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Abstract: SARS-CoV-2 variants pose a significant threat to global public health. However, their
influence on disease severity, especially among young adults who may exhibit different clinical char-
acteristics, is debatable. In this retrospective study of 229 young adults hospitalized with COVID-19,
we investigated the differences between Poland’s second and third waves of the pandemic. To
identify potential predictors of severe COVID-19 in young adults, we analyzed patient characteristics
and laboratory findings between survivors and non-survivors and we performed logistic regression
to assess the risk of death, mechanical ventilation, and intensive care unit treatment. We found no
increase in COVID-19 severity comparing the third and second waves of the pandemic, indicating
that the alpha variant had no influence on disease severity. In addition, we found that factors, such as
obesity, comorbidities, lung involvement, leukocytosis, neutrophilia, lymphopenia, higher IG count,
the neutrophil-to-lymphocyte ratio, C-reactive protein, procalcitonin, interleukin-6, D-Dimer, lactate
dehydrogenase, high-sensitive troponin I, creatine kinase-myocardial band, myoglobin, N-terminal-
pro-B-type natriuretic peptide, creatinine, urea and gamma-glutamyl transferase, lower estimated
glomerular filtration rate, albumin, calcium and vitamin D3, possibly a decrease in red blood cell
counts, hemoglobin and hematocrit, and an increase in creatine kinase during hospitalization may be
associated with poor outcomes of COVID-19.
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1. Introduction

Coronavirus disease 2019 (COVID-19), declared a pandemic by the World Health
Organization (WHO) on 11 March 2020 [1], is caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2).

SARS-CoV-2 is a highly infectious RNA virus, which utilizes its spike (S) protein
for cellular entry by binding to the host angiotensin-converting enzyme 2 (ACE-2) recep-
tor [2]. This interaction requires the cleavage of the S protein by cell proteases, including
transmembrane protease serine 2 (TMPRSS2) [3].

As of 30 June 2022, 544,324,069 cases of COVID-19 had been reported worldwide,
causing 6,332,963 deaths [4]. In Poland, despite there being low incidence and mortality
rates during the first European wave of the pandemic during the spring of 2020, the second
and the third waves were both associated with high case and mortality rates, with the
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numbers of daily positive SARS-CoV-2 laboratory test results peaking on 7 November 2020
at 27,875 cases and then again on 1 April 1 2021, at 35,251 cases. [5].

By the end of 2020, the emergence of the new variants of SARS-CoV-2, associated with
changes in viral transmissibility, clinical presentation, and/or effectiveness of preventative,
diagnostic, and therapeutic measures, posed a further threat to global public health [6]. This
has prompted researchers and health organizations to characterize the variants of concern
(VOCs), including alpha (B.1.1.7), beta (B.1.351), and later gamma (P.1), delta (B.1.617.2),
and omicron (B.1.1.529) variants [6,7]. Notably, only omicron is still considered a currently
circulating VOC, while the remaining previous VOCs are now labeled by the WHO as
“previously circulating VOCs” [6], by the CDC as “variants being monitored” (VBMs) [7],
and by the ECDC as “de-escalated variants” [8].

The alpha variant (B.1.1.7), first identified in the UK and then spreading worldwide,
was defined by multiple mutations, including changes in the spike protein (N501Y, A570D,
D614G, P681H, T7161, S982A, D1118H, del 69-70, del 144), with case rates increasing from
fewer than 5% of all SARS-CoV-2 infections to more than 60% between November and
mid-December 2020, causing a sharp increase in COVID-19 incidence, hospitalization, and
mortality [9]. In Poland, according to the ECDC report of 15 February 2021, incidence of
the alpha variant among all cases sequenced in the preceding weeks was at 9% [8], while
according to ECDC data on SARS-CoV-2 variants in the EU/EEA [10] only one case of
B.1.1.7 was detected until the end of 2020 (in the week 2020-52), and from the beginning to
the end of January 2021 the incidence of alpha variant was 9.5% (52 reported detections
of B.1.1.7 variant out of 548 sequences carried out), with the overall incidence in weeks
2020-37 to 2021-04, i.e., from 7 September 2020 to 31 January 2021, of 6.5% (53/821), and
then gradually increasing, exceeding 50% in the week 2021-07 (15 February to 21 February
2021) and rapidly rising further to over 90% in March, 2021, with the overall incidence
in weeks 2021-06 to 2021-23 (8 February to 13 June 2021) of 92.4% (15,442/16,709) [10].
These data indicate that the third wave of the COVID-19 pandemic in Poland was mainly
caused by the alpha variant, while the second wave was caused by the previously known
SARS-CoV-2 variants. Hence, one can suspect that the differences between these waves may
indicate the differences between the disease courses depending on the causative variants.

Several studies suggested the alpha variant was more transmissible than the previ-
ously identified SARS-CoV-2 variants [11,12], and this was hypothesized as resulting from
the higher viral load and longer detectability in respiratory secretions, possibly attributable
to mutations of the spike protein, including in the receptor-binding domain and adjacent to
the furin-cleavage site, and therefore affecting viral cell entry [11,13]. Some reports indi-
cated greater disease severity associated with the alpha variant [14-16], however, others
did not find this relationship [13]. Similarly, the widely debated possibility of increased
severity among young people remains unclear [17,18]. Interestingly, Kayano et al. [19]
reported higher odds of severe illness and death in patients infected with alpha variant
compared to preexisting strains, but these results were statistically insignificant among
patients aged <40 years and >79 years old with respect to severe cases and among patients
aged <50 years with respect to deaths. Although the later delta variant is generally con-
sidered to be associated with greater disease severity, data are also inconsistent [20-23].
Nevertheless, the alpha, beta, gamma and delta variants have been de-escalated from being
VOCs, as no longer considered to pose significant risk to public health [24]. Currently
most predominant omicron variant, still labeled as VOC, appears to cause less severe
disease [8,25,26], however, still more data are needed [27].

Although older age is a risk factor for both the incidence and worse prognosis of
COVID-19 [28-32], severe disease and death have also been observed among young
adults [31,33,34]. Moreover, clinical characteristics and laboratory test results in younger
people seem to be different from those in elderly patients [31,34], and this may indicate a
different pathogenesis of COVID-19 in these age groups [34]. Furthermore, although work,
education, and other social settings put young people at a higher risk of SARS-CoV-2 expo-
sure, this age group appears to be less likely to comply with preventative measures [35].
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However, there is limited data available in the literature on the predictors of the severe
course of this disease in young adults [31-34].

The primary aim of this study was to investigate the differences between the course
of disease in young adult inpatients comparing the second and the third waves of the
COVID-19 pandemic in Poland, possibly reflecting differences in the severity of COVID-19
in hospitalized young adults depending on the causative SARS-CoV-2 variant (alpha vs.
wild-type variants). The secondary aim was to identify the potential predictors of severe
course of COVID-19 in this age group.

2. Materials and Methods
2.1. Subjects and Settings

This single-centered, retrospective study of hospitalized young adults with COVID-19
during the second and the third wave of pandemic in Poland was conducted at the
Central Clinical Hospital of the Ministry of the Interior and Administration in Warsaw,
Poland, which was designated by the government for the treatment of patients suffering
from COVID-19.

The inclusion criteria were adults not younger than 18 and not older than 45 years, with
laboratory-confirmed SARS-CoV-2 infection, who were admitted due to severe COVID-19
(i.e., meeting hospital admission criteria for COVID-19, with oxygen saturation of 94% or
less on room air or the need for oxygen therapy [36]) during the second or third waves of the
COVID-19 pandemic in Poland. SARS-CoV-2 infection was diagnosed by either RT-PCR or
rapid antigen test performed on nasopharyngeal samples, following the protocols supplied
by the testing kits’ manufacturers (GeneProof SARS-CoV-2 PCR Kit, GeneProof a.s., Brno,
Czech Republic; GeneFinder TM COVID-19 Plus RealAmp Kit; Panbio™ COVID-19 AG
Rapid Test Device, Abbott, Abbot Rapid Diagnostics Jena GmbH, Jena, Germany; Bioeasy
2019-nCoV Ag Fluorescence, Shenzhen Bioeasy Biotechnology Co. Ltd., Shenzhen, China),
all of which have approximately 100% specificity.

Patients admitted for reasons other than COVID-19 (e.g., trauma, other acute condi-
tions, or serious deterioration in the course of chronic diseases) were excluded from the
study. Pregnant women were also excluded due to the possible influence of pregnancy on
the severity of the disease [37] and on the results of potential laboratory predictors [38].

In our study, we defined the beginning of a wave as the first day of an at least 14-day
period as a continuous increase in the 7-day average number of new cases. The end of a
wave was defined as the last day of an at least 14-day period with a continuous decrease in
the 7-day average number of new cases, preceding the start of a new wave. Therefore, the
second wave was defined as the period from 12 September 2020 to 27 January 2021, and the
third wave from 11 February 2021 to 10 June 2021 [5]. It should be noted that, according to
the ECDC data on SARS-CoV-2 variants in the EU/EEA, the incidence of the alpha variant
in Poland from 7 September 2020 to 31 January 2021 was 6.5%, while in the period from
8 February to 13 June 2021, the alpha variant constituted 92.4% of identified strains [10].

2.2. Clinical Outcomes

Data regarding the patient characteristics (including age, sex, smoking status, and
comorbidities), the course of the disease (including the need for Intensive Care Unit
(ICU) admission, respiratory support, vasopressors, continuous renal replacement therapy
(CRRT), complications, and outcome), and laboratory results, imaging results and blood
oxygen saturation (SpO,) were transcribed from electronic medical records and entered into
the database after anonymization. The criteria for ICU admission were acute respiratory
distress syndrome (ARDS), the need for mechanical ventilation (MV), symptoms of shock or
multi-organ failure and impaired consciousness. The laboratory parameters were collected
from two time points: at admission to hospital (+/—2 days, “at admission”) and on the 7th
day of hospitalization (+/—2 days, “7th DOH”). The patients’ characteristics in the second
and the third waves were compared. Moreover, to assess the role of potential predictors of
disease severity, we used in-hospital death as the main outcome measure by comparing
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the general and clinical characteristics of the survivors and non-survivors. Additionally, to
assess the differences in disease severity, we analyzed the correlations between the patients’
characteristics and the risk for MV and ICU treatment, and performed logistic regression to
identify factors associated with the risk of death, MV, and ICU treatment.

2.3. Ethical Concerns

The study was approved by the Ethics Committee of the Central Clinical Hospital of
the Ministry of the Interior and Administration in Warsaw (decision number 110/2021,
date of approval 24 August 2021) with a waiver for written informed consent due to
the retrospective nature of the study and the data anonymization. The study was per-
formed in accordance with the ethical standards of the Declaration of Helsinki and its
later amendments.

2.4. Statistical Analysis

As most variables were non-normally distributed, continuous variables were reported
as median and interquartile range (IQR) and compared with a Mann—Whitney U-test,
while categorical variables were presented as the number of patients and percentages and
compared with the chi-squared test or Fisher’s exact test as appropriate. For some of the
quantitative variables both raw data and the groups of ranges were analyzed with the
appropriate tests. The correlations between the variables and the need for MV and the ICU
treatment were examined using the Spearman correlation analysis for continuous variables,
and associations of the nominal variables were investigated with the chi-squared test.
These analyses were performed with R software (version 4.0.4; R foundation for statistical
computing, Vienna, Austria). A two-sided p-value < 0.05 was considered statistically
significant. As there was no adjustment for multiple comparison, these findings should
be considered as exploratory. In cases where outliers were identified, the data were also
analyzed after their elimination and replacement with means to assess their impact on the
results. If this led to a different result, these data are also presented.

Logistic regression analysis was performed using Statistica software (version 13.3;
StatSoft, Poland) to determine the association of patients” characteristics and laboratory
parameters and the risk of death, ICU admission, and mechanical ventilation. Non-linear
data were categorized. Variables with more than 20% of missing values were not considered
in this analysis, and in other cases, missing values were imputed using the Weight of Evi-
dence tool. Univariate analysis was first performed, and significant variables obtained on
admission that were significant in the univariate analysis were further included in stepwise
multivariate logistic regression. ROC (receiver operating characteristic) curve analysis
was conducted to assess the predictive ability of covariates and models in multivariate
logistic regression. Graphical presentation of data was carried out using Statistica software
(version 13.3).

3. Results
3.1. General Characteristics and Comparison of the Second and Third Waves

Briefly, 229 COVID-19 patients were included in our study (172 men and 57 women),
of which 75 patients were attributed to the second wave (59 men and 16 women), and
154 to the third wave (113 men and 41 women) of the COVID-19 pandemic. There was
no significant difference regarding gender distribution between the two analyzed waves
(p = 0.480). The median age in both groups was 40 years (IQR 33.5-42 years in the second
wave and 35-43 years in the third wave, range 20-45 years in both waves), with no
statistically significant difference between the waves. None of the patients was vaccinated
against COVID-19 nor did they have documented previous SARS-CoV-2 infection. The
comparison of the general and clinical patients’ characteristics in the two analyzed waves
is summarized in Tables 1, 2 and S1.
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Table 1. Comparison of general patients’ characteristics between the second and the third wave.

Parameter Total Second Wave Third Wave Value
(n = 229) (n =75) (n = 154) P
B female 57 (24.89%) 16 (21.33%) 41 (26.62%)
Sex (n = 229) male 172 (75.11%) 59 (78.67%) 113 (73.38%) 0.480
Age, years (n = 229) 40 (34-43) 40 (33.5-42) 40 (35-43) 0.392 **
98 (82-109) 0.147 %
Weight, kg (n = 160) 100 (84-110) 100 (90-110) (w/o0 median ;
(w/00.178)
97.81)
31.25 (27.45-33.95)
2 _ *%
BMI, kg /m? (1 = 30.58 (27.07-3433)  (w/o median 29.74 (29.6-34.34) 0316
154) (w/00.455)
31.02)
Comorbidities (any o o o "
of the following) 93 (40.61%) 35 (46.67%) 58 (37.66%) 0.247
Hypertension 34 (14.85%) 9 (12%) 25 (16.23%) 0.517 *
Asthma 18 (7.86%) 8 (10.67%) 10 (6.49%) 0.401 *
Comorbidities (n = Chronic 5 (2.18%) 2 (2.67%) 3 (1.95%) 0.664 *+*
229) arrhythmia e s e ’
Diabetes 18 (7.86%) 7 (9.33%) 11 (7.14%) 0.752 *
Insulin resistance 6 (2.62%) 2 (2.67%) 4 (2.6%) 1
Dyslipidemia 6 (2.62%) 1 (1.33%) 5 (3.25%) 0.667 ***
Hyperthyroidism 9 (3.93%) 3 (4%) 6 (3.9%) 1
Hashimoto disease 7 (3.06%) 2 (2.67%) 5 (3.25%) 1
w/o: without outliers; * Chi-squared with Yates correction; ** Mann-Whitney U test; *** Fisher’s exact test.
Continuous variables are presented as median (IQR), categorical variables are presented as 1 (%).
Table 2. Comparison of clinical patients’ characteristics between the second and the third wave.
Parameter Total Second Wave Third Wave Value
(n = 229) (n = 75) (n = 154) P
Dyspnea 210 (91.7%) 69 (92%) 141 (91.56%) 1*
Fever 195 (85.15%) 66 (88%) 129 (83.77%) 0.517 *
Cough 195 (85.15%) 62 (82.67%) 133 (86.36%) 0.589 *
Fatigue 130 (56.77%) 40 (53.33%) 90 (58.44%) 0.555 *
Diarrhea 41 (17.9%) 9 (12%) 32 (20.78%) 0.149 *
Nausea or vomiting 27 (11.79%) 10 (13.33%) 17 (11.04%) 0.774 *
Symptoms (n = 229) Myalgia 67 (29.26%) 22 (29.33%) 45 (29.22%) 1*
Sore throat 18 (7.86%) 2 (2.67%) 16 (10.39%) 0.076 *
Headache 42 (18.34%) 11 (14.67%) 31 (20.13%) 0.412*
Smell and/or taste o o o .
disorders 43 (18.78%) 18 (24%) 25 (16.23%) 0.218
Smell disorders 37 (16.16%) 16 (21.33%) 21 (13.64%) 0.196 *
Taste disorders 37 (16.16%) 15 (20%) 22 (14.29%) 0.339 ***
Hemoptysis 8 (3.49%) 4 (5.33%) 4 (2.6%) 0.444 ***
Percentage of lung involvement on CT,% (1 = 207) 31 (20.5-45) 30 (20-45) 33 (25-50) 0.319 **
Lung involvement on CT > 50% (n = 207) 51 (24.64%) 13 (20.31%) 38 (26.57%) 0.429 *
Death (n = 229) 16 (6.99%) 8 (10.67%) 8 (5.19%) 0.212*
Conventional oxygen therapy (n = 229) 222 (96.94%) 73 (97.33%) 149 (96.75%) 1
HENO (n =229) 55 (24.02%) 20 (26.67%) 35 (22.73%) 0.624 ***
Mechanical ventilation (n = 229) 22 (9.61%) 11 (14.67%) 11 (7.14%) 0.115*
ICU admission (n = 229) 31 (13.54%) 15 (20%) 16 (10.39%) 0.074 *
ICU mortality (n = 31) 15 (48.39%) 8 (53.33%) 7 (43.75%) 0.862 *

* Chi-squared with Yates correction; ** Mann-Whitney U test; *** Fisher’s exact test. Continuous variables are
presented as median (IQR), categorical variables are presented as 1 (%).
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There were no significant differences between the second and the third wave regarding
weight and BML. It is worth noting that normal BMI (below 25 kg/ m?) was found in only
12.34% of patients (n = 19). There were also no significant differences regarding patients’
smoking status.

Ninety-three patients (40.61%) had at least one comorbidity, comprising 35 (46.67%)
and 58 (37.66%) patients from the second and third waves, respectively, and this difference
was not statistically significant. The most common comorbidities were hypertension
(14.85%), asthma (7.86%), and diabetes (7.86%). There were no statistically significant
differences regarding any of the reported comorbidities between the two waves.

The most commonly reported COVID-19 symptoms were dyspnea (91.7%), fever
(85.15%), cough (85.15%), and fatigue (56.77%). Other symptoms included myalgia (29.26%),
smell or taste disorders (18.78%), headache (18.34%), diarrhea (17.9%), nausea and/or
emesis (11.79%), sore throat (7.86%), and hemoptysis (3.49%). There were no statistically
significant differences regarding any of the reported symptoms between the two waves.

The median percentage of lung involvement on computed tomography (CT) was
31%, comprised of 30% in the second wave and 33% in the third wave (p = 0.319). Lung
involvement of at least 50% was found in 24.64% of the patients, comprising 20.31% in the
second wave and 26.57% in the third wave (p = 0.429).

The median period from the onset of symptoms to hospital admission was eight days
(IQR 6-10 days) in the second wave and nine days (IQR 7-11 days) in the third wave
(p = 0.074). The median duration of hospitalization among survivors was significantly
longer (p = 0.036) in the second wave (11 days, IQR 9-16 days) compared to the third wave
(10 days, IQR 8-13.25 days).

Regarding medical treatment, 227 patients (99.1%, including 100% in the second
wave and 98.7% in the third wave) received low molecular-weight heparin (LMWH),
222 patients (96.9%, including 98.7% in the second wave and 96.1% in the third wave)
received dexamethasone, 166 patients (72.5%, including 74.7% in the second wave and
71.4% in the third wave) received antibiotics, 59 patients (25.8%, including 25.3% in the
second wave and 26% in the third wave) received remdesivir, nine patients (3.9%, including
3.9% in the second wave and 4% in the third wave) received tocilizumab, and 20 patients
(8.7%, including 9.3% in the second wave and 8.4% in the third wave) received convalescent
plasma, with no significant differences between two waves (Table S1).

Due to the study inclusion criteria (patients requiring hospitalization due to severe
COVID-19) almost all patients required oxygen therapy (96.94% of all patients, comprising
97.33% and 96.75% of the patients from the second and third waves, respectively). Fifty-five
patients (24.02%) required high flow nasal oxygen therapy (HFNO), comprising 20 (26.67%)
and 35 (22.73%) patients in the second and third waves, respectively. Mechanical ventilation
(MV) was necessary in 9.61% of patients, comprising 14.67% and 7.14% in the second and
third waves, respectively. There were no significant differences regarding the need for
conventional oxygen therapy, HFNO, MV, the overall length of oxygen therapy, maximum
oxygen flow in conventional therapy, and HFNO and FiO2 in HFNO between the two
analyzed waves.

Thirty-one patients (13.54%) required ICU admission, comprising 15 patients (20%)
from the second wave and 16 patients (10.39%) from the third wave, with no statistically
significant difference between two waves (p = 0.074). The median period from the onset
of symptoms to ICU admission was 10 days in both groups. There was also no significant
difference regarding the need for vasopressors and CRRT. Sixteen patients (6.99%) died,
comprising eight (10.67%) patients from the second wave and eight (5.19%) patients from
the third wave, with no statistically significant difference between the two waves (p = 0.212).
There was no statistically significant difference in ICU mortality between the groups
(p = 0.862), with rates of 53.33% and 43.75% for the second and third waves, respectively
(Tables 1, 2 and S1).

Leukocyte (white blood cell, WBC), neutrophil and platelet (PLT) counts, neutrophil
and immature granulocyte (IG) percentages, the frequency of leukocytosis (defined as WBC
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count > 10 x 103/uL) and neutrophilia (defined as neutrophil count > 7 x 103 /uL), the
neutrophil-to-lymphocyte ratio (NLR), prothrombin time (PT) and INR at admission were
higher; and the lymphocyte percentages and activated partial thromboplastin time (APTT)
at admission were lower in the second wave compared with the third wave, while these
differences were not statistically significant at the 7th DOH. C-reactive protein (CRP) at
the 7th DOH was significantly higher in the second wave compared with the third wave.
However, this difference was not statistically significant after the removal of the outliers,
and there was no significant difference between the two waves regarding CRP levels at
admission. Procalcitonin (PCT) was significantly higher, while albumin and myoglobin
were significantly lower in the second wave compared with the third wave at the 7th
DOH, but not at admission. There were no statistically significant differences between the
two waves regarding interleukin-6 (IL-6), ferritin, antithrombin III (AT III), D-Dimer at
admission, fibrinogen, lactate dehydrogenase (LDH), calcium and vitamin D3 levels, nor in
the levels of cardiac, renal, and liver injury markers. However, D-Dimer at the 7th DOH
was significantly higher, and D-Dimer > 500 png/L FEU at the 7th DOH was significantly
more frequent in the second wave than in the third wave. There were no differences in red
blood cell (RBC) and lymphocyte counts, the frequency of lymphopenia, thrombocytopenia
(defined as PLT count below 150 x 103/uL), and thrombophilia (defined as PLT count
above 400 x 103/uL), and hemoglobin and hematocrit levels (Tables 3, 4, S2 and S3).

Table 3. Comparison of patients’ laboratory parameters (as continuous variables) between the second
and the third wave.

Parameter Total Second Wave Third Wave Value *
(n = 229) (n =75) (n = 154) P

WBC—at admission, 7.48 (5.67-11.2)
Y10 /L (1 = 227) 6.39 (4.53-8.31) (/0 median 7 5.66 (4.32-7.41) <0.001

o 3
2’:‘3%87? DOH, x10°/uL 8.72 (6.97-10.61) 8.99 (7.11-10.37) 8.68 (6.92-10.64) 0.699 (w /0 0.691)
Neutrophil count—at
admission, x10%/uL 4.8 (3.17-6.66) (w5/’82n$3§i3;9;")2?’)8) 3.98 (2.99-5.92) <0.001
(n = 226) o median 5.
Neutrophil count—7, 5.5 (4.2-7.36) 5.79 (4.44-7.25) 5.3 (4.11-7.43) 0.479 (w/o0 0.341)

DOH, x103/uL (n = 187)

Neutrophil percentage—at
admission, % (n = 226)

77.1 (66.85-83.05) 79.8 (69.7-85.8) 75.7 (65.85-81.05) 0.011 (w/0 0.016)

Neutrophil percentage—7.

DOH, % (1 = 186) 62.7 (54.3-73.28) 63.5 (56.8-71.4) 62.4 (53.9-73.5) 0.574
Lymphocyte count—at

admission, x103/uL 0.94 (0.69-1.24) 0.93 (0.68-1.25) 0.94 (0.7-1.24) 0.700 (w/0 0.690)
(n =226)

Lymphocyte count—7. B g 2.05 (1.35-2.83)

DOH, x10°/uL ( = 186) 1.98 (1.31-2.72) 1.87 (1.3-2.65) (w /o median 2.04) 0.359 (w/0 0.446)
Lymphocyte —

percentage—at admission, 15.45 (10.3-23.23) 11.8 (8.1-21.35) 17.2 (12. 24.4) 0.004 (w/0 0.003)
. (w/o median 17.1)

Yo (n = 226)

Lymphocyte percentage—7. . . 24.4 (16.1-33.1)

DOH, % (1 = 186) 23.95 (14.75-32.28) 21.7 (12.5-30.3) (w /o0 median 24.3) 0.172 (w/0 0.198)
NLR—at admission 5.04 (2.85-8.23) 6.59 (3.31-10.25) 4.36 (2.72-6.69) 0.005 (w/0 0.010)

(n =226)

(w/o median 6.23)

NLR—7. DOH (n = 186)

2.66 (1.7-4.93) 2.88 (1.81-6.38) 2.55 (1.6-4.68) 0.275 (w/0 0.209)
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Table 3. Cont.

Parameter Total Second Wave Third Wave Value *
(n = 229) (n = 75) (n = 154) P
IG count—at admission,
0.03 (0.02-0.07) 0.05 (0.03-0.1) 0.03 (0.02-0.05) 0.001

x103/uL (n = 217)

IG count—7. DOH,
%103 /uL (n = 186)

0.20 (0.09-0.39)

0.24 (0.08-0.41)

0.16 (0.09-0.39)

0.301 (w/0 0.468)

IG percentage—at

adasion, 5 (1 = 217) 0.6 (0.4-0.9) 0.6 (0.5-1.1) 0.5 (0.4-0.8) 0.027 (w/0 0.020)
%Sf‘;g%e)mage_7' DOH, % 2.2 (1.1-4.05) w /2(')9;123;322).79) 2.1 (1.1-3.9) 0.221 (w/o0 0.406)
zligj/a:f‘(i;‘fz‘;‘;‘ 217 (164.5-282.5) (“f% (;11601;2?17i53)6) 203 (157.75-168.5) 0.009 (w/0 0.011)
E{L:TS@')DOH' x10°/uL 396 (326.5-473.5) 394 (326.25-460.5) (W‘i((’)ofe"‘;i‘afzgz) 0.534 (w/0 0.374)
SZR:PZ;; admission, mg/L. 73.2 (35.8-132.5) 87.2 (45-144.95) 63.5 (34.75-121) 0.074 (w/0 0.118)
CRP—7. DOH, mg/L, 8.8 (4.2-28.5) 12.7 (5.35-50.7) 7.55 (3.83-19.9) 0.049 (w/0 0.077)

(n = 187)

PCT—at admission,
ng/mL (n = 205)

0.12 (0.07-0.2)

0.14 (0.08-0.23)

0.11 (0.07-0.19)

0.088 (w/0 0.082)

PCT—7. DOH (n = 102) 0.08 (0.05-0.17) 0.14 (0.06-0.27) 0.08 (0.05-0.12) 0.023
D-Dimer—at admission,

we/L FEU (1 = 206) 728 (503-1136.5) 797.5 (566.5-1195.75) 710 (480.5-1118.75) 0.156
D-Dimer—7. DOH, pg/L

FEU, 1 (%) (n = 150) 867 (539.5-1556.5) 1399 (823-2763) 793 (512-1238) 0.001
PT—at admission, s 13.4 (12.73-14.68)

(1= 198) 132 (12.3-13.8) (w/o.13.35) 13 (11.98-13.7) 0.010 w/0 0.018)
PT—7. DOH, s (1 = 80) 12.2 (11.7-13.03) 12.5 (12-13.6) 12.1 (11.6-12.7) 0.065 (w /0 0.270)
gjfl_;;t) admission, s 1.19 (1.1-1.25) 1.22 (1.15-1.33) 1.17 (1.08-1.22) 0.003 (w /0 0.006)
INR—7. DOH (1 = 80) 1.11 (1.06-1.18) 1.12 (1.09-1.22) 1.1 (1.05-1.16) 0.082 (w /0 0.060)
apffngt admission, s 33 (29.78-37.13) 31.7 (28.9-36.4) 33.4 (30.45-37.25) 0.039 (w/0 0.042)
APTT—7. DOH, s (1 = 65) 32.1(28.2-36.6) 32.5 (28.5-36.4) 31.95 (27.78-38.7) 0.944
Albumin—at admission,

o/dL (1 = 26) 3.34 (3.18-3.65) 3.22 (3.02-3.65) 3.42 (3.27-3.57) 0.315
Albumin—7. DOH, g/dL 3.03 (2.74-3.38) 2.77 (2.65-2.98) 3.38 (3.11-3.42) 0.007

(n=19)

* Mann-Whitney U test; w/o: without outliers. All variables are presented as median (IQR).
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Table 4. Comparison of general patients’ characteristics between survivors and non-survivors.

Survivors

Non-Survivors

Parameter (o = 213) (1 = 16) p-Value
3 female 51 (23.94%) 6 (37.5%)
Sex (n =229) male 162 (76.06%) 10 (62.5%) 0.236 %
Age, years (1 = 229) 40 (34-43) 41.5 (39.5-43) 0.152 **
. B 98 (83-110) 105 (98-123.5) ot
Weight, kg (n =160) (w/0 median 97.81) (w/o0 median 104) 0.026 ** (w/0 0.063)
34.26 (29.59-38.73)
2 _ - *3%
BMI, kg/m= (n = 154) 29.74 (26.46-33.95) (w/o median 33.06) 0.019 ** (w/0 0.097)
<25 18 (12.95%) 1 (6.67%) 0.696 *
25-29.9 52 (37.41%) 3 (20%) 0.292 *
BMI, ranges (1 = 154) 30-34.9 41 (29.5%) 5 (33.33%) 0.771 *
35-39.9 20 (14.39%) 3 (20%) 0.472*
>40 8 (5.76%) 3 (20%) 0.077 ***
Comorbidities (any of o o .
the following) 82 (38.5%) 11 (68.75%) 0.035
Hypertension 30 (14.08%) 4 (25%) 0.268 *
Asthma 17 (7.98%) 1(6.25%) 1*
e _ Chronic arrhythmia 3 (1.41%) 2 (12.5%) 0.041 ***
Comorbidities (n = 229) Diabetes 15 (7.04%) 3 (18.75%) 0.199 *
Insulin resistance 4 (1.88%) 2 (12.5%) 0.058 ***
Dyslipidemia 5 (2.35%) 1 (6.25%) 0.356 ***
Hypothyroidism 8 (3.76%) 1 (6.25%) 0.485 ***
Hashimoto disease 7 (3.29%) 0 (0%) 1
. _ Current 11 (7.14%) 2 (20%) 0.182 ***
Smoking (n = 164) Current or former 16 (10.39%) 4 (40%) 0.021 *
A Rh+ 12 (25%) 6 (42.86%) 0.315*
A Rh— 3(6.25%) 0 (0%) 1
B Rh+ 11 (22.92%) 1(7.14%) 0.267 *
~ B Rh— 2 (4.17%) 2 (14.29%) 0.217 ***
Blood type (n = 62) AB Rh+ 2 (4.17%) 0 (0%) 1%
ABRh— 2 (4.17%) 0 (0%) 1 e
0 Rh+ 15 (31.25%) 5 (35.71%) 0.755 *
0 Rh— 1 (2.08%) 0 (0%) 1+

w/o: without outliers; * Chi-squared with Yates correction; ** Mann—-Whitney U test; *** Fisher’s exact test.
Continuous variables are presented as median (IQR), categorical variables are presented as 1 (%).

3.2. Factors Associated with Poor Prognosis

A comparison of the general, clinical, and laboratory characteristics between the
survivors and non-survivors is presented in Tables 4, 5, 6, and S4 and Figures 1 and 2.
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Table 5. Comparison of clinical patients’ characteristics between survivors and non-survivors.

Parameter Survivors Non-Survivors p-Value
(n=213) (n=16)

Percentage of lung involvement on CT, % (1 = 207) 30 (20—44.25) 70 (40-85) <0.001 **
Lung involvement on CT > 50% (n = 207) 42 (21.65%) 9 (69.23%) 0.001 *
SpO, at admission, % (1 = 190) 90 (87-92) 85 (70-89) 0.004 **
Time from the onset of symptoms to hospital admission, days 8 (7-11) 7 (5.5-9) 0.048 **
Conventional oxygen therapy (n = 229) 206 (96.71%) 16 (100%) 1 e
Maximum oxygen flow (conventional oxygen therapy), 1/min (n = 214) 6.5 (5-15) 15 (15-15) <0.001 **
HFNO (n = 229) 41 (19.25%) 14 (87.5%) <0.001 ***
Maximum flow—HEFNO (1/min; (n = 55) 60 (55-60) 60 (60-78.75) 0.003 **
Maximum FiO2—HFNO, % (n = 55) 90 (78-95) 95 (90.5-98.25) 0.014 **
Mechanical ventilation (n = 229) 6 (2.82%) 16 (100%) <0.001 *
Extubation; (n = 22) 6 (100%) 0 (0%) <0.001 ***
ECMO (n = 229) 6 (2.82%) 2 (12.5%) 0.100 ***
ICU admission (n = 229) 16 (7.51%) 15 (93.75%) <0.001 *
Time from the onset of symptoms to ICU admission, days 10 (8.75-13) 10 (8.5-13) 1
Vasopressors (n = 229) 6 (2.82%) 15 (93.75%) <0.001 *
CRRT (n = 229) 0 (0%) 5 (31.25%) <0.001 ***

* Chi-squared with Yates correction; ** Mann-Whitney U test; *** Fisher’s exact test. Continuous variables are
presented as median (IQR), categorical variables are presented as 1 (%).

Table 6. Comparison of patients’ laboratory parameters (as continuous variables) between survivors

and non-survivors.

Parameter S(;lr:lzvl(;s NorInS:rlvg)v ors p-Value *

Inflammatory Markers

WBC—at admission, x103/uL (n = 227) 6.12 (4.5-8.1) 9.43 (6.95-12.99) 0.001
WBC—7. DOH, x103/uL (1 = 187) 8.66 (6.84-10.2) 13.33 (10.1-20.67) <0.001
Neutrophil count—at admission, x 103 /uL (n = 226) 4.46 (3.12-6.39) 7.69 (5.21-11.58) 0.001
Neutrophil count—7. DOH, x103/uL (1 = 187) 5.35 (4.11-6.99) 11.69 (7.73-13.64) <0.001
Neutrophil percentage—at admission, n(%) (n = 226) 76.9 (66.33-82) 82.65 (76.88-87.28) 0.007
Neutrophil percentage—7. DOH,% (n = 186) 61.9 (53.9-70.3) 84.5 (74.2-86.2) <0.001
Lymphocyte count—at admission, x 103 /uL (n = 226) 0.93 (0.69-1.24) 0.97 (0.72-1.25) 0.896
Lymphocyte count—7. DOH, x103/uL (1 = 186) 2.07 (1.37-2.79) 0.9 (0.76-1.49) <0.001
Lymphocyte percentage—at admission,% (1 = 226) 16.7 (10.4-23.95) 11.35 (7.38-12.3) 0.001
Lymphocyte percentage—7. DOH, % (1 = 186) 24.4 (17.5-32.8) 6.9 (6.4-9) <0.001
NLR—at admission (1 = 226) 4.49 (2.77-7.83) 7.11 (6.52-11.33) 0.002
NLR—7. DOH (n = 186) 2.52 (1.66-4.16) 11.58 (7.42-13.1) <0.001
IG count—at admission, x103/uL (1 = 217) 0.03 (0.02-0.06) 0.09 (0.06-0.14) <0.001
IG count—7. DOH, x103/uL (1 = 186) 0.18 (0.08-0.37) 0.64 (0.33-0.76) 0.001
IG percentage—at admission,% (n = 217) 0.5 (0.4-0.8) 1.05 (0.7-1.3) <0.001
IG percentage—7. DOH,% (n = 186) 2.2 (1-3.8) 49 (2.6-9.1) 0.009
CRP—at admission, mg/L (n = 222) 70.5 (34.65-126.4) 145.6 (82.11-161.7) 0.006
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Table 6. Cont.

Parameter S(t;r:lz\;(;l;s Nor:;S:rlvg)v ors p-Value *
CRP—7. DOH, mg/L, (n = 187) 7.6 (3.85-18.6) 91.75 (55.73-127.75) <0.001
PCT—at admission, ng/mL (n = 205) 0.11 (0.07-0.18) 0.39 (0.18-1.22) <0.001
PCT—7. DOH, ng/mL (n = 102) 0.07 (0.05-0.13) 0.61 (0.29-0.74) <0.001
Ferritin—at admission, ng/mL (n = 61) 1156 (473-1498) 2128 (1604-2716.75) 0.088
Ferritin—7. DOH, ng/mL (n = 31) 901.5 (430-1343.25) 1455 (1455-1455) -
IL-6—at admission, ng/mL (n = 116) 18.5 (6.72-53.78) 106.4 (69.43-160.75) 0.015
IL-6—7. DOH, ng/mL (n = 53) 7.28 (4.01-19.1) 65.7 (24.35-741.5) 0.041
AT Ill—at admission,% (n = 17) 94.5 (85-100.25) 95 (80.5-117) 0.732
AT III—7. DOH, % (n = 10) 112 (101.5-117.5) 91 (84.5-95.5) 0.252
Coagulation Parameters
PLT—at admission, x103/uL (1 = 227) 217 (161-280.5) 225 (194-322.75) 0.253
PLT—7. DOH, x103/uL (n = 187) 398 (339.25-473.75) 353 (240-471) 0.334
D-Dimer—at admission, pug/L FEU (n = 206) 712 (487-1123) 991 (728-1593.5) 0.015
D-Dimer—7. DOH, ng/L FEU (1 = 150) 823 (531-1363.25) 1810.5 (1346.75-5268) <0.001
PT—at admission, s (1 = 198) 13.2 (12.3-13.8) 12.9 (11.98-14) 0.767
PT—7. DOH, s (n = 80) 12.2 (11.7-13.1) 12.5 (12.05-13) 0.695
INR—at admission (n = 199) 1.19 (1.11-1.25) 1.14 (1.07-1.27) 0.541
INR—7. DOH (n = 80) 1.11 (1.06-1.19) 1.12 (1.1-1.17) 0.883
APTT—at admission, s (1 = 196) 33.25 (30.2-37.35) 29.25 (27.28-32.45) 0.012
APTT—7. DOH, s (1 = 65) 32.1 (28.6-35.7) 34.1 (25.88-46.73) 0.750
Fibrinogen—at admission, mg/dL (n = 62) 598 (501.75-737.75) 531 (392.5-673.75) 0.255
Fibrinogen—7. DOH, mg/dL (n = 39) 481.5 (385.5-553.5) 613 (410-702) 0.279
RED BLOOD CELL INDICES
RBC count—at admission, x100/uL (n = 227) 4.78 (4.53-5.05) 4.95 (4.7-5.08) 0.269
RBC count—7. DOH, x10°/uL (1 = 187) 4.77 (4.5-5.06) 3.85(3.43-4.12) <0.001
Hemoglobin—at admission, g/dL (n = 227_ 14.3 (13.5-15.1) 14.55 (13.15-15.35) 0.699
Hemoglobin—7. DOH, g/dL (n = 187) 14.2 (13.2-15.18) 11.6 (9.4-12.1) <0.001
Hematocrit—at admission,% (n = 227) 41.5 (39.35-44) 43.45 (39.68-44.13) 0.292
Hematocrit—7. DOH,% (n = 187) 41.95 (39.4-44) 35 (30-36.6) <0.001
Non-Specific Tissue Damage and Cardiac Injury Markers
LDH—at admission, U/L (n = 172) 396 (310-533) 783 (591-1257) <0.001
LDH—7. DOH, U/L (n = 46) 387 (250-442) 865 (865-865) -
Myoglobin—at admission, ng/mL (n = 15) 60 (49-118) 2687.5 0.039

(721.75-3087.25)

Myoglobin—7. DOH, ng/mL (n = 11) 28 (23.5-76.5) 258.5 (124-300) 0.085
CK—at admission, U/L (n = 142) 240 (114-422.25) 426 (97.25-1860.25) 0.236
CK—7. DOH, U/L (n = 38) 42.5 (26-101.5) 203.5 (195-261) 0.004
CK-MB—at admission, U/L (n = 124) 18 (15-24) 23 (18.85.36.5) 0.022
CK-MB—7. DOH, U/L (n = 27) 14 (12-30) 22 (18-30.75) 0.159
NT-proBNP—at admission, pg/mL (n = 142) 98 (40.5-175.5) 322 (92-1068) 0.012
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Table 6. Cont.

Parameter S(t;r:lz\;(;l;s Nor:;S:rlv;)v ors p-Value *

NT-proBNP—7. DOH, pg/mL (n = 42) 111.5 (47.75-207.75) 429 (205.75-3615.5) 0.001
hs-Tnl—at admission, pg/mL (n = 153) 3.25 (3.2-6.38) 12.5 (47-23.9) 0.001
hs-Tnl—7. DOH, pg/mL (n = 40) 3.2 (1.2-3.2) 26.7 (17-165.15) 0.003
Renal Injury Markers

Creatinine—at admission, mg/dL (n = 222) 0.9 (0.76-1.03) 0.99 (0.84-1.27) 0.036
Creatinine—7. DOH, mg/dL (1 = 169) 0.81 (0.72-0.91) 0.88 (0.55-1.96) 0.616
EGFR—at admission, mL/min (n = 215) 91 (78-103.5) 79.5 (52.75-91.75) 0.011
EGFR—7. DOH, mL/min (n = 169) 102 (89-117.5) 98 (43.5-139.25) 0.572
Urea—at admission, mg/dL (n = 209) 27 (21.25-34.75) 37 (27.85-48.5) 0.011
Urea—7. DOH, mg/dL (n = 124) 32 (27-37) 52 (42-81.75) <0.001
Liver Injury Markers

ALT—at admission, U/L (n = 226) 47 (33-68) 49.5 (27-88.75) 0.758
ALT—7. DOH, U/L (n = 150) 100 (62-154) 42 (28.5-47.5) 0.001
AST—at admission, U/L (n = 219) 48 (34.5-70) 53 (39.75-145.5) 0.185
AST—7. DOH, U/L (n = 148) 46 (30-71) 37 (25-44) 0.149
GGT—at admission, U/L (n = 58) 58 (36.5-137.5) 136 (71-250.5) 0.076
GGT—7. DOH, U/L (n = 41) 94 (58-191.75) 158 (105-184) 0.690
Total bilirubin—at admission, mg/dL (n = 165) 0.43 (0.31-0.54) 0.58 (0.37-0.99) 0.055
Total bilirubin—7. DOH, mg/dL (n = 63) 0.44 (0.31-0.6) 0.3 (0.25-0.52) 0.211
Other Laboratory Parameters

Albumin—at admission, g/dL (n = 26) 3.46 (3.15-3.82) 3.22 (3.19-3.28) 0.211
Albumin—7. DOH, g/dL (n = 19) 3.36 (3.06-3.44) 2.74 (2.67-2.9) 0.004
Total calcium—at admission, mmol/L (1 = 42) 2.16 (2.06-2.24) 2.05 (2.02-2.09) 0.049
Total calcium—7. DOH, mmol/L (n = 34) 2.27 (2.2-2.32) 2.08 (1.99-2.17) <0.001
Vitamin D3—at admission, ng/mL (n = 81) 27.7 (19.85-33.85) 18.75 (15.38-25.13) 0.173

Vitamin D3—7. DOH, ng/mL (n = 6)

22.45 (16.7-35.4)

w/o: without outliers; * Mann-Whitney U test. All variables are presented as median (IQR).

There were no significant age (p = 0.152) and sex (p = 0.236) differences between
the survivors and non-survivors. There were also no differences between these groups
regarding the frequencies of any of the blood types. Weight and BMI were higher in the
non-survivors compared to survivors. However, these differences were not significant after
the removal of the outliers.

Comorbidities were more frequent in the non-survivors compared to survivors (68.75%
vs. 38.5%, p = 0.035). Moreover, chronic arrhythmia was significantly more frequent in the
non-survivors than in survivors, while there were no statistically significant differences
in the frequency of insulin resistance, diabetes, hypertension, asthma, hypothyroidism, or
Hashimoto disease. A history of current or former smoking was significantly more frequent
among non-survivors than survivors, while there was no significant difference between
these groups regarding current smoking status.
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Figure 1. Comparison of symptoms frequency between survivors and non-survivors (presented as
percentages, with p-values for each comparison).

Regarding the reported symptoms, fever and cough were significantly more frequent
among the survivors than non-survivors. However, this may be due to the poorer availabil-
ity of data on baseline symptoms in patients who were at the critical stage of COVID-19 at
admission and should be interpreted with caution. There were no significant differences
regarding other initial symptoms, such as dyspnea, fatigue, diarrhea, nausea and vomiting,
myalgia, sore throat, headache, smell and/or taste disorders, and hemoptysis.

The percentage of lung involvement on CT was significantly higher and lung involve-
ment of at least 50% was more frequent in the non-survivors than in survivors.

SpO, at admission was significantly lower and the maximum oxygen flow needed
in conventional oxygen therapy was significantly higher in the non-survivors than in
survivors. Non-survivors required HFNO, MV, ICU admission, vasopressors, and CRRT
more frequently than survivors.



Viruses 2022, 14, 1700

14 of 36

WBG count at admission
52 (24.6%) w>
w 8(50%)
survivors nonsurvivors

neutrophil count at admission

13 (62%)
43 (205%) ‘
10 (76.9%)
survivors nonsurvivors
neutrophil percentage at admission
1(0.5%)
|
62(29.5%)

147 (70%) 16 (100%)

survivors nonsurvivors

lymphocyte count at admission

96 (45.7%)
114(54.3%) 9(56.25%)

survivors nonsurvivors

lymphocyte percentage at admission

»

1(05%) )
Survivors nonsurvivors
NLR at adrission
20 (9.5%)
190 (90.5%) 16 (100%)
survivors nonsurvivors
CRP at admission
72 (34.8%) 10(66.7%)
survivors nonsurvivors
PCT at admission
72 (34.8%)
I 10 (62.5%)
survivors nonsurvivors

PLT count at admission
12 (5.7%) 1(6.25%)

Swm]

150 (75.4%)

survivors nonsurvivors

D-Dimer at admission

»

survivors nonsurvivors

LDH at admission

9(81.8%)

survivors nonsurvivors

WBC count 7. DOH

74%)
[ <asxtozpL [p=0370] 4827 ﬁ% 119 65.4%)
[ 4510x10%uLip=0079]

O] »1ox10%L  [p=0.001]
survivors nonsurvivors

neutrophil count at 7. DOH
5(2.0%) 1(7.7%
[ <1.9x109L [p=0.606]
[ 1.9.7%10%L p=0.007
[ s7x10L  p=0.001

42 (24.3%)
126 (72.8%)

survivors nonsurvivors

neutrophil percentage at 7. DOH
7 (4.05%)

NET

111 (64.2%)

[ <a0% =1
[ 40-68% [p=0.007]
[ =68% [p=0.007]

survivors nonsurvivors

lymphocyte count at 7. DOH
1(1.2%) 43 (7 5%)

[ <0.9x10vL =1
[ 095x10%L [p=1]
[ ssx100mL [

6(46.15%)

7 (53.85%)
158 (91.3%)

survivors nonsurvivors
lymphocyte percentage at 7. DOH
4(2.3%)
[ <19% [p=0.002)
[ 19-48% [p=0.003
[ »48% [p=1]

survivors nonsurvivors
NLRat7. DOH
<2 68 (39.3%) 13 (100%)
[p=0372]
=2
survivors nonsurvivors
CRPat7. DOH
3(1.8%)
[] <100 mgi 6(429%) |8 (57.1%)
[p=0.028] 164 (98.2%)
[ >=100ng1
survivors nonsurvivors
PCTat 7. DOH
[] <=05 ngimL. 7(53.8%) 6(46.2%)
[p=0.003] 164 (98.2%)
[ >05ngmL
survivors nonsurvivors

PLT count at 7. DOH
1(0.6%)

86 (49.4%)

survivors nonsurvivors

1(7.7%;

[ <tsoxtoL  [p=0316]
] 150400x10%L [p=1]
[ »400x10°mL  [p=0078]

D-Dimer at 7. DOH

[ <=500 pgrL FEU

14(100%)
[p=0.014) 107 (78.7%)
[ > 500 pgL FEU

survivors nonsurvivors

LDH at 7. DOH

[ <=s00 UL 36 (80%) 1(100%)
[p<0001]
[ >s00uL

survivors nonsurvivors

@

o

o

)
6(46.15%)

<45x10%L  [p=1]
45-10x10%L[p=0.002]

oood

#10x10%L  [p=0.001]

<1910%L [p=1]

1.9-7x10%L [p<0.001]

ood

ST*103L  [p<0.001]

<40% [p=1]
40-68% [p=0.001]

ood

266% [p<0.001]

<0.9x10%L [p=0.001]
0.9-5x10%L [p=0.001]

ooo

=5x10%L  [p=1]

[0 <19% [p<0.001]
[ 19-48% [p<0.001]
[ -48% =11

2.
[p=0.002]

O-
=2

] <100mgi

D >=100 ng/L

[p<0.001]

[] «<o05ngmL

[p<0.001]
] > o05ngmL

[0 <1s0xt02mL  [p=0.135]
[ 150-400x10%L [p=1]

[ sa00xtozpL =1

[ <=500ugL FEU
[p=0073]
[ > 500 gL FEU

[] <=s00uL
[p=0217]
[ >s00uL

Figure 2. Comparison of patients” laboratory parameters (as categorical variables) between survivors
and non-survivors. Variables are presented as the number of patients and percentages and compared
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with the chi-squared test or Fisher’s exact test as appropriate. p-values are presented for each
comparison. A two-sided p-value < 0.05 was considered statistically significant. Leukocytosis and
NLR > 2 at 7. DOH, and neutrophilia, lymphopenia, CRP > 100 mg/L and PCT > 0.5 ng/mL at
admission and at 7. DOH were found more frequently in non-survivors compared to survivors,
indicating a hyperinflammatory reaction. Moreover, a higher prevalence of D-Dimer levels greater
than 500 ug/L FEU at admission may indicate hypercoagulability, while a higher prevalence of LDH
levels above 500 U/L at admission may reflect more pronounced tissue damage in non-survivors.

WBC count, neutrophil count, neutrophil percentage, NLR, IG count, and IG percent-
age were significantly higher, leukocytosis and neutrophilia were more frequent, and the
lymphocyte percentage was lower in the non-survivors than in survivors, both at admission
and at the 7th DOH. The lymphocyte count was significantly lower, and lymphopenia (de-
fined as a lymphocyte count below 0.9 x 103/pL) and NLR of at least 2 were significantly
more frequent in the non-survivors than in survivors at the 7th DOH, but not at admission.

CRP, PCT, and IL-6 levels were significantly higher, and CRP > 100 mg/L and
PCT > 0.5 ng/mL were significantly more frequent in non-survivors compared to sur-
vivors at admission and at the 7th DOH. There were no significant differences between
non-survivors and survivors regarding ferritin and AT III levels.

D-Dimer at admission and at the 7th DOH was significantly higher and D-
Dimer > 500 png/L FEU at admission was significantly more frequent in non-survivors com-
pared to survivors. APTT at admission, but not at the 7th DOH, was significantly longer in
survivors compared to non-survivors, while there were no significant differences between
these groups regarding the PLT count, PT, and fibrinogen. LDH levels at admission were
significantly higher and LDH > 500 U/L at admission was significantly more frequent in
non-survivors than in survivors.

There were no significant differences regarding RBC counts and hematocrit and
hemoglobin levels at admission. However, at the 7th DOH these parameters were signifi-
cantly lower in the non-survivors than in survivors.

High-sensitive troponin I (hs-Tnl) and N-terminal-pro-B-type natriuretic peptide (NT-
proBNP) levels were significantly higher in non-survivors than in survivors at admission
and at the 7th DOH. The creatine kinase-myocardial band (CK-MB) and myoglobin levels
were significantly higher in non-survivors than in survivors at admission, while at the 7th
DOH these differences were not significant. The creatine kinase (CK) levels at the 7th DOH
were significantly higher in non-survivors than in survivors, while this difference was not
significant at admission.

Urea levels were significantly higher in non-survivors than in survivors at admission
and at the 7th DOH, while creatinine levels were significantly higher, and the estimated
glomerular filtration rate (EGFR) was significantly lower in non-survivors than in survivors
at admission, but not at the 7th DOH.

Alanine aminotransferase (ALT) levels at the 7th DOH, but not at admission, were
significantly higher in survivors compared with non-survivors. However, there were
no other statistically significant differences between these groups regarding liver injury
markers, such as aspartate aminotransferase (AST), gamma-glutamyl transferase (GGT),
and/or total bilirubin levels.

Albumin concentrations were significantly lower in non-survivors than in survivors
at the 7th DOH, while this difference was not significant at admission.

Total calcium concentrations were significantly lower in non-survivors than in sur-
vivors at admission and at the 7th DOH, while vitamin D3 levels were significantly lower
in non-survivors than in survivors at admission, but not at the 7th DOH.

3.2.1. Correlations between Patients’ Characteristics and the Need for MV and
ICU Treatment

Correlations between patients’ characteristics and the need for MV and ICU treatment
are presented in Tables S5-57.
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There was a weak association between weight, BMI, BMI above 40 kg/ m?2, and co-
morbidities and the need for MV. There were also weak associations between diabetes and
smoking and the need for MV and ICU treatment. There was a positive correlation between
the percentage of lung involvement on CT and the maximum oxygen flow in conventional
oxygen therapy and a negative correlation between SpO, at admission, and the need for
MYV and ICU treatment. The need for HENO, ICU treatment, vasopressors, and CRRT were
associated with the need for MV, and the need for HFNO, MV, vasopressors, and CRRT
were associated with the need for ICU treatment.

WBC, neutrophil and IG counts, neutrophil percentage, NLR, CRP, PCT, and IL-6
levels were positively correlated with the need for MV and ICU treatment, and there was an
association between leukocytosis and neutrophilia, CRP > 100 mg/L and PCT > 0.5 ng/mL
(at admission and at the 7th DOH) and the need for MV and ICU treatment. There was also
a weak negative correlation between the lymphocyte count at the 7th DOH and the need for
MYV and ICU treatment, and an association of lymphopenia at the 7th DOH and the need
for MV and ICU treatment. Ferritin levels at admission were positively correlated with the
need for MV, while ferritin levels at the 7th DOH—with the need for ICU treatment. RBC
counts, hematocrit and hemoglobin levels at the 7th DOH were negatively correlated with
the need for MV and ICU treatment.

PLT count and thrombophilia at admission were positively correlated with the need
for MV and ICU treatment, and thrombocytopenia at admission with the need for ICU
treatment. There was a positive correlation between D-Dimer, and an association of D-
Dimer > 500 pg/L FEU (at admission and at the 7th DOH), and the need for MV and
ICU treatment.

There was a positive correlation between LDH levels (at admission and at the 7th
DOH), and an association of LDH > 500 U/L at admission and the need for MV and ICU
treatment. The need for MV and ICU treatment were also correlated positively with the
hsTnl and NT-pro-BNP levels at admission and at the 7th DOH, CK-MB and myoglobin
levels at admission, and CK levels at the 7th DOH, and there was a positive correlation
between CK levels at admission and the need for ICU treatment, but not MV. Urea levels
were correlated positively with the need for MV and ICU treatment, and creatinine levels
at admission with the need for MV. There was a moderate to strong negative correlation
between albumin and calcium concentrations (at admission and at the 7th DOH) and the
need for MV and ICU treatment, and between vitamin D3 levels at the 7th DOH and the
need for ICU treatment.

3.2.2. Predictors of Death in Logistic Regression

Univariate logistic regression revealed that weight > 100 kg, BMI > 40 kg/ m?2, comor-
bidities, diabetes or insulin resistance, chronic arrhythmia, CK-MB > 20 U/L at admission
and at the 7th DOH, CK > 190 U/L at the 7th DOH, D-Dimer > 500 ng/L FEU at admission
and at the 7th DOH, EGFR < 60 mL/min at admission and at the 7th DOH, GGT > 120 U/L
at admission and at the 7th DOH, hematocrit < 40% at the 7th DOH, hemoglobin < 12 g/dL
at the 7th DOH, creatinine > 1.2 mg/dL at admission and at the 7th DOH, LDH > 500 U/L
at admission, urea > 49 mg/dL at the 7th DOH, NT-proBNP > 190 pg/mL at admission
and at the 7th DOH, RBC count < 4.5 x 10°/pL at the 7th DOH, hsTnl > 34 pg/mL at the
7th DOH, total calcium < 2.1 mmol/L at admission and at the 7th DOH, NLR > 2 at the 7th
DOH, lymphocyte count < 0.9 x 103/uL at the 7th DOH, lymphocyte percentage < 19% at
the 7th DOH, neutrophil count > 7 x 10%/uL at admission and at the 7th DOH, neutrophil
percentage > 68% at the 7th DOH, WBC count > 10 x 103/uL at admission and at the 7th
DOH, CRP > 100 mg/L at admission and at the 7th DOH > 100, and PCT > 0.5 ng/mL at
admission and at the 7th DOH, were associated with increased risk of death (Tables 7 and 8).
Comorbidities, WBC count > 10 x10%/uL, and PCT > 0.5 ng/mL were associated with
death in multivariate analysis for variables obtained at admission (Table 8).
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Table 7. Univariate logistic regression analysis of selected laboratory parameters at the 7th DOH for
the prediction of death, mechanical ventilation, and ICU treatment.

Death MV ICU Treatment
Variable
OR 95% CI p OR 95% CI P OR 95% CI P
CK-I\/1[;30>HZO—7. 26.83 7.47-96.23 <0.001 23.09 6.67-79.9 <0.001 19.84 5.64-69.78 <0.001

CK > 190—7. DOH 70 15.57-314.86  <0.001 70.96 13.88-362.73 <0.001 40.09 8.14-197.45 <0.001
D-Dimer > 500
ug/L FEU—7. 6.94 1.54-31.26 0.012 10.5 2.39-46.05 0.002 10.54 3.1-35.8 <0.001
DOH
EGEFR < 60
mL/min—7. DOH
GGT>120U/L—7.

35.17 5.85-211.54 <0.001 60.59 6.69-548.62 <0.001 37.89 4.26-337.05 0.001

DOH 6.99 2.11-23.14 0.001 6.09 2.02-18.39 0.001 4.96 1.76-14.01 0.003
Hematocrit <
40%—7. DOH 6.81 2.26-20.51 <0.001 9.08 3.36-24.51 <0.001 5.54 2.5-12.29 <0.001
Hemoglobin < 12
¢/dL—7. DOH 14.21 4.64-43.56 <0.001 17.82 6.34-50.07 <0.001 11.87 4.53-31.1 <0.001

Creatinine > 1.2
mg/dL—7. DOH 23.33 4.68-116.27 <0.001 30.15 5.44-167.16 <0.001 18.85 3.48-102.15 <0.001

Urea > 49—7. DOH 25.6 7.66-85.76 <0.001 179.38 34.75-925.99 <0.001 80.71 16.92-384.95 <0.001
NT-proBNP >

190—7. DOH 15.79 4.88-51.09 <0.001 12.57 4.2-37.61 <0.001 7.3 2.57-20.79 <0.001
RBC <4.5 x

106 JulL—7. DOH 8.7 2.87-26.36 <0.001 11.86 4.35-32.31 <0.001 5.28 2.39-11.67 <0.001
hsTnl > 34

pg/mL—7. DOH 31.82 6.72-150.58 <0.001 38.44 7.17-206.09 <0.001 57.46 6.78-487.27  <0.001

IT;’I;"’(I)IC/&&CE;“SC%;I 3135  7.61-129.1  <0.001 3173  7.44-13537  <0.001 3409  682-17024  <0.001
NLR >2—7.DOH 446  124-1609 0023 691 1982406 0002 112 33-3806  <0.001
Lymphocyte count
<09 x 10°/uL—7. 923 29-2936  <0.001 758 26-2211 <0001 591 216162  <0.001
DOH
Lymphocyte
percentage < 1376 377-5022  <0.001 1157  4.06-33.04  <0.001 1354 5453367  <0.001
19%—7. DOH
Neutrophil count >
7x10%/uL—7. 1221  375-39.79 <0001 1186 4353231  <0.001 737  328-1657  <0.001
DOH
Neutrophil
percentage > 6.32 2.1-19 0001 522 207-13.14 <0001  7.14  314-1626  <0.001
68%—7. DOH
WBC count > 10 x
10%/uL—7. DOH
CRP > 100
mg/L—7. DOH
PCT > 0.5
ng/mL—7. DOH

5.73 1.98-16.57 0.001 52 2.09-12.94 <0.001 3.92 1.81-8.66 <0.001
42,95 9.15-192.85 <0.001 47.83 9.13-250.73 <0.001 28.58 5.61-145.54  <0.001

54.44 12.05-246 <0.001 31.73 7.44-135.37 <0.001 34.09 6.82-170.29  <0.001
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Table 8. Univariate and multivariate logistic regression analysis of selected clinical characteristics
and laboratory parameters at admission for the prediction of death.

Univariate Regression Multivariate Regression
Variable
OR 95% CI P OR 95% CI p

Weight > 100 kg 6.02 2.01-18.09 0.001
BMI > 40 kg/m2 5.91 1.4-27.97 0.016

Comorbidities 3.51 1.18-10.48 0.024 3.96 1.21-12.98 0.023
Diabetes or insulin resistance 4.6 1.46-14.77 0.009
Chronic arrthythmia 10 1.54-64.83 0.016
CK-MB > 20—at admission 3.08 1.08-8.73 0.035
D-Dimer > 500 pg/L FEU—at admission 7.99 1.03-61.65 0.046
EGFR < 60 mL/min—at admission 9.23 2.69-31.67 <0.001
GGT > 120 U/L—at admission 7.92 2.53-24.77 <0.001
Creatinine > 1.2 mg/dL—at admission 4.92 1.54-15.74 0.007
LDH > 500 U/L—at admission 4.8 1.7-13.6 0.003
NT-proBNP > 190 pg/mL—at admission 3.66 1.24-10.81 0.019
Total calcium < 2.1 mmol/L—at admission 8.35 2.47-28.24 <0.001
Neutrophil count > 7 x 103/ pl—at admission 6.59 2.27-19.13 <0.001

WBC count > 10 x 103/ uL—at admission 7.19 2.47-20.81 <0.001 5.8 1.45-16.95 0.003
CRP > 100 mg/L—at admission 3.26 1.14-9.34 0.027

PCT > 0.5 ng/mL—at admission 7.39 2.38-22.94 <0.001 4.96 1.45-16.95 0.011

3.2.3. Predictors of MV in Logistic Regression

Univariate logistic regression revealed that weight > 100 kg, BMI > 40 kg/ m?2, comor-
bidities, diabetes or insulin resistance, chronic arrhythmia, CK-MB > 20 U/L at admission
and at the 7th DOH, CK > 190 U/L at admission and at the 7th DOH, D-Dimer > 500 pg/L
FEU at admission and at the 7th DOH, EGFR < 60 mL/min at admission and at the
7th DOH, GGT > 120 U/L at admission and at the 7th DOH, hematocrit < 40% at the
7th DOH, hemoglobin < 12 g/dL at the 7th DOH, creatinine > 1.2 mg/dL at admis-
sion and at the 7th DOH, LDH > 500 U/L at admission, urea > 49 mg/dL at admission
and at the 7th DOH, NT-proBNP > 190 pg/mL at admission and at the 7th DOH, RBC
count < 4.5 x 10°/uL at the 7th DOH, hsTnl > 34 pg/mL at admission and at the 7th DOH,
total calcium < 2.1 mmol/L at admission and at the 7th DOH, NLR > 2 at the 7th DOH,
lymphocyte count < 0.9 x 103/uL at the 7th DOH, lymphocyte percentage < 19% at the
7th DOH, neutrophil count > 7 X 103 /pL at admission and at the 7th DOH, neutrophil
percentage > 68% at the 7th DOH, WBC count > 10 x 103/uL at admission and at the
7th DOH, CRP > 100 mg/L at admission and at the 7th DOH, and PCT > 0.5 ng/mL at
admission and at the 7th DOH, were associated with increased risk of MV (Tables 7 and 9).
BMI > 40 kg/m?, LDH > 500 U/L, WBC count > 10 x 103/uL, and PCT > 0.5 ng/mL,
were significantly associated with MV in multivariate analysis for variables obtained at
admission (Table 9).

3.2.4. Predictors of ICU Treatment in Logistic Regression

Univariate logistic regression revealed that weight > 100 kg, BMI > 40 kg/m?, diabetes
or insulin resistance, CK-MB > 20 U/L at admission and at the 7th DOH, CK > 190 U/L
at admission and at the 7th DOH, D-Dimer > 500 ug/L FEU at admission and at the 7th
DOH, EGFR < 60 mL/min at admission and at the 7th DOH, GGT > 120 U/L at the
7th DOH, hematocrit < 40% at the 7th DOH, hemoglobin < 12 g/dL at the 7th DOH,
creatinine > 1.2 mg/dL at admission and at the 7th DOH, LDH > 500 U/L at admis-
sion, urea > 49 mg/dL at the 7th DOH, NT-proBNP > 190 pg/mL at admission and at
the 7th DOH, RBC count < 4.5 x 10°/uL at the 7th DOH, hsTnl > 34 pg/mL at admis-
sion and at the 7th DOH, total calcium < 2.1 mmol/L at admission and at the 7th DOH,
NLR > 2 at the 7th DOH, lymphocyte count < 0.9 x 10%/uL at the 7th DOH, lymphocyte
percentage < 19% at admission and at the 7th DOH, neutrophil count > 7 x 103/pL at
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admission and at the 7th DOH, neutrophil percentage > 68% at admission and the 7th
DOH, WBC count > 10 x 10®/uL at admission and at the 7th DOH, CRP > 100 mg/L at
admission and at the 7th DOH, and PCT > 0.5 ng/mL at admission and at the 7th DOH
were associated with increased risk of ICU treatment (Tables 7 and 10). D-Dimer > 500 pg/L
FEU, LDH > 500 U/L, WBC count > 10 x 10%/uL, and PCT > 0.5 ng/mL were significantly
associated with ICU treatment in multivariate analysis for variables obtained at admission
(Table 10).

Table 9. Univariate and multivariate logistic regression analysis of selected clinical characteristics
and laboratory parameters at admission for the prediction of mechanical ventilation.

Univariate Regression Multivariate Regression
Variable
OR 95% CI P OR 95% CI p
Weight > 100 kg 4.96 1.97-12.47 <0.001
BMI > 40 kg/ m? 6.35 1.7-23.76 0.006 6.88 1.27-37.45 0.026
Comorbidities 2.84 1.14-7.06 0.025
Diabetes or insulin resistance 5.22 1.87-14.54 0.002
Chronic arrythmia 6.8 1.07-43.13 0.042
CK-MB > 20 at admission 3.48 1.4-8.62 0.007
CK > 190 at admission 2.49 1.02-6.1 0.046
D-Dimer > 500 ng/L FEU—at admission 11.68 1.54-88.62 0.017
EGFR < 60—mL/min at admission 16.33 5.17-51.57 <0.001
GGT > 120 U/L—at admission 8.53 3.03-23.99 <0.001
Creatinine > 1.2 mg/dL—at admission 7.31 2.65-20.19 <0.001
LDH > 500 U/L—at admission 5.85 2.34-14.62 <0.001 4.67 1.58-13.84 0.005
Urea > 49 at admission 5.24 1.63-16.84 0.005
NT-proBNP > 190 pg/mL—at admission 5.8 2.28-14.77 <0.001
hsTnl > 34 pg/mL—at admission 14.93 3.66-60.82 <0.001
Total calcium < 2.1 mmol/L—at admission 10.27 3.36-31.42 <0.001
Neutrophil count > 7 x 10% / uL—at admission 7.54 2.96-19.22 <0.001
WBC count > 10 x 103 /uL—at admission 10.09 3.91-26.05 <0.001 5.75 1.9-17.37 0.002
CRP > 100 mg/L—at admission 5.7 2.13-15.22 <0.001
PCT > 0.5 ng/mL—at admission 13.54 4.87-37.62 <0.001 9.56 2.97-30.92 <0.001
Table 10. Univariate and multivariate logistic regression analysis of selected clinical characteristics
and laboratory parameters at admission for the prediction of ICU treatment.
Univariate Regression Multivariate Regression
Variable
OR 95% CI P OR 95% CI p
Weight > 100 kg 2.57 1.19-5.55 0.017
BMI > 40 kg/m2 4.04 1.11-14.73 0.034
Diabetes or insulin resistance 4.99 1.96-12.74 <0.001
CK-MB > 20 at admission 3.14 1.42-6.98 0.0049
CK > 190 at admission 2.9 1.33-6.31 0.008
D-Dimer > 500 ng/L FEU—at admission 8.47 1.96-36.53 0.004 5.24 1.15-23.84 0.032
EGFR < 60 mL/min—at admission 9.49 3.15-28.59 <0.001
GGT > 120 U/L—at admission 4.95 1.86-13.2 0.001
Creatinine > 1.2 mg/dL—at admission 3.32 1.24-8.88 0.017
LDH > 500 U/L—at admission 5.28 2.39-11.67 <0.001 3.35 1.82-16.17 0.002
NT-proBNP > 190 pg/mL—at admission 5.5 2.38-12.67 <0.001
hsTnl > 34 pg/mL—at admission 9.33 2.35-36.97 0.002
Total calcium < 2.1 mmol/L—at admission 6.13 2.09-17.95 0.001
Lymphocyte percentage < 19% at admission 25 3.43-186.95 0.002
Neutrophil count > 7 x 103/ uL—at admission 7.64 3.39-17.2 <0.001
Neutrophil percentage > 68% at admission 14.66 1.96-109.9 0.009
WBC count > 10 x 103/uL—at admission 6.09 2.62-14.17 <0.001 3.69 1.38-9.85 0.009
CRP > 100 mg/L—at admission 4.72 2.1-10.62 <0.001

PCT > 0.5 ng/mL—at admission 9.35 3.6-24.29 <0.001 5.42 1.82-16.17 0.002




Viruses 2022, 14, 1700 20 of 36

3.2.5. ROC Analysis

The combined multivariate regression models for predicting death, MV, and ICU
treatment had area under the curve (AUCs) values of 0.805, 0.836, and 0.846, respectively.
The ROC curves with AUCs of combined models and individual factors are presented in

Figure 3.
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Figure 3. The receiver operating characteristic (ROC) curves with an area under the curve (AUCs) of
individual factors and combined models in multivariate logistic regression analysis for predicting:
(a) death; (b) MV; and (c) ICU treatment. Nominal data (including comorbidities) and categorized
clinical and laboratory parameters obtained at admission and significant in univariate regression were
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included in this analysis. Comorbidities (AUC = 0.651), WBC count > 10 X 103/uL (AUC = 0.651),
and PCT > 0.5 ng/mL (AUC = 0.650), were associated with death; BMI > 40 kg/ m?2 (AUC = 0.574),
LDH > 500 U/L (AUC = 0.696), WBC count > 10 x 10%/uL (AUC = 0.720), and PCT > 0.5 ng/mL
(AUC =0.698) were associated with MV, while D-Dimer > 500 ug/L FEU (AUC =0.652),
LDH > 500 U/L (AUC = 0.681), WBC count > 10 x 103/uL (AUC = 0.657), and PCT > 0.5 ng/mL
(AUC = 0.650), were associated with ICU treatment. The combined multivariate regression models for
predicting death, MV and ICU treatment had the AUC values of 0.805, 0.836, and 0.846, respectively.

4. Discussion

The SARS-CoV-2 alpha variant has been shown to be more transmissible than the wild-
type variants [11,12]. However, its impact on disease severity remains unclear [13-16,18,39].

Challen et al., in a cohort study of 54,906 matched pairs [15], found that the hazard
ratio of death within 28 days associated with infection with the alpha variant, compared
with the wild-type variants, was 1.64. However, this study only included patients older
than 30 years. Moreover, Davies et al. [14] analyzed a dataset of positive SARS-CoV-
2 community tests, identifying 4945 deceased patients with known SGTF status, and
estimated the hazard of death associated with the alpha variant to be 61% (42-82%) higher
than for those with pre-existing variants. Furthermore, Grint et al. [40] found an increased
risk of death in SGTF (S gene target failure, indicating the B.1.1.7 variant) compared to
non-SGTF cases. However, the age range in the youngest group in an age subgroup analysis
was as wide as 0-59 years. Moreover, although an initial analysis of CO-CIN data reported
by NERVTAG [39] did not identify increased in-hospital case-fatality rate associated with
the alpha variant, several other unpublished analyses summarized in NERVTAG were
consistent in reporting increased disease severity in people infected with the alpha variant
compared to variants then considered as non-VOCs [39].

On the contrary, a study by Frampton et al. [13] found no association of severe disease
and death with B.1.1.7 compared to the non-B.1.1.7 lineage in hospitalized COVID-19
patients. Similarly, Brookman et al. [18] found no evidence of a greater disease severity
in children hospitalized during the second wave in England (1 March to 31 May 2020)
compared to the first wave (1 November 2020, to 19 January 2021), which prompted them
to suggest that there is no appreciably different clinical course of the infection with the
B.1.1.7 variant compared to the original variant. It should be noted that these studies
showing no increased severity and mortality associated with the alpha variant only in-
cluded hospitalized patients [13,18,39]. It is therefore also possible that the SARS-CoV-2
alpha variant could have been associated with more severe disease compared to previous
variants, increasing the number of patients severe enough to meet hospital admission
criteria, but had no impact on the in-hospital outcomes, including mortality [39]. Indeed,
Nyberg et al. found that the risk of hospitalization was higher for people infected with the
alpha variant compared with wild-type variants, with an adjusted hazard ratio of hospital
admission of 1.52 [17]. Moreover, although Martin-Blondel et al. reported a greater severity
of the disease associated with the alpha variant in hospitalized patients, this result was
statistically significant when defining severe disease as a WHO-scale > 5 or the need of a
non-rebreather mask, while the differences in the mortality rate and the need for HFNO,
ICU admission and MV or ECMO were not statistically significant [16]. It is also noteworthy
that the alpha variant has been de-escalated from being VOC, indicating that it no longer
poses a significant risk to public health [7].

In our study, we found no significant differences in disease severity or mortality
between the second and third wave patients, which may indicate that in hospitalized
severely ill young adults, the SARS-CoV-2 alpha variant did not increase the incidence
of critical disease or death. Indeed, we found no significant differences between the two
waves regarding mortality and the need for ICU. There were also no differences between
the second and third waves regarding the median percentage of lung involvement on CT at
admission and the need for MV. Therefore, our results indicate that the alpha variant does
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not appear to be associated with worse outcomes in hospitalized young adults than the
wild-type variants.

It is noteworthy that we have found no significant differences between the second
and third waves regarding sex, BMI, smoking status, and comorbidities. Moreover, in
our study WBC, neutrophil and IG counts, IG percentages, NLR and the frequency of
leukocytosis and neutrophilia at admission were higher, and the lymphocyte percentage at
admission was lower in the second wave compared with the third wave, while there were
no significant differences regarding IL-6, CRP, and ferritin levels between these two waves.
Furthermore, although there was no significant difference between waves in terms of PCT
levels at admission, PCT levels at the 7th DOH were significantly higher in the second
wave compared with the third wave. As these markers of hyperinflammation seem to be
associated with a worse outcome, as discussed below, these findings further contradict a
greater disease severity due to the alpha SARS-CoV-2 variant compared to the wild-type
variants. Moreover, high D-Dimer and low albumin levels also appear to be associated
with poor prognosis, and we found no significant differences between waves in terms of
D-Dimer and albumin levels at admission, while at the 7th DOH D-Dimer levels were
even higher and albumin levels lower in the second wave compared with the third wave.
In addition, although myoglobin levels at the 7th DOH were significantly lower in the
second wave compared with the third wave, there were no differences between waves in
other, more cardiac-specific biomarkers. Hence, this finding is not likely to indicate more
pronounced myocardial injury in the third wave.

Regarding the delta variant, although it is generally considered to be associated with
greater disease severity, data are inconsistent [20-23]. Two studies in the UK showed
a greater risk of hospitalization with the delta variant compared to the alpha variant.
However, these studies did not report on disease severity or mortality [41,42]. A study
from Canada compared then-considered VOC and non-VOC strains, and found increased
risk of hospitalization, ICU admission, and death with N501Y-positive variants (alpha,
beta, and gamma variants) and even more pronounced for the delta variant [20]. On the
other hand, a US study comparing children suffering from COVID-19 during the delta vs.
pre-delta eras found no significant difference in hospitalization rates and lower odds of
severe disease [22]. Moreover, Klaser et al. [23] found that illness duration was lower in
those infected with delta compared to alpha variant, though unchanged in unvaccinated
patients, and there was no difference regarding hospitalization.

Omicron variant, currently labeled as VOC, appears to cause less severe disease [8,43],
however, more data are still needed [27]. In a study by Lauring et al. [43] the severity was
higher for delta than alpha, and lower for omicron than delta variants. Sievers et al. [25]
found significantly reduced odds of hospitalization, ICU admission and death in patients
infected with omicron compared to delta variant, whereas Van Goethem et al. [26] reported
significantly lower risk for severe COVID-19 and ICU admission in hospitalized patients
infected with the omicron compared to delta variant, while in-hospital mortality was
not significantly different. Wolter et al. [27] found reduced risk of severe disease among
patients infected with SGTF (as a proxy for the omicron variant) compared with individuals
with earlier delta variant infections, however, the authors did not find the difference in
severity between SGTF and non-SGTF infections diagnosed during the same time period,
and suggested that immunity, due to previous infection, vaccination, or both, may at least
in part account for the reduced severity of omicron compared to delta variant infections.
Indeed, continuously changing vaccination status makes these comparisons of SARS-CoV-2
variants even harder. Furthermore, even in non-vaccinated patients the severity of the
disease may now be more and more frequently affected by other factors, including prior
SARS-CoV-2 infection. Nevertheless, it seems possible that the omicron will share the fate
of the previous variants, and be de-escalated.

SARS-CoV-2 infection may be asymptomatic or symptomatic, with the course of the
disease varying widely from mild to severe to critical. A report by the Chinese Center for
Disease Control and Prevention in the initial period of the pandemic (up to 11 February
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2020), based on 44,500 confirmed COVID-19 cases, showed that mild disease was found
in 81% of cases, severe disease in 14%, and critical disease (with respiratory failure, septic
shock and /or multiple organ failure) in 5%, with an overall case-fatality rate of 2.3% and
no deaths among noncritical patients [30]. Similarly, in a CDC report analyzing cases
reported between 22 January and 30 May 2020, 14% of patients required hospitalization,
2% were admitted to the ICU, and 5% died [44]. It is noteworthy that initially non-severe
COVID-19 patients may progress in approximately a week. In our study, the median time
from the onset of symptoms to hospital admission was eight days in the second wave and
nine days in the third wave, and the median time from the onset of symptoms to ICU
admission was 10 days in both groups. Similarly, in a systematic review by Xie et al. [45],
the median time from the onset of the disease to first hospital admission was seven days,
dyspnea occurred after 5-8 days, and ARDS after 8-9 days, and the median time to ICU
admission was 10.5 days. In young adults, Liu et al. reported a median time from the
onset of symptoms to hospital admission of 11 days and 10 days in the survivors and
non-survivors, respectively [31], while in a study by Owusu et al. this time period was
seven days [46].

Regarding inpatients, in a study of 16,000 adults hospitalized with COVID-19 from
March to December 2020, the percentage of patients admitted to the ICU decreased from
37.8% in March to 20.5% in December, and the overall fatality rate was 11.4% [47]. In
another study [48], out of 2634 patients hospitalized for COVID-19 between 1 March and
4 April 2020, 14.2% were admitted to the ICU and 21% died.

In the general population, certain demographic and clinical features have been associ-
ated with the risk for severe course of COVID-19 including older age [28,29,48-54], male
sex [48,52,53], smoking [53-55], obesity [51-53,55], and other comorbidities [44,55] such
as diabetes [44,51,54,55], hypertension [30,51], heart conditions [30,52,55], chronic respi-
ratory diseases [30,55], chronic kidney disease [52,55], and cancer [20,53,55]. As already
mentioned, data on clinical features and risk factors of severe COVID-19 in young adults
are scarce.

Current evidence indicates that older adults are at risk of having more severe disease.
In a study by Verity et al. [49] the hospitalization rate was 1.04% in patients aged 20-29,
3.43% in patients aged 30-39, 4.25% in patients aged 40-49, 8.16% in patients aged 50-59,
11.8% in patients aged 60-69, 16.6% in patients aged 70-79, and 18.4% in patients aged 80
or over. Luo et al.,, after dividing their study population into four age groups, found severe
and critical disease, respectively, in none of the children (18 years or younger), 1.5% and
0.8% of young adults (1944 years), 6.5% and 6.5% of middle-aged adults (45-64 years), and
12.7% and 20.3% of elderly adults (65 years or older) [50]. Age also appears to be associated
with increased mortality [28,29,48-50]. In the aforementioned study by Verity et al. [49],
the adjusted case-fatality ratio was estimated at 0.06% in patients aged 20-29, 0.15% in
patients aged 30-39, 0.3% in patients aged 40-49, 1.25% in patients aged 50-59, 3.99% in
patients aged 60-69, 8.61% in patients aged 70-79, and 13.4% in patients aged 80 or over.
Williamson et al. [28] found a greater than 20-fold-increased risk of death in patients 80 years
and older compared to 50-59-year-olds. For these reasons, many studies of COVID-19
focus either on general epidemiological data or on older populations [29,33,56]. However,
COVID-19 may also result in severe disease and death in young adults [33,57-59]. In our
study, 13.54% of patients required ICU admission and 7% died, which agrees with other
studies of young adults. Indeed, in a study of 395 patients aged 18-35 years hospitalized for
COVID-19, 21% required invasive mechanical ventilation and 13.9% died [33]. In a study of
SARS-CoV-2-positive 18-45-year-olds, who had presented to emergency departments, 9%
died during hospitalization [57]. Richardson et al. [58] found that the 30-day in-hospital
mortality in COVID-19 patients aged 18-39 years was 4.9%, while Cunningham et al. [59]
found that of the 3222 18-34-year-olds hospitalized for COVID-19, 21% were admitted to
the ICU and mortality was 2.7%. Therefore, it is essential to identify the clinical features
and risk factors for severe COVID-19 in this age group. Of note, we have not found a
significant age difference between survivors and non-survivors, possibly because our study
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only involved young adults. Similarly, in a study by Cunningham et al. [59], the odds of
MV or death did not vary significantly with age. We believe that studies of young adults
are of great importance due to the small influence of other factors, such as comorbidities, on
the course of infection in this age group, which may be useful in determining the influence
of the causative variant on disease severity.

The male sex of young adults has been related with poor prognosis by some au-
thors [31,35,59], while others have failed to find this relationship [58,60]. In our study,
there was no significant difference between the survivors and non-survivors regarding
sex. However, it should be noted that we observed a male predominance in both waves,
which may indicate that men were more likely to have a disease severe enough to require
hospital admission.

Some studies in young adults found no association of smoking and mortality [33,58,61].
Conversely, in our study, a history of current or former smoking, but not current smoking,
was significantly more frequent among the non-survivors than survivors, and we have
found a weak positive correlation between smoking and the need for MV and ICU treatment.
Moreover, according to the CDC, there is evidence that in the general population smoking is
associated with a higher risk of severe COVID-19 [55]. Therefore, in our opinion, smoking
history should be taken into consideration while assessing the possible risk factors for
severe COVID-19 in young adults.

Higher BMI and obesity have been identified as risk factors for poor prognosis in
young adults in several studies [33,35,57-59,61]. Although we have also found weight
and BMI to be higher in non-survivors compared to survivors, these differences were not
significant after the removal of the outliers. However, it should be noted that in our study of
COVID-19 patients, all of whom were hospitalized due to severe disease, the median BMI
was 30.58 kg/ m? (IQR 27.1-34.3 kg/ m?), and normal BMI (below 25 kg/ m?) was found in
only 12.34%. Moreover, we have also found a positive correlation between BMI and the
need for MV. Furthermore, weight > 100 kg and BMI > 40 kg/m? were significant predictors
of death, MV and ICU treatment in univariate logistic regression, and BMI > 40 kg/ m?2
was also a significant predictor of MV in multivariate analysis. Therefore, it appears that
overweight or obesity should also be considered risk factors for poor prognosis, possibly
due to their association with other comorbidities, such as reduced lung volumes and
hypercoagulable states [58].

In our study, comorbidities were significantly more frequent in non-survivors com-
pared to survivors, and were associated with the risk of death and MV in univariate
logistic regression, and with the risk of death in multivariate analysis. Similarly, Richard-
son et al. [58] found a Charlson comorbidity index score to be an independent predictor
of in-hospital 30-day mortality in young adults hospitalized for COVID-19. We have also
found that chronic arrhythmia was significantly more frequent in the non-survivors than
in the survivors, while for insulin resistance, diabetes, and hypertension, although their
frequency was greater in non-survivors than in survivors, these differences were not sig-
nificant (p = 0.058, 0.199 and 0.268, respectively). There were no significant differences
in the frequency of asthma, hypothyroidism, and Hashimoto disease (p = 1, 0.485 and 1,
respectively). In univariate logistic regression, having diabetes or insulin resistance was
significantly associated with the risk of death, MV, and ICU treatment, and chronic arrhyth-
mia was significantly associated with the risk of death and MV. Several studies of young
adults have identified diabetes as a risk factor for more severe disease [31,33,35,59-61].
Hypertension has been associated with poor prognosis in some studies [31,33,59,61], how-
ever, others have not found this association [35,58,60]. Similarly, asthma was predictive of
more severe disease in some studies [35,60], but other authors found it was not associated
with increased mortality [33,58]. Additionally, cardiac [33,35] and renal [33,35] conditions
have been identified as related to poor prognosis in some studies, while no association of
thyroid diseases and severe COVID-19 has been found [35,60]. Overall, the association of
comorbidities and the outcome of SARS-CoV-2 infection appears to be less pronounced in
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young adults than in the general population, as a greater number of comorbidities in elderly
patients may lead to a more complex pathogenesis in COVID-19 and its complications [34].

In our study, the percentages of lung involvement and lung involvement of at least
50% on CT were significantly higher in the non-survivors than in survivors. There was
also a weak positive correlation between the percentage of lung involvement and the need
for MV and ICU treatment. This agreed with a study by Ruch et al. [62] which found
that the extent of changes on initial CT was associated with prognosis, with 69.5% of
patients who had lung involvement over 50% having developed severe disease, compared
to 22.9% of patients with lung involvement no greater than 25%. Similarly, in a study
by Annoni et al. [63] the percentage of damaged lung parenchyma volume on CT was
correlated with the course of COVID-19, with average infected lung volume significantly
higher in the non-survivors.

In our study, SpO, at admission was significantly lower in non-survivors than in sur-
vivors, and there was a weak to moderate negative correlation between SpO, at admission
and the need for MV and ICU treatment. Moreover, we found a more frequent need for
HFNO and MV and a higher maximum oxygen flow, in both conventional oxygen therapy
and HFNO, in non-survivors than in survivors. This agreed with previous studies among
young adults reporting an association of respiratory distress and mortality [31,33,34]. Fur-
thermore, as predicted, we found that ICU admission, vasopressors, and CRRT were more
frequent in non-survivors than in survivors.

Current evidence in the general population indicates that a number of laboratory
anomalies may be associated with the risk for severe course of COVID-19 and worse
outcomes, including elevated WBC [29,54,64-69] and neutrophil counts [64—66,68-70], lym-
phopenia [29,52,61,64-66,68-70], elevated NLR [64,66], thrombocytopenia [29,64,68-71], in-
creased inflammatory markers, including CRP [52,64-66,68-71], PCT [29,52,66,68-71], and
ferritin [29,64-66,68-70], and inflammatory cytokines, such as IL-6 [29,64,65,68-70], as well
as organ and coagulation dysfunction markers, including elevated LDH [29,64-66,68-71],
troponin and hs-Tnl [29,31,52,68,69], NT-proBNP [66,68,70], creatinine [29,52,68-71],
CK [29,68,71], liver enzymes [29,65,66,68-71], D-Dimer [29,52,64-71], longer prothrom-
bin time [29,64,65,68,69], and decreased serum albumin levels [29,65,66,68-70]. However,
Luo et al. [50] found many laboratory parameters to be significantly different in younger
compared to older COVID-19 patients, including higher WBC, lymphocyte and PLT counts,
and hemoglobin and albumin levels, and lower levels of CRP, ALT, creatinine, and D-
dimer. Similarly, Liu et al. [31] found many significantly different laboratory parameters
in younger (defined as younger than 60 years old) compared to older COVID-19 patients,
including higher lymphocyte counts and albumin levels, and lower neutrophil counts, NLR,
PT, and levels of CRP, PCT, D-dimer, LDH, creatinine, and NT-proBNP. These differences
are thought to result from higher incidences of organ dysfunctions and comorbidities, as
well as poorer immune responses in older individuals [31,50]. Therefore, the predictors of
severe disease and mortality in younger COVID-19 patients seem to differ from those in
general population.

SARS-CoV-2 infection causes a host immune response, which in most patients will con-
tribute to viral elimination. However, in some cases, the activation of nucleic acid sensors
on lung epithelium and alveolar macrophages triggers the elevated release of cytokine and
other proinflammatory mediators, such as IL-1, IL-6, and tumor necrosis factor-oc (TNF-«),
resulting in the recruitment and infiltration of neutrophils, monocytes, and other leuko-
cytes. Moreover, these cytokines stimulate bone marrow to produce and release immature
granulocytes that infiltrate the lungs, further increasing the exuberant inflammatory reac-
tion [72,73]. In addition, recruited neutrophils kill pathogens by producing reactive oxygen
species (ROS) and releasing web-like structures consisting of DNA and antimicrobial agents,
such as and myeloperoxidase and histones, known as the neutrophil extracellular traps
(NETs). However, this may also cause destruction of infected tissue, microthrombosis, and
organ damage [73,74]. Furthermore, the release of cytokines, including IL-6, induces the
synthesis of acute phase proteins, such as CRP, fibrinogen, and ferritin [72], which, in turn,
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may further affect the immune reaction, being able to induce the expression of both pro-
and anti-inflammatory mediators [75,76]. Moreover, the exacerbated inflammatory reaction
may lead to cytokine-induced lymphocyte apoptosis [74,77,78]. Other possible causes of
lymphopenia in COVID-19 include a direct viral infection of ACE2-expressing lymphocytes,
destruction of lymphatic organs, and increased lymphocyte consumption in the infected
tissues [74,77,78]. For these reasons, an elevated neutrophil to leukocyte ratio (NLR) is also
observed in COVID-19 [74]. Indeed, in our study, we found that the WBC, neutrophil, and
IG counts, IG percentages, the incidence of leukocytosis, neutrophilia, and lymphopenia,
NLR, and IL-6 levels were significantly higher in non-survivors than in survivors. There
was also a positive correlation between the WBC, neutrophil an IG count, neutrophil and
IG percentages, leukocytosis, neutrophilia, NLR, and IL-6 levels and the need for MV and
ICU treatment, and a negative correlation between the lymphocyte percentage and the
need for MV and ICU treatment. In addition, CRP was significantly higher and CRP above
100 mg/L was significantly more frequent in non-survivors than in survivors, and there
was also a weak to moderate positive correlation between CRP and the need for MV and
ICU treatment. Furthermore, univariate logistic regression revealed that NLR > 2 and
lymphopenia at the 7th DOH, and neutrophilia, leukocytosis, and CRP > 100 mg/L at
admission and at the 7th DOH were significantly associated with the risk of death, MV and
ICU treatment. In multivariate analysis, CRP > 100 mg/1 and leukocytosis at admission
were significantly associated with death, MV and ICU treatment. Moreover, although we
did not find a significant difference between ferritin levels between non-survivors and
survivors, there was a weak positive correlation between ferritin levels at admission and
the need for MV, and between ferritin levels at the 7th DOH and the need for ICU treatment.

In accordance with our results, some studies in young adults with COVID-19 found
elevated WBC [31,34] and neutrophil counts [31,34], NLR [31] and levels of CRP [31,33,34],
and ferritin [34], as well as decreased lymphocyte counts [31,34,60] in deceased cases
compared to survivor patients, and elevated neutrophil percentages [79] and CRP [61,79]
levels and decreased lymphocyte counts [79] in severe vs. mild patients. However, Alto-
nen et al. [33] found no significant differences in ferritin levels and WBC, neutrophil and
lymphocyte counts between survivors and non-survivors, Zhou et al. [79] found lower
WBC count and no difference in neutrophil count in severe compared to mild patients,
and Maldonado-Cabrera et al. [61] did not observe the increase in NLR in the aggravated
COVID-19 patients. Nevertheless, we suggest that the hyperinflammatory reaction may be
the reason for the severe course of COVID-19 also in young adults. Furthermore, studies
have reported an even stronger influence on poor COVID-19 outcomes of parameters, such
as neutrophilia [31] and lymphopenia [60], in young adults than occurring in the elderly,
which was attributed to a stronger immune response in young adults with a stronger
cytokine storm and hyperinflammatory reaction [31,60].

PCT can be induced directly by bacterial endotoxins and lipopolysaccharides or
indirectly through the release of pro-inflammatory cytokines, such as IL-1f3, TNF-« and IL-
6. However, its synthesis may be inhibited by interferon-y (INF-y), with increased in viral
infection. Therefore, PCT is not typically elevated in mild SARS-CoV-2-infection, while its
increase is observed in severe COVID-19, especially due to a bacterial co-infection [80-82].
Moreover, PCT upregulates the leukocyte surface markers, cytokines, and reactive oxygen
species, further aggravating the inflammatory reaction [80]. This is supported by our
study, which found that PCT was significantly higher and PCT above 0.5 ng/mL was
significantly more frequent in non-survivors compared to survivors, and that there was a
positive correlation between PCT, and the need for MV and ICU treatment.

Univariate logistic regression revealed that PCT > 0.5 ng/mL at admission and at
the 7th DOH was associated with increased risk of death, MV and ICU treatment, and
PCT > 0.5 ng/mL at admission was also associated with increased risk of death, MV and
ICU treatment in multivariate analyses. Similarly, other studies of young adult COVID-19
patients have found higher PCT in non-survivors than in survivors [31,33,34].
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Apart from the excessive inflammatory reaction, another possible cause of severe
course and poor prognosis in COVID-19 may be thrombosis and coagulopathy [61]. Several
factors may contribute to coagulation dysfunction in COVID-19, including the cytokine
storm leading to an increased production of platelets and fibrinogen, complement activation,
vascular dysfunction, Renin-Angiotensin-Kallikrein-Kinin systems (RAS-KKS) imbalance,
and excessive intravascular NETs formation by neutrophils [72,73]. This hyperactive
coagulation causes an increase in the level of D-Dimer, a fibrin degradation product [73].
In our study, D-Dimer was significantly higher in non-survivors than in survivors, and
there was a positive correlation between D-Dimer and the need for MV and ICU treatment.
D-Dimer > 500 pg/L FEU at admission was significantly more frequent in non-survivors
compared to survivors and there was also an association of D-Dimer > 500 pg/L FEU
at admission and at the 7th DOH and the need for MV and ICU treatment. Moreover,
univariate logistic regression revealed that D-Dimer > 500 pug/L FEU at admission and at
the 7th DOH were associated with increased risk of death, MV and ICU treatment, and
D-Dimer > 500 pg/L FEU at admission was also significantly associated with the risk of
ICU treatment in multivariate analysis. This accords with the findings of previous studies
of young adults with COVID-19, which have found higher D-Dimer levels in deceased
vs. alive patients [31,34]. Conversely, other studies have failed to find associations of this
marker with mortality [33] and disease severity [61,79]. Some studies have also found
elevated PT [31,34] and APTT [31] in non-survivors, while in a study by Lu et al. [34],
APTT did not differ between the non-survivors and the survivors, and in a study by
Zhou et al. [79] there was no significant difference in PT between mild and severe cases. In
our study, APTT at admission, but not at the 7th DOH, was significantly longer in survivors
compared to non-survivors, while there were no significant differences between these
groups regarding PT. Moreover, although Zhou et al. found higher fibrinogen in severe
vs. mild patients [79], we did not observe this relationship. Furthermore, similar to the
findings of Liu et al. [31], we did not find differing AT III levels between survivors and
non-survivors. It is worth noting that although pro-inflammatory cytokines may increase
platelet production, some authors have also found that severe COVID-19 is characterized
by thrombocytopenia, which may result from viral infection of bone marrow and decreased
platelet production, or increased platelet consumption due to their abnormal activation
by immune complexes or excessive thrombosis [83]. Indeed, in a study of 18-50-year-
olds, Zhou et al. [79] found decreased PLT counts in patients with severe compared to
mild COVID-19. However, we found no significant difference between non-survivors and
survivors regarding PLT counts, which was similar to the results of a study among young
adults by Lu et al. [34] One possible explanation is that, as mentioned, severe COVID-19 can
cause both thrombocytopenia and increased PLT production. Indeed, we have observed a
positive correlation between both thrombophilia and thrombocytopenia and the need for
ICU treatment.

Some evidence indicates that lower RBC counts and hemoglobin may be associ-
ated with a worse outcome [69,84]. However, other authors have not confirmed this
relationship [67,68], including in studies of young adults [34,79]. Interestingly, in our
study, although there were no significant differences regarding RBC counts, hematocrit,
and hemoglobin levels at admission, at the 7th DOH these parameters were signifi-
cantly lower in non-survivors than in survivors, and there was a negative correlation
between RBC counts, hematocrit and hemoglobin levels at the 7th DOH, and the need
for MV and ICU treatment. In addition, univariate logistic regression revealed that RBC
count < 4.5 x106/ uL, hematocrit < 40%, and hemoglobin < 12 g/dL at the 7th DOH were
associated with increased risk of death, MV and ICU treatment. This accords with a study
by Lanser et al. [85] which found a more distinct decrease in hemoglobin levels in pa-
tients with severe COVID-19, and the association of new-onset anemia with a higher risk
of ICU admission, which the authors suggested reflects hyperinflammation leading to
disease progression.
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Another biomarker associated with COVID-19 severity is LDH, an enzyme that is
present in all tissues and released into the blood upon tissue damage, including such
as viral infection, hypoxia, and inflammation-induced injury [86]. In our study, LDH at
admission was significantly higher in non-survivors than in survivors, and there was a
positive correlation between LDH, and the need for MV and ICU treatment. In addition,
LDH > 500 U/L at admission was associated with increased risk of death, MV and ICU
treatment in univariate analyses, and with MV and ICU treatment in multivariate analyses.
This accords with another study in young adults [31]. However, other authors [33,34]
have failed to find this relationship. The elevation of LDH levels may be due to the
multiple organ damage, including renal, myocardial, and liver dysfunction, that has been
observed in severe COVID-19 [71]. This multiorgan damage is likely multifactorial and may
occur either by direct viral invasion through ACE2 receptors expressed in multiple tissues,
including myocardium, renal tubular cells and hepatic tissue, or by indirect injury due to
cytokine storm and systemic inflammation, sepsis, hypovolemia, hypoxemia, oxidative
stress, microvascular thrombosis, and endothelial damage [61,87-91].

According to current evidence, elevation of cardiac injury biomarkers, such as troponin
and hs-Tnl, CK-MB, myoglobin and NT-proBNP, is associated with COVID-19 severity and
mortality [87,88,92]. Agreeing with this evidence, in our study, hs-Tnl, CK-MB, myoglobin,
and NT-proBNP were significantly higher in non-survivors than in survivors, and there
was a positive correlation between hs-Tnl, NT-proBNP, and CK-MB and the need for MV
and ICU treatment. Moreover, univariate logistic regression revealed that CK-MB > 20 U/L
at admission and at the 7th DOH, NT-proBNP > 190 pg/mL at admission and at the 7th
DOH, and hsTnl > 34 pg/mL at the 7th DOH were associated with increased risk of death,
MYV and ICU treatment, and hsTnl > 34 pg/mL at admission—with increased risk of MV
and ICU treatment. These findings are consistent with other studies in young adults that
found higher levels of hs-Tnl [34], CK-MB [31], myoglobin [31,34], and NT-proBNP [31,34]
in deceased vs. alive patients, however, there are other studies that did not find differences
in the troponin levels between survivors and non-survivors [33], nor differences in CK-
MB levels between severe and mild COVID-19 patients [61,79]. We have also observed a
correlation between myoglobin levels, a marker that is less specific to cardiac injury, and
the need for MV and ICU treatment. Interestingly, another non-cardiac specific marker,
CK, was significantly higher in non-survivors than in survivors, but only at the 7th DOH,
and not at admission, and in univariate logistic regression CK > 190 U/L at admission and
at the 7th DOH were associated with increased risk of MV and ICU treatment, but only
CK > 190 U/L at the 7th DOH was associated with the increased risk of death. This might
indicate the progression of muscle damage, including rhabdomyolysis and myocardial
injury [71,92], in the course of COVID-19. CK was also found to be higher in severe than
in mild young adult cases by Zhou et al. [79], but not by Maldonado-Cabrera et al. [61],
and Lu et al. [34] did not find a significant difference in CK levels between deceased and
alive patients.

Acute kidney injury has also been found to be a predictor of mortality and severity in
COVID-19 patients [89-91], and higher levels of serum creatinine and blood urea nitrogen
(BUN) have also been associated with an increase in fatality and severe disease [89,90].
In our study, creatinine and urea levels were significantly higher in the non-survivors
compared to the survivors, and EGFR was significantly lower in non-survivors compared
to survivors. We also observed a positive correlation between creatinine levels and the
need for MV, a positive correlation between urea levels and the need for MV and ICU
treatment, and a negative correlation between EGFR and the need for MV. Furthermore,
univariate logistic regression revealed that EGFR < 60 mL/min at admission and at the 7th
DOH, creatinine > 1.2 mg/dL at admission and at the 7th DOH and urea > 49 mg/dL at
the 7th DOH were associated with increased risk of death, MV and ICU treatment, and
urea > 49 mg/dL at admission with increased risk of MV. Other studies in young adults
have also found higher creatinine [33,34] and urea [31,34] levels in deceased vs. alive
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patients. However, creatinine levels did not differ between non-survivors and survivors in
a study by Liu et al. [31] nor between mild and severe cases in a study by Zhou et al. [79].

Although COVID-19 has also been hypothesized to cause hepatic injury, data on
the association of liver enzyme levels and COVID-19 severity and mortality are incon-
sistent [93-95]. Moreover, hypertransaminasemia observed in some studies may also be
due to myocardial and muscle injury or drug-induced hepatotoxicity [93,96]. In our study,
ALT at the 7th DOH was significantly higher in survivors compared with non-survivors,
however, no other significant differences between these groups regarding ALT, AST, and
total bilirubin levels were found. This is in contrast with a study of COVID-19 young adults
by Liu et al. [31] that reported ALT, AST, GGT, and bilirubin to be significantly higher in de-
ceased vs. alive patients. Moreover, Zhou et al. [79] found elevated AST in severe vs. mild
patients. However, other studies of young adults have found no difference in ALT and AST
levels between survivors and non-survivors [33,34], and Zhou et al. [79] did not observe
any difference in bilirubin levels between severe vs. mild patients. Interestingly, although
there were no significant differences between survivors and non-survivors regarding GGT
level, in univariate logistic regression, we found that GGT > 120 U/L at the 7th DOH was
associated with increased risk of death, MV, and ICU admission, and GGT > 120 U/L at
admission was associated with increased risk of death and MV.

We found albumin concentrations to be significantly lower in non-survivors than
in survivors, and there was a moderate to strong negative correlation between albumin
concentration and the need for MV and ICU treatment. This agrees with a meta-analysis by
Soetedjo et al., which found that hypoalbuminemia was associated with poor prognosis
in COVID-19 patients [97]. Similarly, it agrees with previous studies in young adults,
which found lower albumin levels in deceased vs. alive patients [31,34], and in severe vs.
mild patients [79]. However, decreased albumin levels may not only result from hepatic
dysfunction, but also from prioritizing of acute phase proteins synthesis, cytokine-induced
increase in vascular permeability leading to albumin extravascular escape, and excessive
renal losses due to kidney injury [93,98]. In addition, as albumin has the ability to reduce
tissue-damaging oxidative stress and acts as an anticoagulant due to its ability to bind AT III
and inhibit platelet aggregation, hypoalbuminemia may further worsen the prognosis [98].
Hence, the prevalence of liver injury in COVID-19 patients may be overestimated [96].

In meta-analyses, hypocalcemia has been found to be significantly associated with
COVID-19 severity and mortality [99,100]. In a study by Yang et al. [101], low calcium and
phosphorus levels were more prevalent in severe or critical than in moderate COVID-19
patients. The possible mechanisms for a decrease in serum calcium levels in COVID-19
patients include chronic vitamin D deficiency, especially in older patients, hypoalbumine-
mia, renal insufficiency, the imbalance of parathyroid hormone caused by proinflammatory
cytokines, and elevated levels of unsaturated fatty acids that can bind to calcium [99,100].
It is also important to note that calcium is involved in the immune response [99,101]. In
our study, total calcium concentration was significantly lower in the non-survivors than
in survivors and there was a negative correlation between calcium concentration and the
need for MV and ICU treatment. Moreover, univariate logistic regression revealed that
calcium < 2.1 mmol/L at admission and at the 7th DOH were associated with increased
risk of death, MV and ICU treatment.

Furthermore, vitamin D, an important regulator of calcium homeostasis, has an im-
munomodulatory role by influencing the production of antimicrobial peptides, as well
as counteracting the cytokine storm by inhibiting the production of pro-inflammatory cy-
tokines and promoting anti-inflammatory cytokines, controlling T-cell mediated responses,
and modulating the activity of neutrophils and macrophages [102-104]. Several meta-
analyses found vitamin D deficiency to be associated with a higher risk of developing
severe disease, while data regarding its impact on mortality are inconsistent [103-106].
In our study, we found vitamin D3 levels at admission to be significantly lower in non-
survivors than in survivors. Moreover, there was a negative correlation between vitamin
D3 levels at the 7th DOH and the need for ICU treatment.
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Our study has several limitations. Firstly, it was a single-center retrospective study
with a limited sample size that only included severe, hospitalized patients, which may
limit the validity of generalizing its results to the entire young adult population. Therefore,
larger, multi-center, prospective studies are needed. Secondly, because this study is an
observational and exploratory study in which many statistical tests were performed, our
results may be influenced by some false-positive error and confounding factors. Moreover,
because of the retrospective nature of this study and the limited resources of the health
care system at the time, genotypic results of the causative variant were not available.
Hence, conclusions regarding the comparison of the wild-type and alpha variants remain
presumptive. However, the prevalence of the alpha variant in Poland during the period
defined here as the second wave was low (approximately 6.5%), while in the period
defined as the third wave the alpha variant accounted for over 92% of the identified
strains [10]. These data strongly support that the analyzed waves correspond well to the
causative variant.

Therefore, we believe that our study provides valuable data on the impact of infection
with the alpha variant of SARS-CoV-2, compared to with wild-type variants, on the severity
of the disease, which, in our opinion, might also be of importance in the discussion of
the pathogenicity of the next SARS-CoV-2 variants. Noteworthy, none of the patients was
vaccinated nor did they have any previous documented SARS-CoV-2 infection. Moreover,
there were no significant differences between the waves in terms of the medical treatment
used. Hence, we believe that although the variants studied here are no longer dominant,
our results are still relevant, as they may provide valuable information on the mechanisms
involved in SARS-CoV-2 infection not affected by these factors, which is difficult to achieve
in the studies of later variants. Furthermore, most previous studies have focused on
predictors of severe COVID-19 in the general population, with older individuals often
predominating among those hospitalized, while risk factors among younger individuals
appear to be different. In our study, we propose possible predictors of poor COVID-19
outcomes in hospitalized young adults, which may contribute to the early identification of
people in this age group at risk of developing severe disease.

5. Conclusions

In hospitalized young adults, the SARS-CoV-2 alpha variant does not appear to cause
more severe disease than the wild-type variants. Further studies in this age group can be of
great use in establishing the influence of current and potential future VOCs on the disease
severity. We suggest that a number of factors, including obesity, comorbidities, current
or former smoking, the percentage of lung involvement on CT, lower SpO,, leukocytosis,
neutrophilia, lymphopenia, higher IG count, NLR, and higher CRP, PCT, IL-6, D-Dimer,
LDH, hs-Tnl, CK-MB, myoglobin, NT-proBNP, creatinine, urea and GGT levels, lower
EGFR, albumin, calcium and vitamin D3 levels, and possibly a decrease in RBC counts and
hemoglobin and hematocrit levels and an increase in CK levels in the course of hospital-
ization may be associated with poor outcomes of COVID-19. The earlier identification of
young, high-risk patients and appropriate intervention may improve outcomes. As severe
disease and deaths also occur in young adults, health authorities should emphasize the
need for preventative measures and support research on predictors of poor outcomes in
this age group.



Viruses 2022, 14, 1700 31 of 36

Supplementary Materials: The following supporting information can be downloaded at:
https:/ /www.mdpi.com/article/10.3390/v14081700/s1, Table S1: Additional data on general and
clinical patients” characteristics between the second and the third wave; Table S2: Additional data
on comparison of patients’ laboratory parameters (as continuous variables) between the second and
the third wave; Table S3: Comparison of patients’ laboratory parameters (as categorical variables)
between the second and the third wave; Table S4: Additional data on comparison of general patients’
characteristics between survivors and non-survivors; Table S5: The correlations between patients’
general and clinical characteristics (categorical variables) and the need for mechanical ventilation and
ICU treatment; Table S6: The correlations between patients” general and clinical characteristics and
laboratory parameters (presented as continuous variables) and the need for mechanical ventilation
and ICU treatment; Table S7: The correlations between patients’ laboratory parameters (presented as
categorical variables) and the need for mechanical ventilation and ICU treatment; Table S8: Univariate
logistic regression analysis of COVID-19 symptoms for the prediction of death, mechanical ventilation
and ICU treatment.

Author Contributions: Conceptualization, L.Z.-].; methodology, L.Z.-].; data curation, L.Z.-]., Marcin
J.,J.5.-N., ML]. (Marcin Januszewski), and A.A.].; formal analysis, L.Z.-]. and M.]. (Marcin Januszewski);
investigation, L.Z.-]., M.]. (Marcin Januszewski), J.5.-N., M.]. (Mariusz Janiszewski) and A.A.J.;
writing—original draft preparation, L.Z.-].; writing—review & editing, L.Z.-J., PD. and A].].; super-
vision, PD. and A.]J.]. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of the Central Clinical Hospital of the
Ministry of the Interior and Administration in Warsaw (decision number 110/2021, date of approval
24 August 2021).

Informed Consent Statement: Patient consent was waived due to the retrospective nature of the
study and data anonymization.

Data Availability Statement: The original, anonymous dataset is available upon request from the
corresponding author.

Acknowledgments: The authors wish to thank all study participants for their contribution in
this study.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

WHO. WHO Director-General’s Opening Remarks at the Media Briefing on COVID-19—11 March 2020. Available online:
https:/ /www.who.int/director-general /speeches/detail /who-director-general-s-opening-remarks-at-the-media-briefing-on-
covid-19---11-march-2020 (accessed on 10 February 2022).

Zhou, P; Yang, X.L.; Wang, X.G.; Hu, B.; Zhang, L.; Zhang, W.; Si, H.R,; Zhu, Y,; Li, B.; Huang, C.L.; et al. A pneumonia outbreak
associated with a new coronavirus of probable bat origin. Nature 2020, 579, 270-273. [CrossRef] [PubMed]

Hoffmann, M.; Kleine-Weber, H.; Schroeder, S.; Kriiger, N.; Herrler, T.; Erichsen, S.; Schiergens, T.S.; Herrler, G.; Wu, N.-H.;
Nitsche, A.; et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked by a Clinically Proven Protease
Inhibitor. Cell 2020, 181, 271-280.€8. [CrossRef] [PubMed]

WHO. WHO Coronavirus (COVID-19) Dashboard. Available online: https://covid19.who.int/ (accessed on 1 July 2022).
Raport Zakazeri Koronawirusem (SARS-CoV-2)—Koronawirus: Informacje i Zalecenia. (Report of coronavirus (SARS-CoV-2)
infections—Coronaviruses: Information and recommendations.). Available online: https://www.gov.pl/web /koronawirus/
wykaz-zarazen-koronawirusem-sars-cov-2 (accessed on 30 June 2022).

WHO. Tracking SARS-CoV-2 Variants. Available online: https://www.who.int/activities/tracking-SARS-CoV-2-variants
(accessed on 30 June 2022).

Centers for Disease Control and Prevention. SARS-CoV-2 Variant Classifications and Definitions. Available online:
https:/ /www.cde.gov/coronavirus/2019-ncov /variants /variant-classifications.html?CDC_AA _refVal=https%3A%2F%
2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fvariants%2Fvariant-info.html (accessed on 30 June 2022).

European Centre for Disease Prevention and Control. SARS-CoV-2 Variants of Concern as of 7 July 2022. Available online:
https:/ /www.ecdc.europa.eu/en/covid-19/variants-concern (accessed on 7 July 2022).


https://www.mdpi.com/article/10.3390/v14081700/s1
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
http://doi.org/10.1038/s41586-020-2012-7
http://www.ncbi.nlm.nih.gov/pubmed/32015507
http://doi.org/10.1016/j.cell.2020.02.052
http://www.ncbi.nlm.nih.gov/pubmed/32142651
https://covid19.who.int/
https://www.gov.pl/web/koronawirus/wykaz-zarazen-koronawirusem-sars-cov-2
https://www.gov.pl/web/koronawirus/wykaz-zarazen-koronawirusem-sars-cov-2
https://www.who.int/activities/tracking-SARS-CoV-2-variants
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fvariants%2Fvariant-info.html
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fcoronavirus%2F2019-ncov%2Fvariants%2Fvariant-info.html
https://www.ecdc.europa.eu/en/covid-19/variants-concern

Viruses 2022, 14, 1700 32 of 36

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

European Centre for Disease Prevention and Control. Risk Assessment: SARS-CoV-2—Increased Circulation of Variants of
Concern and Vaccine Rollout in the EU/EEA, 14th Update. 2021. Available online: https:/ /www.ecdc.europa.eu/en/publications-
data/covid-19-risk-assessment-variants-vaccine-fourteenth-update-february-2021 (accessed on 10 February 2022).

European Centre for Disease Prevention and Control. Data on SARS-CoV-2 Variants in the EU/EEA. Available online: https:
/ /www.ecdc.europa.eu/en/publications-data/data-virus-variants-covid-19-eueea (accessed on 30 June 2022).

Davies, N.G.; Abbott, S.; Barnard, R.C.; Jarvis, C.I.; Kucharski, A.J.; Munday, ].D.; Pearson, C.A.B.; Russell, TW.; Tully, D.C.; Wash-
burne, A.D,; et al. Estimated transmissibility and impact of SARS-CoV-2 lineage, B.1.1.7 in England. Science 2021, 372, eabg3055.
[CrossRef] [PubMed]

Volz, E.; Mishra, S.; Chand, M.; Barrett, ].C.; Johnson, R.; Geidelberg, L.; Hinsley, W.R.; Laydon, D.].; Dabrera, G.; O'Toole, A etal
Assessing transmissibility of SARS-CoV-2 lineage, B.1.1.7 in England. Nature 2021, 593, 266-269. [CrossRef] [PubMed]
Frampton, D.; Rampling, T.; Cross, A.; Bailey, H.; Heaney, J.; Byott, M.; Scott, R.; Sconza, R.; Price, J.; Margaritis, M.; et al. Genomic
characteristics and clinical effect of the emergent SARS-CoV-2 B.1.1.7 lineage in London, UK: A whole-genome sequencing and
hospital-based cohort study. Lancet Infect. Dis. 2021, 21, 1246-1256. [CrossRef]

Davies, N.G.; Jarvis, C.I, CMMID COVID-19 Working Group; Edmunds, W.J.; Jewell, N.P; Diaz-Ordaz, K.; Keogh, R.H. Increased
mortality in community-tested cases of SARS-CoV-2 lineage, B.1.1.7. Nature 2021, 593, 270-274. [CrossRef] [PubMed]

Challen, R.; Brooks-Pollock, E.; Read, ].M.; Dyson, L.; Tsaneva-Atanasova, K.; Danon, L. Risk of mortality in patients infected
with SARS-CoV-2 variant of concern 202012 /1: Matched cohort study. BMJ 2021, 372, n579. [CrossRef] [PubMed]
Martin-Blondel, G.; Lescure, EX.; Assoumou, L.; Charpentier, C.; Chapplain, J.-M.; Perpoint, T.; Grouteau, G.; Cordel, H.; Pialoux,
G.; Pacanowski, J.; et al. Increased risk of severe COVID-19 in hospitalized patients with SARS-CoV-2 Alpha variant infection: A
multicentre matched cohort study. BMC Infect. Dis. 2022, 22, 540. [CrossRef]

Nyberg, T.; Twohig, K.A.; Harris, R.J.; Seaman, S.R.; Flannagan, J.; Allen, H.; Charlett, A.; De Angelis, D.; Dabrera, G.; Presanis,
A M. Risk of hospital admission for patients with SARS-CoV-2 variant, B.1.1.7: Cohort analysis. BMJ 2021, 373, n1412. [CrossRef]
Brookman, S.; Cook, J.; Zucherman, M.; Broughton, S.; Harman, K.; Gupta, A. Effect of the new SARS-CoV-2 variant, B.1.1.7 on
children and young people. Lancet Child Adolesc. Health 2021, 5, €9-e10. [CrossRef]

Kayano, T.; Hayashi, K.; Kobayashi, T.; Nishiura, H. Age-Dependent Risks of COVID-19 Putatively Caused by Variant Alpha in
Japan. Front. Public Health 2022, 10, 837970. [CrossRef] [PubMed]

Fisman, D.N.; Tuite, A.R. Evaluation of the relative virulence of novel SARS-CoV-2 variants: A retrospective cohort study in
Ontario, Canada. Can. Med. Assoc. J. 2021, 193, E1619-E1625. [CrossRef] [PubMed]

Khan, A.; Ichura, C.; Wang, H.; Rezende, I.; Sahoo, M.K.; Huang, C.; Solis, D.; Sibai, M.; Yamamoto, F; Nyathi, S.; et al.
Characterizing the Severity of SARS-CoV-2 Variants at a Single Pediatric Center. Front. Med. 2022, 9, 896352. [CrossRef] [PubMed]
Martin, B.; DeWitt, P.E.; Russell, S.; Anand, A.; Bradwell, K.R.; Bremer, C.; Gabriel, D.; Girvin, A.T.; Hajagos, J.G.; McMurry, ].A,;
et al. Characteristics, Outcomes, and Severity Risk Factors Associated With SARS-CoV-2 Infection Among Children in the US
National COVID Cohort Collaborative. JAMA Netw. Open 2022, 5, €2143151. [CrossRef] [PubMed]

Kliser, K.; Molteni, E.; Graham, M.; Canas, L.S.; Osterdahl, M.F.; Antonelli, M.; Chen, L.; Deng, J.; Murray, B.; Kerfoot, E.; et al.
COVID-19 due to the B.1.617.2 (Delta) variant compared to, B.1.1.7 (Alpha) variant of SARS-CoV-2: A prospective observational
cohort study. Sci. Rep. 2022, 12, 10904. [CrossRef] [PubMed]

Centers for Disease Control and Prevention. Coronavirus Disease 2019 (COVID-19). 2020. Available online: https://www.cdc.
gov/coronavirus/2019-ncov/variants/variant-classifications.html (accessed on 12 March 2022).

Sievers, C.; Zacher, B.; Ullrich, A.; Huska, M.; Fuchs, S.; Buda, S.; Haas, W.; Diercke, M.; An der Heiden, M.; Kroger, S. SARS-CoV-2
Omicron variants BA.1 and BA.2 both show similarly reduced disease severity of COVID-19 compared to Delta, Germany, 2021
to 2022. Eurosurveillance 2022, 27, 2200396. [CrossRef]

Van Goethem, N.; Chung, P.Y.J.; Meurisse, M.; Vandromme, M.; De Mot, L.; Brondeel, R.; Stouten, V.; Klamer, S.; Cuypers, L.;
Braeye, T.; et al. Clinical Severity of SARS-CoV-2 Omicron Variant Compared with Delta among Hospitalized COVID-19 Patients
in Belgium during Autumn and Winter Season 2021-2022. Viruses 2022, 14, 1297. [CrossRef] [PubMed]

Wolter, N.; Jassat, W.; Walaza, S.; Welch, R.; Moultrie, H.; Groome, M.; Amoako, D.G.; Everatt, J.; Bhiman, ].N.; Scheepers, C.; et al.
Early assessment of the clinical severity of the SARS-CoV-2 omicron variant in South Africa: A data linkage study. Lancet 2022,
399, 437-446. [CrossRef]

Williamson, E.J.; Walker, A.J.; Bhaskaran, K.; Bacon, S.; Bates, C.; Morton, C.E.; Curtis, H.].; Mehrkar, A.; Evans, D.; Inglesby, P;
et al. Factors associated with COVID-19-related death using OpenSAFELY. Nature 2020, 584, 430-436. [CrossRef] [PubMed]
Zhou, E; Yu, T.; Du, R; Fan, G,; Liu, Y,; Liu, Z.; Xiang, J.; Wang, Y.; Song, B.; Gu, X,; et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: A retrospective cohort study. Lancet 2020, 395, 1054-1062.
[CrossRef]

Wu, Z.; McGoogan, ].M. Characteristics of and Important Lessons from the Coronavirus Disease 2019 (COVID-19) Outbreak in
China: Summary of a Report of 72 314 Cases from the Chinese Center for Disease Control and Prevention. JAMA 2020, 323, 1239.
[CrossRef] [PubMed]

Liu, Z,; Liu, J; Ye, L.; Yu, K.; Luo, Z,; Liang, C.; Cao, J.; Wu, X,; Li, S.; Zhu, L.; et al. Predictors of mortality for hospitalized young
adults aged less than 60 years old with severe COVID-19: A retrospective study. J. Thorac. Dis. 2021, 13, 3628-3642. [CrossRef]
[PubMed]


https://www.ecdc.europa.eu/en/publications-data/covid-19-risk-assessment-variants-vaccine-fourteenth-update-february-2021
https://www.ecdc.europa.eu/en/publications-data/covid-19-risk-assessment-variants-vaccine-fourteenth-update-february-2021
https://www.ecdc.europa.eu/en/publications-data/data-virus-variants-covid-19-eueea
https://www.ecdc.europa.eu/en/publications-data/data-virus-variants-covid-19-eueea
http://doi.org/10.1126/science.abg3055
http://www.ncbi.nlm.nih.gov/pubmed/33658326
http://doi.org/10.1038/s41586-021-03470-x
http://www.ncbi.nlm.nih.gov/pubmed/33767447
http://doi.org/10.1016/S1473-3099(21)00170-5
http://doi.org/10.1038/s41586-021-03426-1
http://www.ncbi.nlm.nih.gov/pubmed/33723411
http://doi.org/10.1136/bmj.n579
http://www.ncbi.nlm.nih.gov/pubmed/33687922
http://doi.org/10.1186/s12879-022-07508-x
http://doi.org/10.1136/bmj.n1412
http://doi.org/10.1016/S2352-4642(21)00030-4
http://doi.org/10.3389/fpubh.2022.837970
http://www.ncbi.nlm.nih.gov/pubmed/35757644
http://doi.org/10.1503/cmaj.211248
http://www.ncbi.nlm.nih.gov/pubmed/34610919
http://doi.org/10.3389/fmed.2022.896352
http://www.ncbi.nlm.nih.gov/pubmed/35677819
http://doi.org/10.1001/jamanetworkopen.2021.43151
http://www.ncbi.nlm.nih.gov/pubmed/35133437
http://doi.org/10.1038/s41598-022-14016-0
http://www.ncbi.nlm.nih.gov/pubmed/35764879
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html
https://www.cdc.gov/coronavirus/2019-ncov/variants/variant-classifications.html
http://doi.org/10.2807/1560-7917.ES.2022.27.22.2200396
http://doi.org/10.3390/v14061297
http://www.ncbi.nlm.nih.gov/pubmed/35746768
http://doi.org/10.1016/S0140-6736(22)00017-4
http://doi.org/10.1038/s41586-020-2521-4
http://www.ncbi.nlm.nih.gov/pubmed/32640463
http://doi.org/10.1016/S0140-6736(20)30566-3
http://doi.org/10.1001/jama.2020.2648
http://www.ncbi.nlm.nih.gov/pubmed/32091533
http://doi.org/10.21037/jtd-21-120
http://www.ncbi.nlm.nih.gov/pubmed/34277055

Viruses 2022, 14, 1700 33 of 36

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Bayramoglu, Z.; Cingoz, E.; Comert, R.G.; Gasimli, N.; Kaba, O.; Yanartas, M.S.; Torun, S.H.; Somer, A.; Erturk, S.M.; Tunaci, A.
Correlation of laboratory parameters and Chest CT findings in young adults with COVID-19 and comparison of imaging findings
with children. Clin. Imaging 2021, 79, 265-272. [CrossRef] [PubMed]

Altonen, B.L.; Arreglado, T.M.; Leroux, O.; Murray-Ramcharan, M.; Engdahl, R. Characteristics, comorbidities and survival
analysis of young adults hospitalized with COVID-19 in New York City. PLoS ONE 2020, 15, e0243343. [CrossRef]

Lu, Y,; Huang, Z.; Wang, M.,; Tang, K.; Wang, S.; Gao, P; Xie, J.; Wang, T.; Zhao, J. Clinical characteristics and predictors of
mortality in young adults with severe COVID-19: A retrospective observational study. Ann. Clin. Microbiol. Antimicrob. 2021,
20, 3. [CrossRef] [PubMed]

Sandoval, M.; Nguyen, D.T; Vahidy, ES.; Graviss, E.A. Risk factors for severity of COVID-19 in hospital patients age 18-29 years.
PLoS ONE 2021, 16, €0255544. [CrossRef] [PubMed]

Flisiak, R.; Parczewski, M.; Horban, A.; Jaroszewicz, J.; Kozielewicz, D.; Pawlowska, M.; Piekarska, A.; Simon, K.; Tomasiewicz,
K.; Zarebska-Michaluk, D. Management of SARS-CoV-2 infection: Recommendations of the Polish Association of Epidemiologists
and Infectiologists. Annex no. 2 as of October 13, 2020. Pol. Arch. Intern. Med. 2020, 130, 915-918. [CrossRef]

Zambrano, L.D.; Ellington, S.; Strid, P.; Galang, R.R.; Oduyebo, T.; Tong, V.T.; Woodworth, K.R.; Nahabedian, J.F.; Azziz-
Baumgartner, E.; Gilboa, S.M.; et al. Update: Characteristics of Symptomatic Women of Reproductive Age with Laboratory-
Confirmed SARS-CoV-2 Infection by Pregnancy Status—United States, January 22-October 3, 2020. MMWR Morb. Mortal. Wkly.
Rep. 2020, 69, 1641-1647. [CrossRef]

Januszewski, M.; Ziuzia-Januszewska, L.; Jakimiuk, A.A.; Wierzba, W.; Gluszko, A.; Zytynska-Daniluk, J.; Jakimiuk, A.J. Is the
Course of COVID-19 Different during Pregnancy? A Retrospective Comparative Study. Int. J. Environ. Res. Public Health 2021,
18, 12011. [CrossRef] [PubMed]

GOV.UK. NERVTAG Paper on COVID-19 Variant of Concern, B.1.1.7. Available online: https://www.gov.uk/government/
publications/nervtag-paper-on-covid-19-variant-of-concern-b117 (accessed on 11 February 2022).

Grint, D.J.; Wing, K.; Williamson, E.; McDonald, H.I.; Bhaskaran, K.; Evans, D.; Evans, S.J.; Walker, A J.; Hickman, G.; Nightingale,
E.; et al. Case fatality risk of the SARS-CoV-2 variant of concern, B.1.1.7 in England, 16 November to 5 February. Eurosurveillance
2021, 26, 2100256. [CrossRef]

Sheikh, A.; McMenamin, J.; Taylor, B.; Robertson, C. SARS-CoV-2 Delta VOC in Scotland: Demographics, risk of hospital
admission, and vaccine effectiveness. Lancet 2021, 397, 2461-2462. [CrossRef]

Twohig, K.A.; Nyberg, T.; Zaidi, A.; Thelwall, S.; A Sinnathamby, M.; Aliabadi, S.; Seaman, S.R.; Harris, R.]J.; Hope, R.; Lopez-
Bernal, J.; et al. Hospital admission and emergency care attendance risk for SARS-CoV-2 delta (B.1.617.2) compared with alpha
(B.1.1.7) variants of concern: A cohort study. Lancet Infect. Dis. 2022, 22, 35-42. [CrossRef]

Lauring, A.S.; Tenforde, M.W.; Chappell, ].D.; Gaglani, M.; A Ginde, A.; McNeal, T.; Ghamande, S.; Douin, D.J.; Talbot, H.K,;
Casey, ].D.; et al. Clinical severity of, and effectiveness of mRNA vaccines against, COVID-19 from omicron, delta, and alpha
SARS-CoV-2 variants in the United States: Prospective observational study. BMJ 2022, 376, e069761. [CrossRef] [PubMed]
Stokes, E.K.; Zambrano, L.D.; Anderson, K.N.; Marder, E.P; Raz, K.M.; El Burai Felix, S.; Tie, Y.; Fullerton, K.E. Coronavirus
Disease 2019 Case Surveillance—United States, January 22-May 30, 2020. MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 759-765.
[CrossRef]

Xie, Y.; Wang, Z.; Liao, H.; Marley, G.; Wu, D.; Tang, W. Epidemiologic, clinical, and laboratory findings of the COVID-19 in the
current pandemic: Systematic review and meta-analysis. BMC Infect. Dis. 2020, 20, 640. [CrossRef] [PubMed]

Owusu, D.; Kim, L.; O'Halloran, A.; Whitaker, M.; Piasecki, A.M.; Reingold, A.; Alden, N.B.; Maslar, A.; Anderson, E.J.; Ryan,
P.A.; et al. Characteristics of Adults Aged 18-49 Years Without Underlying Conditions Hospitalized with Laboratory-Confirmed
Coronavirus Disease 2019 in the United States: COVID-NET—March-August 2020. Clin. Infect. Dis. 2021, 72, e162—e166.
[CrossRef]

Garg, S.; Patel, K.; Pham, H.; Whitaker, M.M.; O'Halloran, A.; Milucky, M.].; Anglin, M.O; Kirley, M.P.D.; Reingold, A.; Kawasaki,
M.B,; et al. Clinical Trends Among, U.S. Adults Hospitalized With COVID-19, March to December 2020: A Cross-Sectional Study.
Ann. Intern. Med. 2021, 174, 1409-1419. [CrossRef]

Richardson, S.; Hirsch, J.S.; Narasimhan, M.; Crawford, ].M.; McGinn, T.; Davidson, K.W.; the Northwell COVID-19 Research
Consortium. Presenting Characteristics, Comorbidities, and Outcomes Among 5700 Patients Hospitalized With COVID-19 in the
New York City Area. JAMA 2020, 323, 2052. [CrossRef] [PubMed]

Verity, R.; Okell, L.C.; Dorigatti, I.; Winskill, P.; Whittaker, C.; Imai, N.; Cuomo-Dannenburg, G.; Thompson, H.; Walker, PG.T.;
Fu, H.; et al. Estimates of the severity of coronavirus disease 2019: A model-based analysis. Lancet Infect. Dis. 2020, 20, 669-677.
[CrossRef]

Luo, H.; Liu, S.; Wang, Y.; Phillips-Howard, P.A.; Ju, S.; Yang, Y.; Wang, D. Age differences in clinical features and outcomes in
patients with COVID-19, Jiangsu, China: A retrospective, multicentre cohort study. BM] Open 2020, 10, e039887. [CrossRef]
Wolff, D.; Nee, S.; Hickey, N.S.; Marschollek, M. Risk factors for COVID-19 severity and fatality: A structured literature review.
Infection 2021, 49, 15-28. [CrossRef] [PubMed]

Petrilli, C.M.; Jones, S.A.; Yang, J.; Rajagopalan, H.; O’'Donnell, L.; Chernyak, Y.; Tobin, K.A.; Cerfolio, R.J.; Francois, F.; Horwitz,
L.I Factors associated with hospital admission and critical illness among 5279 people with coronavirus disease 2019 in New York
City: Prospective cohort study. BMJ 2020, 369, m1966. [CrossRef] [PubMed]


http://doi.org/10.1016/j.clinimag.2021.06.012
http://www.ncbi.nlm.nih.gov/pubmed/34167068
http://doi.org/10.1371/journal.pone.0243343
http://doi.org/10.1186/s12941-020-00412-9
http://www.ncbi.nlm.nih.gov/pubmed/33407543
http://doi.org/10.1371/journal.pone.0255544
http://www.ncbi.nlm.nih.gov/pubmed/34329347
http://doi.org/10.20452/pamw.15658
http://doi.org/10.15585/mmwr.mm6944e3
http://doi.org/10.3390/ijerph182212011
http://www.ncbi.nlm.nih.gov/pubmed/34831766
https://www.gov.uk/government/publications/nervtag-paper-on-covid-19-variant-of-concern-b117
https://www.gov.uk/government/publications/nervtag-paper-on-covid-19-variant-of-concern-b117
http://doi.org/10.2807/1560-7917.ES.2021.26.11.2100256
http://doi.org/10.1016/S0140-6736(21)01358-1
http://doi.org/10.1016/S1473-3099(21)00475-8
http://doi.org/10.1136/bmj-2021-069761
http://www.ncbi.nlm.nih.gov/pubmed/35264324
http://doi.org/10.15585/mmwr.mm6924e2
http://doi.org/10.1186/s12879-020-05371-2
http://www.ncbi.nlm.nih.gov/pubmed/32867706
http://doi.org/10.1093/cid/ciaa1806
http://doi.org/10.7326/M21-1991
http://doi.org/10.1001/jama.2020.6775
http://www.ncbi.nlm.nih.gov/pubmed/32320003
http://doi.org/10.1016/S1473-3099(20)30243-7
http://doi.org/10.1136/bmjopen-2020-039887
http://doi.org/10.1007/s15010-020-01509-1
http://www.ncbi.nlm.nih.gov/pubmed/32860214
http://doi.org/10.1136/bmj.m1966
http://www.ncbi.nlm.nih.gov/pubmed/32444366

Viruses 2022, 14, 1700 34 of 36

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Booth, A.; Reed, A.B.; Ponzo, S.; Yassaee, A.; Aral, M.; Plans, D.; Labrique, A.; Mohan, D. Population risk factors for severe disease
and mortality in COVID-19: A global systematic review and meta-analysis. PLoS ONE 2021, 16, €0247461. [CrossRef] [PubMed]
Hu, L; Chen, S.; Fu, Y.; Gao, Z; Long, H.; Ren, H.-W.; Zuo, Y.; Wang, |J.; Li, H.; Xu, Q.-B.; et al. Risk Factors Associated with
Clinical Outcomes in 323 Coronavirus Disease 2019 (COVID-19) Hospitalized Patients in Wuhan, China. Clin. Infect. Dis. 2020, 71,
2089-2098. [CrossRef] [PubMed]

Centers for Disease Control and Prevention. Healthcare Workers. 2020. Available online: https://www.cdc.gov/coronavirus/20
19-ncov /hcp/clinical-care /underlyingconditions.html (accessed on 14 February 2022).

Yang, X.; Yu, Y.; Xu, J.; Shu, H.; Xia, J.; Liu, H.; Wu, Y; Zhang, L.; Yu, Z.; Fang, M.; et al. Clinical course and outcomes of critically
ill patients with SARS-CoV-2 pneumonia in Wuhan, China: A single-centered, retrospective, observational study. Lancet Respir.
Med. 2020, 8, 475-481. [CrossRef]

Steinberg, E.; Wright, E.; Kushner, B. In Young Adults with COVID-19, Obesity Is Associated with Adverse Outcomes. West. ].
Emerg. Med. 2020, 21, 752-755. [CrossRef]

Richardson, S.; Gitlin, J.; Kozel, Z.; Levy, S.; Rahman, H.; Hirsch, ]J.S.; McGinn, T.; Diefenbach, M. A. In-Hospital 30-Day Survival
Among Young Adults with Coronavirus Disease 2019: A Cohort Study. Open Forum Infect. Dis. 2021, 8, ofab233. [CrossRef]
Cunningham, ].W.; Vaduganathan, M.; Claggett, B.L.; Jering, K.S.; Bhatt, A.S.; Rosenthal, N.; Solomon, S.D. Clinical Outcomes in
Young US Adults Hospitalized With COVID-19. JAMA Intern. Med. 2021, 181, 379. [CrossRef]

Panda, S.; Roy, S.; Garg, R K.; Hui, G.; Gorard, J.; Bhutada, M.; Sun, Y.; Bhatnagar, S.; Mohan, A.; Dar, L.; et al. COVID-19 disease
in hospitalized young adults in India and China: Evaluation of risk factors predicting progression across two major ethnic groups.
J. Med. Virol. 2022, 94, 272-278. [CrossRef]

Maldonado-Cabrera, A.; Angulo-Molina, A.; Haque, U.; Velazquez, C.; Alvarez-Villasefior, A.S.; Santacruz-Gémez, KJ.; Gallego-
Hernandez, A.L. Acute Inflammatory Mediators in Young Adult Patients with COVID-19 in Mexico. Pathogens 2021, 10, 1056.
[CrossRef]

Ruch, Y,; Kaeuffer, C.; Ohana, M.; Labani, A.; Fabacher, T.; Bilbault, P.; Kepka, S.; Solis, M.; Greigert, V.; Lefebvre, N.; et al. CT
lung lesions as predictors of early death or ICU admission in COVID-19 patients. Clin. Microbiol. Infect. 2020, 26, 1417.e5-1417 .e8.
[CrossRef] [PubMed]

Annoni, A.D.; Conte, E.; Mancini, M.E.; Gigante, C.; Agalbato, C.; Formenti, A.; Muscogiuri, G.; Mushtagq, S.; Guglielmo, M.;
Baggiano, A.; et al. Quantitative Evaluation of COVID-19 Pneumonia Lung Extension by Specific Software and Correlation with
Patient Clinical Outcome. Diagnostics 2021, 11, 265. [CrossRef] [PubMed]

Liao, D.; Zhou, E; Luo, L.; Xu, M.; Wang, H.; Xia, ].; Gao, Y.; Cai, L.; Wang, Z.; Yin, P; et al. Haematological characteristics and
risk factors in the classification and prognosis evaluation of COVID-19: A retrospective cohort study. Lancet Haematol. 2020, 7,
e671-e678. [CrossRef]

Wu, C,; Chen, X; Cai, Y;; Xia, J.; Zhou, X,; Xu, S.; Huang, H.; Zhang, L.; Zhou, X.; Du, C,; et al. Risk Factors Associated with Acute
Respiratory Distress Syndrome and Death in Patients with Coronavirus Disease 2019 Pneumonia in Wuhan, China. JAMA Intern.
Med. 2020, 180, 934. [CrossRef] [PubMed]

Liu, J.; Tu, C; Zhu, M.; Wang, J.; Yang, C.; Liu, W.; Xiong, B. The clinical course and prognostic factors of severe COVID-19 in
Wuhan, China: A retrospective case-control study. Medicine 2021, 100, €23996. [CrossRef]

Alsagaby, S.A.; Aljouie, A.; Alshammari, TH.; Alshammari, TH.; Mir, S.A.; Alhumaydhi, FA.; Al Abdulmonem, W.; Alshaalan,
H.; Alomaish, H.; Daghistani, R.; et al. Haematological and radiological-based prognostic markers of COVID-19. ]. Infect. Public
Health 2021, 14, 1650-1657. [CrossRef] [PubMed]

Shi, C.; Wang, L.; Ye, ].; Gu, Z.; Wang, S.; Xia, ].; Xie, Y.; Li, Q.; Xu, R.; Lin, N. Predictors of mortality in patients with coronavirus
disease 2019: A systematic review and meta-analysis. BMC Infect. Dis. 2021, 21, 663. [CrossRef] [PubMed]

Mesas, A.E.; Cavero-Redondo, I.; Alvarez-Bueno, C.; Cabrera, M.A.S.; De Andrade, S.M.; Sequi-Dominguez, I.; Martinez-Vizcaino,
V. Predictors of in-hospital COVID-19 mortality: A comprehensive systematic review and meta-analysis exploring differences by
age, sex and health conditions. PLoS ONE 2020, 15, e0241742. [CrossRef]

Li, X;; Xu, S.; Yu, M.; Wang, K.; Tao, Y.; Zhou, Y.; Shi, J.; Zhou, M.; Wu, B.; Yang, Z.; et al. Risk factors for severity and mortality in
adult COVID-19 inpatients in Wuhan. J. Allergy Clin. Immunol. 2020, 146, 110-118. [CrossRef]

Malik, P; Patel, U.; Mehta, D.; Patel, N.; Kelkar, R.; Akrmah, M.; Gabrilove, J.L.; Sacks, H. Biomarkers and outcomes of COVID-19
hospitalisations: Systematic review and meta-analysis. BM] Evid.-Based Med. 2021, 26, 107-108. [CrossRef]

Polidoro, R.B.; Hagan, R.S.; de Santis Santiago, R.; Schmidt, N.W. Overview: Systemic Inflammatory Response Derived from
Lung Injury Caused by SARS-CoV-2 Infection Explains Severe Outcomes in COVID-19. Front. Immunol. 2020, 11, 1626. [CrossRef]
[PubMed]

Barnes, B.J.; Adrover, ].M.; Baxter-Stoltzfus, A.; Borczuk, A.; Cools-Lartigue, J.; Crawford, ].M.; Dafiler-Plenker, J.; Guerci, P,;
Huynh, C.; Knight, J.S.; et al. Targeting potential drivers of COVID-19: Neutrophil extracellular traps. J. Exp. Med. 2020,
217, €20200652. [CrossRef] [PubMed]

Feng, X.; Li, S.; Sun, Q.; Zhu, J.; Chen, B.; Xiong, M.; Cao, G. Immune-Inflammatory Parameters in COVID-19 Cases: A Systematic
Review and Meta-Analysis. Front. Med. 2020, 7, 301. [CrossRef] [PubMed]

Luo, X.; Zhou, W.; Yan, X.; Guo, T.; Wang, B.; Xia, H.; Ye, L.; Xiong, J.; Jiang, Z.; Liu, Y,; et al. Prognostic Value of C-Reactive
Protein in Patients with Coronavirus 2019. Clin. Infect. Dis. 2020, 71, 2174-2179. [CrossRef] [PubMed]


http://doi.org/10.1371/journal.pone.0247461
http://www.ncbi.nlm.nih.gov/pubmed/33661992
http://doi.org/10.1093/cid/ciaa539
http://www.ncbi.nlm.nih.gov/pubmed/32361738
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
https://www.cdc.gov/coronavirus/2019-ncov/hcp/clinical-care/underlyingconditions.html
http://doi.org/10.1016/S2213-2600(20)30079-5
http://doi.org/10.5811/westjem.2020.5.47972
http://doi.org/10.1093/ofid/ofab233
http://doi.org/10.1001/jamainternmed.2020.5313
http://doi.org/10.1002/jmv.27315
http://doi.org/10.3390/pathogens10081056
http://doi.org/10.1016/j.cmi.2020.07.030
http://www.ncbi.nlm.nih.gov/pubmed/32717417
http://doi.org/10.3390/diagnostics11020265
http://www.ncbi.nlm.nih.gov/pubmed/33572122
http://doi.org/10.1016/S2352-3026(20)30217-9
http://doi.org/10.1001/jamainternmed.2020.0994
http://www.ncbi.nlm.nih.gov/pubmed/32167524
http://doi.org/10.1097/MD.0000000000023996
http://doi.org/10.1016/j.jiph.2021.09.021
http://www.ncbi.nlm.nih.gov/pubmed/34627060
http://doi.org/10.1186/s12879-021-06369-0
http://www.ncbi.nlm.nih.gov/pubmed/34238232
http://doi.org/10.1371/journal.pone.0241742
http://doi.org/10.1016/j.jaci.2020.04.006
http://doi.org/10.1136/bmjebm-2020-111536
http://doi.org/10.3389/fimmu.2020.01626
http://www.ncbi.nlm.nih.gov/pubmed/32714336
http://doi.org/10.1084/jem.20200652
http://www.ncbi.nlm.nih.gov/pubmed/32302401
http://doi.org/10.3389/fmed.2020.00301
http://www.ncbi.nlm.nih.gov/pubmed/32582743
http://doi.org/10.1093/cid/ciaa641
http://www.ncbi.nlm.nih.gov/pubmed/32445579

Viruses 2022, 14, 1700 35 of 36

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

Gomez-Pastora, J.; Weigand, M.; Kim, J.; Wu, X,; Strayer, J.; Palmer, A.F,; Zborowski, M.; Yazer, M.; Chalmers, ].J. Hyperferritinemia
in critically ill COVID-19 patients—Is ferritin the product of inflammation or a pathogenic mediator? Clin. Chim. Acta 2020, 509,
249-251. [CrossRef] [PubMed]

Xu, J.-B.; Xu, C.; Zhang, R.-B.; Wu, M,; Pan, C.-K,; Li, X.-].; Wang, Q.; Zeng, F.-F.; Zhu, S. Associations of procalcitonin, C-reaction
protein and neutrophil-to-lymphocyte ratio with mortality in hospitalized COVID-19 patients in China. Sci. Rep. 2020, 10, 15058.
[CrossRef] [PubMed]

Asan, A.; Ustiindag, Y.; Koca, N.; Simsek, A.; Sayan, H.E.; Parildar, H.; Cilo, B.D.; Huysal, K. Do initial hematologic indices
predict the severity of COVID-19 patients? Turk. . Med. Sci. 2021, 51, 39—-44. [CrossRef]

Zhou, C.; Huang, Z.; Tan, W.; Li, X,; Yin, W.; Xiao, Y.; Tao, Z.; Geng, S.; Hu, Y. Predictive factors of severe coronavirus disease 2019
in previously healthy young adults: A single-center, retrospective study. Respir. Res. 2020, 21, 157. [CrossRef]

Shen, Y.; Cheng, C.; Zheng, X,; Jin, Y.; Duan, G.; Chen, M.; Chen, S. Elevated Procalcitonin Is Positively Associated with the
Severity of COVID-19: A Meta-Analysis Based on 10 Cohort Studies. Medicina 2021, 57, 594. [CrossRef]

Lippi, G.; Plebani, M. Procalcitonin in patients with severe coronavirus disease 2019 (COVID-19): A meta-analysis. Clin. Chim.
Acta 2020, 505, 190-191. [CrossRef] [PubMed]

Zare, M.E.; Wang, Y.; Nasir Kansestani, A.; Almasi, A.; Zhang, ]J. Procalcitonin Has Good Accuracy for Prognosis of Critical
Condition and Mortality in COVID-19: A Diagnostic Test Accuracy Systematic Review and Meta-analysis. Iran. |. Allergy Asthma
Immunol. 2020, 19, 557-569. [CrossRef] [PubMed]

Soraya, G.V.; Ulhagq, Z.S. Crucial laboratory parameters in COVID-19 diagnosis and prognosis: An updated meta-analysis. Med.
Clin. 2020, 155, 143-151. [CrossRef]

Taneri, PE.; Gémez-Ochoa, S.A.; Llanaj, E.; Raguindin, PF; Rojas, L.Z.; Roa-Diaz, Z.M.; Salvador, D., Jr.; Groothof, D.; Minder, B.;
Kopp-Heim, D.; et al. Anemia and iron metabolism in COVID-19: A systematic review and meta-analysis. Eur. J. Epidemiol. 2020,
35,763-773. [CrossRef]

Lanser, L.; Burkert, ER.; Bellmann-Weiler, R.; Schroll, A.; Wildner, S.; Fritsche, G.; Weiss, G. Dynamics in Anemia Development
and Dysregulation of Iron Homeostasis in Hospitalized Patients with COVID-19. Metabolites 2021, 11, 653. [CrossRef] [PubMed]
Yan, H.; Liang, X.; Du, J.; He, Z.; Wang, Y.; Lyu, M.; Yue, L.; Zhang, F,; Xue, Z.; Xu, L.; et al. Proteomic and metabolomic
investigation of serum lactate dehydrogenase elevation in COVID-19 patients. Proteornics 2021, 21, 2100002. [CrossRef] [PubMed]
Wungu, C.D.K,; Khaerunnisa, S.; Putri, E.A.C.; Hidayati, H.B.; Qurnianingsih, E.; Lukitasari, L.; Humairah, I.; Soetjipto. Meta-
analysis of cardiac markers for predictive factors on severity and mortality of COVID-19. Int. ]. Infect. Dis. 2021, 105, 551-559.
[CrossRef] [PubMed]

Ogungbe, O.; Kumbe, B.; Fadodun, O.A ; Latha, T.; Meyer, D.; Asala, A.F; Davidson, PM.; Himmelfarb, C.R.D.; Post, W.S.;
Commodore-Mensah, Y. Subclinical myocardial injury, coagulopathy, and inflammation in COVID-19: A meta-analysis of 41,013
hospitalized patients. IJC Heart Vasc. 2022, 40, 100950. [CrossRef] [PubMed]

Ouyang, L.; Gong, Y.; Zhu, Y.; Gong, ]. Association of acute kidney injury with the severity and mortality of SARS-CoV-2 infection:
A meta-analysis. Am. |. Emerg. Med. 2021, 43, 149-157. [CrossRef] [PubMed]

Shao, M.; Li, X,; Liu, F; Tian, T,; Luo, J.; Yang, Y. Acute kidney injury is associated with severe infection and fatality in patients
with COVID-19: A systematic review and meta-analysis of 40 studies and 24,527 patients. Pharmacol. Res. 2020, 161, 105107.
[CrossRef]

Hansrivijit, P.; Qian, C.; Boonpheng, B.; Thongprayoon, C.; Vallabhajosyula, S.; Cheungpasitporn, W.; Ghahramani, N. Incidence
of acute kidney injury and its association with mortality in patients with COVID-19: A meta-analysis. . Investig. Med. 2020, 68,
1261-1270. [CrossRef]

Zhu, Z.; Wang, M.; Lin, W.; Cai, Q.; Zhang, L.; Chen, D.; Liu, F; Xiong, X.; Chu, J.; Peng, J.; et al. Cardiac biomarkers, cardiac
injury, and comorbidities associated with severe illness and mortality in coronavirus disease 2019 (COVID-19): A systematic
review and meta-analysis. Immun. Inflamm. Dis. 2021, 9, 1071-1100. [CrossRef] [PubMed]

Kumar, M.P,; Mishra, S.; Jha, D.K,; Shukla, J.; Choudhury, A.; Mohindra, R.; Mandavdhare, H.S.; Dutta, U.; Sharma, V.
Coronavirus disease (COVID-19) and the liver: A comprehensive systematic review and meta-analysis. Hepatol. Int. 2020, 14,
711-722. [CrossRef] [PubMed]

Wu, Z.; Yang, D. A meta-analysis of the impact of COVID-19 on liver dysfunction. Eur. |. Med. Res. 2020, 25, 54. [CrossRef]
[PubMed]

Bzeizi, K.; Abdulla, M.; Mohammed, N.; Alqamish, J.; Jamshidi, N.; Broering, D. Effect of COVID-19 on liver abnormalities: A
systematic review and meta-analysis. Sci. Rep. 2021, 11, 10599. [CrossRef] [PubMed]

Li, G; Yang, Y.; Gao, D.; Xu, Y,; Gu, J; Liu, P. Is liver involvement overestimated in COVID-19 patients? A meta-analysis. Int. .
Med. Sci. 2021, 18, 1285-1296. [CrossRef]

Soetedjo, N.N.M,; Iryaningrum, M.R.; Damara, F.A.; Permadhi, I.; Sutanto, L.B.; Hartono, H.; Rasyid, H. Prognostic properties of
hypoalbuminemia in COVID-19 patients: A systematic review and diagnostic meta-analysis. Clin. Nutr. ESPEN 2021, 45, 120-126.
[CrossRef] [PubMed]

Kheir, M.; Saleem, F.; Wang, C.; Mann, A.; Chua, J. Higher albumin levels on admission predict better prognosis in patients with
confirmed COVID-19. PLoS ONE 2021, 16, €0248358. [CrossRef] [PubMed]


http://doi.org/10.1016/j.cca.2020.06.033
http://www.ncbi.nlm.nih.gov/pubmed/32579952
http://doi.org/10.1038/s41598-020-72164-7
http://www.ncbi.nlm.nih.gov/pubmed/32929124
http://doi.org/10.3906/sag-2007-97
http://doi.org/10.1186/s12931-020-01412-1
http://doi.org/10.3390/medicina57060594
http://doi.org/10.1016/j.cca.2020.03.004
http://www.ncbi.nlm.nih.gov/pubmed/32145275
http://doi.org/10.18502/ijaai.v19i6.4926
http://www.ncbi.nlm.nih.gov/pubmed/33463126
http://doi.org/10.1016/j.medcli.2020.05.017
http://doi.org/10.1007/s10654-020-00678-5
http://doi.org/10.3390/metabo11100653
http://www.ncbi.nlm.nih.gov/pubmed/34677368
http://doi.org/10.1002/pmic.202100002
http://www.ncbi.nlm.nih.gov/pubmed/33987944
http://doi.org/10.1016/j.ijid.2021.03.008
http://www.ncbi.nlm.nih.gov/pubmed/33711519
http://doi.org/10.1016/j.ijcha.2021.100950
http://www.ncbi.nlm.nih.gov/pubmed/35005211
http://doi.org/10.1016/j.ajem.2020.08.089
http://www.ncbi.nlm.nih.gov/pubmed/33046323
http://doi.org/10.1016/j.phrs.2020.105107
http://doi.org/10.1136/jim-2020-001407
http://doi.org/10.1002/iid3.471
http://www.ncbi.nlm.nih.gov/pubmed/34405950
http://doi.org/10.1007/s12072-020-10071-9
http://www.ncbi.nlm.nih.gov/pubmed/32623633
http://doi.org/10.1186/s40001-020-00454-x
http://www.ncbi.nlm.nih.gov/pubmed/33148326
http://doi.org/10.1038/s41598-021-89513-9
http://www.ncbi.nlm.nih.gov/pubmed/34012016
http://doi.org/10.7150/ijms.51174
http://doi.org/10.1016/j.clnesp.2021.07.003
http://www.ncbi.nlm.nih.gov/pubmed/34620307
http://doi.org/10.1371/journal.pone.0248358
http://www.ncbi.nlm.nih.gov/pubmed/33725003

Viruses 2022, 14, 1700 36 of 36

99.

100.

101.

102.

103.

104.

105.

106.

Alemzadeh, E.; Alemzadeh, E.; Ziaee, M.; Abedi, A.; Salehiniya, H. The effect of low serum calcium level on the severity and
mortality of COVID patients: A systematic review and meta-analysis. Immun. Inflamm. Dis. 2021, 9, 1219-1228. [CrossRef]
[PubMed]

Martha, J.W.; Wibowo, A.; Pranata, R. Hypocalcemia is associated with severe COVID-19: A systematic review and meta-analysis.
Diabetes Metab. Syndr. Clin. Res. Rev. 2021, 15, 337-342. [CrossRef] [PubMed]

Yang, C.; Ma, X,; Wu, J.; Han, J.; Zheng, Z.; Duan, H.; Liu, Q.; Wu, C.; Dong, Y.; Dong, L. Low serum calcium and phosphorus and
their clinical performance in detecting COVID-19 patients. ]. Med. Virol. 2021, 93, 1639-1651. [CrossRef]

Menshawey, E.; Menshawey, R.; Nabeh, O.A. Shedding light on vitamin D: The shared mechanistic and pathophysiological role
between hypovitaminosis D and COVID-19 risk factors and complications. Inflammopharmacology 2021, 29, 1017-1031. [CrossRef]
[PubMed]

Chiodini, I.; Gatti, D.; Soranna, D.; Merlotti, D.; Mingiano, C.; Fassio, A.; Adami, G.; Falchetti, A.; Eller-Vainicher, C.; Rossini,
M.; et al. Vitamin D Status and SARS-CoV-2 Infection and COVID-19 Clinical Outcomes. Front. Public Health 2021, 9, 736665.
[CrossRef] [PubMed]

Kaya, M.O.; Pamukgu, E.; Yakar, B. The role of vitamin D deficiency on the COVID-19: A systematic review and meta-analysis of
observational studies. Epidemiol. Health 2021, 43, €2021074. [CrossRef] [PubMed]

Dissanayake, H.A.; de Silva, N.L.; Sumanatilleke, M.; de Silva, S.D.N.; Gamage, K.K.K.; Dematapitiya, C.; Kuruppu, D.C,;
Ranasinghe, P; Pathmanathan, S.; Katulanda, P. Prognostic and Therapeutic Role of Vitamin D in COVID-19: Systematic Review
and Meta-analysis. J. Clin. Endocrinol. Metab. 2021, 107, 1484-1502. [CrossRef] [PubMed]

Ghasemian, R.; Shamshirian, A.; Heydari, K.; Malekan, M.; Alizadeh-Navaei, R.; Ebrahimzadeh, M.A.; Warkiani, M.E.; Jafarpour,
H.; Bazaz, S.R.; Shahmirzadi, A.R; et al. The role of vitamin D in the age of COVID-19: A systematic review and meta-analysis.
Int. J. Clin. Pract. 2021, 75, €14675. [CrossRef] [PubMed]


http://doi.org/10.1002/iid3.528
http://www.ncbi.nlm.nih.gov/pubmed/34534417
http://doi.org/10.1016/j.dsx.2021.01.003
http://www.ncbi.nlm.nih.gov/pubmed/33493853
http://doi.org/10.1002/jmv.26515
http://doi.org/10.1007/s10787-021-00835-6
http://www.ncbi.nlm.nih.gov/pubmed/34185200
http://doi.org/10.3389/fpubh.2021.736665
http://www.ncbi.nlm.nih.gov/pubmed/35004568
http://doi.org/10.4178/epih.e2021074
http://www.ncbi.nlm.nih.gov/pubmed/34607398
http://doi.org/10.1210/clinem/dgab892
http://www.ncbi.nlm.nih.gov/pubmed/34894254
http://doi.org/10.1111/ijcp.14675
http://www.ncbi.nlm.nih.gov/pubmed/34322971

	Introduction 
	Materials and Methods 
	Subjects and Settings 
	Clinical Outcomes 
	Ethical Concerns 
	Statistical Analysis 

	Results 
	General Characteristics and Comparison of the Second and Third Waves 
	Factors Associated with Poor Prognosis 
	Correlations between Patients’ Characteristics and the Need for MV and ICU Treatment 
	Predictors of Death in Logistic Regression 
	Predictors of MV in Logistic Regression 
	Predictors of ICU Treatment in Logistic Regression 
	ROC Analysis 


	Discussion 
	Conclusions 
	References

