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The responses of 148 atopic patients to some 43 different extracts of
allergenic pollen were tested by prick tests. The measure of dissimilarity
was introduced and calculated for all pairs of allergens. The investigated
allergens were clustered into groups, according to their unbiased greatest
similarity, by a matrix-structuring method. Results indicate that subgroups
of allergens can be distinguished even within groups of closely related pollen
allergens that were believed to be fully cross-reactive. A few cases are
demonstrated for various varieties of olives, pecans, date palms, and turf
grasses and for some wild chenopods and amaranths. The usefulness of the
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discussed.

Anemophilous plants release large quantities of pol-
len into the air. Such pollen reaches the epithelium
of the human nose, eyes, and respiratory system, and
evokes typical allergic responses in atopic patients
(12, 13). The same symptoms can be caused by
spores of fungi and ferns. The effects of the pollen
and of the spores are direct and specific. However,
because pollen and spores are carried by winds over
long distances and because they appear in a large
assortment, it is not easy to identify the specific plant
species that causes the allergic response in a patient.
This is further complicated by the phenomenon of
cross-allergenicity, in which closely related plant
species cause similar immunologic responses.
Cross-allergenicity was investigated in detail only
for a small number of taxa; e.g., members of the
Amaranthaceae, Chenopodiaceae, Cupressaceae,
Oleaceae, Poaceae, and Urticaceae families. It can
be identified and confirmed by RAST inhibition or
by other related methods, but because of the high
costs, this can be done for only a small number of
responders. In most cases, cross-reactivity can be
demonstrated by positive skin responses to extracts
of the involved pollen. Nonetheless, the precise
causes of cross-allergenicity are only partly under-
stood (1-3, 5, 7, 13, 15). One of the reasons for that
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is the difficulty in analyzing the immunoresponses of
a large number of patients and discerning the precise
spectrum of pollen characteristics that are respon-
sible for cross-allergenicity. This is particularly com-
plicated when large populations of patients are tested
for responses to a large number of allergens (14), and
in the cases where RAST analysis is either too ex-
pensive or not available.

The purpose of the following study was to apply
a mathematic tool to the analysis of the results of
large sets of data of skin tests, in order to determine
the similarity and dissimilarity of the examined al-
lergens as revealed by the responses of the patients
to them. The obtained information should improve
our understanding of the proximity among various
plant allergens and confirm their status regarding
cross-reactivity. Such information is of value for a
better identification of allergens and for improve-
ment of immunotherapy.

Material and methods

Population responses to various pollen allergens
were surveyed in eight rural settlements in Israel.
Skin prick tests were performed with commercially
available pollen extracts (produced by Dome/



Hollister-Stier and by Center Laboratories) and with
locally made pollen extracts. The extracts were pre-
pared from pollen that was collected either from
individual trees (date palms) or from cloned plants
of well-defined cultivars (pecans, olives, turf grasses,
etc.). The pollen grains were sonicated in Coca’s
solution (4, 8). The extracts were filtered (0.45-pm
mesh), and their protein content was determined
according to Lowry et al. (11). The protein content
of these extracts was adjusted to the same level as
that of the corresponding commercial extracts:
2.0 mg/ml for date palms, 2.0 mg/ml for pecans,
5.0 mg/ml for olives, and 3.0 mg/ml for grasses. The
extract was then mixed with glycerol (1:1). All the
used extracts were prepared from the same pollen
batch. Altogether, 43 allergens were tested with most
of the patients. These allergens are common in the
outdoor environment of the investigated sites. The
list of all the tested allergens is presented in Table 1.

The skin prick tests were made on both arms of
the patients, and the developing wheals were classi-
fied into five grades: 0 — wheal diameter smaller than
2mm; 1 — wheal diameter 2—4 mm; 2 — wheal di-
ameter 4—10 mm; 3 — wheal diameter 10-15 mm;
and 4 — wheals larger than 15 mm, mostly with de-
veloped pseudopodia. Positive and negative controls
of saline glycerol and histamine were used.

A total of 148 atopic patients, suffering from al-
lergic rhinitis, allergic asthma, conjunctivitis, or al-
lergic dermatitis, were skin tested with the pollen
extracts. Most of the patients had lived in their
present locations for several years. Results were

Table 1. List of allergens used in this investigation

1. Phoenix dactylifera Mehola # 1 25. Amaranthus sp.*

2. P. dactylifera Mehola # 2 26. Salsola kali*

3. P. dactylifera Degania # 1 27. Chenopodium album*

4. P. dactylifera Degania # 2 28. Atriplex wrighti*

5. P. dactylifera Degania # 3 29. Cynodon dactylon*®

6. P. dactylifera Yotveta # 1 30. Zoysia sp. cv. Emerald

1. P. dactylifera Yotveta # 2 31. Paspalum vaginatum

8. P. dactylifera Yotveta # 3 32. Pennisetum calndestinum
9. P. sylvestris Yotveta # 1 33. Stenotaphrum secundatum
10. P. sylvestris Yotveta # 2 34. Olea europaea cv. Barnea
11. P. sylvestris Yotveta # 3 35. 0. europaea cv. Muhassan
12. P. sylvestris Yotveta #4 36. 0. europaea cv. Manzanillo
13. Chamaerops humilis 37. 0. europaea cv. Uovo di Picciorie
14, P. dactylifera* 38. 0. europaea cv. Souri
15. Carya pecan cv. Western Shley 39. 0. europaea cv. Kadesh
16. Carya pecan cv. Mohawk 40. 0. europaea cv. Koronaiki
17. Carya pecan cv. Choctaw 41. 0. europaea cv. Kalamata
18. Carya pecan cv. Wichita 42, 0. europaea cv. Merhavia
19. Carya pecan cv. Desirable 43. 0. europaea*®

20. Carya pecan cv. Apache
21. Carya pecan cv. Delmas
22. Carya pecan cv. Burkett
23. Carya pecan cv. Mahan
24. Carya pecan*

* Commercial extract.

Clustering of allergenic polien

based on the frequency of responses among the pa-
tients and on the intensity of the responses (size of
the wheal).

The data consisted of patient responses R; to 4,

..A, allergens, as determined by the skin tests and
rated in increasing order: R,=i for i=0 ... 4, as
described above. The responses of a patient to two
allergens were used to define the measure of dissimi-
larity between those allergens. The arbitrary function
p of difference between responses, as determined by
our data, had to meet the following conditions:

1) p(R;,R))=p(R;,R;)>0 when i#]

2) p(R;,R;)=0

3) p(R;,R))<p(R,,R,) for any triple i, j, k under the
conditions i <j<Kk.

In this study such function p was determined as

follows:

1) p(R;,R))=|j~il fori, j=1,2,3,4

2) p(Ry,R;)=j+d for j>0, where 6=0.

Values of 6 =0, 1, 2, 3 were used, but their effect on

the results was very small; therefore, a value of 6 =0

was adopted.

The data were arranged in a two-way table, in-
cluding the responses of every patient to each aller-
gen, in which columns denote the allergens and rows
denote the patients. In the present study, not all
patients were tested for all the allergens; therefore,
there were missing data. Moreover, the data were
very heterogeneous in terms of the number of mea-
surements taken for every allergen.

The approach used for clustering allergens accord-
ing to the patient’s responses was based on the
proven equivalence of the matrix-structuring method
and the well-known “‘traveling salesman problem”
(TSP), which is a method of minimizing accumula-
tive distances (9). This approach enabled the clus-
tering of allergens by solving TSP for the correspond-
ing matrix of dissimilarity among them.

Let K, be the number of patients who were tested
for their reaction to allergens 4, and 4, and M, of
those who responded positively to one or to both
allergens. Two measures of dissimilarity between this
pair of allergens can be applied:

N Ky
di(4,.4)=— ¥ pR,.R,)

I s |
and

N My
dy(A4,4)=— L p(R,.R,)

ry pt= 1

where R,, and R, are the responses of patient ¢ to
allergens A, and A4, respectively, and N i1s the total
number of patients tested. The choice between the
two measures of difference — d, or d, — depends on
the significance of the fact that a certain patient did
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not respond to both allergens. With respect to dis-
similarity among allergens, this fact is not relevant.
In this study, which included allergens of different
origins, d, was the appropriate distance. Therefore,
only cases in which the patient responded to at least
one allergen were included in the computation of the
measure of dissimilarity between the members of this
pair. The rounded values of d, were used. The ap-
proximation of the TSP solution for the matrix of
distance D, = ||d,(A4,,4,)!|", _ , was found. Clusters
were generated in accordance with obtained solu-
tion.

This method was designed to reveal the presence
of clusters of allergens, if such clusters really did
exist. The smaller the differences between the aller-
gens, the more uniform the cluster. No a priori as-
sumptions or conditions were imposed on the solu-
tion.

The investigation was approved by the institu-
tional ethics review board.

Results

The results illustrate the clustering of the responses
of 148 patients to 43 allergens, according to the cal-
culated differences among them (Fig. 1). Degrees of
difference among the allergens are presented by the
arranged symmetric matrix. In this figure, the actual
values of the matrix were grouped and presented by
symbols rather than by the actual numbers. The
order of columns and lines of the matrix was deter-
mined by the TSP solution. The circular order of the
data, which was obtained by the TSP solution, was
transformed into the linear one, by “cutting” be-
tween allergens with greatest value of dissimilarity.
The points along the diagonal represent a “zero
difference”, i.e., the zero dissimilarity of each aller-
gen to itself. This forms the axis of symmetry of the
matrix. The structure of the matrix for any given
group of allergens depends upon the degree of dis-
similarity between each pair in the group. Therefore,
there might be some difference between the analysis
which is made for the full set of data and one in
which only a specific subgroup is included. This ex-
plains why the order of the allergens within specific
subgroups (Figs. 2 and 3) may appear to be some-
what different from that of the full set of data (Fig. 1).

The matrix of all the allergens tested, arranged
according to the responses of the patients, is pre-
sented in Fig. 1. The discrete groups of allergens
shown in this figure resulted from an unbiased ma-
trix analysis. It is evident that allergens 15-24, i.e.,
the pollen extracts of the various cultivars of pecan
trees, form a distinct cluster which is clearly differ-
ent from all the other allergens. In this clustering, the
commercial extract of pecan pollen (allergen no. 24)
located at the center of the group shows a similar
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Fig. 1. Matrix of dissimilarities among all allergens investigated.
Distances were grouped and replaced by symbols as follows:
0-100[m]. 100-150 [B¥. 150-200[#], 200-300[=]. > 300[=]. See
Table 1 for identification of plant sources.

difference from all other pecan extracts, and thus
seems to be a good representative of the various
cultivars. This is of interest although not critical for
pecan allergens, because the responses of the pa-
tients to pecan extracts were always very strong and
most patients had reacted to the pollen of all the
tested cultivars.

The remaining 33 allergens seem to be detached
from the pecan. Nonetheless, they form four appar-
ent and distinct clusters (Fig. 1). These include one
cluster of the various cultivars of olive (nos. 34-43),
one cluster of the grasses (nos. 29-33), one cluster
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Fig. 2. Average dissimilarities, within group of olive allergens,
ordinated by matrix-structuring method. See Table 1 for identifi-
cation of plant sources.
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Fig. 3. Average dissimilarities within group of allergens comprised
of chenopods and one amaranth, ordinated by matrix-structuring
method. See Table 1 for identification of plant sources.

comprising three Chenopodiaceae species and one
amaranth species (no. 25), and one cluster of the
palms (nos. 1-14).

Clustering of allergenic pollen

The allergens of the various cultivars of olive (nos.
34-43) comprise a distinct group. However, the
variability within this cluster is rather high. A con-
sequent analysis of the variability within this group
(Fig. 2) confirms that the average dissimilarities
within the cluster range between 114 units for the
Kalamata (no. 41) and 173 for the Manzanillo olive
cultivar (no. 36). Apparently, the latter is odd among
the tested olives, having the largest average dissimi-
larity. The commercial extract of olive (no. 43) is
located in the center of the group (Figs. 1 and 2),
with an average dissimilarity of 135 units. It thus
presents an acceptable representative of at least eight
of the tested varieties. It is interesting to note that a
certain degree of similarity was found between one
olive cultivar (cv. Kalamata (no. 41)), the three che-
nopods, and three of the palms from the Yotveta
collection (Phoenix dactylifera (nos. 7 and 8) and
Phoenix sylvestris (no. 10)) (Fig. 1).

Each of the two small clusters displays a clear
dissimilarity of one of the constituents. Four of the
five investigated grasses (nos. 29, 31-33) are closely
related and form a conspicuous subgroup (Table 2).
The average dissimilarity among those four ranges
between 138 and 156. The fifth grass, Zoysia cv.
Emerald (no. 30), is distinctly dissimilar, its average
difference from the other four allergens being 190
units. Thus, dissimilar species can be found even
among the highly cross-reactive grasses.

Another cluster is formed by the responses of the
patients to pollen extracts of the three members of
the Chenopodiaceae (Salsola kali (no. 26), Cheno-
podium album (no. 27), and Atriplex wrightii (no. 28))
and to that of Amaranthus (no. 25) (Fig. 1). Within
this cluster, a subgroup of the three chenopods can
be ascertained, with lower average dissimilarity than
that of Amaranthus (Fig. 3). Thus, in spite of the
commonly accepted cross-reactivity between the pol-
len allergens of those two families (10), a significant
dissimilarity between them is revealed by the pre-
sented solution. The difference between the two plant
families is further corroborated by the similarity of
the responses of the patients to one of the olive al-

Table 2. Matrix of dissimilarities amorig the five grasses. See Table 1 for allergen speci-
fications. Subgroup of the four similar allergens is separated by dashed line

Allergen no.
Allergen i
no. 32 33 29 31 ; 30
32 0 95 135 142181
33 95 0 133 142 195
29 135 133 0 148 ' 191
31 142 142 148 0 194
______ i - . - - - - - - - - - - ]
30 181 195 191 194 0
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lergens (no. 40) and to those of the three chenopods,
but not to the allergens of Amaranthus (Fig. 1).

Variability was relatively small among the various
pollen sources of the palms, except for those of
Chamaerops humilis (no. 13) (Fig. 1). Yet, variability
within the date palms (P. dactylifera (nos. 1-8)) was
still higher than that of the forest palm (P. sylvestris
(nos. 9-12)). The responses of the patients to the
allergens of Chamaerops humilis greatly deviated
from the response to all other palm extracts.

The commercial extract of date palm pollen (no.
14) leans toward one end of the entire group. Ap-
parently, the source of this allergen is closer geneti-
cally to some of the investigated varieties of P. dac-
tvlifera. However, it seems to be dissimilar to other
examined sources of P. dactylifera as well as to the
allergens of P. sylvestris.

Discussion

The presented data clearly demonstrate that the
clustering by means of the TSP solution provides an
effective tool for the analysis of: 1) the information
obtained from skin tests of large populations of pa-
tients and 2)the ranking of dissimilarity among
closely related allergens. The TSP method does not
replace the precise analysis of antigen similarity,
based on RAST. Nevertheless, it is a convenient
method for fast analysis of information regarding
similarity or dissimilarity in responses of a large
population of patients to a large number of allergens.

The results show that analysis of skin test data,
which are relatively easy to obtain for a large num-
ber of cases, can reveal the existence of distinct
groups of allergens within which a certain degree of
cross-reactivity may be expected.

One of the questions often asked by allergologists
1s, what is the relevance of commercial pollen ex-
tracts for identification of the causes of allergy in
different countries, i.e., for testing patients that are
exposed to different plant sources? Is it proper to use
pollen extracts, of unknown botanic origin, for skin
tests and for immunotherapy? Do the commercially
available pollen extracts, whose sources are prob-
ably far apart and diverse, give a fair representation
of the considered local allergens? It should be stressed
again that we are dealing with plant species that are
very heterogeneous. This fact is reflected not only by
the diversity of the plants’ characteristics but also by
their different allergic effects. How can one distin-
guish between relevant and irrelevant test materials?
The matrix presented herein yields a sensible, cheap,
and convenient solution to such problems. When the
commercialextractislocated within arelatively homo-
geneous group, and when its average measure of
dissimilarity to the other cross-reactive pollen aller-
gens is relatively small, it should be considered to be
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representative. However, in cases where such an ex-
tract deviates from the group of local allergens, one
should use a more specific extract made from locally
collected pollen. The decision of which of the ex-
tracts of olives, pecans, date palms, etc. represent
the allergenicity of the local varieties in the best way
should be left to the allergologists of each country.

A second question that was tackled in the present
paper is the question of cross-reactivity. “Full cross-
reactivity” among the allergens of plants of the Che-
nopodiaceae and the Amaranthaceae is frequently
reported in the literature (6, 10). Are the pollens of
both sources really equally allergenic? The analysis
suggested herein has depicted the minor nuances in
allergenicity of the tested amaranth and the cheno-
pods. The same is true for the minor differences in
allergenicity that exist among various grasses. Turf
grasses constitute a major source of allergenic pol-
len all over the world. Hence, the capability to de-
tect the lower allergenicity of some turf-grass spe-
cies, e.g., of Zoysia cv. Emerald, serves as an
excellent example of the practical advantages that
are embodied by the suggested solution.
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