure and extracts commercially available is the fact that some
pollen allergens are enzymatically active, such as the major aller-
gens from Timothy grass (Phleum pratense) pollen, Phl p 1, and olive
(Olea eruropaea) pollen, Ole e 9. Thus, when the human exposure
occurs to these pollen species, they may directly enhance the
allergic immune response.5,6

In addition, nonallergenic substances present in pollen may also
modulate the immune system.7e9 For example, allergen-deprived
low-molecular-weight fractions obtained from short ragweed
(Ambrosia artemisiifolia) pollen can promote the production of
specific IgE by B-cells, potentially causing additional allergic man-
ifestations in subjects individuals to pollen and/or on AIT.

The use of manufactured recombinant allergens to diagnose and
treat allergic diseases is an option that could overcome the chal-
lenges of using natural pollen products.10e12 However, it is still in its
initial stages because of the difficulties and limitations associated
with appropriate clinical trials to demonstrate their efficacy and
safety. Thus, it is expected that natural pollen extracts will continue
to be used for the foreseeable future.

The purpose of this article is to provide physicians and other
interested individuals with information about how pollen is
collected, processed, and prepared to be transformed into allergen
extracts. Although it provides a brief overview about the steps
involved in allergen manufacturing, specific methods are not
addressed. This article also discusses some of the practical recom-
mendations and future directions to improve the quality and
consistency of pollen used to manufacture allergen extracts.
Figure 1. Chenoporium/Amaranthus pollen grains in the process of releasing cyto-
plasmic content from osmotic stress.
General Considerations About Plant and Pollen Biodiversity

A large number of plant orders, families, genera, and species
exist. Factors responsible for plant and pollen biodiversity can be
classified as natural and those associated with human activities.

Biogeography and climate are the main natural factors respon-
sible for botanical biodiversity in different geographic locations
because plants selectively colonize particular areas based on their
genetic makeup. For example, 10 major floristic zones have been
described in the United States, and many of the pollen species in
these zones are allergenic.13

Human activities also affect plant distribution, pollination sea-
sons, and the allergenic relevance of different pollen species. For
example, urbanization alters the distribution of native plants by
reducing the sizes and locations of their ecologic habitats. To the
contrary, plants that produce highly allergenic pollen are often
introduced into urban areas because of manmade changes to the
landscape.14 Short ragweed (Ambrosia artemisiifolia), a weed native
to the United States, was introduced into Europe years ago and now
is becoming a relevant source of seasonal allergies in many Euro-
pean countries.15

A gradual increase in the global ambient temperature or global
warming is another phenomenon that may affect plant distribu-
tion, plant allergenicity, and pollination patterns.16 Changes in
rainfall, secondary to warming, may also alter the geographic dis-
tribution of certain plants and their pollination patterns.16e18

Although the effect of global warming on the prevalence, inci-
dence, and severity of allergic diseases is controversial, a study
performed in France for a period of 27 years indicated an increase in
the sensitization rate to various pollen species parallel to changes in
pollination patterns, as determined by skin prick testing.19

Factors Responsible for the Qualitative and Quantitative
Allergenic Composition of Pollen

Natural and human activities need to be considered to properly
interpret the clinical relevance of different pollen species and to
obtain the appropriate pollen to produce a clinically relevant
allergen extract.

Natural Factors

Complex interactions between genetic and environment factors
are responsible for the final allergenic content of pollen. For
example, varieties of the same pollen species (eg, olive [Olea
europaea]) obtained from the same geographic location exhibit
qualitative and quantitative allergenic differences.4

Some of the environmental factors responsible for the allergenic
content of pollen include soil composition, the amount of rainfall,
and other climatic conditions existing at particular times and
locations. A study indicated that the content of the major allergen
derived from short ragweed (Ambrosia artemisiifolia) pollen, Amb a
1, collected over 15 years from the same location varied by a 10-fold
difference.20

Another natural phenomenon that affects the composition of
pollen is the fact that the exine of pollen grains can be disrupted
under osmotic stress (eg, during rainfall) (Fig 1).21 This phenome-
non, responsible for the presence of airborne pollen allergens in the
absence of pollen grains, has been associated with the occurrence
of asthma outbreaks.22 The potential effect of the loss of cyto-
plasmic material containing allergens on the quality of the pollen
collected for manufacturing purposes is unknown.

Human Activities

Human activities can directly or indirectly alter plant and pollen
biodiversity. These activities include the use of fossil fuels and
subsequent pollution released into the atmosphere, fertilizers,
insecticides, and herbicides. For example, some epidemiologic data
indicate that pollinosis can be more severe in urban vs rural areas
because of the interaction of pollen allergens with chemical pol-
lutants, which can lower the threshold of bronchial reactivity or
irritate the mucosal membranes in sensitized individuals, making
them more susceptible to pollen to which they are allergic.17,23,24
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Another human activity is the use of genetically modified vs
wild-type plants because of the multiple advantages of the former,
including increased resistance to pesticides, the amount of food
produced, and the nutrition contained in the food. Many crops and
most grasses grown in the United States are now transgenic.25

Therefore, the pollen used to manufacture allergen extracts is
often obtained from transgenic plants because of the difficulty of
obtaining it from wild-type plants.

The safety of transgenic crops for food consumption has been
extensively debated.26,27 The main regulatory agencies that control
the use of transgenic crops are the FDA in the United States and
both the European Food Safety Agency (EFSA) and the EMA in
Europe.

The World Health Organization, the Toxicology Forum in the
United States (representing the FDA), and the EFSA met in 2015.
They indicated that the misconception about food safety associated
with the consumption of transgenic crops is not scientifically
valid.28

The assumption is that transgenic plants should be acceptable
sources of pollen to produce allergen extracts. However, because of
a negative acceptance of genetically modified crops for food con-
sumption by Europeans and because of the fear of the unknown,
European regulatory agencies, in contrast to those in the United
States, restrict the use of pollen derived from genetically modified
plants to produce allergen extracts.29,30 It has generally been
concluded that transgenic crops do not pose any health risks.31

General Regulations About Pollen in the US and Europe

There are differences between the US and European regulations
associated with the manufacture of allergen extracts.32 In the
United States, the FDA’s CBER focuses on the methods used to
produce extracts and not so much on the raw materials used to
produce them.33 It is assumed that the manufacturing process will
perform quality assurance for the extracts regardless of the relative
quality of the pollen raw material. Therefore, guidelines or regu-
lations regarding the source materials used to produce allergen
extracts, including those derived from pollen, are not as rigorously
enforced as they are in Europe.

In Europe, the EMA,30 in compliance with the European Phar-
macopeia34 and other agencies within many countries, regulates
the quality of the pollen raw materials used to manufacture
allergen extracts as the first step to in the quality assurance of the
final product. They monitor the potential effect of both natural and
man-made airborne pollutants on pollen.

Airborne pollutants can be partially minimized by collecting
pollen in nonurban areas and by properly cleaning and drying it as
soon as possible after collection, reducing the chance of microbial
colonization. In addition to avoidance measures, appropriate tests
are mandated by European regulations to measure the types and
levels of chemical contaminants in the pollen. However, these tests
are expensive, and guidelines to properly interpret the results are
lacking. They are not currently required by US regulatory agencies.

Pollen Species Used to Produce Allergen Extracts

A large number of pollen species are used in the United States
for allergen extracts. However, an extensive level of cross-reactivity
exists among species that belong to the same genus. This cross-
reactivity extends to different genera and even families.

In 2004, CBER created a committee to review available scientific
data regarding the safety and efficacy of nonstandardized allergen
extracts. In 2011, it classified extracts into different categories,
according to the level of scientific information available to justify
their use.35 They proposed removal from the market of all extracts
that could pose safety issues to humans and those with insufficient
evidence of efficacy to justify their use. Therefore, and accordingly,
the number of nonstandardized pollen extracts available on the
market will likely be reduced from the current total of approxi-
mately 700. Many of the extracts remaining also could be
eliminated from the market because of cross-reactivity with other
pollen species.

Each manufacturer in the United States does not offer extracts
derived from all 700 pollen species currently permitted on the
market but only from those that can be manufactured and mar-
keted, considering particular manufacturing capacities. In addition
to single-pollen allergen extracts, allergen manufacturing com-
panies also offer mixes of compatible pollen species that belong to
the same or different genera. Ideally, allergen manufacturing
companies should also prepare clinically relevant pollen extracts
based on cross-reactivity to further assist the physicians in properly
selecting the most appropriate extracts for diagnosis and
treatment.

The pollen extracts commercially available in Europe are fewer
than those available in the United States36 because of both regu-
latory and biogeographic considerations. For example, in Europe
but not in the United States, clinical trials for all allergen extracts,
including those that are not standardized, are mandated. This
represents an enormous cost, which contributes to some extent to
the fact that fewer allergen extracts are marketed in Europe.

The United States is a large nation, approximately the size of all
combined European countries. Therefore, climatic gradients among
subtropical, polar, and desert environments exist in the United
States, and they are responsible for a larger botanic biodiversity
compared with that existing in European countries. Thus, physi-
cians have traditionally used pollen allergen extracts prepared from
local varieties that belong to particular species rather than single
cross-reactive extracts, which contributes to the fact that a large
number of redundant allergen extracts are marketed in the United
States.

In 2009, Lorentz et al37 proposed the concept of homologous
groups to classify allergen sources based on similar biochemical
composition and homology/cross-reactivity of allergens or allergen
sources because of the increasing regulations regarding source
materials instituted by European regulatory agencies. The agencies
adopted this concept and now require that quality data be obtained
for representative allergen sources for each particular homologous
group, with representative pollen groups.

The most common pollen genera and/or species relevant for
humans used in the United States to prepare allergen extracts are
listed in Tables 1, 2, and 3. However, several pollen species not
relevant for humans are collected for veterinary use. Examples
include red clover (Trifolium pratense), dandelion (Taraxacum offi-
cinalis), and daisy (Leucanthemum vulgare), which cause dermato-
logic problems in animals.

How Pollen Allergen Extracts Are Produced

Various steps are involved in the production of pollen allergen
extracts. These steps include several quality control measures, such
as the implementation of specifications that the product must meet
after each step of the manufacturing process to ensure that the
extracts are safe and effective to diagnose and treat allergic dis-
eases. The FDA, in collaborationwith other regulatory entities in the
United States, prepared a 2004 guideline that describes the
different quality control steps necessary to manufacture and
improve the quality of pharmaceutical products.38 However, this
guideline does not address the unique characteristics of biological
materials (eg, pollen), which are obtained from nature.

Pollen Collection

An important step to maximize pollen quality is to collect it
properly. Several large and a number of small family-owned



Table 3
Most Common Grass Pollen Genera or Species Collected in the United States to
Prepare Allergenic Extracts

Common Name Scientific Name

Bahia Paspalum notatum
Bermuda Cynodon dactylon
Corn Zea mays
Couch/quack Elymus repens
Johnson Sorghum halapense
Kentucky blue Poa pratensis
Meadow fescue Festuca pratensis
Oat Avena sativa
Orchard Dactylis glomerata
Redtop Agrostis gigantea
Cultivated rye Secale cereale
Italian ryegrass Lolium perenne
Sweet vernal Anthoxanthum odoratum
Timothy Phleum pratense
Velvet Holcus lanatus
Cultivated wheat Triticum aestivum

Table 1
Most Common Tree Pollen Genera or Species Collected in the United States to Pre-
pare Allergen Extracts

Common Name Scientific Name

Alder Alnus species
Ash Fraxinus species
Aspen/cottonwood Populus species
Bayberry Morella species
Beech Fagus species
Australian pine Casuarina species
Birch Betula species
Box elder, maple Acer species
Cedar Juniper species
Cypress Cupressus species
Elm Ulmus species
Hackberry Celtis species
Hazelnut Corylus species
Hickory, pecan Carya species
Mulberry Morus species
Oak Quercus species
Olive Olea europaea
Poplar Populus species
Sycamore Platanus species
Walnut Juglans species
Willow Salix species
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organizations do this. They are overseen by the allergen
manufacturing companies for quality assurance of the pollen
product used to manufacture pollen allergen extracts.

First, pollen collection is a highly specialized activity, and the
commercial entities that collect it have to have the appropriate
botanical expertise to understand which species to collect and
when pollen should be collected. Second, collectors must have the
physical capacity to spend many hours in the field, sometimes
under inclement weather conditions. Third, they may have to
travel long distances to obtain pollen from plants that only grow
in one specific location (eg, the Northeast vs the Southeast United
States).

After collection, the pollen is cleaned and dried as soon as
possible, usually at the collection site to avoid potential micro-
bial growth and contamination of the pollen. The various tech-
niques used to collect, purify, and dry pollen are published.32

Briefly, pollen can be collected by vacuuming, sieving portions of
plants that contain flowers, or obtaining directly from open
anthers. The most extensively used methods to clean pollen are
sieving it through different particle-size meshes or by exploiting
the aerodynamic characteristics of particles when suspended by
Table 2
Most Common Weed Pollen Genera or Species Collected in the United States to
Prepare Allergen Extracts

Common Name Scientific Name

Allscale Atriplex species
Burrobrush Hymenoclea salsola
Cocklebur Xantium strumarium
Yellow dock Rumex crispus
Dog fennel Eupathorium capilifolium
Water hemp Amaranthus rudis
Lamb’s quarter Chenopodium album
Marsh elder Iva species
Mugwort, sagebrush Artemisia species
Nettle Urtica dioica
Amaranth/pigweed Amaranthus species
English plantain Plantago lanceolata
Ragweed Ambrosia species
Russian thistle Salsola kali
Sheep sorrel Rumex acetosella
airflow. Pollen is usually dried in moisture-controlled rooms under
appropriate temperatures. These techniques also can affect the
qualitative and quantitative allergenic composition of pollen and its
purity.

When pollen is received at an allergen manufacturing company,
batch records are initiated to trace each lot and its source, the
associated pollen collection practices, and the specific location
where the pollen was obtained. The pollen lots are then placed on
quarantine until other activities, such as the evaluation of pollen
purity, are performed. The lots are subsequently released for
manufacturing the extracts.

The moisture content is measured to ensure that the pollen is
sufficiently dried. A critical activity is to confirm the pollen identity
by optical microscopy and, at the same time, make sure the bio-
logical product is not contaminated with other biological compo-
nents, such as plant parts, foreign pollen, fungal spores and other
fungal structures, and many other biological agents that are ubiq-
uitous outdoors. Specifications for the maximum allowed concen-
trations for contaminants are internally regulated at the allergen
manufacturing company based on the likelihood of achieving a
particular purity level after cleansing.

Esch39 reviewed the topic of purity of allergenic raw materials,
including pollen, based on a risk assessment approach regarding
the potential presence of foreign allergens in the derived allergen
extracts, considering the doses used for diagnosis and AIT. This
approach should be implemented and extended in scope consid-
ering the possible effect of other factors in pollen (eg, the potential
biodeterioration of allergens due to microbial growth and the
production of associated secondary metabolites).

Even though the presence of biological contaminants in pollen is
impossible to completely avoid and difficult to evaluate, a careful
and properly performed and interpreted microscopic inspection
can ascertain whether the contaminants are secondary to inade-
quate cleansing or active biological colonization and contamina-
tion. If a variety of biological contaminants are present, pollen can
be further purified, as necessary. However, if pollen is actively
colonized, particularly with fungi, the product should be discarded
(Fig 2).

The pollen lots are approved and released for further
manufacturing once they have been properly cleaned and purified
and met internal specifications. They ideally should be stored
below 20�C to preserve its shelf-life to the best possible extent.
Pollen lots representative of various homologous groups37 also
should be ideally held, following accepted guidelines,40 to justify
their expiration dates.



Figure 2. Short ragweed (Ambrosia artemisiifolia) pollen sample containing fungal spores (A) and white oak (Quercus alba) pollen with active fungal growth (B).
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From Pollen Raw Materials to Allergen Extracts

Various additional steps are involved in the production of pollen
allergen extracts. Many of these steps not only apply to pollen
extracts but also to other allergen extracts.41

Raw materials are defatted and subsequently mixed with a
buffered solution for several hours, typically at 2�C to 8�C. There-
after, the resulting extracts, which contain proteins and other
components, are isolated and commonly mixed with glycerin,
phenol, and/or human serum albumin to stabilize and preserve
them.42 In Europe, extracts are lyophilized to preserve their shelf-
life until they are reconstituted for clinical use.

The final formulations and quality control measures of allergen
extracts depend on whether they are standardized or non-
standardized. The regulations regarding allergen standardization
for diagnosis and treatment in the United States and Europe are
different.43e46

The standardized pollen extracts available in the United States
are those derived from various grass species and short ragweed
(Ambrosia artemisiifolia). These extracts have to meet particular
specifications (eg, relative potency for grass extracts and the
concentration of the major allergen of short ragweed [Ambrosia
artemisiifolia], Amb a 1).

The nonstandardized allergen extracts commercially available in
the United States are labeled in weight/volume (extraction ratio) or
in protein nitrogen units, also as mandated by CBER. However,
these designations are not indicative of the composition or potency
of the extracts.

Physicians should be aware that there is a large variation in
qualitative and quantitative allergen content among different lots
of nonstandardized pollen extracts of the same pollen species, even
among those produced by the samemanufacturer. This accounts for
the fact that when a new lot from a manufacturer of a non-
standardized allergen extract is mixed into a vaccine, the dose of
the new vaccine administered to treat a patient already undergoing
immunotherapy should be reduced by at least one-third or more
because of potential safety issues.

The number of standardized extracts in Europe varies,
depending on individual allergen manufacturers. Each manufac-
turer is responsible for establishing its own criteria for standardi-
zation of a given extract using in-house references. This
requirement results in a number of pollen extracts of the same
species, available from different manufacturers, which vary in
potency and composition. In the United States, manufacturers have
to compare their standardized extracts to a CBER reference extract,
resulting in more uniform extracts from one manufacturer to
another.
Conclusions and Recommendations

Pollen is a natural active pharmaceutical ingredient obtained
from the outdoor environment that is used to produce allergen
extracts to diagnose and treat allergic diseases. Therefore, there is a
clear difference between pollen and other pharmaceutical agents
manufactured by a pharmaceutical firm.

The current regulatory oversight in the United States and Europe
regarding pollen and other biological raw materials differs. In the
United States, the final pollen extracts are required to comply with
particular quality specifications established by the FDA’s CBER,
regardless of the characteristics of the pollen raw materials used to
produce said extracts. To the contrary, European regulatory
agencies require that the quality of the raw materials is assessed
and meets particular specifications as a first step to guarantee the
quality of the derived pollen extracts.

The number of pollen extracts commercially available in the
United States vs Europe is greater because of the large number of
nonstandardized pollen extracts available on the market. CBER is
reducing the number of nonstandardized licensed pollen extracts
permitted on the US market for therapeutic use. However, the
number of nonstandardized extracts used for diagnostic purposes
may not be reduced to the same extent.

In 1998, the World Health Organization proposed guidelines to
properly collect, store, and process plant materials for pharma-
ceutical use, which could apply to pollen.47 This guideline
addresses the main issues that could potentially compromise the
quality of plant materials during and after collection, including
moisture content and the subsequent cleaning practices performed
after collection.

The American Herbal Products Association, in cooperation with
the American Herbal Pharmacopoeia, later prepared a guideline
that describes how herbal raw materials should be collected and
processed.48 The guidelines mentioned should be reinforced and
expanded to collect clinically relevant pollen to produce allergen
extracts and propose universal quality guidelines exclusively
applicable to pollen. This activity would need the cooperation of
allergen manufacturing companies and pollen collection organi-
zations. Regulatory agencies should participate in this process.
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