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- Phlpl sensitization, marking genuine grass
 pollen sensitization, is the most frequently found
E in the North-Central region of Portugal. :

Introduction

Summary

Background. Pollen is the main cause of respirarory allergy and its prev-
alence is increasing. Timothy grass (Phleum pratense) is one of the most
common pollen sources, and one of the best characterized allergenic grasses.
The major allergens Phl p1, Phl p2, Phl p5 and Phl p6 are considered
markers of genuine grass pollen sensitization. Methods. Ir is a retro-
spective study. IgE levels of Phl p1 and Phl p5 in patients living in the
North-Central region of Portugal were analyzed, considering age and area
of residence (inland or coastal). Results. Among the 188 patients with IgE
results for Phl p1 and Phl p5, sensitization to Phl p1 and Phl p5b was
observed in 97.87% and 63.83%, respectively. The majority demonstrat-
ed co-sensitization to both Phl pl and Phl p5b, while 68 patients were
monosensitized to Phl p1 and 4 patients were monosensitized to Phl p5b.
Either patients living in coastal or inland areas showed IgE levels of Phl
p1 higher than Phl p5b. Conclusions. Regarding genuine grass pollen
sensitization, Phl p1 sensitization is more prevalent than Phl p5b in the
North-Central region of Portugal.

ceae pollen is the most prevalent pollen and the main cause
of pollinosis in Portugal (4). In pollen allergy diagnosis, it is

In the last decades, the prevalence of respiratory allergies in-
duced by pollens has been increasing. Atmospheric pollen in
the outdoor environment is the main cause of rhinitis, bron-
chial asthma, rhinoconjunctivitis and eczema in individuals
with pollinosis (1). In Europe, especially in the Mediterranean
countries, Poaceae family pollen (grasses) is one of the most
important causes of pollinosis (2). In the Pooideae subfam-
ily, timothy grass (Phleum pratense), orchard grass (Dactylis
glomerata), perennial ryegrass (Lolium perenne) and bluegrass
(Poa pratensis) are the most common pollen sources (3). Poa-

important to distinguish co-sensitization to several allergen
sources and sensitization to cross-reactive components. In
pollen allergy treatment, the content of commercial pollen al-
lergen immunotherapy (AIT) extracts is not always known,
but the presence of major allergens is often stated (5, 6). Mo-
lecular diagnosis can improve allergy diagnosis (7), selecting
patients eligible for AIT and allowing an accurate individu-
al prescription, which will avoid inappropriate or ineffective
therapies (8). Timothy grass pollen (Phleum pratense) is one of
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Table I - Timothy allergenic molecules listed by the IUIS Aller-
gen Nomenclature Sub-Committee (http:/fwww.allergen. orglindex.

Php).

Allergen name Biochemical name Allergenicity
Phlp1 CCD-bearing protein/beta- 95%
expansin
Phlp 2 Grass group II/I11 65%
Phlp 3 Pollen allergen 1 60%
Phl p 4 CCD-bearing protein/ 75%
berberine bridge enzyme
Phlp 5 Grass group V 95%
Phlp 6 Grass group VI 75%
Phlp 7 Polcalcin 10%
Phlp 11 Ole ¢ 1-related protein 32%
Phlp 12 Profilin 15%
Phlp 13 Grass group XII1/ 50%
polygalacturonase

the best characterized allergenic grasses (9), with ten allergenic
molecules already described and officially listed by the TUIS
Allergen Nomenclature Sub-Committee, at date (table I) (3,
10). ImmunoCAP singleplex IgE tests available for the Phl p
allergenic molecules are Phl p1, Phl p2, Phl p4, Phl p5b, Phl
p6, Phl p7, Phl p11 and Phl p12.

The major allergens Phl p1, Phl p2, Phl p5 and Phl p6 are
considered markers of genuine sensitization (3). The present
study aims at characterizing molecular allergens of timothy
grass pollen genuine sensitization in patients living in the
North-Central region of Portugal.

Materials and methods

Retrospective study performed in the Clinical Pathology De-
partment of Coimbra University Hospital, a central hospital
that receives patients from all over the North-Central region
of Portugal. A parameterized search in Clinidata XXI 5.3.12
SP1 software was made. Patients who were asked for specific
IgE antibodies to Phl p1, Phl p5 and Phl p6 were included,
from 01/06/2014 until 31/07/2020. Since our laboratory does
not have Phl p2 analysis available, it was not considered. For
allergen 5, the isoform available is Phl p5b. IgE assay was made
by fluorescence enzyme immunoassay (ImmunoCAP, Thermo
Fisher Scientific) with a detection sensitivity between 0.01
and 100 kilounits per liter (kU,/L). Results were classified
as positive or negative according to the cutoff point of 0.35
kU, /L. Exclusion criteria were previous AIT, repeated deter-
minations from the same patient (the highest levels or those

prior to AIT treatment were considered) and patients living
outside North-Central region of Portugal (included districts of
Coimbra, Guarda, Leiria, Castelo Branco, Viseu and Aveiro).
As only one result of Phl p6 was found, genuine molecular
sensitization pattern of Phleum pratense allergens focused only
in the allergens Phl p1 and/or Phl p5b specific IgE assays. To
characterize and compare the genuine molecular sensitization
pattern of Phleum pratense, only patients who were asked for
the two allergens and that were positive to at least one Phl p1
and/or Phl p5b specific IgE were considered. These patients
were divided according to sensitization profile: monosensi-
tization to Phl pl (group I), monosensitization to Phl p5b
(group II) and sensitization to both Phl p1 and Phl p5b aller-
gens (group III). In each group the sensitization profile was
analyzed according to age (children if age < 18 years and adult
if age > 18 years) and area of residence (coastal versus inland
areas) (figure 1).

Statistical analysis

Data analysis was carried out using SPSS version 25 for Win-
dows. Results were presented as median (interquartile range
(IQR)) and mean (standard deviation). Statistical analysis was
performed with nonparametric tests (Wilcoxon signed-rank
and Mann Whitney U tests). A level of significance of 0.05
was considered (P-value < 0.05).

Figure 1 - Map of the North-Central region of mainland Portugal.
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The orange line limits the coast (on the left) and the inland areas (on the right side).
The number of patients included in each district is shown on the map. Adapted from
hitps:/fwww.ccdre.pt/.
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Results

A total of 508 results were found, corresponding to 319 pa-
tients who were asked for at least one specific IgE to Phl p1
and/or Phl p5b (168 female, mean age 25.21 + 1.67 years). The

Table II - Prevalence of Phl p1 and Phl p5b sensitization.

Total Phl p1 Phl p5b
Number of results 508 302 206
Number of positive 430 296 134

results (> 0.35 kU, /L)

prevalence of Phl p1 and Phl p5b sensitization was 296/302
and 134/206, respectively, as shown in table II.

To characterize and compare the genuine molecular sensitiza-
tion pattern of Phleum pratense, from the initial 319 patients,
we considered the 188 patients with available results to both
molecular allergens. None of the patients had both negative
results. All the included patients had a positive result to Phl
pl and/or Phl p5b. This total group included 95 female and
93 male aged 4 to 65 years, of which 59 were children (mean
age 11.44 + 3.65 years, 66.1% male) and 159 were adults
(mean age 31.43 + 11.40 years, 41.86% male). In table III
the characteristics of these patients divided in the three groups
are described: monosensitized to Phl p1 (group I), monosensi-

tized to Phl p5b (group II) and sensitized to both Phl p1 and

Table I1I - Characteristics of sensitization to Phl p1 andfor Phl p56.

Total Group Group I Group II Group III
Phl p1 Phl p5b Phl p1 Phl p5b Phl p1 Phl p5b
Total (n) 188 188 68 4 116 116
Gender (f/m) 95/93 95/93 40/28 03-gen 52/64 52/64
Age (years) 25.15 + 13.40 25.15 + 13.40 25.97 + 14.11 35+ 16.67 24.34 +12.82 2434+ 12.82
IgE (kU,/L)
Mean + SD 27.59 + 31.34 20.89 +29.40 12.70 £ 21.26 22.43 +20.10 37.26 +32.90  33.07 +31.43
Median 14.75 6.85 4.09 15.50 25.75 21.9
Minimum 0 0 0.48 6.91 0.37 0.6
Maximum 100 100 98.90 51.80 100 100
Q, 4.15 0.01 1.68 8.43 10.3 8.15
Q, 39.15 32.70 14.23 43.35 56.92 47.95
Children (n) 59 59 21 1 37 37
Gender (f/m) 20/39 20/39 lug-14 0/1 13/24 13/24
Age (years) 11.44 + 3.65 11.44 + 3.65 11.38 + 3.53 10 11.51 + 3.81 11.51 + 3.81
IgE (kU,/L)
Mean + SD 43.25 + 37.39 31.71 £ 37.11 20.62 + 30.63 18 57.25 +34.34  50.07 + 35.80
Median 29.90 15.30 7.92 18 52.4 41.6
Minimum 0.20 0 0.48 18 4.59 0.6
Maximum 100 100 98.90 18 100 100
Q, 8.00 0.01 2.98 18 24.4 18.75
Q, 91.70 49.00 18 18 100 100
Adults (n) 129 129 47 3 79 79
Gender (f/m) 75154 75154 33/14 3/0 61/68 61/68
Age (years) 31.43 £ 11.40 31.43 £ 11.40 32.49 + 12.01 43.33 £0.58 30.34+11.0 30.34 £ 11.0
IgE (kU,/L)
Mean + SD 20.42 +25.24 15.94 + 23.67 9.16 + 14.46 23.90 + 24.35 27.90 +£27.81  25.11 +25.77
Median 10.60 5.64 3.28 13 18.1 15
Minimum 0 0 0.49 6.91 0.37 0.65
Maximum 100 100 84.7 51.8 100 100
Q, 2.92 0.00 1.59 n 7.4 6.52
Q, 26.75 21.40 11.3 n 33.9 35.4

Group I: monosensitization to Phl p1; group II: monosensitization to Phl p5b; group III: sensitization to both Phl p1 and Phl p5b; f: female; m: male; SD: standard
deviation. Descriptive statistic: mean, standard deviation, median, minimum, maximum, Q: first quartile and Q,: third quartile.
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Figure 2 - Graphical representation of IgE levels (kU /L) for allergens Phl p1 and Phl p5b (y-axis) in the total group and children and
adults’ subgroups (x-axis).
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Table IV - Characteristics of sensitization to Phl p1 andfor Phl p5b according to the area of residence.
Total Group Group I Group I Group III
Phl p1 Phl p5b Phl p1 Phl p5b Phl p1 Phl p5b
Coastal areas
Total (n) 123 123 48 3 72 72
Gender (f/m) 66/57 66/57 28/20 02-gen 36/36 36/36
Age (years) 25.45 + 13.36 25.45 + 13.36 25.90 + 13.32 32 +19.05 24.88 +13.29 24.88 + 13.29
IgE (kU,/L)
Mean + SD 2591 + 31.99 18.76 + 29.05 12.34 + 21.35 27.6 +21.11 36.04 + 34.64  30.89 + 32.36
Median 11.3 5.3 3.42 18 22.7 15
Minimum 0 0 0.49 13 0.37 0.6
Maximum 100 100 98.9 51.8 100 100
Q, 3.07 0 158 N 8.14 6.45
Q, 32 26.5 13.55 N 57.08 44.88
Inland areas
Total (n) 65 65 20 44 44
Gender (f/m) 29/36 29/36 12-ago 1/0 16/28 16/28
Age (years) 24.6 + 13.57 24.6 + 13.57 26.15 + 16.24 44 23.45 +12.10 23.45+12.10
IgE (kU,/L)
Mean + SD 30.75 + 30.07 24.92 +29.88 13.58 + 21.57 6.91 39.26 + 30.12  36.64 + 29.87
Median 20.1 15.0 4.51 N 29.4 26.7
Minimum 0.01 0.00 0.48 N 1.87 1.03
Maximum 100 100 93.80 N 100 100
Q 7.03 0.01 2.04 N 14.95 14.18
Q, 43.45 41.1 15.43 N 56.83 52.68

Group I: monosensitization to Phl p1; group II: monosensitization to Phl p5b; group III: sensitization to both Phl p1 and Phl p5b; f: female; m: male. Descriptive
statistic: mean, standard deviation, median, minimum, maximum, Q,: first quartile and Q: third quartile.
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Phl p5b molecular allergens (group III). IgE levels of the total
group are also represented in figure 2. In the total group of
188 patients, 72 (38.3%) patients were sensitized to only one
molecular allergen, while the majority, 116 patients (61.7%),
were sensitized for both molecular allergens. Concerning age
subgroups, the same pattern was observed (62.7% of the chil-
dren and 61.2% of the adults were sensitized to both aller-
gens). Levels of IgE to Phl p1 were higher than IgE to Phl p5b,
in total group and in both subgroups, children and adults
(p < 0.001, p = 0.002 and p < 0.001 respectively). Higher
levels of both molecular allergens were found in children when
compared to adults (Phl p1 p < 0.001 and Phl p5b p = 0.016).
Concerning patients of group III (sensitized to both allergens),
Phl p1 levels were higher than Phl p5b, besides no statisti-
cal difference was found (p = 0.074). In children and adult
groups, Phl p1 levels were also higher than Phl p5b (p = 0.162
and p = 0.208, respectively). Comparing children to adult
groups, children have higher IgE levels than adults of both Phl
pl and Phl p5b (p < 0.001).

Considering the 72 patients with only one sensitization, 68
(94.4%) were only sensitized to Phl p1 (Phl p5b negative, rep-
resenting 36.2% of the total group) and only four patients
(5.6%) were sensitized to Phl p5b (Phl p1 negative, represent-
ing 2.1% of the total group). In group I, children also showed
higher levels of IgE comparing to adults. Although the sample
of group II is small, the 4 patients exclusively sensitized to Phl
p5b showed higher IgE levels comparing to IgE levels of group
I patients.

Levels of IgE to Phl p1 in group III were significantly higher
than in group I (p < 0.001).

Considering the area of residence, the 188 patients’ group was
organized into two groups, according on whether they lived
inland or coastal (table IV). Either patients living in coastal
or inland areas showed IgE levels of Phl p1 higher than IgE to
Phl p5b (p < 0.001 and p = 0.009, respectively). This could be
mainly because the number of monosensitized patients to Phl
pl. If we focus on group III, IgE to Phl p1 is also higher, but
the difference is not significative (p = 0.106 for coastal and p
= 0.414 for inland). Considering group II, only three patients
from coastal areas (2.4% of coastal residents) and one patient
from inland (1.5% of inland residents) were monosensitized
to Phl p5b. No significant differences were found between IgE
coastal levels and IgE inland levels.

Discussion and conclusions

Phl p1 and Phl p5 are considered major allergens — allergens rec-
ognized by IgE antibodies in over 50% of allergic patients to an
allergen source (3). Both are also considered markers of genuine
sensitization to timothy grass pollen. Sensitization to Phl p1 is the
most prevalent component sensitization, with a sensitization preva-

lence of > 90% and Phl p5 has a lower sensitization prevalence with
specific IgE present in 65-90% of grass pollen allergic patients (9).
Besides less prevalent, Phl p5 often has higher IgE levels (3). In our
analysis group we found sensitization to Phl p1 in 97.87% of the
patients and sensitization to Phl p5b in 63.83%. Similar frequency
percentages were found between children and adults for both aller-
gens (respectively 98.3% of children and 97.67% of adults for Phl
pl, and 64.40% of children and 63.57% of adults for Phl p5b).
Besides Phl p1 is not the only marker of genuine sensitization, IgE
to other markers (Phl p2, Phl p5 and Phl p6) are rarely observed in
the absence of IgE to Phl p1 (3). According to our data, the major-
ity of the patents (61.7%) showed sensitization to both genuine
markers or monosensitization to Phl p1 (36.2%). We only found
four patients (2.1%) with exclusive sensitization to Phl p5b (Phl p1
negative) and these four patients showed, in fact, higher IgE levels
to Phl p5b comparing to monosensitization levels to Phl p1. Other
authors also showed that monosensitization to Phl p5 is rare (10).
Sensitization to Phleum pratense molecules usually start in early
childhood with an IgE response to Phl p1 that later grows by in-
volving other grass molecules (10). Hatzler er 4l. studied the pro-
gression of IgE sensitization responses against grass pollen showing
that in > 75% of cases, Phl p1 sensitization precedes other grass
pollen sensitizations (11). In our population, only one child had
exclusive sensitization to Phl p5b without any IgE response to Phl
pl. Comparing children and adults, except in group II, children
showed higher IgE levels.

Our data showed also higher levels of IgE in polysensitized patients
comparing to IgE levels of monosensitized patients. According to
geographic area we found similar frequencies. Sensitization to Phl
p1 was found in 97.56% and 98.46% in cosatal and inland areas
respectively. The frequency of Phl p5b sensitization was slightly
higher in inland comparing to coastal, with 69.2% versus 60.98%
of the patients. On the other hand, monosensitization to Phl p1 was
lower in inland comparing to coastal, 30.77% versus 39.0% of the
patients.

There are no other studies about molecular sensitization to pollen
in the North-Central region of Portugal. Tavares ez a/. analyzed sen-
sitization to pollens based on skin prick tests (12). Sensitization to
grass pollen was detected in 72.0% of the patients with pollen sen-
sitization, of which 27.6% were also sensitized to the pan-allergen
profilin (Pho d2). Monosensitization to grass pollen was not asso-
ciated with sensitization to profilin. Considering the large extent of
cross-reactivity between plant profilins, sensitivity to Phl p12 will
probably have a similar frequency (Phleum pratense profilin, minor
allergen).

In the Southern region of Portugal, a characterization of molecu-
lar profiles of Phleuwm pratense pollen was made. Almeida ez al. also
found that the majority of patients were sensitized to Phl p1; pa-
tients sensitized to both allergens had higher IgE levels; monosensi-
tization frequency to Phl p1 was similar (40.0% versus 36.2%), and
children also showed higher mean IgE levels than adults (13). On
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the other hand, in the North-Central region, mean IgE levels were
higher comparing to the South, both for children (43.25 kU/L ver-
sus 22.49 kU/L and 31.71 kU/L versus 20.23 kU/L, respectively, for
Phl p1 and Phl p5b) and adults (20.42 kU/L versus 10.46 kU/L and
15.96 kU/L versus 8.43 kU/L, respectively for Phl p1 and Phl 5b).
Sensitization to Phl pSb was more frequent in our data (63.83%
versus 44.4%) while sensitization to Phl p1 was > 90% in both stud-
ies. IgE to Phl p1 seems to be the most important molecular allergen
of Phleum pratense in Portugal.

Barber et al. measured IgE to the different allergens in different re-
gions of Spain (14), including Phl p1 and Phl p5. Spain borders
Portugal and, in particular, the provinces of Salamanca and Caceres
border the central region of Portugal (districts of Guarda and Cas-
telo Branco, respectively). The authors found a very high prevalence
of Phl p1 (> 76%) with IgE median of 10.83 kU/L in both prov-
inces. In Portuguese inland areas, prevalence of Phl p1 was also very
high (97.56%) but the median IgE seems to be higher (20.1 kU/L).
Considering sensitization to Phl p5, Spanish border regions showed
a prevalence between 26-50% versus 69.2% in Portuguese inland
areas, with median IgE to Phl p5 of 14.52 kU/L (Salamanca) and
9.31 kU/L (Cérceres) versus 15.0 kU/L in Portuguese inland areas.
We acknowledge study limitations. As a retrospective study, it was
only possible to analyze the previous available results facing the lim-
itation that not all patients were tested for all allergens. Furthermore,
no correlation was made with clinical severity of allergic disease.

In conclusion, our characterization of timothy grass pollen molec-
ular pattern showed that, in the North-Central region of Portugal,
Phl p1 sensitization is more common than Phl p5b. Besides both
being major and also markers of genuine sensitization, when con-
sidering AIT, Phl p1 would be more sensible. IgE to Phl p5b should
not be considered alone, not least because monosensitization to Phl
p5b is rare. As Phl p5b sensitization can also indicate long-term dis-
ease, in children and/or patients with recent onset disease it may still
not be detected, which can lead to wrong conclusions.
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