
R E S E A R C H  L E T T E R

The Effect of Biologic Therapy in Severe 
Asthmatics and ER Admissions During COVID-19: 
A Retrospective Study
Derrick Cleland1, Christian Arias1,2, Abdullah Alismail 2,3, Noha Daher 4, Lan Leeper5, 
Paul Casillas2, Laren D Tan 2,3

1Department of Internal Medicine, Loma Linda University Health, Loma Linda, CA, USA; 2Department of Cardiopulmonary Sciences, School of Allied 
Health Professions, Loma Linda University Health, Loma Linda, CA, USA; 3Department of Medicine, School of Medicine, Loma Linda University 
Health, Loma Linda, CA, USA; 4Allied Health Studies, School of Allied Health Professions, Loma Linda University Health, Loma Linda, CA, USA; 
5Enterprise Data Intelligence Services, Department of Information Services, Loma Linda University Health, Loma Linda, CA, USA

Correspondence: Laren D Tan, Department of Medicine, School of Medicine, Loma Linda University Health, Loma Linda, CA, USA, Email LaTan@llu.edu  

Introduction
The COVID-19 (SARS-CoV-2) pandemic and the resulting respiratory illnesses have emphasized the importance of 
managing and preventing this infection among patients at greatest risk of mortality (eg, patients with predisposing 
respiratory conditions, such as asthma). Severe asthmatics are of particular concern when considering this illness, 
because treatment options for this cohort are already limited due to the fact their disease is characterized by the 
Global Initiative for Asthma as an inability to control asthma with non-biologics.1 Current available biologics for 
asthmatics include omalizumab, mepolizumab, benralizumab, reslizumab, and dupilumab. Biologics decrease the immu-
noresponse of the body by binding monoclonal antibodies to IgE and interleukins, causing a decline in 
circulating IgE levels and inhibition of the signaling process of interleukins. In the SARS-CoV-2 disease process, 
cytokines and chemokines are released excessively and drive the hyperinflammation (eg, cytokine-release storm) that 
ultimately leads to acute respiratory distress syndrome, a major complication leading to death in about 40% of intensive 
care unit (ICU) cases.2 Several studies have identified elevated levels of IL6 as it relates to SARS-CoV-2, thus making 
the anti-IL6 properties of tocilizumab favorable for treating severe illness.2,3 Therefore, we theorize that asthmatics on 
biologics are at less risk of developing severe infections due to concurrent biologic treatment than those not on biologics.

Materials and Methods
This was a retrospective study that was approved by Loma Linda University Health Institutional Review Board. Informed 
consent was waived as per 45 CFR 46.116(d) and HIPAA authorization waived as per 45 CFR 164.512. The study was in 
compliance with Declaration of Helsinki. We extracted and analyzed data from a large single academic center in the 
United States from January 2020 to March 2021. Inclusion criteria were asthmatic patients aged 18 years and older, 
COVID-19 diagnosis, admitted or presented at the emergency room or affiliated urgent care center, and use of biologics. 
No exclusion criteria were utilized for this study. Severe asthmatics were compared to less severe asthmatics to better 
understand if there were a clinically significant difference between the severity level of COVID-19 infections between 
these cohorts. The ICD-10 codes used as part of the inclusion criteria and data extraction were J45 and subcategories, 
U07.1, Z86.16, M35.81, J12.82, J98.4, R06.00, Z86.16, J96, J80, J40, and J06.9.

Data were analyzed using SPSS 28.0.0. Patients’ characteristics were summarized using counts and percentages for 
categorical variables and means ± SD or medians (range) for continuous variables. Normality of variables was examined 
using the Shapiro test and box plots. To examine the association between likelihood of being hospitalized and being on 
biologics (yes/no), χ2 analysis was used. The level of significance was set at p ≤0.05.
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Results
A total of 189 patients met the inclusion criteria, of whom 53 (28%) were on biologics and 136 (72%) were not. Of the 
sample, 143 (76%) had an emergency room (ER) visit, of whom 108 (75.5%) were female and 35 (24.5%) male. Of that 
143, only seven (4.9%) were on biologics (four took benralizumab, two dupilumab, and one omalizumab). Of those who 
had ER visits, 125 (87.4%) were hospitalized, of whom 51 (35.7%) had an ICU admission. The mean age of those who 
had an ER visit was 51.3±19.9 years. Of those who were hospitalized, the median inpatient length of stay (LOS) was 5 
(0.3–70.9) days. The median length of ICU stay was 2.6 (0.1–41.2) days (Table 1 and Table 2), while χ2 analysis revealed 
that those on biologics were less likely to be hospitalized than those who were not (4.8% vs 95.2%, χ2=98.8; P<0.001).

Discussion
Review of the chart data revealed that severe asthmatics had less likelihood of being hospitalized due to COVID-19 and 
were less likely to develop severe illness. These results may be due to the depressed immunoresponse seen with use of 
biologics and prevention of the cytokine-release storm commonly seen with SARS-CoV-2 infections. Similar findings 
were observed among severe asthmatics within Italy when compared to the general population in 2020.4 Prior studies 
have proposed that dupilumab can lead to reductions in IL4 and IL13, thus leading to less severe COVID-19 reactions 
among those previously on this treatment and improved survival rates among those initiated on this therapy thereafter.5,6 

Another proposed explanation is that the elevated levels of T cells (eg, CD4+ and CD8+), as observed in the TH2-cell 
inflammatory pathway among severe asthmatics, may offset the lymphopenia effects of SARS-CoV-2, thus leading to 
less severe reactions.7,8 Reduction in the expression of ACE2, the main point of entry for SARS-CoV-2, has also been 
linked with the TH2-cell inflammatory pathway and may have protective effects.9 In contrast, prior studies have linked 
eosinopenia with more severe COVID-19 reactions, as well as increased mortality.7 However, as observed in our study, 
the lower eosinophil and IgE levels among asthmatics on biologics did not in fact result in more severe illness. 
Additionally, we theorize that severe asthmatics are less likely to be hospitalized due to closer follow-up intervals 
with specialists leading to closer monitoring during the COVID-19 pandemic, thus allowing for enhanced preventive 
measures.

Analyzing the data further (see Table 1) revealed that 13.2% of those classified as severe asthmatics presented to the 
hospital and those on mepolizumab and reslizumab did not seek medical attention at our hospital during our study period. 
Among severe asthmatics that were hospitalized (see Table 2), the predominant biologic that was utilized was 

Table 1 Comparison of asthmatics’ vs severe asthmatics’ hospital data for COVID-19 infections 
(N=189)

n=189 (%) Biologics (N1=53) Non-biologics (N2=136)

Emergency room visit 143 (75.6) 7 136

Hospitalized 125 (66) 6 119

Intensive care unit admission 51 (26.9) 3 48

Simple O2 device(s) (eg nasal 
cannula, non-rebreather 
mask, high-flow nasal cannula 
simple OxyMask)

121 (64) 6 115

CPAP 13 (6.8) 1 12

BiPAP 21 (1.1) 0 21

Ventilator 19 (10) 2 17

iNO 4 (2) 0 4

(Continued)
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benralizumab (57%, n=4), of whom two were admitted to the ICU for an average LOS of 9.5 days and average total LOS 
of 8.8 days. Only one required mechanical ventilation for an average of 10.2 days. Dupilumab was another biologic 
utilized by one severe asthmatic that was admitted to the ICU for an average LOS of 3.2 days in ICU and total LOS of 
6.7 days, and required mechanical ventilation for an average of 2.4 days. Also of note, patients using omalizumab were 
hospitalized to general wards for an average of 4.13 days. Prior research has shown minimal difference among the 
efficacy of mepolizumab, benralizumab, and dupilumab when treating severe asthmatics.8 Therefore, it is unclear if the 
differences in our hospitalization data were due to the difference in biologics utilized. Further retrospective data will need 
to be analyzed to examine differences among biologics and associated outcomes related to COVID-19. In addition, sex 
differences in the severity of COVID-19 might have an effect, as reported in previous studies.10–12 Future studies should 
consider investigating this.

Table 1 (Continued). 

n=189 (%) Biologics (N1=53) Non-biologics (N2=136)

Immunoglobulin E levels 
after first ICU admission, 
median (range)

1201 1087 (0.1–3948)
n=1 n=12

Immunoglobulin E levels 
after last ICU admission, 
median (range)

1201 1087 (0.1–3948)
n=1 n=12

Eosinophil (%) after first 
admission, median (range)

0.6 (0–5.9) 0.8 (0–22.5)
n=4 n=76

Eosinophil (%) last after 
admission, median (range)

2.8 (0–5.98) 1.1 (0–22.5)
n=4 n=76

White blood cells after first 
admission, mean ± SD

8.34±4.25 8.91±3.63
n=4 n=86

White blood cells after last 
admission, mean ± SD

8.375±2.77 10.17±4.9
n=4 n=86

Medications n=143 n (%) n (%)

Levalbuterol 0 2 (1.5)

Albuterol 7 (6.2) 106 (77.9)

Salmeterol 3 (42.9) 8 (5.9)

Formoterol 5 (71.4) 35 (25.7)

Vilanterol 1 (14.3) 2 (1.5)

Tiotropium 4 (57.1) 6 (4.4)

Theophylline 1 (14.3) 3 (2.2)

Budesonide 2 (28.6) 24 (17.6)

Ipratropium bromide 5 (71.4) 36 (26.5)

Fluticasone propionate 0 21 (15.4)

Abbreviations: CPAP, continuous positive airway pressure; BIPAP, bi-level positive airway pressure; iNO, inhaled nitrous oxide.
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Several limitations of this research have been identified that need to be further analyzed in future studies to determine 
why severe asthmatics were less likely to be hospitalized due to COVID-19. First, vaccination status and comorbidities were 
not analyzed as part of this study and may have been confounding variables, leading to differences in hospitalization rates. 
We believe future researchers should look at comorbidities. Second, our findings did not analyze the levels of various 
cytokines associated with the cytokine-release storm in COVID-19. Further, larger studies should evaluate how cytokine 
levels vary among asthmatics to confirm if prior treatment with biologics led to protective effects against SARS-CoV-2 
infections. Lastly, our preliminary findings only analyzed absolute white blood cell counts and did not evaluate specific cell- 
type levels (eg CD4+ and CD8+), and thus future studies should assess if these cell-type levels vary among asthmatics 
infected with COVID-19 to better understand the effect of the TH2-cell inflammatory pathway as it relates to asthmatics.

Conclusion
Within our study, severe asthmatics had a lower likelihood of being hospitalized due to COVID-19 infections than 
asthmatics not requiring biologics. We believe the results of our study were likely due to enhanced preventive measures 
and immunosuppression leading to less severe COVID-19 infections among this cohort. Therefore, multicenter studies 
are needed to better account for variancing geography and hospital settings. More comprehensive studies also need be 
undertaken to account for differences among these patient populations when considering sex and comorbidity 
differences.

Data Sharing
All data related to this study are included in this letter. Data are available from the corresponding author upon reasonable 
request.
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Table 2 Hospitalization data of severe asthmatics

Type of biologic 
utilized

Age at visit 
(years)

Mean total LOS 
(days)

Highest level of care (LOS, 
days*)

Highest form of oxygen utilized 
(days**)

Dupilumab 40 N/A Emergency None

Dupilumab 52 6.7 ICU (3.2) Ventilator (2.4)

Benralizumab 37 7.81 ICU (7.82) HFNC

Benralizumab 46 5.8 Wards NRB

Benralizumab 68 3.8 Wards Nasal cannula

Benralizumab 54 17.92 ICU (11.14) Ventilator (10.2)

Omalizumab 56 4.13 Wards Simple OxyMask

Notes: *Only reported for ICU admissions; **only reported average time for ventilator use. 
Abbreviations: HFNC, high-flow nasal cannula; NRB, non-rebreather.
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