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Abstract
Abstract
Background and aims

Low-density lipoprotein (LDL) plasma concentration decline is a biomarker for acute
inflammatory diseases, including coronavirus disease-2019 (COVID-19). Phenotypic changes
in LDL during COVID-19 may be equally related to adverse clinical outcomes.

Methods

Individuals hospitalized due to COVID-19 (n = 40) were enrolled. Blood samples were
collected on days 0, 2, 4, 6, and 30 (DO, D2, D4, D6, and D30). Oxidized LDL (ox-LDL), and
lipoprotein-associated phospholipase A2 (Lp-PLA2) activity were measured. In a consecutive
series of cases (n = 13), LDL was isolated by gradient ultracentrifugation from DO and D6 and
was quantified by lipidomic analysis. Association between clinical outcomes and LDL
phenotypic changes was investigated.

Results

In the first 30 days, 42.5% of participants died due to Covid-19. The serum ox-LDL increased
from DO to D6 (p < 0.005) and decreased at D30. Moreover, individuals who had an ox-LDL
increase from DO to D6 to over the 90th percentile died. The plasma Lp-PLA2 activity also
increased progressively from DO to D30 (p < 0.005), and the change from DO to D6 in Lp-
PLA2 and ox-LDL were positively correlated (r = 0.65, p < 0.0001). An exploratory untargeted
lipidomic analysis uncovered 308 individual lipids in isolated LDL particles. Paired-test
analysis from DO and D6 revealed higher concentrations of 32 lipid species during disease
progression, mainly represented by lysophosphatidyl choline and phosphatidylinositol. In
addition, 69 lipid species were exclusively modulated in the LDL particles from non-survivors
as compared to survivors.

Conclusions

Phenotypic changes in LDL particles are associated with disease progression and adverse clinical
outcomes in COVID-19 patients and could serve as a potential prognostic biomarker.



1. Introduction

A seemingly disproportionate lethality for a subset of patients with coronavirus disease-2019
(COVID-19) is one of the most striking features of this disease. Identification of high-risk
individuals is, therefore, crucial for the design of effective coping strategies. Reduction in
plasma low-density lipoprotein (LDL) cholesterol was recently identified as a high mortality risk
predictive biomarker [1]. A significant decline in plasma LDL-cholesterol (LDL-C)
concentration has also been reported in the acute inflammatory phase of several diseases,
such as myocardial infarction [[2], [3], [4], [5]], pancreatitis [6], and bacterial or viral sepsis
[7,8]. Under these conditions, as well as in COVID-19, LDL-C decrease is related to adverse

clinical outcomes [9].

Although it is not fully understood how an acute decline of plasma LDL-C could impact the
severity of COVID-19, increased lipoprotein catabolism from the bloodstream has been
suggested as a putative mechanism [10]. The current concept is that the cellular accumulation
of cholesterol in the acute phase benefits the host, conserving biosynthetic resources and
favoring the general immune response to infections or wound healing [11]. In respiratory
infections such as COVID-19, increased removal of LDL may also result from the uptake of
this lipoprotein by alveolar cells to supply cholesterol for the production of surfactant
components [12,13]. Cellular lipidomic studies revealed that human coronavirus can modify
both lipid signaling and metabolism in vitro to benefit its replication [11]. Also, virus replication
sometimes requires lipids for their assembly, intracellular traffic, and also to serve as a source

of energy [14].

Phenotypic changes in LDL, such as oxidation and reduction of its size and density, have also
been reported in clinical conditions associated with an acute inflammatory response [15]. With
the increased LDL turnover and systemic oxidative stress, changes in the LDL lipid
composition are expected to occur during COVID-19, which may impact the clinical outcome.
Hence, the present study was designed to investigate the change in oxidative and lipid
composition of LDL during the acute phase of COVID-19 and its potential association with

clinical outcomes.

2. Patients and methods



2.1. Study population

Patients enrolled in this study were the Brazilian subgroup of patients who participated in the
RIC in COVID-19 trial [16], for whom a remote ischemia and reperfusion stimulus on the
brachial artery was neutral on both inflammatory and clinical outcomes [17]. The study protocol
was registered on the public trials database clinicaltrials.gov NCT04699227. It was approved
by the Ethics Committee of the State University of Campinas (CAAE:
33.709.320.4.0000.5404) and all participants signed informed consent before entering the
study.

All details regarding the inclusion and exclusion criteria and tests performed were previously
described [16]. Briefly, inclusion criteria included: (i) adult patients (=18 to 80 years of age)
with a diagnosis of COVID-19 infection; (ii) clinical features of respiratory distress (respiratory
rate > 30 bpm or use of accessory muscles); (iii) peripheral oxygen saturation SaO2 < 95% or
requiring oxygen supplementation; (iv) clinically unwell with reduced mobility, raised
temperature/heart rate, and/or deranged biochemical laboratory results. Exclusion criteria
included: (i) contraindication for the use of a brachial cuff; (ii) intercurrent disease with an
expected life expectancy of <24 h; (iii) cardiac arrest; (iv) pregnant or breastfeeding women;
(v) bleeding disorder or platelet count below 50 x 109 cells/L; (vi) currently enrolled in another
research study; (vii) end-stage renal disease requiring renal replacement therapy; (viii) chronic
liver disease; (ix) significant immunodeficiency states; (x) any active underlying malignancy;
(xi) baseline stage C chronic heart failure; (xii) critical illness requiring invasive ventilation.
Plasma was obtained on the first day of admission (D0O) and every two days until the sixth day
(D2, D4 and D6), thereafter on the thirtieth day (D30) of study participation. Aliquots were
stored in liquid nitrogen.

2.2. Laboratory methods

Oxidized LDL (ox-LDL) was assessed by ELISA kits from Mercodia (Uppsala, Sweden),
according to the manufacturer's instructions. This test is based on monoclonal antibodies
directed against separate antigenic determinants on the oxidized apolipoprotein B molecule.
The ox-LDL measurements were performed in samples from 40 hospitalized patients on days
0, 2,4, 6,and 30 (DO, D2, D4, D6, and D30, respectively). These kits were kindly provided by

Mercodia.



Lipoprotein-associated phospholipase A2 (Lp-PLA2) also known as platelet-activating factor
acetylhydrolase (PAF-AH) was evaluated by an activity assay kit from Cayman Chemical (Ann
Arbor, MI, United States), according to the manufacturer's instructions. The Lp-PLA2
measurements were performed in samples from 40 hospitalized patients on days 0, 6, and 30
(DO, D6, and D30, respectively).

2.3. Lipidomic analysis of isolated total LDL

In a sequential and exploratory analysis, we search for changes in LDL lipidome composition
between day 0 (DO) at admission and day 6 (D6) the peak of ox-LDL concentration in
approximately 30 % of the patients admitted in the study. The selection criteria were patients
of the sham group (n = 20), non-diabetic (h = 16) and from whom plasma samples were
available at DO and D6 (n = 13). These two days were selected because they represented ox-
LDL's baseline and peak plasma concentrations, respectively. The rationale for selecting the
sham group was to avoid possible effects of the intervention group, since, at the time of sample
collection, we could not certify the intervention would be neutral. Finally, the decision related
to not including diabetic patients was to avoid any putative diabetes-related effects in COVID-

19 patients' lipidomic analysis. All of these steps are shown in supplemental Fig. 4.”

Total LDL was isolated from 1.7 mL of plasma adjusted to a density of 1.21 g/mL with
potassium bromide (KBr). KBr solutions were added to make a gradient with the aid of a mini
peristaltic pump: (i) 1.3 ml saline (1.063 g/ml), (ii) 1.3 ml saline (1.019 g/ml) and (iii) 1.1 ml
saline (1.006 g/ml). The gradient formed was ultracentrifuged at 55,000 rpm for 15 h and 30
min at 15 °C in an SW-55 rotor (Beckman L8-70M, Beckman Coulter Inc.). After
ultracentrifugation, the lipoprotein fractions in the sequence very-low-density lipoprotein
(VLDL) and intermediate-density lipoprotein (IDL), LDL, and high-density lipoprotein (HDL)

were extracted in 1.2 mL, 1.7 mL, and 1.0 mL volumes.

Isolated bulk LDL (n = 26 samples in total, 200 pL aliquots) was analyzed by an untargeted
lipidomic method as previously described [18]. In brief, the isolated LDL samples were spiked
with a mix of internal standards (detailed in Table S1) before total lipid extraction with a
modified MTBE method [19]. Total lipid extracts were evaporated to dryness and resuspended
in 200 L isopropanol and measured by liquid chromatography (C18 column, reverse phase)
tandem electrospray time-of-flight mass spectrometry. The 400 most abundant ions from

MS/MS experiments in negative and positive ionization modes were manually annotated and



identified exclusively based on their fragmentation patterns in three randomly selected
samples from DO and D6. A list of exact masses and retention time for lipid species was
thereby generated and compounds were quantified as peak areas of precursor ions in MS1
experiments. Peak areas of lipid species were compared to those of the respective class-
specific internal standard (a semi-quantitative approach; according to 18), and the molar
concentration for each lipid was calculated. For data nhormalization, three distinct procedures
were performed: 1) total volume of plasma used for LDL isolation; 2) total lipids (sum of all
lipid species); 3) total cholesterol (sum of free and esterified cholesterol). Applying multivariate
analysis (not shown here), a great similarity between total lipids and total cholesterol
normalization was observed, and the former was adopted in this study. Finally, a pooled
sample containing an aliquot of total lipid extracts from each experimental sample was used
as quality control. This pooled sample was injected before and after a batch of 5-6
experimental samples and the coefficient of variance (CV) was calculated. Using a CV < 20%
as the cutoff, we identified eight compounds above this threshold, which were excluded from

statistical analyses.

2.4. Statistics

Data are presented as mean + standard deviation (SD) when normally distributed or median
and interquartile range (IQR) when nonparametric. Kolmogorov-Smirnov test was used to
check normality. Continuous variables were compared between groups using the Student's t-
test or Wilcoxon-Mann-Whitney U test. Lipidomic data were log-transformed to achieve normal
distribution. For univariate analysis, a paired t-test was applied with a false discovery rate
(FDR; as control of Type-I error or false positives) to identify differences between sampling
time points (DO versus D6). Significantly altered compounds were plotted as a heatmap
(represented by the fold-change of the average for each compound) together with hierarchical
clustering of compounds (y-axis) and samples (x-axis). To compare the most relevant changes
in compound concentrations (here as percentage of total lipids) among survivors and non-
survivors (i.e., DO versus D6), a Venn diagram was generated taking into account the paired
t-tests (p < 0.05) and fold-changes higher than 2 to identify common and unique altered lipid
species. The associations between lipid subclasses (i.e., the sum of lipid species
concentrations within a subclass) and ox-LDL or Lp-PLA2 were verified through Spearman
Rank correlation. Statistical analyses of LDL lipidome data were conducted using

Metaboanalyst (www.metaboanalyst.ca), following protocols in Xia and Wishart (2016) [20].

3. Results



3.1. The changes in Lp-PLA2 and ox-LDL

A total of 40 adult individuals hospitalized due to COVID-19 were analyzed in this study. The
demographic and clinical characteristics of the participants are presented in Table 1. None of
the patients were vaccinated for COVID before hospitalization. A total of 17 patients (42.5%)
died during the first 30 days. The remote ischemic conditioning intervention tested in the RIC
in COVID-19 trial was neutral for the trial and it was equally not associated with any clinical or

laboratory characteristics obtained in the present study [17].
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1. Oxidized Low-density Lipoprotein (ox-LDL) measurements (U/L). The measurements were



performed in plasma samples from 40 hospitalized patients on days 0, 2, 4, 6, and 30 (DO,
D2, D4, D6, and D30, respectively). Ox-LDL was assessed by enzyme-linked immunosorbent
assay kits according to the manufacturer's instructions. Data were analyzed through the

Wilcoxon-Mann-Whitney U test.
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Fig. 2.

Lipoprotein-associated phospholipase A2 (Lp-PLA2) activity measurements in plasma
samples (mmol/min/ml). The measurements were performed in plasma samples from 40
hospitalized patients on days 0, 6, and 30 (DO, D6, and D30, respectively). Lp-PLA2 was

assessed by enzyme-linked immunosorbent assay kits according to the manufacturer's

instructions. Data were analyzed through paired t-tests.
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Linear regression of the change in oxidized low-density lipoprotein (ox-LDL) and lipoprotein-
associated phospholipase A2 (Lp-PLA2). Data expressed the change in ox-LDL and Lp-PLA2
from DO to D6 were positively correlated (r = 0.65, p < 0.0001) verified through Spearman

Rank correlation.
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Fig. 4. Heatmap of main LDL lipidome alterations between days O and 6. Heatmap
representing the 32 lipid species from LDL displaying significant differences in concentration
(as percentage of total lipids) between days 0 and 6 for 13 patients (A). The sum of LPC and
LPE concentration as a percentage (%) of total lipids in the log scale and significant
differences between days 0 and 6 (B). Data analyses were log-transformed and compared

using the student's t-test. X: Y where X = carbon and Y = double bonds.
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Fig. 5. Volcano plots and

Venn diagram. Volcano plots of paired data in survivors (A) and non-survivors (B) on day 6

versus day 0. Venn diagram displaying modulated lipids in survivors and non-survivors on day

6 versus day 0 (C). See Supplemental Table 3 for detailed information.



Serum and plasma samples were obtained in all enrolled patients on DO and D6 and in 25 of
those who survived until the D30. As depicted in Fig. 1, we found an increase in the serum
concentration of ox-LDL from DO to D6 (p < 0.005). As depicted in Fig. 2, the plasma Lp-PLA2
activity increased progressively from DO to D30, but the difference reached statistical
significance only in D30 (p < 0.005). Since we lost statistical power at D30 due to the early
mortality of some patients, we used the change from DO to D6 for correlation analyses and
these same two time-points for LDL lipidomics. The change from DO to D6 in Lp-PLA2 and ox-
LDL were positively correlated (r = 0.65, p < 0.0001) (Fig. 3). We also included the data
comparing survivors and non-survivors' patients in supplemental data. The only difference
found between the groups was ox-LDL concentration comparing DO vs. D6 (Supplemental Fig.
1). Regarding the analysis of Lp-PLAZ2 activity or change in ox-LDL as a function of change in
LP-PLA2 activity from DO to D6 the results were consistent with the main cohort with all

patients (Supplemental Fig. 2, Supplemental Fig. 3).

3.2. LDL lipidome characteristics

As commented above, LDL particles obtained at DO and D6 from 13 patients enrolled in the
study underwent lipidomic analysis. Baseline characteristics of this subset of patients are
summarized in supplemental Table 1. A total of 308 individual lipid molecular species were
described in isolated LDL particles through untargeted lipidomic analysis (Supplemental Table
2). These lipid species were distributed into 21 subclasses as shown in supplemental Table
2, from which triglycerides (TG) and phosphatidylcholine (PC) displayed the highest number
of individual compounds, followed by ceramide (CE), and sphingomyelin (SM). For
guantitative comparison of LDL lipidome, data were normalized to total lipids and log-
transformed. The compounds displaying a coefficient of variance higher than 20% were
excluded from statistical analyses. Paired t-test analysis from DO and D6 revealed higher
concentrations of 32 lipid species with disease progression (Fig. 4A). The great majority of
these altered lipids were represented by phospholipids, in particular, significant contributions
of lysophospholipids (8 out of 18 total lysophospholipids; Fig. 4B) from both PC and PE (LPC
and LPE, respectively) and phosphatidylinositol (PI, 7 out of 13 total PI) species.

3.3. LDL phenotype changes and clinical outcome

The association between LDL's phenotypic changes and mortality was evaluated and none of
the baseline parameters were related to this outcome. While all individuals who presented ox-

LDL change from DO to D6 above the 90th percentile died during hospitalization, only 31% of



those who were below this cutoff point had the same adverse outcome (p = 0.04). In an
exploratory analysis based on the LDL lipidome alterations from DO to D6, we compared
individuals who survived (n = 4) with those who died (n = 9). It is worth noticing that differences
between survivors and non-survivors were not apparent on DO or D6 (unpaired t-test, using
FDR; data not shown). In contrast, paired t-test conducted in survivors and non-survivors
comparing DO versus D6 revealed that concentrations of 19 lipid species were increased in
both groups with disease progression (Supplemental Table 3). The majority of these
commonly modulated lipids between survivors and non-survivors were represented by
lysophospholipids (6 out of 19 total altered lipids), followed by 4 and 5 species of PC and TG,
respectively (Supplemental Table 3). Nonetheless, whereas the concentrations of only 8 lipid
species in LDL from survivors were found uniquely altered with disease progression, the data
revealed 69 lipid species in LDL exclusively modulated in non-survivors (Fig. 5), from which
all species displayed increased concentrations with disease progression (Supplemental Table
3). Of note, altered LDL lipid species exclusively found in non-survivors were mostly
represented by phospholipids, SM, vitamin E (Vit E), and coenzyme Q-10 (Q10)
(Supplemental Table 3). Among the altered phospholipids exclusively found in LDL from non-
survivors, PC was the most numerically abundant, followed by PE and their monoether
counterparts (i.e., plasmanyl and plasmenyl; oPE and pPE), lysophospholipids and PI species
(Supplemental Table 3).

4. Discussion

The main finding of this study is that LDL oxidation and the change in its lipidome occur during
the acute phase of COVID-19 and are likely related to adverse clinical outcomes. To the best
of our knowledge, this is the first study to provide quantitative data on lipoprotein-specific

lipidome composition in COVID-19-infected patients.

Increased lipoprotein oxidation is a feature of acute inflammatory diseases. Although there are
many gaps in the understanding of this phenomenon, during the acute inflammatory response,
a marked increase in the production of free radicals and reactive oxygen species occurs and
is believed to be a part of the innate immune system response [21]. This same pattern of
oxidative response has also been described in patients with COVID-19 and appears to play a
role in viral replication and injury response [[22], [23], [24]]. In in vitro experiments, infection
by SARS-CoV-2 increases mitochondrial production of reactive oxygen species (mtROS) that
favor viral replication by increasing the stability of hypoxia-inducible factor 1-alpha (HIF-1a)

[25]. HIF-1a can induce the expression of glycolytic and inflammatory genes, stimulating



glycolysis and favoring viral replication and tissue damage. Indeed, inhibition of complex | or
the use of antioxidants inhibits viral replication [25]. In the present study, we found the
oxidation of apolipoprotein B present in LDL as a marker of systemic oxidative stress. Such
ox-LDL particles lose their ability to bind to the LDL receptor and may favor the immuno-

inflammatory response [26,27].

Although present in trace amounts, oxidized lipids concentrations remained unaltered in LDL
during disease progression. Since a positive correlation between Lp-PLA2 activity and ox-LDL
concentration was found in this study, we hypothesize that the lack of alteration in the content
of oxidized lipids in LDL was due to increased Lp-PLA2 activity. This enzyme is predominantly
found (80%) on LDL and is responsible for catalyzing the hydrolysis of fatty acids at the sn-2
position of the glycerol backbone of phospholipids [28]. Of note, Lp-PLA2 may hydrolyze
oxidized phospholipids from ox-LDL to produce lysophosphatidylcholine (LPC) and oxidized
non-esterified fatty acids (ox-NEFA), both lipids with the potential of playing a pro-inflammatory
role [29].

Changes in LDL lipidome composition during the course of COVID-19 infection may have
potential clinical implications. Firstly, there was an overall increase in LDL phospholipid
content (examined as percentage of total lipids) from DO to D6. Among the altered species of
phospholipids in LDL during the COVID-19 course, LPC, LPE, and PI were by far the most
representative (i.e., altered species relative to the total number of species within a lipid
subclass). A potential source for such increased concentrations of LPC and LPE in LDL during
COVID-19 may be the enhanced activity of Lp-PLA2 or LCAT. Enhanced activity of LCAT in
LDL particles would result in increased concentrations of cholesteryl esters, which was not
observed in our data. Secondly, in an exploratory analysis, a greater enrichment of LDL
phospholipid concentrations was observed in individuals who died than those who survived
during hospitalization. In agreement with our findings, changes in whole plasma lipidome
profiles have been reported in COVID-19 patients. In general, these reports indicate the
involvement of several lipid classes, including free fatty acids, glycerolipids such as TG,
phospholipids and lysophospholipids, sphingolipids, and lipid mediators [[30], [31], [32], [33],
[34]].

From a mechanistic standpoint, increased concentrations of lysophospholipids and PI as a

general signature of disease progression could modulate both biophysical and electrostatic



properties of LDL particles, interfering with insertion, conformation, and activity of membrane-
bound proteins [35]. For instance, Pl is the most abundant anionic or negatively charged lipid
in blood plasma [18] and is deemed to influence the interaction of lipoproteins with lipid transfer
proteins and enzymes (e.g., LCAT and hepatic lipase [36]). As opposed to phospholipids
containing two hydrocarbon tails, lysophospholipids, such as LPE and LPC, tend to form
monolayers with positive curvature [35], which could directly influence LDL's particle size and
perhaps its function. As commented above, increased LPC content in LDL is strongly
associated with lipoprotein oxidation. As major components of ox-LDL, LPC enrichment has
been directly linked to monocyte migration and cytokine expression in smooth muscle cells,
inhibition of vasodilatation, and exacerbation of nitric oxide production coupled to increased
oxidative stress in endothelial cells [[37], [38], [39]].

Apart from phospholipids, we found that Q10 and vitamin E contents in LDL were also
associated with mortality, and the former correlated with ox-LDL levels (data not shown). The
possible mechanisms by which phospholipids, Q10, and vitamin E concentrations increased
in LDL during COVID-19 progression are still elusive and beyond the scope of this study.
Nevertheless, a potential route for such phospholipid enrichment in LDL particles may include,
among others, the exchange of structural lipids, including free cholesterol and phospholipids,
between LDL and VLDL under conditions of low lipoprotein lipase activity [40]. In line with this
possibility, increased content of total TG, FC and phospholipids was exclusively observed in
most VLDL fractions, along with LDL-2 and -6 fractions analyzed by nuclear magnetic
resonance as a signature of COVID-19 in a robust number of patients (n = 246) [41]. While a
substantial enrichment in TG was also observed in all LDL fractions from infected patients,
similar to our results, the latter study reported a significant decrease in concentrations of
phospholipids and FC in several LDL fractions. Although somewhat contrasting with our data,
the results of both studies performed in distinct contexts and applying different analytical
methods suggest that LDL lipidome undergoes considerable changes during disease

progression [41].

In conclusion, in addition to the change in plasma LDL-C concentration evidenced in acute
inflammatory diseases, we found that COVID-19 infection resulted in a series of alterations in
the lipidome of LDL particles. The results obtained in this study provide strong support for a
future larger study to determine whether the phenotypic changes in LDL particles can

potentially serve as a biomarker for the adverse clinical outcome of COVID-19.



5. Study limitation

The Brazilian subgroup of the RIC in COVID-19 trial was calculated for a sample size of 40
patients, and ox-LDL analysis performed for all patients revealed a peak in plasma
concentrations on day 6 of hospitalization. To avoid the effects of intervention and diabetes,
LDL lipidomic analysis was limited to the sham group and non-diabetic patients with available
samples on days 0 and 6. Despite the low number of patients, a strong association of specific
molecular species within several lipid classes of LDL with disease progression was found with
robust statistical significance (including the use of false discovery rate to minimize Type-I
errors and fold-change higher than 2), independent of the clinical outcome. Although
exploratory, we believe that main alterations in LDL lipidome as reported here have potential
relevance for future studies focused on lipoprotein lipid changes in acute inflammatory

diseases.
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Supplemental Table 1. Demographic and clinical parameters. Continuous data are reported
as mean = standard deviation or median (IQR). Categorical data are n (%). All were applied
to the total number of individuals under lipidomic analysis (n = 13). SBP, systolic blood
pressure; DBP, diastolic blood pressure; CPS, clinical progression scale; CPOD, chronic
obstructive pulmonary disease; HIV, human immunodeficiency virus; ARB, angiotensin
receptor blockers; ACEi, angiotensin-converting enzyme inhibitors; RT-PCR, real-time

polymerase chain reaction; ALT, alanine aminotransferase; RRT, renal replacement therapy.

Supplemental Table 2. Lipid subclasses, number of identified species, and internal standards
used for quantitative assessment. * Abbreviations: 1H and 2H (mono- and di-hexosyl), Cer
(ceramide), PE (phosphatidylethanolamine), Sulf (sulfatide), FFA (free fatty acids), LPC and



LPE (lysophosphatidyl-choline and ethanolamine), oPC and pPC (plasmanyl and plamenyl
phosphatidylcholine), PC (phosphatidylcholine), oPE and pPE (plasmanyl and plamenyl
phosphatidylethanolamine), PE (phosphatidylethanolamine), Pl (phosphatidylinositol), SM
(sphingomyelin), CE (cholesteryl ester), FC (free cholesterol), DG (diacylglycerol), Q-10
(coenzime Q10), VitE (vitamin E), TG (triacylglycerol).

Supplemental Table 3. Altered lipids in survivors and non-survivors. Significantly altered lipids

displayed in Fig. 5 (paired t-test with fold-change >2).
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Supplemental Fig. 1

Supplemental Fig. 1. Ox-LDL levels at each timepoint among survivors and non-survivors.
One-way ANOVA with multiple comparison with Sidak adjustment reported no significant
change from baseline among survivors, but ox-LDL levels varied significantly from baseline to

D6 in non-survivors.
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Supplemental Fig. 2

Supplemental Fig. 2. LP-LPA activity at each timepoint according to survival status. One-way
ANOVA with multiple comparison with Sidak adjustment reported no significant change from
baseline in both groups.
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Supplemental Fig. 3. Linear regression of change in ox-LDL as a function of change in LP-
PLA2 activity from DO to D6. The curves represent the linear regression of survivors (light
gray) and non-survivors (darker gray). The equations were y = 2979*x-3.33 for survivors (R2
linear = 0.640) and y = 4148*x + 20.4 for non-survivors (R2 linear = 0.637).
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Supplemental Fig. 4

Supplemental Fig. 4. Flowchart of the samples used in the lipidomic analysis.
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Table 1. Demographic and clinical parameters

Patients with Covid-19 (n=40)

Age

Female

Ethnicity

White

Black

Other

Physical examination
SBP, mmHg

DBP, mmHg

Heart rate, bpm
Oxygen saturation, %
Respiratory rates, breaths/min
Temperature, °C
Symptoms at admission
Fever

Fatigue

Cough

Anorexia

Myalgia

Dyspnea

Sputum

Diarrhea

CPS Severity Scale
Moderate (4-5)
Severe (6-9)

Medical history
Arterial Hypertension
Diabetes Mellitus
Chronic kidney disease
Heart Failure

Prior acute coronary syndrome
Prior Ischemic Stroke
COPD

Current Smoker
Former Smoker
Obesity

Dyslipidemia

HIV

Prior tuberculosis
Medications in use
Steroids

Statins

ARB

ACEI

Beta-blockers
Diuretic

Metformin

Insulin

58.1+11.6
18 (45.0%)

32 (80.0%)
1 (2.5%)
7(17.5%)

131+18.7
72.7+12.1
91.1+16.5
95.7+2.3
24+4.6
36.5+0.65

30 (75.0%)
27 (67.5%)
35 (87.5%)
7 (17.5%)
13 (32.5%)
36 (90.0%)
2 (5.0%)

4 (10.0%)

20 (50.0%)
20 (50.0%)

19 (47.5%)
11 (27.5%)
1 (2.5%)

2 (5.0%)

2 (5.0%)

3 (7.5%)

2 (5.0%)

0 (0.0%)

9 (22.5%)
22 (55.0%)
17 (42.5%)
0 (0.0%)

0 (0.0%)

24 (60.0%)
8 (20.0%)
13 (32.5%)
1 (2.5%)

3 (7.5%)

3 (7.5%)

5 (12.5%)
2 (5.0%)



Biochemical analysis
RT-PCR COVID19
Hemoglobin, g/dL
White cell count
Creatinine, mg/dL
ALT

HbAlc

C-reactive protein
Dimer D (ng/dl)
Troponin T

Clinical outcomes
Clinical deterioration
Intubation

Death

Pulmonary embolism
RRT

Time to outcome, days

Clinical deterioration
Discharge

Death

Pulmonary embolism
RRT initiation

Days on RRT

40 (100.0%)
11.2542.0
11793+5066
1.23+0.7
71.3+27.7
6.6+0.0
139+70.6
2508+2700.0
0.1+0.0

20 (50.0%)
24 (60.0%)
15 (37.5%)
3 (7.5%)

11 (27.5%)

1+0.75
8+5
16+8
1+5
9+4
11+7




Table 2. Demographic and clinical parameters

Subgroup of Patients with Covid-19 (n=13)

Age

Female

Ethnicity

White

Black

Other

Physical examination
SBP, mmHg

DBP, mmHg

Heart rate, bpm
Oxygen saturation, %
Respiratory rates, breaths/min
Temperature,”C
Symptoms at admission
Fever

Fatigue

Cough

Anorexia

Myalgia

Dyspnea

Sputum

Diarrhea

CPS Severity Scale
Moderate (4-5)
Severe (6-9)

Medical history
Arterial Hypertension
Diabetes Mellitus
Chronic kidney disease
Heart Failure

Prior acute coronary syndrome
Prior Ischemic Stroke
COPD

Current Smoker
Former Smoker
Obesity

Dyslipidemia

HIV

Prior tuberculosis
Medications in use
Steroids

Statins

ARB

ACEI

Beta-blockers
Diuretic

Metformin

Insulin

59.6 (12.4)
4 (31%)

10 (77%)
1 (8%)
2(15%)

128 (15.4)
73.7 (8.8)
89.2 (14.4)
95.3 (3.0)
25 (3.3)
37.0+0.3

12 (92%)
9 (69%)
12 (92%)
10 (77%)
10 (77%)
13 (100%)
0 (0%)

11 (85%)

1 (8%)
12 (92%)

6(46%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0)

3 (23%)
7 (54)

2 (15%)
0 (0%)
0(0%)

12 (92%)
2 (15%)
6(46%)
0 (0%)

1 (8%)

1 (8%)

0 (0%)

0 (0%)



Biochemical analysis
RT-PCR COVID19
Hemoglobin, g/dL
White cell count
Creatinine, mg/dL
ALT

C-reactive protein
Dimer D (ng/dl)

LDL cholesterol (D0)
LDL cholesterol (D6)
Clinical Outcomes
Clinical deterioration
Intubation

Death

Pulmonary embolism
RRT

Time to outcome, days

Clinical deterioration
Discharge

Death

Pulmonary embolism
RRT initiation

Days on RRT

13 (100%)
13.16 (2.0)
13711 (4819)
1.18+0.7
52+17.8

137 (92.2)
5053 (2700)
80.2 (34.5)
108.7 (42.7)

12 (92%)
12 (92%)
9 (69%)
0 (0%)

7 (54%)

9+4
19+6
18 £12

o
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