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Key Messages:

• Daily aspirin does not change nasal expression of ACE2 or TMPRSS2 or alter levels of 

angiotensin-derived peptides in patients with AERD or aspirin-tolerant asthma, suggesting that its 

use is unlikely to increase risk of severe SARS-CoV-2 infection.

• Patients with AERD or aspirin-tolerant asthma do not have differences in plasma levels of 

angiotensin-derived peptides compared to non-asthmatic controls.

Key Words (up to 10): Aspirin, NSAID, COVID-19, SARS-CoV-2, ACE2, TMPRSS2, asthma, 

aspirin-exacerbated respiratory disease

Abbreviations: 

 non-steroidal anti-inflammatory drugs (NSAIDs)

 angiotensin-converting enzyme 2 (ACE2)

 severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)

 aspirin-exacerbated respiratory disease (AERD)

 transmembrane serine protease 2 (TMPRSS2)
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1 To the Editor :
2

3 In March 2020, the French Minister of Health warned against the use of non-steroidal anti-

4 inflammatory drugs (NSAIDs) like aspirin and ibuprofen, suggesting that their use might be 

5 associated with more severe disease presentation in patients with COVID-19.1 This advice was 

6 apparently based on unpublished anecdotal reports that patients who had been exposed to NSAIDs 

7 developed more severe symptoms of COVID-19. At the time, there was limited indirect data 

8 suggesting that NSAIDs may upregulate angiotensin-converting enzyme 2 (ACE2) expression,2 

9 which is the target receptor for cell entry of severe acute respiratory syndrome coronavirus 2 (SARS-

10 CoV-2), and some speculated that an NSAID-induced upregulation of ACE2 could explain the French 

11 minister’s observations. Though more recent clinical reports have not found any association between 

12 NSAID use and a more severe course of COVID-19,3, 4 there is still remaining concern about possible 

13 mechanistic links between NSAID use and ACE2 expression. Specifically for our patients with 

14 aspirin-exacerbated respiratory disease (AERD), for whom high-dose aspirin therapy is often an 

15 efficacious treatment to help reduce the regrowth of nasal polyps and decrease respiratory 

16 inflammation,5 it is important that we are able to provide them with evidence-based management 

17 regarding the safety of their aspirin therapy during this pandemic. 

18 SARS-CoV2 cell entry requires ACE2, along with transmembrane serine protease 2 

19 (TMPRSS2), to bind to host epithelial cells, and the highest expression of ACE2 is found in the 

20 secretory cells of nasal epithelium.6-8 Nasal epithelial cells express both ACE2 and TMPRSS2 and 

21 their increased expression in the upper airway may allow for increased host susceptibility to infection. 

22 However, once SARS-CoV-2 binds to ACE2, receptor-mediated internalization leads to decreased 

23 ACE2 activity. ACE2 can generate the biologically active fragments Ang (1-9) and Ang (1-7), which 

24 block Angiotensin-II and inhibit ACE, so that the ACE2 axis negatively regulates ACE.9

25

26 In patients with acute respiratory distress syndrome and lung injury, plasma Ang-I levels are 

27 significantly higher in non-survivors, whereas survival is associated with higher plasma Ang (1-9) and 

28 Ang (1-7). This suggests that high ACE2 activity systemically is beneficial for survival of acute lung 

29 injury,10 which has become a major cause of morbidity and mortality during this COVID-19 pandemic. 

30 Therefore, although ACE2 expression in the nasal epithelium is a required entry point for viral infection, 

31 continued high levels of systemic ACE2 activity may paradoxically be beneficial post-infection. 

32 Consequently, internalization of ACE2 during SARS-CoV-2 infection could reduce ACE2 activity that A
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33 is important for survival. The host factors that regulate ACE2 expression and activity are not fully known 

34 and are missing pieces required to expand our understanding of the pathogenesis of this disease. The 

35 influence of aspirin on nasal ACE2 expression and the subsequent production of angiotensin peptides 

36 has never been studied. A single human study showed that plasma ACE2 levels were potentially 

37 higher in patients taking aspirin, suggesting a possible protective effect of NSAIDs.2 In this study we 

38 investigated the effect of 8 weeks of high-dose aspirin therapy on nasal ACE2 and TMPSSR2 

39 expression and production of downstream SARS-CoV-2-related angiotensin peptides for patients 

40 with aspirin-tolerant asthma (ATA) and AERD. 

41

42 We analyzed plasma from 41 asthmatics (11 with ATA and 30 with AERD), at baseline and 

43 again after 8 weeks of twice-daily aspirin 650 mg, and from 11 healthy subjects not on NSAIDs.5 No 

44 subjects were on oral corticosteroids or on any biologic medication. For a subset of the AERD 

45 subjects, nasal fluid and nasal inferior turbinate epithelial cell scrapings had also been collected. The 

46 Mass General Brigham Institutional Review Board approved the study and subjects provided 

47 informed consent; Protocol 2013P001659.

48

49 Peripheral blood was drawn into 3.2% sodium citrate tubes, and centrifuged twice – first at 

50 200g x15 minutes, and then at 4700g x30 minutes at room temperature. The resulting platelet-

51 depleted plasma was stored at -80°C until further analysis. Nasal secretion fluid was sampled from 

52 the nare with Nasosorption™ FX (Hunt Developments, Midhurst, England), a non-invasive upper 

53 airway sampling method that uses a synthetic absorptive matrix to collect nasal lining fluid directly 

54 from the nasal mucosal surface. Nasal fluid was placed in either 0.5% bovine serum albumin and 

55 stored at -80°C until further analysis. Nasal epithelial tissue was collected from the inferior turbinate 

56 using the Rhino-Pro Curette, a sterile, disposable, mucosal collection device. One sample was taken 

57 from the right or left mid-inferior portion of the inferior turbinate using a gentle scraping motion and 

58 was placed directly in RNAprotect Tissue Reagent (Qiagen, Germantown, MD).

59

60 Nasal fluid and plasma were measured for levels of ACE2 (RayBiotech, Norcross, GA), Ang-I 

61 (Enzo Life Sciences, Farmingdale, NY), Ang-II (Sigma-Aldrich, St. Louis, MO), Ang(1-7) and Ang(1-

62 9) (MyBioSource, San Diego, CA) by ELISA. RNA from the nasal epithelial scrapings was extracted 

63 and analyzed with SYBR® Green-based quantitative real-time PCR methodologies for ACE2 and 

64 TMPRSS2 expression levels, normalized to GAPDH (all reagents and primers from Qiagen). A
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65

66 Two-sided Student’s t test assessed paired differences before and after aspirin, and ANOVA 

67 assessed unpaired differences between baselines of the three patient groups. Analysis was 

68 performed using GraphPad Prism version 7.0d (GraphPad, La Jolla, CA).

69

70 RESULTS and DISCUSSION
71 Patient demographics are summarized in Table 1. Plasma levels of ACE2, Ang-I, Ang-II, 

72 Ang(1-7), and Ang(1-9) were detectable in most samples (Figure 1, A-F), though only Ang(1-7) was 

73 consistently detectable in nasal fluid (Figure 1, E). There were no significant baseline differences in any 

74 angiotensin peptides across the three patient groups, nor were there significant aspirin-induced 

75 differences in asthmatic subjects. There were some AERD subjects with an aspirin-induced increase in 

76 plasma ACE2, but this was not statistically significant (1.79 ±1.21ng/mL to 5.87 ±3.27ng/mL, P=0.156). 

77 ACE2 transcript was detectable in most nasal scraping samples, and TMPRSS2 was detectable in all 

78 samples. There was no significant aspirin-induced difference in either ACE2 or TMPRSS2 transcript 

79 expression (Figure 1, G-H).

80 As patients with AERD are often treated with daily high-dose aspirin therapy, we aimed to 

81 understand the immunologic influence of daily aspirin on SARS-CoV-2 susceptibility. Eight weeks of 

82 daily aspirin treatment in patients with asthma or AERD did not significantly change nasal epithelial 

83 transcript expression of ACE2 or TMPRSS2 or alter levels of angiotensin-derived peptides potentially 

84 relevant to survival in acute respiratory distress syndrome. Furthermore, consistent with studies showing 

85 asthma is generally not a risk factor for severe COVID-19, our data show that asthmatic subjects did not 

86 have any difference in angiotensin-derived peptide levels compared to controls. Although we are not able 

87 to extrapolate these results out for patients who are on aspirin for more than eight weeks, our data 

88 suggest that there is no immunologic indication that daily aspirin therapy would lead to an increased 

89 susceptibility to more severe COVID-19 and suspect that the early anecdotal reports of worsened 

90 COVID-19 with NSAIDs were likely due to indication bias. Any recommendations for medication usage 

91 and treatment changes should be made on a case-by-case basis with patient input and shared decision 

92 making – we are hopeful that these additional immunologic data will help to further inform the safety of 

93 aspirin usage for patients with AERD.
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Table 1. Patient demographics and clinical characteristics.

Healthy

(n=11)

ATA

(n= 11)

AERD

(n=30)

Mean age, y (STDEV) 30 (8) 32 (16) 47 (11)

Sex, Female, N (%) 9 (82%) 9 (82%) 17 (57%)

Race, N (%)

     White 9 (82%) 9 (82%) 29 (97%)

     Black 0 1 (9%) 0

     Asian 1 (9%) 0 1 (3%)

     Other 1 (9%) 1 (9%) 0

Ethnicity, N (%)

     Hispanic 2 (18%) 1 (9%) 2 (7%)

Mean FEV1, L (STDEV) 3.51 (0.78) 2.93 (0.48) 3.14 (0.79)

Mean FEV1 % predicted, % (STDEV) 99.9 (9.1) 86.9 (11.5) 92.5 (12.2%)

Mean FVC, L (STDEV) 4.10 (0.96) 3.91 (0.64) 4.15 (1.08)

Mean ACQ-7 (STDEV) 0.06 (0.10) 1.10 (0.55) 0.87 (0.91)

Fluticasone Proprionate equivalent ICS 

Dose (≤ 200 mcg – low), N (%)

6 (55%) 10 (33%)

Fluticasone Proprionate equivalent ICS 

Dose (≤ 500 mcg – medium), N (%)

2 (20%) 9 (30%)

Fluticasone Proprionate equivalent ICS 

Dose (≥1000 mcg – high), N (%)

0 6 (20%)

ATA: Aspirin Tolerant Asthma

AERD: Aspirin-exacerbated respiratory diseaseA
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FEV1: Forced expiratory volume in one second

FVC: Forced vital capacity

ACQ-7: Asthma control questionnaire 

STDEV: Standard deviation
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