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A B S T R A C T   

Background: It is unclear whether asthma and asthma medications increase or decrease the risk of severe COVID- 
19, and this is particularly true for patients with severe asthma receiving biologics. 
Objectives: The aim of this study was to assess incidence and disease course of COVID-19 in patients with severe 
asthma on biologic therapy (omalizumab, mepolizumab, reslizumab, benralizumab, dupilumab), as compared 
with COVID-19 data from the general Dutch population. 
Methods: COVID-19 cases were identified through a prospective ongoing survey between March 17 and April 30, 
2020 among all severe asthma specialists from 15 hospitals of the Dutch Severe Asthma Registry RAPSODI. From 
these cases, data was collected on patient characteristics, including co-morbidities, COVID-19 disease progres-
sion and asthma exacerbations. Findings were then compared with COVID-19 data from the general Dutch 
population. 
Results: Of 634 severe asthma patients who received biologic therapy in RAPSODI, 9 (1.4%) were diagnosed with 
COVID-19. Seven patients (1.1%) required hospitalization for oxygen therapy, of which 5 were admitted to the 
intensive care for intubation and mechanical ventilation. One patient died (0.16%). All intubated patients had 
≥1 co-morbidities. Odds (95%CI) for COVID-19 related hospitalization and intubations were 14 (6.6–29.5) and 
41 (16.9–98.5) times higher, respectively, compared to the Dutch population. One patient presented with an 
asthma exacerbation. 
Conclusion: Patients with severe asthma using biologic therapy showed to have a more severe course of COVID-19 
compared to the general population. This may be due to co-morbidities, the severity of asthmatic airway 
inflammation, the use of biologics, or a combination of these.   

1. Introduction 

The coronavirus disease 2019 (COVID-19) pandemic is an ongoing 

crisis, and currently, second waves are a major concern in many parts of 
the world [1]. From the earliest observations it has appeared that the 
course of COVID-19 is heterogeneous, varying from asymptomatic 
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infection to severe pneumonia in 20% of cases including 5% developing 
critical disease [2]. Several risk factors for poor outcome of COVID-19 
have been identified, including older age, diabetes, cardiovascular dis-
ease and obesity [3–5]. Since the outbreak there has been much debate 
about the extent to which asthma is a risk factor for susceptibility to 
SARS-CoV-2 infection or severe disease progression of COVID-19, and 
results of studies addressing these issues vary substantially [6–12]. 
Recent large studies and meta-analyses however suggest that asthma 
patients in general may not be at risk for severe COVID-19, which may 
be due to a potential protective effect of type 2 inflammation [13–17]. 

In most studies COVID-19 asthmatics had mild to moderate disease, 
and only a few reports have been published on patients with severe 
asthma and COVID-19 [15,18–22,38]. A growing number of these pa-
tients with severe asthma use monoclonal antibodies targeting immune 
globulin E (IgE), IL-5, IL-5 receptor alpha (Rα) or IL-4Rα [23]. Currently, 
it is unknown whether severe asthma patients who use biologics have 
increased susceptibility to SARS-CoV-2 infection, or increased risk of a 
more severe course of COVID-19. Neither is it known whether 
SARS-CoV-2 infection is a trigger of acute asthma exacerbations in these 
patients. In the present study we aimed to explore; (1) the incidence of 
COVID-19 cases in patients with severe asthma on biologic therapy 
included in the Dutch Severe Asthma Registry RAPSODI; (2) the fre-
quency of asthma exacerbations at COVID-19 diagnosis; (3) the pro-
portion of these COVID-19 positive patients needing hospitalization or 
ventilatory support; and (4) the incidences of (severe) COVID-19 and 
COVID-19 related death compared to the RAPSODI population not on 
biologic treatment and the general Dutch population. 

2. Methods 

This was a prospective study in which data on COVID-19 were 
collected from patients included in the Dutch Severe Asthma Registry 
RAPSODI (Registry of Adult Patients with Severe asthma for Optimal 
Disease management) as from May 2016. These patients were all diag-
nosed with severe asthma according ERS/ATS guidelines and included 
in the registry after having provided informed consent. There were no 
exclusion criteria for enrollment in the registry. COVID-19 cases were 
identified through a prospective ongoing survey between March 17th 
and April 30th, 2020 among all severe asthma specialist at the 15 
RAPSODI hospitals. A COVID-19 diagnosis was defined as a positive PCR 
for SARS-CoV-2, typical symptoms <10 days after contact with a 
confirmed case, or typical symptoms with positive SARS-CoV-2 serology 
results afterwards. Patient characteristics including co-morbidities, as 
well as the course of COVID-19 from patients diagnosed with COVID-19 
were collected. Information on COVID-19 in the Dutch population in the 
period March 1st, 2020 and April 30, 2020 was derived from the Dutch 
National Institute for Public Health and the Environment and the Sta-
tistics Netherlands’ database [24–26]. Consent for participation in this 
study was obtained from all COVID-19 patients. Ethical approval for the 
study was obtained under nr W20_155 # 20.169. 

2.1. Analysis 

First we collected all cases of COVID-19 between March 1st, 2020 
and April 30th, 2020 among patients included in RAPSODI who were 
treated with biologics and calculated the incidence of COVID-19 in this 
population. Then we assessed the proportion of these COVID-19 patients 
who presented with an asthma exacerbation, were admitted to the 
hospital, were intubated and died. Finally, we compared the incidence 
rates of confirmed COVID-19 cases, hospitalizations, intubations and 
mortality with the RAPSODI population not treated with biologics and 
the general Dutch population, and calculated odds ratio’s. We expected 
only small numbers of COVID-19 cases in our study population and 
therefore did not plan a regression analysis for adjusting for con-
founders. P values < 0.05 were considered statistically significant. 

3. Results 

3.1. COVID-19 incidence 

At the start of the COVID-19 pandemic in the Netherlands, on March 
1st, 2020, the RAPSODI database contained data from 707 well- 
characterized patients of which 634 were treated with a biologic for 
asthma (19% omalizumab, 39% mepolizumab, 16% reslizumab, 19% 
benralizumab, 7% dupilumab) and were frequently monitored. Nine of 
these 634 severe asthma patients in the RAPSODI database (1.42%) 
were diagnosed with COVID-19, of which eight were laboratory 
confirmed (1.26%). Characteristics of these 9 patients are summarized 
in the upper panel of Table 1. Most of them were treated with an anti-IL- 
5 biologic (mepolizumab, reslizumab, benralizumab). Co-morbidities 
known to increase the risk for severe COVID-19, such as obesity, dia-
betes or cardiovascular disease, were present in two-thirds of cases. 

3.2. COVID-19 disease course 

Seven out of nine COVID-19 patients were hospitalized because of 
hypoxemia, requiring oxygen therapy by nasal canula or non-rebreather 
mask, five of these (71%) were admitted to the intensive care unit for 
intubation and mechanical ventilation, and one patient died (14%), as 
shown in the lower panel of Table 1. None of the patients received 
Continuous Positive Airway Pressure (CPAP), Non-Invasive Ventilation 
(NIV), or Extracorporeal Life Support (ECLS). Asthma symptoms 
(wheeze) at COVID-19 diagnosis were observed in one patient. 

3.3. COVID-19 incidences compared to patients in RAPSODI not treated 
with biologics and the general Dutch population 

Only 1 of the 73 (1.73%) patients included in RAPSODI who were not 
treated with biologics was diagnosed with COVID-19, which made any 
comparisons with the patients on biologic therapy trivial. This patients 
was a 50 year old male, who used maintenance prednisolone (10 mg/ 
day), had a normal BMI and no other relevant co-morbidities. He was 
hospitalized for 3 days because of an ongoing exacerbation asthma. The 
positive PCR for SARS-CoV-2 infection was quite unexpected since he 
had no other symptoms typical for COVID-19. 

Compared to the general Dutch population the incidence of COVID- 
19, hospitalization or intubation for COVID-19, and COVID-19 related 
mortality were higher in the RAPSODI population on biologic therapy 
(Table 2), with corresponding odds ratio’s for contracting COVID-19 of 
4.6 (95% confidence interval (CI) 2.3–9.2, p value < 0.0001), for hos-
pitalization of 14.0 (95% CI 6.6–29.5, p value < 0.0001), for intubation 
of 40.8 (16.9–98.5, p value < 0.0001), and for mortality of 5.0 (95% CI 
0.7–35.8, p value 0.106). 

4. Discussion 

This study shows that the incidence of COVID-19 in 634 Dutch pa-
tients with severe asthma on biologic therapy was relatively high, and 
that the outcome of COVID-19 in these patients was poor. Compared to 
the general Dutch population with COVID-19 odds for hospilizatation 
and intubations were 14 times and 41 times higher, respectively. A trend 
for a 5 times increased odds for mortality was also observed. Factors 
contributing to the increased severity of COVID-19 in these patients 
could not be determined due to the relative small number of cases, but 
comorbidities like obesity, severity of asthma, and the use of biologic 
therapy may all have played a role. 

Our study is amongst the largest of 6 published reports on patients 
with severe asthma treated with biologics and shows the worst outcome 
of COVID-19. The other studies in asthma patients on biologic treatment 
reported cases of COVID-19, but out of a total of 19 confirmed COVID-19 
patients admitted to the hospital, only 2 were intubated, and 2 died [15, 
18–22]. Compared to these other studies, the COVID-19 cases in our 

K. Eger et al.                                                                                                                                                                                                                                     



Respiratory Medicine 177 (2021) 106287

3

study were clearly more severe. We can only speculate about the causes 
for this higher incidence of severe cases, but one important difference 
was the relatively high proportion of patients in the RAPSODI popula-
tion who had adult-onset asthma, were non-atopic and had been pre-
viously on chronic oral corticosteroid treatment [27]. 

A higher incidence of severe COVID-19 cases in our patients was 
however confirmed by the results from a study in unselected COVID-19 
patients in one of the 15 RAPSODI hospitals in the same period [28]. In 
this study 198 COVID-19 patients were hospitalized because of hypox-
emia, of which 75 (38%) were intubated, much less than the 71% of 
intubated cases among our RAPSODI patients. Based on these compar-
isons, we could be certain that the incidence of severe COVID-19 in the 
RAPSODI population was higher than expected from other studies in 
severe asthma patients treated with biologics or unselected COVID-19 
patients. 

A possible explanation for the higher incidence of severe COVID-19 
cases amongst the RAPSODI patients may be the relatively high preva-
lence of obesity as compared to the general population (30% vs 15%) 

[29], which is a known risk factor for severe COVID-19 and commonly 
seen in patients with severe asthma as a result of frequent OCS use [30]. 
Other reports have also suggested that co-morbidities may play an 
important role in severe COVID-19 progression in patients with asthma 
[7,9]. 

Still, it cannot be excluded that the use of biologics itself has 
contributed to a more severe course of COVID-19 in our patients. All 
currently available biologics for severe asthma are known to block 
different pathways involved in type 2 inflammation. At present, the role 
of type 2 immune responses, and in particular that of eosinophils in anti- 
viral defense against SARS-CoV-2 has not yet been elucidated [31,32]. 
There is some evidence that type 2 inflammation can reduce suscepti-
bility to infection with SARS-CoV-2 and mitigate the course of 
COVID-19. One hypothesis is that this occurs by decreasing expression 
levels of the angiotensin-converting enzyme-2 (ACE-2) receptor used by 
SARS-CoV-2 to enter cells. Studies have shown that ACE2 receptor levels 
are negatively associated with Th2-gene expression, allergen exposure 
and interleukin (IL)-13 [33,34]. Another hypothesis is that a type 2 in-
flammatory milieu inhibits interferon responses, thereby preventing the 
hyper-inflammatory state observed in severe COVID-19 cases [17,35]. 
Thus, since asthma biologics block type 2 pathways, it is conceivable 
that they could negatively affect these potentially protective effects of a 
type 2 inflammatory environment [36,37]. 

Only one patient not on biologic therapy contracted COVID-19 in the 
study period, making it difficult to draw definitive conclusions about the 
role of biologic therapy on COVID-19 severity. 

A strength of this study is that we used objective measures of severe 
disease (hospitalization, intubation and death) to estimate the incidence 
of severe COVID-19 among our asthma patients on biologic therapy, and 
that we were able to compare these incidences with that of the general 
Dutch population as well as unselected COVID-19 patients in one of the 
RAPSODI hospitals. A limitation of this study is the possibly under-
estimated incidence of COVID-19 in the RAPSODI population, because, 
as in other real-life studies, asymptomatic patients or those with only 
mild symptoms were not tested during the first COVID-19 wave. In 

Table 1 
Clinical characteristics, treatments and outcomes in patients with severe asthma and COVID-19.  

Patient 1 2 3 4 5 6 7 8 9 

Age category 60–65 55–60 55–60 55–60 60–65 55–60 45–50 65–70 45–50 
Gender (m/f) m f m m f m f f m 
BMI 32 30 25 27 44 41 34 38 25 
Asthma characteristics and treatment 
Asthma phenotype early onset 

allergic 
eosinophilic 

allergic early onset 
allergic 
eosinophilic 

late onset 
allergic 
eosinophilic 

late onset 
non-allergic 
eosinophilic 

early onset 
allergic 
eosinophilic 

late onset 
non-allergic 
eosinophilic 

early onset 
allergic 
eosinophilic 

late onset 
non-allergic 
eosinophilic 

ACQ-6 <1.5* no not known yes yes yes yes no yes yes 
FEV1 (%pred)* 97% not known 87% 73% 75% 78% 72% 113% 61% 
Biologic omalizumab omalizumab dupilumab mepolizumab mepolizumab mepolizumab reslizumab benralizumab benralizumab 
OCS (mg/day) 5 0 0 0 0 0 7.5 0 12.5 
Co-morbidities 
Known risk factors for 

severe COVID-19 
obesity 
diabetes 
CVD 

obesity 
diabetes 
CVD 

none none obesity obesity 
diabetes 

obesity obesity none 

COVID-19 diagnosis, treatment and outcome 
SARS-CoV2 confirmed PCR PCR no serology PCR PCR PCR PCR PCR 
Asthma exacerbation# yes no no no no no no no no 
OCS burst at start 

symptoms 
yes yes no no no no yes yes yes 

Admission to hospital for 
oxygen therapy 

yes yes no no yes yes yes yes yes 

Admission to ICU for 
intubation 

yes yes no no yes yes no yes no 

Days hospital admission 56 22 n/a n/a 58 19 5 84 4 
Days ICU admission 44 15 n/a n/a 48 15 n/a 44 n/a 
Death no no no no no yes no no no 

Legend to Table 1: *Most recent FEV1 or ACQ-6 score before COVID-19 infection; #Asthma exacerbation defined as wheezing, night time awakening, relieve of 
symptoms by bronchodilation. Abbreviations: ACQ-6, asthma control questionnaire – 6 item score, BMI, body mass index; CVD, cardiovascular disease; ICU, intensive 
care unit; OCS, oral corticosteroids. 

Table 2 
Incidences of COVID-19, hospitalization, intubation and death.   

RAPSODI 
population 
age range 
19–89yr 
n = 634 

Dutch 
population 
age category 
20–90yr 
n = 13,363,687 

Dutch 
population 
age category 
45–65yr 
n = 4,840,946 

COVID-19 cases* - % 1.26% 0.28% 0.28% 
hospitalization for 

COVID-19 -% 
1.10% 0.08% 0.07% 

intubation for COVID- 
19 - % 

0.79% 0.02% n/a 

COVID-19 related 
deaths - % 

0.16% 0.03% 0.006% 

Legend to Table 2: RAPSODI is the Dutch Severe Asthma Registry.*Only labo-
ratory confirmed cases were considered for comparison with the general Dutch 
population. Abbreviations: n/a, not available. 
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addition, strict shielding as recommended by the Dutch Institute for 
Public Health and Environment and the World Health Organization, in 
particular for patients with chronic lung diseases, may have influenced 
infection rate. Still, COVID-19 incidence in the RAPSODI population was 
more than 4 times higher than in the general Dutch population, while 
the incidence of severe COVID-19 requiring hospitalization or intuba-
tion was increased even more. Another limitation of our study is that it 
was not possible to assess for predictors of severe outcome and adjust for 
confounding factors such as co-morbidities due to the small number of 
COVID-19 positive cases. However, since the known risk factors for se-
vere COVID-19 (obesity, diabetes, hypertension) are relatively common 
in patients with severe asthma due to high oral corticosteroid exposure it 
may be difficult to disentangle which risk factor is the most important 
for developing severe COVID: the severity of the asthma, the use of bi-
ologics or the steroid-induced co-morbidities. 

Our study has clinical implications. Because patients with severe 
asthma on biologic therapy may have a higher risk of hospitalization and 
intubation, which is often associated with long-term dysfunction of vital 
organs and loss of quality of life, it is important to coach these patients 
during their self-isolation, to secure access to care and medication, 
including biologics, and to ensure that they will be a priority in a future 
vaccination program. 

5. Conclusion 

This multicenter study in 634 well-characterized patients with severe 
asthma on biologic therapy shows that these patients may not only be 
more likely to contract COVID-19 but also to develop more severe 
COVID-19, with higher rates of hospitalisations, intubations and death 
as compared to the general Dutch population. The reasons why these 
patients with severe asthma on biologic therapy progressed to more 
severe COVID-19, and why the findings of this study differ from other 
reports are still uncertain. Only by analysing pooled data from multiple 
cohorts it will become clear to what extent patients on asthma biologics 
are at increased risk for severe COVID-19 and whether this would be due 
to the severity of asthmatic inflammation, the presence of co- 
morbidities, the use of biologic therapies or a combination of these. 
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