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AbstrAct

Introduct ion:  Various risk factors have been attributed to coronavirus disease 
19 (COVID-19) severity. Omalizumab as an immunoglobulin E blocker that en-
hances anti-viral immunity might be a potential cytokine storm trigger.

Aim:  Our goal was to investigate if the treatment with omalizumab due to severe 
asthma is a risk factor of severe COVID-19 pneumonia and if severe acute respi-
ratory syndrome coronavirus 2 (SARS-CoV-2) can trigger asthma exacerbation.

Case  s tudy:  We report the case of a 65-year-old patient with severe allergic 
asthma receiving treatment with omalizumab for last 8 months with good re-
sults, who in December 2020 was infected with SARS-CoV-2. The patient was 
not vaccinated against COVID-19 (no vaccine was available at that time), and 
had comorbidities.

Resu l t s  and  d i scuss ion:  COVID-19 course of presented patient was asymp-COVID-19 course of presented patient was asymp-
tomatic and resolved quickly without the need for hospitalization or asthma exa-
cerbation. There was a slightly worse score on the asthma control questionnaire 
after COVID-19 resolution (2.1 point vs. 1.5 points) and a threefold increase in 
eosinophil counts (660 cell/µL vs. 230 cell/µL). However, no wheezing or dete-
rioration in pulmonary function tests were found. A computed tomography of 
the chest revealed only minor densities of pulmonary parenchyma and thickened 
walls of bronchi.

Conc lus ions :  Omalizumab used in the treatment of severe allergic asthma 
proved to be safe and beneficial for the course of COVID-19 in the case reported. 
Simultaneously, SARS-CoV-2 was not a factor for asthma exacerbation.
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1. INTRODUCTION

The novel coronavirus disease of 2019 (COVID-19) is cur-
rently the greatest healthcare challenge in the world. The 
course of COVID-19 is variable and heterogeneous, varying 
from asymptomatic infection to severe pneumonia.1,2 There 
is some evidence that patients with allergic asthma are pro-
tected from severe COVID-19 due to low expression of angi-
otensin-converting enzyme 2 (ACE2) in bronchial epithelial 
cells, used by severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2) to enter cells.3 However, the T helper 
cell type 2 (Th2) milieu with increased immunoglobulin E 
(IgE) level and expression of the high-affinity IgE receptor 
(FcεRI) on plasmacytoid dendritic cells (pDCs) were found 
to be inversely related to pDC interferon (IFN) production 
in response to viral infection.4 As IFNs play an important 
role in the primary defense against respiratory viruses by 
limiting the viral spread, impaired IFN synthesis makes al-
lergic individuals more prone to viral infections, which are 
often a trigger for asthma exacerbation.5 This has been con-
firmed for influenza and human rhinovirus. Downregulated 
expression of toll-like receptor 9 (TLR-9) on pDCs, which 
is responsible for viral RNA recognition, and decreased pro-
duction of IFN lambda in asthmatics with IgE allergy cor-
related with the severity of viral-induced asthma exacerba-
tion.6,7 On the other hand, in a mouse model of SARS-CoV-2 
infection, the absent or low IFN response was beneficial in 
preventing monocyte and macrophage lung infiltration, cy-
tokine storm and abnormal T-cell response manifested by 
hyper-inflammation, observed in the later phase.8 Eosino-
philic inflammation in the respiratory tract of asthmatics 
and an increased number of circulating eosinophils have 
been also supposed to be helpful for anti-SARS-CoV-2 re-
sponse. Eosinophil cationic protein and eosinophil derived 
neurotoxin are enzymes that neutralize the virus.9 All this 
was reflected in the research results. A systemic review and 
meta-analysis of 131 studies in 40 different countries found 
that asthma is not a risk factor for worsening COVID-19 
and poor prognosis.10 Nevertheless, in the beginning of the 
COVID-19 pandemic, there was concern about patients 
with severe asthma being treated with biologics, including 
omalizumab. This anti-IgE humanized monoclonal antibody 
that blocks the type 2 pathway by sequestering free IgE and 
inhibiting inflammatory cells, including eosinophils, reduces 
asthma exacerbation and improves the antiviral response as-
sociated with promoting IFN production.11 It remains un-
clear whether this restored antiviral response is balanced or 
excessive, or whether an immune hyperactivity or a failure 
to resolve the inflammatory response underlies severe cases 
of COVID-19. The first reports showed mild COVID-19 
courses in patients with severe asthma under omalizumab 
therapy.12 However, there are also some data, which reflected 
the opposite conclusion.13 Currently, guidelines recommend 
asthma patients continue their biological therapy in case of 
a mild to moderate COVID-19 course and consider extend-
ing the dosing interval or discontinuing treatment in severe 
courses.14,15 Nevertheless, more research is needed to evaluate 

the antiviral and immunomodulatory effects of biologics used 
in severe asthma patients who have contracted SARS-CoV-2, 
especially considering that SARS-CoV-2 changes rapidly due 
to mutations. 

2. AIM

Our goal was to determine the impact of omalizumab thera-
py on the course of COVID-19 and asses the risk of asthma 
exacerbation in case of SARS-CoV-2 infection.

3. CASE STUDY

Here, we report the case of SARS-CoV-2 infection in a 
65-year-old man with severe asthma treated with omali-
zumab (600 mg per month). The patient has suffered from 
early onset allergic asthma with house dust mite allergy for 40 
years, which had become severe in the last 2 years before tak-
ing the biologic. As comorbidities, he had chronic sinusitis, 
perennial allergic rhinitis, hypertension, and psoriasis. His 
body mass index of 28 kg/m2 indicated he was overweight. He 
has been treated with a fixed combination of inhaled corticos-
teroids at high doses (fluticasone propionate and ciclesonide), 
long-acting β2-agonist (formoterol), long-acting muscarinic 
agonist (tiotropium), nasal steroid (mometasone), and anti-
histamine (rupatadine). Despite this, his asthma was uncon-
trolled. Since April 2020, omalizumab therapy has been initi-
ated. In result, asthma control improved. On December 21, 
2020, 1 day before the scheduled omalizumab administration, 
he tested positive for SARS-CoV-2 in the polymerase chain 
reaction (PCR) test without any symptoms of COVID-19. 
He was not vaccinated, since the vaccine was unavailable at 
that time. A few days before, his wife developed moderate 
COVID-19, proven by the PCR test, however without the 
need for hospitalization. Due to the asymptomatic course 
of COVID-19 and lack of asthma exacerbation, he was iso-
lated at home together with his wife. His treatment regi-
men did not change. Of note, due to hypertension, he was 
on an angiotensin-converting-enzyme inhibitor, quinapril. 
On January 12, 2021, after the end of isolation, he was as-
sessed in our unit due to planned administration of the next 
dose of omalizumab. He remained free of COVID-19 related 
symptoms, nevertheless, he complained of deterioration 
in exercise tolerance and breathlessness for the last week, 
which he tried to control using a short-acting β2-agonist 
(1–2 doses daily). The peak expiratory flow (PEF) was com-
parable with the result obtained in November 2020 (3.68 L/s 
vs. 3.74 L/s). He had a slightly worse score (2.1 points vs. 
1.5 points) in the asthma control questionnaire (ACQ). The 
quality of life assessed in the mini asthma quality of life 
questionnaire (miniAQLQ) was 4.8  points vs. 4.4 points. 
On physical examination, no wheezing was found. Labora-
tory tests revealed an over threefold increase of interleukin 6  
(22.7 pg/mL), vitamin D deficiency (16.6 ng/mL) and an in-
crease of eosinophil count from 230 cells/µL to 660 cells/µL 



79 Pol Ann Med. 2023;30(1):77–81

(Table 1). A high-resolution chest CT scan revealed slight 
densities of pulmonary parenchyma without consolidation 
and areas of ground-glass opacity. Thickened walls of the 
bronchi were visible. Due to the lack of contraindications, 
omalizumab was administered. One week later, he was nega-
tive for SARS-CoV-2 in the PCR test. Additionally, at the 
check-up, he reported clinical improvement. Exercise dysp-
nea considerably decreased. He did not need reliever medi-
cations. Spirometry revealed a very severe airway obstruc-
tion – forced expiratory volume in the first second (FEV1) 
1.16 L (33%), forced vital capacity (FVC) 2.67 L (59%), 
FEV1/FVC 43% – as previously noted, and only a small de-
crease in FEV1 (160 mL, 4 %) compared to results before 
infection. PEF value was stable (3.70 L/s vs. 3.68 L/s).

4. DISCUSSION 

Factors influencing the severity of COVID-19 are still being 
studied. It has been hypothesized that omalizumab, which 
breaks the negative link between IgE and IFN-α, might induce 
excessive IFN response and lead to a cytokine storm and severe 
COVID-19.14 Meanwhile, available publications pointed to the 
opposite result.16–18 Among them, Lommatzsch et al.16 reported 
a case of COVID-19 without pneumonia and asthma exacerba-

tion in a patient treated with omalizumab that could safely be 
continued during active COVID-19. Rial et al.18 had a similar 
observation. Of the 545 severe asthma patients under biologi-
cal therapy, 14 were treated with omalizumab, and only 1 of 
them had to be hospitalized and admitted to the Intensive Care 
Unit (ICU).18 Moreover, there were no significant differences 
in terms of COVID-19 severity, ICU admissions and mortality 
between patients with severe asthma treated with biologics and 
mild/moderate asthma patients without biological treatment.18 
Only Eger et al.13 demonstrated higher mortality, and more 
severe courses of COVID-19 associated with exacerbation of 
asthma and the necessity of mechanical ventilation. However, 
there were only 2 patients and both had comorbidities such 
as diabetes mellitus, obesity, and cardiovascular disease that 
could have influenced of COVID-19 course.13 

In the case presented, the patient overcame the SARS-
CoV-2 infection without hospitalization, antiviral treatment, 
and oxygen therapy. He was asymptomatic, and it was likely 
due to good control of asthma and comorbidities. Medicines 
such as ciclesonide and formoterol in addition to the treat-
ment of asthma have additionally been shown to mitigate 
lung inflammation in COVID-19 by increasing lymphocyte 
count and inhibiting SARS-CoV-2 replication.19,20 This was 
closely related to the reduced expression of ACE2 and trans-
membrane protease serine 2 (TMPRSS2).21 Additionally, cor-
rect and stable blood pressure is predictive of a better prog-
nosis.22 In the case presented, these conditions were provided 
by quinapril, an angiotensin converting enzyme inhibitor 
(ACEI). Despite initial concerns that ACEI or angiotensin 
receptor blockers (ARB) by increasing ACE2 concentration 
may increase the susceptibility to COVID-19 infection and 
its severity, this has not been proven.23 The asymptomatic 
COVID-19 course in our patient also contradicts this. ACEIs 
in COVID-19 are seen as harmless and potentially reducing 
mortality, but data on beneficial effects are inconclusive.23 
However, for this patient, omalizumab was of the greatest im-
portance for asthma control and effective antiviral response. 
This monoclonal antibody by, blocking free IgE makes the 
formation of IgE–FcεRI/IgE–FcεRII complexes and cross-
linking impossible. This causes a reduction in the number of 
surface-exposed FcεRI receptors located on pDC, as well as 
on mast cells and basophils. It stabilizes cells, protects from 
degranulation and IgE-mediated allergic reaction resulted in 
better asthma control and decreased risk of exacerbation.11 
Moreover, since low FcεRI expression on pDC correlates 
with high TLR-9 expression, RNA viruses are better recog-
nized.4 This increases pDC IFN production and enhances the 
antiviral response, also against SARS-CoV-2, ensuring better 
viral clearance, as probably was the case in the patient under 
study.7,24 How important IFN is in SARS-CoV-2 clearance 
was demonstrated by Davoudi-Monfared et al.25 They showed 
that early antiviral therapy with subcutaneous injection of 
IFN-β-1a was effective in the treatment of severe COVID-19, 
increasing discharge rate and decreasing fatalities.25 On the 
other hand, patients with inborn immunodeficiency in IFN-I 
pathways related to TLR-3 defects and/or nuclear factor-κβ 
(NFKB) mutation, as well as with present neutralizing au-

Table 1. Laboratory parameters before and after COVID-19.

Laboratory parameters Standard
Before  

COVID-19
10.07.2020

After  
COVID-19  
12.01.2021

Leukocytes, cells/µL 4000–10000 8440 11040*

Erythrocytes, cells/µL 4.5–5.5 × 106 4.74 × x 106 4.61 × 106

Hemoglobin, g/dL 14–18 15.4 15.3

Eosinophils, cells/µL 0–600 230 660*

Neutrophils, cells/µL 2500–6000 6840 6760*

Lymphocytes, cells/µL 1500–3500 2060 2650

Platelets, cells/µL 140–440 × 103 334 × 103 262 × 103

Interleukin-6, pg/mL 0–5.9 – 22.7*

Ferritin, µg/L 20–290 – 110

Fibrinogen, g/L 2–4.39 – 3.6

D-dimer, µg/mL <0.5 – 0.5

CRP, mg/L 0.2–5 2.5 7*

Procalcitonin, ng/mL <0.05 – 0.02

LDH, U/L 125–220 – 179

Vitamin D, ng/mL 30–100 – 16.6*

AST, U/L 5–34 23 16

ALT, U/L 0–55 23 16

GGTP, U/L 12–64 – 53

Total protein, g/dL 6.4–8.3 – 6.9

Creatinine, mg/dL 0.73–1.18 1.07 0.84

BNP, pg/mL 0–125 – 7.4

Comments: – undefined result; * abnormal result; CRP – C-reactive pro-
tein; LDH – lactate dehydrogenase; AST – aspartate aminotransferase; ALT 
– alanine aminotransferase; GGTP – gamma-glutamyl transferase; BNP –  
b-type natriuretic peptide.
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toantibodies to IFNs, had life-threating COVID-19 pneumo-
nia.26,27 All of this highlights the beneficial effect of omali-
zumab in the course of COVID-19, which is enhanced by its 
anti-inflammatory properties. Omalizumab protects from the 
degranulation of mast cells and prevents the release of pro-
inflammatory mediators and cytokines (i.e. IL-1β, IL-6 and 
tumor necrosis factor alpha i TNF-α) involved in COVID-19 
hyper-inflammation.28 Its inhibitory effect was also observed 
in case of neutrophils, which together with macrophages play 
a key role in COVID-19-related acute lung injury.28

The issue of eosinopenia is also interesting, as it was 
found to be characteristic of patients newly infected with 
SARS-CoV-2, and a persistent case was a hallmark of severe 
COVID-19 and higher mortality.29 Hence, there have been 
doubts about the use of omalizumab, known to induce eo-
sinophil apoptosis.11 However, there is evidence that eosin-
openia induced by anti-IL-5/IL-5R therapy (mepolizumab/
benralizumab) did not influence COVID-19.30 In turn, pa-
tients with eosinophil-related diseases do not have an altered 
course of COVID-19.31 In our patient, eosinophil count at the 
beginning of SARS-CoV-2 infection was not determined, but 
a threefold increase was noted after COVID-19 resolution 
compared to results before infection. One of the reasons the 
increased eosinophil count might be the delay in omalizumab 
administration that resulted in asthma deterioration. How-
ever, due to the lack of need to use systemic corticosteroids, 
the stable value of PEF and parameters of spirometry, the re-
covery process from COVID-19 seems to be more likely.32 In 
addition, despite omalizumab therapy the eosinophil count 
before COVID-19 was quite high (230 cell/µL). This number, 
hypothetically further reduced at the time of SARS-CoV-2 
infection, was still sufficient to ensure an asymptomatic 
COVID-19 course. This confirms the safety of omalizumab 
therapy or suggests no importance of eosinophil counts in the 
evolution of COVID-19. Interestingly, Gao et al.22 suggested 
that not eosinophil counts but decreased eosinophil expres-
sion of the chemoattractant receptor-homologous molecule 
expressed on Th2 cells (CRTH2) and/or increased checkpoint 
inhibitor programmed death ligand-1 (PDL1) represent a 
risk factor for severe COVID-19. 

6. CONCLUSION

1. Treatment with omalizumab preceding SARS-CoV-2 in-
fection was beneficial for the course of COVID-19, as it 
conditioned good asthma control and improved antivi-
ral immunity, ensuring the asymptomatic course of the 
disease.

2. Concerns about omalizumab inducing excessive antivi-
ral (IFN-related) response, favoring severe COVID-19, 
were not confirmed.

3. There was also no evidence of impaired immune re-
sponse to SARS-CoV-2.

4. No asthma exacerbation was noted, and the temporal 
loss of asthma control was due to mandatory isolation 
and delay of omalizumab administration. 

5. Omalizumab treatment of asthmatics in asymptomatic/
mild COVID-19 cases should be continued.

6. Efforts should be made to increase omalizumab self-ad-
ministration at home.

Conflict of interest
None declared.

Funding
None declared. 

Ethics
Written informed consent was obtained from the patient for 
his anonymized information to be published in this article.

References
1 Romaszko-Wojtowicz AM, Doboszyńska A. Pulmo-

nary complications due to COVID-19 – a literature 
review. Pol Ann Med. 2021;28(2):244–249. https://doi.
org/10.29089/2021.21.00181.

2 Hu B, Guo H, Zhou P, Shi Z-L. Characteristics of SARS-
CoV-2 and COVID-19. Nat Rev Microbiol. 2021;19(3):141–
154. https://doi.org/10.1038/s41579-020-00459-7.

3 Azkur AK, Akdis M, Azkur D, et al. Immune response 
to SARS-CoV-2 and mechanisms of immunopathologi-
cal changes in COVID-19. Allergy. 2020;75(7):1564–1581. 
https://doi.org/10.1111/all.14364.

4 Gonzales-van Horn SR, Farrar JD. Interferon at the 
crossroads of allergy and viral infections. J Leukoc Biol. 
2015;98(2):185–194. https://doi.org/10.1189/jlb.3ru0315-
099r.

5 Gern JE. How rhinovirus infections cause exacerbations 
of asthma. Clin Exp Allergy. 2015;45(1):32–42. https://
doi.org/10.1111/cea.12428.

6 Contoli M, Message SD, Laza-Stanca V, et al. Role of de-
ficient type III interferon-lambda production in asthma 
exacerbations. Nat Med. 2006;12(9):1023–1026. https://
doi.org/10.1038/nm1462.

7 Gill MA, Liu AH, Calatroni A, et al. Enhanced plas-
macytoid dendritic cell antiviral responses after omali-
zumab. J Allergy Clin Immunol. 2018;141(5):1735–1743.e9. 
https://doi.org/10.1016/j.jaci.2017.07.035.

8 Carli G, Cecchi L, Stebbing J, Parronchi P, Farsi 
A. Is asthma protective against COVID-19? Allergy. 
2021;76(3):866–868. https://doi.org/10.1111/all.14426.

9 Gao Y-D, Agache I, Akdis M, et al. The effect of allergy 
and asthma as a comorbidity on the susceptibility and 
outcomes of COVID-19. Int Immunol. 2022;34(4):177–188. 
https://doi.org/10.1093/intimm/dxab107.

10 Liu S, Cao Y, Du T, Zhi Y. Prevalence of comorbid asth-
ma and related outcomes in COVID-19: A Systematic 
Review and Meta-Analysis. J Allergy Clin Immunol Pract. 
2021;9(2):693–701. https://doi.org/10.1016/j.jaip.2020.11.054.



81 Pol Ann Med. 2023;30(1):77–81

11 Busse WW, Humbert M, Haselkorn T, et al. Effect of 
omalizumab on lung function and eosinophil levels in 
adolescents with moderate-to-severe allergic asthma. 
Ann Allergy Asthma Immunol. 2020;124(2):190–196. htt-
ps://doi.org/10.1016/j.anai.2019.11.016.

12 Licari A, Castagnoli R, Votto M, Brambilla I, Ciprandi 
G, Marseglia GL. Biologic use in allergic and asthmatic 
children and adolescents during the COVID-19 pandem-
ic. Pediatr Allergy Immunol Pulmonol. 2020;33(3):155–158. 
https://doi.org/10.1089/ped.2020.1214.

13 Eger K, Hashimoto S, Braunstahl GJ, et al. Poor out-
come of SARS-CoV-2 infection in patients with severe 
asthma on biologic therapy. Respir Med. 2020;177:106287. 
https://doi.org/10.1016/j.rmed.2020.106287.

14 Klimek L, Pfaar O, Worm M, et al. Use of biologicals in 
allergic and type-2 inflammatory diseases during the cur-
rent COVID-19 pandemic: Position paper of Ärzteverband 
Deutscher Allergologen (AeDA)A, Deutsche Gesellschaft 
für Allergologie und Klinische Immunologie (DGAKI)
B, Gesellschaft für Pädiatrische Allergologie und Um-
weltmedizin (GPA)C, Österreichische Gesellschaft für Al-
lergologie und Immunologie (ÖGAI)D, Luxemburgische 
Gesellschaft für Allergologie und Immunologie (LGAI)E, 
Österreichische Gesellschaft für Pneumologie (ÖGP)F in 
co-operation with the German, Austrian, and Swiss ARIA 
groupsG, and the European Academy of Allergy and Clin-
ical Immunology (EAACI)H. Allergol Select. 2020;4:53–68. 
https://doi.org/10.5414/alx02166e.

15 Vultaggio A, Agache I, Akdis CA, et al. Considerations 
on biologicals for patients with allergic disease in times of 
the COVID-19 pandemic: An EAACI statement. Allergy. 
2020;75(11):2764–2774. https://doi.org/10.1111/all.14407.

16 Lommatzsch M, Stoll P, Virchow JC. COVID-19 in a 
patient with severe asthma treated with Omalizumab. 
Allergy. 2020;75(10):2705–2708. https://doi.org/10.1111/
all.14456.

17 Aksu K, Demir Ş, Topel M, et al. COVID-19 in patients 
with severe asthma using biological agents. Tuberk Toraks. 
2021;69(3):433–436. https://doi.org/10.5578/tt.20219721.

18 Rial MJ, Valverde M, Del Pozo V, et al. Clinical character-
istics in 545 patients with severe asthma on biological treat-
ment during the COVID-19 outbreak. J Allergy Clin Im-
munol Pract. 2021;9(1):487–489.e1. https://doi.org/10.1016/j.
jaip.2020.09.050.

19 Yamaya M, Nishimura H, Deng X, et al. Inhibitory ef-
fects of glycopyrronium, formoterol, and budesonide 
on coronavirus HCoV-229E replication and cytokine 
production by primary cultures of human nasal and tra-
cheal epithelial cells. Respir Investig. 2020;58(3):155–168. 
https://doi.org/10.1016/j.resinv.2019.12.005.

20 Matsuyama S, Kawase M, Nao N, et al. The inhaled steroid 
ciclesonide blocks SARS-CoV-2 RNA replication by target-
ing the viral replication-transcription complex in cultured 
cells. J Virol. 2020;95(1):e01648-20. https://doi.org/10.1128/
jvi.01648-20.

21 Hoffmann M, Kleine-Weber H, Schroeder S, et al. 
SARS-CoV-2 cell entry depends on ACE2 and TMPRSS2 
and is blocked by a clinically proven protease inhibitor. 
Cell. 2020;181(2):271–280.e8. https://doi.org/10.1016/j.
cell.2020.02.052.

22 Gao Y-D, Ding M, Dong X, et al. Risk factors for severe 
and critically ill COVID-19 patients: A review. Allergy. 
2021;76(2):428–455. https://doi.org/10.1111/all.14657.

23 Shukla AK, Banerjee M. Angiotensin-converting-enzyme 
2 and renin-angiotensin system inhibitors in COVID-19: 
An Update. High Blood Press Cardiovasc Prev. 2021;28(2): 
129–139. https://doi.org/10.1007/s40292-021-00439-9.

24 Criado PR, Pagliari C, Criado RFJ, Marques GF, Bel-
da W. What the physicians should know about mast 
cells, dendritic cells, urticaria, and omalizumab during 
COVID-19 or asymptomatic infections due to SARS-
CoV-2? Dermatol Ther. 2020;33(6):e14068. https://doi.
org/10.1111/dth.14068.

25 Davoudi-Monfared E, Rahmani H, Khalili H, et al. A 
Randomized Clinical Trial of the Efficacy and Safety of 
Interferon β-1a in Treatment of Severe COVID-19. An-
timicrob Agents Chemother. 2020;64(9):e01061-20. https://
doi.org/10.1128/aac.01061-20.

26 Zhang J-J, Dong X, Cao Y-Y, et al. Clinical characteris-
tics of 140 patients infected with SARS-CoV-2 in Wu-
han, China. Allergy. 2020;75(7):1730–1741. https://doi.
org/10.1111/all.14238.

27 Bastard P, Rosen LB, Zhang Q, et al. Autoantibod-
ies against type I IFNs in patients with life-threaten-
ing COVID-19. Science. 2020;370(6515). https://doi.
org/10.1126/science.abd4585.

28 Abdelmaksoud A, Goldust M, Vestita M. Omalizumab 
and COVID-19 treatment: Could it help? Dermatol Ther. 
2020;33(4):e13792. https://doi.org/10.1111/dth.13792.

29 Du Y, Tu L, Zhu P, et al. Clinical features of 85 fatal 
cases of COVID-19 from Wuhan. A retrospective obser-
vational study. Am J Respir Crit Care Med. 2020;201(11): 
1372–1379. https://doi.org/10.1164/rccm.202003-0543oc.

30 Xie G, Ding F, Han L, Yin D, Lu H, Zhang M. The 
role of peripheral blood eosinophil counts in COV-
ID-19 patients. Allergy. 2021;76(2):471–482. https://doi.
org/10.1111/all.14465.

31 Lindsley AW, Schwartz JT, Rothenberg ME. Eosinophil 
responses during COVID-19 infections and coronavi-
rus vaccination. J Allergy Clin Immunol. 2020;146(1):1–7. 
https://doi.org/10.1016/j.jaci.2020.04.021.

32 Ferastraoaru D, Hudes G, Jerschow E, et al. Eosinophil-
ia in asthma patients is protective against severe COV-
ID-19 illness. J Allergy Clin Immunol Pract. 2021;9(3): 
1152–1162.e3. https://doi.org/10.1016/j.jaip.2020.12.045.


