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Background: The induction of allergen-specific IgE-blocking
antibodies is a hallmark of allergen immunotherapy (AIT). The
inhibitory bioactivity has largely been attributed to IgGy;
however, our recent studies indicated the dominance of IgG,
early in AIT.

Objectives: Here, the IgE-blocking activity and avidity of
allergen-specific IgG; and IgG4 antibodies were monitored
throughout 3 years of treatment.

Methods: Serum samples from 24 patients were collected before
and regularly during AIT with birch pollen. Bet v 1-specific IgG,
and IgG4 levels were determined by ELISA and ImmunoCAP,
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respectively. Unmodified and IgG,- or IgG,4-depleted samples
were compared for their inhibition of Bet v 1-induced basophil
activation. The stability of Bet v 1-antibody complexes was
compared by ELISA and by surface plasmon resonance.
Results: Bet v 1-specific IgG, and IgGy4 levels peaked at 12 and 24
months of AIT, respectively. Serological IgE-blocking peaked at 6
months and remained high thereafter. In the first year of therapy,
depletion of IgG, clearly diminished the inhibition of basophil
activation while the absence of IgG,4 hardly reduced IgE-blocking.
Then, IgG4 became the main inhibitory isotype in most individuals.
Both isotypes displayed high avidity to Bet v 1 ab initio of AIT, which
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did not increase during treatment. Bet v 1-IgG, complexes were
enduringly more stable than Bet v 1-IgG4 complexes were.
Conclusions: In spite of the constant avidity of AIT-induced
allergen-specific IgG; and IgG, antibodies, their dominance in
IgE-blocking shifted in the course of treatment. The blocking
activity of allergen-specific IgG; should not be underestimated,
particularly early in AIT. (J Allergy Clin Immunol
2023;151:1371-8.)

Key words: Allergen immunotherapy, antibodies, IgE-blocking,
1gG,, 1gG,, avidity, birch pollen, Bet v 1

Allergic rhinoconjunctivitis symptoms can be effectively
reduced by allergen immunotherapy (AIT).! As opposed to
symptomatic treatment, AIT has the potential to modify the
immunological response to the disease-eliciting allergen and
counteract disease progression.2 Subcutaneous AIT (SCIT)
entails weekly injections of increasing doses of the respective
allergen extract, followed by monthly injections of a maintenance
dose that are continued for 3-5 years to achieve long-term
tolerance and relief of allergic symptoms.””

It is well recognized that, along with modulated cellular
immune responses, AIT induces allergen-specific IgG
antibodies.” A fraction of these antibodies inhibit IgE-allergen
interactions, thereby preventing crosslinking of IgE-loaded
high-affinity FCeRI molecules and subsequent activation of
effector cells, such as basophils and mast cells.” As a
consequence, the release of inflammatory mediators is reduced,
which may result in clinical improvement of allergen-induced
symptoms.® This concept was recently confirmed in pilot studies
with individuals allergic to cat and birch pollen who after receipt
of IgE-blocking mAbs specific for the major allergens Fel d 1 and
Bet v 1, respectively, developed fewer immediate reactions
following allergen exposure.”'' While functional IgE-blocking
has mostly been attributed to IgG4 antibodies,™™'” we have
recently shown that after 16 weeks of sublingual AIT,
allergen-specific IgG; antibodies blocked allergen-induced
basophil activation more potently than IgG, antibodies did."”
Previous studies have also shown that allergen-specific IgG; is
the dominant isotype in the early immune response of AIT.'* 10
Hence, there is reason to assume that the IgE-blocking capacity
of IgG, predominates initially before an increasing protective
effect of IgG, sets in, which prevails in later phases of AIT.
Nevertheless, others have shown that depletion of IgG, from
sera collected after 2 years of AIT does not completely abrogate
the IgE-inhibitory effect, suggesting a long-lasting protective role
of IgG,.>"’

Here, we analyzed plasma samples of individuals allergic to
birch pollen taken before and at frequent time points
during 36 months of SCIT with birch pollen (BP-SCIT) in terms
of Bet v 1-specific IgG; and IgG, levels and their capacity to
inhibit Bet v 1-induced basophil activation. To assess whether
the latter depended on antibody avidity, we monitored the
stability of Bet v 1-IgG; and Bet v 1-IgG, complexes during
the course of treatment. Despite a constant high avidity of
AlT-induced allergen-specific IgG, and IgG, antibodies, their
dominance in IgE-blocking shifted in the course of treatment.
This study expands our knowledge on the dynamics and avidity
of allergen-specific IgG; and IgG, antibodies and their
contribution to functional IgE-blocking in AIT.

J ALLERGY CLIN IMMUNOL
MAY 2023

Abbreviations used
AIT: Allergen immunotherapy
BP-SCIT: Birch pollen-SCIT
PBS-T: PBS/0.05% Tween 20
RUs: Response units
SCIT: Subcutaneous AIT
SPR: Surface plasmon resonance

METHODS

Plasma samples

Ample volumes (1.2 mL) of plasma samples (diluted 1:2 in PBS) collected
at baseline and indicated time points during BP-SCIT were available from 24
patients (age range 10-57 years, median 35 years). All individuals received
ALK Alutard SQ197 (ALK-Abello Ltd, Reading, UK), which is a mix of
native extracts of pollen from early-flowering trees (ie, birch, alder, and hazel)
adsorbed to aluminum hydroxide, and showed improvement of birch
pollinosis. The cumulative dose of Bet v 1 was around 150 g for 1 year
and around 500 pg for 3 years of SCIT. Blood samples were collected at
months 0, 1, 3, 12, 24, and 36 out of the birch pollen season and at months
6, 18, and 30 in the birch pollen season, respectively. The study was approved
by the Ethics Committee of the Medical Faculty of the Philipps-Universitat,
Marburg, Germany (Az 128/05 and 24/13). All patients provided written
informed consent to participate in the trial.

Quantification of allergen-specific IgG antibodies

Bet v 1-specific IgG, antibodies were measured by ImmunoCAP 100
(Thermo Fisher Scientific, Uppsala, Sweden). To measure allergen-specific
IgG,, microplates (Nunc MaxiSorp, Thermo Fisher Scientific, Waltham,
Mass) were coated with recombinant Bet v 1 (1 pg/mL) produced in-house'?
in carbonate buffer (pH 9.6) overnight at 4°C. After saturation for 6 hours with
PBS/0.05% Tween 20 (PBS-T) supplemented with 1% human serum
albumin, plasma samples were incubated overnight at 4°C. After washing 5
times with PBS-T, bound IgG; antibodies were detected with a mouse
anti-human IgG; (Thermo Fisher Scientific) followed by a horseradish
peroxidase—conjugated sheep anti-mouse IgG antibody (Amersham, GE
Healthcare, Pittsburgh, Pa). After addition of the respective substrates, OD
was measured on a Tecan infinite F50 microplate reader (Tecan, Mannedorf,
Switzerland). All samples were used at serial dilutions of 1:40-1:200.
Measurements of all time points were done simultaneously on frozen samples.
Bet v 1-specific IgG; levels were quantified by using a human Bet v 1—specific
IgG; mAD as in-house standard done in duplicates.

Depletion and elution of IgG, and IgG, antibodies

Plasma samples (200 wL) were incubated with either CaptureSelect IgG, or
CaptureSelect IgG, human affinity matrices (120-150 pL, Thermo Fisher
Scientific) for 1.5 hours at room temperature in constant rotation. After
centrifugation, supernatants were added to the respective fresh CaptureSelect
matrix. These cycles of depletion were repeated 3 times. The fourth incubation
was done overnight at 4°C and successful depletion was confirmed by ELISA.
Matrix-bound IgG; and IgG,4 were eluted using 100 mmol/L glycine-HCI, pH
3.0, and neutralized with 1 mol/L Tris-HCI, pH 8.2. Fractions containing IgG
as measured by absorbance at 280 nm were pooled and dialyzed against PBS,
pH 7.4.

Inhibition of basophil activation

Heparinized blood was collected from 7 birch pollen-allergic individuals
who did not receive treatment and displayed Bet v 1-specific IgE levels of >
0.35 kU/L with informed consent and ethical clearance by the local ethics
committee (EK1344/2018). Basophil inhibition tests were performed as
described.' Briefly, Bet v 1 was diluted in HEPES calcium buffer (pH 7.4)
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supplemented with BSA (1 mg/mL) and IL-3 (2 ng/mL). Plasma samples (15
wL) were added for 1 hour at 37°C prior to the addition of heparinized blood
collected from 2-4 different donors. After 15 minutes at 37°C, the reaction was
stopped by addition of HEPES/EDTA buffer (pH 7.4). Cells were stained with
anti-CCR3-APC  (allophycocyanin),  anti-CD123-PerCP  (peridinin-
chlorophyll-protein), and anti-CD63-PE (phycoerythrin) antibodies (all
from BioLegend, San Diego, Calif). Erythrocytes were lysed by incubation
with an ammonium chloride buffer (pH 7.3). The cells were washed and
acquired on a FACSCanto II using FACSDiva Software Version 6.1.3 (BD
Biosciences, San Jose, Calif). Basophils were identified as CDI123YCCR3™
cells with CD63 as marker of activation. Allergen concentrations inducing
15%-70% CD63" basophils in the presence of month 0 samples were used
for analysis. This baseline activation was normalized to 100%, and the
mean percentages of inhibition by samples collected during SCIT were
individually calculated.

Avidity ELISA

We modified protocols based on chaotropic disruption of
antigen-antibody complexes by using acidic solutions to measure the
binding strength of IgG;, and IgG,.'®' Briefly, microplates (Nunc
MaxiSorp, Thermo Fisher Scientific) were coated with Bet v 1
(1 wg/mL) and saturated with PBS-T supplemented with 1% human serum
albumin. Sixteen replicates of each plasma sample were incubated
overnight at 4°C. After washing 5 times, phosphate-citrate buffers with
pH values of 7.4, 6.4, 6.0, 54, 5.0, 4.4, 4.0, or 3.4 were added in
duplicate and incubated for exactly 2 hours at room temperature to
dissociate Bet v 1-bound antibodies. Remaining IgG; antibodies were
detected by a horseradish peroxidase—labeled mouse—anti-human IgG,
antibody (Southern Biotech, Birmingham, Ala). IgG4 was detected by an
AKP-labeled mouse—anti-human IgG4 (BD Pharmingen, San Diego,
Calif). OD values obtained with a phosphate-citrate buffer of pH 7.4
were normalized to 100%, and the percentage of remaining antibodies
was individually calculated. Then, the avidity index, defined as the pH
value eluting 50% of antibodies, was individually calculated.

Surface plasmon resonance

Surface plasmon resonance (SPR) experiments were performed on a
Biacore T200 (Cytiva, Uppsala, Sweden). Bet v 1 diluted in 10 mmol/L
sodium acetate, pH 4.6, was immobilized on flow cell 2 of a CMS5 chip (Cytiva)
to a level of approximately 2400 response units (RUs) using standard amine-
coupling chemistry. The activated and deactivated flow cell 1 served as
reference surface. A 10 mmol/L HEPES buffer containing 150 mmol/L NaCl
and 0.05% Surfactant P20 (HBS-P+, Cytiva) was used as running buffer. All
analyses were performed at 37°C and a flow rate of 10 pL/min. Purified IgG,
and IgG, antibodies were injected undiluted or diluted in PBS over both flow
cells for 240 seconds and dissociation was monitored for 900 seconds. If
samples showed low binding levels, they were concentrated using centrifugal
filters with a 30-kDa cutoff (Merck, Darmstadt, Germany). Thereafter, the Bet
v 1 surface was regenerated by a 30-second pulse of 10 mmol/L glycine-HCI,
pH L.5. Samples that reached >15 RUs were considered positive. All IgG
samples were analyzed on the same Bet v 1 sensor chip surface. The integrity
of immobilized Bet v 1 was monitored by repeated injections of a murine Bet v
1-specific IgG; mAb. PBS injections served as blanks to correct for drift and
bulk effects. The binding levels of all samples were normalized to 100 RUs to
compare  the dissociation behavior independently from the
concentration. Original sensorgrams are shown in Fig El in this article’s
Online Repository at www.jacionline.org. Additionally, the sensorgrams
were evaluated using the Biacore T200 evaluation tool "Stability", which
mathematically fits the data to a kinetic model that considers only the
concentration-independent dissociation phase and assumes 2 independent
monovalent 1:1 dissociations. The data-fitting process calculates half-lives
(t1/2) for each of the 2 interactions and the collective half-life for each IgG
sample was calculated by proportional addition of the 2 half-lives. Goodness
of fit was confirmed by consistently low chi-square values (<0.4 % of binding
level).
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FIG 1. Betv 1-specific IgG, and IgG4 levels during AIT. Bet v 1-specific IgG,
and IgG, levels were quantified at indicated time points during BP-SCIT
(n = 24). Levels in pre-SCIT samples were individually subtracted from
levels at later time points. Boxplots with Tukey whiskers are shown, and
dots indicate outliers. *P < .05, **P < .01, ***P < .001, ****P < .0001,
Mann-Whitney U test.

Statistics

Statistical analyses were performed using GraphPad Prism 9.3.1
(San Diego, Calif) and IBM SPSS 23.0 software (Armonk, NY).
Between-group comparisons were done with Mann-Whitney U test.
Intragroup analyses were done with the Wilcoxon signed-rank test. All tests
were 2-tailed and differences were considered significant when P <.05.

RESULTS
Bet v 1-specific IgG; and IgG, levels during AIT
The levels of Bet v 1-specific IgE, IgG,, and IgG, antibodies in
samples from 24 individuals were determined in regular intervals
during 36 months of BP-SCIT (see Tables E1-E3 in this article’s
Online Repository at www.jacionline.org). After 1 month of
therapy, no significant increase of specific IgG; and IgG,
antibodies was found; however, after 3 months, the levels started
to be significantly higher than before treatment (P <.001 for all
subsequent time points, Wilcoxon signed-rank test). To better
compare the course of both isotypes during AIT, Bet v 1—specific
IgG, and IgG, levels were summarized after individual
subtraction of the levels in pre-SCIT samples (Fig 1).
AlT-induced Bet v 1-specific IgG, levels peaked at month 12
and IgG, levels at month 24. Overall, Bet v 1—specific IgG, levels
were slightly higher than IgG, levels during the first 6 months of
therapy and equalized at month 12. Thereafter, Bet v 1-specific
IgG4 levels significantly outnumbered IgG, levels (Fig 1, and
Table E2 and E3).

Serological IgE-blocking activity during AIT

By monitoring Bet v 1-specific IgG, and IgG, levels in 24
patients during BP-SCIT, we found 3 types of responders: 46%
of the individuals showed higher allergen-specific 1gG; levels
until month 12 followed by higher levels of allergen-specific
IgG4 (group 1), 42% displayed continuously higher IgG, than
IgG, levels (group 2), and 12% showed continuously higher
IgG, than IgG, responses (group 3). Accordingly, we selected 6
representative subjects of group 1 (P2, P7, P19, P23, P27, P28),
4 of group 2 (P11, P13, P24, P38), and 2 of group 3 (P14, P16)
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FIG 2. Allergen-specific IgG levels and IgE-blocking activity during AIT. The levels of Bet v 1-specific IgG,
(black circles) and 1gG,4 (white circles) (A,C) and the percentage of inhibition of Bet v 1-induced basophil
activation at indicated time points (B,D) are shown. Levels in pre-SCIT samples were individually subtracted
from levels at later time points. The gray box separates the 3 types of IgG responders described in the

results section. NT, Not tested.

to assess the IgE-blocking activity at months 1, 3, 6, 12, 18, 24, 30,
and 36 of AIT. Fig 2 depicts individual allergen-specific IgG; and
IgG, levels together with serological IgE-blocking activity. At
month 1, all subjects hardly reduced Bet v 1-induced basophil
activation, which accorded with not yet increased IgG levels.
All individuals developed an IgE-blocking activity of >90%,
however, at different time points of AIT. Two individuals started
at month 3, 6 at month 6, and 4 individuals at month 12. In 7 in-
dividuals, full IgE-blocking persisted thereafter. In 1 individual
(P13), the IgE-blocking activity began to decline after month 12
and in 3 individuals (P19, P23, P28) after month 30. One patient
(P14) showed a fluctuating IgE-blocking activity throughout
therapy.

Contribution of IgG, and IgG, antibodies to IgE-
blocking during AIT

To evaluate the contribution of IgG, and IgG, to IgE-blocking
in the course of therapy, we selected 5 individuals who had devel-
oped both isotypes and depleted either antibody class from the
samples collected at months 3, 6, 12, 18, 24, 30, and 36, respec-
tively. Then, the inhibition of Bet v 1-induced basophil activation
by complete samples was compared to those devoid of either IgG,
or IgG, (Fig 3). In all individuals, the depletion of IgG; resulted in
a prominent reduction of IgE-blocking activity at months 3, 6, and
12 of AIT, whereas the absence of IgG, caused a moderate reduc-
tion of inhibitory capacity. After month 12, the depletion of IgG,
more potently reduced IgE-blocking than the absence of IgG; in 4
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FIG 3. The contribution of Bet v 1-specific IgG; and IgG,4 to IgE-blocking during AIT. Basophils were
activated with Bet v 1 after incubation with plasma or with plasma devoid of either IgG; or IgG,. The
percentage of inhibition of basophil activation was calculated in relation to month 0.

TABLE I. Avidity index* of Bet v 1-specific IgG, and IgG, antibodies during AIT

Months of treatment

12 24 36
Patient 19G, 19G, 9G4 9G4 19G, 19G,
P19 3.85% 4.11 3.75 4.40 3.68 4.26
P20 4.02 4.68 3.90 4.70 3.71 4.52
P23 3.89 4.82 3.76 5.39 3.79 5.57
P27 3.73 4.78 <34 4.79 <34 4.65
P28 3.85 4.83 <34 4.75 <34 448
Median 3.85 4.78 3.75 4.75 3.68 4.52

*Avidity indexes were defined as the pH value eluting 50% of antibodies.

of 5 individuals. Notably, in 1 individual (P20) allergen-specific
1gG, was irrelevant for IgE-blocking at every time point.

Avidity of Bet v 1-specific IgG; and IgG, antibodies
during AIT

We took 2 approaches with selected samples from 5
patients (P19, P20, P23, P27, P28) to investigate the avidity of
Bet v 1-specific IgG; and IgG, antibodies in the course of AIT.
First, the binding of either IgG subclass in plasma samples to
plate-bound Bet v 1 was challenged by acidic conditions. As
shown in Table I, the pH value eluting 50% of antibodies (avidity
index) of IgG, was significantly lower than the avidity index of
IgG4 (P < .05 for each time point, Wilcoxon signed-rank test)
indicating a higher avidity of IgG, antibodies to Bet v 1.

Second, IgG; and IgG, antibodies eluted from isotype-
specific affinity matrices were injected over a Bet v 1-loaded
SPR sensor chip surface. Of a total of 70 IgG samples, 1 IgG,
sample and 5 IgG,4 samples from plasma collected at months 3
or 6 of AIT showed no association to Bet v 1 due to too low
antibody concentrations. The stability of allergen-antibody
complexes was compared by overlaying the dissociation phase
of normalized sensorgrams (Fig 4, A). The dissociation of
IgG, and IgG, antibodies varied markedly among the
individuals. In 3 of 5 individuals (P20, P23, P27) allergen-
IgG, complexes were more stable than allergen-IgG4 complexes

as indicated by a less pronounced decrease of RUs during the
dissociation phase. We found no correlation between complex
stability and therapy duration. To allow a quantitative
comparison of IgG; and IgG,, hypothetical half-lives (t;,;) of
allergen-antibody complexes were calculated for all
samples from 1 individual (Fig 4, B). Median t;;, of
Bet v 1-IgG; complexes were significantly higher than those
of Bet v 1-IgG4 complexes in 4 of 5 individuals (Fig 4, B).

DISCUSSION

The increase of allergen-specific IgG antibodies by AIT is a
consistent immunological finding; however, only their IgE-
blocking activity has been associated with therapeutic efficacy.’
We monitored the serological IgE-blocking activity as well as
the quantity and avidity of allergen-specific IgG; and IgG, anti-
bodies during 36 months of BP-SCIT. We hypothesized on an
alternating dominance of the 2 isotypes. Our close monitoring
of their quantity confirmed an overall trend of higher Bet v 1—spe-
cific IgG; levels in the first year of therapy. Thereafter, allergen-
specific IgG, significantly outnumbered IgG, antibodies. Still, a
quantitative predominance of 1 subclass throughout therapy
was detected in several patients and highlighted the individual di-
versity of humoral responses to AIT.

IgE-blocking activity was assessed by inhibition of allergen-
induced basophil activation with samples collected at 8 time
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FIG 4. Stability of Bet v 1-IgG complexes during AIT assessed by SPR. (A) The dissociation of IgG; and IgG,4
antibodies purified from plasma collected after 3, 6, 12, 18, 24, 30, and 36 months (m) of BP-SCIT from Betv 1
was monitored for 5 patients. The binding levels were normalized to 100 RUs and a zoom-in on the
dissociation phase is shown. (B) Boxplots of hypothetical t;, of complexes of all time points are shown
with Tukey whiskers, and dots indicate outliers. ¥*P < .05, **P < .01; Mann-Whitney U test.

points during AIT from a total of 13 individuals. Overall, the IgE-
blocking activity reached its maximum within the first year of
therapy. Although it is impossible to translate these results into
clinical relevance, they accord with the evaluation that 2-4 months
of AIT are required for onset of efficacy and 12-24 months for
maximal clinical effects.” Three years of AIT have been proposed
as necessary to achieve long-term remission of disease,”™*' which
has been associated with the persistence of IgE-blocking anti-
bodies.'” Interestingly, we noted a decline of IgE-blocking

activity in some individuals already in the course of AIT.
Collectively, these observations demonstrate that the bioactivity
of protective IgG antibodies varies longitudinally and
individually in the course of AIT.

To examine the contribution of IgG, and IgGy to the serologic
inhibitory activity in the course of AIT, we performed basophil
inhibition assays with samples devoid of either isotype. In all
studied individuals, IgG| dominated IgE-blocking during the first
year followed by a dominant role of IgG, thereafter in 4 of 5
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individuals. Notably, in 1 individual, solely IgG; was protective in
the entire course of treatment despite the fact that the patient
developed comparable levels of allergen-specific IgG; and IgG,
antibodies until month 12 and higher IgG, levels thereafter (see
Tables E2 and E3). This example together with the individuals
who displayed continued serological IgE-blocking during AIT
in the absence of remarkable IgG, levels (P14 and P16) (Fig 2)
revealed that IgG, have long-lasting relevance as protective
antibodies. Furthermore, these findings indicate that IgGy
is no reliable biomarker for clinical success in certain
individuals.”

To elucidate a possible link between avidity and IgE-blocking
activity, we investigated the binding strength of IgG; and IgG, to
solid-phase bound Bet v 1 by an ELISA-based end-point mea-
surement and by real-time monitoring of antibody dissociation
in SPR. Both approaches with samples from several time points
during AIT unanimously revealed that the avidity of either sub-
class did not substantially increase during treatment. Along these
lines, Huber et al>® detected no difference in the avidity of Bet v
1-specific IgG in sera from 5 patients obtained before and after 4
and 12 months and Svenson et al’* in sera from 6 patients
collected before and after 5 years of BP-SCIT, respectively. We
tested a mouse anti-Bet v 1 mAb with an affinity constant (Kp)
of 750 pmol/L under similar conditions as the IgG samples in
SPR and obtained a comparable sensorgram (see Fig E2 in this
article’s Online Repository at www.jacionline.org). From this
we conclude that the avidity of AlT-induced IgG; and IgGy
antibodies was high right from the start of therapy and roughly
corresponded to the 3 Bet v 1-specific mAbs that successfully
prevented allergic reactions of patients to nasal allergen challenge
with birch pollen.'™"" The high initial avidity may result from
sequential class switching required for the generation of high-
affinity anaphylactic IgE antibodies.””® This concept implies
that a larger fraction of IgE derives from antigen-experienced
IgG™ B cells and a smaller fraction directly from naive B cells ex-
pressing low-affinity IgM or IgD.?’ Thus, it is conceivable that
such intermediate IgG™ memory B cells accounted for the prompt
production of high-affinity IgG; and IgG, antibodies when re-
stimulated with allergen in AIT. In fact, single IgG1+, IgG2+,
and IgG4+ memory B cells expressing allergen-specific anti-
bodies and sharing common clonal origin with IgE+ B cells
were recently detected in individuals undergoing sublingual
AIT.?® Finally, the comparable affinity of Bet v 1-specific IgG an-
tibodies isolated from sera of untreated and BP-SCIT-treated in-
dividuals further supports this concept.”’

Another major finding of this study is that during AIT allergen-
IgG, complexes were enduringly more stable than allergen-IgG,
complexes. An asset of SPR as areal-time measurement lies in the
possibility to discriminate between different binding behaviors by
studying the curvature of sensorgrams. By doing so, a less
pronounced bivalent dissociation behavior became apparent in
IgG,4 samples. This observation is in accordance with IgG,4 being
described as a hetero-bivalent antibody.3°'33 Considering that a
substantial proportion of allergen-specific IgG, antibodies in
human serum may be functionally monovalent, it is plausible
that bivalent IgG, antibodies form more stable immune
complexes with Bet v 1. Moreover, preliminary data from our
laboratory indicate that the epitope repertoire recognized by
AlT-induced IgG, antibodies is broader than that of IgGy,
antibodies, which may also contribute to the formation of more
stable allergen-antibody complexes.
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For the first time to our knowledge, the protective role and
avidity of AlT-induced IgG, and IgG, antibodies were compared
regularly during 3 years of treatment. Although derived from a
limited number of subjects, our results provide evidence for
very individual humoral responses to AIT and challenge the
dogma that IgE-blocking is mainly attributed to IgG, antibodies.
The contribution of allergen-specific IgG; antibodies should not
be underestimated, particularly in the first year of AIT.

We gratefully acknowledge the technical assistance of Ute Vollmann.

Key messages

o Allergen immunotherapy induces highly affine allergen-
specific IgG; and IgG, antibodies with functional IgE-
blocking activity.

o IgG; dominates IgE-blocking in the first year of therapy.

o IgG, dominates IgE-blocking after the first year of
therapy.

REFERENCES

1. Zhang Y, Lan F, Zhang L. Update on pathomechanisms and treatments in allergic
rhinitis. Allergy 2022;77:3309-19.

2. Roberts G, Pfaar O, Akdis CA, Ansotegui 1J, Durham SR, Gerth van Wijk R, et al.
EAACI guidelines on allergen immunotherapy: allergic rhinoconjunctivitis. Al-
lergy 2018;73:765-98.

3. Penagos M, Durham SR. Duration of allergen immunotherapy for inhalant allergy.
Curr Opin Allergy Clin Immunol 2019;19:594-605.

4. Wachholz PA, Soni NK, Till SJ, Durham SR. Inhibition of allergen-IgE binding to
B cells by IgG antibodies after grass pollen immunotherapy. J Allergy Clin Immu-
nol 2003;112:915-22.

5. Nouri-Aria KT, Wachholz PA, Francis JN, Jacobson MR, Walker SM, Wilcock LK,
et al. Grass pollen immunotherapy induces mucosal and peripheral IL-10 responses
and blocking IgG activity. J Immunol 2004;172:3252-9.

6. Shamji MH, Valenta R, Jardetzky T, Verhasselt V, Durham SR, Wurtzen PA, et al.
The role of allergen-specific IgE, IgG and IgA in allergic disease. Allergy 2021;76:
3627-41.

7. Shamji MH, Ljorring C, Francis JN, Calderon MA, Larche M, Kimber I, et al.
Functional rather than immunoreactive levels of IgG, correlate closely with clin-
ical response to grass pollen immunotherapy. Allergy 2012;67:217-26.

8. James LK, Till SJ. Potential mechanisms for IgG, inhibition of immediate hyper-
sensitivity reactions. Curr Allergy Asthma Rep 2016;16:23.

9. Orengo JM, Radin AR, Kamat V, Badithe A, Ben LH, Bennett BL, et al. Treating
cat allergy with monoclonal IgG antibodies that bind allergen and prevent IgE
engagement. Nat Commun 2018;9:1421.

10. Atanasio A, Franklin MC, Kamat V, Hernandez AR, Badithe A, Ben LH, et al. Tar-
geting immunodominant Bet v 1 epitopes with monoclonal antibodies prevents the
birch allergic response. J Allergy Clin Immunol 2022;149:200-11.

11. Gevaert P, De Craemer J, De Ruyck N, Rottey S, de Hoon J, Hellings PW, et al. Novel
antibody cocktail targeting Bet v 1 rapidly and sustainably treats birch allergy symp-
toms in a phase 1 study. J Allergy Clin Immunol 2022;149:189-99.

12. Shamji MH, Kappen J, Abubakar-Waziri H, Zhang J, Steveling E, Watchman S,
et al. Nasal allergen-neutralizing IgG, antibodies block IgE-mediated responses:
novel biomarker of subcutaneous grass pollen immunotherapy. J Allergy Clin Im-
munol 2019;143:1067-76.

13. Sanchez Acosta G, Kinaciyan T, Kitzmuller C, Mobs C, Pfutzner W, Bohle B. IgE-
blocking antibodies following SLIT with recombinant Mal d 1 accord with
improved apple allergy. J Allergy Clin Immunol 2020;146:894-900.e2.

14. Djurup R, Osterballe O. IgG subclass antibody-response in grass pollen-allergic pa-
tients undergoing specific immunotherapy—prognostic value of serum IgG sub-
class antibody-levels early in immunotherapy. Allergy 1984;39:433-41.

15. Nakagawa T, Kozeki H, Katagiri J, Fujita Y, Yamashita N, Miyamoto T, et al.
Changes of house dust mite-specific IgE, IgG and IgG subclass antibodies during
immunotherapy in patients with perennial rhinitis. Int Arch Aller Appl Immunol
1987;82:95-9.


http://www.jacionline.org
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref1
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref1
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref2
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref2
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref2
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref3
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref3
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref4
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref4
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref4
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref5
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref5
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref5
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref6
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref6
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref6
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref7
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref7
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref7
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref7
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref8
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref8
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref8
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref9
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref9
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref9
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref10
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref10
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref10
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref11
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref11
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref11
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref12
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref12
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref12
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref12
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref12
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref13
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref13
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref13
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref14
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref14
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref14
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref15
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref15
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref15
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref15

1378 STROBL ET AL

20.

21.

22.

23.

24.

. Peng ZK, Naclerio RM, Norman PS, Adkinson NF. Quantitative IgE-subclass and

IgG-subclass responses during and after long-term ragweed immunotherapy.
J Allergy Clin Immunol 1992;89:519-29.

. James LK, Shamji MH, Walker SM, Wilson DR, Wachholz PA, Francis JN, et al.

Long-term tolerance after allergen immunotherapy is accompanied by selective
persistence of blocking antibodies. J Allergy Clin Immunol 2011;127:509-16.e1-5.

. Pullen GR, Fitzgerald MG, Hosking CS. Antibody avidity determination by ELISA

using thiocyanate elution. J Immunol Methods 1986;86:83-7.

. Klasse PJ. How to assess the binding strength of antibodies elicited by vaccination

against HIV and other viruses. Expert Rev Vaccines 2016;15:295-311.

Penagos M, Eifan AO, Durham SR, Scadding GW. Duration of allergen immuno-
therapy for long-term efficacy in allergic rhinoconjunctivitis. Curr Treat Options
Allergy 2018;5:275-90.

Valovirta E, Petersen TH, Piotrowska T, Laursen MK, Andersen JS, Sorensen HF,
et al. Results from the 5-year SQ grass sublingual immunotherapy tablet asthma
prevention (GAP) trial in children with grass pollen allergy. J Allergy Clin Immu-
nol 2018;141:529-38.e13.

Shamji MH, Layhadi JA, Sharif H, Penagos M, Durham SR. Immunological re-
sponses and biomarkers for allergen-specific immunotherapy against inhaled aller-
gens. J Allergy Clin Immunol Pract 2021;9:1769-78.

Huber S, Lang R, Steiner M, Aglas L, Ferreira F, Wallner M, et al. Does clinical
outcome of birch pollen immunotherapy relate to induction of blocking antibodies
preventing IgE from allergen binding? A pilot study monitoring responses during
first year of AIT. Clin Transl Allergy 2018;8:39.

Svenson M, Jacobi HH, Bodtger U, Poulsen LK, Rieneck K, Bendtzen K. Vacci-
nation for birch pollen allergy. Induction of affinity-matured or blocking IgG

25.

26.

217.

28.

29.

30.

3L

32.

33.

J ALLERGY CLIN IMMUNOL
MAY 2023

antibodies does not account for the reduced binding of IgE to Bet v 1. Mol Immu-
nol 2003;39:603-12.

Erazo A, Kutchukhidze N, Leung M, Christ APG, Urban JF, de Lafaille MAC,
et al. Unique maturation program of the IgE response in vivo. Immunity 2007;
26:191-203.

Xiong HZ, Dolpady J, Wabl M, de Lafaille MAC, Lafaille JJ. Sequential class
switching is required for the generation of high affinity IgE antibodies. J Exp
Med 2012;209:353-64.

Looney TJ, Lee JY, Roskin KM, Hoh RA, King J, Glanville J, et al.
Human B-cell isotype switching origins of IgE. J Allergy Clin Immunol 2016;
137:579-86.¢7.

Hoof I, Schulten V, Layhadi JA, Stranzl T, Christensen LH, de la Mata SH, et al.
Allergen-specific IgG(+) memory B cells are temporally linked to IgE memory re-
sponses. J Allergy Clin Immunol 2020;146:180-91.

Jakobsen CG, Bodtger U, Poulsen LK, Roggen EL. Vaccination for birch pollen
allergy: comparison of the affinities of specific immunoglobulins E, G1 and G4
measured by surface plasmon resonance. Clin Exp Allergy 2005;35:193-8.
Schuurman J, Van Ree R, Perdok GJ, Van Doorn HR, Tan KY, Aalberse RC.
Normal human immunoglobulin G4 is bispecific: it has two different antigen-
combining sites. Immunology 1999;97(4):693-8.

Aalberse RC, Schuurman J. IgG, breaking the rules. Immunology 2002;105:9-19.
Aalberse RC, Stapel SO, Schuurman J, Rispens T. Immunoglobulin G,: an odd
antibody. Clin Exp Allergy 2009;39:469-77.

Davies AM, Rispens T, Ooijevaar-de Heer P, Gould HIJ, Jefferis R, Aalberse RC,
et al. Structural determinants of unique properties of human IgG4-Fc. J Mol Biol
2014;426:630-44.


http://refhub.elsevier.com/S0091-6749(23)00036-2/sref16
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref16
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref16
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref17
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref17
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref17
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref18
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref18
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref19
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref19
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref20
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref20
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref20
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref21
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref21
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref21
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref21
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref22
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref22
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref22
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref23
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref23
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref23
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref23
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref24
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref24
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref24
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref24
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref25
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref25
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref25
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref26
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref26
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref26
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref27
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref27
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref27
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref28
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref28
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref28
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref28
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref29
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref29
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref29
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref30
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref30
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref30
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref31
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref31
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref32
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref32
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref32
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref33
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref33
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref33
http://refhub.elsevier.com/S0091-6749(23)00036-2/sref33

J ALLERGY CLIN IMMUNOL
VOLUME 151, NUMBER 5

m03
m06
ml2
ml§

m30
m36

A IgG1 TgG4 B
A 1504 P19 1507
100 0
501 501
Ny - 01
0 400 800 1200 0 400 800 1200
1507 P20 1501
100 100
501 /: 50y /e
y e 7.
7 Vg
0"(, 0'/
0 400 800 1200 0 400 800 1200
1504 P23 1507
1001 1001
501 //g
01/
0 400 800 1200 0 400 800 1200
1501 P27 1501
100 100
50| / 501
o 01
. . . i
0 400 80 1200 0
=
1501 150
~3 P28
< 1001 100
w2
g 50y g 50
2
Qo O1p 01
[
0 400 800 1200 0 400 800 1200
Time (s) >

Response (RU)

STROBL ET AL 1378.e1

Experimental data

Stability model fit

1500

1480

1460

1440
14204+———F———

0 200 400 600 800 1000
Time (s)

FIG E1. Sensorgrams of antibodies binding to immobilized Bet v 1. (A) IgG1 and IgG4 antibodies
purified from samples collected at months 3, 6, 12, 18, 24, 30, and 36 of BP-SCIT were injected over a
Bet v 1-immobilized SPR sensor chip and dissociation was monitored. (B) The Stability model fit
(red line) considers the concentration-independent dissociation phase of IgG (black line) to calculate

hypothetical complex half-lives.
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FIG E2. Affinity of the Bet v 1-specific murine BIP1 mAb and comparison with patient-derived IgG1.
(A) Kinetic parameters of BIP1-binding to Bet v 1 measured by Biacore 3000 (Cytiva). BIP1 was captured by
an anti-mouse IgG antibody immobilized to a CM5 sensor chip by amine-coupling chemistry in flow cell (Fc)
2. The activated and deactivated Fc1 served as reference. Then, Bet v 1 (64-0.5 nmol/L, gray lines) was in-
jected over both Fcs, which were regenerated by a 30-second pulse of glycine, pH 1.5. Kinetics were evalu-
ated using a 1:1 Langmuir binding model (black lines) in BlAevaluation software 4.1 (Cytiva). (B) BIP1 and
IgG1 antibodies purified from samples of P20 collected at months 6, 12, 18, 24, 30, and 36 of BP-SCIT were
injected over a Bet v 1-immobilized SPR sensor chip and dissociation was monitored. (C) The binding levels
were normalized to 100 RUs and a zoom-in on the dissociation phase is shown.
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TABLE E1. Bet v 1-specific IgE (kUA/L) levels in 24 individuals during 36 months of BP-SCIT

IgE (kUA/L) Month of treatment

Patient 0 1 3 6 12 18 24 30 36
P2 0.48 1.25 2.43 1.74 1.39 NT 2.17 1.03 1.07
P5 2.66 2.53 2.95 6.64 4.26 5.78 3.40 2.44 2.60
P6 23.65 22.00 25.30 29.60 45.60 58.45 38.50 29.90 29.40
P7 6.28 5.68 7.06 10.10 5.71 15.05 7.00 5.66 4.45
P10 0.80 0.64 0.50 0.55 0.38 0.35 0.35 0.24 0.40
P11 60.70 46.50 62.00 36.60 58.70 53.90 60.40 40.40 36.90
P12 21.20 23.35 16.00 63.20 30.10 32.40 12.70 27.80 43.50
P13 0.73 0.56 0.58 0.38 0.76 NT 0.64 1.10 NT
P14 42.90 42.70 41.90 36.90 47.30 32.10 33.00 27.70 32.80
P16 16.35 17.70 16.90 20.10 10.70 15.80 12.00 17.30 13.40
P18 5.45 5.65 5.24 5.54 3.50 3.87 2.95 3.78 3.69
P19 5.08 6.51 8.16 7.74 7.08 5.78 4.16 5.49 4.18
P20 3.99 4.29 3.82 4.85 4.01 4.58 2.79 5.18 3.49
P21 5.68 6.56 6.81 4.47 2.41 2.11 8.55 4.10 2.27
P22 11.50 11.80 10.70 7.74 7.95 NT 8.29 7.17 4.86
P23 5.11 5.63 5.85 6.09 5.58 9.34 4.41 4.42 3.51
P24 14.00 9.13 8.43 17.40 5.98 8.37 3.34 2.99 1.99
P25 8.42 6.84 7.12 8.17 7.23 6.43 6.03 4.25 4.48
P27 55.10 38.30 36.20 44.10 37.30 21.70 23.60 22.10 22.90
P28 5.20 4.34 5.40 5.38 3.58 2.38 3.56 2.88 2.23
P34 30.80 32.10 NT 35.10 22.10 19.40 27.50 32.80 24.80
P35 44.15 42.00 40.70 26.90 37.90 32.90 29.90 21.60 19.00
P36 57.00 66.30 63.70 48.30 49.20 76.45 73.00 40.30 43.80
P38 22.60 29.00 35.30 23.00 26.00 14.10 9.71 16.80 17.70

Month 0 is before BP-SCIT.
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TABLE E2. Bet v 1-specific IgG1 (png/mL) levels in 24 individuals during 36 months of BP-SCIT
19G1 (png/mL) Month of treatment
Patient 0 1 3 6 12 18 24 30 36
P2 0.55 0.48 1.31 1.86 3.13 NT 2.55 3.29 5.11
P5 0.0 0.0 0.29 1.11 2.17 0.56 0.93 0.69 1.15
P6 0.0 0.98 3.43 3.29 3.47 1.83 1.0 2.81 3.39
P7 0.21 0.15 1.22 1.87 1.72 1.43 0.92 0.73 1.06
P10 0.15 0.07 0.10 0.0 0.55 223 221 1.18 0.21
P11 0.0 0.0 0.19 5.10 1.83 1.89 1.82 2.49 2.08
P12 0.0 0.0 0.17 0.23 0.30 NT 0.28 0.47 NT
P13 0.36 0.22 0.41 6.13 3.61 1.66 1.36 0.99 1.11
P14 0.86 0.49 1.62 4.28 3.50 1.19 6.56 4.29 2.26
P16 0.0 0.0 0.0 0.50 1.59 0.83 1.22 1.04 1.4
P18 0.54 0.43 1.03 1.55 1.55 1.13 0.80 0.61 NT
P19 0.0 0.0 1.42 2.17 2.88 1.24 1.26 1.58 1.47
P20 0.29 0.25 0.23 1.23 2.86 1.04 1.50 2.15 1.63
P21 0.88 0.46 2.10 1.60 1.46 1.52 2.11 1.64 1.24
P22 0.15 0.16 0.0 0.33 227 NT 1.15 0.47 0.73
P23 0.40 0.63 2.75 3.73 6.20 4.37 1.32 0.95 0.45
P24 0.0 0.13 0.45 1.17 0.90 0.96 0.63 0.40 0.30
P25 1.05 0.85 NT 2.21 2.62 2.73 2.07 2.28 1.78
P27 0.84 0.47 1.16 1.74 4.94 2.70 4.51 4.89 2.92
P28 0.42 0.33 1.00 1.97 3.94 5.85 4.17 0.65 1.17
P34 0.0 0.0 NT 1.71 2.11 0.99 1.15 1.00 NT
P35 0.88 NT 0.73 2.45 1.58 2.88 2.10 1.76 1.69
P36 0.66 1.06 1.19 2.96 3.57 341 4.04 2.45 NT
P38 0.0 0.0 0.47 1.70 1.76 1.09 1.01 1.06 NT

Month 0 is before BP-SCIT.
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TABLE E3. Bet v 1-specific IgG4 (ng/mL) levels in 24 individuals during 36 months of BP-SCIT

19G4 (pg/mL) Month of treatment

Patient 0 1 3 6 12 18 24 30 36
P2 0.01 0.04 0.06 0.34 1.22 NT 5.83 4.53 9.46
P5 0.02 0.04 0.07 0.3 1.14 0.47 1.25 1.14 2.05
P6 0.0 0.0 0.23 0.72 1.35 0.68 0.85 2.69 2.49
P7 0.03 0.02 0.15 0.58 1.86 2.31 1.76 1.27 1.10
P10 1.22 1.12 2.07 1.67 3.00 3.88 7.40 11.80 241
P11 0.28 0.25 0.31 6.34 6.67 9.10 15.10 23.40 26.80
P12 0.0 0.0 0.0 0.0 0.14 NT 0.12 0.55 NT
P13 0.55 0.55 1.77 18.50 13.90 8.52 12.10 5.29 4.37
P14 0.0 0.01 0.04 0.1 0.15 0.10 0.32 0.23 0.15
P16 0.02 0.0 0.0 0.15 0.11 0.09 0.87 0.36 0.56
P18 0.47 0.57 2.65 3.00 3.89 3.96 5.20 5.44 7.41
P19 0.11 0.12 1.50 1.57 3.24 2.88 4.06 5.50 4.36
P20 0.13 0.11 0.18 1.09 2.59 1.51 2.02 3.95 2.87
P21 0.28 0.27 1.15 1.54 3.90 5.55 12.00 11.10 NT
P22 0.29 0.36 0.37 0.38 5.06 NT 7.65 6.08 NT
P23 0.14 0.14 0.57 1.29 5.60 14.30 10.80 15.20 12.45
P24 0.47 0.36 1.28 4.61 6.16 12.00 10.80 17.60 10.50
P25 243 1.98 4.18 11.10 14.60 15.80 13.10 18.10 19.40
P27 0.29 0.23 0.22 0.72 2.77 4.79 14.10 13.20 16.20
P28 0.17 0.13 0.28 1.65 6.80 16.70 24.90 6.90 8.06
P34 0.16 0.25 NT 3.01 6.10 11.70 13.60 12.85 10.10
P35 1.30 1.40 0.92 0.69 0.95 2.67 4.57 6.01 5.56
P36 0.21 0.20 0.29 0.85 2.00 3.97 7.29 6.47 5.43
P38 0.05 0.08 0.87 3.49 4.23 5.50 5.14 5.19 6.30

Month 0 is before BP-SCIT.
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