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Table 1 Botanical Classification of lmportant Allergenic Weeds

Mohapatra et al. Weed Pollen Allergens

@

&ffi*
Family Genus Common name Clin ical  impodance

Compositae

Amaranthaceae

Ambrosia
Franseria
lva
Xanthicum
Artemisia
Chrysanthemum
Taraxacum
Parihemum
Parthenium
Amaranthus
Atriplex
Beta
Chenopodium

Kochica
Salsola
Parietaria
Urtica
Echium
Brassica
Plantago
Rumex

Ragweed
False ragweed
Marsh elder
Cocklebur
Sage, mugwort
Daisy
Dandelion
Guayule
American feverfew
Pigweed, amaranthus
Orache, scale
Beet
Lamb's quarters
Burning bush
Russian thist le
Pellitory
Nettle
Patterson's curse
Ram
Plantain
Sorrel, dock
Mustard
English plantain
Unknown

Urticaceae

Boraginaceae
Brassicaceae
Plantaginaceae
Polygonaceae

+++

+

++
+

+
-Î- -r

+
_I

+
-I

+
-T

r-T_

1-

+
+
+
+

Relative clinical importance of the weeds is as follows: +++, major; ++' moderate; +' minor; and ' no or l i tt le

importance. Source'. From Ref. 2.

much smaller than other ragweed. All of the above ragweed species are to be distinguished

from clinically less important species that are essentially similar in their general aPpearance

but distinct by their shinier seedpods.
Toward the end of summei, most ragweed produce extremely small flowers borne in

immense numbers on small heads and arraiged in l,ong spikes at the top of the plant and at the

ends of side branches. The spikes stand óut in thè ragweed plant, and these spike-like

structures produce pollen. The pollen grains of the large number of different ragweed species

vary consiàerably in size and form, buithey are all light, buoyant, and shed in large quantities

over prolonged periods. Table 2 summari2es the anatomical features of ragweed pollen (3).

Ragweed pót"tr^causes allergic rhinitis, but its relatively large size (-20 pm) suggests that

ragieed pollen may be less hlely to penetrate past the glottis to cause an asthma exacerbation

(a). Howéver, a study by Agarwal et al. indicates that airborne ragweed allergens .are present

in particles of less t"han ldprm in diameter. Ragweed plant debris exists in different-sized

puiti.l", both before and after the ragweed season. These allergenicparticle_s may contribute to

àut-of-pollination-season symptoms in many ragweed-sensitive subjects (5).

óthe, weeds which aÍso produce pollens and cause hay fever, include mugwort, plantain,

pellitory, sunflower, marsh 
"ù"r, 

.o.kl"bnt, sagebrush, chenopods, amaranths, and Russian

inirtt". Each of these has morphological featureJdistinct from ragweed (Fig. 1). Most of these

weeds are suspected to .u.rrè alergic asthma, allergic rhinitis, and conjunctivitis; -however,
except for a small number of speóies, few studieJ have been conducted to confirm their

allergenic importance or to characterize their allergens'
"Mugwor 

t (Artemisin aulgaris), which also belongs to the. family Compositae, is an

aromatic, perennial weed, wi"th stalks of 2 to 4 ft long, petiolate leaves, and small and

inconspic.ro.r, flower heads. It preferably grows on disturbed ground often along roadways in

urban, suburban, and rural u."àr, and poltinates in late summer (6). Pollen grains of mugwort

are oblate spheroidal, 18 to 22 pm in diameter, and normally tricolporate.

The génu s Plantago belongs to the family Plantaginageae- and comprises about 250 species.

One of the most .o*Àon ,p"ó"r rs Plnntagó tanceolafa (English plantain or ribwort) and has

been associated with hay féver since the beginning of last century (7). English plantain is a

biennial or perennial heibaceous weed. It has a baial rosette of ribbed lanceolate leaves and

Figure 1 l l lustral
.aboratories Guide
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Tricolporate: three
Subechinate: suda
Small:  greatest dia
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130 Mohapatra et al.

there are no clear limits to their distribution, and two or more different species may grow
simultaneously in most regions. Pnrietaria plants produce large amounts of small (12-18 prm),
spheroidal tricolporate pollen grains, which are released through a mechanism of propulsion
operated by the elastic filament of the anther, ensuring the success of wind-borne pollination.
Parietaria has a very long pollen season, which extends over several months. Depending on the
climate, the pollination may last nearly the whole yeaÍ, as is the case in southern Italy, where it
starts in February and persists until December and has two cycles of flowering (B).

DISTRIBUTION OF WEEDS

The important and clinically relevant weeds of the world are listed in Table 3 (4,9,70). Ragweed
is the most important weed in terms of its allergenic pollen worldwide. There are nearly
60 species included in the ragweed family. In the eastern United States, the common or short
ragweed and its relative, the giant ragweed, grow in great profusion in roadside ditches and
disturbed areas. These two species are the major ragweed found in the northeastern United
States, including parts of Canada, but they are much less abundant in the western states and on
the pacific coast. Common ragweed is also widespread in China. Since the 1930s, A. nrtemisiifolia
along with Humulus scandens (Japanese hops) have become the main source of pollen allergens
in China (9). Studies in Croatia also identify common ragweed as an important allergen in
Central and Southern Croatia (11-13). Western ragweed prevails in the states west of the Rocky
Mountains, on the pacific coast, and in the southern and southwestern states from Louisiana to
Arizona. Southern ragweed, with typical lance-shaped leaves, is an important cause of hay
fever, but it is mainly confined to the central United States. The slender and bur ragweed are
among the false ragweeds and consist of about 25 species in the United States. These are
common in the southwest and in Colorado; the latter also ranges northward into Canada,
where it is abundant in most arid regions.

Seasonal pollen dispersal is important since it suggests the critical period of avoidance
for ragweed-sensitive individuals in various locations. Frenz and associates (14) compared

Table 3 Allergenically Relevant Weeds of the World

Country Weeds

,',/eed Pollen A

ragn.eed p,
the date o
crlncentratrt
h.rve simil;
September.
m.rximum l

Mugr,
iremisphere
.ause of po
r--rCCurS at tl
September

Englis
rrrtroduced
United Stat,
pollen seasr
,rnd climati
The clinical
long time t
pollen seasc
pollen has t
tl-re Mediter

Parietr
surroundinl
.-lecreases ir
reported to
as a possibì
rvl'rich 8 out
practice wer
the very lor
shown by
pr€valence r
central and

MOLECULI
WEED POL

Ragweed
\lthough a
investigated
\76*79,27,22
tletected 22
rrot all of th

Amb r
known as ar
chain. Amb
90% of rag
monoclonal
native Amb
ragweed po
IgE binding
rvith a ranki
measured b,
control cells
(SI8.3).  Togt
pollen (25).

Amb e
Amb a 1 (65

Argentina
Australia
Brazil
Canada
Chi le
China
Colombia
Cuba
Ecuador
Egypt
France
Russia
Germany
Great Britain
Hawaii
Hungary
India
Italy
Japan
The Netherlands
New Zealand
Portugal
Romania
Sweden
United States

Yugoslavia

Short ragweed
Capeweed, wattle, plantain, dock, goosefoot family, Paterson's curse, wild mustard
Ragweed
Ragweed, goosefoot family, pigweed, Russian thist le, sage, dock, plantain
Lambs quarters, English plantain, sweet clover, cocklebur, dandelion, dock, sorrel l
Japanese hop, common ragweed
Pigweed family
Short ragweed, goosefoot, pigweed family
Goosefoot and pigweed families
Goosefoot and pigweed families
Ragweed, sagebrush, plantain, Pel l i tory, goosefoot, and pigweed famil ies
Sagebrush, Ragweed
Dock, nettle, plantain, goosefoot family, sagebrush
Sunflower family, plantain, sorrels and docks, nettle, goosefoot, mugwort
Goosefoot and pigweed families
Plantain, dock, goosefoot, hemp, ragweed, sagebrush, pigweed, cocklebur
Cocklebur, hemp, sagebrush, dock, goosefoot and pigweed family, castor bean, mugworl
Pellitory, mugwor-t, sunflower, warnwood, burweed
Sagebrush, ragweed, English plantain
Ragweed, sagebrush, sedges, cattails
Plantain, dock, goosefoot family
Goosefoot and pigweed famil ies, cocklebur, plantain, sage, pel l i tory
Goosefoot, sages, ragweed
Dock, sagebrush, goosefoot family, pellitory
Ragweeds (short, giant, western, southern, slender, and false ragweeds), burweed, marsh

elder, cocklebur, sages, pigweed, Russian thist le, f i rebush
Hemp, pel l i tory, dock, goosefoot and pigweed famil ies, ragweed, plantain, castor bean

Source: From Ref. 1.
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Table 4 Weed Pollen Al lergens

Mohapatra et al.

Botanical name (common name) Allergens
Molecular

weight (kDa)

Ambrosia artemisiifolia (short ragweed)

Ambrosia trifida (giant ragweed)
Arte m isi a vul gari s (m u gwort)

Parietaria judaica (pellitory of the wall)

P arietari a off ici nal i s
Plantago lanceolata (English plantain)
Chenopodium album (Lamb's quarter)
Salsola kall (Russian thistle)
Helianth us annu us (sunflower)

Mercurialis annua

A m b a l  ( a n t i g e n E )
A m b a 2 ( a n t i g e n K )
A m b a 3 ( R a 3 )
A m b a 5 ( R a 5 )
A m b a 6 ( R a 6 )
Amb a 7 (Ra7)
Amb a
A m b a B
A m b a 9
A m b t 5 ( R a 5 G )
A r t v l
A r t v 2 ( A g 7 )
Art v 3 (LTP)
Art v 4 (profilin)
Art v (unclassified)
A r t v 5
A r t v 6
P a r j  1
P a r j 2
Par j  3 (prof i l in)
P a r o l
P l a l l
C h e a l
S a l k l
H e l a l
Hel a 2 (prof i l in)
Mer a 1 (prof i l in)

Weed Pollen Allergens

Mugwort Pollenr
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because no sequence
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slvcoprotein of 60 kl

Xti"tgì. Patients' The i

wltn tOg amino acid

allergic to mugwort I

N-terminal cYsteine-

rich in hYdroxYProli
moietY is highlY hete

are observed in mass

the electroPhoretic t

PAGE is as large a

allergenicitY of the I

of affected Patients
A r t v 2 i s a l s c

identical PolYPePtid
different isoforms, a

33% of sera from m
Two Plant Pa

species), l iPid-trans
belongs to the LTP i

than òne-third of it:

the familY Rosacea
mugwort allergic P
oatÉnts have IgE ar

t"". tentativelY list'
English Plant

specific IgE to the I

mixture of isoform

P l a l l v a r i a n t s a r t
etffo7aea Pollen all

oresent tn Parietrtrt
iveight in the rang

of Parieturia allerg\

and Par o 1, isoial

immunochemical
both from the nat

Par 12, sharing 4:

Lreen Produced as

LTP famitY' The 1
161)' A calciuml
panallergen (68)'

WEED POLLEN

Plants with a c

homologous seql

are also Positive
reactivitY amon€
;lmong weed pc

.lifferent strains
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1 2
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60
o
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10 -15
1 1 . 3
1 4

1  1 - 1 5
17-20

1 7
43
34

15.7
14-15

short ragweed, while Amb a2rs detectable only in flower heads. Escherichia coli recombinant

and natiize Amb a 2 differ in their ability to bind human 1gE antibodies (27), indrcating that the

recombinant protein is not as allergenié as the native protein. More than 50% of the T-cell lines

could be stimulated with Amb a 2, exhibiting an average SI of 14 (25).

Amb a 3 is a basic glycoprotein, having a single potypeptide chain composed of 101

amino acid residues (28). Clinical testing shows that Amb a 3 is highly allergenic in about

30% to S0% of short ragweed-sensitive patients (29) and therefore, is a minor allergen. The

antibody and T lymphoiyte recognition iegions on short ragweed allergen Amb a 3 (Ra3) are

characterized (30).
Amb a 5 is one of the most studied among the minor ragweed allergens. About 70% to

20% of short ragweed-allergic subjects are sensitized to this allergen (3132). The Amb a 5

allergens are clo"ned and sequenced from different species of ragweed and are characterized

with"respect to their B- and t-cell epitopes (33). The three-dimensional structures of Amb a 1

and Amb a 5 were also derived by two-dimensional spectrosc opy (34,35). The HLA association

study of the human allergic immune response demonstrates that all Amb a 5 allergen immune

responses are restricted by the same DR molecule (36).

Amb a 6 and four oiher minor allergens have also been defined in the pollens of short

ragweed. By Radioallergosorbent test (RAST) analysis, between 77% and 57Vo of ragweed-

alÉrgic patilnts exhibit IgE antibodies that bind to these minor allergens (21,37-,38). Amb a7 ís

highiy bàsic, blue protein and is postulated to be a plastocyanin. {PProximutql 
75% to 20% of

.u[*ó"d-allergic individuals have antibodies that react to Amb a 7 (39). Three additional

alÉrger1s havé been identified by molecular weight (Table 4). One of these allergens with

mole"cular weight 11 kDa may aótually be an isoform of Amb a 3. Two additional allergens

have been tentatively identified as Amb a 8 and Amb a 9 in Table 4.

Other Weed Pollen Allergens
Allergens from other weeds are important in different geographic regions of the ryo_1Id. 

These

incluAe mugwort (4047), English plantain (48-51), Parietarin (5247), sunflower (62,63),lamb's

quarter (64), Russian thistle (65), and parthenium (66).
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Table 5 Cross-Reactivity Among Weed Pollen Allergens

Mohapatra et al.

Anti-Amb a 1 Anti-Amb a 2 Anti-Amb a 2

Ragweed species
False ragweed (F ranseria acanthicarpa)
Slender ragweed (F. ensifolia)
Wooly ragweed (F. tomentosa)
Short ragweed (A. artemisiifolia)
Southern ragweed (A. bidentata)
Western ragweed (A. psilostachya)
Western giant ragweed (A. aptera)
Giant ragweed (A. trifida)

pAbs
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

PAbs
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

mAb
No
No
No
Yes
No
Yes
No
No

Abbreviations: pAb, polyclonal antibodies; mAb, monoclonal antibody.

Table 6 Interspecies Cross-Reactivity of Weed Pollen

Species (common name)
Ragweed
allergens Remarks

Phleum pratense (Phl p 4, timothy grass)

Chamaecyparis obtusa (Cha a /, Japanese cypress)

Cryptomeria japonica (Cry j 1, Japanese cedar)

Zea mays (corn)
Parthenium histerophorus (American feverfew)

A m b a l

A m b a l
A m b a 2
A m b a l
A m b a 2
A m b a l
Amb a

Basis for cross-reactivity between
grass and weed allergens

4649% sequence identity

4649% sequence identity

Sequence homology
82-94% cross-inhibition
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with the equivalent allergens from other ragweed species (25). Thus, these two allergens have
not diverged significantly throughout the evolution of different ragweed species. Similarly,
Amb a 5 and Amb t 5 (A. trifida) share 497o identity in their amino acid sequence (33).

In addition to the cross-reactivity among related ragweeds, the cross-reactivity of
ragweed allergens and the allergens of other plants have been reported. Some of these studies
are listed in Table 6. Analysis by RAST and immunoblotting inhibition reveals cross-reactivity
between sunflower pollen and other pollens of the Compositae family (mugwort, marguerite,
goldenrod, and short ragweed). Mugwort pollen exhibits the greatest degree of allergenic
homology with sunflower pollen; whereas, at the other end of the spectrum, short ragweed
shows less cross-reactive epitopes (71). One study shows that there is no cross-reactivity
between mugwort and ragweed pollens (72); whereas, another indicates that the pollens
contain a number of cross-reactive allergens, including the major mugwort allergen Art v 1 and
profilin (73). Another study by Asero et al. demonstrates that mugwort reactivity on skin prick
test was strongly associated with ragweed hypersensitivity (7a).

Skin tests and tests for IgE antibodies of ragweed-sensitive subjects are usually positive
to a number of different pollens, frequently from taxonomically diverse species, which are
assumed to be allergenically not cross-reactive (75-78). Cross-reactivity occurs between
ragweed and a number of vegetables, including fennel, parsley, and carrot (79). Several other
weed pollen food syndromes include mugwort-celery-spice (80,81) and ragweed-melon-
banana syndromes, the former being the best characterized (81). Parthenium, a weed
introduced from the United States into India, is the major aeroallergen in southern India.
Parthenium allergens are cross-reactive with short ragweed pollen (82). Similarly, recombinant
proteins from H. scandens in japan react with sera from patients allergic to A. artemisiifolia (9).
The panallergens, profilin and calcium-binding proteins, present in weed pollen may be
responsible for the extensive cross-reactivity among pollen-sensitized patients (83). One study
demonstrates that villin-related proteins (cytoskeletal proteins) occur in pollens of weeds,
namely, mugwort, trees, and grasses; thus, villin-related proteins may represent a novel family
of cross-reactive allergens (84). In effect, the presence of pollen-reactive IgE antibodies may not
necessarily reflect the sensitizing pollen species. This information is clinically important in
view of the increased and rapid migration of people throughout the world.
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o The most important allergens of short ragweed are the major allergens, Amb a 1 and

Amb a 2. Thise two majór allergens and other minor short ragweed allergens have

been characterized in terms of their molecular structure and cross-reactivity.
o Many weed pollen allergens are cross-reactive. Amb a 1, the major allergen of

ragweed, crosì-reacts with other allergens of ragweed pollen and also cross-reacts

wilh ailergens from taxonomically diverse genera and species. On the basis of cross-

reactivity,"weed allergens can be categorized into three classes: (i) ragweed and related

plants, including parthenium; (ii) mugwort and sunflower; and (iii) Pnrietnrin.

. The immunotheiapy of weed-allergic subjects in the United States is conducted with

ragweed allergen vaccines standardized with respect to Amb a 1 content.
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