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Background: Whether COVID-19 comorbidities and risk factors such as old age, male
gender, smoking, obesity, eosinophils and blood types have direct contact with expression of
ACE2 and pro-inflammation cytokines in human lung tissues were still unclear.

Patients and Methods: Sixty-four patients with normal FEV, and FEV,/FVC underwent
thoracotomy for pulmonary nodules were included. Blinded histological assessments were
performed by two pathologists. Clinical features and results of the immunohistochemical
staining of ACE2 were collected and analyzed.

Results: ACE2 expressed in alveolar macrophages (most obvious), alveolar epithelia and
vascular endothelia, but not in small-airway epithelia. ACE2 expressions are positively
related to age (r =0.26, P =0.040), weight (» =0.43, P<0.001), as well as BMI (» = 0.38,
P =0.002), and male patients show higher expressions of ACE2 in lungs (P <0.05). ACE2
expressions are negatively related to peripheral eosinophils (» =—0.30, P =0.017). There was
no correlation between ABO blood types and ACE2 expression in normal lung tissues (P >
0.05). IL-13 and IL-6R expression in lung tissue increased with age (» =0.26, P <0.05, for
both).

Conclusion: Our pathological evidences showed that the alveolar epithelia, vascular
endothelia, and alveolar macrophages are susceptible in human lungs for SARS-CoV-2
infection. The risk factors such as high body weight/BMI, old age, male gender, and
eosinopenia may be related to ACE2 expression in human lungs, and associated with more
chance to develop the severe cases. IL-6R expression in lung tissue also increased with age.
Therefore, weight control and smoking cessation are essential to reduce the susceptibility of
SARS-CoV-2 infection, especially in obesity, old or male patients. Peripheral eosinophils
monitor is also quite necessary to detect severe tendency in COVID-19 patients.
Keywords: ACE2, risk factor, BMI, age, sex, eosinophils

Introduction

A severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) leading to the
coronavirus disease 2019 (COVID-19) was first identified in December 2019 and
rapidly swept across the globe. More than 85 million people have been confirmed
and more than 1.8 million people dead worldwide (as of December 2020)."

It has been estimated that 1 in 5-10 adults with positive COVID-19 requiring
hospital admission,? with rates of admission to the intensive care unit (ICU) in
China, Europe, and the United States ranging from 5% to 32%.> ' The severity
of COVID-19 illness poses a great strain to medical resources and a great burden
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to social economy. Therefore, early identification of risk
factors of COVID-19 is essential to protect susceptible
population, and might help to provide proper prevention,
close observation and treatment. Many potential COVID-
19 comorbidities and risk factors such as coronary artery
disease, hypertension, diabetes, COPD, asthma, autoim-
mune disease, old age, male gender, smoking, and obe-
sity have been demonstrated to affect the process and
severity of COVID-19 illness.'>'* And the effect of
some risk factors, such as eosinophils and blood types
in COVID-19 is still controversial.

SARS-CoV-2 attaches and enters host cells first via
a transmembrane receptor angiotensin-converting enzyme
2 (ACE2). ACE2 is widely distributed in various human
tissues, and in the respiratory system, it is mainly expressed
in regions of the sinonasal cavity and the apical surface of
alveolar type II cells in pulmonary alveoli.'*'> ACE2 pro-
tein was found co-localized with TMPRSS2, a co-factor for
SARS-CoV-2 entry to cause different degrees of lung injury,
including acute respiratory distress syndrome.

ACE2 over-expression is a risk factor for COVID-19
infection and exists in lungs of patients with severe
COVID-19.'° However, the factors, such as clinical fea-
tures and commodities, affecting the expression of ACE2
in the respiratory tract and lungs are still unclear. Although
reports of pathologic findings in tissue specimens of
COVID-19 patients are rapidly emerging,'” the ACE2
expression in healthy people is still unclear, which was
also important to confirm the established role of ACE2
expression and activity in the initiation and development
of COVID-19.

The aims of our present research are to observe the
expression of ACE2 and pro-inflammation cytokines in
lung tissues from patients with normal forced expiratory
volume in 1 second (FEV,) and FEV/forced vital capacity
(FVC), and to explore which risk factors to COVID-19
infection are the potential factors that influence ACE2
expression.

Patients and Methods

Participants

This cross-sectional study was approved by the Ethics
Committee of Shanghai General Hospital, Shanghai
Jiaotong University (No. 2020KY014), and we confirm
that the patient data were maintained with confidentiality
and complied with the Declaration of Helsinki. We have
obtained informed consent from patients to participate in

the study before thoracotomy. We enrolled a convenience
sample of 64 consecutive patients who met the inclusion
criteria, underwent thoracotomy for pulmonary nodules in
the Department of Thoracic Surgery from November 2018
to October 2019, and had a complete blood count (CBC),
thoracic HRCT, spirometry,'® bronchodilation test, frac-
tional exhaled nitric oxide (FENO)," and alveolar compo-
nent of fractional exhaled nitric oxide (CANO) before
partial lobectomy.

Inclusion criteria were as follows: 18—70 years of age,
pulmonary nodules <3 cm in diameter, accepting lobect-
omy, FEV/FVC >70%, FEV; > 80% predicted, negative
bronchodilation test (after inhalation of a 3, agonist, FEV;
increases <200 mL and the FEV; improvement rate
is <12%).

Subjects were excluded if they had had a respiratory
tract infection in the past 8 weeks; consistent or variable
respiratory symptoms such as cough, expectoration, or
dyspnea; used montelukast, long-acting [3,-agonists, theo-
phylline, anticholinergic agents, or inhaled or oral corti-
costeroids in the previous 4 weeks; had an abnormal CT
scan except for nodules; or had concomitant severe sys-
temic diseases. Patients who had more than a 10-pack-year
smoking history, who currently smoked, or who had quit
less than 2 years before were also excluded.

Data Collected
Descriptive characteristics and clinical history, including
smoking history, were collected.

FEV,, FVC, maximum expiratory flow at 50% vital
capacity (MEF50), mid-expiratory  flow
(MMEF), and peak expiratory flow (PEF) were collected
and expressed as the percentage of actual value to pre-
dicted value. FEV/FVC was calculated as the ratio of two
variables. FENO was calculated with a mathematical

maximal

model by measuring exhaled NO at a standard flow rate
of 50 mL/s, and CANO was calculated at flow rates of
50 mL/s and 200 mL/s. Measurements of FENO and
CANO are given in parts per billion (ppb).

Blood types, the number and percentages of peripheral
eosinophils, neutrophils, lymphocytes, and platelets were
recorded. The percentage of pneumonectasis of the surgi-
cal side quantified with parenchyma analysis at the thresh-
old of -950 HU (GE AW VolumeShare™ 5, GE
Healthcare, Italy) were determined for every patient
according to the HRCT (GE Healthcare, Waukesha, WI,
USA) reconstructed in three

images automatically
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dimensions with volume-rendering technology (Thoracic
VCAR software, GE Healthcare, Italy).

Lung tissue resected was at least 5 cm away from the
pulmonary nodules. Blinded histological assessments were
performed by two pathologists. The number of macro-
phages, eosinophils, lymphocytes, and neutrophils per
high-power field (HPF)
stained slides of lung tissue were counted.

in hematoxylin-eosin (HE)-

Enzyme-linked immunosorbent assay (ELISA)
results of the following cytokines in homogenized
lung tissue were also collected: nuclear factor kappa-
B (NF-kB) (40096, Active Motif, California, USA),
total p38 and phosphop38 (ELISA05673-1, Thermo
Fisher Scientific, Waltham, USA), interleukin (IL)-1B
(EL10028, Anogen, Ontario, Canada), IL-4 (EL10026,
Anogen, Ontario, Canada), IL-5 (EL10035, Anogen,
Ontario, Canada), IL-6 (EL10023, Anogen, Ontario,
Canada), IL-8 (EL10008, Anogen, Ontario, Canada),
IL-10 (EL10027, Anogen, Ontario, Canada), IL-13
(EL10054, Canada), IL-17A
(EL10053, Anogen, Ontario, Canada), tumor necrosis
factor-a (TNF-a) (EL10019, Anogen, Ontario, Canada),
and transforming growth factor-B; (TGF-B,) (EL10029,

Anogen, Ontario, Canada).

Anogen, Ontario,

Immunohistochemical Staining

Lung tissue sections were collected for immunohistochem-
istry. The sections were dewaxed with xylene and rehy-
drated in methanol. Heat induced epitope retrieval was
conducted to reverse the loss of antigenicity. To block
endogenous peroxidase activity, slides were submerged in
3% hydrogen peroxide for 25 minutes at room tempera-
ture. Sections were washed with PBS for three times and
then incubated with the primary antibody against ACE2
(Thermo Fisher Scientific, MA, USA) for or 1 h at room
temperature. Tissue sections were than incubated with
Wuhan,
China) according to the manufacturer’s protocol for 50

appropriate secondary antibody (Servicebio,
minutes at room temperature. Diaminobenzidine was

used to visualize the immunoreactivity (DAKO,
Denmark), and then the slides were counterstained with
Harris’ hematoxylin. Finally, the slides were covered by
using mounting medium and photographed with a Zeiss
microscope (Stuttgart, Germany). Immunoreactivity eva-
luation was implemented independently by two patholo-

gists who were blinded.

Statistical Analysis
Analyses were performed with GraphPad Prism version
5.01 (GraphPad Software, San Diego, CA, USA), except
for the Spearman correlation coefficient matrix and
Spearman rank correlation tests, which were performed
with R version 3.6.1 (Innovative Solutions, St. Louis,
MO, USA). The normality of the distribution was checked
with the Kolmogorov—Smirnov test. Normally distributed
data are expressed as mean =+ standard deviation (SD).
Non-normally distributed data are expressed as median
and interquartile range (IQR). A Mann—Whitney test was
performed to compare inter-group differences between two
medians of categorical variables (gender, smoking history,
hypertension). A Kruskal-Wallis test was performed to
compare inter-group differences between four medians of

(blood types). The correlation
variables

categorical variables

between different was determined with
Spearman analysis; » >0.4 or <-0.4 was defined as strong
correlation, and » between —0.4 and 0.4 as weak correla-
tion, if P <0.05.

The threshold for statistical significance for all ana-

lyses was set at P <0.05.

Results

Baseline Characteristics

Sixty-four patients undergoing thoracotomy for pulmonary
nodules were included, with an average age 56.5 = 8.96
years. Thirty-two (50%) were male and 13 (20.3%) with
smoking history. Most of the pulmonary nodules were
adenocarcinomas, except for one squamous cell carci-
noma. Twenty-one (32.8%) had comorbidities: hyperten-
sion (12), diabetes (3), rheumatoid arthritis (stable,
maintenance medication not required, 1), allergic rhinitis
(1), chronic cholecystitis (1), thyroid nodule (postopera-
tive, 1), meningioma (postoperative, 1), renal cyst (1), of
breast tumor (postoperative, without chemotherapy, 1),
postoperative of hysterectomy (1), kidney stones (1),
appendicitis (postoperative, 1), inguinal hernia (1), ovarian
cysts (1). Some patients had two or more concurrent
comorbidities. All comorbidities were mild and well con-
trolled for at least 6 months.

The Main Location of ACE2 Expression in

Lung Tissues

ACE2 immunostaining was observed in alveolar epithelial
cells (Figure 1A), and also vascular endothelial cells
(Figure 1B), but not in small airway epithelial cells
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Figure | Representative photomicrographs of immunohistochemistry staining of ACE2 in human lung tissues. (A) alveolar epithelial cells (red arrow); (B) vascular
endothelial cells (red arrow); (C) small airway epithelial cells (red arrow) and smooth muscles (yellow arrow); (D) alveolar macrophages (red arrow).

Abbreviation: ACE2, angiotensin-converting enzyme 2.

(Figure 1C). ACE2 expression in alveolar macrophage was
also obvious (Figure 1D). Higher ACE2 expression level
in alveolar macrophage was proved, compared with alveo-
lar epithelial cell in the same subject (Figure 1D).

Effects of Gender, Smoking History,
Hypertension, and Blood Types on the
Expression of ACE2 in Lung Tissue

Smoking history does not influence the ACE2 expressions in
lung tissue, with 0.097[0.091-0.109] for patients with smok-
ing history and 0.094[0.087—0.103] for non-smoker (P=0.278,
Figure 2A). ACE2 for male were 0.096[0.091-0.112], higher
than female patients (0.094[0.084-0.100], P=0.044, Figure
2B). For patients with hypertension, ACE2 expression was
0.110[0.098-0.121], higher than those with normal blood
pressure (0.093[0.089-0.100], P=0.024, Figure 2C). There
was no significant difference of the ACE2 expression among

different ABO blood types (P=0.292, by Kruskal-Wallis test,
Figure 2D)

Correlation of ACE2 with Clinical

Features

ACE2 was strong positively correlated with weight
(r=0.43, P<0.001) (Figures 3 and 4A). Weak correlations
were seen between ACE2 and body mass index (BMI)
(r = 0.38, P<0.05) (Figures 3 and 4B), height (» = 0.27,
P<0.05) (Figures 3 and 4C), age (r = 0.26, P<0.05)
(Figures 3 and 4D), macrophages in lung (r = 0.27,
P<0.05) (Figures 3 and 4E) and peripheral eosinophils
(r =—0.30, P<0.05) (Figures 3 and 4F).

ACE2 was not correlated with FENO/CANO, spiro-
metric variables, lymphocytes and neutrophils (peripheral
or in lung tissue), eosinophils in lung, platelets, or the
percentages of pneumonectasis (P>0.05, for all).
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Figure 2 The influence of smoking history (A), gender (B), hypertension (C), and blood types (D) to ACE2 expression in lung tissue. Individual values, mean, and standard

deviation are shown. *P <0.05.

Abbreviations: ACE2, angiotensin-converting enzyme 2; HBP, high blood pressure; NBP, normal blood pressure.

P values for all correlations are shown in

Supplementary Table S1.

Correlation of ACE2 and Age with
Pro-Inflammation Cytokines in the

Biopsied Tissues
No statistically significant correlation was found between
ACE2 and any of the pro-inflammation cytokines analyzed
in lung tissue (IL-6R, TNF-q, IL-17A, IL-13, IL-10, IL-8,
IL-6, IL-4, IL-1B, NF-kB: P>0.05, for all. Figure 5).

Age was found positively correlated with IL-6R and IL-
13 in lung tissue (» =0.26, P<0.05 for both; Figure 5).
shown in

P values for all correlations are

Supplementary Table S2.

Discussion

ACE2 expression in the biopsied lung tissues was
reported. In our study, ACE2 expression was found in
alveolar epithelial cel, and also vascular endothelial cells,
but not in small airway epithelial cells, consistent with
severe alveolar injury and non-obvious airway injury
proved in COVID-19 patients.

SARS-CoV-2 is proved to infect alveolar macrophages,
which in turn respond by producing T cell chemoattrac-
tants, causing alveolitis in which alveolar macrophages
containing SARS-CoV-2 and T cells form a positive feed-
back loop that drives persistent alveolar inflammation.?’
High expressions of ACE2 in alveolar macrophages also
existed in the lungs of mice model, and discovered expres-
sions of ACE2 was dramatically increased on the activated
type 1 macrophages (M1), compared with interleukin-
4-stimulated type 2 macrophages (M2).?! Excluding the
effect of alveolar macrophage virus-phagocytosis, we also
observed the ACE2 expression in alveolar macrophage of
human normal lung tissues. Additionally, a positive corre-
lation between ACE2 and macrophage counts in the lungs
was found in our research (Supplementary Table S1).
Higher ACE2 expression level in alveolar macrophage

was proved, compared with alveolar epithelial cell in the
same subject. These findings indicated that alveolar
macrophages, as the frontline immune cells, may be
directly targeted by the SARS-CoV-2 infection and impor-
tant in the early pathogenesis of COVID-19.

Many COVID-19 risk factors and comorbidities such
as old age, male gender, smoking, obesity, coronary artery
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Figure 3 Spearman correlation coefficient matrix and Spearman rank correlation tests for ACE2 and clinical features. n = 64. ACE2 was positively correlated with weight (r = 0.43,
P<0.001), BMI (r=0.38, P = 0.002), height (r = 0.27, P = 0.034), age (r = 0.26, P = 0.040) and macrophages in lung (r = 0.27, P = 0.030), and was negatively correlated with peripheral

eosinophils (r=—0.30, P = 0.017). ACE2 was not correlated with FENO/CANO, spirometric

variables, lymphocytes and neutrophils (peripheral or in lung tissue), eosinophils in lung,

platelets, or the percentages of pneumonectasis (P>0.05, for all). A cross indicates no statistical significance. P values are shown in Supplementary Table SI.

Abbreviations: PLT, platelets; LYM, lymphocytes; NEU, neutrophils; EOS, eosinophil; MMEF, percentage of actual value to predicted value of maximum mid-expiratory flow;
MEF50, percentage of actual value to predicted value of forced expiratory flow at 50% of forced vital capacity; FEV,, forced expiratory volume in | second; FVC, forced
vitalcapacity; BMI, body mass index; CANO, alveolar concentration of nitric oxide; FENO, fractional exhaled nitric oxide; MAC, macrophages; ACE2, angiotensin-converting

enzyme 2; SS, surgical side.

disease, hypertension, diabetes, COPD, severe asthma, and
autoimmune disease have been reported that effect the
progress and severity of COVID-19."* Obesity, an essen-
tial risk factor of COVID-19, contributes to a high mor-
bidity, hospitality, risk of intensive care, mechanical
ventilation, venous thromboembolism, dialysis, and
mortality.”*>> Radzikowska et al*® studied gene expres-
sion and co-expression of ACE2, CD147, CD26 in pri-
mary human bronchial epithelial cells, bronchial and skin
biopsies, bronchoalveolar lavage fluid, whole blood, and
immune cells. Obesity led to the higher expression of
ACE2-related genes in the bronchial biopsy and BAL.?
Increased ACE2 bronchial epithelial expression in COPD
patients with overweight was also proved, compared to
those normal weight patients.”” But the expression of
ACE2 in the respiratory bronchiole and the alveoli,
which covered majority of the breathing area, was still

unclear. A mice model research demonstrated that diet-

induced obesity mice exhibit markedly increased ACE2
gene expression in the lung tissue.”®> ACE2 was reported
with high expression in white adipose tissues, which may
act as a reservoir of SARS-CoV-2 with increased shed-
ding, immune activation, and pro-inflammatory cytokine
amplification. Weight loss induced decline of subcuta-
neous adipose ACE2 expression.”” Whether subcutaneous
adipose ACE2 Expression was directly involved in the
occurrence and development of COVID-19 infection
remains to be studied. We demonstrated the positive cor-
relations between ACE2 respiratory bronchiole and alveoli
expression and weight, as well as BMI. Our results pro-
vide more pathological evidences of overweight/obesity as
a great risk of COVID-19 infection.

A number of studies have revealed that old age is
associated with higher COVID-19 morbidity and disease
severity and also a very strong risk factor of COVID-19
deaths.>® We found that ACE2 expressions are positively
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Figure 5 Correlation of ACE2 and age with pro-inflammation cytokines in the biopsied tissues. n = 64. No statistically significant correlation was found between ACE2 and
any of the pro-inflammation cytokines analyzed in lung tissue (IL-6R, TNF-o, IL-17A, IL-13, IL-10, IL-8, IL-6, IL-4, IL-1B, NF-xB: P>0.05, for all). Age was found positively
correlated with IL-6R and IL-13 in lung tissue. (r =0.26, P <0.05 for both).

Abbreviations: ACE2, angiotensin-converting enzyme 2; IL-6R, interleukin-6 receptor; TNF-a, tumor necrosis factor-o, IL-17A, interleukin-17A; IL-13, interleukin-13; IL-
10, interleukin-10; IL-8, interleukin-8; IL-6, interleukin-6; IL-4, interleukin-4; IL-1p, interleukin-1B; NF-kB, nuclear factor-kB.
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related to age. IL-13, a type 2 (T2) cytokine, was recently
observed to suppress ACE2 expression and increase trans-
membrane protease serine 2 (TMPRSS2) expression of
airway epithelial cells in T2 asthma and atopy patients,
making it difficult to predict how T2 inflammation might
affect risk for COVID-19.*!' In addition, IL-13 also
induced airway inflammation, airway injury, obstruction,
pulmonary fibrosis, and exacerbate acute lung injury.***?
IL-6 is a key cytokine that mediates immune disorder
induced by SARS-CoV-2 and may play an important role
in the immune mechanism of patients with severe COVID-
19 via ligation to IL-6R.**° IL-13 and IL-6R expression
in lung tissue also increased with age in our study, indicat-
ing that old age may increase pro-inflammation cytokine
IL-13 expression and may partially explain that old age
population was more susceptible to SARS-CoV-2 infec-
tion. On the other side, as the two-side effect of IL-13, the
exact effect of IL-13 on SARS-CoV-2 infection is uncer-
tain and needs further research.

Male gender is a risk factor for more severe COVID-
19, including death. Male patients are almost twice as
likely as female to die from COVID-19.%*7 We also
found that male patients show higher expressions of
ACE2 in lungs, which might explain the differences of
COVID-19 morbidity and disease severity among different
sex. There was no difference of ACE2 expression between
non-smokers and ex-smokers in our study (P > 0.05),
largely because patients with non-smoking and who had
less than a 10-pack-year smoking history and had quit
more than 2 years were enrolled in our study, indicating
smoking cessation at least for 2 years may potentially help
to reduce the risk of COVID-19 infection.

Although the effect of eosinophils in COVID-19 is
controversial, evidence is emerging that eosinopenia may
serve as an effective prognostic indicator for more severe
COVID-19. An analysis for 72,314 COVID-19 cases in
China reported that respiratory allergy and asthma have
not been identified as significant risk factors for severe
COVID-19 illness.*® Our previous study interestingly
observed that 71.7% COVID-19 inpatients had decreased,
even disappeared circulating eosinophil counts at the onset
of disease. Eosinopenia at admission indicated more
In this
study, ACE2 expressions in the lungs were negatively

severe infection and longer hospitalization.”

related to peripheral eosinophils, providing pathological
evidence for the high susceptibility of patients with eosi-
nopenia to SARS-CoV-2. As a result, this finding indicate
that peripheral eosinophils may act as a protect role in

SARS-CoV-2 infection. In this study, ACE2 expressions in
the lungs were negatively related to peripheral eosinophils,
providing pathological evidence for the high susceptibility
of patients with eosinopenia and a protective role of eosi-
nophils in SARS-CoV-2 infection.

The relationship between blood type and COVID-19 is
still unclear. Peng GW and colleagues were the first to
find that type A blood was associated with a higher risk
for COVID-19, whereas type O blood was associated with
a lower risk.*® Then scientists from Europe and Australia
conducted a genome-wide association study and found
that association signal at locus 9q34.2 carries the gene
that determines the ABO blood type. Consistent with
previous findings from China, they also found that type
A had a higher risk of developing severe COVID-19,
while those with type O had a lower risk.*' Recently,
a population-based cohort study including 225 556 per-
sons reported the O and Rh blood groups may be asso-
ciated with a slightly lower risk for SARS-CoV-2
infection and severe COVID-19 illness.* However, the
research found that the risk of intubation was decreased
for type A and increased for types AB and B, compared
with type O, while risk of death was decreased among
A and B types and increased in AB type, although no
correlation was found between blood type and risk of
intubation or death in COVID-19 patients.**** In our
study, we observed whether ACE2 expression in normal
lung tissue is correlated with the ABO blood type. We
found no correlation between ACE2 expression and ABO
blood type, despite the small sample size. Whether blood
type is linked to COVID-19 risk and whether ACE2
contributes to those correlation are still extremely lack
of evidence, and further investigation is needed to be
conducted.

Besides, we found ACE2 was not correlated with
FENO/CANO, spirometric variables, lymphocytes and
neutrophils (peripheral or in lung tissue), eosinophils in
lung, platelets, or the percentages of pneumonectasis
(P>0.05 for all, Figure 3; P values for all correlations are
shown in Supplementary Table S1). And no statistically

significant correlation was found between ACE2 and any
of the pro-inflammation cytokines analyzed in lung tissue
(IL-6R, TNF-a, IL-17A, IL-10, IL-8, IL-4, IL-1pB, NF-xB:
P>0.05, for all. Figure 5, P values for all correlations are
shown in Supplementary Table S2).

To overcome some limitations of our current study,
larger-scale and further mechanisms research should be
performed to validate our inspection results.
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Conclusions

Our pathological evidences showed that the alveolar epithelia,
vascular endothelia, and alveolar macrophages are susceptible
cells in human lungs for SARS-CoV-2 infection. The risk
factors such as high body weight/BMI, old age, male gender,
and eosinopenia may be related to ACE2 expression in human
lungs, and associated with more chance to develop the severe
cases. IL-6R expression in lung tissue also increased with age.
Therefore, weight control and smoking cessation are essential
to reduce the susceptibility of SARS-CoV-2 infection, espe-
cially in those population with obesity, old age, and male
gender. Peripheral eosinophils monitor is also quite necessary
to detect severe tendency in COVID-19 patients.
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