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Abstract: The BNT162b2 COVID-19 vaccine is composed of lipid-nanoparticles (LNP) containing
the mRNA that encodes for SARS-CoV-2 spike glycoprotein. Bronchospasm has been reported as an
early reaction after COVID-19 mRNA vaccines in asthmatic patients. The aim of this study was to
investigate the acute impact of BNT162b2 in a human ex vivo model of severe eosinophilic asthma.
Passively sensitized human isolated bronchi were challenged with the platelet-activating factor to
reproduce ex vivo the hyperresponsiveness of airways of patients suffering from severe eosinophilic
asthma. BNT162b2 was tested on the contractile sensitivity to histamine and parasympathetic
activation via electrical field stimulation (EFS); some experiments were performed after mRNA
denaturation. BNT162b2 increased the resting tone (+11.82 ± 2.27%) and response to histamine in
partially contracted tissue (+42.97± 9.64%) vs. the control (p < 0.001); it also shifted the concentration-
response curve to histamine leftward (0.76 ± 0.09 logarithm) and enhanced the response to EFS
(+28.46 ± 4.40%) vs. the control. Denaturation did not significantly modify (p > 0.05) the effect
of BNT162b2. BNT162b2 increases the contractile sensitivity to histamine and parasympathetic
activation in hyperresponsive airways, a detrimental effect not related to the active component but
to some excipient. A possible candidate for the bronchospasm elicited by BNT162b2 could be the
polyethylene glycol/macrogol used to produce LNP.

Keywords: airway hyperresponsiveness; asthma; BNT162b2; bronchospasm; comirnaty; COVID-19;
exacerbation; eosinophils; isolated airways; polyethylene glycol; macrogol; safety; SARS-CoV-2;
tozinameran; vaccine

1. Introduction

Asthma is a heterogeneous disease characterized by chronic airway inflammation
associated with respiratory symptoms and variable expiratory airflow limitation [1]. Severe
asthmatic patients are at high risk of airway hyperresponsiveness (AHR) in response to
several stimuli, mainly due to the activation of resident eosinophils in the bronchial tissue
leading to bronchospasm [2–4]. Asthmatic patients experiencing ≥3 exacerbations per
year may have a distinct frequent asthma exacerbation phenotype. Such a condition is
called exacerbation-prone asthma (EPA) with specific implications for the targeting of
exacerbation prevention strategies [2].

BNT162b2, the most widely administered COVID-19 vaccine in Europe, is composed
of lipid-nanoparticles (LNP) containing the mRNA that encodes for the SARS-CoV-2 spike
glycoprotein [5,6]. The rate of allergic reactions to COVID-19 mRNA vaccines is greater
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among patients suffering from a history of high-risk allergies. Generally, COVID-19 vaccina-
tion has been recommended for severe asthmatics, as the reported adverse effects consisting
of acute bronchospasm are rare, but possible [7–9]. In severe asthmatic patients treated with
biologic therapies such as benralizumab, mepolizumab, and dupilumab, conflicting find-
ings resulted from real-world settings concerning the response to the COVID-19 vaccine:
some studies reported significantly lower antibody levels compared with healthy subjects
after vaccination, whereas other studies reported no significant difference in antibody
response to the vaccine compared to other patient groups after either two or three vaccine
doses [10,11]. In any case, it seems that the type of biological treatment does not affect
vaccine-elicited humoral and cellular immunity in severe asthmatic patients [12].

Although it has been suggested that most patients with a history of allergic diseases
can be safely immunized with COVID-19 mRNA vaccines, significant bronchospasm has
been reported as an early reaction within 10 to 20 min after the first dose of the vaccine
in asthmatic patients [5,13]. As a matter of fact, in these subjects, a 30-min observation
period is suggested after receiving COVID-19 mRNA vaccines to check for potential allergic
reactions [14].

Certainly, it is striking that more than 80% of the reported anaphylaxis cases due to
mRNA vaccines occurred primarily after the first dose administration [15]. Indeed, these
epidemiological data support a possible link between COVID-19 mRNA vaccination and
asthma exacerbation, especially in severe patients suffering from EPA [16,17]. However,
no data are currently available regarding a potential effect of BNT162b2 on human air-
way smooth muscle (ASM). Despite the claimed favorable safety profile of BNT162b2,
adverse events were reported only generically in the primary publication with no spe-
cific frequencies [18]. Unexpectedly, after more than two years from the publication of
data [18], detailed results regarding the real safety profile of BNT162b2 are not available
on the ClinicalTrials.gov database (NCT04368728). In addition, real-world safety data are
scarce [19].

In the light of this evidence, we have hypothesized that BNT162b2 may have a detri-
mental effect on the airways of patients suffering from severe asthma, who are characterized
by baseline AHR and activated eosinophils infiltrating the bronchial tissue [20]. Therefore,
the aim of this study was to investigate the acute impact of BNT162b2 on AHR in a human
ex vivo model of severe eosinophilic asthma.

2. Materials and Methods
2.1. Tissue Collection and Preparation

Regions of lungs were taken from uninvolved areas of neoplastic lesions and resected
from 10 patients undergoing lobectomy surgery for lung cancer. Tissue was placed in
Krebs–Henseleit (KH) buffer solution (NaCl, 119.0 mmol; KCl, 5.4 mmol; CaCl2, 2.5 mmol;
KH2PO4 mmol, 1.2 mmol; MgSO4, 1.2 mmol; NaHCO3, 25.0 mmol; glucose, 11.7 mmol;
pH 7.4) containing indomethacin (5 µM) and transported to the Laboratory of Respiratory
Diseases at the University of Rome “Tor Vergata” (Italy) from a nearby hospital.

All the donors did not suffer from chronic obstructive respiratory disorders, including
asthma and chronic obstructive pulmonary disease. None of the patients had been chron-
ically treated with corticosteroids and/or bronchodilators, and serum immunoglobulin
E (IgE) levels were in the normal range (<100 IU/mL). Additionally, preoperative lung
function parameters were in the normal range. Detailed demographic and metric character-
istics of donors are reported in Table 1. In the laboratory, the airways were cut into rings
(sub-segmental bronchi: thickness 1–2 mm, diameter 4–5 mm) [21].
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Table 1. Demographic characteristics of human subjects and normal ranges, according to GOLD and
GINA recommendations [1,22].

Characteristics Tissue Used as Ex Vivo Model of Severe
Eosinophilic Asthma Normal Range

Gender (male/female) 5/5 /
Age (years) 53.5 ± 3.1 /
Height (cm) 168.2 ± 2.3 /
Weight (Kg) 67.4 ± 2.4 /

BMI 23.8 ± 0.8 18.5–24.9
Smoking status

current 0 /
former 10 /
never 0 /
IgE 45.3 ± 6.4 <100

Pack years 16.5 ± 2.1 /
FEV1 (L) 2.75 ± 0.12 /

FEV1 (% predicted) 88.0 ± 3.8 >80
FEV1 reversibility (%) 4.8 ± 1.1 <12%

FVC (L) 3.58 ± 0.15 /
FEV1/FVC 0.77 ± 0.01 >0.7

Results reported as mean ± SE of n = 10 subjects. BMI: body mass index; FEV1: forced expiratory volume in 1 s;
FVC: forced vital capacity; GINA: Global Initiative for Asthma; GOLD: Global Initiative for Chronic Obstructive
Lung Disease; IgE: immunoglobulin E; IU: international units; SE: standard error.

2.2. Passive Sensitization and Eosinophils Activation

The passive sensitization is a model that closely mimics important functional char-
acteristics of non-specific AHR in asthmatic patients, as previously reported [23,24]. Iso-
lated airways were rotated overnight at room temperature in tubes containing KH buffer
solution in the presence of 10% vol−1 sensitizing serum or 10% vol−1 non-sensitizing
serum. Sensitizing and non-sensitizing sera were prepared by centrifugation from the
whole blood. Sensitizing serum was obtained from a patient suffering from atopic asthma
(total IgE > 1000 U mL−1 specific against common aeroallergens) during an exacerbation,
whereas non-sensitizing serum was obtained from a non-atopic donor (total IgE 48 U mL−1).
The subjects provided signed consent for serum donation. Sera were frozen at −80 ◦C
in 250 µL aliquots until required. The day after, before beginning the experiments, pas-
sively sensitized airways were challenged for 45 min with platelet-activating factor (PAF,
100 nM), a procedure that activates resident eosinophils normally present in the bronchial
tissue [25–27]. Overall, challenging passively sensitized human isolated airways with PAF
is a validated method that reproduces ex vivo important characteristics of AHR in severe
eosinophilic asthma [24,25,28–31].

2.3. Transmural Stimulation

Transmural stimulation, also called electrical field stimulation (EFS), was performed
by placing tissues between two wire platinum electrodes (20 mm apart, Panlab Harvard
Apparatus, Barcelona, Spain) connected to a 3165 multiplexing pulse booster stimulator
(Ugo Basile, Gemonio, Italy). Bronchial rings were contracted by EFS at increasing fre-
quencies (EFS3–25Hz, 10 V, 10 s, 0.5 ms, biphasic pulse) in order to stimulate the resident
parasympathetic ganglia to activate the vagus nerve firing (parasympathetic pathway)
observed in human in vivo and, thus, eliciting a contractile response via the release of
endogenous acetylcholine [32].

2.4. Preparation of Drugs

The BNT162b2 vaccine (Pfizer-BioNTech, New York, NY, USA) includes the active com-
ponent tozinameran, a highly purified single-stranded 5′-mRNA encoding the viral spike
protein of SARS-CoV-2, and several excipients, such as polyethylene glycol/macrogol (PEG)
as part of ALC-0159 (https://www.gov.uk/government/publications/regulatory-approval

https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/information-for-healthcare-professionals-on-pfizerbiontech-covid-19-vaccine
https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/information-for-healthcare-professionals-on-pfizerbiontech-covid-19-vaccine
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-of-pfizer-biontech-vaccine-for-covid-19/information-for-healthcare-professionals-on-pfize
rbiontech-covid-19-vaccine, accessed on 21 December 2022). BNT162b2 was stored accord-
ing to the fact sheet (https://www.pfizer.com/products/product-detail/pfizer-biontech-c
ovid-19-vaccine, accessed on 21 December 2022) and used immediately after being diluted in
its specific diluent (sodium chloride 0.9% solution for injection, vehicle). Residual volumes
of diluted vaccine collected from those vials from which it was not possible to extract the
extra 6th dose were used in this study (https://www.ema.europa.eu/en/news/extra-dose
-vials-comirnaty-covid-19-vaccine, accessed on 21 December 2022).

Histamine (Sigma-Aldrich, Milan, Italy) was diluted in distilled water and indomethacin
(Sigma-Aldrich, Milan, Italy) in dimethyl sulfoxide (DMSO). The maximum amount of
ethanol and DMSO did not influence the isolated tissue response [33]. Histamine and
indomethacin were stored in small aliquots at −80 ◦C until their use.

2.5. Contraction Measurement

Bronchial rings were mounted into a 10-mL High Tech 8 Channels Manual Compact
Organ Bath system (Panlab Harvard Apparatus, Barcelona, Spain) containing KH buffer
solution (37 ◦C) aerated with O2/CO2 (95:5%) and attached to isometric force transducers
Fort25 (WPI, Middlewich, UK). Isolated airways were allowed to equilibrate by flushing
with fresh KH buffer solution. Passive tension was determined by the gentle stretching
of tissue (0.5–1.0 g) during equilibration. When the passive contractile tone reached the
plateau, bronchial rings were washed three times with KH buffer solution and allowed to
further equilibrate for 45 min.

2.6. Study Characteristics

This study was ex vivo, prospective, randomized, controlled, and blinded, with
parallel groups.

2.7. Endpoint

The endpoint of this study was to assess the impact of BNT162b2 on the contractile
sensitivity to histamine and parasympathetic activation in a human ex vivo model of severe
eosinophilic asthma.

2.8. Study Design

Concentration-response curves (CRCs) to BNT162b2 were constructed on the resting
tone of isolated airways and on bronchial tissue partially pre-contracted by histamine
administered at concentrations eliciting 20% the maximal effect (EC20); each next drug
administration was performed when the previous administered concentration elicited a
contractile plateau, generally 5–15 min. The effect of pre-treating 45 min isolated airways
with BNT162b2 was also tested on the CRC to His. Further bronchial tissue was stimulated
by EFS3–25Hz, with each EFS delivered after that the contractile response induced by the
previous EFS was terminated, usually after 3–5 min. Experiments were performed in
both non-sensitized (NS) bronchial tissue and in passively sensitized plus PAF challenged
(sens+PAF) isolated airways; the vehicle was used as a control. In order to assess the
component of the vaccine (active component vs. excipients) which is potentially responsible
for AHR, some experiments were performed by using BNT162b2 after mRNA denaturation
(heated 5 min at 70 ◦C), a condition that does not alter the PEG structure [34,35].

2.9. Pharmacological and Statistical Analysis

In experiments performed on resting and histaminergic tone, results were reported
as the percentage of the maximal effect (Emax) induced by histamine [36]; in experiments
performed on EFS3–25Hz, results were reported as the percentage of Emax elicited by 25 Hz
in control bronchi [37]. Appropriate curve-fittings to sigmoidal models were used to
calculate the half maximal effective concentration (EC50). The equations used to describe
the models were Y = Bottom + (Top − Bottom)/(1 + 10ˆ((LogEC50 − X) × HillSlope)) and

https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/information-for-healthcare-professionals-on-pfizerbiontech-covid-19-vaccine
https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/information-for-healthcare-professionals-on-pfizerbiontech-covid-19-vaccine
https://www.gov.uk/government/publications/regulatory-approval-of-pfizer-biontech-vaccine-for-covid-19/information-for-healthcare-professionals-on-pfizerbiontech-covid-19-vaccine
https://www.pfizer.com/products/product-detail/pfizer-biontech-covid-19-vaccine
https://www.pfizer.com/products/product-detail/pfizer-biontech-covid-19-vaccine
https://www.ema.europa.eu/en/news/extra-dose-vials-comirnaty-covid-19-vaccine
https://www.ema.europa.eu/en/news/extra-dose-vials-comirnaty-covid-19-vaccine
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Y = Bottom + (Top − Bottom)/(1 + 10ˆ((LogEC50 − X))), according to the goodness of fit.
EC50 was transformed into pEC50 (−LogEC50) to perform the statistical analysis of the
potency [38].

Results were reported as mean ± standard error (SE), with two-way analysis of vari-
ance (ANOVA) with multiple comparisons used to assess the level of statistical significance
for p < 0.05.

2.10. Sample Size

No published data are currently available concerning the impact of BNT162b2 on AHR
in human airways; therefore the sample size for this study cannot be calculated. However,
n ≥ 5 has been used according to the statistical reporting guidelines for pharmacological
studies [39].

3. Results
3.1. Baseline Characteristics

No significant difference resulted for the stability of resting tone between NS and
sens+PAF (p > 0.05). Sens+PAF isolated airways were significantly (p < 0.01) hyperrespon-
sive to histamine compared to NS isolated airways (delta pEC50: 0.34 ± 0.08). The baseline
contractile response to histamine is reported in Table 2. Sens+PAF bronchi where also
significantly (p < 0.05) hyperresponsive to EFS compared to NS bronchi (720 ± 140 mg vs.
410 ± 90 mg, respectively).

Table 2. Effect of BNT162b2 and mRNA denaturation on the pharmacological characteristics of CRC
to histamine in NS and sens+PAF isolated airways.

NS Sens+PAF

Emax pEC50 Emax pEC50

Control, histamine + vehicle 103.10 ± 3.56 4.29±0.07 96.57 ± 3.63 4.63 ± 0.09 **

Histamine + BNT162b2 1 ng/ml 101.30 ± 2.71 4.27±0.05 97.20 ± 2.73 5.39 ± 0.09 *** §

Histamine + denatured BNT162b2 1 ng/ml / / 101.0 ± 6.10 5.25 ± 0.14 §

**: p < 0.01 and ***: p < 0.001 vs. NS; §: p < 0.001 vs. control; results reported as mean ± SE of n = 5 human isolated
sub-segmental bronchi. /: experiments not performed; CRC: concentration-response curve; EC50: half maximal
effective concentration; Emax: maximal effect; pEC50: −LogEC50: NS: non-sensitized; PAF: platelet-activating
factor; SE: standard error; sens+PAF: passively sensitized plus PAF challenge.

3.2. Effect of BNT162b2 on Isolated Airways Resting Tone

BNT162b2 100–1000 ng/mL slightly but significantly increased the resting tone in
sens+PAF isolated airways (Emax +11.82 ± 2.27%, p < 0.001 vs. control) but not in NS
isolated airways (p > 0.05 vs. control) (Figure 1).
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Figure 1. Effect of BNT162b2 on isolated airways resting tone in NS and sens+PAF isolated airways.
* p < 0.05 and *** p < 0.001 vs. control; results reported as mean ± SE of n = 5 human isolated sub-
segmental bronchi. NS: non-sensitized; PAF: platelet-activating factor; SE: standard error; sens+PAF:
passively sensitized plus PAF challenge.
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3.3. Effect of BNT162b2 on Isolated Airways Partially Pre-Contracted by Histamine

BNT162b2 1–1000 ng/mL significantly increased the contractile response to histamine
administered at EC20 in sens+PAF isolated airways (Emax +42.97 ± 9.64%, p < 0.001 vs.
control) but not in NS isolated airways (p > 0.05 vs. control) (Figure 2). The pEC50
of BNT162b2 on sens+PAF isolated airways partially pre-contracted by histamine was
0.52 ± 0.75.
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Figure 2. Effect of BNT162b2 in NS and sens+PAF isolated airways partially pre-contracted by
histamine. * p < 0.05, ** p < 0.01, and *** p < 0.001 vs. control; results reported as mean ± SE of n = 5
human isolated sub-segmental bronchi. EC20: concentrations eliciting 20% the maximal effect; NS:
non-sensitized; PAF: platelet-activating factor; SE: standard error; sens+PAF: passively sensitized
plus PAF challenge.

3.4. Effect of BNT162b2 on the CRC to Histamine

In sens+PAF airways, BNT162b2 1 ng/mL significantly shifted leftward the CRC to
histamine by 0.76 ± 0.09 logarithm (p < 0.001 vs. control); BNT162b2 1 ng/mL did not
significantly modify the CRC to histamine in NS isolated airways (p > 0.05 vs. control)
(Figure 3 and Table 2).
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Results reported as mean ± SE of n = 5 human isolated sub-segmental bronchi. CRC: concentration-
response curve; NS: non-sensitized; PAF: platelet-activating factor; sens+PAF: passively sensitized
plus PAF challenge.
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3.5. Effect of BNT162b2 on EFS3–25Hz

BNT162b2 1–1000 ng/mL significantly enhanced the contractile response to EFS3–25Hz
in sens+PAF isolated airways (overall Emax +28.46 ± 4.40%, p < 0.001 vs. control) but not in
NS isolated airways (p > 0.05 vs. control) (Figure 4). The pEC50 of BNT162b2 on EFS3–25Hz
was not significantly (p > 0.05) related to the frequency and resulted to be 1.19 ± 1.24 at
3 Hz, 0.62 ± 0.34 at 10 Hz, and 1.83 ± 1.78 at 25 Hz (Figure 5).
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NS and sens+PAF isolated airways. * p < 0.05 *** p < 0.001 vs. control; results reported as mean ± SE
of n = 5 human isolated sub-segmental bronchi. EFS: electrical field stimulation; NS: non-sensitized;
PAF: platelet-activating factor; SE: standard error; sens+PAF: passively sensitized plus PAF challenge.



Vaccines 2023, 11, 282 8 of 13Vaccines 2023, 11, x FOR PEER REVIEW 9 of 14 
 

 

 
Figure 5. CRCs to BNT162b2 on the parasympathetic contractile response induced by EFS3–25Hz in 
sens+PAF isolated airways. Results reported as mean ± SE of n = 5 human isolated sub-segmental 
bronchi. EFS: electrical field stimulation; PAF: platelet-activating factor; SE: standard error; 
sens+PAF: passively sensitized plus PAF challenge. 

3.6. Effect of Denatured BNT162b2 on the CRC to Histamine 
The mRNA denaturation did not significantly modify (p > 0.05) the effect of 

BNT162b2 1 ng/mL on the contractile response to histamine (Table 2) and EFS3–25Hz (overall 
delta effect: −4.60 ± 4.45% vs. not denatured, data not shown). 

4. Discussion 
The evidence provided by this study indicates that the mRNA COVID-19 vaccine 

BNT162b2 increases the contractile sensitivity to histamine and parasympathetic activa-
tion in passively sensitized human isolated airways challenged with PAF, a condition re-
producing the AHR typical of severe eosinophilic asthma ex vivo. Conversely, BNT162b2 
did not alter the contractile response to histamine and the parasympathetic activation in 
the control bronchial tissue. Specifically, in airways undergoing severe eosinophilic 
asthma model, BNT162b2 increased the potency of histamine by almost one logarithm 
and enhanced the contractile response to EFS by around 30%, regardless of the frequency 
delivered. Interestingly, these effects were unrelated to the denaturation of vaccine 
mRNA, a procedure that does not alter the structure of the LNP in which the mRNA is 
encapsulated [34,35,40]. Therefore, the increased contractility to BNT162b2 in hyperre-
sponsive airways was not correlated to the active component tozinameran but to excipi-
ents. Although identifying the component within the vaccine excipients leading to bron-
chospasm is out of the scope of this study and needs yet to be determined, it seems that 
the PEG used to produce the LNP could be a possible candidate [40,41]. 

BNT162b2 includes the following lipid components: ALC-0315, 1,2-distearoyl-sn-
glycero-3-phosphocholine, cholesterol, and ALC-0159 at a 46.3:9.4:42.7:1.6 molar ratio (%). 
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3.6. Effect of Denatured BNT162b2 on the CRC to Histamine

The mRNA denaturation did not significantly modify (p > 0.05) the effect of BNT162b2
1 ng/mL on the contractile response to histamine (Table 2) and EFS3–25Hz (overall delta
effect: −4.60 ± 4.45% vs. not denatured, data not shown).

4. Discussion

The evidence provided by this study indicates that the mRNA COVID-19 vaccine
BNT162b2 increases the contractile sensitivity to histamine and parasympathetic activation
in passively sensitized human isolated airways challenged with PAF, a condition reproduc-
ing the AHR typical of severe eosinophilic asthma ex vivo. Conversely, BNT162b2 did not
alter the contractile response to histamine and the parasympathetic activation in the control
bronchial tissue. Specifically, in airways undergoing severe eosinophilic asthma model,
BNT162b2 increased the potency of histamine by almost one logarithm and enhanced the
contractile response to EFS by around 30%, regardless of the frequency delivered. Inter-
estingly, these effects were unrelated to the denaturation of vaccine mRNA, a procedure
that does not alter the structure of the LNP in which the mRNA is encapsulated [34,35,40].
Therefore, the increased contractility to BNT162b2 in hyperresponsive airways was not
correlated to the active component tozinameran but to excipients. Although identifying the
component within the vaccine excipients leading to bronchospasm is out of the scope of
this study and needs yet to be determined, it seems that the PEG used to produce the LNP
could be a possible candidate [40,41].

BNT162b2 includes the following lipid components: ALC-0315, 1,2-distearoyl-sn-
glycero-3-phosphocholine, cholesterol, and ALC-0159 at a 46.3:9.4:42.7:1.6 molar ratio
(%). Additionally, other excipients are included, such as potassium, chloride, potassium
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dihydrogen phosphate, sodium chloride, disodium hydrogen phosphate dihydrate, sucrose,
and water, for injections [40,42]. Among the reported excipients, the one with the ability
to cause bronchospasm is ALC-0159 since it contains PEG, a component related to an
increasing number of allergic reactions in the last years [42–45]. Since PEG is a high-
risk hidden allergen in drugs inducing allergic reactions that are difficult to detect, it
might be underdiagnosed [46]. Certainly, our findings support the increasing body of
evidence that BNT162b2 may induce allergic reactions and bronchospasm after the first
dose administration, with ALC-0159 being the most probable cause [5,15,42].

The consistent effect of BNT162b2 on both histaminergic and parasympathetic path-
ways suggests that the vaccine may both directly and indirectly increase AHR by acting
on ASM, vagal fibers, and intramural ganglia [47,48]. Considering the effect on all the EFS
frequencies investigated in this study, evidently BNT162b2 may have a facilitator activity
on the release of contractile neurotrasmitters from all the parasympathetic post-ganglionic
neurons, including the large and small myelinated A- and B-fibers, as well as the nonmyeli-
nated C-fibers, the latter of which are involved in the acute neurogenic inflammation that
is a detrimental condition in severe asthma [49,50]. Of note, although moderately and at
higher concentrations, BNT162b2 increased the resting tone of isolated airways; moreover,
it significantly shifted the contractile response upward in partially pre-contracted airways.

Indeed, these findings may have some relevant clinical implications that can be easily
interpreted. In fact, the evidence that BNT162b2 does not impair ASM contractility in
control isolated airways supports the favorable respiratory safety profile of this vaccine
when administered to the general population, as previously reported from randomized
controlled trials (RCT) [18,51]. On the other hand, the detrimental influence of BNT162b2
on airway contractility in the model of severe eosinophilic asthma should be carefully
assessed in asthmatic populations by considering the levels of concentrations and the
biodistribution of the vaccine after administration.

According to the BNT162b2 Assessment Report provided by the European Medicine
Agency [52], after administration LNP can be detected in most tissues, including airways,
with the injections site and the liver as the sites of major biodistribution. Considering that
the amount of ALC-0159 excipient in the finished product is 50 µg/dose and that this LNP
has a low affinity for tissue [52], it should be assessed whether very low concentrations of
the vaccine might be able to elicit bronchospasm in sensitive populations, such as asthmatic
patients after first administration. Unfortunately, currently data on the biodistribution at the
level of the respiratory system are not officially available; moreover, serious concerns have
been raised whether adequate safety testing for BNT162b2 were performed in preclinical
trials, including pharmacokinetic (PK) studies [52–54]. However, an independent PK study
carried out in mice [55] showed that PEG-nanoparticles can be significantly detected in
the lungs, reaching up to 4% of the injected dose. Therefore, considering that the average
weight of both lungs including airways is around 840 g in men [56], it can be estimated
that concentrations >2.38 ng/mL of ALC-0159 can be detected in the bronchial tissue after
administration, according to the following formula: [(ALC-0159 ng/dose: 50,000) × (lung
biodistribution: 4%)/(lung weight: 840 g)]. Since in women the average weight of both
lungs including airways is around 640 g, the concentrations of ALC-0159 can be estimated
to be >3.12 ng/mL [57]. Indeed, in children and adolescents receiving BNT162b2, the
estimated concentrations of ALC-0159 at the level of the respiratory system would be
linearly greater.

The results of this study have been reported by anchoring the dilution of BNT162b2
with the levels of concentrations of tozinameran. Since the ratio between ALC-0159 and
tozinameran is 5:3 (ALC-0159 50 µg/dose vs. tozinameran 30 µg/dose) [40,52], each ng/mL
of tozinameran corresponds to 1.66 ng/mL of ALC-0159. Thus, according to the results of
this investigation and the estimated concentrations of ALC-0159 in the respiratory system,
it is possible that even the very low concentrations of ALC-0159 administered through a
single BNT162b2 injection may elicit bronchospasm in subjects at risk, such as asthmatic
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patients. Indeed, this translational evidence should be taken into account in the daily
clinical practice of COVID-19 vaccination.

The main limitation of this research is intrinsic to the ex vivo experimental approach
and, thus, results originating from the model of severe eosinophilic asthma need to be
translated into real-life. Additionally, the use of tissue from donors undergoing lobectomy
surgery for cancer may represent a potential bias compared to performing experiments
using tissue from individuals that had no lung cancer. However, data obtained from
ex vivo pharmacological studies have usually been confirmed in clinical settings [58–62].
From a clinical point of view, it is not possible to check if BNT162b2 may really elicit
a greater risk of bronchospasm compared to a placebo because, unexpectedly, the key
sponsored phase 3 RCT on BNT162b2 (NCT04368728, NCT04713553, NCT04816669), al-
though already completed and/or published in MEDLINE, reported no results posted in
the ClinicalTrial.gov database [63,64]. This is a missing opportunity to assess the real safety
profile concerning serious adverse events of BNT162b2 via pooled analysis, as already
demonstrated in other scientific contexts [65,66]. Therefore, unbiased and well performed
observational studies may help to solve this matter and confirm the findings of our research.
Another limitation of our study is that each specific lipid excipient (i.e., ALC-0315, 1,2-
distearoyl-sn-glycero-3-phosphocholine, cholesterol, and ALC-0159) was now investigated
on ASM contractility. Finally, but not less important, we cannot exclude that the increased
AHR elicited by BNT162b2 could also be related to the nanostructure of LNP, as previously
demonstrated for carbon nanotubes [37].

5. Conclusions

As predicted by the hypothesis of this study, here we have demonstrated that BNT162b2
may elicit bronchospasm in hyperreactive airways, and that this detrimental effect results
after a single administration, thus with no involvement of allergic sensitization mechanisms
due to repeated exposures [67]. Certainly, we have ruled out that the increased AHR could
be related to the active component tozinameran; conversely, we have proven that it is
associated with some excipient, perhaps ALC-0159. Since asthmatic patients, especially
children and adolescents, might be at higher risk for severe bronchospasm after BNT162b2
injection, a pre-treatment with an inhaled corticosteroid/formoterol combination before the
administration of any vaccine containing LNP may help to protect against such a serious
and potentially life-threating respiratory adverse event [68]. However, future research is
needed to confirm this latter possibility.

Author Contributions: Conceptualization, L.C.; methodology, L.C., E.M., F.F., L.I., A.M. and P.R.;
software, L.C.; validation, L.C. and P.R.; formal Analysis, L.C.; investigation, L.C., A.C., M.A.,
A.F., J.O., E.M., F.F., L.I., A.M. and P.R.; resources, L.C., A.C., E.M., F.F., L.I., A.M. and P.R.; data
curation, L.C. and P.R.; writing—original draft preparation, L.C.; writing—review and editing, L.C.,
A.C., M.A., A.F., J.O., E.M., F.F., L.I., A.M. and P.R.; visualization, L.C.; supervision, L.C.; project
administration, L.C.; funding acquisition, L.C. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was granted by the University of Parma through the action Bando di Ateneo
2021 per la ricerca co-funded by MUR-Italian Ministry of Universities and Research—D.M. 737/2021-
PNR-PNRR-NextGenerationEU.

Institutional Review Board Statement: Ethical approval: R.S. 37/20, 2020; CEI, Independent Ethical
Committee, Fondazione PTV Policlinico “Tor Vergata”, Italy.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.



Vaccines 2023, 11, 282 11 of 13

References
1. GINA. 2022 GINA Main Report|Global Initiative for Asthma. 2022. Available online: https://ginasthma.org/wp-content/uploa

ds/2022/07/GINA-Main-Report-2022-FINAL-22-07-01-WMS.pdf (accessed on 13 September 2022).
2. Denlinger, L.C.; Phillips, B.R.; Ramratnam, S.; Ross, K.; Bhakta, N.R.; Cardet, J.C.; Castro, M.; Peters, S.P.; Phipatanakul, W.; Aujla,

S.; et al. Inflammatory and Comorbid Features of Patients with Severe Asthma and Frequent Exacerbations. Am. J. Respir. Crit.
Care Med. 2017, 195, 302–313. [CrossRef]

3. Ramirez, G.A.; Yacoub, M.-R.; Ripa, M.; Mannina, D.; Cariddi, A.; Saporiti, N.; Ciceri, F.; Castagna, A.; Colombo, G.; Dagna, L.
Eosinophils from Physiology to Disease: A Comprehensive Review. BioMed Res. Int. 2018, 2018, 9095275. [CrossRef] [PubMed]

4. Fredberg, J.J. Bronchospasm and its biophysical basis in airway smooth muscle. Respir. Res. 2004, 5, 2. [CrossRef] [PubMed]
5. Shavit, R.; Maoz-Segal, R.; Iancovici-Kidon, M.; Offengenden, I.; Yahia, S.H.; Maayan, D.M.; Lifshitz-Tunitsky, Y.; Niznik, S.;

Frizinsky, S.; Deutch, M.; et al. Prevalence of Allergic Reactions After Pfizer-BioNTech COVID-19 Vaccination Among Adults
With High Allergy Risk. JAMA Netw. Open 2021, 4, e2122255. [CrossRef] [PubMed]

6. COVID-19 Vaccine Doses Administered by Manufacturer, European Union, (n.d.). Available online: https://ourworldindata.org
/grapher/covid-vaccine-doses-by-manufacturer (accessed on 24 December 2022).

7. Caminati, M.; Guarnieri, G.; Batani, V.; Scarpieri, E.; Finocchiaro, A.; Chieco-Bianchi, F.; Senna, G.; Vianello, A. COVID-19
Vaccination in Patients with Severe Asthma on Biologic Treatment: Safety, Tolerability, and Impact on Disease Control. Vaccines
2021, 9, 853. [CrossRef]

8. Pfaar, O.; Klimek, L.; Hamelmann, E.; Kleine-Tebbe, J.; Taube, C.; Wagenmann, M.; Werfel, T.; Brehler, R.; Novak, N.; Mülleneisen,
N.; et al. COVID-19 vaccination of patients with allergies and type-2 inflammation with concurrent antibody therapy (biologicals)—
A Position Paper of the German Society of Allergology and Clinical Immunology (DGAKI) and the German Society for Applied
Allergo. Allergol. Sel. 2021, 5, 140–147. [CrossRef]

9. Global Initiative for Asthma GINA Global Strategy for Asthma Management and Prevention GINA Guidance about COVID-19
and Asthma. 2022. Available online: www.ginasthma.org (accessed on 9 January 2023).

10. Runnstrom, M.C.; Morrison-Porter, A.; Ravindran, M.; Quehl, H.; Ramonell, R.P.; Woodruff, M.; Patel, R.; Kim, C.; Haddad, N.S.;
Lee, F.E.-H. Reduced COVID-19 Vaccine Response in Patients Treated with Biologic Therapies for Asthma. Am. J. Respir. Crit.
Care Med. 2022, 205, 1243–1245. [CrossRef]

11. Liao, S.; Gerber, A.; Zelarney, P.; Make, B.; Wechsler, M. SARS-CoV-2 mRNA Vaccine Antibody Response in Patients with Asthma
Receiving Biologic Therapy: A Real-World Analysis. Am. J. Respir. Crit. Care Med. 2022, 206, 644–647. [CrossRef]

12. Podrazil, M.; Taborska, P.; Stakheev, D.; Rataj, M.; Lastovicka, J.; Vlachova, A.; Pohunek, P.; Bartunkova, J.; Smrz, D. Effectiveness
and Durability of mRNA Vaccine-Induced SARS-CoV-2-Specific Humoral and Cellular Immunity in Severe Asthma Patients on
Biological Therapy. Front. Immunol. 2022, 13, 2375. [CrossRef]

13. Da Cruz, J.P.G.L.; Carvalho, C.d.C.R.d.; Silva, P.A.d.C.; Guerreiro, L.F.C.; Bento, T.V.; Costa, L.V.C.C.M.; Simões, R.F.M.M.D.;
Marques, R.P.P.G.; Fernandes, A.C.C.; Galaio, L.M.C.d.M.; et al. Spontaneous Adverse Event Reporting by COVID-19 Vaccinated
Healthcare Professionals Through an Electronic Form Implemented by the Hospital Pharmacy. Hosp. Pharm. 2022, 57, 744–751.
[CrossRef]

14. Banerji, A.; Wickner, P.G.; Saff, R.; Stone, C.A., Jr.; Robinson, L.B.; Long, A.A.; Wolfson, A.R.; Williams, P.; Khan, D.A.; Phillips, E.;
et al. mRNA Vaccines to Prevent COVID-19 Disease and Reported Allergic Reactions: Current Evidence and Suggested Approach.
J. Allergy Clin. Immunol. Pract. 2021, 9, 1423–1437. [CrossRef] [PubMed]

15. Phillips, E.J. Allergic Reactions After COVID-19 Vaccination—Putting Risk Into Perspective. JAMA Netw. Open 2021, 4, e2122326.
[CrossRef] [PubMed]

16. Colaneri, M.; De Filippo, M.; Licari, A.; Marseglia, A.; Maiocchi, L.; Ricciardi, A.; Corsico, A.; Marseglia, G.; Mondelli, M.U.;
Bruno, R. COVID vaccination and asthma exacerbation: Might there be a link? Int. J. Infect. Dis. 2021, 112, 243–246. [CrossRef]
[PubMed]

17. Kawasaki, T.; Sueyoshi, K.; Nakamura, Y.; Okamoto, K.; Tanaka, H. Can the coronavirus disease-2019 vaccine induce an asthma
attack? Acute Med. Surg. 2021, 8, e714. [CrossRef]

18. Polack, F.P.; Thomas, S.J.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Pérez Marc, G.; Moreira, E.D.; Zerbini, C.;
et al. Safety and efficacy of the BNT162b2 mRNA COVID-19 vaccine. N. Engl. J. Med. 2020, 383, 2603–2615. [CrossRef]

19. Shasha, D.; Bareket, R.; Sikron, F.H.; Gertel, O.; Tsamir, J.; Dvir, D.; Mossinson, D.; Heymann, A.D.; Zacay, G. Real-world safety
data for the Pfizer BNT162b2 SARS-CoV-2 vaccine: Historical cohort study. Clin. Microbiol. Infect. 2022, 28, 130–134. [CrossRef]

20. Chapman, D.G.; Irvin, C.G. Mechanisms of airway hyper-responsiveness in asthma: The past, present and yet to come. Clin. Exp.
Allergy 2015, 45, 706–719. [CrossRef]

21. Calzetta, L.; Matera, M.G.; Facciolo, F.; Cazzola, M.; Rogliani, P. Beclomethasone dipropionate and formoterol fumarate
synergistically interact in hyperresponsive medium bronchi and small airways. Respir. Res. 2018, 19, 65. [CrossRef]

22. 2023 GOLD Reports-Global Initiative for Chronic Obstructive Lung Disease-GOLD, (n.d.). Available online: https://goldcopd.o
rg/2023-gold-report-2/# (accessed on 14 March 2022).

23. Schaafsma, D.; Zuidhof, A.B.; Nelemans, S.; Zaagsma, J.; Meurs, H. Inhibition of Rho-kinase normalizes nonspecific hyper-
responsiveness in passively sensitized airway smooth muscle preparations. Eur. J. Pharmacol. 2006, 531, 145–150. [CrossRef]
[PubMed]

https://ginasthma.org/wp-content/uploads/2022/07/GINA-Main-Report-2022-FINAL-22-07-01-WMS.pdf
https://ginasthma.org/wp-content/uploads/2022/07/GINA-Main-Report-2022-FINAL-22-07-01-WMS.pdf
http://doi.org/10.1164/rccm.201602-0419OC
http://doi.org/10.1155/2018/9095275
http://www.ncbi.nlm.nih.gov/pubmed/29619379
http://doi.org/10.1186/1465-9921-5-2
http://www.ncbi.nlm.nih.gov/pubmed/15084229
http://doi.org/10.1001/jamanetworkopen.2021.22255
http://www.ncbi.nlm.nih.gov/pubmed/34463744
https://ourworldindata.org/grapher/covid-vaccine-doses-by-manufacturer
https://ourworldindata.org/grapher/covid-vaccine-doses-by-manufacturer
http://doi.org/10.3390/vaccines9080853
http://doi.org/10.5414/ALX02241E
www.ginasthma.org
http://doi.org/10.1164/rccm.202111-2496LE
http://doi.org/10.1164/rccm.202203-0599LE
http://doi.org/10.3389/fimmu.2022.892277
http://doi.org/10.1177/00185787221111725
http://doi.org/10.1016/j.jaip.2020.12.047
http://www.ncbi.nlm.nih.gov/pubmed/33388478
http://doi.org/10.1001/jamanetworkopen.2021.22326
http://www.ncbi.nlm.nih.gov/pubmed/34463751
http://doi.org/10.1016/j.ijid.2021.09.026
http://www.ncbi.nlm.nih.gov/pubmed/34547487
http://doi.org/10.1002/ams2.714
http://doi.org/10.1056/NEJMoa2034577
http://doi.org/10.1016/j.cmi.2021.09.018
http://doi.org/10.1111/cea.12506
http://doi.org/10.1186/s12931-018-0770-7
https://goldcopd.org/2023-gold-report-2/#
https://goldcopd.org/2023-gold-report-2/#
http://doi.org/10.1016/j.ejphar.2005.12.043
http://www.ncbi.nlm.nih.gov/pubmed/16451800


Vaccines 2023, 11, 282 12 of 13

24. Schmidt, D.; Ruehlmann, E.; Branscheid, D.; Magnussen, H.; Rabe, K. Passive sensitization of human airways increases
responsiveness to leukotriene C4. Eur. Respir. J. 1999, 14, 315–319. [CrossRef]

25. Rabe, K.F.; Muñoz, N.M.; Vita, A.J.; Morton, B.E.; Magnussen, H.; Leff, A.R. Contraction of human bronchial smooth muscle
caused by activated human eosinophils. Am. J. Physiol. Cell. Mol. Physiol. 1994, 267, L326–L334. [CrossRef]

26. Kroegel, C.; A Giembycz, M.; Matthys, H.; Westwick, J.; Barnes, P.J. Modulatory role of protein kinase C on the signal transduction
pathway utilized by platelet-activating factor in eosinophil activation. Am. J. Respir. Cell Mol. Biol. 1994, 11, 593–599. [CrossRef]

27. Mesnil, C.; Raulier, S.; Paulissen, G.; Xiao, X.; Birrell, M.A.; Pirottin, D.; Janss, T.; Starkl, P.; Ramery, E.; Henket, M.; et al.
Lung-resident eosinophils represent a distinct regulatory eosinophil subset. J. Clin. Investig. 2016, 126, 3279–3295. [CrossRef]

28. Schmidt, D.; Dent, G.; Ruhlmann, E.; Munoz, N.; Leff, A.; Rabe, K. Studying human airway pharmacology in microsections:
Application of videomicrometry. Eur. Respir. J. 2002, 19, 991–996. [CrossRef]

29. Mitchell, R.W.; Rabe, K.F.; Magnussen, H.; Leff, A.R. Passive sensitization of human airways induces myogenic contractile
responses in vitro. J. Appl. Physiol. 1997, 83, 1276–1281. [CrossRef]

30. Johnson, P.; Armour, C.; Black, J. The action of platelet activating factor and its antagonism by WEB 2086 on human isolated
airways. Eur. Respir. J. 1990, 3, 55–60. [CrossRef] [PubMed]

31. Johnson, P.; Black, J.; Armour, C. Platelet-activating factor-induced contraction of human isolated bronchus. Eur. Respir. J. 1992, 5,
970–974. [CrossRef] [PubMed]

32. Calzetta, L.; Ritondo, B.L.; Matera, M.G.; Facciolo, F.; Rogliani, P. Targeting IL-5 pathway against airway hyperresponsiveness: A
challenge between benralizumab and mepolizumab. Br. J. Pharmacol. 2020, 177, 4750–4765. [CrossRef]

33. Rogliani, P.; Matera, M.G.; Facciolo, F.; Page, C.; Cazzola, M.; Calzetta, L. Beclomethasone dipropionate, formoterol fumarate and
glycopyrronium bromide: Synergy of triple combination therapy on human airway smooth muscle ex vivo. Br. J. Pharmacol. 2020,
177, 1150–1163. [CrossRef] [PubMed]

34. Han, S.; Kim, C.; Kwon, D. Thermal degradation of poly(ethyleneglycol). Polym. Degrad. Stab. 1995, 47, 203–208. [CrossRef]
35. Fabre, A.-L.; Colotte, M.; Luis, A.; Tuffet, S.; Bonnet, J. An efficient method for long-term room temperature storage of RNA. Eur.

J. Hum. Genet. 2014, 22, 379–385. [CrossRef] [PubMed]
36. Matera, M.G.; Calzetta, L.; Passeri, D.; Facciolo, F.; Rendina, E.A.; Page, C.; Cazzola, M.; Orlandi, A. Epithelium integrity is crucial

for the relaxant activity of brain natriuretic peptide in human isolated bronchi. Br. J. Pharmacol. 2011, 163, 1740–1754. [CrossRef]
37. Calzetta, L.; Pietroiusti, A.; Page, C.; Bussolati, O.; Chetta, A.; Facciolo, F.; Rogliani, P. Multi-walled carbon nanotubes induce

airway hyperresponsiveness in human bronchi by stimulating sensory C-fibers and increasing the release of neuronal acetylcholine.
Expert Rev. Respir. Med. 2021, 15, 1473–1481. [CrossRef]

38. Motulsky, H.; Christopoulos, A. Fitting Models to Biological Data Using Linear and Nonlinear Regression: A Practical Guide to Curve
Fitting; Oxford University Press: Oxford, UK, 2004.

39. Motulsky, H.J.; Michel, M.C. Commentary on the BJP’s new statistical reporting guidelines. Br. J. Pharmacol. 2018, 175, 3636–3637.
[CrossRef] [PubMed]

40. Li, M.; Li, Y.; Li, S.; Jia, L.; Wang, H.; Li, M.; Deng, J.; Zhu, A.; Ma, L.; Li, W.; et al. The nano delivery systems and applications of
mRNA. Eur. J. Med. Chem. 2022, 227, 113910. [CrossRef]

41. Rolla, G.; Brussino, L.; Badiu, I. Maintaining Safety with SARS-CoV-2 Vaccines. N. Engl. J. Med. 2021, 384, e37. [CrossRef]
42. Cabanillas, B.; Akdis, C.A.; Novak, N. Allergic reactions to the first COVID-19 vaccine: A potential role of polyethylene glycol?

Allergy 2020, 76, 1617–1618. [CrossRef] [PubMed]
43. Giavina-Bianchi, P.; Kalil, J. May polyethylene glycol be the cause of anaphylaxis to mRNA COVID-19 vaccines? World Allergy

Organ. J. 2021, 14, 100532. [CrossRef]
44. Wenande, E.; Garvey, L.H. Immediate-type hypersensitivity to polyethylene glycols: A review. Clin. Exp. Allergy 2016, 46, 907–922.

[CrossRef]
45. Borderé, A.; Stockman, A.; Boone, B.; Franki, A.-S.; Coppens, M.J.; Lapeere, H.; Lambert, J. A case of anaphylaxis caused by

macrogol 3350 after injection of a corticosteroid. Contact Dermat. 2012, 67, 376–378. [CrossRef]
46. Sellaturay, P.; Nasser, S.; Ewan, P. Polyethylene Glycol–Induced Systemic Allergic Reactions (Anaphylaxis). J. Allergy Clin.

Immunol. Pr. 2021, 9, 670–675. [CrossRef] [PubMed]
47. Rogliani, P.; Calzetta, L.; Ora, J.; Cazzola, M.; Matera, M.G. Efficacy and safety profile of doxofylline compared to theophylline in

asthma: A meta-analysis. Multidiscip. Respir. Med. 2019, 14, 25. [CrossRef] [PubMed]
48. Calzetta, L.; Pistocchini, E.; Cito, G.; Ritondo, B.L.; Verri, S.; Rogliani, P. Inflammatory and contractile profile in LPS-challenged

equine isolated bronchi: Evidence for IL-6 as a potential target against AHR in equine asthma. Pulm. Pharmacol. Ther. 2022, 73–74,
102125. [CrossRef] [PubMed]

49. Bhutani, M.; Yang, W.H.; Hébert, J.; de Takacsy, F.; Stril, J.-L. The real world effect of omalizumab add on therapy for patients
with moderate to severe allergic asthma: The ASTERIX Observational study. PLoS ONE 2017, 12, e0183869. [CrossRef]

50. Kistemaker, L.E.M.; Prakash, Y.S. Airway Innervation and Plasticity in Asthma. Physiology 2019, 34, 283–298. [CrossRef]
51. Thomas, S.J.; Moreira, E.D., Jr.; Kitchin, N.; Absalon, J.; Gurtman, A.; Lockhart, S.; Perez, J.L.; Pérez Marc, G.; Polack, F.P.; Zerbini,

C.; et al. Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine through 6 Months. N. Engl. J. Med. 2021, 385, 1761–1773.
[CrossRef]

52. CHMP. Committee for Medicinal Products for Human Use (CHMP) Assessment Report Comirnaty Common Name: COVID-19
mRNA Vaccine (Nucleoside-Modified), (n.d.). Available online: www.ema.europa.eu/contact (accessed on 21 January 2022).

http://doi.org/10.1034/j.1399-3003.1999.14b13.x
http://doi.org/10.1152/ajplung.1994.267.3.L326
http://doi.org/10.1165/ajrcmb.11.5.7946388
http://doi.org/10.1172/JCI85664
http://doi.org/10.1183/09031936.02.00942001
http://doi.org/10.1152/jappl.1997.83.4.1276
http://doi.org/10.1183/09031936.93.03010055
http://www.ncbi.nlm.nih.gov/pubmed/2311732
http://doi.org/10.1183/09031936.93.05080970
http://www.ncbi.nlm.nih.gov/pubmed/1426205
http://doi.org/10.1111/bph.15240
http://doi.org/10.1111/bph.14909
http://www.ncbi.nlm.nih.gov/pubmed/31660611
http://doi.org/10.1016/0141-3910(94)00109-L
http://doi.org/10.1038/ejhg.2013.145
http://www.ncbi.nlm.nih.gov/pubmed/23860045
http://doi.org/10.1111/j.1476-5381.2011.01339.x
http://doi.org/10.1080/17476348.2021.1979395
http://doi.org/10.1111/bph.14441
http://www.ncbi.nlm.nih.gov/pubmed/30144044
http://doi.org/10.1016/j.ejmech.2021.113910
http://doi.org/10.1056/NEJMc2100766
http://doi.org/10.1111/all.14711
http://www.ncbi.nlm.nih.gov/pubmed/33320974
http://doi.org/10.1016/j.waojou.2021.100532
http://doi.org/10.1111/cea.12760
http://doi.org/10.1111/j.1600-0536.2012.02104.x
http://doi.org/10.1016/j.jaip.2020.09.029
http://www.ncbi.nlm.nih.gov/pubmed/33011299
http://doi.org/10.1186/s40248-019-0189-0
http://www.ncbi.nlm.nih.gov/pubmed/31388422
http://doi.org/10.1016/j.pupt.2022.102125
http://www.ncbi.nlm.nih.gov/pubmed/35351641
http://doi.org/10.1371/journal.pone.0183869
http://doi.org/10.1152/physiol.00050.2018
http://doi.org/10.1056/NEJMoa2110345
www.ema.europa.eu/contact


Vaccines 2023, 11, 282 13 of 13

53. Latypova, S. Did Pfizer Perform Adequate Safety Testing for Its Covid-19 mRNA Vaccine in Preclinical Studies? Evidence of
Scientific and Regulatory Fraud. 2022. Available online: https://img1.wsimg.com/blobby/go/d0283b38-61d3-48f6-bd2a-d67ae
57c091a/Review%20of%20Pfizer%27s%20Non-Clinical%20Program_Regula.pdf (accessed on 21 December 2022).

54. Palmer, M.; Bhakdi, S. The Pfizer mRNA Vaccine: Pharmacokinetics and Toxicity, Letsbfree.Com. 2021. Available online: https://le
tsbfree.com/content/uploads/files/2021/10/letsbfree_79fe2c12d77a388dc66e225bf18b3f2d.pdf (accessed on 21 December 2022).

55. Maldiney, T.; Richard, C.; Seguin, J.; Wattier, N.; Bessodes, M.; Scherman, D. Effect of Core Diameter, Surface Coating, and PEG
Chain Length on the Biodistribution of Persistent Luminescence Nanoparticles in Mice. ACS Nano 2011, 5, 854–862. [CrossRef]

56. Molina, D.K.; DiMaio, V.J. Normal organ weights in men: Part II—the brain, lungs, liver, spleen, and kidneys. Am. J. Forensic Med.
Pathol. 2012, 33, 368–372. [CrossRef]

57. Molina, D.K.; DiMaio, V.J.M. Normal organ weights in women: Part II—The Brain, Lungs, Liver, Spleen, and Kidneys. Am. J.
Forensic Med. Pathol. 2015, 36, 182–187. [CrossRef]

58. Calzetta, L.; Pistocchini, E.; Ritondo, B.L.; Roncada, P.; Cito, G.; Britti, D.; Matera, M.G. Isolated airways in equine respiratory
pharmacology: They never lie. Pulm. Pharmacol. Ther. 2019, 59, 101849. [CrossRef]

59. Ritondo, B.L.; Rogliani, P.; Facciolo, F.; Falco, S.; Vocale, A.; Calzetta, L. Beclomethasone dipropionate and sodium cromoglycate
protect against airway hyperresponsiveness in a human ex vivo model of cow’s milk aspiration. Curr. Res. Pharmacol. Drug
Discov. 2021, 2, 100010. [CrossRef]

60. Cazzola, M.; Calzetta, L.; Ora, J.; Puxeddu, E.; Rogliani, P.; Matera, M.G. Searching for the synergistic effect between aclidinium
and formoterol: From bench to bedside. Respir. Med. 2015, 109, 1305–1311. [CrossRef]

61. Cazzola, M.; Calzetta, L.; Segreti, A.; Facciolo, F.; Rogliani, P.; Matera, M.G. Translational Study Searching for Synergy between
Glycopyrronium and Indacaterol. COPD: J. Chronic Obstr. Pulm. Dis. 2015, 12, 175–181. [CrossRef] [PubMed]

62. Rogliani, P.; Ora, J.; Girolami, A.; Rossi, I.; de Guido, I.; Facciolo, F.; Cazzola, M.; Calzetta, L. Ceiling effect of beclometha-
sone/formoterol/glycopyrronium triple fixed-dose combination in COPD: A translational bench-to-bedside study. Pulm.
Pharmacol. Ther. 2021, 69, 102050. [CrossRef] [PubMed]

63. Lamb, Y.N. BNT162b2 mRNA COVID-19 Vaccine: First Approval. Drugs 2021, 81, 495–501. [CrossRef] [PubMed]
64. Yan, Z.-P.; Yang, M.; Lai, C.-L. COVID-19 Vaccines: A Review of the Safety and Efficacy of Current Clinical Trials. Pharmaceuticals

2021, 14, 406. [CrossRef]
65. Rogliani, P.; Cavalli, F.; Chetta, A.; Cazzola, M.; Calzetta, L. Potential Drawbacks of ICS/LABA/LAMA Triple Fixed-Dose

Combination Therapy in the Treatment of Asthma: A Quantitative Synthesis of Safety Profile. J. Asthma Allergy 2022, 15, 565–577.
[CrossRef]

66. Rogliani, P.; Lauro, D.; Di Daniele, N.; Chetta, A.; Calzetta, L. Reduced risk of COVID-19 hospitalization in asthmatic and COPD
patients: A benefit of inhaled corticosteroids? Expert Rev. Respir. Med. 2021, 15, 561–568. [CrossRef]

67. Aldakheel, F.M. Allergic Diseases: A Comprehensive Review on Risk Factors, Immunological Mechanisms, Link with COVID-19,
Potential Treatments, and Role of Allergen Bioinformatics. Int. J. Environ. Res. Public Heal. 2021, 18, 12105. [CrossRef]

68. Garner, O.; Ramey, J.S.; Hanania, N.A. Management of Life-Threatening Asthma. Chest 2022, 162, 747–756. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://img1.wsimg.com/blobby/go/d0283b38-61d3-48f6-bd2a-d67ae57c091a/Review%20of%20Pfizer%27s%20Non-Clinical%20Program_Regula.pdf
https://img1.wsimg.com/blobby/go/d0283b38-61d3-48f6-bd2a-d67ae57c091a/Review%20of%20Pfizer%27s%20Non-Clinical%20Program_Regula.pdf
https://letsbfree.com/content/uploads/files/2021/10/letsbfree_79fe2c12d77a388dc66e225bf18b3f2d.pdf
https://letsbfree.com/content/uploads/files/2021/10/letsbfree_79fe2c12d77a388dc66e225bf18b3f2d.pdf
http://doi.org/10.1021/nn101937h
http://doi.org/10.1097/PAF.0b013e31823d29ad
http://doi.org/10.1097/PAF.0000000000000175
http://doi.org/10.1016/j.pupt.2019.101849
http://doi.org/10.1016/j.crphar.2020.100010
http://doi.org/10.1016/j.rmed.2015.08.005
http://doi.org/10.3109/15412555.2014.922172
http://www.ncbi.nlm.nih.gov/pubmed/25222881
http://doi.org/10.1016/j.pupt.2021.102050
http://www.ncbi.nlm.nih.gov/pubmed/34129945
http://doi.org/10.1007/s40265-021-01480-7
http://www.ncbi.nlm.nih.gov/pubmed/33683637
http://doi.org/10.3390/ph14050406
http://doi.org/10.2147/JAA.S283489
http://doi.org/10.1080/17476348.2021.1850275
http://doi.org/10.3390/ijerph182212105
http://doi.org/10.1016/j.chest.2022.02.029

	Introduction 
	Materials and Methods 
	Tissue Collection and Preparation 
	Passive Sensitization and Eosinophils Activation 
	Transmural Stimulation 
	Preparation of Drugs 
	Contraction Measurement 
	Study Characteristics 
	Endpoint 
	Study Design 
	Pharmacological and Statistical Analysis 
	Sample Size 

	Results 
	Baseline Characteristics 
	Effect of BNT162b2 on Isolated Airways Resting Tone 
	Effect of BNT162b2 on Isolated Airways Partially Pre-Contracted by Histamine 
	Effect of BNT162b2 on the CRC to Histamine 
	Effect of BNT162b2 on EFS3–25Hz 
	Effect of Denatured BNT162b2 on the CRC to Histamine 

	Discussion 
	Conclusions 
	References

