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Pre‑existing asthma as a comorbidity does 
not modify cytokine responses and severity 
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Abstract 

Background:  A significant portion of COVID-19 sufferers have asthma. The impacts of asthma on COVID-19 
progression are still unclear but a modifying effect is plausible as respiratory viruses are acknowledged to be an 
important trigger for asthma exacerbations and a different, potentially type-2 biased, immune response might occur. 
In this study, we compared the blood circulating cytokine response to COVID-19 infection in patients with and 
without asthma.

Methods:  Plasma samples and clinical information were collected from 80 patients with mild (25), severe (36) or 
critical (19) COVID-19 and 29 healthy subjects at the John Radcliffe Hospital, Oxford, UK. The concentrations of 51 
circulating proteins in the plasma samples were measured with Luminex and compared between groups.

Results:  Total 16 pre-existing asthma patients were found (3 in mild, 10 in severe, and 3 in critical COVID-19). The 
prevalence of asthma in COVID-19 severity groups did not suggest a clear correlation between asthma and COVID-19 
severity. Within the same COVID-19 severity group, no differences were observed between patients with or without 
asthma on oxygen saturation, CRP, neutrophil counts, and length of hospital stay. The mortality in the COVID-19 
patients with asthma (12.5%) was not higher than that in patients without asthma (17.2%). No significant difference 
was found between asthmatic and non-asthmatic in circulating cytokine response in different COVID-19 severity 
groups, including the cytokines strongly implicated in COVID-19 such as CXCL10, IL-6, CCL2, and IL-8.

Conclusions:  Pre-existing asthma was not associated with an enhanced cytokine response after COVID-19 infection, 
disease severity or mortality.
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Background
Since the outbreak in Wuhan, China, COVID-19 has 
spread through the world at an unprecedented speed, 
causing more than 92  million infections and over 
2 million deaths worldwide at the time of writing. With 

the increased studies and researches on COVID-19, it 
is clear that SARS-CoV-2, an enveloped, positive-sense 
single-stranded RNA virus [1], is the pathogen causing 
this global pandemic; it invades the host cells through 
angiotensin-converting enzyme 2 (ACE2) receptor [2, 
3] and results in respiratory failure and a lethal state of 
acute respiratory distress syndrome (ARDS) by diffuse 
alveolar damage, pulmonary capillary congestion, and 
cytokine storm [4, 5].
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Asthma is a common airway disease with more than 
300 million patients worldwide [6]. Both COVID-19 and 
asthma are associated with pulmonary inflammation, 
damage and dysfunction, and can result in respiratory 
failure and death. However, the influence of asthma 
on the process and outcomes of COVID-19 is unclear. 
Respiratory viruses such as influenza virus and 
other coronaviruses are common causes for asthma 
exacerbations [7]. The possibility of a type-2 deviated 
immune response during viral infections has been 
speculated [8]. Th2-skewed immunity down-regulates 
type I and III interferon productions, which are the key 
contributors of late-phase hyperinflammation in severe 
respiratory viral diseases [9], and the deficiency in 
interferons is also linked to the impaired innate antiviral 
immune responses in asthma [10]. Existing data on 
asthma as a risk factor for COVID-19 is contradictory. 
Large cohort studies in different geographic regions 
found that the prevalence of asthma in COVID-19 
was under-represented and lower than that in general 
populations [11–13]. A study of 961 hospitalized 
COVID-19 patients did not show an increase of severity 
and mortality in patients with asthma [14]. In addition, 
the Th2 cytokines and eosinophilic inflammation, 
hallmarks of asthma pathophysiology, have been 
demonstrated to be associated with decreased ACE2 
expression in bronchial epithelium of asthmatic patients 
[14–17]. Hence, asthma is unlikely to represent a risk 
factor of COVID-19 infection [9]. Nevertheless, in vitro 
study found that Rhinovirus infection could increase 
the ACE2 expression in nasal tissues from patients with 
asthma [18]. Meanwhile, a recent study of a population of 

more than 17 million has reported that severe asthma is 
associated with a higher occurrence of COVID-19 related 
deaths [19]. Therefore, the relationships and interactions 
between asthma and COVID-19 are still unclear.

Cytokine “storm” has been recognised as an important 
driver of disease deterioration and severity in COVID-
19 [18, 20]. However, there is still limited understanding 
of the impact of asthma on COVID-19-derived cytokine 
storm, with only one study reporting no difference 
between patients with and without asthma in the levels 
of interleukin (IL)-2, IL-6, IL-10, IL-8 and tumor necrosis 
factor (TNF)-α [14]. Comparing the cytokine response to 
infection may provide an important mechanistic insight 
into any interaction between asthma and COVID-19. 
In this study, we investigated the role of pre-existing 
asthma as a comorbidity in disease severity of COVID-
19 by comparison of immune response via circulating 
cytokines.

Method
Patients and samples
Plasma samples and clinical information were collected 
from a total of 109 individuals, including 80 COVID-19 
patients [25 mild (CM), 36 severe (CS) and 19 critical 
(CC)] and 29 healthy volunteers (HV), at the John 
Radcliffe Hospital, Oxford, UK. Among the COVID-19 
patients, 16 patients had pre-existing asthma (3 in CM, 10 
in CS, and 3 in CC groups) (Table 1). The diagnosis and 
severity classification of COVID-19 were in accordance 
with the guideline by the World Health Organization 
[21]. The history of asthma comorbidity was defined 
using hospital episode statistics ICD10 codes, and it 

Table 1  Demographic details of the patients with asthma across different COVID-19 severity groups

BMI body mass index, FeNO fractional exhaled nitric oxide, FEV1 forced expiratory volume in one second, FVC forced vital capacity, ICS inhaled corticosteroids, OCS oral 
corticosteroids, PEF peak expiratory flow

Asthma with critical COVID-19 
(n = 3)

Asthma with severe COVID-19 
(n = 10)

Asthma with 
mild COVID-19 
(n = 3)

Age 70 ± 11 56 ± 16 37 ± 17

BMI (kg/cm2) 27.52 ± 6.74 28.92 ± 4.63 26.94 ± 1.74

Gender (M/F) 3/0 7/3 1/2

Asthma severity (mild/severe) 3/0 10/0 3/0

Eosinophilic asthma 0 2 1

Blood eosinophil counts (cells/μL) 150 ± 36 210 ± 108 220 ± 0

PEF (L/min) 520 ± 0 500 ± 151 150 ± 0

FEV1 (L/min) NA 2.78 ± 1.28 NA

FEV1/FVC (%) NA 85.00 ± 4.24 NA

FeNO (ppb) NA NA NA

ICS Yes Yes Yes

OCS No No No

Biological treatments No No No



Page 3 of 12Luo et al. Allergy Asthma Clin Immunol           (2021) 17:67 	

was under control on regular inhaled corticosteroids 
when hospitalized for COVID-19 infection. Ethics 
were approved by the research ethics committee (REC) 
at Yorkshire & The Humber—Sheffield (GI Biobank 
Study 16/YH/0247), and written informed consent was 
obtained from each patient before sample collection.

Luminex assay
The concentrations of 51 proteins in the plasma 
samples were measured with Human Magnetic 
Luminex Kits (Bio-techne) in 3 panels according to the 
manufacturer’s instructions, including: C–C motif ligand 
(CCL)2/3/4/11/17/18/19/20, CD40 Ligand (CD40L), 
CD163, complement component 5a (C5a), C-X-C 
motif chemokine ligand (CXCL)1/5/10, epidermal 
growth factor (EGF), basic fibroblast growth factor 
(FGF2), granulocyte colony-stimulating factor (G-CSF), 
granulocyte–macrophage colony-stimulating factor 
(GM-CSF), granzyme B (GrB), interferon (IFN)-α/β/γ, 
IL-1α/1β/2/3/5/6/8/10/12/13/15/17A/23/33, lactoferrin 
(LF), Lipocalin-2 (LCN2), Lymphotoxin-alpha (LTα), 
macrophage colony-stimulating factor (M-CSF), 
Myeloperoxidase (MPO), beta-nerve growth factor 
(β-NGF), Oncostatin M (OSM), S100 calcium-binding 
protein A9 (S100A9), stem cell growth factor (SCGF), 
tissue factor (TF), tissue factor pathway inhibitor 
(TFPI), transforming growth factor alpha (TGFα), 
Thrombopoietin (THPO), TNF, and triggering receptor 
expressed on myeloid cells 1 (TREM-1). The Results were 
obtained by the Bio-Rad Bio-Plex® 200 Systems.

Data analysis
Clinical characteristics and plasma proteins
Clinical traits and the selected plasma proteins between 
COVID-19 patients with and without asthma were 
compared by unpaired independent Student’s t-test and 
Chi-square (χ2) test or Fisher’s exact test in SPSS.

Heatmap
The heatmaps to compare the levels of the 51 proteins 
were generated with R (ComplexHeatmap) and coloured 
by the fold-change in log10 of the fluorescence intensity 
(FI) after normalization against the mean value of 
patients without asthma.

Volcano plots
The p-values of the 51 proteins in the Volcano plots were 
obtained from SPSS by using a two-tailed independent 
student’s t-test on the natural log (Ln) of the FI between 
patients with and without asthma. The fold changes were 
calculated by the mean values of Ln(FI) of each protein in 
asthma against that in non-asthma.

Uniform manifold approximation and projection (UMAP)
The UMAPs were calculated using the MATLAB package 
[22]. The UMAP was partially supervised, with 2/3rds 
of the patients in each condition randomly chosen to 
train the network. The UMAP was set to have 45 nearest 
neighbours, a minimum distance of 0.3 with a correlation 
metric. The UMAP was reduced over 20,000 epochs.

Correlation analysis
The FI of the 51 proteins from 80 COVID-19 patients 
were used for Pearson correlation analysis to calculate 
the correlation coefficient (r). Correlation matrix was 
plotted by R (corrplot) based on the Pearson correlation 
coefficient and p-values. Correlation network was 
generated by R (ggraph) using those with absolute 
correlation coefficients of > 0.3. Severity was scored as 
CM = 1, CS = 2 and CC = 3.

Results
In total, 16 patients with a pre-existing comorbidity of 
asthma were found in this cohort, of which 3 in mild, 
10 in severe, and 3 in critical COVID-19. The overall 
prevalence of asthma in COVID-19 was 20.0%. These 
patients had no significant differences in body mass index 
(BMI), gender, ethnicity, or smoking status compared 
with non-asthma patients in the cohort (Table 2).

Circulating cytokines/mediators between COVID‑19 
patients with and without asthma
To understand the impact of asthma comorbidity on 
the immune response of COVID-19 infection, we 
investigated the effect of asthma comorbidity on the 
COVID-19 cytokine profile. A cytokine storm was 
clearly detected in this COVID-19 cohort. Of the 
tested 51 plasma proteins, the levels of 25 proteins: 
CCL2/18/19/20, CD163, C5a, CXCL10, G-CSF, GM-CSF, 
IL-6/8/10/15/23, LCN2, M-CSF, MPO, β-NGF, S100A9, 
SCGF, TF, TFPI, TGF-α, TNF and TREM-1, were 
significantly elevated in the plasma from patients with 
COVID-19 compared with that from healthy donors 
(Fig.  1). Among these enriched proteins, 12 exhibited 
a particularly strong increase in every critical patient: 
CCL2/19/20, CXCL10, GM-CSF, IL-6/8/15, S100A9, 
SCGF, TNF and TREM-1. Two cytokines (CXCL5 and 
EGF) were down-regulated after COVID-19 infection.

The levels of these enriched plasma proteins were 
compared between asthmatic and non-asthmatic 
patients within same COVID-19 severity groups 
(Fig.  2). In general, no obvious differences were 
observed between the two populations. In the critical 
COVID-19 group, the heatmap (Fig.  2a) and volcano 
plot (Fig.  2b) even showed that the levels of some 
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circulating cytokines were marginally lower in patients 
with asthma than those without asthma, particularly on 
THPO, LTα, and TGFα (Fig. 2c). In severe COVID-19, 
a similar pattern was observed (Fig.  2d, e) but weakly 
lower on SCGF and MPO and weakly higher on IL-1α 
and IL-17 (Fig.  2f ). In mild COVID-19, the cytokines 
weakly elevated in patients with asthma were IL-1β, 
IL-13, CXCL5, and LF (Fig. 2g–i). However, in all cases, 
the cytokines that were weakly upregulated in the 
asthma group were not those upregulated in COVID-19 

cytokine storm conditions. In contrary, some important 
cytokines in COVID-19 cytokine storm such as 
CXCL10, IL-6, CCL2, CCL20, IL-8 and S100A9 showed 
a trend of slightly lower levels in patients with asthma 
in all three COVID-19 severity groups (Fig. 3a). UMAP 
also confirmed that asthmatic patients in different 
COVID-19 severity groups are randomly distributed 
in the same severity clusters, and have no obvious 
difference on the cytokine profiles from non-asthmatic 
patients (Fig. 3b). 

Fig. 1  Plasma cytokine enrichment profile in COVID-19. Comparison of mean fluorescence intensity (FI) difference of plasma proteins between 
different disease severities of COVID-19 (mild-CM, severe-CS, and critical-CC) and healthy volunteer (HV) measured with Luminex (95% confidence 
interval). The different colour-shaded backgrounds indicate the changing direction of the protein levels compared to HV
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Correlation between asthma and clinical outcomes 
and circulating proteins in patients with COVID‑19
To further explore the role of asthma on COVID-
19 severity, mortality, and the circulating cytokine 
storm, a correlation analysis was conducted. It showed 
that asthma was not associated with severity scores 
of COVID-19 or the relevant clinical outcomes such 
as mortality and hospital length of stay (Fig.  4a). In 
addition, we found that higher blood lactate level was 
associated with higher mortality and that higher blood 
SCGF level was associated with severity of COVID-19, 
however, asthma was negatively correlated with these 
two covariates. Furthermore, asthma was not associated 
with any of the clinical traits or circulating cytokines 
that were significantly positive-correlated [hospital 
length of stay (LOS), blood neutrophil counts, C-reactive 
protein (CRP), CCL2, CCL4, IL-6, IL-10, S100A9, SCGF, 
CCL19, CCL20, C5a, CXCL10, G-CSF, GM-CSF, IL-15, 
IL-23] or negative-correlated [lymphocyte counts, 
haemoglobin, the ratio of arterial oxygen saturation 
to fraction of inspired oxygen (SaO2/FiO2) and TFPI] 
with COVID-19 severity scores. Similarly, asthma was 
also not associated with the clinical traits or cytokines 
that were positively [blood neutrophil counts, lactate, 
CRP, d-dimer, OpenSAFELY (OS) score, IL-6, S100A9, 
CCL20, TF, CXCL10, GM-CSF, IL-15, TREM-1] or 
negatively (blood lymphocyte counts, haemoglobin, 
bicarbonate and SaO2/FiO2) correlated with mortality. 
The correlation network analysis also did not show 
strong linkage between asthma and COVID-19 disease 
severity and mortality (Fig. 4b).

Clinical characteristics between COVID‑19 patients 
with and without asthma
To confirm the above observation, the clinical traits 
between patients with and without asthma in different 
COVID-19 severity groups were compared (Table  2). 
Similar burden of comorbidities, oxygen level (SaO2/
FiO2), neutrophil counts, platelet counts, lactate, and CRP 
were detected in both groups. As for the outcomes, we 
also did not observe any significant differences on the use 
of and the duration on vasopressors, renal replacement 
therapy, or ventilation. The overall mortality in COVID-19 

patients with asthma (12.5%) was not higher than that in 
patients without asthma (17.2%) in total cohort, nor was 
in the different COVID-19 severity groups.

Furthermore, although the age distribution showed 
a slight increase with severity of COVID-19 in the 
patients with asthma (37 ± 17 in mild, 56 ± 16 in severe 
and 70 ± 11 in critical) than that in the patients without 
asthma (70 ± 20 in mild, 67 ± 16 in severe and 55 ± 12 
in critical), the prevalence of asthma in COVID-19 
severity groups (12.0% in mild, 27.8% in severe and 15.8% 
in critical) did not exhibit a clear correlation between 
asthma and the severity of COVID-19.

Discussion
Although different prevalences of asthma in patients 
with COVID-19 have been reported, a consistent finding 
is that this prevalence is lower than that in the general 
populations without COVID-19 [23]. In China, chronic 
respiratory diseases including asthma have been reported 
in 2.4% of 44,672 confirmed cases [24] and in the 
epicentre of Wuhan this figure was only 0.9% [11], which 
were lower than the reported asthma prevalence in the 
nationwide (4.2%) [25] and in Wuhan (6.4%) [26]. In the 
UK, pre-existing asthma has been identified in 14.5% of 
20,133 hospitalised patients with COVID-19 [13], while 
the nationwide prevalence of asthma was 18.15% in the 
whole population [27]. Furthermore, no difference was 
found in the prevalence of asthma between severe (1.1%) 
and non-severe (0.7%) COVID-19 in a previous study 
[11]. It has also been reported that the percentage of 
severe COVID-19 cases in asthmatic patients (4.6%) was 
significantly lower than that in non-asthmatic patients 
(25.0%) [14]. In this Oxford cohort, a similar pattern was 
observed that the prevalence of asthma in COVID-19 
patients was not significantly higher than that in general 
population, and there was no difference of prevalence 
of pre-existing asthma among different COVID-19 
severities. Although we found more severe and critical 
COVID-19 cases in patients with asthma than that 
reported from China, no significant difference was shown 
compared to that in patients without asthma. Therefore, 
our results support the emerging idea that patients with 

(See figure on next page.)
Fig. 2  Comparison of plasma cytokine profiles between COVID-19 patients with and without asthma within different severity groups. a, d, g 
Heatmaps showing the comparison of FI levels of 51 plasma proteins between asthmatic and non-asthmatic patients in critical (a), severe (d), 
and mild (g) COVID-19 groups detected with Luminex assay. b, e, h Volcano plots showing differential abundance of 51 plasma proteins between 
asthmatic and non-asthmatic patients in critical (b), severe (e), and mild (h) COVID-19 groups. The horizontal dash-lines indicate p-value of 0.05. 
The proteins with significantly lower levels in asthma group were shaded in blue, and significantly higher were shaded in red. c, f, i Scatterplots of 
FI levels of cytokines showed significant difference between asthmatic and non-asthmatic patients in critical (c), severe (f), and mild (i) COVID-19 
groups. *p < 0.05 and **p < 0.001
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Fig. 2  (See legend on previous page.)
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underlying comorbidity of asthma are not at higher risk 
of severe COVID-19 infection [9, 28]. However, it is still 
unclear whether SARS-CoV-2 would increase asthma 
exacerbation although viral infection is recognized as 
one of the risk factors for asthma exacerbation, therefore, 
further investigations on this aspect are needed.

Cytokine storm is one of the key features in COVID-
19 infection. Many cytokines such as CXCL10, IL-6, 
CCL2, IL-8, MPO have been reported to be associated 
with disease severity and mortality [5, 20, 29]. In order 
to investigate any potential impact of pre-existing asthma 
as a comorbidity on the immunological mechanism of 

Fig. 3  Comparison of plasma cytokine levels between COVID-19 patients with and without asthma. a Scatterplots of FI levels of CCL2, CCL20, 
CXCL10, IL-6, IL-8 and S100A9 obtained from Luminex assay in plasma from patients with and without asthma in different COVID-19 severity groups. 
b UMAP analysis showing the distribution of asthmatic patients (hollow circle) in the clusters of different COVID-19 severity groups (shaded with 
colours) based on their plasma protein profiles. HV was used as a control group
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COVID-19 disease, we measured and compared the 
circulating proteins in plasma which covered a spectrum 
of 51 proteins. Our data demonstrated strong enrichment 
of CCL2/19/20, CXCL10, GM-CSF, IL-6/8/15, S100A9, 
SCGF, TNF and TREM-1 in COVID-19, which could 
potentially play a critical role on the pathogenesis of the 
disease. No further enhancement of these enrichments 
was detected in COVID-19 patients with asthma. 
By contrast, we detected a few cytokines (CXCL5, 

IL-1α/1β/13/17, LF) weakly elevated in asthma groups, 
which are not relevant to pathogenesis of COVID-19 
as the levels of these proteins are not changed or even 
decreased in general COVID-19 patients. Some of these 
observations were consistent with the findings in the 
study by Song et al. [14]. Therefore, asthma comorbidity 
does not appear to modify the cytokine storm cascade 
after COVID-19 infection, and any difference in disease 
severity is unlikely to be explained on this basis.

Fig. 4  Correlation analysis between asthma and clinical traits/cytokines in COVID-19 patients. a Correlation of asthma and clinical traits/circulating 
proteins in patients with COVID-19. The size of the dots represents the significance level of the correlation, with a “*” indicating p < 0.05. Correlation 
coefficients (r) are indicated by colour. b Network of asthma and clinical traits/circulating proteins correlations in patients with COVID-19. The 
colours of the lines indicate the correlation coefficients (r)
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The influences of pre-existing asthma on the outcomes 
of COVID-19 are still unknown. Although a recent 
post hoc analysis (OpenSAFELY study) reported an 
association between uncontrolled asthma and COVID-
19-related death, the population they analysed were not 
only patients with COVID-19 disease [19], therefore, it is 
still unclear whether COVID-19 patient with pre-existing 
asthma would end up with worse outcomes compared to 
those without asthma. So far, there is only one study that 
reports the effect of asthma as well as chronic obstructive 
pulmonary disease (COPD) on the outcomes of patients 
with COVID-19 [14]. In that study, no significant 
difference was found in mortality between COVID-
19 patients with and without asthma, but patients with 
COPD had significantly increased mortality [14]. In 
our study, we not only compared mortality but also 
other clinical traits between patients with and without 
asthma in different COVID-19 disease severity groups. 
No correlation between asthma and COVID-19-related 
clinical features was detected in our cohort. Hence, our 
data suggests that pre-existing asthma is not associated 
with worse clinical outcomes of COVID-19. Of course, 
future bigger COVID-19 cohort investigation including 
different asthma phenotypes would be useful to further 
improve our understanding of the effect of asthma in 
COVID-19.

Conclusions
Based on this cohort study, pre-existing asthma was 
not associated with an enhanced cytokine storm after 
COVID-19 infection, and did not have strong effects on 
COVID-19 progression and mortality.
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