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Abstract

Pollens are responsible for allergic rhinitis, conjunctivitis,
and asthma. The incidence of these diseases, which have ad-
versely impacted the social and professional lives of people
who are allergic to pollen, has tripled in the past 25 years.
Official institutes, health care institutions, public interest
groups, and mainstream news media provide people who
are allergic to pollen with advice aimed at reducing their
symptoms. The aim of this work was to provide an inventory
of the prevention guidelines in the world and to evaluate
their scientific relevance. A PubMed search was carried out
using specific keywords. The scientific relevance of the rec-
ommendations was evaluated based on the publications
disproving or confirming their merit. The guidelines issued
by 12 countries in Europe, North America, and Australia were
inventoried. The recommendations for avoidance were most
often based on scientific data regarding theirimpact on pol-
len exposures, but they have not been clinically validated.
Several studies provided additional details, however, that al-
lowed the guidelines to be further substantiated. These

guidelines have been adopted in numerous industrialized
countries in the world, and they generally appear to be of
relevance. © 2020 S. Karger AG, Basel

Introduction

The first step in tackling a pollen allergy is finding ways
to avoid the allergen. However, pollination is a natural
phenomenon, occurring in step with the seasons. People
who are allergic can, therefore, not fully avoid contact
with pollen-derived allergens. In light of this, official in-
stitutes, health care institutions, public interest groups,
and the mainstream media provide prevention guidelines
for people who are allergic to pollen, with the aim of pro-
moting behaviors that allow exposure to pollen to be re-
duced and to attenuate the allergic symptoms. Although
these empirical recommendations are generally based on
common sense, their efficacy nonetheless warrants being
properly documented.

The objectives of this general review were, on the one
hand, to generate a comprehensive list of the guidelines
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for avoidance and, on the other hand, to evaluate the sci-
entific relevance of these recommendations and to assess
the differences and similarities of the guidelines found in
the various sources that provide this type of information.
The first part of this work consisted of creating an inven-
tory of the official guidelines of various industrialized
countries. We performed an Internet search based on
keywords and the websites of official institutes, health in-
stitutions, and citizen groups using Google as a search
engine.

For the second part of this work, we used PubMed as
a search engine. We searched using specific keywords, re-
taining the articles in English or French. All study sites,
all publication dates, and all types of study were accepted.
Publications unrelated to the topic of interest were ex-
cluded.

Inventory of the Guidelines for Pollen Avoidance

We compiled the guidelines devised by 12 countries
across Europe, North America, and Australia. The results
are presented in Table 1.

From this table, it can be seen that:

o A number of the recommendations were issued by
nearly all of the organizations. These comprised avoid-
ing outdoor activities that entail a high degree of expo-
sure to pollen, consultation of the pollen forecasts,
avoiding drying one’s laundry outdoors, and wearing
of pollen-protective glasses and a facemask when out-
doors;

o A number of the recommendations were issued by
most of the organizations. These comprised avoiding
all intrusion of pollen into the house, providing expla-
nations about the disease and the symptoms, rinsing
one’s hair at night, keeping home and car windows
closed, avoiding intrusion of pollen, use of pollen fil-
ters in the car during periods of pollination;

« Lastly, some of the recommendations were only issued
by some of the organizations. These comprised choos-
ing where to go for a walk or on holiday, cleaning the
house, use of air purifiers, airing out one’s home early
in the morning or late at night, abundantly rinsing
one’s eyes and nostrils with water, avoiding objects
that collect pollen, avoiding wearing contact lenses,
washing of pets once per week, avoiding walking on
the sunny side of the street, and taking into account the
humidity of the air.
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Evaluation of the Scientific Relevance of the
Guidelines

Below, we review the various recommendations that
have been made available to the public, starting with the
most often issued guidelines and finishing with the ones
that are mentioned less often.

Consultation of Pollen Forecasts (Table 2)

Allergens are contained within grains of pollen. The
level of pollen is, therefore, a good indicator of the quan-
tity of allergen present [1, 2]. Several recent studies have
measured the level of pollen in the atmosphere and com-
pared it to the Symptom Load Index (SLI). The higher the
index, the greater the allergen burden is in a population.
The degrees of pollination of pollen from birch [3-6],
grasses [3-5, 7, 8], ragweed [3, 6], and mugwort [3, 4]
have been determined in this manner in Europe. Studies
undertaken in Atlanta (GA, USA) [9], Porto (Portugal)
[10], and Wake County (NC, USA) [11] have compared
the concentration of pollen in the atmosphere and the
number of emergency ward consultations for asthma at-
tacks or for lower respiratory symptoms, and they con-
cluded that there is a positive correlation between these 2
parameters. In a Finnish study, there was a correlation
between the level of pollen in the air and the level of pol-
len found in the nostrils of individuals during the time of
peak pollination [12]. The graph representing the dose-
effect relationship had a sigmoidal shape, with a thresh-
old under which no symptoms were observed, followed
by a linear dose-effect relationship, and then a plateau
above which the symptoms did not increase despite the
increase in the level of pollen in the air [13]. An exception
to this is a study carried out in Germany and Austria, in
which the authors did not find a correlation between the
symptoms and the quantity of pollen in the air [6]. For the
most part, these studies allow it to be concluded that it is
important for allergic patients to consult the pollen fore-
casts so as to make adjustments in regard to their outings,
whether or not to take their allergy medication, or to sim-
ply prepare themselves for the to be expected allergic
symptoms.

Avoiding Outdoor Activities That Entail a High

Degree of Exposure to Pollens

The spectrum of pollens found indoors corresponds
with that found outdoors. Data in this regard have been
obtained from pollen collectors that were located out-
doors and indoors at hospitals in Badajoz (Spain) [14]
and in Naples (Italy) [1]. In Vienna (Austria), the level of
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Table 3. Comparison of indoor and outdoor pollen counts

Author, country Methods Results Ref.
D’Amato et al.,, Naples  Simultaneous measurement of Parietaria pollens and With the balcony open, few difference between outdoor and [1]
Italy allergens at the allergy service with the balcony opened  indoor allergenic activity, but reduction of one-third when
or closed and relative to the background pollen count  balcony closed
Yli-Panula et al., Turku, Measure airborne birch pollen allergen indoors and During the birch pollen season, the large outdoor airborne [12]
Finland outdoors and analyze the allergen concentration of particles carrying allergens are composed mainly of pollen
settled dust in relation to personal airborne allergen grains
load
Tormo-Molina et al., Monitoring of indoor pollen in a hospital over 2 years ~ Average pollen concentration 10 times lower indoor. Strong [14]
Badajoz, Spain in 4 places: 1 closed room, 2 open wards, and 1 place seasonal pattern indoor and correlation with outdoor
outdoors at the entrance of the hospital measurements. Indoor results not influenced by floor level,
room opened or closed
Menzel et al., Munich, ~ Hourly measurement of birch pollen indoor during8 = Mean indoor/outdoor ratio was highest in a room with fully [16]
Germany days in 5 rooms and comparison with outdoor values ~ opened window and a mechanical ventilation, followed by
in the front of the rooms and to background pollen rooms with fully opened windows and lowest in neighboring
data rooms with titled windows
Hugg and Rantio- Betula pollen concentrations measured during the Concentrations of Betula pollens decreased from outdoors to [17]
Lehtimiki, South pollen season inside and outside a block of flats, a indoors, and further toward the center of the building
Karelia and Turku, detached house, and a regional hospital
Finland
Lee et al., Cincinnati, Air sampling inside and outside of 6 single-family Indoor pollen concentration was 50-fold lower than outdoors  [18]
USA homes during 3 seasons
Maclntosh, Boston, Evaluate, through a modeling analysis, the benefit of The potential health benefits were evaluated as “substantial.” [46]
USA whole-house in-duct air cleaning exposures to fine Mean 24-h average indoor to outdoor ratio of ambient PM2.5
particulate matter of outdoor origin was 0.57 for homes with natural ventilation and 0.1 for homes
with central air cleaning
Jantunen et al., The importance of pollen transportation into houses The indoor/outdoor ratio decreased as the distance from the [22]
Laakarite, Finland was evaluated using 6-8 simultaneously collecting ventilation opening increased. Efficient ventilation with 2
Rotorod-type samplers open windows increased the indoor/outdoor ratio and enabled
pollen to spread
Takahashi et al., Measure the amount of pollen allergen adhering to More than half of pollen remained on the fabric surface after [48]

Wakayama, Japan

fabrics outdoors. Study of the effect of ventilation
conditions on pollen entering indoors

being brushed off by hand or shaken. Most pollen entered by
ventilation remained near the window

pollen was measured over 4 non-consecutive days in 2015
and 2016 [15]. In 2015, at the site of the Technical Uni-
versity in Munich (Germany), the pollen from birch was
measured over 8 days during the time that this type of tree
pollinates [16]. In Lappeenranta (Finland), pollen was
collected outdoors at entry doors and indoors away from
openings, in individual houses, apartment blocks, and a
hospital [17]. In Cincinnati (USA), measurements were
taken 3 times in a year over a 24-h period, both outdoors
and in 6 individual family homes [18]. Outdoor and in-
door measurements at the university in Cordoba (Spain)
were compared during work hours [19]. Despite the dif-
ferent activities at the various sites, the levels of pollen
were higher outdoors than indoors (Table 3). It was dur-
ing the times of peak pollination, that is to say when the
external concentrations of pollen were highest, that the
reduction in the proportion of the pollen concentration
indoors was most pronounced. All in all, the studies are
unanimous in their conclusion that during the pollina-

Evaluation of the Recommendations for
Patients with Pollen Allergies

tion season, the outdoor concentration of pollen is con-
siderably higher than the indoor concentration.

Avoiding Drying One’s Laundry Outdoors

The allergens contained in grains of pollen come into
contact with the mucous membranes of the eyes and the
mucosal layers of the upper respiratory tract by passing
through the oral and nasal cavities [27]. This recommen-
dation assumes that pollen that settles on laundry items
remains significantly attached. The identification of pol-
len is used in legal medicine, such as investigation of
whether the pollen found on the clothes of the accused
corresponds with the pollen found on the clothes of the
victim and of the last place that they visited [20]. Pollen
adheres spontaneously to clothes [21, 22]. In Taiwan, pol-
len was analyzed on the T-shirt of a hiker after he had
gone on 1-h walks at various locations [21]. Once at-
tached, it takes time for pollen to detach. Pollen was found
on the clothing of a cadaver dating back to the first cen-
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Table 4. Protective effects of face masks and eyeglasses

Author, Methods Results Ref.
country
Comert et al., 70 patients with seasonal allergic rhinitis were randomized Nasal and ocular symptoms were significantly lower when [28]
Ankara, Turkey to receive either wraparound eyeglass plus treatment or wearing eyeglasses. Then, quality-of-life score was higher and

treatment alone. Efficacy was rated on symptoms and there was less need for rescue medication

quality-of-life questionnaire
Ozturk et al., 39 patients with a history of seasonal allergic rhinitis were Sunglasses significantly reduced ocular symptoms and use of [29]
Ankara, Turkey randomized to sunglasses during day time plus medication antihistamines

or medication alone. The study lasted 4 weeks
Kenney et al., This randomized, double-blind, placebo-controlled, cross- The nasal filters reduced the total daily symptom score by 40% [30]
Aarhus, over study was conducted during 2 days in the pollen season  and the eyes symptoms by 75%. They were well tolerated
Denmark to assess the efficacy of nasal filters (Rhinix, Aarhus,

Denmark)
D’Amato etal,,  Open clinical study investigating use of a nasal filter Scores of nasal symptoms and use of antihistaminic drugs were [31]
Naples, Italy (Sanispira) in a group of Parietaria pollen allergic patients reduced in patients using nasal filters
Gotoh et al., Test the usefulness of a face mask and eyeglasses in a study The number of pollen particles in the nasal cavity and on the [32]
Chiba, Japan including volunteers conjunctiva was unchanged by wearing a face mask and

eyeglasses. However, the pollen invasion rate in the nasal cavity
was lower

Morishima et Survey performed in 1,519 university students in Japan Almost all users reported problems, male users “humidity” and [33]

al., Nagano,
Japan

about the use of commercially available facemasks for
prevention of hay fever symptoms

occurrence of mist over glasses,” females “ruining make-up

tury AD [23]. The quantity of pine pollen on cotton worn
by individuals decreases exponentially: 17% of the initial
quantity remains after 14 days [24]. More than half of the
pollen can be removed by rinsing or by shaking the fabric
[25]. Some studies have sought to differentiate fabrics
used for clothes according to their capacity to capture dif-
ferent pollens [25, 26]. Pollens adhere more to fabrics that
are granular in nature (e.g., cotton, jeans, and fleece).
These studies confirm that fabrics used for clothing ac-
cumulate pollens. Not all of the pollen can be removed,
however, by shaking or by rinsing the item. It seems like-
ly that allergens are removed by rinsing clothes, as extrac-
tion with water is the common way to extract allergens.
There have, however, been no studies to date to confirm
this hypothesis.

Wearing Pollen-Protective Glasses and a Face Mask

When Outdoors (Table 4)

The efficacy of pollen-protective glasses has been eval-
uated in 2 studies. One of these took place over 3 con-
secutive years [28], and the other lasted 1 year [29]. The
included patients all suffered from seasonal allergic rhi-
noconjunctivitis and were randomly assigned to 2 groups
that did or did not wear pollen-protective glasses. Both
studies concluded that there was a significant improve-
ment in ocular symptoms and a decrease in the use of
medication in the group that wore the protective glasses.
The study by Kenney et al. [30] investigated the efficacy

844 Int Arch Allergy Immunol 2020;181:839-852
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of a nasal filter. Sixty-five patients afflicted with rhino-
conjunctivitis were observed over 2 days during the pol-
lination period of grasses in Denmark in 2014. Use of the
nasal filter was associated with a reduction of the allergy
symptoms in the users [30]. A study carried out in Naples
(Italy) reached the same conclusion [31]. Simultaneous
use of a surgical mask and glasses was investigated in Ja-
pan. The quantity of pollen in eye and nasal washes was
measured in healthy volunteers with or without these me-
chanical barriers. The number of pollen particles in the
air was the same, but the level of invasion of pollen was
lower when a mask and glasses were worn [32]. These
barriers are, therefore, effective but not sufficient to elim-
inate exposure to pollen. Some patients used medications
despite also wearing a mask and glasses [33]. Thus, masks
and glasses are mechanical means that are simple, inex-
pensive, and partially effective at reducing symptoms.

Rinsing One’s Hair at Night

Studies in the medico-legal area have shown that hair
can trap pollen [34]. Rinsing the hair of a cadaver allows
the majority of the pollen particles to be collected [35].
Archeological studies have proven the longevity of pol-
len. For example, pollen could be analyzed from a cadav-
er dating back to more than 3,000 years BC [36]. The ca-
pacity of hairs to trap pollen stems, among other things,
from their electrostatic properties. Hair tends to attract
light particles [37]. A study performed in France, in Mar-
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Table 5. Pollination and time of day

Author, country Methods Results Ref.
Jones et al., Pollen trap made with microscope ~ The time of day of shedding varied widely for the different species and appeared to be  [39]
Stillwater, USA and petroleum jelly film controlled by factors inherent in each species
Uguz et al., Izmir, Volumetric trap/Spearman’s test During the study, the intradiurnal distribution of the pollen varied [40]
Turkey
Ribeiro et al., Porto, ~ Volumetric Hirst trap/non-linear Pollen with morning shedding: Urticaceae, Cupressaceae, Acer spp., and Plantago spp.  [41]
Portugal logistic regression Pollen with afternoon shedding: Alnus spp. and Betula spp.
Pollen with regular shedding along the day: Olea europaea and Platanus spp. pollen

Simoleit et al., Volumetric Hirst-type trap Main grass pollen period: 8:00 a.m. to 10:00 p.m. [42]
Lemwerder, Main mugwort pollen period: 6:00 a.m. and 2:00 p.m.
Germany
Borycka et al., Hirst volumetric spore trap/ High birch and alder pollen concentrations all day long day except morning hours [43]
Rzeszow, Poland circular statistics and a nonlinear and the first hours of precipitation

function
Laaidi et al., Dijon,  Hirst trap Trees with nocturnal pollen shedding: ash, poplar, birch, oak, chestnut, pine [44]

France

Trees with afternoon pollen shedding: hazel alder, Cupressaceae-Taxaceae, willow,

charm, plane tree

seille and in Valence, in 2008, showed that pollens taken
from the hair of 20 healthy volunteers corresponded to
the outdoor pollens that the individuals had been exposed
to. That is to say, the pollens corresponded to their per-
sonal exposures [38]. Thus, hair constitutes a pollen trap,
and as a result of the proximity to the nasal mucosa, rins-
ing one’s hair should allow for a reduction in the exposure
to pollen.

Airing Out One’s Home Early in the Morning and

Late at Night (Table 5)

Several studies have measured the diurnal variations
in outdoor pollen, using 1 or several Hirst-type volumet-
ric collectors manufactured by companies such as Burkard
and Lanzoni. The locations of the collectors varied be-
tween the studies. The collection periods ranged from 7
days to an entire year. These publications were in regard
to measurements taken after the 2000s, except for the
study from 1945 onward in the USA [39]. The latter study,
the oldest one found, describes 35 pollens, each of which
dispersed according to their own timing; the common el-
ement being that this dispersion only occurred during the
day. Generally, the publications found high pollen con-
centrations at midday and low concentrations at night,
based on sampling in Turkey, Portugal, and Germany
[40-42]. A number of studies presented the measurement
of a particular pollen, but the results are not consistent.
In Poland and Portugal, birch pollen exhibited a peak of
dispersion at night [43] and in the evening [41]. In Ger-
many, in the vicinity of a freeway, the peak dispersion oc-

Evaluation of the Recommendations for
Patients with Pollen Allergies

curred in the afternoon [42]. In France, birch pollen was
found to be released continuously throughout the diurnal
cycle [44]. Itis hence very unlikely that there is a time dur-
ing the day when opening the windows does not entail a
degree of risk for all allergic patients. For patients who are
not allergic to a broad range of pollens, there should be
times that are suitable for opening the windows based on
the timing of the diurnal dispersion of the pollens that
they are allergic to.

Closing the Windows at Home and at Night/Keeping

Car Windows Closed (Table 6)

Two studies compared the outdoor and indoor pollens
at hospitals sites in Japan and Italy. These studies con-
cluded that pollen present indoors is transported by the
air through openings (doors and windows) [1,45]. In oth-
er studies, the indoor pollen was measured under differ-
ent conditions, according to whether the doors and win-
dows were open or closed. Rooms with a greater number
of windows were found to have higher levels of pollen [1,
16, 46-48]. The concentrations of birch and pine pollens
decreased as the distance between the pollen collector and
the window increased [12, 47]. A number of studies have
found that the concentration of pollen in a car’s passenger
compartment correlates with the outdoor concentration
of pollen. Although the concentration of pollen inside
was half that of the outside concentration, it was high
enough to lead to symptoms in allergic patients [49, 50].
Opening the windows increased the level of pollen inside
the passenger compartment, particularly for the front
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Table 6. Routes of entering of pollen into the house

Author, country ~ Methods

Results Ref.

D’Amato et al.,
Naples, Italy

Simultaneous measurement of Parietaria pollens and
allergens at the allergy service with the balcony opened
or closed and relative to the background pollen count
Hourly measurement of birch pollen indoor during 8
days in 5 rooms and comparison with outdoor values
in the front of the rooms and to background pollen
data

Measure airborne birch pollen allergen indoors and
outdoors and analyze the allergen concentration of
settled dust in relation to personal airborne allergen
load

Evaluate, through a modeling analysis, the benefit of
whole-house in-duct air cleaning exposures to fine
particulate matter of outdoor origin

Menzel et al.,
Munich,
Germany

Yli-Panula et al.,,
Turku, Finland

Maclntosh,
Boston, USA

Jantunen et al., The importance of pollen transportation into houses

Laakaritie, was evaluated using 6-8 simultaneously collecting
Finland Rotorod-type samplers
Takahashietal., ~ Measure the amount of pollen allergen adhering to

Wakayama, Japan fabrics outdoors. Study of the effect of ventilation
conditions on pollen entering indoors
Measurement of pollen allergens in street-level shops

and evaluation of effect of an electrostatic air cleaner

Holmquist et al.,
Stockholm,
Sweden

Hugg et al,, South
Karelia and
Turku, Finland

Betula pollen concentrations measured during the
pollen season inside and outside a block of flats, a
detached house, and a regional hospital

With the balcony open, few difference between outdoor and indoor ~ [1]
allergenic activity, but reduction of one-third when balcony closed
Mean indoor/outdoor ratio was highest in a room with fully opened ~ [16]
window and a mechanical ventilation, followed by rooms with fully
opened windows and lowest in neighboring rooms with titled
windows

During the birch pollen season, the large outdoor airborne particles
carrying allergens are composed mainly of pollen grains

(12]

The potential health benefits were evaluated as “substantial.” Mean [46]
24-h average indoor to outdoor ratio of ambient PM2.5 was 0.57 for
homes with natural ventilation and 0.1 for homes with central air
cleaning

The indoor/outdoor ratio decreased as the distance from the
ventilation opening increased. Efficient ventilation with 2 open
windows increased the indoor/outdoor ratio and enabled pollen to
spread

More than half of pollen remained on the fabric surface after being
brushed off by hand or shaken. Most pollen entered by ventilation
remained near the window

Substantial amounts of pollen allergen recovered. The air cleaner
reduced the birch pollen allergens by 32% and the grass pollen
allergens by 18%

Concentrations of Betula pollens decreased from outdoors to
indoors, and further toward the center of the building

[22]

(48]

(49]

(50]

seats [51]. Thus, closing the windows is an effective mea-
sure to reduce the level of pollen inside a car.

Avoiding All Intrusion of Pollen into the House

(Table 7)

During periods of pollination, the quantity of indoor
pollens correlates with the quantity outdoors [1, 15, 16,
18]. As seen previously, openings and items that capture
pollen, such as pets and fabrics, are vectors that tend to
increase the concentration of indoor pollens. There are,
however, a number of other factors. Even when the win-
dows are kept closed, pollen can enter through air vents,
and a large quantity of pollen can typically be found in
their vicinity [48]. Human activities influence the quan-
tity of indoor pollen. A person walking into a room gen-
erally causes the pollen in the room to become dispersed
[52]. Studies in Germany and Sweden have reported that
the quantity of pollen was higher in rooms accommodat-
ing children than in rooms accommodating adults, as
children tend to be more active [53, 54]. On the other
hand, in the lobby of the hospital of Badajoz in Spain, the
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level of indoor pollen did not correlate with the number
of people who entered [14]. Indoor plants diffuse pollens
[14], and in a closed room, the concentration of pollen
increases the closer one gets to a plant. When the plant is
removed, the pollen persists, however [55]. Thus, inter-
ventions targeting the various vectors that allow the in-
trusion of pollen into the home generally reduce the con-
centration of indoor pollen.

Use of Home Air Purifiers/Use of Car Pollen Filters

A handbook [56] provides the basic theories and sci-
ence behind the technical solutions. There are several
interventional studies in the literature that compared
various types of ventilation. A review of the literature
examined 4 types of ventilation separately or in combi-
nation [57]. The HVAC (Heating, Ventilation, Air Con-
ditioning) system involves ventilation that works both
as heating and air conditioning. WHF (Whole House
Filtration) is a system that filters all of the air in the
house. HEPA (High-Efficiency Particulate Air) is a
high-efficiency particulate filter. PRAC (Portable Room
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Table 7. Avoiding intrusion of pollen into the house

Author, country Methods Results Ref.
D’Amato et al., Naples, Simultaneous measurement of Parietaria pollens and With the balcony open, few difference between outdoor and  [1]
Ttaly allergens at the allergy service with the balcony opened indoor allergenic activity, but reduction of one-third when

or closed and relative to the background pollen count  balcony closed
Tormo-Molina et al., Monitoring of indoor pollen in a hospital over 2 years ~ Average pollen concentration 10 times lower indoor. Strong  [14]
Badajoz, Spain in 4 places: 1 closed room, 2 open wards, and 1 place seasonal pattern indoor and correlation with outdoor

outdoors at the entrance of the hospital measurements. Indoor results not influenced by floor level,

room opened or closed

Bastl et al., Vienna, Assessment of pollen content in the air, floor dustand  Airborne pollen concentration was generally lower indoors [15]
Austria desktops of an office, and outdoors. Sampling in but showed associations with dust by containing

winter (reference day) and during pollination of nonseasonal pollen types as well as seasonal pollens

Betula, Poaceae, and Ambrosia
Menzel et al., Munich, Hourly measurement of birch pollen indoor during8 ~ Mean indoor/outdoor ratio was highest in a room with fully ~ [16]
Germany days in 5 rooms and comparison with outdoor values ~ opened window and a mechanical ventilation, followed by

in the front of the rooms and to background pollen rooms with fully opened windows and lowest in neighboring

data rooms with titled windows
Lee et al,, Cincinnati, Air sampling inside and outside of 6 single-family Indoor pollen concentration was 50-fold lower than [18]
USA homes during 3 seasons outdoors
Takahashi et al., Measure the amount of pollen allergen adhering to More than half of pollen remained on the fabric surface after  [48]
Wakayama, Japan fabrics outdoors. Study of the effect of ventilation being brushed off by hand or shaken. Most pollen entered

conditions on pollen entering indoors by ventilation remained near the window
Fahlbusch et al., Quantify the amount of grass pollen allergen in dust Phlp5 was detected in 67% of the 47 samples analyzed. [53]
Hamburg, Erfurt, settled indoors and detect the distribution of allergen ~ Higher concentration in living rooms and bedrooms than in
Hettstedt, Zerbst, and in different sampling locations in homes and different  mattresses. Considerable high level of Phlp5 in indoor dust,
Bitterfeld seasons. 1,500 randomly selected homes even outside of the grass pollen season
Holmquist et al., Quantification of Betula and Poaceae allergens in 2 Both groups of rooms carried substantial amount of pollen [54]

Stockholm, Sweden

school rooms and 2 office rooms

allergens. In 1 school room, high short-term increase in the

presence of children

Air Cleaner) is a portable air purifier. The study con-
cluded that, provided that they were well maintained,
the use of HVAC + WHF devices allowed the symptoms
of allergic individuals to be reduced and was more effi-
cient than the individual HEPA + PRAC association.
The general review by Fisk [58] examined 16 studies that
took place in dwellings and hospitals. These studies con-
cluded that there was a moderate improvement in symp-
toms in terms of allergies to pets. Three reviews to date
have compiled studies comparing HEPA to a placebo
[59-61]. These concluded that HEPA is effective at re-
ducing the number of particles in the air, but there was
no sign of an improvement in clinical symptoms. By
contrast, an experimental study that involved placing
people suffering from allergic rhinitis in front of an air
purifier fed with pollens revealed a reduction in symp-
toms when an air filter for grass pollens was used [62].
Another study concluded that membrane-type pollen
filters are effective. This type of filter allowed for a de-
crease of approximately 80% in the concentrations of
pollen of Poaceae and Cupressaceae-Taxaceae, and of
50% of Urticaceae [63]. Therefore, these studies suggest
that air filters can be partially effective.

Evaluation of the Recommendations for
Patients with Pollen Allergies

Choosing Where to Go for a Walk or Where to Go on

Holidays

Coastal, mountainous, and wooded areas are places
where the flora differs according to the inherent climatic
conditions. Analysis by 53 collectors of pollen situated in
11 mountainous areas in China confirmed that wooded
areas in the mountains produce an abundance of pollen
[64]. In Spain, pollen was measured at 13 stations distrib-
uted throughout the country. The collectors recorded dif-
ferent pollens and distinct periods of pollination [65]. In
Japan, a study performed from 1996 to 2006 recorded a
level of pollen in the mountains, which was twice as high
as on the coast. An increase in nasal symptoms was noted
in the pediatric population living in the mountains [66].
On the other hand, a study measuring pollen from 2000
to 2009 at 13 sites in Central Europe and Eastern Europe
did not find that there was a geographical variation in
mugwort pollen [67]. Furthermore, several studies have
reported higher levels in rural than in urban areas [68-
70]. This can be explained by the denser vegetation in the
countryside. Pollen tends to be airborne, and a number of
studies have in fact reported a high degree of dispersion
over several thousand kilometers [71-73]. Thus, pollen is
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present in coastal, mountainous, and wooded areas, and
wind can cause them to be diffused over long distances.
Thus, very few places on earth are pollen-free.

Washing Pets

Pets can be transporters of pollens. Their fur, like
clothes, captures pollen. A dog that spent most of the day
outdoors was found to have 220-240 grains of birch pol-
len per square centimeter of fur [22]. Once attached, pol-
len can stay on an animal for a long time. A study has
analyzed the pollens found on the fur and the feathers of
prehistoric animals [74]. Analysis of the dust in 459
homes distributed across the USA showed that there was
relatively more grass pollen and other taxa in homes that
had a dog [75]. Pets are hence vectors that increase the
level of indoor pollen.

Keeping the Home Clean

Pollen is particulate matter with a certain weight. On
a given individual, there is generally a gradient of pollen
that increases from the head to the feet [22]. Pollen from
different visited sites has been shown to accumulate on
shoes, although the pollen/spore content dominantly re-
flects that of the last site [76]. A number of publications
have measured the level of indoor pollen by sampling the
pollen on the ground with a mop [15]. Pollen is still pres-
ent in dwellings outside of periods of pollination [53]. In
winter, the quantity of indoor pollen is higher than that
measured outdoors [15]. The number of grains of pollen
is higher on surfaces that are washed the least [17]. In a
room where there was continuous diffusion of pollen of
Japanese cedar, the quantity of pollen was reduced after
it had been washed with tap water, and it was fully re-
moved after it had been washed with distilled water [52].
For people with allergies, it is important to regularly clean
the home, as pollens introduced into the dwelling retain
their allergenicity over several months or years [77, 78].

Abundant Rinsing of One’s Eyes and Nostrils

Grains of pollen can become deposited on the mucosa,
thereby triggering an adverse immune response. Samples
taken from the nasal cavities of cadavers have revealed
pollens corresponding with the location where they died
1 year after their death [34]. In a Finnish study, pollens
collected from a cadaver’s nasal cavities corresponded to
the pollens of where they resided [12]. In another study,
pollen was diffused continuously on volunteer allergic
patients in a hermetically sealed room, and low levels of
the pollen were detected in the nostrils and the eyes. This
small amount was nonetheless enough to lead to allergic
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symptoms after 30 minutes of exposure [52]. According
to a number of publications, rinsing of the eyes and the
nostrils allows a portion of the pollen to be removed be-
fore the allergic reaction can occur.

Avoiding Wearing Contact Lenses

Wearing contact lenses can lead to general irritation of
the eyes [79], thereby rendering them more sensitive and
prone to infection [80]. After 1 minute in a wind tunnel test-
ing the diffusion of pollen, a contact lenslost more than 50%
of its hydration and the pollen became stuck to it [81]. A
study has examined how a history of allergy affects allergic
eye reactions in people who wear contact lenses. This study
concluded that seasonal allergy is a risk factor that can lead
to complications with contact lenses, and it advised against
their use during periods of pollination [82, 83].

By contrast, there are also studies in the literature that
recommend that allergic patients wear contact lenses, as
they provide a physical barrier that blocks the allergen
from settling on the ocular mucosa. A study reported that
67% of the patients wearing daily contact lenses experi-
enced an improvement in symptoms compared to the
group wearing monthly lenses [84]. Allergic patients were
exposed to pollen diffusion in a sealed chamber. The pa-
tients who wore contact lenses exhibited fewer ocular
symptoms than the patients without lenses. Lenses with a
lubricant and an antihistamine reduced the burning and
stinging sensation more than normal lenses [85].

Avoiding Walking on the Sunny Side of the Street

Sunshine increases the temperature of the ground and
other surfaces, which results in a difference in the tempera-
ture between the ground and the air. This difference leads
to convective movement, with ascending hot air that lifts
pollen grains into the air, thereby increasing the level of pol-
len in the air [86]. According to this study, allergic patients
should avoid walking on the sunny side of the street.

Avoiding Items That Trap Pollen

A multitude of commonly used items have been re-
ported to have significantly different affinities for pollens.
Pollens attach poorly to leather, while they attach moder-
ately to paper, latex, and polyester [26], and they attach
well to fabrics. Fabrics are usually present in homes as
carpets, curtains, and furniture fabrics. The more coarse
the fabric, the more that pollens attach to it [25]. A study
in Japan measured pollen on the floor, the carpet, the tat-
ami, matting, blinds, and armchairs. All of these items
were found to contain pollen during and after the period
of pollination. The carpets contained the greatest amount
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[87]. The quantity of pollen on mattresses was measured
in 1,635 homes in Germany between 1995 and 1998. This
quantity of pollen remained less than that found on the
floor, despite the fact that mattresses are harder to clean
[53]. With cotton, rinsing and scrubbing only removes
67% of the pollen initially present [25]. It is hence recom-
mended that allergic patients avoid items that trap pollen,
as they constitute a reserve of indoor pollen that can cause
symptoms to persist.

Taking into Account the Humidity of the Air

When it rains or the humidity of the air increases, pol-
len grains become heavier as they become loaded with wa-
ter and they fall to the ground, thereby decreasing the
quantity of pollen in the air [41]. However, this principle
is not upheld in all studies. The following studies found a
negative correlation between humidity and the quantity of
pollen in outdoor air: in Brussels (Belgium), the variation
in all pollens was studied over a period of 33 years [88];
cypress and birch pollens were studied for 8 and 9 years,
respectively, in Salamanca and Orense (Spain) [89, 90]; in
Manila (the Philippines), the study was carried out for a
year [91]; in Germany, in the vicinity of a freeway, the
level of pollen was measured over 7 consecutive days for 3
years in a row [42]; and in the USA in 1945 and in France
from 2004 to 2008, precipitation delayed pollination by
several hours [39, 92]. On the other hand, in Poland, be-
tween 2014 and 2016, the level of pollen increased in the
first 2 h of precipitation [43]. This disparity is due to the
fact that these studies did not investigate the same species
of pollen. In Badajoz (Spain), the quantity of pollen from
oak correlated negatively with the humidity, while the
quantity of grass pollens correlated positively [93]. In
Spain, again, the humidity correlated positively with the
quantity of pollen in an urban setting, while it correlated
negatively with the quantity of pollen in the countryside.
The authors reported that this difference was due to other
parameters (wind and temperature) that could also influ-
ence the concentration of pollen [94]. Indoor humidity
does not appear to influence the level of pollen [95, 96]. In
Parma (Italy), no correlation was found between the quan-
tity of outdoor pollen and the humidity [97]. Further-
more, Pérez et al. [98] have suggested that the size of rain-
drops may be more important than the level humidity per
se, with bigger drops removing pollen from the air better
than smaller drops. The literature hence presents dispa-
rate results. The majority of studies nonetheless show that
humidity reduces the level of pollen in the air. Some stud-
ies, however, did not find that there was an effect or their
results in fact showed the opposite.

Evaluation of the Recommendations for
Patients with Pollen Allergies

Conclusions

The Internet search that was the objective of the first
part of this article was non-exhaustive. It provided access
to a large amount of data, primarily in developed coun-
tries and in different languages. A search by keywords
with a search engine yielded numerous results, although
most of the sites were popular scientific sites, of varying
commercial natures, that contained advertising and that
did not cite the sources of the arguments put forward. We
only retained what appeared to be official websites. The
studies were not selected based on a specific time frame,
and they were from 1945 onward. During this period, the
meteorological data have changed, as has the distribution
of vegetation and urbanization. It is, therefore, difficult to
compare the studies with each other. The studies were not
selected according to the location either. Our large panel
provides information regarding multiple countries as
well as several regions within these countries. The data
cannot be compared, however, as pollination depends on
the climatic conditions, which differed geographically.
The results of these studies, which were undertaken at
specific sites, are hence hard to extrapolate.

This work indicates that the recommendations around
the world aimed at reducing the exposure of allergic pa-
tients to pollen are mostly effective in terms of their im-
pact on the concentration of pollens, although a decrease
in symptoms following the application of the recommen-
dations has, for the most part, not been investigated to
date [59]. Overall, there was not a correlation between the
frequency of a recommendation being mentioned and
documentation of the efficacy of the recommendation.
The guidelines provided by official institutes to allergic
patients aimed at reducing their exposure are straightfor-
ward and applicable in everyday life.

This update has allowed it to be shown that the follow-
ing recommendations based on environmental studies
are well-founded: checking pollination forecasts, avoid-
ing outdoor activities, avoiding drying laundry outdoors,
closing windows when home at night, keeping car win-
dows closed, wearing pollen-restricting glasses and a face
mask, rinsing one’s eyes and nostrils, cleaning one’s
home, avoiding all objects that trap pollen, washing pets,
avoiding all intrusion of pollen into the home, and using
air purifiers in the home and pollen filters in the car.
Proof of a beneficial effect on human health was not in-
vestigated. To apply the recommendations regarding air-
ing out of one’s home, the period of dispersion of the pol-
len to which one is sensitive needs to be known, and the
home aired out accordingly. The following guidelines
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