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Background and Aim: Deep venous thrombosis (DVT) of the lower extremities is common in Covid-19 patients. Interleukin (IL)-6
and P-selectin were found to be elevated in Covid-19 patients. The current study aimed to evaluate P-selectin and IL6 in Covid-19
patients with DVT and to explore its relation to clinical and laboratory parameters in those patients.

Patients and methods: The present retrospective study included 150 hospitalized COVID-19 patients diagnosed on the basis of
a positive result of reverse-transcriptase polymerase chain reaction (RT-PCR) test. Laboratory assessments were included for IL-6 and
P selectin assessments via enzyme-linked immunosorbent assay. The primary outcome of the present study was the development of
DVT detected by Doppler ultrasound (DU) evaluation of the lower extremities during the admission.

Results: The present study included 150 hospitalized Covid-19 patients. DVT was developed in 59 patients (39.3%). DVP patients
had significantly higher levels of P selectin [76.0 (63.0-87.0) versus 63.0 (54.3-75.0), p < 0.001] and IL-6 [37.0 (27.0—49.0) versus
18.5 (13.5-31.5), p < 0.001]. ROC curve analysis revealed good performance of P selectin [AUC (95% CI): 0.72 (0.64-0.81)] and IL-6
[AUC (95% CI): 0.79 (0.71-0.86)] in identification of DVT. Logistic regression analysis identified the presence of severe disease [OR
(95% CI): 9.016 (3.61-22.49), p < 0.001], elevated P selectin [OR (95% CI): 1.032 (1.005-1.059), p = 0.018] and elevated IL-6 [OR
(95% CI): 1.062 (1.033-1.091), p < 0.001] as significant predictors of DVT development in multivariate analysis.

Conclusion: The present study identified a probable role of elevated P-selectin and IL-6 levels in the DVT development in
hospitalized Covid-19 patients.
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Introduction
Coronavirus disease 2019 (COVID-19) first emerged in Wuhan, Hubei Province, China, in December 2019.' Later,
COVID-19 first appeared in Egypt in February 2020.> Thromboembolic incidents are frequent in COVID-19 affected
people and are associated with high mortality and morbidity.>> Deep venous thrombosis (DVT) of the lower extremities
was reported in 14.7-85.4% of hospitalized COVID-19. The use of Doppler ultrasound for the detection of DVT was
suggested as a routine assessment in these patients.®’

The massive inflammation seen in COVID-19 patients is reflected in high levels of inflammatory indicators including
C-reactive protein (CRP) and numerous cytokines.® Interleukin (IL)-6 is regarded as a pro-inflammatory and pleiotropic
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cytokine that is delivered by a wide range of cell types, such as monocytes, lymphocytes, and fibroblasts. Infection of
SARS-COV stimulates IL-6 dose-dependent production of bronchial epithelial cells.” P-selectin moderately contributes
to the activation of platelets and adhesion of specific leukocytes and endothelium-specific platelets.'”

P-selectin is an adhesion molecule. In response to inflammatory conditions, it is translocated to the surfaces of
platelets and endothelial cells. It is frequently studied as a biomarker of inflammatory conditions.'' Moreover, elevated
P-selectin is linked to 1.7-fold elevated venous thrombosis risks.'?

The current study aimed to evaluate P-selectin and IL6 in Covid-19 patients with DVT and to explore its relation to
clinical and laboratory parameters in those patients.

Patients and Methods

The present retrospective study was conducted at Al-Zahara University and Al-Azhar Specialist Hospitals. Patients
included in the study were admitted during the period from November 2020 to April 2021. Access to patients’ data
was approved by the ethical committee of Al-Azhar Faculty of Medicine in accordance with Helsinki Declaration on
clinical research involving human subjects. The study included 150 hospitalized COVID-19 patients diagnosed on
the basis of a positive result of reverse-transcriptase polymerase chain reaction (RT-PCR) test of a sample collected
by a nasopharyngeal swab. Patients were excluded if they had liver cell failure (n = 4), renal failure (n = 4), acute or
chronic infections (n = 7), immunological diseases (n = 5) (eg systemic lupus erythematosus and autoimmune
thyroiditis) or cancer (n = 3) before admission or if they had a history of DVT (n = 3).

Collected data included patients’ demographics, clinical data, laboratory investigations, radiological findings
and therapeutic interventions. Covid-19 severity was assessed using the Infectious Diseases Society of America/
American Thoracic Society Criteria. Patients were classified to have severe disease if they had >1 major criterion
(septic shock with need for vasopressors or invasive mechanical ventilation) or >3 minor criteria (respiratory rate
>30 breaths/min, PaO,/FiO, ratio <250, multilobar infiltrates, confusion/disorientation, uremia (BUN level
>20 mg/dl), leukopenia as a result in infection alone (WBC count <4000 cells/mL), thrombocytopenia (platelets
count <100,000/mL), hypothermia (core temperature <36°C), and hypotension requiring aggressive fluid
resuscitation).'?

For laboratory assessment, five mL of venous blood were drawn on admission and allowed (within 10-20
minutes) to coagulate at room temperature, centrifuged for 20 minutes at 2000 —3000 rpm to extract the serum
that had been aliquoted, and stored at —80°C. A portion of serum was used for assessment of blood urea, serum
creatinine, ALT, AST, serum albumin, bilirubin, lipid profile tests and serum ferritin using the automated clinical
analyzer BIOLIS 24i (Carolina Chemistries, North Carolina, USA). One other portion was used for CRP and D —
Dimer analysis using Immulite 1000 (Siemens, USA). The third portion was stored at —80 to be used for IL-6
and P selectin assessments via enzyme-linked immunosorbent assay (ELISA) technique with kits obtained from
(Bio-Techne Ltd, Minneapolis, USA) with catalog numbers D6050 and DPSEQ0, respectively, according to
manufacturer’s instructions.

The primary outcome of the present study was the development of DVT detected by Doppler ultrasound (DU)
evaluation of the lower extremities during the admission. The decision to perform Duplex ultrasonography was
determined by clinical suspicion. DU examination included grayscale (B-mode), color, as well as spectral Doppler
assessment (Figures 1 and 2). Examinations included a deep venous system in the thigh and calf and both saphenous
veins.

Data obtained from the present study were presented as number and percent for categorical data or median and
interquartile range (IQR) for numerical data for numerical data. Categorical data were compared using Fisher’s exact or
chi-square tests as appropriate, while numerical data were compared using Mann—Whitney U-test. Correlation analysis
was achieved using the Spearman correlation coefficient. Receiver operating characteristic (ROC) curve analysis was
used to identify the sensitivity and specificity of the investigated markers. Logistic regression analysis was utilized to
identify predictors of DVT development in the studied patients. All the statistical operations were processed using SPSS
25 (IBM, USA) with p value <0.05 considered statistically significant.
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Figure 2 Doppler ultrasound of the right common femoral vein in B-mode, (A) transverse and (B) longitudinal views, showing intraluminal thrombus.

Results

The present study included 150 hospitalized Covid-19 patients. DVT was developed in 59 patients (39.3%).
Comparison between patients with DVT and patients without revealed that the former subgroup had significantly
higher frequency of diabetes (55.9% versus 30.8%, p = 0.004) and severe disease (81.4% versus 26.4%, p <
0.001). In addition, DVT patients had significantly higher LDH levels [median (IQR): 312.0 (244.0-412.0) versus
248.5 (183.3-381.3), p = 0.019], CRP [24.0 (10.0-40.0) versus 19.4 (5.6-32.0), p = 0.016], D-dimer [2.5 (1.6—
8.6) versus 0.5 (0.34—1.2), p < 0.001]. Moreover, DVP patients had significantly higher levels of P selectin [76.0
(63.0-87.0) versus 63.0 (54.3-75.0), p < 0.001] and IL-6 [37.0 (27.0-49.0) versus 18.5 (13.5-31.5), p < 0.001].
Among the died 42 patients, there were 36 patients (61.0%) in the DVT group versus 6 patients (6.6%) in the non-
DVT group (p < 0.001) (Table 1).
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Correlation analysis identified significant correlation between P selectin and RBS (r = 0.26, p = 0.043), LDH (r =
0.32, p=0.015), and IL-6 and between IL-6 and creatinine (r = 0.4, p = 0.002) and D-dimer (r = 0.62, p < 0.001) in DVT
patients. In non-DVT patients, there were significant correlation between P selectin and creatinine (r = 0.39, p < 0.001),
albumin (r = 0.42, p < 0.001), ferritin (r = —0.32, p = 0.002), LDH (r = 0.42, p < 0.001), CRP (r = 0.45, p < 0.001),
D-dimer (r = 0.27, p = 0.01) and IL-6 (r = 0.66, p < 0.001). Almost similar correlations were recognized between 1L-6
and other clinical and laboratory variables (Table 2).

ROC curve analysis revealed good performance of P selectin [AUC (95% CI): 0.72 (0.64-0.81)] and IL-6 [AUC
(95% CI): 0.79 (0.71-0.86)] in identification of DVT (Table 3, Figures 3 and 4). Logistic regression analysis identified

Table 1 Clinical and Laboratory Findings in the Studied Patients (n = 150)

All patients DVT No DVT p value
N=150 n=59 n=91

Age (years) median (IQR) 49.0 (44.0-55.0) 50.0 (45.0-57.0) 48.0 (41.5-55.0) 0.08
Male/female n 94/56 39/20 55/36 0.5
Comorbidities n (%)
Hypertension 50 (33.3) 21 (35.6) 29 (31.9) 0.72
Diabetes 61 (40.7) 33 (55.9) 28 (30.8) 0.004
Smoking 62 (41.3) 22 (37.3) 40 (44.0) 0.5
IHD 43 (34.7) 19 (32.2) 24 (26.4) 0.44
COPD 30 (20.0) 11 (18.6) 19 (20.9) 0.84
Disease severity n (%)
Severe 70 (46.7) 46 (81.4) 24 (26.4) 0.001
Non-severe 80 (53.3) 13 (18.6) 67 (73.6)
Laboratory findings median (IQR)
WBCs (x 10%/mL) 84 (5.8-13.2) 8.0 (5.7-15.6) 8.5 (6.0-11.6) 0.75
Hb (gm/dL) 11.8 (10.4-13.3) 11.0 (10.4-13.0) 12.1 (10.6-13.5) 0.13
Platelets (x 10°/mL) 200.0 (153.0-258.5) 196.0 (153.0-257.0) | 205.5 (152.3-261.0) 0.53
RBS (mg/dL) 90.0 (80.0-107.0) 90.0 (75.0-100.0) 93.5 (80.8-110.0) 0.25
Creatinine (mg/dL) 0.9 (0.7-3.2) 0.9 (0.7-3.5) 0.9 (0.7-3.1) 0.45
Albumin (gm/dL) 3.9 (3.5-4.2) 3.9 (3.5-4.1) 3.8 (3.5-4.2) 091
Ferritin (ug/L) 335.0 (212.0-456.5) | 311.0 (226.0-400.0) | 335.0 (195.0-500.0) 0.96
LDH (U/L) 266.0 (200.0-402.5) | 312.0 (244.0-412.0) | 248.5 (183.3-381.3) 0.019
CRP (mg/dL) 21.3 (8.0-33.5) 24.0 (10.0-40.0) 19.4 (5.6-32.0) 0.016
D-dimer (mg/L) 1.3 (0.4-2.3) 2.5 (1.6-8.6) 0.5 (0.34-1.2) 0.001
P selectin (ng/ml) 67.0 (61.0-79.0) 76.0 (63.0-87.0) 63.0 (54.3-75.0) 0.001
IL-6 (pg/ml) 29.0 (16.0-38.0) 37.0 (27.0-49.0) 18.5 (13.5-31.5) 0.001
Mortality n (%) 42 (28.0) 36 (61.0) 6 (6.6) 0.001

Interleukin-6, LDH: Lactic dehydrogenase, RBS: Random blood sugar, WBCs: White blood cells

Abbreviations: COPD: Chronic obstructive pulmonary disease, CRP: C-reactive protein, Hb: Hemoglobin, IHD: Ischemic heart disease, IL-6:
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Table 2 Correlation Between P Selectin and IL-6 and Clinical and Laboratory Data

DVT No DVT
P Selectin IL-6 P Selectin IL-6

r P r ) r ) r P
Age 0.06 0.66 —0.005 0.97 0.14 0.17 0.28 0.001
WABCs 0.14 0.31 0.06 0.67 0.17 0.11 0.18 0.08
Hb 0.01 0.92 —0.13 0.35 —0.16 0.13 —-0.29 0.006
Platelets 0.09 0.48 —0.08 0.57 0.04 0.72 —0.03 0.77
RBS 0.26 0.043 —0.14 0.29 0.05 0.61 0.0 0.99
Creatinine 0.14 0.31 0.4 0.002 0.39 <0.001 0.44 <0.001
Albumin —0.05 0.73 0.24 0.07 0.42 <0.001 —0.31 0.002
Ferritin 0.05 0.73 —0.03 0.82 —-0.32 0.002 —0.38 <0.001
LDH 0.32 0.015 —-0.17 0.19 0.42 <0.001 0.53 <0.001
CRP —-0.21 0.12 0.01 0.93 0.45 <0.001 0.44 <0.001
D-dimer 0.23 0.08 0.62 <0.001 0.27 0.0l 0.33 0.002
P selectin - - 0.35 0.007 - - 0.66 <0.001
IL-6 0.35 0.007 - - 0.66 <0.001 - -

Table 3 Value of P Selectin and IL-6 in Prediction of DVT

P Selectin IL-6
Cut-off 68.5 26.0
AUC (95% CI) 0.72 (0.64-0.81) 0.79 (0.71-0.86)
Sensitivity 72.9% 78.0%
Specificity 68.1% 62.6%

the presence of severe disease [OR (95% CI): 9.016 (3.61-22.49), p < 0.001], elevated P selectin [OR (95% CI): 1.032
(1.005-1.059), p = 0.018] and elevated IL-6 [OR (95% CI): 1.062 (1.033—1.091), p < 0.001] as significant predictors of
DVT development in multivariate analysis (Table 4).

Discussion

In the present study, DVT was diagnosed in 39.3% of the studied Covid-19 patients. In accordance with these results,
Marone et al'* identified DVT in 42 out of 101 Covid-19 patients. Our results revealed that DVT patients had statistically
significantly higher LDH, D-Dimer and CRP levels in comparison to other patients in line with Pan et al'> who found
that subjects with thrombotic complications had elevated LDH and D-dimer.

The current study showed a significant increase in P-selectin and IL6 levels in DVT patients as compared to non-DVT
patients. This novel finding may be supported by the conclusions of Agrati et al.'® In their work, they reported
a significant increase in P-selectin plasma levels in COVID-19 patients in comparison to healthy subjects. They
demonstrated the essential role of the interaction of platelet-endothelium as a main element of COVID-19 multi-faced
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Figure 3 ROC curve for P selectin levels and DVT.

pathogenic mechanism resulting in the local activation of the hemostatic system that forms pulmonary thrombi. They
recommended examining whether therapies inhibit platelet function or those that inhibit platelet endothelial interaction
can reduce the thrombotic and inflammatory complications, thus reducing mortality and morbidity in cases with
COVID-19.

In another work, using mass cytometry, Bongiovanni et al'” demonstrated increased P-selectin surface expression
in COVID-19 patients in comparison to controls. Also, Comer et al'® revealed a significant increase in plasma
P-selectin, thrombopoietin, and platelets factor 4 levels in COVID 19. In contrast to previous studies, Venter et al'’
found that the plasma level of soluble P-selectin decreased in cases with COVID-19 than healthy individuals using
ELISA technique. They explained their findings by high rate of P-selectin attachment to its receptors on platelets and
other cells.

The present study demonstrated that a significant increase in IL6 in cases with DVT compared with non-DVT patients
with COVID-19. In support of our findings, meta-analyses by Udomsinprasert et al,”° Zhang et al*' and Han. et al*
reported that IL6 is elevated in severe COVID 19 cases than non-severe COVID-19 subjects. Likewise, El-Shabrawy

123

et al” found increased IL 6 and CRP in severe COVID-19 cases in Egypt compared with the mild cases.
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Figure 4 ROC curve for IL-6 levels and DVT.

In conclusion, the present study identified a probable predictive role of elevated P-selectin and IL-6 levels in DVT
development in hospitalized Covid-19 patients. These findings may have significant clinical and therapeutic implications.
However, the conclusions of our study may be limited by its retrospective design.

Table 4 Predictors of DVT in the Studied Patients

Univariate Analysis Multivariate Analysis

OR 95% CI p OR 95% ClI p
Severe disease 9.9 4.56-21.38 <0.001 9.016 3.61-22.49 <0.001
LDH 1.0 1.0-1.004 0.098 - - -
CRP 1.009 0.99-1.019 0.07 - - -
P selectin 1.055 1.03-1.082 <0.001 1.032 1.005-1.059 0.018
IL-6 1.07 1.041-1.099 <0.001 1.062 1.033-1.091 <0.001
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