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Atopic status protects from severe complications of COVID-19

To the Editor

SARS-CoV-2infection may induce a broad spectrum of consequences
ranging from asymptomatic infection to fatal pneumonia.lThe most
severe complication is the acute respiratory distress syndrome
(ARDS) which is often fatal. The so-called “IL-6 cytokine storm” and
a disseminated intravascular cascade in the lung characterize most
severe cases of COVID-19. The coincidence of these events with the
rise of the adaptive immune response suggests that the response
itself may play a role. In effect, COVID-19 patients with agamma-
globulinemia recovered without lung complications.2 Atopic status
is the genetic predisposition to produce a Type 2 immune response
to environmental antigens. Such response relies on some key cy-
tokines, including interleukin (IL) 4, IL-5, IL-9, and IL-13.2 In infection,
the Th2 response counteracts the microbicidal Thl response, which
could limit the tissue damage induced by Thl-mediated inflamma-
tion? on one hand, but also cause a less efficient anti-virus response,
as shown in a study on experimental Coronavirus 229E infection in
healthy volunteers, where atopy appeared to be associated with a
more severe rhinitis score.’Further, atopic subjects show a reduced
expression of ACE2, the SARS-CoV-2 receptor, which could be as-
sociated with reduced susceptibility to the virus.® We therefore hy-
pothesized that atopic subjects infected by SARS-CoV-2 might have
a milder clinical course than nonatopic subjects, and tested this hy-
pothesis in a large cohort of hospitalized COVID-19 patients.

We performed a retrospective study on patients with SARS-
CoV-2-induced pneumonia, as confirmed by the detection of viral
nucleic acid in nasal and/or pharyngeal clinical specimens, hospital-
ized in several Italian hospitals. Doctors recorded clinical data (age,
sex, smoking habits, diabetes, hypertension, coronary heart disease,
and thrombosis) along with respiratory allergy and graded the sever-
ity of the respiratory disease at the end of the hospital stay as mild,
severe, or very severe based on no need for respiratory assistance,
need for noninvasive respiratory assistance or need for invasive re-
spiratory assistance or death, respectively. Patients were considered
“atopic” in the presence of an unequivocal history of respiratory al-
lergy to airborne allergens confirmed by positive skin prick tests per-
formed by a specialist allergy center and/or by elevated specific IgE.
All allergy investigations had been performed before hospitalization.
Patients’ data were anonymized, and the internal review board of
the promoting center approved the study. The association between
severity of COVID-19 and both the atopy status and the clinical

co-factors recorded was studied in both univariate and multivariate

analyses (details in the Appendix S1). Type | statistic error probability
values<5% were considered significant.

Five hundred and thirty one adult individuals (214 females, 40%)
aged 68 + 14 years (range 25-100 years) were studied. Their dis-
ease was classified as mild in 191 cases (36%) and severe or very
severe in 340 cases (64%). The clinical features are summarized in
Table 1. Male gender was significantly associated with severe dis-
ease (P =.001), and men were more likely to be admitted to intensive
care units (P = .01). Smokers had a significantly higher prevalence
of coronary heart disease (P = .023), and intensive care admission
(P = .032) than nonsmokers. Male smokers showed a higher prev-
alence of coronary heart disease (39.7% vs 21.6%, P = .002) and
thrombosis (P = .027) than female smokers (Table 1).

The multiple logistic regression analysis including age, sex,
smoking, and all the comorbidities shows a significant association
between nonatopic status and a significantly higher risk of having
severe COVID-19-related pneumonia.

Fifty-seven participants (10.7%) were atopic. 32/57 (56.1%)
were females (mean age 62 + 14, range 28-93 years). Atopic
subjects were younger (69 + 14 years, P = .01) than nonatopic
patients, showed a lower prevalence of coronary heart disease
(P < .050)and, notably, showed a much lower occurrence of severe
or very severe COVID-19 pneumonia(33.3% vs 67.7%, P < .0001).
The protective effect of atopic status against severe lung disease
was evident throughout all the age subsets (P = .001; Figure 1).
The multiple logistic regression analysis (details in Appendix S1)
confirmed a significant association between atopic status and
milder COVID-19; nonatopic patients had a significantly higher
risk of having severe COVID-19 (ORadj 3.0, 95% Cl 1.6-5.7,
P =.001) (Table 1). The unsupervised two-way hierarchical clus-
tering analysis identified a clear cluster including mild COVID-19-
related pneumonia and atopy status (P < .0001; ORa = 4.523, 95%
Cl =2.221-9.221) (Figure S1).

In severe SARS-CoV-2 infection hyper-expressed cytokines in-
clude IFN-gamma, TNF-alpha, and IL-6, which cause fever, fatigue,
flu-like symptoms, vascular leakage due to endothelial dysfunction,
cardiomyopathy, hypotension, lung injury, activation of the coag-
ulation cascade, and diffuse intravascular coagulation.” The cyto-
kine storm, which does not occur in patients with uncomplicated
SARS-CoV-2 infection,® leads to the rapid proliferation and activa-
tion of T cells, macrophages, and natural killer cells that eventually

secrete >150 inflammatory cytokines, chemokines, and chemical
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TABLE 1 Demographic and clinical features of the study population

ORc  95%Cl P-value ORadj 95%Cl P-value

Covid-19
Severe Mild
Variable Level N % N % N %
Overall 531 100% 340 64% 191 36%

Yes 571 11% | | 19| 6% | | 38 [20%

Ato|
Py 474] 89% | 1321|94%| [153

80%

Female |214| 40% | [115|34%| | 99
Sex

52%

Male |317| 60% | |225[66%| | 92 |48%

<60 140[ 26% | | 88 [26%| | 52

29%

Age group
(years) 60-74 |188| 35% | (121[36%| | 67 |37%
v 75+ 203| 38% | |131|39%| | 62 [34%
smoking No 361| 77% | |221|80%| |140(74%
Yes 105| 23% | | 56 [20%| | 49 [26%
Diabetes No 441) 83% | | 82 |82%| |163]|85%

Yes 90| 17% | | 18 [18%]| | 28

15%

No 232| 44% | |157[46%| | 75

39%

Hypertension
Yes 299| 56% | [183|54%| |116

61%

No 395| 72% | |253|74%| |142

74%

Coronaropathy
Yes 156 28% | | 87 [26%| | 49

26%

No 470 89% | 296|87%| |174[91%

Thrombosis
Yes 61| 11% 44 113%| | 17

9%

0, 0,
Death No 428| 82% | [238|72%| (190

99%

Yes 93| 18% | | 92 [28% 1

1%

1 1
42 2376 <001 3.0 1657 .001
1 1
21 1530 <.001 1.9 1.3-29 .002
1 1
1.1 07-1.7 1.1 06-1.8 .784

1.2 08-20 .944 1.2 0.7-20 .530

724 0.4-1.1 147 0.57 0.4-10.9 .018

1
0.8 0.5-1.2 292

1
0.8 0511 123

1
1.0 0.7-15 .987

1
1.5 0827 161

1
73.4 10.1-531.8 <.001

Note: The multiple logistic regression analysis including age, sex, smoking, and all the comorbidities shows a significant association between
nonatopic status and a significantly higher risk of having severe COVID-19-related pneumonia.

Severe Covid-19-related pneumonia prevalence FIGURE 1 Association between atopic
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mediators.” Atopic patients are genetically predisposed to mount Th2
type immune-mediated responses; these responses do not imply the
expression of the main cytokines involved in the ARDS. We hypoth-
esized that allergic patients might be both less prone to SARS-CoV-2

status and mild COVID-19 in different age
groups

75+yrs

infection and/or might have a less severe SARS-CoV-2 infection than
nonatopic individuals. In the impossibility to carry out a field epidemi-
ological study, we tried to address the second hypothesis focusing on

more than 500 patients with confirmed COVID-19 infection severe
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enough to warrant hospital admission. Thus, our study population
lacks both asymptomatic and symptomatic SARS-CoV-2 infected pa-
tients with very mild disease, as these patients had to spend their
quarantine period at home. Despite these obvious limitations, our
study demonstrates that among hospitalized patients with severe
COVID-19, atopic patients have less severe disease. Interestingly,
the prevalence of atopic patients in our population (10.7%) appeared
lower than that in the age-matched general population, although
recent epidemiological data on allergy in Italy are missing. On the
other hand, we cannot exclude that also other of our patients were
atopic, although undiagnosed, as they had not undergone allergy
investigations before. Notably, the “protective” effect of atopic sta-
tus did not depend on the age or sex of patients nor the presence
of other co-factors, such as cigarette smoke, coronary heart disease,
diabetes, thrombosis, or hypertension. We are not in the position to
ascertain whether the immunological scenario that we have hypoth-
esized and that prompted us to perform this study is correct, as this
would require an immune-histochemical analysis of patients' sputum.
Nonetheless, our clinical findings make our initial hypothesis believ-
able suggesting that the genetic predisposition to a Th2-oriented im-
mune response might help to avoid the cytokine storm. Altogether,
our findings indirectly confirm the observed low prevalence of asth-
matics among patients admitted due to COVID-19 pneumonia.’®* Of
course, we cannot exclude that other factors such as treatment with
inhaled corticosteroids might have played a role in our observation of
a milder disease among atopic patients, particularly in the light of the
recent finding of effective dexamethasone protection against severe
pneumonia. However, all our patients, both atopic and nonatopic un-
derwent systemic corticosteroid treatment during their hospital stay,
and most atopic patients were not asthmatic and hence did not use
inhaled corticosteroids before their admission.

In conclusion, atopic status seems to protect against the most
severe, often fatal consequences of SARS-CoV-2 infection. Such
finding may be of help for future studies investigating how to limit

the clinical consequences of this infection.
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Appendix S1

STATISTICS

Each variable of interest was dichotomized as negative or positive to study the proportion
of subjects with a given clinical status. Categorical variables were analyzed using the Pearsons’ x?
or Fisher’s exact test when indicated. Multiple logistic regression was performed to estimate the
degree of association of the main exposure variable (i.e., atopy) with COVID-19 severity after
simultaneously adjusting for all the other variables of interest. P values <0.05 were considered

significant.

Relatedness of COVID-19 disease grading was tested by applying unsupervised Eisen's
hierarchical cluster methods to the data set, encompassing patient’ comorbidities and using as
agglomeration rule the average linkage clustering as implemented in the program Genesis 1.7.2
(10,11). Unsupervised clustering involved the sorting of both COVID-19 clinical status and patients
comorbidities. The COVID-19 disease grading tree was computed based on a full data set and the
distance between samples was computed by using the Pearson correlation as similarity measures.
As a result, coexistent clinical comorbidities were grouped as hierarchical clusters and presented
as heat-maps. Each square in the heat-map represents the presence (red) or the absence (black) of

any given tested comorbidity.

The SPSS/PC+ statistical package for statistical evaluation (SPSS, version 15, Chicago, IL) was used

to analyze the data.



DETAILED RESULTS OF THE MULTIPLE REGRESSION ANALYSYS

The multiple logistic regression analysis was first performed including as potential confounders age, sex,
smoking, and all the comorbidities. Since none of the comorbidities did contribute to the estimates, we
excluded them from the final model, while we decided to still keep age. The adjusted estimate confirmed a
significant association between atopic status and reduced severity of COVID-19: in fact, while adjusting for
sex, age, and smoking status, non-atopic patients had a significantly higher risk of having severe Covid-19

(ORadj 3.0, 95% confidence interval 1.6-5.7, p = 0.001) (Table 1).

An unsupervised two-way hierarchical clustering analysis yielded several original patterns of associated
clinical features in our population. The simultaneous evaluation of distinct comorbidities at the single
patient level generated by the multiple logistic regression analysis identified a clear cluster between mild
COVID-19-related pneumonia and atopy status, which were strictly associated (p <0.0001; ORa= 4.523, 95%

Cl=2.221-9.221) (Supplementary Figure).



Supplementary Figure. Unsupervised clustering analysis of different co-factors as a function of
COVID-19 severity. Co-morbidities are reported on the y-axis. A cluster including a mild course of
pneumonia and atopy is clearly visible.
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