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Abstract. Background. COVID-19 may cause or worsen cardiac dysfunction and patients with pre-existing
cardiovascular disease, including heart failure (HF), who have an increased risk of severe and fatal outcomes of
COVID-19. The study aimed to determine the role of soluble suppression of tumorigenesis-2 protein (sST2) and
natriuretic peptide test (NT-proBNP) in predicting the severe course and in-hospital mortality of patients with
COVID-19 and hypertension. Materials and methods. One hundred and fifteen patients with COVID-19 and
hypertension were examined. The determination of sST2 and NT-proBNP in blood serum were done using the
engyme-linked immunosorbent assay. The clinical endpoint was assessed during the hospitalization period (death,
hospitalization in the intensive care unit, prolonged hospitalization). The risk of the final event development was
calculated for the patients who reached the threshold sST2 concentrations, and, separately, based on the diag-
nostic values of the NT-proBNP. Results. The cut-off values of sST2 recommended for the diagnosis of HF in our
study were reached in 7 (28 %) cases. The risk of final clinical points development in these patients was as follows:
OR=10.67; 95% CI: 1.31—86.9; p = 0.0270. The level of NT-proBN P, which meets the criteria for the diagnosis
of HF, was constant in only 10 (11.1 %) individuals (p = 0.0461) and the risk of clinical events developing was
equalto OR =7.0; 95% CI: 1.72—28.6; p = 0.0067. Conclusions. Stratification of patients based on sST2 values,
in addition to NT-proBNP parameters, may provide further prognostic value compared to NT-proBNP levels in
patients with COVID-19 and HF.

Keywords: sST2; NT-proBNP; coronavirus disease; heart failure

Introduction

Cardiovascular disease and cardiovascular risk factors
(hypertension and diabetes) are strongly associated with
mortality in COVID-19 patients, regardless of their age.
Recent research suggests that patients hospitalized with
COVID-19 may be exposed to an increased risk of developing
heart failure (HF), even in the absence of a cardiovascular
disease history or cardiovascular disease risk factors [1]. As-
sessment of HF biomarkers such as sST2 and NT-proBNP
may be useful in predicting the COVID-19 adverse course.

Currently, the most widely used HF biomarkers are na-
triuretic peptides (NP). In response to pressure overload or
a ventricular volume increase, left ventricular cardiomyo-
cytes stretch and secrete B-type natriuretic peptides (BNP)
through a whole cascade of transformations from the 134
amino acid precursors of BNP (pre-proBNP), to the cleavage
of the inactive 76-amino acid NT-proBNP and the formation

of the active 32-amino acid BNP [2, 3]. Both biologically ac-
tive BNP and NT-proBNP can be measured in plasma [4].
BNP accurately diagnoses HF in patients with dyspnoea and
predicts future events in these patients using a 100 ng/ml
cutoff [5]. The NT-proBNP threshold value of 300 pg/ml has
a 98% predictive value for excluding acute HF and 125 pg/ml
for excluding heart failure in outpatients [6]. At the same
time, the NT-proBNP value is highly age-dependent. There-
fore, in patients under 50 years of age, it is recommended
to use > 450 pg/ml as a diagnostic level of NT-proBNP for
acute HF; in patients from 50 to 75 years — > 900 pg/ml, and
in patients older than 75 years — > 1800 pg/ml [7]. NPs are
also helpful in assessing HF severity and prognosis. These
biomarkers alone or in combination play an important role
in the HF treatment dynamic assessment, but their accuracy
is limited by several factors, including renal impairment,
obesity, and/or atrial fibrillation [7].
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A novel investigational biomarker — soluble (s) ST2 — is
a circulating soluble isoform of the interleukin-33 (IL-33) re-
ceptor released by cardiomyocytes and fibroblasts in response
to cellular injury. Experimental models manifested that under
normal conditions, IL-33 interacts with the transmembrane
cellular isoform of the ST2L receptor, showing cardioprotec-
tive properties: it reduces myocardial fibrosis, hypertrophy,
and cardiomyocyte apoptosis, which in turn improves cardiac
function. Unlike the transmembrane ST2L form, the soluble
sST2 isoform competitively binds to IL-33. The interaction
of sST23IL with IL.-33 acts as a decoy for I1L-33, blocks the
1L-33/ST2L system, and, consequently, eliminates the car-
dioprotective effects described above. Therefore, the ST2
system acts not only as a mediator of IL-33 function in its
transmembrane isoform ST2L but also as an 1L.-33 inhibitor
through its soluble isoform sST?2. All clinical conditions that
increase wall stress, inflammation, and macrophage activa-
tion increase sST2 and thus may lead to deteriorating cardiac
fibrosis [8]. The current threshold level indicating a good
outcome in HF patients is 35 ng/mL. The higher the sST2
level in HF, the higher the mortality rate. Biaggi P. research
demonstrates that the combination of higher sST2 levels and
NP produces the most accurate mortality predictions within
one year, whereas isolated high NP levels failed to predict
mortality in patients with low sST2 levels [8, 9].

The study aimed to compare the prognostic value of heart
failure biomarkers NT-proBNP and sST2 in COVID-19.

Materials and methods

A cross-sectional analysis was based on a sample of 115
patients with COVID-19 pneumonia hospitalized at the Lviv
Clinical Emergency Medical Hospital. All the patients were
over 18 years of age and gave their consent to participate in
the research. The criteria for including patients in the study
were the diagnosis of pneumonia, verified on the basis of
laboratory and instrumental research methods, the detection
of the SARS-CoV-2 genome in swabs from the nasopharynx
and oropharynx by the polymerase chain reaction method
and/or the detection of the SARS-CoV-2 IgM antibodies
and the level of COVID-19 infection suspicion according to
the CO-RADS scale, which corresponds to 5 points; heavy
epidemiological anamnesis.

Patients without a confirmed pneumonia diagnosis, sus-
pected of being infected with COVID-19 according to the
CO-RADS scale of 1—4 points, persons with other pneu-
monia etiological variants (bacterial, hypostatic), pulmonary

tuberculosis accompanied by severe diabetes, patients with
immunosuppressive conditions, severe chronic patients with
respiratory system pathology, end-stage renal failure, re-
cently experienced acute coronary syndrome, aortocoronary
bypass, heart failure, liver cirrhosis, as well as patients with
sepsis were not taken into account.

Patients were randomized into two groups — group I
(25 people) and group II (90 people). The groups were
comparable in terms of age and sex. In group I patients, we
explored the sST2 level determined by the immunoenzy-
matic method, and in 90 patients of group II, we analyzed
the NT-proBNP indicator determined by the immunofluo-
rescence method in the biochemical laboratory of the Lviv
Clinical Hospital of Emergency Medical Care. The following
parameters were assessed: patients’ age, sex, treatment results
(discharge/death) and length of the treatment course. We
studied complaints, medical history, results of physical exa-
mination, additional laboratory, and instrumental methods
of examination during hospitalization.

The risk of final event development was calculated for both
groups. The clinical endpoint was defined as cardiovascular
death or death from all causes, hospitalization in the emer-
gency department, and/or long-term hospitalization (over
30 days). The clinical endpoint was assessed in patients who
achieved NT-proBNP cut-off values of > 450 pg/ml in patients
under 50 years of age, > 900 pg/ml in patients 50 to 75 years of
age, and > 1800 pg/ml in patients over 75 years of age and sST2
value over 35 ng/ml at the time of hospitalization.

The study was conducted after the approval of the Ethical
Commission for Experimental Development and Research at
Danylo Halytsky Lviv National Medical University (No. 10
dated 16.12.2019). All patients signed an informed consent
to participate in the study. The study complies with the prin-
ciples of the Declaration of Helsinki.

Statistical analysis. Categorical variables are presented as
frequencies and percentages and while continuous variables
as mean = standard deviation (SD) or median and interquar-
tile range (IQR), respectively. We compared means for con-
tinuous variables using independent group t-tests when data
were distributed normally; otherwise, the Mann-Whitney
test was performed. The distribution normality was assessed
using the Shapiro-Wilk test. Categorical variables’ propor-
tions were compared using the chi-square test or Fisher’s
exact test, as appropriate. All data were analyzed using Statis-
tica 6.0. A two-tailed P value of < 0.05 was considered an in-
dicator of differences of statistical significance in all analyses.

Table 1. Baseline characteristics and concomitant diseases in patients with COVID-19

Parameters sST2 group n=25 NT-proBNP group n =290 P
Age, years 69.20 + 13.37 25 67.52 + 8.80 90 0.4566
Male, % 40 10 53.3 48 0.2393
Body mass index, kg/m? 30.09 + 5.40 25 29.90 +£ 7.63 90 0.9075
Hypertension, % 84 21 90 81 0.3745
Diabetes, % 28 7 38.9 35 0.3167
Sepsis, % 0 0 0 0 0
Creatinine, pmol/L 122.00 + 40.52 17 121.16 £ 50.83 88 0.9489
C-reactive protein, mg/L 56.33 + 40.51 7 69.67 + 51.34 66 0.5086
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Results

In total, 115 patients with coronavirus disease par-
ticipated in the study. The participants’ average age was
69.20 £ 13.37 years and 67.52 * 8.80 years in group I and II,
respectively. With the same prevalence in patients hospita-
lized for COVID-19 pneumonia, concomitant diseases were
noted — hypertension (p = 0.3745) and diabetes (p = 0.3167)
(Table 1).

There were no differences in key indicators that can affect
the interpretation of cardiac biomarkers, such as renal dys-
function, sepsis, BMI in patients of both groups (p > 0.05).

The sST2 values distribution in the patients’ blood plas-
ma is presented in Fig. 1, 2.

The NT-proBNP values distribution in the patients’
blood plasma is presented in Fig. 3, 4.

The sST2 cut-off levels recommended for the HF diagno-
sis in our study amounted to 28 % of patients (n = 7), while
the NT-proBNP level, which meets the criteria for the HF
diagnosis, was constant only in 11.1 % (n = 10; p = 0.0461).

In both groups of patients who reached the diagnostic
threshold values for the HF diagnosis, the risk of develo-
ping clinical endpoints was revealed: OR = 10.67; 95%

CI: 1.31-86.9; p = 0.0270 and OR = 7.0; 95% CI: 1.72—
28.6; p = 0.0067 in group I and II, respectively.

The correlation analysis showed the correlation between
the creatinine and NT-proBNP indicators (r = 0.6031;
p = 0.000), but not for sST2.

Discussion

Our study established the prognostic value of assess-
ment of cardiac NT-proBNP and sST2 biomarkers in the
development of adverse events in hospitalized patients with
coronavirus pneumonia. Natriuretic peptides are known as
useful biomarkers for diagnosis, severity assessment, and
prognostic assessment of HF end-point events. However,
the NT-proBNP level is affected by many additional factors,
such as age, renal failure, obesity, which often lead to false
results and incorrect clinical interpretation. When dividing
patients into groups, we made sure that the patients were
comparable in terms of age, sex, and comorbidities to avoid
the unwanted influence of these additional factors on the
study of the interpretation of the results. No differences were
detected in key indicators, such as renal dysfunction, sepsis,
and BMI in patients of both groups. At the same time, ac-
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Figure 1. Distribution of sST2 values in blood plasma
of patients with COVID-19 (P-Plot)

Figure 2. Distribution of sST2 values in blood plasma
of patients with COVID-19 (Mean = SD)
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Table 2. Clinical outcomes (death, ICU hospitalization,
hospitalization for over 30 days) in patients
with COVID-19 depending on the level

of sST2 and NT-proBNP
sST2 NT-proBNP
Parameters group group
n=7 [n=18 | n=10 | n=80
Endpoint, % (n) 4 2 5 10
Death 2 1 2 3
ICU hospitalization 1 1 2 5
foroversodays | 1| O | 1| 4

cording to our observations, the limit values of sSST2 recom-
mended for the HF diagnosis in our study reached signifi-
cantly more patients — 28 %, while the NT-proBNP level,
which meets the criteria for the HF diagnosis, was constant
only in 11.1 % of patients (p = 0.0461). Yet, the risk of the
final event development is equally high in both groups of
patients. Correlation analysis showed a relationship between
NT-proBNP and creatinine values (r = 0.6031; p = 0.000)
but not for sST2. We believe that the NT-proBNP depen-
dence on additional factors may have influenced the results
interpretation and the adverse prognosis assessment; it is also
possible that the established concentration threshold for both
biomarkers played its role.

The IL-33/ST2 axis probably plays a certain role in the
systemic COVID-19 manifestations [9, 10]. Previous studies
have shown that the IL-33/ST?2 axis is involved in inflammatory
responses in several viral infections: flu, herpes simplex viruses,
coxsackie B, lymphocytic choriomeningitis, and metapneumo-
virus [11]. Accumulated scientific evidence supports the argu-
ment that sST2 levels increase early in SARS-CoV-2 infection
and that such changes are an independent risk factor for worse
outcomes. They outperform other biomarkers that have been
used to guide treatment so far [9]. In a Zhikun Zeng’s study,
for example, in eighty COVID-19 patients who were hospi-
talized at Sun Yat-sen University, Guangzhou, China, sST2
levels were persistently high during disease progression in the
serum of severe cases and patients who subsequently died [10].
We assume that the sST?2 release may occur through additional
mechanisms mediated by the SARS-CoV-2, unrelated to the
HF development mechanisms.

For example, a rare but severe pediatric COVID-19
presentation has been described as one closely resembling
Kawasaki disease. sST2 has been shown to be elevated in
Kawasaki disease patients, which, in addition, correlated
with a worse clinical course [12]. Pascual-Figal et al. demon-
strated the pulmonary origin of sST2 in acute decompensated
HE revealing a correlation between their concentration and
alveolar wall thickness. It requires further investigation to
determine whether elevated sST?2 levels in COVID-19 are as-
sociated with comorbid cardiac disease in these patients, and
so do the possible cardiovascular implications of potentially
persistent elevated sST2 levels in convalescents [13]. Given
the well-established association of sST2 levels with other
pulmonary and cardiovascular diseases, it is imperative to
explore whether such sST2 levels reflect a certain inflamma-
tion memory with a long-term effect.

The identification of sST2 as an early predictor of
the worst prognosis in COVID-19 patients has important
clinical implications. sST?2 is a readily available biomarker
that can be continuously determined in blood samples.
Pharmacological modulators for this axis are available
and are currently being tested for other pathologies that
could be evaluated for the treatment or prevention of severe
COVID-19 cases.

Our research has several limitations. The study was
conducted in a single center and on a small sample,
prompted by the urgent need to deepen our knowledge
of the disease. Nevertheless, the clinical characteristics in
our cohort were consistent with the published data of other
studies carried out both around the world and in Ukraine
[9, 10, 13].

Conclusions

Patients’ stratification based on sST2 values, along with
the NT-proBNP parameters assessment, may provide ad-
ditional prognostic value in COVID-19 patients. Among
patients suffering from COVID-19 infection, sST2 measure-
ment after hospitalization may be a useful biomarker for the
early identification of those at higher risk of severe complica-
tions or death and for the implementation of more aggressive
therapy at the initial stage of the disease.
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/\bBIBCEKIV HALJOHQABHWV YHIBEpCUTET iMeHi AQHUAQ [AAnLbKOro, M. AbBiB, YikpaiHa

PoAb sST2 Ta NT-proBNP
Yy NPOrHo3yBaHHi nepe6iry COVID-19

Pesrome. Axkmyaavnicmo. Pe3ynbraTi OCTaHHIX TOCIIIKEHD [TO-
Ka3yloTh, 10 MalieHTu, rocmitanizoBani 3 COVID-19, MoxXyTh
MaTH MiIBUIIEHUN PU3UK PO3BUTKY CEplEeBOT HEAOCTATHOCTI
(CH), HaBiTh 3a BiICYTHOCTi B aHaMHe3i ceplieBO-CYIMHHMX 3a-
XBOpIOBaHb a00 (akTOpiB iX pusuky. Mema: NOPiBHSITU MPO-
THOCTUYHY LiHHICTh GioMapKepiB cepleBOi HEJOCTATHOCTI
NT-proBNP Ta sST2 npu COVID-19. Mamepiaiu ma memoou.
O6ctexeno 115 manienTis i3 COVID-19, sxi Oynu rocmitanizoBa-
Hi y JIbBiBCbKY KJIiHIUHY JIiIKapHIO IIBUIKOI MEIUYHOI JOTTIOMOTH.
Im Busnauanu nokasuuknu sST2 ta NT-proBNP B cuposarui
KpOBi MeTOIOM iMyHO(MepMeHTHOTO aHali3y. KiHleBy KIIiHIYHY
TOUKY OLIiHIOBAJIM BIIPOJAOBXK Iepioay rocmiramisaiii (cepieBo-
CYIMHHA CMePTh a0 CMEPTh Bifl yCiX MPUYMH, TOCHiTa i3allis y
BiIIiJICHHST peaHiMallii Ta iIHTEHCUBHOI Teparii Ta/abo TpuBaia
rocmiTaisaitisi). PU3MK po3BUTKY KiHIIEBOI MOIii pO3paxoByBaIN
IUIST TPYIU TAL€HTIB, SIKi JOCSATIM TPaHUYHUX KOHIEHTpaliit
sST2 BigmosigHo mo kputepiiB aiarHoctuku CH ACC/AHA,

Ta OKPEeMO Ha OCHOBIi AiarHOCTUYHUX 3HaueHb NT-proBNP.
Pe3yabmamu. TpannyaHi piBHi sST2 y HamroMy nocCiiIkeHHi Bil-
3Ha4yeHo B 7 (28 %) mariieHTiB, y Toit yac sik suie B 10 (11,1 %)
Bunazakax (p = 0,0461) ymict NT-proBNP BinmosigaB Kputepisim
niarHoctuku CH. B 060X rpymax nauieHTiB, sIKi JOCSTJIM OPO-
roBux Ut niarHoctuku CH 3HaYeHb, BUSIBIIEHO PU3MK PO3BUTKY
KiHIIeBUX KJiHiuHuX Toyok: OR = 10,67; 95% AI: 1,31-86.9;
p =0,0270 Ta OR = 7,0; 95% AI: 1,72—28,6; p = 0,0067 Binmo-
BiZIHO B IEPIILIiii Ta APYTiil rpymnax. 3a J0MOMOI0I0 KOPEIsIiiHOrO
aHaJli3y BUSIBJICHO 3B’S130K MiX IMOKa3HUKaMM KpEaTUHIHY Ta
NT-proBNP (r = 0,6031; p = 0,000), ane He sST2. Bucrnosxu.
CrpaTtudikailisi mauieHTiB Ha OCHOBIi 3HaueHb sST2 pa3owm i3
ouinkoto napameTpiB NT-proBNP Moxke 3a6e3neuuT 101aTKOBY
MPOrHOCTUYHY LiHHICTh MOPiBHSIHO 3 yMicToM NT-proBNP y
xBopux Ha COVID-19 Ta CH.

Kiouosi cioBa: sST2; NT-proBNP; kopoHaBipycHa XxBopo0a;
ceplieBa HEOCTaTHICTb
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