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bstract

bjective.  –  Although systemic reactions (SRs) due to allergen immunotherapy (AIT) are rare, preventing them is a major concern for allergologists.
atural exposure during pollen season is a controversial risk factor, so some centers reduce AIT’s maintenance dose in-season. The aim of this

tudy was to examine whether administering the maintenance dose of subcutaneous AIT (SCIT) during pollen season, without adjustment, is safe.
atients  and  methods.  –  Initially, a retrospective pilot study was conducted, that included thirty-four monosensitized patients treated with perennial
CIT without in-season dose adjustment during maintenance. Pollen counts were monitored with a Burkard trap, to validate the pollen season. Two
Rs were registered; one during and the other out of season, showing no seasonal effect on SCIT’s safety. A ten-year-long, prospective study using

he same SCIT protocol, followed the pilot one. Seventy-eight monosensitized patients, allergic to Grasses or Parietaria or Olive pollen, completed
his study, while 28 monosensitized mite-allergic patients served as a control group. Only standardized depot solutions were used.
esults.  –  A total of 2910 pollen-extracts maintenance-dose injections were administered. Four SRs (Grade 1 or 2, WAO Classification) were

egistered; 2/1210 during pollen season and 2/1700 off-season. One (Grade 4) reaction, out of 880 mite extract injections, was registered. The
resence of SRs did not correlate with any AIT brand.
onclusion.  –  In our study population pollen season does not seem to be a risk factor for SRs for monosensitized allergic patients. SRs due to
ollen AIT presented with a similar frequency as with mite AIT.

 2017 Elsevier Masson SAS. All rights reserved.
eywords: Allergen immunotherapy; Maintenance dose; Pollen season; Anaphylaxis; Side-effect

ésumé
bjectifs.  –  Bien que les réactions systémiques (RS) de l’immunothérapie allergénique (ITA) soient rares, leur prévention est une préoccupation
ajeure des allergologues. L’exposition naturelle aux allergènes pendant la saison pollinique constitue un facteur de risque controversé, mais

uelques centres diminuent la dose d’entretien de l’ITA pendant cette saison. L’objectif de cette étude était de savoir si, au cours de l’ITA par
oie-sous-cutanée (ITA-SC), l’administration d’une dose d’entretien sans ajustement pendant la saison pollinique était sans risque.
atients  et  méthodes.  –  Initialement, une étude pilote fut effectuée incluant 34 patients monosensibilisés traités par une ITA-SC perannuelle
ans ajustement pendant la saison pollinique. Les pollens étaient comptés à l’aide d’un capteur de Burkard pour valider la saison pollinique.
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eux SR furent enregistrées, l’une pendant la saison pollinique et l’autre en dehors de celle-ci, ce qui montre l’absence d’effet saisonnier sur la
écurité de l’ITA-SC. Cette étude pilote a été suivie par une étude prospective menée pendant 10 ans en utilisant le même protocole d’ITA-SC.
oixante-dix-huit patients monosensibilisés, allergiques aux pollens de graminées ou de pariétaire ou d’olivier ont terminé l’étude, tandis que
8 patients monosensibilisés aux acariens de la poussière de maison ont constitué le groupe témoin. Ils ont été utilises, seulement des extraits
llergéniques retardés (depot) standardisés.
ésultats.  – Un total 2910 doses d’entretien d’extrait pollinique fut administré. Quatre SR de grade 1 ou 2 selon la classification de la World Allergic
rganization (WAO) furent enregistrées : 2/1210 injections pendant la saison pollinique et 2/1700 en dehors de celle-ci. Une réaction de grade 4

ur 880 injections d’extraits d’acariens fut observée. La présence des SR n’ a pas été corrélé aux marques différentes des extraits allergéniques.
onclusion.  –  Dans notre population, la saison pollinique ne semble pas constituer un risque de SR chez les patients allergiques monosensibilisés.
a fréquence des SR induites par l’AIT est pareille tant pour les pollens que pour les acariens.

 2017 Elsevier Masson SAS. Tous droits réservés.

ots clés : Immunothérapie allergénique ; Dose d’entretien ; Saison pollinique ; Anaphylaxie ; Effets secondaires
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.  Introduction

Allergen immunotherapy (AIT) is a well-documented treat-
ent for respiratory allergy, practiced for over a century.
he efficacy and safety of AIT have been assessed by many
ell-designed studies [1,2]. Systemic reactions (SRs) due to

ubcutaneous AIT (SCIT) is a rare but actual side effect; it has
een reported to occur in 0.5–3.2% of AIT-treated patients [3–5].
ild reactions (urticaria or upper tract symptoms) are more

ommon than moderate (reduction in lung function with or with-
ut other organs involvement) or severe ones (life-threatening
naphylaxis), with reported occurrences of 7.1, 2.6 and 0.4%
espectively [6].

There are several risk factors for SRs due to SCIT, such as
igh degree of allergen sensitization, unstable or insufficiently
reated asthma, the build-up phase of SCIT, dose escalation
uring pollinosis, current infections, cofactors (exercise, alco-
ol, use of beta-blockers) and the existence of concomitant
iseases/conditions that consist AIT contraindications [7–9].
dentifying and minimizing them, when feasible, is the keystone
or a safe SCIT at high-risk patients [10].

Exposure to high levels of pollen has also been identified as
 possible risk factor for SRs, therefore 12% of practices always
djust doses during peak pollen seasons [6]. The hypothesis on
his practice is that reactions to maintenance injections might
elate to the priming caused by natural allergen exposure, which
ould enhance sensitivity to doses of previously well-tolerated
llergens.

Reducing the dose of coseasonal AIT is proposed in some
uidelines without specific recommendations on the quantity or
he duration of dose adjustment [8,11]. Furthermore, no strong
ata exist to support the need for seasonal dose adjustment, while
here are studies showing that allergen exposure does not affect
he outcome of SCIT [3,4].

The objective of this study was to establish the potential effect
f pollen exposure on SCIT-related SRs, in patients receiving a

aintenance dose. SRs due to SCIT were prospectively regis-

ered in order to compare their occurrence during pollen season
ersus off-season. The relationship between the occurrence of
Rs and a specific pollen extract was also studied.

T
c

fl

.  Patients  and  methods

This study has been performed in two phases; a pilot study
nd a prospective one. The initial retrospective (pilot) study was
erformed in order to evaluate the feasibility of the assessment
rocedures, determine methodology and define the statistical
ower of a prospective study. It was performed in the Allergy
epartment of “Laikon” General Hospital (Athens, Greece) and
as based on the review of data from January 2002 to Decem-
er 2004. An approval has been obtained from the Institutional
eview Board.

The same team performed the second part of the study. To
his end, a Private Allergy Practice Network was created in 5
reek cities. The prospective surveillance study covered a time

pan of ten years: from January 2005 to December 2014. The
ollection of data was generated by the routine administration of
IT following state-of-the-art protocols recommended by aller-
en extract manufacturers and data were handled anonymously,
s in the pilot study.

.1.  Diagnosis  and  immunotherapy  procedure

The diagnosis of allergy was made by in  vivo  (SPT) and
n vitro  (specific IgE, CAP-FEIA) testing and a clinical his-
ory of symptoms on exposure; in particular the seasonality of
ymptoms correlating with a specific pollen sensitization was
ocumented.

Patients were all treated with standardized, depot solutions,
bsorbed onto aluminium hydroxide, calcium phosphate or L-
yrosin. Depot solutions were of six different pharmaceutical
ompanies (Stallergènes, Allergopharma, HAL-Allergy, ALK-
belló, Allergy Therapeutics, Lofarma Allergeni SpA). Each

enter continued to use the commercial products it routinely
dministered. Conventional up-dosing protocols, as described in
ackage inserts, were followed. During the maintenance phase
mmunotherapy injections were administered every 4 weeks.

he maintenance doses were the highest ones, suggested by each
ompany.

During each visit a clinical examination and peak expiratory
ow rate (PEFR) measurement preceded the immunotherapy
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for reasons described in Table 1. No patient dropped out due to
a SCIT-related SR. Seventy-eight monoallergic pollen-allergic
patients (40 males; 38 females; 34.4 ±  12 years old,) completed

Table 1
Inclusion, exclusion and drop-outs criteria of the prospective study.

Inclusion criteria
Adults
Allergic rhinitis and/or asthma
Allergy only to pollen, or only to mites, for more than 2 years
Use of extracts containing only an allergen. Graminaceae mix and mites

mix (Dermatophagoides pteronyssinus 50% - D. farinae 50%), were
considered uniform

Exclusion criteria
Use of AIT in the past (any route)
Allergen sensitization to other than the treated pollen, or to animal

dander, molds or latex
Use of extract mixtures
04 C. Pitsios et al. / Revue françai

njection, even if no history of asthma was reported and patients
emained for thirty minutes under medical surveillance. To
ssure uniformity of data collection, all allergists were using
he same follow-up form and administered maintenance doses
very four weeks, perennially. Allergic symptoms (nasal, ocular
r bronchial) before the injection and possible side-effects after
CIT administration, were registered in a standardized common
orm, based on the World Allergy Organization Subcutaneous
mmunotherapy Systemic Reaction Grading System [12].

.2.  Pilot  study

For the pilot study the records of 27 monosensitized pollen-
llergic adults (14 men, 13 women; 37.8 ±  10.6 years old), with

 history of seasonal rhinitis and/or asthma, were reviewed.
atients received perennial SCIT with pollen extracts from Olea
uropea (olive) or Graminaceae  mix (grass) or Parietaria  spp
wall-pellitory). Grass mix was considered a mono-allergen
xtract. Olive, grasses and wall-pellitory are the main sources
f allergenic pollen in Greece and the pollen season for these
lants generally lasts from spring to summer [13,14].

The maintenance dose of SCIT (as suggested by each phar-
aceutical company) had been achieved before the first pollen

eason, to avoid a priming effect of the natural pollen exposure,
nd was kept throughout the study, without any adjustment. A
0% step-down for the next visit was allowed in the case of
naphylaxis, followed by step-up to the formerly well-tolerated
aintenance dose two visits after the reaction (or after the pollen

eason was over).
The levels of the atmospheric concentration of pollen were

egistered in parallel with the study, in order to allow the
nvestigators to determine which SCIT injections had been
dministered during the respective pollen seasons. Daily pollen
ounts were performed with a Burkard, 7-day volumetric trap
Burkard Manufacturing Co, Rickmansworth, UK). The counts,
alculated and expressed in number of pollen grains per m3 of
ampled air, were presented as 7-day moving averages [13].

Only injections during the maintenance phase of AIT were
egistered. Updosing consists a risk factor for adverse reac-
ions, so including SRs that occurred during the updosing phase
always expected to occur more frequently) would have affected
he results [3]. Moreover, it is the Institution’s practice to avoid
pdosing during pollen season, so local and SRs due to updos-
ng can be expected to happen with a higher frequency outside
he pollen season. Focusing only on maintenance phase offers

 more clear view on the effect of the pollen season on SCIT
dverse reactions’ frequency and severity.

A total of 1175 SCIT shots were administered, among which
77 were performed during the pollen season. Minor variations
f pollen periods were noticed between the different years of the
tudy. The pilot study encountered two SRs, both due to grass
ollen extracts of the same manufacturer. The first was a grade

 reaction in a male patient who presented generalized urticaria

fteen minutes after the shot, during the grass-pollen season in
pril 2003 (Fig. 1). The second was a grade 2 reaction with
rticaria and an asthma attack in another male patient, which
ccurred outside the season in February 2004.

D

ig. 1. Pollen report of Graminaceae, in Athens, Greece, during 2003. Counts
re expressed as pollen number/m3, in 24 hours.

As a conclusion 0.20% (1/477) of the injections administered
uring the pollen season and 0.14% (1/698) of those adminis-
ered out-of-season caused a SR. No effect of the pollen season
n the frequency of SRs could be documented.

.3.  Prospective  study:  patients  and  allergen  extracts

The study group of the prospective study included monosen-
itized patients, with a history of seasonal rhinitis with/without
sthma. Monosensitization to pollen, detected with SPT and
onformed with sIgE (> 0.35 kUA/L) and symptoms directly
onnected to the relevant pollination was the prerequisite for the
onsideration of our patients as monoallergic and their inclu-
ion in the study. Our monoallergic patients were treated with
ingle pollen extracts. Study’s inclusion and exclusion criteria
re described in Table 1.

As in the pilot study, patients received a SCIT schedule with
erennial administration of extracts containing olive, grasses or
all-pellitory pollen. Ninety-two patients were recruited into

he study, providing informed consent; there were 14 dropouts,
rop-outs
Incomplete compliance of a patient (big delays to the appointments

requiring a decrease of the next dose)
Failure to complete AIT for a minimum of 3 years
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Table 2
Mean daily in-season pollen counts (grains/m3) and pollen seasons’ months.

Pollen Highest Lowest Pollen season

ATHENS
Graminaceae 23 < 5 April–August
Urticaceae 45 ≤ 5 April–July, October
Oleaceae 45 5 May

IRAKLEION

t
a

“
n
s
t
a
p

t
t
w
i
a

a
a
w
o
D
a

3

t
S
a
p

o
d
w
i

r
g
f
a
w
r
s
e
t
c

Table 3
Patients that presented SRs (WAO, 2010 classification).

Age, sex Allergy Allergen SR grade Month of SR Season

1 28, M AR + AS G 1 Sep 2009 No
2 29, F AR P 2 Jul 2010 Yes
3 25, F AR G 1 Apr 2010 Yes
4 25, F AR G 2 Oct 2010 No
CG 29, F AR M 4 Mar 2014 –
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Graminaceae 15 < 2 March–May
Urticaceae 93 ≤ 10 March–June
Oleaceae 275 ≤ 5 April–May

he study; 33 grass-allergic, 33 allergic to wall-pellitory and 12
llergic to olive.

In order to achieve uniformity, all centres used a common
visit form”. The date, AIT dose, injected arm, clinical exami-
ation (pulses, blood pressure and PEFR), as well as any noticed
ide effects, were registered. It was the same monitoring form
hat had been used in the pilot study. Local aerobiological reports
nd former data on pollen season were used to set the frame of
ollen season for each centre.

Thirty-one patients receiving mite-SCIT served as a con-
rol group, of whom 28 (10 males; 18 females) that completed
he study. They were patients with perennial allergic rhinitis
ith/without asthma. Including a control group allowed the

nvestigators to register the incidence of SRs due to a perennial
llergen, not affected by fluctuations in pollen exposure.

Rescue therapy (oral antihistamines, nasal corticosteroids,
sthma inhalers) was prescribed, and allowed as needed when
llergic symptoms occurred during season. However patients
ere asked not to use antihistamines hours before AIT’s visit, in
rder to avoid the effect of pre-treatment to probable side effects.
ata on pollen counts for our area, during the prospective study,

re reported in Table 2.

.  Results

Study group: 2910 maintenance injections were adminis-
ered; 1210 during the pollen season and 1700 out-of-season.
ince the purpose of the study was to examine the effect of
llergen exposure on the SRs rate during the SCIT maintenance
hase, no data on the build-up phase are included.

Four SRs were registered in four patients with an overall rate
f SRs 1.3/1000 injections. Two of these SRs were registered
uring the pollen season (0.16% of the in-season injections),
hile two occurred out-of-season (0.11% of the out-of-season

njections) (Table 3).
As far as extracts are regarded grass pollen extracts were

esponsible for three of the four SRs; one occurring during the
rass pollen season. The responsible grass pollen extracts were
rom three different manufacturers, so SRs were not related to

 specific brand. The single SR due to Parietaria  pollen extract
as registered during the Parietaria  pollen season, while no

eaction was noticed related to the Parietaria  pollen extracts out-
ide the season. No reaction was registered due to olive pollen

xtracts. The commented SRs that occured due to the adminis-
ration of pollen extracts were all of grade 1 or 2 (WAO 2010
lassification) [12].

t

o

R: allergic rhinitis; AS: asthma; CG: Control Group. G: grasses; P: Parietaria;
: mites.

.1.  Control  group

An amount of 880 SCIT maintenance shots were adminis-
ered during the study and only one (0.11% of the administered
oses) SR occurred. However, this SR was a grade 4 reaction
ith cutaneous symptoms accompanied by marked hypotension,
ithout loss of consciousness. A subsequent dose adjustment,
ith 10% reduction of the maintenance dose, was well tolerated

n the next visit, while updosing was also well-tolerated two
onths after the SR (2 visits later).
In our prospective study, the frequency of SRs during the

ollen season resulted to be similar to that outside the pollen
eason and also similar to that of the control group treated with

 house dust mite extract. However, as for severity: there was
o severe SR in the pollen-SCIT study group, while there was a
evere one in the mite-SCIT control group.

.  Discussion

Although a SCIT schedule with no in-season dose-
djustments for pollen extracts was used in this study, an
ncreased rate or severity of SRs due to in-season SCIT admin-
stration was not observed. The overall rate of SRs was similar
o other studies; it was 0.13% per injection (for pollen extracts,
ut also for overall injections), with a reported rate in literature
f 0.06–0.3% per injection [12,15–20].

One of the strong points of our study was the inclusion of
xclusively single-allergen-AIT-treated patients (monoallergic),
hich allowed us to specifically study the effect of SCIT with

 certain pollen extract on the SRs rate. Polysensitive patients
re mostly treated with single allergens [21], but safe results
annot been extrapolated by including them in such a study.
he inclusion of various pollen allergens in a vaccine may have
n add-on effect, if they relate to the same pollen season. On
he other hand in a mix of extracts each diluted allergen is less
robable to cause a SR, due to its lower concentration.

The downside of such a design is the restricted number of
atients, which might under-power the study of rare variables
uch as SRs. Also, one might argue that using extracts from
ne manufacturer might have improved the uniformity of our
tudy. However, the reported results here are closer to the real-
ife situation and by using the same standardized registration
orm and strict criteria for the selection of our participants, we

ried to reduce as much as possible the variability in our study.

It is difficult to directly compare the grading of our SRs to
ther studies, since most of them have used former severity
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lassifications. However, if we consider our grade 1 and 2 as
mild SRs” (that make for 87.5% of all SRs in our study), this
gure appears to be similar to that reported in literature, with
7.6–74.5% of all SRs being of mild severity [6]. In the USA,
ear fatal reactions have been reported to occur with a rate of
.4 events/million injections (0.0054/1000 injections) [22]. Fatal
eactions are extremely rare, according to the AAAAI-ACAAI
CIT surveillance study, reporting 7 fatalities that occurred in the
nited States of America, between 2001 and 2012 [6,15,23,24].
Contrary to our findings, the administration of AIT during

he peak of the pollen season has been cited as one of the most
mportant contributing factors in AIT-induced near-fatal reac-
ions, followed by dosing mistakes and AIT administration in
atients with uncontrolled asthma [22]. The AAAAI-ACAAI
CIT surveillance study found that practices that always reduce
oses during peak pollen seasons are more likely to report only
ild, or no SRs and less likely to report any moderate or severe
Rs, than practices that often, sometimes, or never reduce doses
6]. Also, 30% of the practices that never reduced doses in main-
enance vials, experienced severe SRs, whereas such reactions
ere experienced by 12% of the practices that sometimes, often,
r always reduced doses [23].

The safety of coseasonal SCIT has been assessed by two large
merican prospective studies, in the 1990s [3,4]. Season was
roved not to be a risk factor for pollen extracts. Although major
rawbacks exist in the study performed in Atlanta, USA, since
t included patients with multisensitivities (including molds
nd mites), different maintenance doses, various administration
aintenance intervals and a randomly selected control group, a

trong point of that study is the large number of patients (4578)
nd injections (346,251) [3]. Authors reported SRs with a visit
ate of 1/1831, during the maintenance dose [3]. The other study
as a prospective one that involved 513,368 injections; authors
idn’t note any increase in SRs during grass and ragweed sea-
ons among patients receiving grass or ragweed immunotherapy
4].

The same pollen and mites allergens that were included in
ur study, have also been used in an Italian study that took place
n a geographical area similar to ours [24]. Authors reported a
imilar rate of SRs per injection to the pollen of grass (0.08%),
arietaria (0.08%) or olive (0.09%), with a statistically non-
ignificant trend of more SRs to mites (0.13%) [25]. A surprising
utcome of that study was that SRs due to pollen allergens
ccurred mainly outside the pollen season [25].

SRs only to grass pollen extracts had been registered in our
ilot study. The majority of SRs in our prospective study were
lso due to grass pollen extracts, confirming that in our country
erforming SCIT to grass might need more caution, although
he number of SRs was so low that it consists no real alert. In
n Italian study, on the safety of SCIT for respiratory allergy,
t was shown that ragweed (8.1%) and grass extracts (4.2%)
ere associated with a significantly higher rate of SRs [26]. In

he same study, the occurrence of SRs with Parietaria  pollen

xtracts was much lower (0.7%), which is in agreement with
ur data [26].

In our study, mites had a low rate of SRs, similar to that
ue to Parietaria  pollen and lower than the overall SRs rate

d
d
t
o

llergologie 57 (2017) 302–307

ue to pollen. This is in contrast to the results of a Spanish
tudy showing that mite SCIT during the maintenance phase, is
ore likely to cause SRs than pollen SCIT [20]. The fact that

onclusions from different studies, regarding which allergen is
ore likely to cause SRs, are contradictory, may be explained

y the use of different SCIT solutions, some non-standardized,
esulting in different allergen concentrations.

In a surveillance study that collected data from all regions
f the United States, Canada and Puerto Rico, about 12% of
ractices had reported adjustment of the SCIT dose when admin-
stered coseasonally [6]. To our knowledge, no similar data from
ther parts of the world exist. Recently the same team of investi-
ators reported that although half of the study-included practices
djust doses (most of them do the adjustment “sometimes”), the
umber of registered SRs occurring during pollen seasons (refer-
ing to grass, ragweed or tree pollen) was three times more than
he ones out-of-season [26]. They reported that, during pollen
eason, reducing doses for patients with previous SRs or with
ighly positive SPT results, is a commonly followed strategy
27].

Scarce data on the percentage of dose-reduction exist. Italian
eferences mention an up to 50% dose decrease for depot solu-
ions [26,28]. If an allergist might decide to decrease the dose
f an allergen in-season, no specific guidelines exist regarding
he quantity of reduction and its duration. A significant decrease
e.g. reducing the dose to half the suggested dose), for the com-
lete duration of the pollen season with subsequent up-dosing
uring the next out-of-season visits, might cause a decrease of
IT’s effectiveness due to prolonged low-dosing.
We would like to underline that it might be difficult to com-

are our data to those from US studies because of differences in
everal parameters. To only name some: first, we perform SCIT
ith depot solutions while in the US aqueous solutions are used.
econdly, there exist genetical differences between both popula-

ions and thirdly average natural exposure and exposure during
he peak of our pollen season differs from US, with some polli-
ation also outside the pollen season. For example, during pollen
eason, the Graminaceae daily count in our area shows highest
oncentration of 23 pollen/m3, while in USA counts are higher,
ith peaks exceeding 500 pollen/m3 [14,29–31].
Although no study in our area has determined the thresh-

ld levels of aeroallergen concentration that cause pollinosis
nd allergic asthma, a clear correlation of symptoms with the
ollination period as described in Table 2, has been clinically
etermined. Cut-off levels, setting the frame of pollen sea-
on in Greece are > 5 pollen grains/m3 for Graminaceae and

 20 grains/m3 for Urticaceae and Oleaceae [29,31].

.  Conclusions

It appears that conserving the pollen extract maintenance dose
uring the pollen season, in countries with similar pollination to
reece, might not pose any specific risk for untoward reactions

ue to SCIT. Our conclusions can be applied to AIT with stan-
ardized grass, Parietaria  and olive pollen depot extracts, since
hose were the ones we have studied, in areas with similar counts
f pollen. Further multicenter trials including a higher number
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