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ARTICLE INFO ABSTRACT

Keywords: Rhinovirus (RV) infections are a major cause of exacerbations in patients with asthma. Experimental RV chal-
Asthma lenges can provide insight into the pathophysiology of viral exacerbations. Previous reports, investigating mild
Rhinovirus

or moderate asthma patients, have shown an upregulation in type 2 inflammation post RV infection, however,
studies specifically involving asthma patients taking inhaled corticosteroids have concentrated on symptoms and
lung function, rather than the inflammatory response.

Eleven moderate asthma patients were inoculated with RV. Cold symptoms and asthma control were assessed
at baseline and post infection. Nasal epithelial lining fluid and bronchial alveolar lavage (BAL) fluid were col-
lected at baseline and 4 days post infection for assessment of inflammatory proteins.

Patients suffered increased cold symptoms and decreased asthma control within 7 days of infection. Antiviral
mechanisms were induced following inoculation, with increases in interferon -a, B, y and A, as well as CXCL10
and CXCL11. Type 2 inflammatory cytokines were also significantly elevated post RV infection in both nasal and
bronchial samples. In BAL, epithelial derived IL-25 and IL-33 levels strongly correlated with Th2 cytokines, IL-4,

Type 2 inflammation
Inhaled corticosteroid
IL-25
1L-33

IL-5 and IL-13.

We show how experimental rhinovirus challenge regulates lung and nasal biomarkers in asthma patients
taking inhaled corticosteroids. These biomarkers could be used to evaluate the effects of novel drugs for asthma.

1. Introduction

Viral exacerbations in asthma are associated with increased symp-
toms, airflow obstruction and airway inflammation [1]. Host anti-viral
immune defence mechanisms include the interferons (IFN-a, 3, y and A,
recently reviewed in [2]). The experimental rhinovirus (RV) infection
model has been used to characterise host immune response to viral
infection in asthma, showing upregulation of type 2 (T2) inflammatory
responses [3]. Epithelial derived cytokines including IL-25, IL-33 and
thymic stromal lymphopoietin (TSLP) are secreted in response to viral
infection and activate T2 responses in lymphocytes, including type 2
innate lymphoid cells (ILC2s) [4-7]. Experimental RV infection in-
creases IL-25 and IL-33 in nasal secretion [4,5], however, results for

bronchoalveolar lavage (BAL) have not been reported. Murine and in
vitro models show that RV infection induces TSLP production [6,8], but
in vivo human evidence showing RV infection upregulates TSLP se-
cretion is lacking.

In steroid naive mild asthma patients, RV infections trigger a de-
crease in lung function [9], but no changes in lung function are ob-
served in inhaled corticosteroid (ICS) using patients [10]. RV infection
studies comprising of mild or moderate asthma patients have reported
both clinical and immune responses [3-5], however, studies involving
only patients using ICS have concentrated on clinical and antiviral re-
sponses, rather than the inflammatory response [10]. The aim of this
study was to comprehensively characterise the host immune response to
RV infection in moderate asthma patients taking ICS. We performed
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Table 1

Patients’ clinical characteristics at screening. Data presented as *mean *
standard deviation or *median (range). Abbreviations: FEV,%: Percent pre-
dicted forced expiratory volume in one second; ACQ: Asthma control ques-
tionnaire; SABA: short acting beta agonist; LABA: Long acting beta agonist; ICS:
inhaled corticosteroid.

n 11
Male/Female 9/2

Age* 43.6 = 13.2
Age of asthma diagnosis# 6 (1-58)
Atopic 9of 11

FEV; % predicted* 89% *+ 15%
ACQ* 1.54 = 0.91
Blood Eosinophil (x10°/L)* 0.12 + 0.06
SABA usage 11 of 11
LABA usage 7 of 11

ICS usage 11 of 11

Daily beclomethasone equivalent dosage (mcg)* 618 + 260

nasal and lung sampling to measure T2 immunity, epithelial derived
cytokines including IL-25, IL-33 and TSLP, and anti-viral mechanisms.

2. Methods
2.1. Patients

Sixty two moderate asthma patients were screened, of which 51
failed to meet the eligibility criteria (see supplementary material); the
principle reasons for failing were a high RV16 antibody titre or an
Asthma Control Questionnaire score < 1.0. Eleven patients (Global
Initiative for Asthma treatment steps 2 to 4; see Table 1 for clinical
characteristics) passed screening and were nasally inoculated with
RV16 (1000 times the 50% tissue culture infective dose; gift from
Professor J. Gern, University of Wisconsin, USA). All patients were aged
18-65 years, had a history of worsening asthma symptoms following
the development of an upper respiratory tract infection within the
previous 5years, an Asthma Control Questionnaire score of =1.0 at
screening [11], and had a low serum RV16 antibody titre at screening
(assessed by Hvivo, London, UK). Patients were on a stable daily dose of
inhaled corticosteroid of =200 mcg Beclomethasone or equivalent,
with 7/11 patients prescribed long-acting beta agonists (LABA). All
patients were never smokers. Atopy was assessed by skin prick test
against cat dander, grass pollen and house dust mite extract (Soluprick
SQ, Alk-Abello, UK); positive atopy was defined by development of a
wheal =3 mm to any allergen. The study was approved by the local
research ethics committee (NRES Committee North West — Preston; REC
Ref: 14/NW/0121NRES). All subjects provided written informed con-
sent.

2.2. Study design

The study timeline is summarised in Fig. 1. Daily peak expiratory
flow (PEF), forced expiratory volume in one second (FEV;) and cold
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Fig. 1. Study timeline.
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symptoms [12,13] were recorded, and the Asthma Control Ques-
tionnaire was performed weekly [11]; these measurements were per-
formed on Day 1 before inoculation and for 2 weeks post inoculation.
Questionnaires were completed in the morning and occurred prior to
collection of any samples. BAL was collected before and 4 days after
inoculation; baseline bronchoscopies were performed 6 weeks prior to
RV inoculation to ensure carry-over of bronchoscopy-induced in-
flammation was minimal. Nasal epithelial lining fluid (NELF) samples
were collected on Day 1 prior to inoculation and Day 5 post-inocula-
tion. Nasal lavage was collected on Day 1 prior to inoculation, and on
Days 2-7 and 14. RV16 levels were measured in nasal lavage and BAL
to confirm infection. For full methods, see Supplementary Material.

A subject was defined as a clinical responder to RV if they met the
following criteria: subject had a total Jackson symptom score of at least
6 over the 5days following inoculation and either [1] reported rhi-
norrhoea for at least 3 days over the 5 days post inoculation, or [2] the
subject believed that he or she has had or currently has a cold (based on
the response to the cold question on Day 6) [13].

2.3. Cytokine analysis

Cytokine levels in NELF and BAL were assessed by multiplex assays
(Meso Scale Diagnostics, Maryland, USA); lower levels of quantification
(LLOQ) are listed in Supplementary Table 1. Where cytokine levels
were detected, but were below the LLOQ, samples were assigned the
arbitrary value of 0.5 X the LLOQ to allow analysis.

2.4. Serum RV16 antibody titre assay

RV16 neutralisation assay was performed on serum samples to
quantify the amount of RV16 neutralising antibodies present. This
analysis was performed by Hvivo, London, UK. Serially diluted sera
were mixed with RV16 (3.3 log;o 50% Tissue culture Infective Dose/ml)
for 30 min, before incubating with MRC-5 lung fibroblast-like cells
(European Collection of Authenticated Cell Cultures, Salisbury, UK) for
5-7 days. Each sample dilution was tested in duplicate. Viral cytopathic
effect (CPE) was assessed for each well by microscopy and compared to
the virus on control wells; a cell stain was not used. Results with a
>50% reduction in CPE from the no sera, virus only controls were
scored as antibody positive. A patient was defined as having a low
antibody titre if their serum failed to neutralise =50% RV16-induced
killing of MRC-5 cells when diluted < 8-fold.

2.5. Virology confirmation

Viral loads in BAL and nasal lavage were quantified by RV16 target
sequence copy number qPCR assay. This analysis was performed by
Hvivo, London, UK. RV RNA was extracted from samples using a Qiagen
DSP Virus/Pathogen Midi kit on a QIASymphony SP module (Qiagen,
Manchester, UK). The PCR reaction for each extracted RNA sample was
loaded in triplicate by the QIASymphony AS module into Qiagen
OneStep QuantiFAST mastermix containing a RV-16 Tagman hydrolysis
probe and PCR primers targeting the RV-16 genome. The one-step RT-
gPCR reaction is performed using a ViiA7 Dx (Applied Biosystems,
Altrincham, UK). The quantity of viral RNA is determined by the
comparison of cycle threshold (Ct) values to calibration standard
curves. These curves are generated from in vitro generated nucleic acid
copies of the target RV-16 gene sequence. No template and extraction
negative controls are included in the assay. The lower level of quanti-
fication (LLOQ) for Ct was 36.3. The LLOQ for viral load was 60.0
copies/ml of sample. The LLOQ and lower level of determination for the
assay was determined during assay validation. The assay was validated
by Hvivo as per guidelines provided by the Food and Drug
Administration (FDA) [14], the European Agency for the Evaluation of
Medicinal Products [15] and the International Conference on Harmo-
nisation [16]. Where viral load was detected, but was below the LLOQ,
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samples were assigned the arbitrary value of 0.5 x the LLOQ i.e. 30
copies/ml. Samples were defined as Non detectable, if their Ct was
above 36.3 and these were assigned the arbitrary value of 0.1 X the
LLOQ i.e. 6 copies/ml. A patient was defined as not being infected if
their viral load levels in both BAL (4 day post inoculation) and nasal
lavage (peak level 1-13 days post inoculation) were < 60 copies/ml.

2.6. Statistical analysis

For lung function and questionnaires, comparisons between pre-
inoculation and post-inoculations were by 1-way ANOVA with Dunnett
post-test or Friedman test with Dunns post-test. Analysis of cytokine
levels in baseline BAL or pre-inoculation NELF and levels 4 days post
inoculation were by Wilcoxon match pairs test, with Spearman’s rank
analyses used to assess correlations between IL-25 and IL-33 with T2
cytokines. All analysis was carried out using Graphpad Prism version
7.04 (La Jolla, California, USA).

3. Results
3.1. Clinical characteristics

Of the 11 patients inoculated, 3 patients were excluded from the
analysis as they lacked quantifiable levels of RV16 in either nasal or
BAL samples post-inoculation (Supplementary Table 2). All 8 patients
with detectable levels of RV16, showed a positive clinical response to
the virus (Fig. 2A); these 8 patients comprised of 2 females and 6 males.
Rhinovirus infection did not affect peak expiratory flow or lung func-
tion (Fig. 2B and C). Cold symptoms increased within three days of
infection, while asthma control decreased (Fig. 2D-F); all returned to
baseline levels by Day 14.

3.2. Inflammatory responses

Of the 8 patients who were infected with RV, paired pre and post-RV
BAL samples were collected from 7 patients. Antiviral mechanisms were
significantly upregulated (p < 0.05); IFNy, CXCL10 and CXCL11 in-
creased in both NELF (mean fold changes 4.9, 16.8 and 150.4 respec-
tively) and BAL (mean fold changes 2.0, 4.4 and 6.5 respectively) after
infection. IFNa,  and A were increased in at least one of these media
(Table 2).

IL-4, IL-5, IL-13 and IL-25 were significantly increased (p < 0.05)
in both NELF (mean fold changes: 1.6, 3.8, 1.7 and 13.7 respectively)
and BAL (mean fold changes: 1.6, 2.3, 1.8 and 2.4 respectively) (Fig. 3;
Table 2). IL-33 levels showed a non-significant trend towards an in-
crease in NELF (p = 0.055). BAL TSLP levels were undetectable both
pre and post RV-infection, while TSLP was measurable in < 40% of
NELF samples. No other cytokines measured in NELF and BAL showed
significant changes after RV infection (Table 2).

BAL IL-25 and IL-33 concentrations after infection correlated with
IL-4 (both p = 0.012), IL-5 (p = 0.003 and 0.024, respectively) and IL-
13 (both p = 0.007) (Fig. 4A and B). IL-25 and IL-33 levels in NELF did
not correlate with Th2 cytokines (Fig. 4C-D).

Levels of nasal and BAL IL-4, IL-5, IL-13, IL-25 and IL-33 did not
correlate with CSS or WURSS symptom scores taken on day 5 prior to
sample collection (data not shown).

4. Discussion

RV infection in moderate asthma patients induced cold symptoms,
reduced asthma control and increased both anti-viral and T2 in-
flammatory responses. It is known that RV infection increases nasal and
bronchial IL-4, IL-5 and IL-13 levels in mild to moderate asthma pa-
tients, but not healthy subjects [3,4]. We provide evidence of com-
parable findings in a cohort comprising only moderate asthma patients
taking ICS, indicating that ICS use does not completely inhibit RV-
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induced T2 inflammation. The upregulation of T2 inflammation was
observed with only n = 8 subjects, suggesting potential for this chal-
lenge method to be used in early phase clinical trials of novel drugs
using comparatively small numbers of ICS using patients.

RV infection did not alter lung function, which confirms results from
a previous RV study involving only asthma patients using ICS [10]. ICS
(and/or LABA)-use may stabilise lung function during RV infection;
FEV; and PEF decreases were reported in studies involving steroid
naive asthma patients [4,9,17].

Previous studies have reported increased IL-25 [5] and IL-33 [4] in
nasal samples of asthma patients following RV infection, which is
supported by our own findings. Hilvering et al commented that Jackson
et al’s comparison of a single pre-inoculation cytokine level with the
peak level observed post infection was likely to obtain a positive result
because “an increase is to be expected as a result of regression to the peak”
[18]. We believe that our results reflect RV-induced increases in nasal
IL-25 and IL-33 as we compared single pre and post-infection samples,
and our results match those of Jackson et al when their data was re-
analysed comparing cytokine concentrations for individual days post-
inoculation with baseline values [19]. We also demonstrated increased
BAL IL-25 levels. Bronchial IL-33 levels were not increased post infec-
tion, which matches the findings of Jackson et al. Bronchoscopy sam-
ples were collected 4 days post inoculation, and perhaps this was not
the optimal time point for measuring IL-33 induction.

Increased IL-25 and IL-33 may drive T2 cytokine production post RV
infection. Jackson et al showed that airway IL-33 levels correlate with
IL-5 and IL-13 post infection [4]. Our results expand on this by showing
that both IL-33 and IL-25 correlate with BAL IL-4, IL-5 and IL-13 levels.
The lack of correlation between IL-4 and IL-33 in the Jackson study may
be due to a difference between BAL and bronchoabsorption samplings.
Ex vivo studies have shown that RV infection induces IL-33 production
in bronchial epithelial cells and that conditioned media from such
cultures drives differentiation of naive t-cells into IL-4, IL-5 and IL-13
producing Th2 cells [4]. RV infection in mice increases airway epi-
thelial production of IL-25, with blocking of IL-25 signalling reducing
T2 cytokine production [5]. The relationship between IL-25 and IL-33
with T2 cytokines may be strongest in the lower airways, as no corre-
lations were apparent in NELF. Animal studies suggest TSLP is active in
RV infections [6], but in this study BAL and NELF levels were too low to
observe any changes in TSLP.

Jackson et al showed correlations between peak levels in nasal IL-5,
IL-13 and IL-33 with total symptom severity score, which was calcu-
lated as the sum of the daily symptom scores. We found no correlations
between infection symptoms, taken on the day of sample collection,
with BAL or NELF IL-25, IL-33 or T2 cytokine levels; this may be due to
peak symptoms occurring before the day of sample collection.
Alternatively, the differences in correlation could be due to the Jackson
study using a mixture of steroid naive and moderate asthma patients or
the smaller number of patients used in our study.

Collection of BAL in asthma patients can lead to a fever-like
symptoms and a short term decline in lung function [20]. To more
accurately measure the viral specific response, some recent RV16 in-
fection studies have subtracted symptom scores, collected following
baseline bronchoscopies, from those reported after the post-inoculation
bronchoscopy [4]. We did not collect cold symptom and asthma control
data post baseline bronchoscopy. However, we are confident that pa-
tients suffered an increase in cold symptoms as all 8 patients met the
definition of clinical responder to RV when only pre-bronchoscopy data
was considered (Jackson score based on just first 4 days post inocula-
tion results; data not shown) and the peak score for the Wisconsin
Upper Respiratory Symptom Survey predated the bronchoscopy. As
FEV; levels did not alter post inoculation, the increases in ACQ scores
were driven by raised symptom levels and the related increase use in
short acting beta agonists; potentially, these may have been affected by
the bronchoscopy, as well as the RV infection.

The study population had more males, which may have influenced
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Fig. 2. Effects of rhinovirus infection on clinical characteristics in asthma patients (n = 8). (A) Clinical response; (B) Peak flow; (C) Pulmonary function test; (D)
Wisconsin upper respiratory symptom survey; (E) Cold symptom score and (F) asthma control questionnaire. For Jackson score (A) dotted line illustrates cut-off for

positive response. Data are presented as mean =+

sd (B, C and F) or median + range (D and E). Comparisons between pre-inoculation Day 1 and postinoculations

Days 2-14 were by 1-way ANOVA with Dunnett post-test (B, C and F) or Friedman test with Dunns post-test (D and E): *p < 0.05; **p < 0.01.

the study results. While efforts were made for gender balance during
recruitment, the high screen failure rates impeded this.

Three patients did not develop a detectable infection following RV
inoculation; this is a similar proportion to other studies [4] highlighting
the need to measure virus levels post-inoculation. Nasal samples appear
to be good surrogates for bronchoscopy samples in RV studies, as
changes in proteins were similar in the two matrices. Nasal samples are
also simpler to collect and allow repeat samplings.

Our study shows the effects of RV challenge on specific biomarkers
in moderate asthma patients taking ICS. These biomarkers may be used
in future RV challenge studies to evaluate the effects of novel drugs for
asthma.

Ethics approval and consent to participate

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional and/
or national research committee and with the 1964 Helsinki declaration
and its later amendments or comparable ethical standards. Favourable
ethical opinion was obtained from Committee North West — Preston
(14/NW/0121NRES). Participants were recruited from a research da-
tabase of primary and secondary care patients from Northwest England
(The Medicines Evaluation Unit, Manchester, UK). Written informed
consent was obtained before any study specific assessments were per-
formed
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Table 2

Effects of rhinovirus infection on nasal epithelial lining fluid (NELF) and
bronchoalveolar lavage (BAL) cytokine levels. NELF samples were collected on
Day 1 prior to inoculation and 5 days post-inoculation. BAL samples were col-
lected 6 weeks before and 5days after RV inoculation. Cytokine levels were
measured by Meso Scale Discovery multiplex assays. Data is presented as mean
fold-change ( + sd) in cytokine concentration post-infection. Comparisons be-
tween pre- and post-infection levels were by Wilcoxon matched pairs test:
*p < 0.05. Abbreviations: CXCL: chemokine (C-X-C motif) ligand; IFN:
Interferon; IL: Interleukin; TNF: tumour necrosis factor.

NELF BAL

Mean fold-change p Mean fold-change p

1L-4 1.6 £ 1.0 0.0156* 1.6 £ 0.4 0.0313*
IL-5 3.8 £ 3.2 0.0156* 23 £ 1.1 0.0469*
IL-13 1.7 =+ 0.9 0.0156* 1.8 = 0.4 0.0156*
1L-25 13.7 = 11.0 0.0234* 24 + 12 0.0469*
IL-33 3.2 £ 20 0.0547 2.0 = 1.9 0.4688
IFNa 6.2 + 12.5 0.0156* 1.5 £ 13 0.4688
IFNB 13.0 £ 16.9 0.3125 1.7 £ 0.5 0.0469*
IFNy 4.9 = 3.4 0.0156* 2.0 = 0.8 0.0469*
IFNA 23.1 = 39.1 0.0391* 9.1 £ 9.0 0.2188
CXCL10 16.8 £ 25.3 0.0156* 4.4 £ 3.6 0.0313*
CXCL11 150.4 = 218.2 0.0078* 6.5 = 5.6 0.0313*
IL-1B 2.0 £ 23 0.4609 3.1 =37 0.5781
IL-2 24 £ 1.6 0.25 21 £ 27 0.375

CXCL8 22 £ 1.6 0.1484 11.7 £ 26.7 0.4688
IL-10 25 =+ 1.8 0.218 24 =13 0.25

IL-12 3.4 = 31 0.1094 1.5 = 0.9 0.375

IL-17 25.1 = 39.6 0.0781 5.8 £ 9.9 0.1094
IL-22 21 = 1.4 0.375 22+ 1.7 0.1563
TNF 2.0 £ 1.2 0.1953 8.7 £ 194 0.8125

Availability of data and material

The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request
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Appendix A. Supplementary material

Supplementary data to this article can be found online at https://

doi.org/10.1016/j.cyto0.2019.154857.
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SUPPLEMENTARY MATERIAL

Study M ethodology

This was an open-label, allocation, exploratory study to assess the effect of RV-challengein

patients with asthma. Favourable ethical opinion was obtained from Committee North West —
Preston (14/NW/0121NRES). Participants were recruited from a research database of primary

and secondary care patients from Northwest England (The Medicines Evaluation Unit,

Manchester, UK). Written informed consent was obtained before any study specific

assessments were performed.

1.

Inclusion criteria

Aged 18-65 yearsinclusive

Clinician diagnosis for asthma

Use of inhaled short acting beta-agonist (SABA)

Use of stable daily dose of inhaled corticosteroid of 2200 mcg Beclomethasone or
equivalent.

Pre-bronchodilator FEV 1 =65% prior to RV challenge

Asthma Control Questionnaire score of =1 at screening

Have experienced worsening of asthma symptoms following the development of an upper
respiratory tract infection within the previous 5 years.

Low serum antibody titre to RV-16.

Exclusion criteria

Current or former smoker

Any concurrent medical condition(s) that may interfere with the performance of
spirometry or pose a potential hazard when performing spirometry.

Contact with those whose health may be at risk if exposed to RV 16, including but not
limited to premature infants and the immunocompromised.

Male and Female patients without adequate contraception or unwilling to use an effective

form of contraception from Screening until 1 month after the RV challenge.



History of serious adverse reaction, severe hypersensitivity or allergy to any drug or in any
other circumstance (e.g. anaphylaxis).

Vulnerable patients (e.g. persons kept in detention).

Inability to understand the protocol requirements, instructions and study-related
restrictions, the nature, scope, and possible consequences of the study.

Significant illness (other than respiratory illness) within the 2 weeks prior to Day 1.
History of drug or acohol abuse within the 12 months prior Screening

Current symptoms of allergic rhinitis at screening or predicted symptoms during the study
period.

Current treatment with systemic steroids or previous treatment in the 3 months prior to
Screening.

Have ever had an RV challenge at any time prior to Screening.

Have received an investigational drug treatment within the preceding 30 days of screening.
Respiratory tract infection or asthma exacerbation within 4 weeks of Screening or at any
time prior to RV chalenge on Day 1.

Asthma exacerbation requiring treatment with systemic corticosteroids in the past 3
months prior to Screening.

Hospitalisation (including emergency room visits) for the treatment of asthma within 3
months of screening or history of life-threatening asthma.

. Study design

Following consent, patients underwent screening to assess for suitability for inclusion
against the above criteria. Eligible subjects had a baseline bronchoscopy, post-screening,
which was performed 6 weeks prior to the rhinovirus challenge (Day 1), followed by a
second bronchoscopy 4 days post-inoculation. Patients visited the Medicines Evaluation
Unit on Days 1-7, as well as Day14. Nasa lavage samples were collected pre-inoculation
on Day 1 and for two weeks post-inoculation, while NELF was collected pre-inoculation
Day 1 and Day 5 post-inoculation. Bronchoalveolar lavage (BAL) and nasal lavage were
used to assess viral loads, with BAL and NELF samples used to assess protein levels.

Patients completed daily diary cards to record changes in their symptoms (see below), and

completed Asthma Control Questionnaires pre-inoculation on Day 1, and on Days 7 and



14 post-innoculation. Peak flow measurements were performed, in the morning, by the
patients at home pre-inoculation on Day 1 and post-inoculation of Days 2-14, and lung

function measured pre-inoculation of Day 1 and on Days 2-7, aswell as Day 14.

4. Questionnaires

a. Wisconsin Upper Respiratory Symptom Survey (WURSS)

The negative impact of upper respiratory infection was assessed using the WURSS-21
quality of life instrument (1). Patients were asked to compl ete the questionnaire at baseline

and for 2 weeks post viral inoculation.

b. Cold Symptom Score

Cold symptoms were assessed at baseline and for 2 weeks post viral inoculation using
the Jackson scoring method (2). The various symptoms, comprising of cough,
rhinorrhea, sneezing, nasal obstruction, laryngitis, headache, malaise and chilliness,
were graded from O to 3 (absent, mild, moderate, or severe symptoms). The sum of the

individual symptom scores gave the patients daily total symptom severity score.

c. Asthma Control Questionnaire

Asthma characteristics were assessed using the Asthma Control Questionnaire (3) at
screening, pre-inoculation, Day 7 and Day 14 post viral inoculation. Briefly, the ACQ
consists of 7 questions (5 cardina symptoms, FEV; % predicted and daily rescue
bronchodilator use). Patients are asked to recall how their asthma has been during the
previous week and to respond to the symptom and bronchodilator use questions. FEV 1%
predicted is measured on the day of questionnaire. Each component is scored on a 7-point
scale (0 to 6) and the ACQ score is calculated as the mean value, resulting in a score
between O (totally controlled) and 6 (severely uncontrolled).

5. Lungfunction




a. Peak flow
Peak Expiratory Flow (PEF) was measured by the subjects at home daily using a Wright
peak flow meter. The highest of three technically acceptable measurements was recorded

at each time point in the diary provided.

b. Spirometry
Spirometry (FEV;) was performed at specified time points throughout the study. The

highest of at least three technically acceptable measurements were recorded at each time
point. Patients were required to withhold their rescue medication (SABA) for at least 6
hours prior to lung function testing.

6. Virusinoculation

Infection with RV 16 was performed on Day 1 of the infection period. Each subject was
inoculated while lying in a recumbent position with atarget dose of 1000 TCIDsg in atotal
administration volume of 1 mL.

All RV were prepared in a designated Biological Safety Cabinet by appropriately trained
personnel. Stock RV virus was stored in a secure -80°C freezer with restricted access to
designated personnel. RV 16 was thawed in a 37°C water bath by gently swirling, aliquots
were maintained on wet ice until inoculation. Using a sterile Pasteur pipette, 0.5 mL RV 16
from the vial was administered into each nostril with approximately 2-5 minutes interval
between each administration. Subject remained in the recumbent position for
approximately 2-3 minutes following administration of RV16. They were instructed to
wear a face mask for at least 30 minutes post inoculation and to refrain from rubbing or

blowing their nose for at least 30 min.

A subject was defined as a clinica responder to RV 16 if they met the following criteria
)

The subject has a total Jackson symptom score of at least 6 over the 5 days following
inoculation AND
1) The subject has reported rhinorrhoea for at least 3 days over the 5 days following

inoculation



OR
2) The subject believes that he or she has had or currently has a cold (based on the
response to the cold question on Day 6).

7. Nasal lavage
Nasal lavage involved instillation of an iso-osmotic salt solution into the nasal cavity.

A syringe was pre-filled with a 5ml sterile iso-osmotic solution (0.9% sodium chloride at
room temperature). A nasal adaptor/olive of an appropriate size for the patient’s nostril
was selected which was then attached to the syringe to make a close fitting (tight seal) and
prevent leakage of lavage fluid. The subject sat over a desk facing the physician with head
forward-flexed (approximately 60° from the upright position) to prevent fluid from
reaching the nasopharynx.

The pre-filled syringe with an adaptor was inserted into nasal cavity forming a tight seal
with an adaptor. The iso-osmotic solution was then introduced into the nasal cavity; the
fluid was flushed and aspirated repeatedly a maximum of 20 times over a 1-minute period.

The recovered lavage was centrifuged and supernatants frozen for viral load analysis.

8. Nasoabsor ption

Nasal secretion sampling is used as a harmless method for studying nasal airway
inflammation by sampling the NELF from the nose which has a strong functional and
immunological relationship with the bronchi. Nasal secretion sampling was performed by
introducing the Synthetic absorptive materia (SAM) into the nasal cavity.

With the patient sitting comfortably upright, and the head extended backwards, a
nasosorption SAM strip was placed on the lateral wall of the nasa cavity, onto the
lateral/inferior surface of the inferior turbinate using blunt-ended forceps. Light pressure
with the subject’s finger was used in order to prevent the strips from slipping out of the
nasal cavity. SAM was left to absorb nasal secretions for 2 min. The recovered SAM was
placed in a cryotube and then centrifuged. The collected sample was analysed for

inflammatory mediators.

9. Bronchoscopy




10.

Bronchoscopy was performed after the subjects had been sedated. Bronchoalveolar lavage
(BAL) was collected from the right bronchus. The bronchoscope was wedged in the
bronchus and a maximum of 4 x 60 ml aiquots of pre-warmed sterile 0.9 % saline
solution were instilled. The aspirated fluid was stored on ice before filtration (100 pm
filter, Becton Dickenson, Oxford, UK). The filtrate was centrifuged (400 g/10 min at 4°C)
and the BAL fluid was stored at -80°C in 1ml aliquots for biomarker and viral load

anaysis.

Protein analysis

Baseline and post-inoculation BAL and nasoabsorption samples were assessed for anti-
vira and Type 2 inflammatory cytokines by multiplex assay (Meso Scale Discovery,
Rockville, Maryland, USA)
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Supplementary Table 1. Lower level of quantification (LLOQ) for Meso Scale
Discovery multiplex assay

. LLO
Cytokine © g/m?)
CXCL11 0.431
IFN-02A 46

IFN-B 114.3
IFN-y 20
IL-13 2.24
IL-25 10.574
IL-33 11.89
IL-4 2.24
IL-5 4.687
CXCL10 10.334
IL-10 0.932
IL-12p70 1.36
IL-17A 4.49
IL-1P 0.95
IL-2 0.48
IL-22 0.83
CXCL8 0.56
TNF 92
TSLP 247
IFN-MIL-29 2.88

Abbreviations: CXCL: chemokine (C-X-C motif) ligand;; IFN-: interferon; IL-: interleukin;
LLOQ: lower level of quantification; TNF. tumour necrosis factor; TSLP: Thymic stromal
lymphopoietin.



Supplementary Table 2: BAL and nasal lavage viral loads

Viral Load (copies/ml sample)

Patient | Basdline | . . inoculation post- :
inoculation : . I nfection
BAL BAL Nasal inoculation (Yes/No)
lavage Nasal lavage
1 6.0 5740.2 6.0 15312.9 Yes
2 6.0 6.0 6.0 6.0 No
3 6.0 17528.0 6.0 4292.2 Yes
4 6.0 30.0 6.0 514.5 Yes
5 6.0 9037.8 6.0 24068.1 Yes
6 6.0 6634.8 6.0 23240.9 Yes
7 6.0 6.0 6.0 1754.3 Yes
8 6.0 6.0 6.0 12263.8 Yes
9 6.0 6.0 6.0 6.0 No
10 No Sample 6.0 26101.1 Yes
11 60 | 60 6.0 30.0 No

Abbreviations: BAL: bronchoaveolar lavage
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