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Asthma and allergy practice and COVID-19:
a review. Part I

According to the US Centers of Disease Control and Prevention (CDC), patients with asthma and allergies
are at particular risk during the current COVID-19 pandemic. The aggressive SARS-CoV-2 virus mainly
infects the lungs, most patients with asthma have an increased risk of infection and are likely to have a
potentially more severe course of COVID-19.

The purpose of the analysis presented in this paper is to assess and forecast the prospects for establishing
control over asthma and allergic diseases in a pandemic COVID-19.

According to the IPCRG, patients with asthma may not always be able to differentiate between asthma
attacks and COVID-19 infection due to the similarity of respiratory symptoms. This leads to untimely care for
SARS-CoV-2 and/or discontinuation of asthma treatment, which can have serious consequences. An
important problem for practitioners is that patients with bronchoobstruction and allergy syndrome are often
afraid of the risk of seeking medical attention during a COVID-19 pandemic and may confuse allergic
symptoms with symptoms of coronavirus infection.

The U.S. Centers of Disease Control and Prevention has identified algorithms for providing non-COVID-19
care during a pandemic: to quickly detect and respond to an increase in COVID-19 cases among patients with
asthma; provide assistance in the safest way; keep in mind that services may need to be gradually expanded.
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eople with moderate to severe asthma may be at

higher risk of getting very sick from COVID-19.
COVID-19 can affect your nose, throat, lungs
(respiratory tract); cause an asthma attack; and
possibly lead to pneumonia and acute respiratory
disease [1, 17].

How to prepare for COVID-19: make sure that
you have at least a 30-day supply of your medicines;
take everyday precautions like washing your hands,
avoiding close contact, and staying at least 6 feet
(about 2 arm lengths) from other people; wear masks
in public settings and when around people who don’t
live in your household; when out in public, keep
away from others and avoid crowds; wash your
hands often with soap and water for at least
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20 seconds or use hand sanitizer that contains at
least 60 % alcohol; avoid cruise travel and non-
essential air travel; during a COVID-19 spread

(outbreak) in your community, stay home as much

as possible to reduce your risk of being exposed; if

someone in your home is sick, have them stay away
from the rest of the household to reduce the risk of

spreading the virus in your home [3].

Follow your asthma action plan [2, 4]:

1. Keep your asthma under control by following
your asthma action plan.

2. Avoid your asthma triggers.

3. Continue current medications, including any
inhalers with steroids in them («steroids» is
another word for corticosteroids). Know how to
use your inhaler.

4. Do not stop any medications or change your
asthma treatment plan without talking to your
healthcare provider.
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Fig. 1. Venn diagram of the overlap of COVID-19 symptoms with seasonal allergy symptoms [5]

5. Talk to your healthcare provider, insurer, and
pharmacist about creating an emergency supply
of prescription medications, such as asthma inhal-
ers. Make sure that you have 30 days of non-
prescription medications and supplies on hand in
case you need to stay home for a long time.

6. Take steps to help yourself cope with stress and
anxiety.

7. As more cases of COVID-19 are discovered and
our communities take action to combat the spread
of disease, it is natural for some people to feel
concerned or stressed. Strong emotions can trig-
ger an asthma attack.

Follow the recommendations below to reduce
your chance of an asthma attack while disinfecting
to prevent COVID-19 [10]. If you have asthma —
ask an adult without asthma to clean and disinfect
surfaces and objects for you. Stay in another room
when cleaners or disinfectants are being used and
right after their use. Use only cleaning products you
must use. Some surfaces and objects that are seldom
touched may need to be cleaned only with soap and
water. Make a list of the urgent care or health
facilities near you that provide nebulizer/asthma
treatments. Keep it close to your phone. If you have
an asthma attack, move away from the trigger such
as the disinfectant or the area that was disinfected.
Follow your Asthma Action Plan. Call 911 for
medical emergencies (Fig. 1) [5].

Higher airborne pollen concentrations correlated
with increased SARS-CoV-2 infection rates, as
evidenced from 31 countries.

Pollen exposure weakens the immunity against
certain seasonal respiratory viruses by diminishing
the antiviral interferon response [14, 20]. Here we
investigate whether the same applies to the pan-
demic severe acute respiratory syndrome corona-

virus 2 (SARS-CoV-2), which is sensitive to
antiviral interferons, if infection waves coincide
with high airborne pollen concentrations. Our
original hypothesis was that more airborne pollen
would lead to increases in infection rates. To exam-
ine this, we performed a cross-sectional and longi-
tudinal data analysis on SARS-CoV-2 infection,
airborne pollen, and meteorological factors. Our
dataset is the most comprehensive, largest possible
worldwide from 130 stations, across 31 countries
and five continents. To explicitly investigate the
effects of social contact, we additionally considered
population density of each study area, as well as
lockdown effects, in all possible combinations:
without any lockdown, with mixed lockdown — no
lockdown regime, and under complete lockdown.
We found that airborne pollen, sometimes in syn-
ergy with humidity and temperature, explained, on
average, 44 % of the infection rate variability.
Infection rates increased after higher pollen con-
centrations most frequently during the four previ-
ous days. Without lockdown, an increase of pollen
abundance by 100 pollen/m? resulted in a 4 %
average increase of infection rates (Fig. 2) [7].
Lockdown halved infection rates under similar
pollen concentrations [15].

As there can be no preventive measures against
airborne pollen exposure, we suggest wide dissemi-
nation of pollen—virus coexposure dire effect infor-
mation to encourage high-risk individuals to wear
particle filter masks during high springtime pollen
concentrations (Fig. 3) [7, 18].

Coexposure to airborne pollen enhances sus-
ceptibility to respiratory viral infections, regardless
of the allergy status. We hypothesized this could be
also true for SARS-CoV-2 infections. To investigate
this, we tested for relationships between SARS-CoV-2
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Fig. 2. SARS-CoV-2 infection rates are positively
correlated with airborne pollen

Mean infection rate in the exponential phase for sites with low
(< 1,000 inhabitants/kmz) and high (> 1,000 inhabitants/km?) population
density and for low (< 250 pollen/m?) and high (> 250 pollen/m?) average
pollen concentration during the 2 wk of near-constant infection rate.
Only the regions and time intervals with no lockdown were selected.

infection rates and pollen concentrations, along with
humidity, temperature, population density, and lock-
down effects [4]. Our unique dataset derives from 130
sites in 31 countries and across five continents. We
found that pollen, sometimes in synergy with humid-
ity and temperature, explained, on average, 44 % of
the infection rate variability (Fig. 4) [11]. Lockdown
halved infection rates under similar pollen concentra-
tions. As we cannot completely avoid pollen exposure,

Switzerland R®=0.2 p=0.001

Belgium R?=0.01 p=0.4853

Spike (S) protein

S

Sars-CoU-z\

anti-ACE-2
antibody

Cell membrane

Transmembrane

ACE.2 y Infection

Fig. 4. ACE-2 is the host cell receptor responsible for
mediating infection by SARS-CoV-2, the novel coronavirus
responsible for coronavirus disease 2019 (COVID-19).
Treatment with anti-ACE-2 antibodies disrupts the
interaction between virus and receptor

we suggest wide dissemination of pollen-virus coex-
posure information to encourage high-risk individuals
to wear particle filter masks during high springtime
pollen concentrations (Fig. 5) [6].

The ACE-2 in COVID-19: Foe or Friend?

The renin angiotensin system consists of renin
which catalyzes the conversion of angiotensinogen
to angiotensin 1 (Ang 1) (Fig. 6) [9, 12].
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Fig. 3. SARS-CoV-2 infection rates are positively correlated with pollen concentrations in a longitudinal data analysis

Per site, anomalies of infection rates are plotted against anomalies in pollen concentrations (blue dots). The slope of the regression line represents
the magnitude of the sensitivity of infection rates to pollen concentrations (infection rate per 100 pollen/m?). Note the different scales in the panels,
both in x axes and y axes. Only the regions from the geographically large or the bioclimatically diverse countries are analyzed here.
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Fig. 5. Schematic Representation to show the renin angiotensin system in diabetes and the interaction

of the SARS-CoV-2 with the ACE-2
The SARS-CoV-2 interacts with the ACE-2 through the spike proteins after priming by tissue serene proteases. It uses the ACE-2 protein to enter the

alveo-lar cells in the lungs.
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Fig. 6. ACE2 expression is decreased in the nasal epithelium of children with allergic sensitization (Sens) and allergic asthma

. The subsequent axis depends on the balance
between the Angiotensin converting enzyme
(ACE) and ACE-2.

. ACE converts Ang 1 to Ang IT and this acts in
the angiotensin receptor (AT1R), whereas ACE-2
converts it to Ang-(1—7), which acts on the Mas
receptor.

. In the respiratory system activation of ACE leads
to a proinflammatory, pro-fibrotic, pro-hyper-
responsiveness response in the respiratory system,
whereas ACE-2-Ang-(1-7)-Mas induces a pro-
tective mechanism of anti-inflammatory, anti-

fibrotic and anti-hyperresponsiveness. A lower
ACE-2 will put these individuals at higher risk of
respiratory distress.

. In hypertension, diabetes, and CVD, the ACE

related pathway is activated with downregulation
of the ACE-2 pathway. These results in the multi-
organ complications seen in metabolic diseases
with endothelial dysfunction promoting athe-
rosclerosis, increased cardiac fibrosis and LV
remodeling, diabetic nephropathy, hyperactivity
of adrenal gland, and it decreases insulin release
and increases insulin resistance.
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Fig. 7. IL-13 exposure reduces ACE2 and increases TMPRSS2
expression in airway epithelial cells

5. Infection with COVID-19 may exacerbate the
ACE-2 deficiency in these patients in all organs
and maybe responsible for the multiorgan failure.

Association of respiratory allergy, asthma,
and expression of the SARS-COV-2 receptor
ACE2

ACE2 expression levels in nasal brush samples from
11-year-old children in the URECA cohort according
to asthma diagnosis by the age of 10 years, dichoto-
mized as no (-) or yes (1), and IgE sensitization
trajectory at the age of 10 years, dichotomized as not/
minimally (no/Min) IgE-sensitized (-) or IgE-
sensitized (1), showing lower levels of ACE2 in chil-
dren with atopy and atopic asthma. B, ACE2 expres-
sion in URECA children with asthma, subdivided
according to the degree of IgE sensitization and
demonstrating progressively lower levels of ACE2
according to the degree of IgE sensitization among
children with asthma. Those children with both
asthma and the highest IgE sensitization had the
lowest levels of ACE2 expression [16, 22]. Expression
levels are log2-transformed. Shown are median values

(horizontal), interquartile ranges (boxes), and 1.53
interquartile range (whiskers). The printed FCs are
for the non—log2-transformed expression values to
aid in interpretation of the effect sizes (Fig. 7) [13].

IL-13 exposure reduces ACE2 and increases
TMPRSS2 expression in airway epithelial cells from
par- ticipants with asthma and atopy. A, IL-13 expo-
sure significantly reduces ACE2 expression in non-
asthma atopic (mean 5 1.27 [95 % CI 5 1.05—1.54]
vs mean 5 0.62 [95 % CI 0.54—0.71]; P 5 0.0001)
and asthmatic (mean 5 0.95 [95 % CI 50.77—1.17]
vs mean 5 0.47 [95 % CI 5 0.27—0.82]; P 5 0.038)
airway epithelial cells. B, IL-13 significantly increas-
es TMPRSS2 expression in nonasthma atopic
(mean 50.69 [95 % CI 50.62—0.77] vs mean 5 1.16
[95 % CI 51.10—1.23]; P < 0.0001) and asthmatic
(mean 5 0.58 [95 % CI 0.55—0.61] vs mean 1.28
[95 % CI 1.15—1.44]; P <0.0001) airway epithelial
cells (Fig. 8) [13, 21].

The data from GSE19187 reveal no significant
correlation between IL-4 and ACE2 (A) and
between IL-5 and ACE2 (B). (C) IL-13 and ACE2
are significantly negatively correlated when all
groups are combined. rs, Spearman rank correlation
coefficient (Fig. 9) [13].

In the gene expression data set from adult par-
ticipants in GSE4302, ACE2 expression is reduced
in all asthma partici- pants compared with in healthy
participants, with a trend toward significance (P 5
0.097) [8, 19]. B, Patients with T2-high asthma
demonstrate lower airway epithelial ACE2 expres-
sion than healthy participants do. P 5 0.031 for the
paired comparison. Box plots show medians with
interquartile ranges (Fig. 10) [13].

Airway epithelial ACE2 is significantly negatively
correlated with expression of 1L-4, IL-5, and TL.-13.

In data set GSE19187, participants with asthma
and/or allergic rhinitis demonstrate increased nasal
epithelial expression of TMPRSS2 compared with
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Fig. 8. ACE2 expression is significantly negatively correlated with IL-13 expression
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Fig. 9. ACE2 expression is decreased in airway epithelial cells in type 2 (T2)-high asthma
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Fig. 10. TMPRSS2 gene expression is higher in nasal epithelial cells from type 2 (T2)-high participants with allergy

that demonstrated by healthy participants regardless
of whether the allergy and asthma groups were com-
bined (P 5 0.0022) (A) or evaluated as separate
groups (P 5 0.018 for the paired comparison; P 5
0.034) (B). C, the T2-high participants demonstrate
significantly higher expression of TMPRSS2, where-
as the expression of TMPRSS2 by T2-low partici-
pants is similar to that demonstrated by healthy
participants. P 5.0012 for the paired comparison. Box
plots show medians with interquartile ranges. CA,
Rhinitis with controlled asthma; NA, rhinitis and no
asthma; UA, rhinitis with uncontrolled asthma.

To fully cover this issue, we must divide the
article into two parts. In the following we will con-
tinue to consider this issue.

Conclusions

In the near future, as a result of prognostic linear
analysis, an increase in the incidence of BA is
expected in the world, due to the constant presence
of risk factors that provoke, including the SARS-
CoV-2 virus, the development of the disease, as well
as due to the rapid growth of allergic population.

GINA emphasizes the poor adherence to the
algorithm of the proposed strategy of anti-inflam-
matory therapy and not esthisas a modifying risk
factor for exacerbations in COVID-19. Significant
for the control of inflammation in asthma actions
of corticosteroid sare mediated at the molecular
level through genomic dextra genomic mecha-
nisms.
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J1. Dobacke, J. Togopiko?, . Koeane?, C. HOp'eB?, I. Cem’siHiB? H. MawkoBcbka? 0. LLleB4yeHkKo*

TMeauyHa wWkona yHisepcutety Ixopaxa BawuHrroHa, Bawunrron, CLUA
2 ByKOBMHCbKUI ilepxKaBHNI Me[MUHUIA yHiBepcuTeT, YepHiBLi
*HauioHanbHuit Meguunmit yHisepcuteT imeHi 0.0. Boromonbus, Knis
“XapKiBCbKMI HaLliOHaNbHWI MeLUYHUI YHiBEpCUTET

[TpakTnyHi MUTaHHA acTMU 1 aneprii Ta COVID-19
Ornap nitreparypu. Yactuna I

3rigno 3 narumu [lentpy konTpouiio i npodinakruky 3axsopioBanas CHIA (CDC) mnix yac HUHITTHBOI
nanzgemii COVID-19 narfienTr 3 acTMOI0 Ta aJIeprielo HaJexKaTh 10 IPYIH 0COOJUBOTO PUBHUKY. A OCKIIBKU
arpecuBHuii Bipyc SARS-CoV-2 nepeBaskHO ypaskae Jiereti, y OibIIoCTi Malli€HTiB 3 GPOHXIaIbHOIO acT-
Moto (BA) € HasBHUM MiBUIIEHUIT PU3KUK 3apaKEHHST Ta, IMOBIPHO, MOTEHIIIHO OiIbIIT TSHKYUI T1epedir
COVID-19.

Metoro aHasti3y, HaBeJEHOTo y 1Miil pobOTi, € OI[iHKA Ta TIPOTHO3 MEPCIEKTHB YCTAHOBJIEHHS KOHTPOJIIO
Ha/t BA Ta aneprilinnmu 3axBopioBaHHIME B yMoBax manzemii COVID-19.

3a marmvn [PCRG, martientn 3 BA #e 3aBx&am MOKyTh mudepeHItiioBaTH CUMIITOMI Harasy acTMHU Ta
indikysanus COVID-19, nio nos’si3aHo 3i CIIOPiIHEHICTIO PecItipaTopHUX cuMITOMIB. 1le TpusBoauTh 110
HecBoeyacHoOro HafgauHs goromoru pu SARS-CoV-2 ta/abo npunusenHs jgikyBanHsa BA, 1o Moke MaTu
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cepiiosui Haci Ky, BaromMoro mpo61eMoio /15 IPaKTHYHOI MEMIIUHM € Te, 10 YaCTO MAI[IEHTH i3 CHHAPOMOM
OGPOHX00OCTPYKIIii Ta ajmeprii GOSAThCS PUHKY, TTOB’SI3aHOTO 31 3BEPHEHHSM 110 MEANYHY JOMOMOTIY TTijl Yac
nargemii COVID-19 ta MOXKYTb TLUTyTaTH aJlepriiiHi CHMITTOMY i3 CUMITTOMaM¥ KOPOHABIPYCHOI iH(EKITi1.

AMEpPUKAHCHKIM TIEHTPOM KOHTPOJIO Ta TMPO(MITAKTUKY 3aXBOPIOBAHb BUIIJIEHO aJTOPUTMU HAJAHHI
MeINYHOI JioroMory, He niop’sizanoi 3 COVID-19, mix yac manemii: MBUIKO BUSBJATHA Ta pearyBaTH Ha
30imbmenns Kibkocti Bumnaakis COVID-19 cepex namieHTiB 3 acTMOI0; HaflaBaTh J0MOMOTY B HAO1IbII
6e3neyHnil CIIoci6; BpaxoBYBaTH, 1110 TIOCIYTH, MOKJINBO, IOBEIETHCSI IOCTYIIOBO PO3IIMPIOBATH.

Knrouoei cnosa: actma, asnepris, COVID-19, SARS-CoV-2, 3anasiensi, rJIIOKOKOPTUKOIIH.

J1. Dobacke, J1. Topopuko?, . Koanw?, C. Opbes®, U. CembsiHne?, H. Mawkosckasn?, 0. LeByeHKo*

'MeaMumMHCKas Wkona yHuBepcuteTa [kopmxa BawunHrtoHa, Bawunnrton, CLUA
?ByKOBUHCKUI rOCYLAPCTBEHHBI MELULUHCKUIA YHUBEPCUTET, YepHOBLbI
*HauuoHanbHbIN MeAULMHCKNIT yHuBepcuTeT umeHn A.A. boromonbua, Kues
“XapbKOBCKMIM HALMOHANbHbIN MEANLUHCKUIA YHUBEPCUTET

[IpakTnueckne BompocHl acTMbl 1 anneprun u COVID-19
0630p nuTeparypst. Yactb I

CoruacHo natnubiM Hentpa korTposist u nipodutaktiku 3abosesanus CIITA (CDC) Bo BpeMst HbIHEITHEH
nanzgemun COVID-19 nanuenTsl ¢ acTMOI 1 ajiieprueil OTHOCATCS K TPYIIie 0co60ro pucka. A oCKOJIbKy
arpeccuBHblil BUpyc SARS-CoV-2 1penMyIecTBeHHO MOpakaeT JieTKue, Y OOJIBITUHCTBA MAllueHTOB €
6ponxuasboil actMoil (BA) HaboaeTcst OBbIIEHHbI PUCK 3apasKeHUs] ¥, BEPOSTHO, IOTEHIIUATIBHO
6ouiee Tskesoe Tedenne COVID-19.

[Lenbio aHanu3a, IPUBEAEHHOIO B JaHHON paboTe, ABJISETCs OleHKa U IPOTHO3 EPCIeKTHB YCTaHOBJIe-
HUST KOHTPOJIst Hajt BA u ajuteprudeckumu 3abosieBaHusiMU B ycioBusix nangaemun COVID-19.

[To mamaeiM [IPCRG, marmmuenTs ¢ bA e Bcerna MmoryT audbepeHInpoBaTh CHMITTOMBI TIPUCTYTIA ACTMBI
u nndunupoBanus COVID-19, 4ro cBsi3aHO ¢ POACTBOM PEeCHUPATOPHBIX CUMIITOMOB. JTO IPUBOJUT K
HecBoeBpeMeHHOMY okazanuio oMoty npu SARS-CoV-2 u/nnm npekpainenuio jsedernss bA, 4To Mmosket
UMETh Cepbe3Hble I0CaeACTBUsL. BecoMoil mpobieMoii A1 MPAKTUYEeCKON MEeAULUHDIL SIBJISETCS TO, YTO
YacTo MAIMEHThI ¢ CUHAPOMOM OPOHXOOOCTPYKIMK U aJl/IepriK GOSTCSA PUCKA, CBA3AHHOTO ¢ oOpalieHneM
3a MEIUIIUHCKON TOMOIIbio Bo Bpems nanaemunn COVID-19 u MoryT myTath ajieprudeckie CUMITOMEI C
CUMIITOMAM¥ KOPOHABUPYCHOHN MH(MEKITUH.

AMEpPUKAHCKUM HEHTPOM KOHTPOJISI U MPOMUIAKTUKI 3a00JI€BaHUiT BbIJIEJEHBI aJlTOPUTMbI OKa3aHWsI
MEIUIIMHCKON TIoMoliy, He cst3anioil ¢ COVID-19 Bo Bpemst maHeMuu: ObICTPO BBISBJISITH M pearupoBaTh
Ha yBesimuenne Kosmdectsa ciaydaeB COVID-19 cpeu maieHToB ¢ aCTMOI; OKa3bIBaTh IIOMOIIb B Hanbo-
Jiee 6e30MaCHBIN CII0CO0; YUUTHIBATH, YTO YCIYTH, BO3MOYKHO, IIPUIETCS TIOCTENEHHO PACIIUPSTh.

Kmoueswte crosa: actma, asieprust, COVID-19, SARS-CoV-2, Bocniasienne, TIIOKOKOPTUKOU/IBI.
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