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Pe3rome

[TorCK 9YyBCTBUTEIBHBIX U CHENU(PUIHBIX MAPKEPOB, ITO3BOJISIONINX CBOEBPEMEHHO BBISIBUTH MaIlUeH-
TOB C HOBOI KOpOHaBUPYCHOU nHPekmeit COVID-19 ¢ BLICOKUM PUCKOM CMEPTH, SIBJISIETCS 00513aTeTbHBIM
YCJIOBUEM /151 00ecrieYeHrsI UX CBOEBPEMEHHOTO JIeYeHHUST.

Iless McciIef0BaHUA — OIlEHKA ACCOIMAIINY MOJIEKY/ISIPHBIX OMOMapKepOB MOBPESKIEHHA CTPYKTYP
asporemarnyeckoro bapbepa (cypdakranTHbie 6e1ku SP-A u SP-D u 6esi0k kieTok Kitapa CC16) ¢ ucxomom
3aboJieBaHuA manueHTos ¢ COVID-19.
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Knunudyeckue HCCJaeqoBaHuA

MarepuaJsl # MeTOABI. BEIOOpKY 13 109 4esT0BeK peTPOCIIEKTUBHO Pa3Je/uiIi Ha JBEe IPYIIEL; 1-10
TPYIIly COCTaBUJIA NTAalMEHTHI, Beinucanuble n3 OPUT B ynosserBopuTesasHOM cocroannu (17=90), 2-10
rpymiy chOpMHUPOBAIH M3 MTAIFIEHTOB C JIETAIbHBIM UCX0IoM (7=19). Acconmariiio ncxoyaa 3aboaeBaHusI 1
conepskanusa SP-A, SP-D u CC16 B CBIBOPOTKE KPOBU, KIIMHUYECKUX U JTAOOPATOPHBIX TAHHBIX BBISBJISIIH C
y4eToM JIHS 3abopa OrmoMareprasia C MOMEHTA OSIBJIEHUs TePBBIX cuMToMoB COVID-19.

Pesyaprarhl. Y MalMEHTOB C JIETAJIBHBIM MCXOJOM I10 CPABHEHUIO C ITAaIMEHTAMH, BBIIIACAHHBIMU U3
OPUT B ygoB/I€TBOPUTEIBHOM COCTOSIHUH, YCTAHOBUJIN MTOBBIIIEHHYIO KOHIIeHTpanuio SP-A ¢ 1-x o 10-e
CyTKHU U CHIYKeHHYI0 — CC16 ¢ 11-x 110 20-e CyTKH NOsIBJIEHUsI IePBBIX CUMIITOMOB, A1 SP-D — craTucrtu-
YeCKU 3HaYNMBIX Pa3/Inuniil He 00HAPY KUJIH.

3axkurrouenwue. [1o pe3ysisraTaM HaCTOSIIIETO NCCIeIOBAaHUs Cyp(aKTaHTHBINA 6eJI0K SP-A 1 6eJI0K KIETOK
Kirapa CC16 accorumpoBaHsI € JieTaJabHbIM HcxogoM oT COVID-19.

Knaroueevie croea: cypgharxmanmublit 6enok SP-A; cypgparmanmmuulii 6enox SP-D; 6enok knemor Knapa
CC16; COVID-19

KoHuukT HHTEpecoB. ABTOPEI 3asIBJIAIOT 00 OTCYTCTBUH KOH(JINKTA NHTEPECOB.
duHaHcUpOBaHHUe. llccieqoBanne BBIIOJIHEHO IIpU UHAHCOBOU nopaepskke POPI B pamkax Ha-
y4Horo nnpoekra Ne 20-04-60352.

Summary

The search for sensitive and specific markers enabling timely identification of patients with a life-threat-
ening novel coronavirus infection (COVID-19) is important for a successful treatment.

The aim of the study was to examine the association of molecular biomarkers of air-blood barrier damage,
surfactant proteins SP-A and SP-D and Club cell protein CC16, with the outcome of patients with COVID-19.

Materials and methods. A cohort of 109 patients diagnosed with COVID-19 was retrospectively divided
into two groups. Group 1 comprised survivor patients discharged from the ICU (n=90). Group 2 included the
patients who did not survive (n=19). Association of disease outcome and SP-A, SP-D, and CC16 levels in blood
serum, clinical, and laboratory data were examined taking into account the day of illness at the time of bio-

material collection.

Results. The non-survivors had higher SP-A (from days 1 to 10 of symptoms onset) and lower CC16 (from
days 11 to 20 of symptoms onset) levels vs survivors discharged from ICU. No significant differences in SP-D

levels between the groups were found.

Conclusion. According to the study results, the surfactant protein SP-A and Club cell protein CC16 are as-

sociated with increased COVID-19 mortality.

Keywords: surfactant protein SP-A; surfactant protein SP-D; Club cell protein CC16; COVID-19
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BBenenue

B 2019 r. B Kuraiickoit HapogHoii Peciry6.1u-
ke (KHP) npousomniia BCIbIIIKAa HOBOM KOPOHABU-
PyCHOU MH(GEKIINY C IMUIEHTPOM B TOPOJIe YXaHb
(mpoBuHIMA Xy03i1), BO3OYIUTEI0 KOTOPOU OBLIO
NIpUCBOEHO o(purmanbHoe HazBaHue SARS-CoV-2.
BcemupHas opraHusanusi 3IpaBOOXpaHEHUs
(BO3) 11 deBpaJist 2020 r. mpucBousa opuimamb-
HOe Ha3BaHWe UH(EKIUH, BBI3BBAHHOU HOBBIM
kopoHaBupycom, — COVID-19 («Coronavirus dis-
ease 2019»). B HacTos11iee BpeMs maHieMUsI HOBOH
KOPOHABUPYCHOM MH(EKIINU OXBaTHJIa BCe CTPa-
Hbl mupa. Ha Hayasio anpena 2021 roga 4yucio
cJIyyaeB 3apaskeHus COCTaBUIIO H6osee 138 Mui-
JINOHOB, U3 KOTOPBIX 2,9 MUJIJIMOHA C JIeTaJIbHbIM
HCXOIOM.

[Topsaka 10% cayyaB HOBOM KOPpOHaBUPYC-
Hoit mH@ekmuu COVID-19 mnporekaeT KpariHe
TSSKEJI0 C PAa3BUTHEM OCTPOM JbIXaTeJbHOU U
MIOJIMOPTaHHOU HeI0CTaTOYHOCTH, KOIJ[a ITalieH-

Introduction

In 2019, the People's Republic of China (PRC)
faced an outbreak of a novel coronavirus infection
with an epicenter in Wuhan City, Hubei Province,
whose causative agent has been officially named
SARS-CoV-2. On February 11, 2020, the World
Health Organization (WHO) officially labeled the
infection caused by the new coronavirus as COVID-19
(«Coronavirus disease 2019»). The novel coron-
avirus infection pandemic is now spreading around
the world. As of early April 2021, the number of
cases of infection was more than 138 million, of
which 2.9 million were fatal.

About 10% of cases of the novel coronavirus
infection COVID-19 is extremely severe with the de-
velopment of acute respiratory and multiple organ
failure, when a patient requires vital function sup-
port, including prolonged respiratory support and
an extended stay in the intensive care unit (ICU).
The pathogenesis of critical illness in COVID-19 is
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Ty TpebyeTcsi IpOTe3NpPOBaHUE KU3HEHHO-BaK-
HBIX (DYHKIWH, B T. 4. JINTEeIbHAsI peCIipaTopHasi
IO Iep>KKa v TPOJIJIEHHOE ITpeObIBaHNE B OTHE -
HUU peaHUMAllUd W WHTEHCUBHOU Tepamnuu
(OPUT). ITaToreHe3 KPUTUYECKUX COCTOSTHUU MIPHU
MH(pEeKIUY, BbI3BAHHOU HOBBIM KOPOHAaBUPYCOM
SARS-CoV-2, 3akto9aeTcsi B MaCCUBHOM MTOBpeEsKIe-
HUU JIbBEOJIOIIUTOB (IPEUMYIIIECTBEHHO 2-T'0 TUIIA)
U 9HJIOTEJIMOLUTOB, PA3BUTHUN TUIIEPUMMYHHON
peaknuu («IIMTOKAHOBBIN IIITOPM»), pacipocTpa-
HEHHOM TPOMOO03€ COCYI0B MUKPOIUPKY/ISATOPHOTO
pyciia, IOJUOPraHHOM HeZoCcTaToyHOCTH [1-4].
Bravasie mpoucxonouT IPOHUKHOBEHUE BUpyCa B
aNUTEJIMAJIbHBIE PECHUTYAThIe KJIETKU HOCOBOU
IIOJIOCTU C MOCJIenyomell pelinKanieil B HUX.
Jaee BUpyC IDOHUKAET B IIATE/IMAJIbHbBIE KIIeTKA
IbIXaTeJIbHBIX yTel. HamboJtee Tsokes10e TedeHne
KOPOHaBUPYCHOU MH(PEKIINU CBSI3aHO C AKTUBHOU
peruikanyel Bupyca v opMUpPOBaHNEM BBICOKOM
BAPEMMH, UTO MPUBOAUT K MOBPEKIEHUIO Mpe-
HMYIIECTBEHHO aJIbBE0JIOLUTOB 2-I0 TAIA (CTBO-
JIOBBIX KJIETOK JIETKMX) ¥ aKTUBAIMH KOMIIOHEHTOB
BPOYKICHHOT'O UMMYHUTETA, BHI3bIBAsI BblICJICHUE
3HAYUTEJIFHOTO KOJTMYECTBA MEAUATOPOB BOCTIAIe-
HYA C pa3BUTHUEM «IIUTOKUHOBOIO IITOpMa» [1, 5].
AHAJIOTUYHO TIOBPEKIAIOTCA dNUTeJHa/IbHbIE
KJIETKU JKeJyAKa, TOHKOU U TOJICTOM KHIIKU,
WMeIOIIYe PelenToOPbl aHTMOTEH3WH-TIPEBPAIIAI0-
mero ¢epmenrta 2. Kpome TOro, AucceMUHaIs
SARS-CoV-2 13 cMCTEMHOTI0 KPOBOTOKA WJIN Yepe3
IJIACTUHKY PelIeTyaToi KOCTU MOYKeT [IPUBECTHU K
IIOBPEsKICHUIO I'OJIOBHOIO Mo3ra. B peasysbrare
MAaCCHBHOTO TIOBPEKJIEHUsI aJbBEOJIOIIUTOB U
9HJIOTEJIUOIUTOB NMPU NH(PUIIMPOBAHUN BUPYCOM
SARS-CoV-2 npoucxoqut HapyuieHre (hyHKIIMOHU-
pOBaHUs adporeMaTUYecKoro bapbepa u cypdak-
TaHTHOI'O aJIbBEOJIAPHOIO KOMILJIEKCa [6].
MHorue MexaHu3MbI nnaroreiesa COVID-19
OCTAIOTCA HEeOCTATOYHO U3Y4YEeHHBIMHU, HO, KaK U
IIpU APYTUX PECNUPATOPHBIX BUPYCHBIX UH(EK-
[UsIX, XapaKTep TeYeHWsI U HCXojd 0oje3HU B
[eJI0M ONpeJeIAI0TCSA HEMMOCPEeICTBEHHBIM BO3-
JlelficTBUEM BHpPyca Ha OPraHM3M 4eJIOBeKa, 0CO-
OEHHOCTIMM WMMYHHOT'O OTBETA W BJIASTHUEM
MIPUCOeTUHSIONENC GakTepruaabHOU HWHQEK-
uuu [7]. Y nuH(UIMPOBAHHBIX TAIIUEHTOB MOKET
Ha0JTI0IaThCS JIMXOPAJIKa, BEICOKAs TEMIIEPATYPA,
KallleJIb, MAAJITHUSA, BblJleJIeHrne MOKPOTHI, TOJI0B-
Hasa 60J1b, KPOBOXapKaHbe, AUapesi, OAbIIIKA, U B
HEKOTOPBIX CJydasix — OCTPBIN peclupaTopHbIN
nuctpecc-cuaapom (OPJIIC), ocTtpass cepaedHas
HEeJJ0CTAaTOYHOCTh WU BTOpUYHASA MHGpEKIU [8,
9]. IlpuMepHO y TPETH KPUTUYECKH OOJHHBIX
mareHToB ¢ COVID-19 pasBuBaioTcsi TPOMOOTH-
YecKHe OCJIOKHEHHs — OT TpoM0O03a MIy0OKUX
BEH /IO UIIIEMUYECKOTO WHCY/IbTa U TPOoMO03aMO0-
Juu jierouHou aptepuu (TIJIA) [10].
CypdakTaHT JIerkux uyejioBeKa Mpe/iCTaB-
JsieT co00W MHOTOMOJIEKYISPHBIN KOMIIJIEKC,

associated with massive damage of alveolar (mainly
type 2) and endothelial cells, the development of
hyperimmune reaction («cytokine storm»), wide-
spread microvascular thrombosis, and multiple
organ failure [1-4]. Initially, the virus penetrates the
epithelial ciliated cells of the nasal cavity and repli-
cates thereafter. Then the virus enters the epithelial
cells of the respiratory tract. The most severe course
of coronavirus infection is associated with active
viral replication and heavy viremia, which leads to
damage of mainly type 2 alveolar cells (lung stem
cells) and activation of innate immunity compo-
nents, causing the release of a large amount of in-
flammatory mediators with the development of
«cytokine storm» [1, 5]. The epithelial cells of the
stomach, small and large intestine having the ACE2
receptors are similarly damaged. In addition, dis-
semination of SARS-CoV-2 from the systemic circu-
lation or via cribriform plate can produce brain
damage. Massive damage to alveolar and endothe-
lial cells during SARS-CoV-2 infection results in dis-
ruption of the air-blood barrier and the surfactant
alveolar complex [6].

Many mechanisms of COVID-19 pathogenesis
remain poorly understood, but as with other respi-
ratory viral infections, the course and the outcome
of the disease are generally determined by the direct
effect of the virus on the body, individual immune
response and the associated bacterial infection [7].
Infected patients may present with fever, cough,
myalgia, sputum production, headache, hemopty-
sis, diarrhea, shortness of breath, and in some cases,
acute respiratory distress syndrome (ARDS), acute
heart failure, or secondary infections (8, 9]. Approx-
imately one-third of critically ill patients with
COVID-19 develop thrombotic complications, rang-
ing from deep vein thrombosis to ischemic stroke
and pulmonary embolism (PE) [10].

Human lung surfactant is a multimolecular
complex, which is synthesized in the endoplasmic
reticulum of type 2 alveolar cells; it consists of 90%
lipids and 10% of surfactant proteins (hydrophilic
SP-A, SP-D, and hydrophobic SP-B, SP-C) [11, 12].
SP-A and SP-D proteins play an important role in
immune protection against bacteria, viruses and
fungi, whereas SP-B and SP-C are primarily in-
volved in regulation of surfactant biophysical prop-
erties. Club (also Clara) cell protein (CC16) is one
of the immunosuppressive and anti-inflammatory
proteins secreted by non-ciliary cells of bronchi-
oles [13]. SP-A, SP-D, and CC16 are considered in
the current literature as peripheral biomarkers of
lung diseases such as ARDS, nosocomial pneumo-
nia (NP), chronic obstructive pulmonary disease
(COPD), asthma, lung cancer, and idiopathic pul-
monary fibrosis [14-17]. In our earlier studies, SP-
D, SP-A, and Club cell protein were proven to be
prognostic and diagnostic markers of damage to

the air-blood barrier in surgical intensive care pa-
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KianHu4eckue UCCIEeL0OBaHUSA

KOTOPBIN CUHTE3UPYETCS B 9HI0NIa3MaTUUEeCKOM
peTuxryJiyMe ajJbBe0oJIOLUTOB 2-ro TUMa; Ha 90%
COCTOUT U3 JTUNUAO0B 1 Ha 10% 13 cyp(akTaHTHBIX
npoTenHoOB (rupoduibHbix SP-A, SP-D u rugpo-
¢obuBIX SP-B, SP-C) [11, 12]. SP-A u SP-D 6eku
WUrparoT BaKHYIO POJIb B UMMYHHOU 3aIyTe Ipo-
TUB OaKTepwii, BUPYCOB 1 rpubOB, Torga kak SP-B
u SP-C B iepBy10 04epeab y4acTBYIOT B MOIYJIMPO-
BaHWU OMO(PUINUECKNX CBOWCTB CypdaKTaHTa.
besok kaetok Kiapa (Club Cell Protein, CC16)
ABJSAETCA ONHHUM W3 HMMYHOCYIPECCUBHBIX U
MIPOTUBOBOCHAINTEHHBIX OEJIKOB, CEKpETHpYe-
MBIX HEPECHUTUYATBIMU KJIETKaMH OpOHXUOJT [13].
SP-A, SP-D u CC16 B coBpeMeHHOU JuTeparype
paccMmaTpuBaOTCA Kak mepudepudyeckue OMO-
MapKepbl TaKuX 3a00JieBaHui Jierkux, kak OPJIC,
HO30KOMUaJIbHaA MHeBMoHuA (HII), XxpoHnueckas
obcTpykTuBHasA 6ose3Hb gerkux (XOBJI), acTma,
pak JIerKoro, UAUONaTUYeCKUN JIETOYHBIN pub-
pos [14-17]. B Hamux paHHUX UCCJIeJOBAHUAX
ObLTa JoKasaHa HHGOPMATUBHOCTE SP-D, SP-A u
besika kyeTok Kjapa Kak IPOTHOCTHUYECKUX U
JIVAarHOCTUYECKUX MapKepOB TOBPEXKIeHUs
CTPYKTYpP a9pOoreMaTH4ecKkoro Oapbepa y Xupyp-
TMYeCKUX peaHNMaIMOHHBIX TanneHToB ¢ OPIIC u
HIT [18]. [TosryueHre HOBBIX 3HAHUU O KaHIWAT-
HBIX MOJIEKYJIAPHBIX MapKepax IOBpPeKIeHUsA
CTPYKTYp asporeMaTudyeckoro Oapbepa IIpHa
HOBOU KOPOHABUPYCHON HMH(QEKIUU IT03BOJUT
pas3paborark aATOPUTMbI pAaHHEH TUAarHOCTUKYU 1
MMPOTHO3UPOBAHM I UCXOJIOB OCTPOMU JAbIXaTe TbHOM
HEJOCTAaTOYHOCTH Y peaHUMAIOHHBIX [1alIUeHTOB
¢ COVID-19.

Llenpb uccaenoBaHus — OlLlEHKA acCOIUAIINUA
MOJIEKYJISIDHBIX OMOMapKepoB TOBpPEKIEHUS
CTPYKTYp aaporeMarudeckoro 6apnepa (cypdak-
TaHTHBIe 0eJKu SP-A u SP-D u 0eJIOK KJIETOK
Knapa CC16) ¢ ucxogom 3abosieBaHusI AIeHTOB
¢ COVID-19.

MarepuaJ 1 MeToabI

B uccinenoBanun npuHAMM ydyactue 109 yesnoBex,
rocinutamuarpoBaHHbx B OPUT I'BY3 MO MOHUKU nm.
M. ®. Bragumupckoro, MKIIME «Boponosckoe» 1 HUN
CITum. H. B. Cryudocosckoro /I3M ¢ nuarnozom COVID-
19 B mepuop c 27 anpesisi 1o 31 oktsabpst 2020 rona. Juar-
HO3 OBLJI IIOITBEPSKIEH JJab0paTOPHBIM TECTHPOBAHIEM
HEe3aBUCUMO OT TSPKECTH KJIMHUYEeCKUX IIPU3HAKOB UJIN
CHMIITOMOB B COOTBETCTBUM C BpEMEHHBIMU MeToguye-
CKUMH pekoMeHJanusiMu «IIpoduiakTuKa, TUarHO-
CTHKA U JleueHHe HOBON KOPOHaBUPYCHOHN MHMpeKIUu
(COVID-19)» Munsgpasa Poccun. [ly1a nocaeaymomero
aHaJIM3a MCI0JIb30BAJIN JaHHbIE 00 OOIIVX XapaKTepH-
CTHUKAaxX CTAllMOHAPHBIX MAI[MEeHTOB, KJIUHUKO-jJ1abopa-
TOPHbIE U UHCTPYMeHTa/IbHbIE JaHHBIE.

Kpurepun BKJIIOUEHHUsI B HCCJIeJOBaHUe: Iallu-
€HTBI 000HX ITOJIOB B Bo3pacTe 18 JjieT u cTapiie; cora-
CHUe Ha yJacTue B UCC/IeJOBaHUU U 3aII0JIHEHHe COOTBeT-
cTByloliedl ¢dhopMbl UH(POPMUPOBAHHOIO COIVIACHUS;
OTCYTCTBHE HAa MOMEHT BKJIIOUEHHU, a TAKKe Ha IIPOTsI-

tients with ARDS and NP [18]. The new knowledge
on candidate molecular markers of air-blood bar-
rier damage in the novel coronavirus infection
would enable the development of algorithms for
early diagnosis and prognostication of acute respi-
ratory failure in intensive care patients with
COVID-19.

The aim of this study is to evaluate the associ-
ation of molecular biomarkers of air-blood barrier
(surfactant proteins SP-A and SP-D and Club cell
protein CC16) with the outcome in patients with
COVID-19.

Materials and Methods

The study involved 109 patients diagnosed with
COVID-19 and hospitalized in the ICU of M.E
Vladimirsky Moscow Regional Clinical Hospital,
Voronovskoe Clinical Hospital, and N. V. Sklifosovsky Re-
search Institute of Emergency Medicine from April 27 to
October 31, 2020. The diagnosis was confirmed by labo-
ratory testing according to the provisional guidelines on
prevention, diagnosis, and treatment of novel coron-
avirus infection (COVID-19) of the Russian Ministry of
Health. For further analysis we used general characteris-
tics, clinical, laboratory and instrumental data of the hos-
pitalized patients. The patients of both sexes aged 18
years and older were eligible for inclusion. The informed
consent for study participation was obtained from all the
patients. Other inclusion criteria were the absence of se-
vere associated medical, immunological and surgical co-
morbidities and/or their complications, pregnancy
throughout the study. Exclusion criteria included termi-
nal illness, severe neurological deficits (Glasgow coma
scale <8), primary and/or secondary immunodeficiency
(in HIV infection — not on antiretroviral therapy), long-
term use of corticosteroids, severe chronic lung disease
(baseline forced expiratory volume in the first second
(FEV1) less than 20 ml/kg of ideal body weight, chronic
interstitial lung disease with persistent interstitial infil-
tration on chest radiography, documented chronic CO,
retention > 50 mm Hg and/or chronic hypoxemia
(Pa0O,<55 mmHg on Fi0,=0.21), chronic restrictive, ob-
structive, or neuromuscular disease, chest wall disease,
or pulmonary vasculitis, lung ventilation within the pre-
vious 6 months, influenza vaccination within the previ-
ous 6 months; patient's refusal.

More than half of the study participants were men
(58.8%). Retrospectively, the sample was divided into two
groups depending on the outcome of the ICU treatment:
Group 1 consisted of survivors discharged from the ICU
in a stable condition (n=90), Group 2 included the non-
survivors (n=19).

The main patient characteristics are presented in
Table 1.

Hypertension (HP) was more frequently observed
in the non-survivors group compared to the survivors
(P=0.020); no significant differences regarding the con-
comitant diabetes mellitus were found in these groups
(P=0.280). Most study participants reported the following
symptoms: fever (79.3%), cough (75.3%), weakness
(88.9%), and shortness of breath (44.4%).

There were no significant differences in body mass
index, symptom manifestations, oxygen saturation and

GENERAL REANIMATOLOGY, 2021, 17; 3

www.reanimatology.com



20

https://doi.org/10.15360/1813-9779-2021-3-2-0

Clinical Studies

SKEHUHU BCEro UCCJIeI0BaHuUs TAMKEIbIX COIyTCTBYIOLINX
TepaleBTUYeCKUX, UMMYHOJIOTUYECKUX U XUpypruue-
CKUX 3a00J1eBaHUH 1/ I OCJIO;KHEHHH, OepeMeHHOCTH.

Kputepuu ucK/II04YeHNUs: IAlleHThl B TEpPMUHAIb-
HOM CTaguM HEH3JIeYMMbIX 3a00JIeBaHUM; TAMKEJbIN
HEeBPOJIOTUYeCKUH Aeduiut (1o mkrasse KoMsl [y1asro
<8); nepBUYHBII U/UIU BTOPUYHBINA UMMYHOAEepUIUT
(B cmyyae BUY-uH( ey — 6e3 aHTUPETPOBUPYCHOM
Tepamnn); JIUTeTbHBIN IPHEM KOPTUKOCTEPOUIOB; Oe-
PEMEHHOCTb; TSAKeJI0e XPOHUYeCKoe 3a00JIeBaHMe JIeT-
KUX (MCXOTHBIA 00beM (hOPCHPOBAHHOIO BBHIFOXA 3a
nepByio cekyHay (OPB1) menee 20 MJ/Kr OJIKHOU
MAacChI TeJIa; XpPOHUYEeCKOe NHTePCTUINAIBFHOE 3a00J/1eBa-
HUe JIETKUX C IOCTOSTHHON MHTepCTUIINAIbHOU UH(DUIIBT-
pauueil Ha peHTreHOIpaMMe; TOKyMEeHTUPOBAHHAS XPO-
HU4ecKad 3agepsxka CO, > 50 mm Hg m/nmm xpoHndeckas
runokcemus (PaO, < 55 mmHg npu FiO,=0,21); xporuye-
CKUe PeCTPUKTUBHbBIE, 0OCTPYKTUBHbBIE, HEPBHO-MBIIIIeY-
Hble 3a601eBaHNs, 3a60/1€eBaHNSA I'PYJHOM CTEHKH UJTH JIe-
TOYHBble BACKY/IUTHI); IPOBeJeHUEe MCKYCCTBEHHON
BEHTUJIALIUMHA JIETKUX Ha IPOTYKEeHUU I10CJIeIHUX 6 Me-
CsIlleB; BaKI[MHAIYsI OT IPUIIIIA B [TOC/IeJHUE 6 MECALIEB;
OTKa3 OT y4aCTHUs B UCCIEJOBAHUN.

BoJsiee INOJIOBUHBI Y4YaCTHUKOB MCCJIEOBAHUS
0oL My>KYHAMU (58,8%). PETpOCIIEKTHBHO BBIOOPKY
pasfesuian Ha JBe IPYNIbl B 3aBUCUMOCTH OT UCXOa
gedyennsa B OPUT: nepByo rpynmny COCTaBWJIM ITALM-
eHThI, BelncaHHble 13 OPUT B yn0oBJI€TBOPUTESIHHOM
cocrossanu (n=90), BTOpas rpymnmna 6si1a copMupo-
BaHa U3 NAllMEeHTOB C JIeTAJIbHBIM UCX0I0M (n=19).

OcHOBHBIE XapaKTEePUCTUKU YUACTHUKOB HCCJIe-
JIOBAHUS MMPEJICTAaBUIN B TAOJI. 1.

B rpymnmne c JjieTaJbHBIM UCXOIOM 4Yallle OTMedasIn
TUIEPTOHIYECKYIo 6051e3Hb (I'B) 10 CpaBHEHMIO C IpyII-
TO¥ ¢ 6JIarONpPUATHBIM KcxonoM (P-value=0,020); cratu-
CTUYEeCKU 3HAYMMBble Pa3J/Inuusl 10 HAJUYUIO CaXapHOI'o
nrabeTa B TaHHBIX I'PYIIITax He BEIABUIN (P-value=0,280).
Bo/IbIIIMHCTBO yYaCTHUKOB UCCJIeJOBaHMS OTMeYaJIu CJle-
JyIOIIie CUMIITOMBL: IIOBBIIIIEHHEe TeMneparypsl (79,3%),
Karmess (75,3%), cmadocTs (88,9%) m ofbImIKY (44,4%).

CraTuCTUYeCKU 3HAaYMMBbIX Pa3J/IM4YUH 110 UHIEKCY
Macchl TeJ1a, IPOsIBJIEHUI0 CUMIITOMOB, CaTypaliiy KUC-
JIOPOJOM U CPOKaM I'OCIUTAIUIANUY MesKIYy ITalleH-
TaMu ¢ 6J1arOIPUATHBIM U HeOJIarOITPHUATHBIM HCXOI0OM
He YCTaHOBUJIU.

J1J1s1 OIIEHKH KOPPeJIsIY O61OMapKepOB ITOBPEsK-
JIEHUsT CTPYKTYp asporeMaTuyeckoro d6apbepa (SP-A,
SP-D, CC16) B CEIBOPOTKE KPOBH 1 TaOOPATOPHBIX TaH-
HBIX C ICXO/IOM 3a00J1€BaHsI aHAJIN3 BBITIOJTHSIH C y4Ie-
TOM JH: 3abopa broMarepriaza C MOMEHTA OSIBIIEHUS
nepBbIx cuMToMoB COVID-19. Takum o6pasom, chop-
MHPOBAJIH TPH ITOABBIOOPKH: ¢ 1-e 1o 10-e cyTKY, ¢ 11-e
10 20-e CyTKH ¥ 1ocJjie 20-1 CyTOK ITOABJIEHUSA IIePBBIX
cUMIITOMOB. JI7isi MOABBIOOPKU mocjae 20-U CYTOK
CpaBHHTEJIBHBIN aHAIN3 110 JTabOpaTOPHBIM ITOKa3are-
JISIM He IIPOBOJIUJIN B CBSI3U C HEIIOJTHOTOU TaHHBIX.

1715 1oJy4eHusl CIBOPOTKU BEHO3HYIO KPOBB B
NpoOUpPKaAX C AKTUBATOPOM CBEePTBhIBAHUA U pasiesiu-
TeJIbHBIM resieM (Improvacuter, Kuraii) nenrpudyrupo-
BaJIU B TedyeHre 10 MUHYT cO CKOpPOCTHI0 2000 06/MuH;
CBIBOPOTKY [J1A AajbHeHIIero aHajanu3a XpaHujiau 1pu
20°C. ConepsraHre MOJIEKYISIPHBIX OMOMapKePOB T0-
BPESKIIEHUsI CTPYKTYP a9poreMaTiuieckoro baprepa (SP-A,
SP-D, CC16) B CbIBOPOTKE KPOBH OIIPeIesIsId MeTOJOM
UMMYHO(hEPMEHTHOT0 aHa/Iu3a Ha aHanuaarope Alisei

hospitalization time between patients with favorable and
unfavorable outcomes.

To assess the correlation of biomarkers of air-blood
barrier damage (SP-A, SP-D, CC16) in serum and labora-
tory data with the outcome of the disease, the analysis
was performed taking into account the day of biomaterial
collection in relation to the time of the onset of COVID-
19 symptoms. Thus, three sub-samples were created:
Days 1-10, Days 11-20, and Days 20 and later after the
onset. For the sub-sample Days 20 and later, comparative
analysis of laboratory parameters was not performed due
to incomplete data.

To obtain serum, venous blood was centrifuged for
10 minutes at 2000 rpm in tubes with a clotting activator
and separating gel (Improvacuter, China); the sera were
stored at -20°C for further analysis. The serum level of
molecular biomarkers of air-blood barrier damage (SP-A,
SP-D, CC16) was determined by the enzyme-linked im-
munoassay on an Alisei analyzer (Radim, Italy) using ap-
propriate ELISA test kits (Cloud-Clone Corp., China).

Statistical analysis of the data was performed using
the IBM SPSS Statistics 25.0 software package. The distri-
bution of variables was assessed using the Shapiro-Wilk
test and the Kolmogorov-Smirnov test with Lilliefors cor-
rection. The data were presented as medians and 25" and
75" percentiles. The comparative intergroup analysis was
performed using the nonparametric Mann-Whitney U'test
and Kruskal-Wallis test to compare three or more samples;
the correlation analysis was performed by calculating the
Spearman correlation coefficient. The dichotomous data
were analyzed using Fisher's exact F-criterion. The signifi-
cance level at which the null hypothesis of no difference
between the study groups was rejected was set at 0.05.
Correction for multiple comparisons was performed by
the Benjamini-Hochberg method (FDR, False Discovery
Rate). The data were visualized using IBM SPSS Statistics
25.0 and R (https://www.rstudio.com) software.

Results and Discussion

The serum level of SP-A was higher in non-
survivors in the Days 1-10 subsample (P=0.009)
and CC16 was lower during Days 11-20 after the
onset (P=0.031). No differences in serum biomark-
ers of air-blood barrier damage were detected at
later stages of the disease. When adjusting for mul-
tiple comparisons, no significant differences were
found for SP-A, SP-D, CC16 levels. The age of non-
survivors was higher in Days 1-10 (P=0.002) and
Days 11-20 (P=0.042) subgroups. The serum SP-A,
SP-D, and CC16 levels and laboratory data differing
significantly between survivors and non-survivors
are presented in Table 2. Significant differences
during Days 1-10 between the groups with different
outcomes were found for red cell distribution width
(RDW), mean corpuscular hemoglobin (MCH),
mean corpuscular hemoglobin concentration
(MCHC), mean platelet volume (MPV), D-dimer,
blood urea nitrogen, and creatinine.

In the Days 11-20 subgroup, significant differ-
ences were obtained for lymphocyte count, neu-
trophil count, neutrophil-to-lymphocyte ratio
(NLR), RDW and lactate dehydrogenase (LDH) level.

www.reanimatology.com

GENERAL REANIMATOLOGY, 2021, 17; 3



https://doi.org/10.15360/1813-9779-2021-3-2-0
KianHu4eckue UCCIEeL0OBaHUSA

||
Tabsuna 1. UcxoaHbIe MOKa3aTe Td rOCIUTAJIN3NPOBAHHBIX MalueHToB ¢ COVID-19.
Table 1. Baseline characteristics of hospitalized patients with COVID-19.
Parameter Value in groups Pvalue
Total patients (n=109)  Survivors (n=90) Non-Survivors (n=19)
Age, years (Me [25;75]) 48.00 (41.00-60.00) 45.50 (40.00-55.25)  61.00 (57.00-72.00) 9E-05
Male 60/102 (58.8%) 49/84 (58.3%) 11/18 (61.1%) 1.000
Hypertension 56/108 (51.9%) 42/90 (46.6%) 14/18 (77.8%) 0.020
Diabetes mellitus 23/109 (21.1%) 17/90 (18.8%) 6/19 (33.3%) 0.208
Body mass index, kg/m? 30.40 (26.80-34.50) 30.50 (26.75-35.25)  29.00 (26.50-32.00) 0.409
Missing, n (%) 34/109 (31.2%) 28/90 (31.1%) 6/19 (31.6%)
Time from onset of illness to hospitalization, days 7 (5-10) 7 (5-10) 7 (5-9) 0.892
Missing, n (%) 27/109 (24.8%) 24/90 (26.7%) 3/19 (15.8%)
Length of stay in hospital/ICU, days 15 (11-20) 15 (11-20) 16 (10-34) 0.848
Sp0O,, <93% 35/79 (44.3%) 29/64 (45.3%) 6/15 (40.0%) 0.779
Missing, n (%) 30/109 (27.5%) 26/90 (28.9%) 4/19 (21.1%)
Symptoms
Fever 65/82 (79.3%) 52/66 (78.8%) 13/16 (81.3%) 1.000
Cough 61/81 (75.3%) 49/66 (74.2%) 12/15 (80.0%) 0.751
Sore throat 5/81 (6.2%) 4/66 (6.1%) 1/15 (6.7%) 1.000
Chest tightness or chest pain 8/81 (9.9%) 8/66 (12.1%) 0/15 (0%) 0.340
Fatigue 72/81 (88.9%) 58/66 (87.9%) 14/15 (93.3%) 1.000
Chills 12/81 (14.8%) 11/66 (16.7%) 1/15 (6.7%) 0.449
Dyspnea 36/81 (44.4%) 27166 (40.9%) 9/15 (0.6%) 0.251
Myalgia 12/81 (14.8%) 11/66 (16.7%) 1/15 (6.7%) 0.449
Vomiting or nausea 3/81 (3.7%) 3/66 (4.5%) 0/15 (0%) 1.000
Diarrhea 9/81 (11.1%) 7166 (10.6%) 2/15 (13.3%) 0.670
Headache 12/81 (14.8%) 10/66 (15.2%) 2/15 (13.3%) 1.000
Loss of smell or taste 21/81 (25.9%) 18/66 (27.3%) 3/15 (20.0%) 0.748
CT stage
0-1 43/109 (39.4%) 38/90 (42.2%) 5/19 (26.3%) 0.048
2 38/109 (34.9%) 33/90 (36.7%) 5/19 (26.3%)
3 14/109 (12.8%) 11/90 (12.2%) 3/19 (15.8%)
4 14/109 (12.8%) 8/90 (8.9%) 6/19 (31.6%)
ILV 17/95 (17.9%) 0/76 (0%) 17/17 (100.0%)
Missing, n (%) 14/109 (12.8%) 14/90 (15.6%) 2/19 (10.5%)
Antibacterial therapy
Macrolide 20/79 (25.3%) 19/64 (29.7%) 1/15 (6.7%) 0.098
Fluoroquinolone 35/79 (44.3%) 29/64 (45.3%) 6/15 (40.0%) 0.779
Penicillin with beta-lactamase inhibitor 6/79 (7.6%) 3/64 (4.7%) 3/15 (20.0%) 0.079
Third generation cephalosporin 16/79 (20.2%) 10/64 (15.6%) 6/15 (40.0%) 0.067
Fourth generation cephalosporin 8/79 (10.1%) 4/64 (6.3%) 4/15 (26.7%) 0.038
Glycopeptide 8/79 (10.1%) 6/64 (9.4%) 2/15 (13.3%) 0.643
Carbapenem 3/79 (3.8%) 2/64 (3.1%) 1/15 (6.7%) 0.473
Lincosamide 4/79 (5.1%) 1/64 (1.6%) 3/15 (20.0%) 0.020
Aminoglycoside 1/79 (1.3%) 0/64 (0%) 1/15 (6.7%) 0.190
Glycylcycline 2179 (2.5%) 0/64 (0%) 2/15 (13.3%) 0.034

Missing, n (%)

30/109 (27.5%)

26/90 (28.9%)

4/19 (21.1%)

Note. The data are presented as the median and interquartile range (25-75" percentiles) or as a percentage (n of N, %), where N
is the total number of patients with available data. P-values comparing survivors and non-survivors were obtained from two-
sided Fisher exact test, or Mann-Whitney U test. Significant differences between survivors and non-survivors are in bold. CT —
chest computed tomography; ILV — invasive lung ventilation.

IIpumeuanwue. 151 Tabs1. 1-3: parameter — mokasareJib; total patients — Bce maMeHTHI; SUIVIVOrS — BBIIIMCAHHBIE; NON-SUTL-
vivors — ymepiue; value — 3HadeHue; age, years — BO3pacT, JieT; male — My»KCKOH 10JI; missing — HeT JaHHBIX; time from
onset of illness to hospitalization, days — Bpems oT Hauasja 3aboJsieBaHUsA J0 rocnuTanudanuu, qHu; length of stay in
hospital/ICU — koJsinuecTBO gHell B ctanuonape/ OPUT; fever — siuxopangka; cough — karess; sore throat — 60J1b B ropJe;
chest tightness or chest pain — crecHenue nyiu 6076 B Tpy/IHON KJleTKe; fatigue — noBBIIIIEHHAs YTOMJIIEMOCTb; chills — 03HO00;
dyspnea — ojpInika; myalgia — 60J1b B MBIIIIaX; vomiting or nausea — TOIIHOTa UM pBOTa; headache — rostoBHast 60.1b; loss
of smell or taste — moTeps yyBcTBa 3amaxa uiaH Bkyca; CT stage — cTagusa 3abosIeBaHUs 10 JaHHBIM KOMIIBIOTEPHOU TOMOTpa-
¢uu rpyaHoi KiIeTky; ILV — ncKkyccTBeHHass BEHTUIIALMSA Jerkux; macrolide — makpouing; fluoroquinolone — dgpropxunosion;
penicillin with beta-lactamase inhibitor -«3amumennsrii» nennuanng; third/ fourth generation cephalosporin — nedasoc-
nopuH 3-ro/ 4-ro noxoseHus; glycopeptide — riukonenTun; carbapenem — kap6aneseM; lincosamide — simHK0O3aMu; amino-
glycoside — amuHomIMKO3UT; glycylcycline — mnnuinuk/uH. JlaHHble IpeCcTaBIeHbl B BUJle MeAMaHbl U MESKKBaPTUIbHOTO
WHTepBaJsia (25-75-e MPOLEHTUIN) UJIU B BUJE IPOIEHTHOH 101 (12 0T NB %), rie N— o011ee YMCJI0 TAalUeHTOB, JJIsI KOTOPBIX
ObLIM IOJIyYeHBI JaHHble. [Iokasareu 3HAYUMOCTH (p) Pa3IM4YMH MesKAy BBINUCAHHBIMUA U YMEPIINMU NalieHTaMU ObLIN
IIOJTy4€eHbI C IOMOIIBIO [BYCTOPOHHET0 TOYHOro TecTa Puiepa niu recta MaHHa—-YUTHU. 3Ha4UMBble Pe3YJIbTaThl BblJeIeHbI
SKEPHBIM IIPA(DTOM.
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(Radim, MTanus) c ucriosp30BaHueM COOTBETCTBYIOIINX
tecT-cucteM ELISA (Cloud-Clone Corp., Kuraii).
CraTucTUueCKUi aHaInu3 JaHHBIX OCYILEeCTBIISI/IN
C WCIOJb30BaHUEM IIaKeTa NPUKJIAJHBIX IIPOrpaMM
IBM SPSS Statistics 25.0. OneHKy XapaKTepa pacipeje-
JIEHUSI KOJIMYeCTBEHHBIX IIPU3HAKOB IIPOBOLU/IN IIPU
noMmoty kpurepus [lannpo-Yuiika u kpurepust KoJ-
MoropoBa—CMupHOBa c nonpaskou JIunuedopca. [lan-
HbI€e IIPEeJICTaBUJIN B BUE MeJIUaHbl U 25- u 75-1 mpo-
nenTuie. CpaBHUTEJbHBIA MEKTPYNIIOBOM aHAINU3
NIPOBOJWJIM C IIOMOIIBIO HellapaMeTpudeckoro U-Kpu-
Tepusa MaHHa-YuTHH 1 Kputepusa Kpackesa—YoJsuinca
JJIs1 CpaBHEHMs Tpex UM 6ojiee BEIOOPOK, KOPpeJIs-
IUOHHBIN aHaIW3 BBINOJIHAINA NYTEM BBIUYUCJIEHUS
roadpunmenTa koppessuu CniupmMana. AHaINU3 TUX0-
TOMUYECKUX JaHHBIX TPOU3BOIMJIN C IIOMOIIBIO TOY-
Horo F-kpurepus duniepa. YpoBeHb 3HAUUMOCTH, IIpU
KOTOPOM OTBeprajiach HyjleBas TANOTe3a 00 OTCyT-
CTBUM Pa3JIMINHI MEK Ty N3y4aeMbIMU CPYIIIIaMH, TIPH-
HuMaJsu paBHbIM 0,05. [TonnpaBKy Ha MHOYKECTBEHHOCTD
CpaBHEHUH BBINOJIHAJIN MeToaoM benmraMmuHan—X0X-
6epra (FDR, False Discovery Rate). Busyasmaanuro gaH-
HBIX OCYIIECTBJIAIM C IOMOIIBIO ITaKeTa nporpamm IBM
SPSS Statistics 25.0 u R (https://www.rstudio.com).

Pe3ynbraThl M 00CYy:K/I€HIE

Copnep-xanue SP-A B CIBOPOTKE KPOBH OBITIO
BBIIIIE CpeqU MAIeHTOB C HebGJIarompUusTHBIM
HMCXO/IOM B MOABBIOOPKE ¢ 1-e mo 10-e cyTKH
(P-value=0,009) u CC16 — Hmxe c 11-e 1o 20-e CyTKU
MOSIBJIEHUST TIEPBBIX CUMNITOMOB (P-value=0,031).
Pazyinumii no 6noMapkepaM MOBpesKIeHUs CTPYK-
Typ asporemMarndyeckoro 6apbepa B CbIBOPOTKE
KpOBU Ha 00JIee MMO3THUX CPOKax 3a00JI€BaHUsI He
obHapykuau. IIpyu monpaBKke Ha MHOYKECTBEH-
HOCTb CPaBHEHUU CTAaTUCTUYECKU 3HAYMMBIX pa3-
anuuii gass SP-A, SP-D, CC16 He BuIABUIN. Bo3-
pacT mamyueHToOB C HeOJarOMPUATHBIM HCXOIOM
ObL7 BBIIIE B oArpymnmnax ¢ 1-e mo 10-e cyTkn
(P-value=0,002) u c 1l-e mo 20-e cyTtku (P-
value=0,042). B TabJ1. 2 mpencraBuIy 3Ha4eHUsT SP-
A, SP-D, CC16 B CbIBOPOTKE KPOBHU | J1abopaTop-
Hble JaHHble, [JisI  KOTOPBIX BBIABUJIA
CTaTUCTUYECKYN 3HAYMMbIe PA3JINYUs IIPU CPABHE-
HUU TAIUEHTOB C 6JIarONpUATHBIM U HebJ1aro-
MIPUATHBIM UCXOJOM. 3HAUYUMBbIE pa3JINUus C 1-e
110 10-e CyTKU B 3aBUCUMOCTH OT UCX0fa 00Hapy-
SKUJAWA [JIs1  pacnpejieseHusI 3PUTPOIUTOB IO
BesanuuHe (RDW), cpenHero coneps;kaHuA reMoryio-
6una B apurporure (MCH), cpenHell KOHIIEHTpa-
1y remonioouHa B aputpornure (MCHC), cpemtero
obbema TpomboruToB (MPV), D-numepa, MOYeBU-
HbI 1 KpeaTUHWHA.

B nonBrI6opke ¢ 11-e o 20-e CyTKU CTaTH-
CTUYECKU 3HAaYMMble pe3yJIbTaThl [OJIYYUIN A
JAUM}OIMTOB, HEUTPOPUTOB, COOTHOIIIEHUST HENA-
TpodusioB k iuMdpornmuram (NLR), RDW u sakrar-
neruaporeHassl (LDH).

KonuenTtpanusa SP-A u CC16 B ChIBOPOTKe
KpOBH yBeJIMYNBAIACh B TeUeHUE 3a001€BaHUS Y
MaIleHTOB C OJIATOMPUSTHBIM HCXOI0M (KpHTe-

The serum levels of SP-A and CC16 increased
during the course of the disease in patients with a
favorable outcome (Kruskal-Wallis test) (fig. 1), no
differences were found among non-survivors (data
not shown). The linear regression analysis revealed
no correlation between the studied biomarkers and
patient age (SP-A: R?=0.026, P=0.046; SP-D: R?=-
0.009, P=0.976; CC16: R>=0.004, P=0.231).

Correlation analysis was performed for SP-A,
SP-D, and CC16, clinical and laboratory data in the
groups with favorable and unfavorable outcomes
(table 3, fig. 2). For the biomarkers studied, a posi-
tive correlation was found; the highest one was ob-
served between SP-A and CC16 (Spearman's
p=0.721, P=1.060E-15) in the survivors group. We
also observed a high correlation between SP-D and
alpha-amylase levels (Spearman's p=0.815,
p=3.838E-04) in survivors and a negative correla-
tion between SP-D and RDW (Spearman's p=-0.712,
P=0.002) in non-survivors (Table 3).

For survivors, well expected correlations
were found: The highest positive correlations in
laboratory data were found between hemoglobin
and hematocrit (Spearman's p=0.961, P=1.314E-
37), basophil and eosinophil counts (Spearman's
p=0, 954, P=2.725E-35), white blood cell count
and neutrophil count (Spearman's p=0.946,
P=2.089E-43), neutrophil count and neutrophil
to lymphocyte ratio (Spearman's p=0.862,
P=7.740E-27) and a negative correlation between
D-dimer and eosinophils (Spearman's p=-0.789,
P=1.296E-05), D-dimer and basophils (Spear-
man's p=-0.760, P=4.017E-05), creatine kinase
and mean red blood cell volume (Spearman's p=-0.766,
P=0.010). ARDS correlated consistently with
platelet count (Spearman's p=0.304, P=0.048), CT
severity on admission (Spearman's p=0.381,
P=0.011), and creatine kinase (Spearman's
p=0.791, P=0.034). A total of 140 positive correla-
tions with a mean correlation coefficient of 0.455
(0.235t0 0.961) and 67 negative correlations with
a mean correlation coefficient of -0.443 (-0.223 to
-0.789) were found for the survivors.

Several clinically irrelevant correlations were
found in the non-survivors group. The highest pos-
itive correlations were found for white blood cell
and neutrophil counts (Spearman's p=0.994,
P=6.540E-15), basophil and eosinophil counts
(Spearman's p=0.975, P=1.672E-10) and hemoglo-
bin and glucose (Spearman's p=0.941, P=0, 005), as
well as the negative correlation between D-dimer
and mean erythrocyte hemoglobin concentration
(Spearman's rho=-0.900, P=0.037), creatinine level
and platelets (Spearman's p=-0.790, P=0.002), albu-
min and aspartate aminotransferase (Spearman's
p=-0.786, P=0.036). A total of 36 positive correla-
tions with a mean correlation coefficient of 0.712
(0.502 to 0.994) and 34 negative correlations with a
mean correlation coefficient of -0.667 (-0.500 to
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Tabsuia 2. CpaBHeHue cogepskanus SP-A, SP-D u CC16 B CHIBOPOTKE H 3HAUYMMBIX JJa00PAaTOPHBIX JaHHBIX B
rpynnax BbINMHCAaHHBIX H yMepInux nanueHTos ¢ COVID-19.
Table 2. Comparison of serum SP-A, SP-D and CC16 levels and significant laboratory findings between survivor

and non-survivor COVID-19 patients.

Days 1-10 from the onset

Parameter Survivors (n=23) Non-Survivors (n=7) Pvalue
SP-A, pg/ml 125.36 (78.42-140.52) 244.63 (175.15-321.52) 0.009
SP-D, ng/ml 5.10 (2.30-13.40) 5.30 (2.10-16.80) 0.404
CC16, ng/ml 2.50 (1.90-4.30) 5.20 (2.80-11.70) 0.066
Age, years 48.00 (41.00-52.00) 71.00 (57.00-84.00) 0.002
Red blood cell distribution width (RDW), % 12.22 (11.83-13.00) 13.00 (12.80-16.00) 0.020
Mean corpuscular hemoglobin (MCH), pg 30.40 (29.00-31.30) 29.00 (28.00-30.00) 0.028
Mean corpuscular hemoglobin concentration (MCHC), g/l 337.00 (329.00-343.00) 318.00 (314.00-329.00) 0.002
Mean platelet volume (MPV), fL 10.00 (8.83-10.70 11.00 (10.00-12.00) 0.048
D-dimer, mg/1 442.00 (0.46-946.00) 3150.00 (870.75-16992.25) 0.049
Blood urea nitrogen, mmol/l 5.85 (4.99-7.35) 15.05 (12.25-20.78) 0.013
Creatinine, mmol/l 92.00 (78.27-118.33) 118.00 (110.00-173.00) 0.035
Days 11-20 from the onset
Parameter Survivors (n=59) Non-Survivors (n=7) Pvalue
SP-A (pg/ml) 141.25 (102.11-223.05) 78.12 (62.51-177.52) 0.265
SP-D (ng/ml) 5.70 (2.20-16.70) 2.30 (1.10-20.10) 0.539
CC16 (ng/ml) 4.30 (2.70-6.30) 2.40 (1.40-4.10) 0.031
Age, years 45.00 (40.00-55.00) 60.00 (46.00-67.00) 0.042
Lymphocyte count, x 10°/1 1.28 (1.00-2.03) 1.00 (0.88-1.00) 0.034
Lymphocytes, % 25.95 (12.98-37.70) 8.20 (4.65-15.55) 0.005
Neutrophils, % 67.00 (46.50-79.95) 85.25 (75.95-90.25) 0.01
Neutrophil-to-lymphocyte ratio (NLR) 2.36 (1.19-5.59) 10.88 (5.67-20.31) 0.004
Red blood cell distribution width (RDW), % 12.30 (11.32-13.00) 13.45 (12.63-15.33) 0.041
Lactate dehydrogenase (LDH), U/1 553.50 (231.00-791.00)  1096.00 (862.75-1299.00) 0.009
Day 21 from the onset and later
Parameter Survivors (n=8) Non-Survivors (n=5) Pvalue
SP-A (pg/ml) 184.51 (134.18-255.13) 324.15 (138.65-479.55) 0.223
SP-D (ng/ml) 17.70 (2.15-31.5) 23.10 (9.95-28.55) 0.808
CC16 (ng/ml) 5.10 (4.10-8.10) 4.30 (3.15-14.35) 0.935
Age, years 44.00 (39.00-71.00) 61.00 (43.50-69.00) 0.808

Note. For Table 2, 3: the data are presented as median and interquartile range (25-75™ percentiles). Pvalues comparing survivors

and non-survivors were obtained from Mann-Whitney U test.

ITpumeuanwue. [y Tabu1. 2, puc.1: days — nuy; from the onset — ot Hayasa KIIMHUYECKUX TPOsiBJIeHN; and later — 1 mo3Hee;
red blood cell distribution width (RDW) — pacnpeneJsieHre 3pUTPOLHUTOB IO BeIuduHe; mean corpuscular hemoglobin
(MCH)/(MCHC) — cpeHee cofiep:kaHre/ KOHIIEHTpaIlisl TeMOVIOOWHA B apuTpoIuTe; mean platelet volume (MPV), fL.— cpen-
HU 06’6eM TpoMboIuTa, J1; Blood urea nitrogen — MoueBHHA KPOBY; ratio — cooTHOIIeHHE. B Ta61. 2, 3 TaHHBIE IPECTaBUIN
B BUJIe MeJJUAHbI ¥ ME)KKBAPTUIBHOTO HHTepBasa (25-75-e nponeHTH/IH). IIokasare I 3HAYUMOCTH (p) pas3InInui MeK Iy BbI-
MMUCAaHHBIMU ¥ YMEPIINMU MTal[ieHTaMu ObL/IY TOJIy4eHBbI C IOMOIIbI0 TecTa MaHHa—YUTHH.

puit Kpackamna—Yosnuca) (puc. 1), cpegu ymep-
[INX TAIMEeHTOB PA3JINYMsI He 00HAPYKUJIN (TaH-
HbIE He TIpeJicTaBJeHbl). JIUHeHbIN perpeccuoH-
HBIA aHaJIN3 He BBISIBUJI 3aBUCUMOCTH 3HAUYEHUN
HccjiefyeMbIx OMOMapKEPOB OT BO3pacTa Malu-
eHToB (SP-A: R?=0,026, P=0,046; SP-D: R?=-0,009,
P=0,976; CC16: R>=0,004, P=0,231).

Has SP-A, SP-D u CC16, KIMHUYECKUX U
JIabOPATOPHBIX JAHHBIX BBITIOJIHUIN KOPPEJIsi-
[IMOHHBIN aHAIN3 B IPYIIIAX ¢ OJIaTONPUSATHBIM U
HeOIarompUsITHBIM UcXoAoM (TabJ1. 3, puc. 2). s
M3y4aeMbIX 0MOMapKepOB 00HAPYSKUIH ITOJIOKHU-
TeJbHYIO KOpPpessIuio MeXay coboil, camas
BBICOKAsI CBsI3b HaOJMonanacs Meskay SP-A u CC16
(Spearman’s rho=0,721, P=1,060E-15) B rpynne
BBIKUBIIIUX MAIMEeHTOB. Tak)ke 3aperucTpupoBa-
JIV BBICOKYIO Koppessinuio Meskay SP-D u anbda-
amuiasoi (Spearman’s rho=0,815, P=3,838E-04)
Cpely BBIKUBIINX U OTPUIIATETbHYIO KOPPEJIsi-
uuio Meskay SP-D u RDW (Spearman’s rho=-0,712,
P=0,002) cpenu yMepHINX NanueHToB (TadJI. 3).

-0.900) were found in non-survivors. The detailed
data of the correlation analysis are presented in fig. 2.

The search for sensitive and specific markers
to predict the severity and outcome of the disease
is important to improve the quality of patient care
and reduce mortality in critically ill COVID-19 pa-
tients. Age, comorbidities, immune response, radi-
ological and laboratory data individually or com-
bined can predict adverse outcomes [19]. Currently,
D-dimer, interleukin 6 (IL-6), albumin, lactate de-
hydrogenase, fibrinogen, ferritin, C-reactive pro-
tein levels, white blood cell, lymphocyte, platelet
counts, and prothrombin time are considered as
biomarkers of COVID-19 course and out-
come [20-23]. Age and sex are generally recognized
risk factors for unfavorable COVID-19 outcomes. In
a study of more than 17 million people with
COVID-19 in the United Kingdom, increasing age
was strongly associated with mortality: people aged
80 years or older had more than a twenty-fold in-
crease in risk compared to those aged 50-59 years.
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JI71s1 manueHToB C OJIAarONMPUSATHBIM UCXOI0M
YCTAaHOBWJIM BIIOJIHE OKUJA€Mble KOPPEJIAIUN:
CaMYyI0 BBICOKYIO IIOJIOSKUTEJIbHYIO KOPPeJIsLUIo
1o J1abOpaTOPHBIM JAHHBIM BBISIBUIN MEKIY
reMOTrJIOOMHOM U TeMaTOKpUTOM (Spearman’s
rho=0,961, P=1,314E-37), uncyiom 6a3ouoB u
303nHOpUI0B (Spearman’s rho=0,954, P=2,725E-
35), YUCJIOM JIEUKOIIMTOB U HelTpodusoB (Spear-
man’s tho=0,946, P=2,089E-43), uncjoM HEUTPO-
¢MI0B W COOTHOIIEHMEM HEUTpOoPUJIOoB K
aumdornuram (Spearman’s tho=0,862, P=7,740E-
27) 1 oTpuLIaTeIbHYIO CBA3b Mekay D-numepoM u
303UHOpUIAMU (Spearman’s rho=-0,789,
P=1,296E-05), D-mumepomM u 6asoduramu (Spear-
man’s rho=-0,760, P=4,017E-05), kpeaTuHKUHA30H
U CpegHUM 00BEMOM 9PUTPOIHUTOB (Spearman’s
rho=-0,766, P=0,010). Haimmuue y nariuenToB OP/IC
3aKOHOMEPHO KOPPEJUPOBAJIIO C KOJIAYECTBOM
TpoMbonuToB (Spearman’s rho=0,304, P=0,048), KT
npu nocrynjgeHun (Spearman’s rho=0,381,
P=0,011) wu kpearuHkuHa3ol (Spearman’s
rho=0,791, P=0,034). Bcero aji1 BEI>KUBIITUX IAIlH-
€HTOB BbISABUIU 140 TTOJOMKUTETLHBIX KOPPEJIsi-
nud co cpegHuM Koapdumuentom 0,455
(0,235-0,961) u 67 oTpuLiaTeJbHBIX CO CPEIHUM
roapurmenTom -0,443 (-0,223--0,789).

B rpymme c JeTasbHBIM UCXOIOM O0OHAPY KHU-
JIY psil KIIMHUYECKU He 3HAYMMBbIX KOPPEeJsInii:
caMasi BBICOKAasl TIOJIOKUTEJIbHAS KOPpeJIsaius
oTMevaJiach JJisl JIEWKOIIMTOB U HEUTPOPUIOB
(Spearman’s rho=0,994, P=6,540E-15), 6a3o¢uos
1 903uHO(pUI0B (Spearman’s tho=0,975, P=1,672E-
10) m remomiobmHa W IJIIOKO3BI (Spearman’s

Puc. 1. Coaep:kanue SP-A, SP-D and CC16 B chIBOpOTKe mna-
1ueHTOoB ¢ COVID-19, BBINMCAHHBIX B YA0BJIETBOPHTEIbHOM
cocrosaHuH (Tect Kpackena-Yoanuca, n=90).

Fig. 1. Serum SP-A, SP-D and CC16 levels in survivor COVID-19
patients (Kruskal-Wallis test, 7=90).

Ta6smna 3. Koppeassuus cogepskanus SP-A, SP-D u CC16 B ChIBOPOTKE M 3HAYMMBIX JIA00PATOPHBIX JaHHBIX Y
BbInuCcaHHbIX K3 OPUT u ymepmux nmanmenTos ¢ COVID-19.
Table 3. Correlation of serum SP-A, SP-D and CC16 levels and significant laboratory findings in survivor and non-

survivor COVID-19 patients.

SP-A, SP-D or CC16 Parameter Survivors Non-Survivors
Spearman’s p P-value Spearman’s p P-value
SP-A SP-D 0.417 4.401E-05 0.651 0.003
CC16 0.721 1.060E-15 0.514 0.024
MCH 0.344 0.006 — —
MCV 0.361 0.003 — —
Monocytes 0.236 0.027 — —
SP-D SP-A 0.417 4.401E-05 0.651 0.003
CC16 0.347 8.184E-04 — —
Alpha-amylase 0.815 3.838E-04 — —
Monocytes 0.284 0.007 — —
MCV — — 0.62 0.010
RDW — — -0.712 0.002
CC16 SP-A 0.721 1.060E-15 0.514 0.024
SP-D 0.347 8.184E-04 — —
ALT 0.235 0.045 — —
Bilirubin 0.236 0.048 — —
D-dimer -0.387 0.018 — —
LDH -0.276 0.031 — —
MCH 0.316 0.012 — —
MCV 0.301 0.016 — —

Note. MCV — mean corpuscular volume.

Ipumeuanwue. [lyis1 Tabs1.3, puc. 2: MCV — cpegnuii 06beM apuTpornura. PacmmdpoBKy 0CTaIbHBIX COKPAIIEHUH CM. B IIPH-

MedYaHHuHU K TabJ1. 2.
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rho=0,941, P=0,005) u orpuiarejbHas CBs3b
Mexxkay D-auMmepoM u cpefHell KOHIleHTpaluen
reMorJi00MHa B apuTporurax (Spearman’s rho=-
0,900, P=0,037), KpeaTUHUHOM U TPOMOOIIMTaMU
(Spearman’s rho=-0,790, P=0,002), albO0yMHHOM U
acnapraraMuHoTpaHcgepasoit (Spearman’s rho=-
0,786, P=0,036). Bcero g1 maiimeHToB ¢ HebJiaro-
NIPUATHBIM UCXOIOM YCTAaHOBUJIN 36 IIOJIOKUTEIIb-
HBIX KOPPEJIAIUN CO CpeTHUM K03 PpuiimeHToM
0,712 (0,502-0,994) u 34 orpuLATEJILHBIX CO CPEI-
HUM KoapdurmenTom -0,667 (-0,500—-0,900). [Tos-
pOOHBIe pe3yabTaThl KOPPESISIUOHHOTO aHAJIM3a
MIpeCcTaBUIN HA PUC. 2.

Jl/151 IOBBINIIEHUST KaUeCTBA JIeUeHUsI Iaru-
€HTOB U CHUKEHUSI CMEPTHOCTH IalleHTOB B C
COVID-19 B KpUTHUYECKOM COCTOSIHUU BasKeH
MIOUCK YyBCTBUTEJIBHBIX U CIIEIU(PUUHBIX MapKe-
POB MPOTHO3UPOBAHUSA TSAYKECTH TEUYEHUSI U MCXO-
na 3abosieBanus1. Bospact, conmyTcTByoIue 3a60o-
JIeBaHUsI, IMMYHHBIH OTBET, pEHTT€HOJIOTUeCKUe
1 1abopaTopHbIe TaHHbIe MHIUBUYATHHO WA B
KOMILJIEKCE MOTYT IpeICKa3bIBaTh HEOJIaronpu-
ATHbIE UCX0abl [19]. B HacTosAee BpeMs B Kaye-
CTBe OMOMapKePOB TSYKECTU TEYEHUsT M HMCXO0Ia
COVID-19 paccmarpuBatotr D-gumep, nHTEpJIei-
kuH 6 (IL-6), anpOyMuH, JIAaKTaTAETUIPOreHasy,
¢udbpunoreH, pepputnH, C-peakTUBHBIN OEJIOK,
KOJIMYECTBO JIEUKOIUTOB, IMM(OIIUTOB, TPOMOO-
[IUTOB, MPOTPOMOMHOBOE BpeMs [20-23]. Bospacrt
Y TI0J1 SIBJISTFOTCSI OOITIeNPU3HAHHBIMU (haKTOpaMU
pucka Tsskesbix ucxomoB COVID-19. ITpu o6cite-
JoBaHuH OoJiee 17 MUJIJIMOHOB YejioBek ¢ COVID-
19 B BemMKOOpUTAaHUYM OTMEYAJIOCh, YTO YBeJIuYe-
HUe BO3pacTa ObIJIO TECHO CBSI3aHO C PHCKOM
JIeTaJbHOTO MCXO0a: JIIOAW B Bo3pacrte 80 JjeT u
cTapiire uMeJiu OoJiee YeM IBaIIIaTUKPATHOE YBe-
JUYeHWe PUCKa [0 CPAaBHEHHUIO C JIIOJIbMU B BO3-
pacre 50-59 ser. My)X4nHbl uMeau B 1,59 pasa
0oJiee BHICOKWU PUCK JIETAJbHOTO KMCXOMa, YeM
SKEeHIIUHBI [24].

B HameM mccie10BaHUY BBISIBUJIN PA3JINUMSA
10 BO3PaCTy MeKJy NMalueHTaMH C OJiaronpu-
SITHBIM 1 HeOJTaroNpUsATHBIM cxomamu (45,50 jieT
nporuB 61,00 jeT, COOTBETCTBEHHO), HO He IIO
MOJIOBOY MpUHAaIJIeKHOCTU. Cpey MAIUEHTOB C
JIeTaJIbHBIM UCXOHOM C 1-e 1o 10-e CyTKU yCTaHo-
BUJIX O0Jiee BBICOKME 3HaueHus ajist RDW, MPV,
D-numepa, MOYEBUHBI U KpeaTUHUHA U OoJiee
Huskue — i MCH, MCHC, B To BpemMs kak c 11-e
1o 20-e cyTKU — Oo0Jiee BHICOKHE 3HAYEHUS /I
HefiTpoduioB (%), NLR, RDW, LDH u 60J/iee Hu3-
Kue 151 TUM@OITUTOB.

B MHOTOIIEHTPOBOM HCCJIEJOBAaHUU OBIIO
MOKAa3aHOo, YTO IOBbINIeHHbIe 3HaUeHus1s RDW k
MOMEHTY I'OCHUATAIU3alNN U yBeaundenue RDW B
Mepuoy, Je4eHUs MOBBIMIAIA PHUCK JIETAIbHOTO
ucxoma nanreHTos ¢ COVID-19 [25]. Takske ObLia
BBIIBJIEHA KOPPEJIAIMs OTHOIIEHWS CpeIHero

00'beMa TPOMOOIIUTOB K KOJTTYECTBY TPOMOOITUTOB

Men had a 1.59-fold higher risk of mortality than
women [24]. Our study found differences in age be-
tween patients with favorable and unfavorable out-
comes (45.50 years versus 61.00 years, respectively),
but not in sex. Among non-survivors, we found
higher RDW, MPV, D-dimer, urea, and creatinine
values and lower MCH, MCHC values from days 1
to 10. In contrast, from days 11 to 20, we found
higher values for neutrophils (%), NLR, RDW, LDH
and lower values for lymphocytes. A multicenter
study showed that elevated RDW values at the time
of admission and during the treatment period as-
sociated with a higher risk of death in patients with
COVID-19 [25]. A correlation between the ratio of
mean platelet volume to platelet count and the
severity of COVID-19 has also been found [26]. El-
evated D-dimer level correlates with both disease
severity and outcome in COVID-19 [27, 28]. A mul-
tivariate analysis of data from 245 patients with
COVID-19 with an inpatient mortality rate of
13.47% showed that the risk of death was 8% higher
with each unit of NLR increased [29]. Several stud-
ies have suggested the correlation of increased NLR
with the disease severity and outcome of COVID-
19 [30-32]. According to a Russian study, the mid-
regional pro-adrenomedullin has a better prognos-
tic value in pneumonia in COVID-19 compared to
procalcitonin, oxygen saturation, and NEWS
score [33]. Bertsimas D. et al. developed an appli-
cation to predict COVID-19 mortality risk based on
clinical and laboratory data; the system was vali-
dated on three independent samples. A total of 19
indicators were included, the key ones being age,
decreased oxygen saturation (<93%), elevated C-re-
active protein (=130 mg/L), blood urea nitrogen
(>18 mg/dL), and blood creatinine (>1.2 mg/dL).
Currently, this application exists in an online for-
mat and is used in clinical practice [34]. In the
paper by Ghayda R.A. and colleagues, a correlation
analysis of clinical and laboratory parameters in
COVID-19 was performed. According to the study
results, the strongest positive correlation was for
chills with chest tightness, neutrophil, ymphocyte,
and platelet count, D-dimer and CRP; lung lesions
correlated with increased CRP level, and white
blood cell count with platelet count, shortness of
breath, and neutrophil count [35].

We studied the serum levels of candidate mo-
lecular biomarkers of blood-brain barrier damage
SP-A, SP-D and CC16 as potential biomarkers of
treatment outcome prognostication in COVID-19.
These candidate biomarkers have advantages over
the above-described ones since they associate with
pathophysiological processes in the lungs during
COVID-19. Elevated SP-A level from day 1 to day 10
and decreased CC16 level from day 11 to day 20 of
the disease onset were noted in intensive care pa-
tients who did not survive compared to those dis-
charged from ICU in a stable condition, while no
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Puc. 2. 3HaunMBbIe KOppeJsaiun Mesxay cogep:ranueM SP-A, SP-D u CC16, K IHHHYECKHMH U JIa00paTOPHBIMH JAaHHBIMH BbI-
NHCAaHHBIX M yMepIIHUX nanueHTos ¢ COVID-19.

Fig. 2. Significant correlations among SP-A, SP-D and CC16 levels, clinical characteristics and laboratory findings in survivor
and non-survivor COVID-19 patients.

Note. a — correlation plot for survivor patients; b — correlation plot for non-survivor patients. Abbreviations: ALP — alkaline
phosphatase; ALT — alanine aminotransferase; ARDS — acute respiratory distress syndrome; AST — aspartate aminotransferase;
BASO# — basophils; CC16 — Club cell protein 16; CRP — C-reactive protein; CT — chest computed tomography; DM — diabetes
mellitus; EOS# — eosinophils; GGT — gamma-glutamyl transferase; HGB — hemoglobin; HCT — hematocrit; HP — hypertension;
LDH — lactate dehydrogenase; LYMPH# — lymphocytes; MCH — mean corpuscular hemoglobin; MCHC — mean corpuscular he-
moglobin concentration; MCV — mean corpuscular volume; MONO# — monocytes; MPV — mean platelet volume; NEUT# — neu-
trophils; NLR — neutrophil-to-lymphocyte ratio; RBC — red blood cells; RDW — red cell distribution width; SP-A — surfactant pro-
tein A; SP-D — surfactant protein D; SpO, — peripheral oxygen saturation; TBIL — total bilirubin; WBC — white blood cells.
IIpumeuyanue. a— rpaduk KOPPesANUHN Y BBIMUCAHHBIX NAIMEHTOB; b— rpaduk Koppessiiui y ymepiux nanueHTos. Cokpa-
menus: ALP — mestounas ¢ocdarasa; ALT — ananunamunorpancdepasa; ARDS — ocTpblif peciipaTOpHBIN AUCTPeECC-CUH-
npom; AST — acnapraramuHoTpancdepasa; BASO# — 6asoduis;; CC16 — 6esok kiaeTok Kiapa 16; CRP — C-peaKTUBHBIN
6esok; CT — kommbloTepHas Tomorpadus rpygHoi kiaetku; DM — caxapusbiil nuabet; EOS# — sosunodunas;; GGT — ramma-
mryramunaTpascdepasa; HGB — remornmo6un; HCT — remarokput; HP — aprepuanbHas runeprensnsi; LDH — sakraTnerun-
poreHnasa; JINM®# — mumdbonuts;; MCH — cpenHee conep:raHue remMoriobruHa B apurponute; MCHC — cpeqHAS KOHIIEHT-
panus reMmoio6uHa B apurponute; MCV — cpenunii o6bem apurporura; MONO# — moHouuTel; MPV — cpenauii o6 bem
Tpomboruta; NEUT# — neiitpoduiibr;; NLR — cooTHomenue Heiitpodusos c sefikonuram; RBC — aputponurtsl; RDW — pac-
npefiesieHNe 9PUTPOIIUTOB 110 BenuuHe; SP-A — cypdarranTHbIH 6e10K A; SP-D — cypdarranTHbIi 6es1ok D; SpO, — carypanus
KucjaoponoM nepudepuyeckoit Kposy; TBIL — oburuii 6unupybun; WBC — seiikonuTsl; platelets — TpoMO0OLIUTEL; urea — Mode-
BUHA; total protein — o61uii 6es1ok; Spearman’s rho — koadpurreHT KoppeJisiiuu CiupMeHa.
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¢ TsKkecThio TeueHuss COVID-19 [26]. IToBBIIeHHbII
ypoBeHb D-nrumMmepa KoppeaupyeT Kak C TAXKeCTbIO
TeyeHusI, Tak U ¢ ucxonom rpu COVID-19 [27, 28].
MHoroakTOpHBIN aHAJIN3 TaHHBIX 245 MmalyueH-
ToB ¢ COVID-19 ¢ mokasarejieM T'OCIHTAJIbLHOU
JIeTaJIbHOCTHU 13,47% 1mOKa3aJi, YTO pUCK BHYTPU-
00bHIYHON cMepTH Ha 8% BBIIIIE TIPH YBeIude-
Huu NLR Ha kaxnyio enuauny [29]. Koppensanusa
noBbIlIeHHOTO 3HaYeHusA NLR ¢ TsskecThIO Teue-
HusA u ucxonom COVID-19 orpaskeHa B pspe
uccaenosanuii [30-32]. [To pedyasraTaMm uccjieno-
BaHUsI OTeYeCTBEHHBIX KOJIJIET CpefHepernoHap-
HBI MpOaJpeHOMENYIJIMH KaK HpeIuKTop
JIeTAJIBHOTO MCX0/1a IO CPABHEHUIO C TPOKAJIbIIH-
TOHHUHOM, IIOKa3aTeJieM HaChIIIIeHHUS TeMOIJIO0N-
Ha KHUCJOPOJOM M OIeHKOU mo mikajge NEWS
obOJtaaeT HaMOOJIBINIEN MPOTHOCTUYECKON IIeH-
HOCTBIO TIpU THeBMOHUM Ha ¢oHe COVID-19 [33].
D. Bertsimas ¢ koJimeramMmu paspadboraaiu IpuJio-
sKeHUe [IJ1s1 HPOTHO3WPOBAHUA PUCKA JIETAJTBHOTO
ucxopa rmpu COVID-19 nmo KIUHUYECKUM U J1ab0-
paTOpHBIM TaHHBIM, TECT-CHUCTeMA ObIIa BATUIN-
poBaHa Ha Tpex He3aBUCUMBIX BRIOOpPKaX. Bcero
OBLJIO BKJIIOYEHO 19 moKkasareJieii, KJII0YeBbIMU U3
KOTOPBIX IBUJINCH BO3PACT, CHUKEHME caTypaluu
KkucaopoaoM (<93%), MOBBIIEHHBIA YpoBeHb C-
peakTuBHOTO Oeska (=130 mMr/J1), a30Ta MOYEBUHBI
KpOBH (=18 Mr/ 1y1) ¥ KpeaTnHWHA KPOBU (>1,2 Mr/ 1171).
B HacTosIee BpemMs TaHHOE IIPUJIOSKEHNE CyIIe-
CTBYyeT B OHJIAWH (popMaTe 1 UCIOJIb3YeTCs B K-
HUYecKou mpakTuke [34]. B pabore R.A. Ghayda
C KOoJIJIeTaM¥ OBIJI BBITIOTHEH KOPPEJISIITUOHHBIN
aHaJIN3 KJIMHUYECKUX U JTJaDOpaTOPHBIX XapaK-
tepuctuk npu COVID-19. Ilo peaysnsraram naH-
HOI'0 MCCJed0BaHUsA caMasi CUJIbHAS MOJIOMKU-
TeJIbHAsI Koppensanus Oblia XxapakTepHa IJIs
03H004 C OIIyIIleHneM TeCHOTHI B TPYIHOU KJIeT-
Ke, KOJTMIeCTBOM HEeHUTPO(pMIIOB, TUMQOIUTOB,
TpoMboruToB, D-qumepom u CPB; mopaskenue
JIETKUX KOPPEJMPOBAJIO C HOBBIIIEHUEM YPOBHS
CPB, a KOIM4ecTBO JIEHKOIIUTOB — C KOJIAYe-
CTBOM TPOMOOIIMTOB, OABINIIKON ¥ KOJTUIECTBOM
HerlTpoduaon [35].

MpbI n3yumnan KaHAUAAaTHbIe MOJIEKYJIAPHbIE
OroOMapKephI MOBPEKIEHUS CTPYKTYP a9poremMa-
Tryeckoro 6aprepa SP-A, SP-D u CC16 B cbIBO-
POTKe KPOBH KaK IOTEeHIINAJIbLHBIE OMOMapKepPhI
oLeHKH ucxoga sedenusd npu COVID-19. [Ipeumy-
IIIeCTBAMU JTAaHHBIX KaHIUJATHBIX OMOMapKepoB
110 CPaBHEHUIO C BBIIIICONTUCAHHBIMHA SIBJISETCS UX
CBsI3b C TTAaTO(U3NOJOTUIECKUMU IIPOI[eCCaMU B
gerkux npu COVID-19. V peanmManuOHHBIX
MMalyeHTOB C JIeTAJIbHBIM UCXOIOM 110 CDaBHEHUIO
¢ manueHTamy, BbinrucanHbiMu n3 OPUT B ynoB-
JIETBOPUTEJIBHOM COCTOSTHUM, OTMETHUJIN ITOBBI-
IIEHHYI0 KOHIleHTpanuio SP-A ¢ 1 no 10 cyTku u
carmykeHHYI0 CC16 ¢ 11 mo 20 cyTKU IOABJICHUA
IIePBBIX CUMIITOMOB, g SP-D crarucruuecku
3HAYMMBIX Koppesisanuii ¢ ucxogom COVID-19 He

significant correlations with COVID-19 outcome
were found for SP-D. Increased SP-A level in non-
survivors probably reflects greater damage to the
air-blood barrier, while decreased CC16 level could
theoretically be associated with inhibition of the
synthetic activity of Club cells in COVID-19. Pa-
tients with a favorable outcome were found to have
increased serum SP-A and CC16 levels during the
course of the disease. No age-related differences
were found for SP-A, SP-D and CC16.

SP-A and SP-D are members of the collectin
family (collagen-containing C-type lectins) related
to soluble pattern-recognizing receptors. These
surfactant proteins have a collagen-like terminal N-
domain and a lectin terminal C-domain capable of
Ca?**-dependent attachment to the surface of mi-
crobial membranes [11]. SP-A and SP-D are pro-
duced mainly in the lungs and participate in the
cascade of innate and acquired immunity reactions
in the early defense against bacteria, viruses and
fungi. SP-A and SP-D take part in the activation of
the complement pathway, opsonization and aggre-
gation of pathogens, increased expression of sur-
face receptors responsible for pathogen recognition
and phagocytosis, and act as inducers of systemic
inflammation triggering the cytokine reaction cas-
cade [36]. Increased serum SP-A and SP-D levels are
observed in severe community-acquired pneumo-
nia than non-severe disease patients without bron-
chopulmonary diseases [37]. Elevated SP-A and SP-
D levels are also a sensitive and specific prognostic
biomarker of ARDS development and death in
ARDS [38-41]. Direct interaction of SP-A and SP-D
with some viruses leads to virus neutralization and
enhancement of phagocytosis. SP-A and SP-D bind
to hemagglutinin of the influenza A virus, suppress-
ing its activity, while SP-D also reduces neu-
raminidase activity [12, 42, 43]. SP-A can increase
viral clearance, suppress inflammation after aden-
ovirus infection, and promote SP-A-mediated
phagocytosis of herpes simplex virus type 1 (HSV-1)
by alveolar macrophages [44, 45]. These collectins
also bind to glycoproteins of such viruses as human
immunodeficiency virus (HIV), respiratory syncy-
tial virus (RSV) and SARS coronavirus [12]. CC16
has antioxidant and anti-inflammatory properties.
In vitro, this protein has been shown to modulate
the production and activity of various mediators of
the inflammatory response, including phospholi-
pase A2, interferon-gamma, and tumor necrosis
factor-alpha. CC16 deficiency is associated with in-
creased lung susceptibility to viral infections and
oxidative stress. CC16 is also of great interest as a
peripheral biomarker to detect Club cell damage
and increased epithelial permeability in various
acute and chronic lung conditions [46]. An increase
of CC16 in serum has been observed in ARDS de-
veloped in patients with ventilator-associated
pneumonia [47]. In ICU patients, CC16 level corre-
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BbIABUIX. lloBhIIeHHOE copepskaHue SP-A y
ymepminx napueHtoB ¢ COVID-19 orpaskaer,
BEPOSITHO, OOJIBIIYIO CTEleHb NOBPEKIEHUS
CTPYKTYpP a9pOoreMaTnvyecKoro 6apbepa, a CHIKe-
Hue conepskanusi CC16 MokeT OBITH TeOpeTHye-
CKU CBSI3aH C yTHeTEHUEM CUHTEeTUYeCKOU aKTUB-
HOocTH KJeTok Kmapa mnpum COVID-19. V¥V
MaIeHTOB C 6JIaTOMPUSTHBIM UCXOJ0OM YCTaHO-
BUJIU yBeJsinueHne KoHueHntpanuu SP-A u CC16 B
CHIBOPOTKE KPOBU B TeueHUe 3aboJsieBaHus1. Pas-
JIMYMU B 3aBUCUMOCTH OT Bo3pacTta JJs SP-A,
SP-D u CC16 He 0OHAPYKUJIA.

SP-A u SP-D sBJisII0TCA 4jleHaMu ceMeiicTBa
KOJIJICKTUHOB (KOJLJIareHCconep Kalue JIeKTUHBI
C-TuIa), OTHOCAIIUXCA K paCTBOPUMBIM ITIaTTEPH-
pacnosHamuM perentTopam. JlaHHble cypdax-
TaHTHBIE OEJIKA NUMEIOT KOJIJTAareHOTIOA00HBIN Tep-
MUHAJbHBIN N-moMmeH u JEKTUHOBBIN
TepMUHAJIBHBIN C-ToMeH, criocobHbIN Ca* -3aBu-
CHMBIM 00pa30M MPUKPETISATHCSA K TOBEPXHOCTH
MeMOpaH MuKpoopranu3mos [11]. SP-A u SP-D
MPOAYIHUPYIOTCS TJIaBHBIM 00pPa3oM B JIETKHUX U
Y4aCTBYIOT B KacKajle peakliuii BpOKAEHHOI0 U
MproOpeTEHHOTO UMMYHHUTETA B PAaHHEHN 3aIuTe
poTuB OakKTepwii, BUPycoB u rpudoB. SP-A u SP-
D npuHMMAalT yyacTue B aKTUBALUU IIyTHU KOM-
IIJIEMEHTa, OIICOHU3aly U arperamnyuy 1aTores-
HBIX MUKPOOPraHu3MOB, IIOBBIIIEHUU
9KCIIpECCUHU IIOBEPXHOCTHBIX PelelITOPOB, OTBe-
YAIOIIUX 3@ PAcIIO3HABAHME [TATOreHOB U (paroiu-
TO3, W BBICTyIAIOT B KayeCTBe HWHIYKTOPOB
CHCTEMHOI'0 BOCHaJIeHUs, IPUBOAS K KacKamy
LIUTOKMHOBBIX peakIuii [36]. YBesnueHue ypoBHs
SP-A u SP-D B ChIBOpOTKE KPOBHY OTMeYaeTcCsI IpU
TSYKEeJ0M BHEOOJbHUYHOW TTHEBMOHHHU II0
CPaBHEHHUIO C He TsI3KeJI0N (hOpMOI 1 OTCYyTCTBUEM
OpOoHX0JIETOYHBIX 3abosieBaHuii [37]. [IOBBIIIEH-
HbII ypoBeHb SP-A u SP-D Takke siBjIsseTCS 4yB-
CTBUTEJIBHBIM U CHelu(pUUHBIM IPOTHOCTUYE-
ckuM Omomapkepom pasButusg OPJIC wu
aetanbHOro ucxonga npu OPIC [38-41]. [Ipamoe
B3aumogeiictsue SP-A u SP-D ¢ psioMm BupycoB
NIPUBOJUT K HEUTpaan3aluy BUpyca U YCUJIEHUIO
darorurosa. SP-A u SP-D cBsA3BIBaIOTCS C remMar-
IIIOTUHUHOM BUpycCa I'pula A, IMONaBJAsd ero
AKTUBHOCTB, B TO BpeMsA Kak SP-D Takyke cHUyKaeT
AKTUBHOCTh HelpaMuHUAA3bI [12, 42, 43]. SP-A
criocobeH yBeJIMYNBATh KIIMPEHC BUPYca U ITO/IaB-
JIITH BOCIIaJIeHNe I10CJIe aIeHOBUPYCHOU NH(EeK-
ouy U npuBoguth K SP-A-omocpenoBaHHOMY
(paro1To3y BUpyca IpoOCTOro repreca epBoro
tuna (HSV-1) anbBeosisipHbiMu Makpodaramu [44,
45]. laHHBIE KOJJICKTUHBI TaKKe CBA3BIBAIOTCA C
NIMKOIIPOTEMHAMM BHUPYCOB, BKJIOYasg BHUPYC
uMMyHoOIeduInTa yejgoseka (BUY), pecnuparop-
HO-cUHIMTHAIbHBIN Bupyc (PCB) 1 kopoHaBupyc
SARS [12]. CC16 obJiagaeT aHTHOKCULAHTHBIMU 1
IIPOTUBOBOCHATIUTEIBHBIMU CBOMCTBAMMU. In Vitro
OBLTI0 TTOKA3aHO, YTO TAHHBIN OEJIOK MOIYJINPYET

lated with ARDS severity and disease outcome [14,
48]. Elevated CC16 levels were also observed in chil-
dren with RSV or influenza [49]. There is evidence
that SP-D recognizes the spike glycoprotein of SARS
coronavirus and can activate macrophages [50].
B.Kerget and colleagues studied the relationship of
serum IL-6 and SP-D levels with the course and
prognosis of COVID-19. According to the study, pa-
tients with ARDS had significantly higher levels of
IL-6 and SP-D compared to those without ARDS.
Both biomarkers were also higher in non-survivors
at the time of admission compared with sur-
vivors [51]. SP-A and CC16, according to our knowl-
edge, have not been previously studied in the con-
text of COVID-19.

Conclusion

Our results show that surfactant protein SP-A
and Club cell protein CC16 are associated with
mortality from COVID-19. To validate the results
with a view of using SP-A and CC16 as diagnostic
biomarkers, a study on a larger sample size with as-
sessment of the diagnostic significance of these
markers, as well as their comparison with known
biomarkers of COVID-19 severity and outcome,
such as interleukin-6, procalcitonin, a C-reactive
protein, has been scheduled. The data obtained
and further search for effective laboratory biomark-
ers will improve our understanding of the mecha-
nisms of COVID-19 and enable the creation of ef-
fective outcome prediction models.

MPOAYKIMIO U aKTUBHOCTH Pa3JIMYHbIX MEIUATO-
POB BOCHAJIMTEJIBHOTO OTBeTa, BKJII04asi pocdo-
Jaunasbl A2, nHTepdepoH-ramMma u pakTop HEKPO-
3a omyxosau-anbda. dedpunur CCl6 cBs3aH C
MOBBIIIEHHON BOCIPUUMYMBOCTBIO JIETKUX K
BUDPYCHBIM MH(PEKIUsM U OKHUCJIUTEIbHOMY
crpeccy. CC16 Takske MpeACTaBJIsIET OOJBIION
WHTEpeC Kak nepudeprudeckuii bmomaprep s
oOHapy)KeHUs MOBpEKIeHus KieTok Kiapa n
TOBBIIIEHHON MPOHUIIAEMOCTU JIUTENUS IPU
Pa3JIMYHBIX OCTPBIX M XPOHWYECKHX 3aboJseBa-
HUAX JIETKUX [46]. YBennuenre CC16 B CBIBOPOTKe
KpoBU oTMevanoch npu passutuu OPIIC y namnu-
€HTOB C BEeHTUJIAATOP-aCCOLIMMPOBAHHOM THEBMO-
Huet [47]. Cpenu namuenToB OPUT 3HaueHue
CC16 roppesaupoBaJo c Tsaskectbio OP/IC u ncxo-
noM 3aboseBanus [14, 48]. TIoBBIIEHHBIH YPO-
BeHb CC16 HabJuronasics takske y geteit ¢ PCB
rpunmowm [49]. Umerorca gaassble, uto SP-D pacrno-
3HaeT NIMKOIIPOTEeNH INUITIOB KopoHasupyca SARS
U MO>KeT aKTUBUpoBaTh Makpogaru [50]. B. Kerget
C KoJuteramMu Obljia M3ydeHa B3anMOCBsI3b YPOBHS
IL-6 m SP-D B ChIBOPOTKE KPOBHU C XapaKTepOM
TedeHusA 1 nporao3om COVID-19. o pesynsraram
HUCC/eNOBaHNs, ITIAalMEeHTh], Y KOTOPBIX Pa3BUJICA
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OPJIC, nMey 3HAYUTETHHO O0JIee BBICOKHE KOH-
neHTpanuu IL-6 1 SP-D 1o cpaBHeHUIO ¢ anueH-
Tamu 6e3 OPJIC. O6a buoMapkepa Ha MOMEHT I'OC-
MATAIN3AIAY TAKKe OBLJIN BBIIIIE CPEI YMEPIITIX
MalMEeHTOB 10 CPAaBHEHUIO C BBIKUBIIMMU [51].
SP-A n CC16, 10 JaHHBIM JOCTYIIHBIX HAM MCTOY-
HUKOB, B KOHTeKCTe pa3dBuTusi COVID-19 paHee He
U3y4aJIUCh.

3akJjaoueHnue

[To pesysibraram HaCTOSIIIEr0 UCCIENOBAHNUS
cypdakTaHTHBIH Oesiok SP-A U 0eJIOK KJIETOK
Kiapa CC16 acconmMupoBaHsbI C JIETATBHBIM UCXO0-
mom ot COVID-19. [lyia Banuganuy noJTy4eHHbIX
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pe3yJabTaToB C IepCHeKTUBOM npuMeHeHus SP-A
1 CC16 B KauecTBe TMAarHOCTUYECKUX OFOMapKe-
POB 3alIaHUPOBAHO HCCJEA0BaHNE Ha BEHIOOPKE
fosbIIero o6beMa C OIeHKOHM JUAarHOCTUYeCKOM
3HAYMMOCTHU JaHHBIX MapKepOB, a TaKKe COI0-
CTaBJIEHUE C y’Ke W3BECTHBIMU OMOMapKepaMu
TAKeCTU TedyeHUs n ucxoga COVID-19, Takumu
KaK MHTePJIEHKUH-6, MPOKAJIBIIUTOHNH, C-peak-
TUBHBIH Oes10K. [TosrydeHHbIe JaHHbBIE U TabHEN -
Ui TOUCK 3 (PEeKTUBHBIX JJAOOPATOPHBIX OMO-
MapKepoB IIO3BOJIAT YJIY4YIIUTh IIOHAUMaHUeE
MexaHn3MoB passutusa COVID-19 m mpenocra-
BUTH YCJOBHUsS AJsl CO3MaHUA 3(PPeKTUBHBIX
MozeJsieil MPOrHO3MPOBAHMS UCXOA.
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