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Abstract: The study aimed to explore the correlation among Angiopoietin-1, (Ang-1) and Angiopoietin-2, (Ang-
2) concentrations and the Angiopoietin-2/Angiopoietin-1 ratio, (Ang-2/Ang-1) with clinical outcomes,
potentially serving as disease severity and survival biomarkers. A study at AHEPA University Hospital
involved 90 COVID-19 adult patients, with 30 hospitalized in intensive care and 30 in ward units and 30
asymptomatic non-hospitalized individuals as controls. Estimated endothelial dysfunction markers related to
angiogenesis were measured, and statistical analysis was performed using IBM SPSS Statistics software,
version 29. There was a statistically significant difference only between outpatient and hospitalized patients
(non-ICU -ICU groups) for the Ang-1 and Ang-2 indexes. The Ang-2/Ang-1 ratio has differed significantly
among all individual patient groups. A ROC analysis was conducted to find an optimal threshold for
distinguishing (outpatients — non-ICU) and (non-ICU -ICU) groups. It was based on Youden's Index and was
0.1122 and 0.3825, respectively. The Ang-1, Ang-2 levels, and Ang-2/Ang-1 ratio were analysed as indicators
for severity in COVID-19 patients. The Ang-2/Ang-1 ratio demonstrated more excellent prognostic and
diagnostic utility than individual biomarker levels. Monitoring the Ang-2/Ang-1 ratio can identify COVID-19
patients at risk and assist clinicians in tailoring treatment strategies for improved outcomes.

Keywords: Angiopoietin-1 (Ang-1); Angiopoietin-2 (Ang-2); Angiopoietin-2/ Angiopoietin-1 ratio; (Ang-
2/Ang-1); COVID-19; endothelial dysfunction

1. Introduction

Originating in Wuhan, China, in early December 2019, coronavirus disease 19 (COVID-19) has
spread rapidly, with cases confirmed in every country. Coronavirus disease 2019 (COVID-19), caused
by the SARS-CoV-2 infection, belongs to the subfamily Coronavirinae in the family Coronaviridae
[1]. It is still a persistent threat to global public health, resulting in widespread morbidity and
mortality and highly intensive care unit use. SARS-CoV-2 targets both the respiratory and
extrapulmonary systems. COVID-19 can cause acute lung injury, myocardial infarction, liver injury,
kidney injury, and other injuries. Endothelium dysfunction is evidence of COVID-19 syndrome [2,3].

SARS-CoV-2 is a virus with a single-stranded RNA genome that is encapsulated, and that has a
positive sense. When it infects a host cell, it utilizes the host's protein synthesis machinery to
generate viral proteins necessary for reproduction. SARS-CoV-2 encounters four structural
proteins, namely envelope (E), membrane (M), nucleocapsid (N), and spike (S) proteins, together with
sixteen non-structural proteins (nsp1-16).

During this pandemic, novel variants of SARS-CoV-2 have emerged as a major challenge. The
World Health Organization (WHO) classified some variants as variants of interest (VOIs) and
variants of concern (VOCs) in late 2020, due to the emergence of variants that presented a potential
threat to global public health [5].

The Delta variant prevailed during the 4th wave of the epidemic in Greece, from mid-summer
to the end of 2021, followed by the Omicron variant, and the 5th wave was the period during which
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the Omicron variant was dominant (approximately January to May of 2022). Despite the disease's
milder severity, the Omicron variant is more contagious than the Delta variant [6,7]. In this period,
immunity was based on protection due to prior vaccination and infection [8].

Clinical symptoms varied in severity from mild to severe cases. The disease is characterized by
pneumonia, fatigue, fever of 38°C or higher, cough, dyspnea, headache, diarrhea, vomiting,
abdominal pains, fatigue, and muscle pains, as well as changes in taste and smell [4].

Through the ACE2 receptor, SARS-CoV-2 infections target the pulmonary system primarily. The
ACE2 receptor exhibits significant expression in diverse organs and tissues, facilitating the virus's
ability to disseminate to different organs and infect cells that express ACE2 at localized locations.
COVID-19 is linked to extensive injury to endothelial cells and epithelial cells in lung tissue, leading
to increased permeability of capillaries, infiltration of inflammatory cells into tissues surrounding
blood vessels, retention of fluid in the extracellular spaces, and the development of acute respiratory
distress syndrome (ARDS). In acute lung injury, ARDS is the most severe manifestation, and it is
lethality-related to COVID-19. Also, in severe cases, it can lead to acute kidney injury, heart injury,
and liver failure.

COVID-19-associated endotheliopathy was promptly acknowledged upon the onset of the
disease. Postmortem investigations unveiled the direct invasion of endothelial cells by SARS-CoV-2
or indirectly cause injury through a cytokine storm. Severe cases of COVID-19 are characterized by
hyper-inflammatory and thrombotic episodes, cell death, endothelial dysfunction, suggesting that
one of the major targets of this disease is endothelium, one of the body’s largest organs.

Endothelial cells line the inner layer of blood vessels, considered a partially transparent
biomechanical barrier, and vessel gatekeepers are responsible for preserving micro and
macrovascular health by identifying pathogen/danger signs and secreting vasoactive molecules [9].
In addition, endothelial cells release pro-fibrinolytic agents that initiate fibrinolysis to degrade clots
[10].

In recent decades, an improved understanding of the biological functions of the endothelium
has led to its identification as a ubiquitous tissue that modulates the tone of the blood vessels, cell
behavior, innate immunity, cell interactions, and cellular metabolism in the vessels [11].

The endothelial Angiopoietin/Tie2 system is involved in the regulation of endothelial
permeability. Endothelial cells primarily express and contain the tyrosine kinase receptor Tie2. The
activity of Tie2 is modulated by its ligands, Ang-1 and Ang-2, which are vascular growth factors that
contribute to the process of angiogenesis. They act in an agonist/ antagonist manner and may alter
the structure and integrity of the vascular endothelium directly or indirectly [12,13].

Ang-1 promotes barrier function by reorganizing endothelial cells. During inactivation,
pericytes secrete Angiopoietin 1, which plays a role as a Tie2 agonist and contributes to the
maintenance of an effective endothelial barrier. Depending on the circumstances, Angiopoietin-2 is
either an antagonist or a partial agonist of the Tie2 receptor. Weibel-Palade bodies release
Angiopoietin-2 during pathological conditions, which binds antagonistically to the Tie2 receptor [14].
Thus, downstream Tie2 signaling is deactivated, cell-cell junctions deteriorate, and endothelial
hyperpermeability and vascular leakage are induced. Therefore, endothelial Angiopoietin/Tie2
system alterations may contribute to organ injury during critical illness. Therefore, endothelial
Angiopoietin/Tie2 system disruptions may contribute to organ damage during critical illness [12],
[15]. In the face of endothelial dysfunction, endothelial cells trigger fibrin formation, as well as
platelet adhesion and aggregation [10].

Macro- and microvascular thromboembolic or in situ thrombotic complications have been
observed in COVID-19 in the vasculature of the lungs, spleen, brain, gut, and periphery. Pulmonary
embolism (PE) and deep vein thrombosis constitute the most frequent thrombotic events.
Additionally, in patients diagnosed with COVID-19, there was an increased occurrence of alveolar
capillary microthrombi, nine times greater than in patients with influenza. This finding aligns with
the observed higher frequency of blood clot formation in COVID-19 cases than in other viral lung
infections. Severe endothelial injury and intracellular virus were also noted in patients with COVID-
19 at sites where microthrombosis was observed, indicating that the inflammation and injury to the
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endothelial cells may directly contribute to the formation of blood clots. Moreover, thromboses have
been observed both during the early stage of the disease and in the following weeks, suggesting that
the tendency towards a prothrombotic condition may endure for several weeks or even post-
hospitalization [17].

The study aimed to identify the appropriate prognostically significant biomarkers and provide
the ability to stratify the risk of thrombosis in COVID-19 patients. Many studies have suggested that
an increase in Ang-2 and a decrease in Ang-1 may be indicative of a pro-inflammatory state that is
best described by the Ang-2 to Ang-1 ratio [16,17]. Considering these findings, our primary objective
was to examine the relationship between decreased Ang-1 and increased Ang-2 concentrations and
the Ang-2/Ang-1 ratio with clinical outcomes [18,19]. They may appear valid as disease severity and
survival biomarkers and a prospective and promising therapeutic target.

2. Materials and Methods

2.1. Study design and patient characteristics

This single-center, cross-sectional, observational study included 90 COVID-19 adult patients
(>18 years) and was conducted at AHEPA University Hospital from 20 July 2021 to 30 December
2022. The study included 90 patients that fulfilled the criteria for hospitalization (30 patients with
COVID-19 hospitalized in intensive care units, 30 patients with COVID-19 disease hospitalized in
ward units) and 30 asymptomatic patients, non-hospitalized individuals with COVID-19 disease,
who were used as controls for biomarker measurements.

Between groups, patient characteristics, such as age and sex, were not significantly different. The
diagnosis of COVID-19 was based on real-time reverse transcription PCR (RT-PCR) in
nasopharyngeal swab samples. The study was approved by the AHEPA Hospital Research Ethics
Committee (129/19-03-2020, and the bioethics approval committee of Aristotle University. All
procedures carried out on patients complied with the Helsinki Declaration. Informed written consent
was obtained from all patients prior to any study procedure. Patients younger than 18 years old, with
a history of cancer, a diagnosis of hematological disease or thrombophilia, liver disease or renal
failure, or a critical illness related to another diagnosis other than COVID-19 that affect the thrombotic
status of the patients, are not included in the study.

2.2. Blood-Sampling Procedures

Venous blood was collected with the first scheduled morning draw within 72 hours post-ward
and ICU admission. Based on the test, blood samples were drawn into plastic vacutainer tubes with
0.129 M (3.8%) trisodium citrate (catalog number 363095; Becton Dickinson) for plasma samples in a
9:1 blood to anticoagulant ratio. Test samples were centrifuged twice at 2500 g for 15 min at 18-25 °C
to obtain poor platelet plasma. Venus blood samples are also collected in vacutainer tubes coated
with silicon and micronized silica particles to accelerate clotting for procedures that require serum
samples (catalog number 367837; Becton-Dickinson).

Serum was collected, portioned into 0.5 mL aliquots, and stored at 80°C until used. All samples
remained frozen until used. A freeze-thaw cycle was avoided.

2.3. Laboratory procedures

The routine clotting assays, including prothrombin time (PT), activated partial thromboplastin
time (aPTT), fibrinogen, and D-Dimers were performed in ACL TOP 50 series (Instrumentation
Laboratory; Bedford, MA, USA), with manufacturer reagents and controls per laboratory protocol.

Endothelial dysfunction and angiogenesis laboratory markers, Angiopoietins 1 and 2 (Ang-1
and Ang-2, respectively), were measured in serum by enzyme-linked immunosorbent assay (ELISA)
according to the manufacturer's instructions (R&D Systems Inc., Minneapolis, MN, USA). A 50-fold
dilution is suggested for Ang-1 serum samples. All samples were assayed in duplicate. Biomarkers
are presented with their standard reference range and ratio. Normal values for Angl and Ang? are
14272-65570 pg/ml 1065-8907 pg/ml, respectively). The analysis relies upon the utilization of patients'
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biomarker levels, i.e.,, Ang-1 and Ang-2 patient levels, and the corresponding ratio (Ang-2/Ang-1
index).

2.4. Statistical Analysis

The data is presented using the median along with the interquartile range (IQR), specifically
ranging from the first quartile (Q1) to the third quartile (Q3), which is particularly suitable for skewed
data. For the quantitative indices of the study, descriptive statistics are estimated for the entire sample
and the individual groups of patients, i.e., outpatient, non-ICU, and ICU. Additionally, the
Kolmogorov-Smirnov test for normality is performed. Plasma levels of Ang-1, Ang-2, and the Ang-
2/Ang-1 ratio, exhibiting non-normal distributions, are subject to comparison across the three patient
groups using the Mann-Whitney U rank sum test—a non-parametric approach.

To identify the most effective threshold for distinguishing between the three groups of patients,
a Receiver Operating Characteristic (ROC) analysis is performed using the Ang-2/Ang-1 index. The
area under the curve (AUC) is calculated to assess the accuracy of this discrimination. Further,
Youden's Index, which is a commonly used statistic that aims to find a threshold that maximizes the
difference between sensitivity and (1-specificity), is utilized. It is calculated for each threshold by
adding sensitivity and specificity and subtracting 1. The threshold corresponding to the highest
Youden's Index is a potential cut-off point.

The statistical analysis of the data was conducted using IBM SPSS Statistics, version 29.

3. Results

Among 90 individuals, 51 males (56.7%) and 39 females (43.3%) were divided into three groups
based on their specific disease severity. Specifically, 30 patients with COVID-19 were hospitalized in
intensive care units (ICU), 30 patients with COVID-19 outside of intensive care units in the hospital
wards (non-ICU), and 30 asymptomatic non-hospitalized patients with COVID-19 (outpatient).

3.1. Results for Ang-1

Figure 1 shows the histogram of absolute frequencies for Ang-1. The Kolmogorov-Smirnov test
indicates that the Ang-1 index does not follow a normal distribution (p-value = 0.012 < 0.05). The
median value of Ang-1 is 54525 pg/ml, while the interquartile range is 49422.5 pg/ml, where IQR
limits are 30340 pg/ml (Q1) and 79762.5 pg/ml (Q3).

Frequency

00 5000000 100000.00 150000.00 200000.00

Ang-1 (pgiml)

Figure 1. Histogram of absolute frequencies for Ang-1 level.

For the three patient groups, the median and IQR values are shown in Table 1. Ang-1 levels vary
across the three patient groups, with outpatients showing the highest median (74450 pg/ml) and the
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least variability (IQR 28812.5 pg/ml). Non-ICU patients have a lower median (47890 pg/ml) and a
wider IQR (40177.5 pg/ml), while ICU patients exhibit the lowest median (31070 pg/ml) and the
widest IQR (41852.5 pg/ml). The boxplot of Ang-1 visually depicts the distribution and comparative
analysis of Ang-1 levels across outpatients, non-ICU, and ICU groups. (Figure 2).

Table 1. Median and IQR values in pg/ml for Ang-1 for the three groups of patients.

Groups Median IOQR
outpatient 74450 28812.5
non-ICU 47890 40177.5
ICU 31070 41852.5
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Figure 2. Box Plot of Ang-1 for the three groups of patients.

According to the non-parametric Mann-Whitney U rank test, significant variations in Ang-1
levels emerged between outpatient and non-ICU patients (p < 0.001), where outpatients
demonstrated a significantly higher median value than non-ICU patients displayed. There is also a
statistically significant difference between the outpatient and ICU patients (p-value< 0.001) groups.
In contrast, the test showed no significant difference between the non-ICU and the ICU groups (p-
value = 0.243) regarding the Ang-1 index.

The significant differences in Ang-1 levels observed between outpatients and both non-ICU and
ICU groups suggest that Ang-1 possesses discriminatory ability in distinguishing outpatient
conditions from inpatient settings. However, the lack of a significant difference between non-ICU
and ICU groups indicates a potential limitation in Ang-1's ability to discriminate between these two
inpatient categories.

3.2. Results for Ang-2

Figure 3 shows a histogram of absolute frequencies for Ang-2. Also, according to the normality
test for the Ang-2 index, it does not follow a normal distribution according to the Kolmogorov-
Smirnov test (p-value <0.001). The median value of Ang-2 is 7419 pg/ml, while the interquartile range
(IQR) is 5089.75 pg/ml, with IQR limits 5110.25 pg/ml (Q1) and 10200 pg/ml (Q3).
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Figure 3. Histogram of absolute frequencies for Ang-2.

Regarding the three groups of patients, the median and IQR values are shown in Table 2. The
median Ang-2 levels exhibit a gradient among the patient groups, with outpatients showing the
lowest median (5475 pg/ml), followed by non-ICU patients (8057.5 pg/ml), and ICU patients with the
highest median (12038.5 pg/ml). The considerable interquartile ranges within each group underscore
the notable variability in Ang-2 levels across these distinct patient populations. The boxplot of Ang-
2 across the three groups of patients is displayed in Figure 4.

Table 2. Median and IQR values in pg/ml for Ang-2 for the three groups of patients.

Groups Median IOR
outpatient 5475 2917.25
non-ICU 8057.5 4006.25
ICU 12038.5 23990
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Figure 4. Box Plot of Angiopoietin-2 for the three groups of patients.

According to the non-parametric Mann-Whitney-U test, there is a statistically significant
difference between the outpatient-non-ICU and outpatient-ICU (p-value < 0.001) and (p-value <
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0.001) groups. In contrast, the non-ICU and ICU groups do not significantly differ regarding the Ang-
2 index (p-value = 0.060).

Ang-2 displays a notable discriminative ability, evidenced by its significant capacity to
differentiate between outpatients and inpatient groups. However, the lack of a significant difference
between non-ICU and ICU patients suggests a potential limitation in its discriminatory power within
the inpatient setting, highlighting nuances in its ability to distinguish between specific categories of
patients.

3.3. Results for Ang-2/Ang-1 ratio

The histogram depicting the absolute frequencies of the Ang-2 / Ang-1 ratio is presented in
Figure 5. Regarding the ratio, the Ang-2/Ang-1 variable does not follow a normal distribution
(Kolmogorov-Smirnov test, p-value < 0.001). The median value of the Ang-2/Ang-1 ratio is 0.1465,
and the interquartile range (IQR) is 0.35, with IQR limits 0.0776 (Q1) and 0.4265 (Q3).

G0

Frequency
&

3.00 4.00 5.00 6.00

Ang-2 | Ang-1

Figure 5. Histogram of absolute frequencies for Ang-2 / Ang-1 ratio.

Table 3. presents the median and IQR values the three groups of patients. The Ang-1/Ang-2 ratio
demonstrates an upward trend, progressing from outpatients (median: 0.0767, IQR: 0.03) to non-ICU
patients (median: 0.1790, IQR: 0.18) and peaking in ICU patients (median: 0.5455, IQR: 0.68). These
findings imply a potential association between the ratio and the severity of the medical condition,
with elevated values observed in more critically ill patients. The boxplot depicting the Ang-2/Ang-1
ratio variation among the three patient groups vividly illustrates the observed trends (Figure 6).

Table 3. Median and IQR values for Ang-2/Ang-1 ratio for the three groups of patients.

Groups Median IQR
outpatient 0.0767 0.03
non-ICU 0.1790 0.18

ICU 0.5455 0.68
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Figure 6. Box Plot of Ang-2/ Ang-1 for the three groups of patients.

According to the non-parametric Mann-Whitney U test, there is a statistically significant
difference among the individual patient groups for the Ang-2 / Ang-1 ratio: outpatient - ICU (p-value
<0.001), outpatient - non-ICU (p-value < 0.001), and non-ICU - ICU (p-value = 0.002).

The Ang-1/Ang-2 ratio demonstrates a progressive increase of medians across the outpatient,
non-ICU, and ICU groups, indicating a potential association with disease severity. This suggests that
the ratio may serve as a valuable marker for distinguishing patients based on their clinical status,
with higher values suggesting more critical conditions. Further, the Mann-Whitney U test reveals
statistically significant differences in the Ang-2/Ang-1 ratio among all pairs of patient groups. This
indicates distinct patterns in the Ang-2/Ang-1 ratio across different clinical settings, highlighting its
potential utility as a discriminatory marker for patient stratification.

3.4. Results of ROC analysis and Ang-2/Ang-1 ratio

Exploring the categories of outpatient and non-ICU patients, we conducted a ROC (Receiver
Operating Characteristic) analysis utilizing the Ang-2/Ang-1 ratio to ascertain the optimal threshold
for distinguishing between these groups. The area under the curve (AUC) attained the value of 0.849
(p-value< 0.001), meaning that the model is effective in classification tasks. The asymptotic 95%
Confidence Interval ranges from 0.738 to 0.959, further underscoring the robustness of these findings.
Based on the extracted results, the optimal cut-off point based on Youden's Index would be 0.1122
(Sensitivity = 0.833, Specificity = 0.867). Figure 7 illustrates a ROC analysis for the Ang-2/Ang-1 ratio
in outpatient and non-ICU patients.
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Figure 7. ROC analysis depicting the Ang-2/Ang-1 ratio for outpatient and non-ICU patients.

Furthermore, we conducted a ROC analysis based on the Ang-2 / Ang-1 ratio comparing non-
ICU and ICU patients. The Area Under the Curve (AUC) attained a value of 0.734 (p-value = 0.002),
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meaning the model is acceptably effective in classification tasks. The asymptotic 95% Confidence
Interval ranges from 0.602 to 0.867. Youden's index is utilized to extract the potential cut-off point of
0.3825 (Sensitivity = 0.633, 1-Specificity = 0.133). A ROC analysis of the Ang-2/Ang-1 ratio of non-ICU
-ICU patients is shown in Figure 8.
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Figure 8. ROC analysis of Ang-2/Ang-1 ratio of non-ICU — ICU patients.

4. Discussion

Different conditions such as diabetes mellitus, atherosclerosis, hypertension, endothelial
dysfunction, and impaired angiogenesis contribute to microvascular dysfunction [11], [19]. It has
been demonstrated that markers of endothelial dysfunction and angiogenesis markers have been
predictors of disease severity in heart failure, renal failure, and after cardiac surgery [20], [21]. These
biomarkers circulate in the blood and can cause and affect microvascular dysfunction.

To enhance early diagnosis and risk stratification, it is crucial to identify useful biomarkers. In
our study, we analyzed the Angiopoietin-1 and Angiopoietin-2 indexes and Angiopoiten-
2/Angiopoiten-1 ratio as indicators that will serve as a screening tool for severity in COVID-19
patients in delta and omicron waves. Regarding the Angiopoietin-1 and Angiopoietin-2 index, we
showed significant differences between outpatient and hospitalized patients (non-ICU and ICU
groups). In contrast, the non-ICU - ICU groups did not differ significantly. Also, for the Ang-2/Ang-
1 index, there is a significant difference among the individual patient groups: outpatient - non-ICU,
outpatient- ICU, and ICU- non-ICU. Further, an ROC analysis using the Ang-2/Ang-1 index was
conducted to ascertain the optimal threshold for distinguishing between groups. Between outpatient
and non-ICU patient categories, the AUC was 0.849, indicating the model's effectiveness. The 95%
Confidence Interval ranged from 0.738 to 0.959, indicating robustness. Youden's Index suggested the
optimal cut-off point as 0.1122. Furthermore, the ROC analysis showed an acceptable model for
classification tasks between non-ICU and ICU groups, with an AUC of 0.734 and a potential cut-off
point of 0.3825. However, the Ang-2/Ang-1 ratio in our research is regarded as an essential biomarker
for rapid risk stratification and prognosis. The ratio of Ang-2 to Ang-1 demonstrated more excellent
prognostic and diagnostic utility, surpassing the levels of Ang-1 and Ang-2 indexes. Moreover, this
ratio demonstrated notable diagnostic and prognostic efficacy in predicting severity.

In addition to supporting the value of decreasing levels of Angiopoietin-1 as an indicator for
hospitalization, particularly when comparing patients requiring hospital care to those who can be
managed as outpatients, our research reinforces prior findings. Researchers in two separate studies,
Abou-Arab et al. and Vassilliou et al., have provided additional insights that there is no difference in
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Ang-1 levels between severe and critical COVID-19 patients and survivors and non-survivors. In our
study, there is no difference between hospitalized patients (non-ICU — ICU patients) [22], [23]. We
also assessed the endothelial damage resulting from increased levels of Ang-2. This discovery
reinforces the theory that COVID-19 is a vascular condition marked by injury to the endothelium,
angiogenesis, and thrombosis.

According to Six et al. and Alay et al., circulating levels of Angiopoietin-2 as a marker of
endothelial injury were higher in hospitalized patients with COVID-19 than in healthy controls [9],
[24]. Also, the study by Smadja et al. indicated that angiopoietin-2 is a relevant predictive factor for
ICU direct admission in COVID-19 patients [25]. Henry et al. as well found that increased Ang-2
expression is related to endothelial activation and an increased risk of ICU admission in patients
admitted with COVID-19 [26], [27]. Also, three other studies have reported the significant role of
Ang-2. In the first study, Abou-Arab et al. found that Ang2 was significantly higher in the critical
group [22]. In the second study, Vill et al. showed a strong correlation between Angiopoietin-2 course
and mortality in hospitals and a non-resolving pulmonary condition associated with COVID-19 [28].
In the third study, KUMPers et al. highlight the independent prognostic impact of circulating Ang-2
in critical illness [29].

In another study by Vassilliou et al., patients who were directly admitted to the ICU rather than
the ward had elevated levels of Ang-2 [23]. In our research, angiopoietin-2 is a valuable indicator for
the hospitalization of patients in comparison to the outpatient and hospitalized groups and not only
in critical care patients. The discrepancies between our observations and the aforementioned studies
and others may be due to the emergence of new virus variants, and the availability of new therapies
and vaccines may lead to different outcomes.

In the research of Ong et al., the Ang-2/Ang-1 ratio may be a prognostic biomarker of endothelial
activation in patients with acute lung injury and may also be helpful for risk stratification in these
patients [30]. Also, in the Gouzi et al. survey, the Ang-2/Ang-1 ratio is a potential marker of vascular
impairment in chronic obstructive pulmonary disease (COPD) patients. Moreover, according to the
findings of Fang et al., Angiopoietin-2/Angiopoietin-1 and ratios could have a predictive value for
early sepsis in an emergency department [31].In the study of Lazaro et al., the Ang2/Ang]1 ratio was
shown to be a predictor of severity among critically ill patients [33]. According to our research, the
Ang-2/Ang-1 ratio is a potent severity indicator considerably higher in the critical group of COVID-
19 patients, consistent with the findings of Abou-Arab et al. research.

Monitoring the ratio of Ang-2 to Ang-1 in COVID-19 patients could aid in identifying those at a
higher risk for critical outcomes and engaging treatment decisions. Modifications in the levels of Ang-
1 and Ang-2 and Ang2/Ang]1 ratio may indicate treatment efficacy and serve as plausible therapeutic
objectives for multi-targeted therapies.

Our study agrees with the results of Seol et al. for sepsis [34]. The levels of Ang-1 and Ang-2
concentrations exhibit a correlation with disease severity and survival, as indicated by their
predictive values. The potential ability of Ang-1 and Ang-2 concentrations to differentiate is clinically
important and should be further explored prior to implementation in routine practice.

The limitations of our study include the fact that (1) the patient selection process was conducted
randomly without considering specific variables that may have influenced the indices, such as
diabetes mellitus and chronic obstructive pulmonary disease, etc. (2) Additionally, cases pertaining
to the o« wave were not incorporated into the study. (3) As an agonist or antagonist of the Tie-2
receptor, Ang-2 has also been shown to be context-dependent, and its role may depend on other
growth factors, such as VEGF-A. We did not measure VEGF-A and Tie-2 receptors in our cohort, so
we are unable to corroborate their role in relation to Angiopoietins. (4) Smoke status has not been
reported (5) Finally, the small cohort size conducted in a singular center prevents us from extracting
broad conclusions from our data. In addition, lacking information included anthropometric data for
patients. To confirm and extend these findings, we propose that the Ang-2/Ang-1 ratio be validated
as a prognostic factor in a larger cohort of patients. Future research should investigate the relationship
between Ang-2/Ang-1 and other endothelial permeability markers to improve severity and
stratification prediction.
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5. Conclusion

We have identified circulating vascular markers that can be used to monitor disease severity in
COVID-19 patients in delta and omicron waves. Monitoring the Ang-2/Ang-1 ratio could aid in
identifying COVID-19 patients at higher risk for critical outcomes. Moreover, these markers will
assist clinicians in tailoring treatment strategies for improved outcomes. All hospitalized COVID-19
patients exhibited an increase in angiogenesis markers, which might suggest the presence of
hypoxemia and inflammation. Endothelial cell integrity provides an antithrombotic environment,
and the findings of pulmonary angiopathy in patients with severe COVID-19 highlight the
involvement of endotheliopathy in pulmonary perfusion defects, coagulopathy, and thrombosis.

As vaccine-resistant variants are likely to emerge in the future, studies must use biomarkers that
correlate with severity. In addition, the findings of our investigation support the hypothesis that
COVID-19 induces microvascular dysfunction by activating the endothelium. Moreover, not only in
COVID-19 but in various other diseases such as hypertension, cardiovascular disease, diabetes,
obesity, and endothelial dysfunction, it is a crucial factor. This dysfunction has a substantial role in
disease progression, especially in vascular issues and thrombosis. Therefore, a better understanding
of the role of the endothelium can provide new possibilities for exploration and innovative treatments
for the management of thromboembolism.
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