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Abstract Background: Characterization of reticulo-en-

dothelial activation in COVID-19 may guide treatment.

Objectives: To assess reticulo-endothelial activation and its

correlation with disease severity and death in patients

across the entire spectrum of COVID-19 severity. Meth-

ods: Consecutive hospitalized COVID-19 patients were

studied, with similar number of patients in each disease

severity category. Baseline serum ferritin, sCD163 (mac-

rophage activation markers) and plasma von Willebrand

factor (VWF) antigen (endothelial activation marker)

levels were studied. Clinical parameters and plasma

D-dimer levels were also studied. The study parameters

were correlated with COVID-19 severity and survival.

Results: The 143 patients (104 males [80%], age 54 [42 –

65] years, median [inter-quartile range]) presented 4 (3—7)

days after symptom onset. Thirty-four patients had mild

disease, 36 had moderate disease, 36 had severe disease

and 37 had critical disease at baseline. With increasing

COVID-19 severity, ferritin, sCD163, VWF and D-dimer

levels significantly increased at baseline, however, 139

patients had normal sCD163 levels. Of the reticulo-en-

dothelial markers, VWF level independently correlated

with COVID-19 severity and with survival. VWF level[
332.6 units/dl correlated with COVID-19 severity (odds

ratio [OR]: 2.77 [95% confidence interval (C.I): 1.1 –

6.99], p value: 0.031) and in-hospital death (OR [95% CI]:

29.28 [5.2 – 165], p value\ 0.001). Conclusions: Retic-

ulo-endothelial activation markers increased incrementally

with worsening COVID-19 severity. Baseline endothelial

activation marker (VWF), and not macrophage activation

markers, independently correlated with COVID-19 severity

and death.

Keywords COVID-19 � Endothelium � Von Willebrand

factor � Reticulo-endothelial system

Introduction

The innate immune response is the immediate response of

the human host to the invading SARS CoV2 virus. Over-

active innate immune response may partly explain COVID-

19 pathogenesis. Reticulo-endothelial system is one of the

arms of the innate immune response. The reticulo-en-

dothelial cells are constituted by macrophages residing in

the tissue (on electron microscopy, tissue macrophages
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appear net-like or reticulated, hence they are termed

‘‘reticulo’’ cells), monocytes and neutrophils in the blood

stream and endothelial cells lining blood vessel wall.

On meta-analysis, levels of serum ferritin (marker of

macrophage activation) were significantly higher in non –

survivors compared to survivors in hospitalized COVID-19

patients [1, 2]. Baseline levels of plasma von Willebrand

factor (VWF) (marker of endothelial activation) were

raised in hospitalized COVID-19 patients [3–6], were

higher in patients who died compared to survivors [4], and

predicted death [3]. A recent review, documents raised

VWF along-with low ADAMTS13 (VWF cleaving

enzyme—a disintegrin and metalloproteinase with a

thrombospondin type 1 motif, member 13) in COVID-19

patients [7]. CD163 (scavenger receptor for hemoglobin

haptoglobin complex), a macrophage specific protein, is

also a macrophage activation marker shown to be elevated

in inflammatory conditions [8, 9].

Varga et al. [10], showed direct endothelial infection

with endotheliitis, leading to endothelial dysfunction in

COVID-19 patients. In this study, we further explore

reticulo-endothelial activation in entire spectrum of

COVID -19.

This study aimed to assess degree of reticulo-endothelial

activation and its possible contribution to disease severity

and to death in patients across the entire spectrum of

severity of COVID-19. We hypothesized that plasma VWF

levels, serum ferritin and soluble CD163 (sCD163) levels

are elevated and may predict death in moderate, severe and

critical COVID-19 patients. In this study, we assayed

markers of activation of macrophages (serum ferritin,

serum sCD163) and of endothelium (plasma VWF antigen

level) in COVID-19 patients with the following specific

objectives:

a) To assess the degree of baseline reticulo-endothelial

activation.

b) To correlate reticulo-endothelial activation with

COVID-19 severity at baseline.

c) To correlate baseline reticulo-endothelial activation

with in – hospital survival.

Methods

Consecutive adult patients (aged[ 18 years) hospitalized

with nasopharyngeal swab RT-PCR confirmed SARS CoV-

2 infection were recruited after a written informed consent.

As per the local governmental regulations at the time of

study, all symptomatic individuals with COVID-19,

including mild, were admitted. Relevant clinical informa-

tion pertaining to disease severity and co-morbidities was

recorded. COVID-19 severity was categorized as per WHO

clinical ordinal score into mild (symptomatic, no pneu-

monia or hypoxia), moderate (pneumonia, oxygen satura-

tion (SpO2) C 90% on room air), severe (pneumonia with

respiratory rate[ 30 per min or respiratory distress or

SpO2\ 90% on room air) and critical (adult respiratory

distress syndrome, sepsis or septic shock) [11].

Laboratory Evaluation for Reticulo-Endothelial

Activation

Besides routine laboratory investigations for COVID-19

patients including D—dimer, baseline blood samples were

processed for plasma VWF antigen, serum sCD163, and

ferritin. The blood samples were collected prior to initia-

tion of any specific therapy for COVID-19 (like steroids,

anticoagulation or antivirals). The blood sample for plasma

VWF antigen assay was collected using 0.109–M citrate

anticoagulant and centrifuged at 2500 g for 15 min at 4 �C.

VWF antigen (in-house ELISA-based method, coefficient

of variation: 10.7%, lower limit of detection: 6.2 unit/dl,

normal range: 50–150 units/dl) and sCD163 [Human

CD163 Duo Set ELISA, DY1607, normal range:\ 0.98

lg/ml, based on mean ? 2SD (0.48 ? 0.5) of 28 blood

bank control samples] assays were performed by ELISA.

The laboratory staff were blinded to the clinical status and

disease severity of the patient.

Management and Follow up

All patients were triaged as per WHO score for severity of

COVID-19 [9], and managed as per institutional protocol.

The in-hospital outcome of these patients was noted.

Sample size

We expected the correlation (Spearman Rank) between the

reticulo-endothelial markers and the disease severity cate-

gories in COVID-19 patients to be about 0.8. Assuming

that this would be significantly better than 0.5 with alpha

and beta errors at 5% and 20% respectively, we estimated

we needed to study a minimum of 30 patients in each

disease category (i.e. sample size of 120, with study sub-

jects in 4 categories of disease severity).

Statistical methods

On admission to hospital, clinical parameters (age, gender,

presence of co-morbidities) and biological parameters

(reticulo-endothelial activation markers [serum ferritin,

serum sCD163 and plasma VWF levels] and plasma

D-dimer level) were studied and correlated with COVID-

19 severity on hospital admission and with in-hospital

survival.
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Data was entered in google sheets and converted to

Excel 2017. Stata version 15 was used to analyze data.

Baseline characteristics were summarized as counts and

percentage for categorical variables and median and inter-

quartile range for continuous variables. Chi square test was

used to test the difference in the proportion of categorical

variables according to the groups. Mann Whitney U test (2-

independent groups) and Kruskal–Wallis ([ 2 independent

groups) was used to test the differences in median for

continuous variables according to groups. Spearman rank

correlation was used to assess the degree of correlation

between study parameters and severity of COVID-19.

Receiver operating curve (ROC) was used to assess the

utility of VWF, ferritin and D-dimer in predicting outcome

and also to derive an optimal cutoff for VWF. From prior

studies of COVID-19, we took cutoffs for serum ferritin

as[ 500 ng/ml [12] and for D-dimer as[ 500 ng/ml [13].

Univariate analysis and multivariable penalized logistic

regression were used to test the significance of study

parameters in predicting severity and outcome. To assess

the independent contribution of reticulo-endothelial acti-

vation markers to the eventual outcome, we adjusted for

lung disease severity (SpO2/ fraction of inspired oxygen

[SF ratio]) during multivariate analysis. The impact of each

factor was reported using odds ratio, 95% confidence

interval and p value.

This study was approved by the Institutional Review

Board and Ethics Committee.

Results

Demographics of Study Population

Of 143 patients (104 males [80%], age 54 [42 – 65] years,

median [inter-quartile range], presented 4 [3–7] days after

onset of symptoms) enrolled in the study from 22 July 2020

to 3 August 2020, 34 patients had mild disease, 36 patients

had moderate disease, 36 patients had severe disease and

37 patients had critical disease on Day 1 of hospital stay.

Patients were treated with steroids (Inj. Dexamethsone),

anti-coagulation (Inj. Enoxaparin) and anti-virals (Inj.

Remdesivir) tailored for severity of COVID-19, as per our

institutional management protocol. The patients with mild

disease did not receive any specific treatment. Ninety-five

patients received steroids (moderate: 24, severe: 36, criti-

cal: 35), 95 patients received anticoagulation (moderate:

24, severe: 36, critical: 35) and 23 patients received

Remdesivir (moderate: 3, severe: 5, critical: 15).

Patients with moderate disease were treated with ster-

oids: 24 (67%), anticoagulation: 24 (67%) and Remdesivir:

3 (8%). Patients with severe disease were treated with

steroids: 36 (100%), anticoagulation: 36 (100%) and

Remdesivir: 5 (14%). Patients with critical disease were

treated with steroids: 35 (98%), anticoagulation: 35 (98%)

and Remdesivir: 15 (42%).

Fifty-two patients (36%) did not require any oxygen

support during their admission, 83patients (58%) received

various levels of oxygen support, including non-invasive

ventilation and 8 patients (6%) had invasive ventilation.

Therapeutic limitations, mainly for respiratory support,

were faced by 29 patients (20%) (5, 14 and 10 patients each

with moderate, severe and critical COVID-19, no patient

with mild COVID-19).

Of the 143 patients, 23 patients (16.1%) died during the

hospital stay [deaths in patients with mild, moderate, sev-

ere and critical disease on Day 1 of hospital stay were 0/34

patients, 3/36 patients (8.3%), 9/36 patients (25%) and

11/37 patients (29.7%) respectively]. Of 29 patients who

had therapeutic limitation, 16 patients (55.2%) died.

Degree of Reticulo-Endothelial Activation on Day
1 of Hospital Stay

With increasing COVID-19 severity, statistically signifi-

cant increase in the levels of serum ferritin, sCD163,

plasma VWF antigen and D-dimer was seen on Day 1 of

hospital stay (Table 1).

Of the 143 study patients, plasma VWF antigen levels

were within normal range in 14 patients (10%), serum

ferritin was\ 500 ng/ml in 74 patients (52%) and D-dimer

was\ 500 ng/ml in 60 patients (42%). As serum sCD163

levels were within normal range in 139/143 patients, we

excluded it from all further analysis.

Of the 34 patients with mild COVID-19, plasma VWF

levels were in normal range in 13 patients (38%), serum

ferritin was\ 500 ng/ml in 28 patients (82%) and D-dimer

was\ 500 ng/ml in 32 patients (94%) and sCD163 levels

were in normal range in 34 patients (100%).

Significantly higher age, male gender, presence of any

co-morbidity, diabetes mellitus or hypertension were also

seen with increasing COVID-19 severity (Table 1).

Correlation between Study Parameters on Day 1
of Hospital Stay

The various clinical and biological study parameters cor-

related with each other and with COVID-19 severity on

Day 1 of hospital stay. Plasma VWF, D-dimer and serum

ferritin levels showed moderate to strong correlation with

each other and with COVID-19 severity. VWF and

D-dimer levels showed moderate to strong correlation with

age and co-morbidity (data not shown).
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Study Parameters as Predictor of Outcome

On ROC analysis, VWF (AUROC: 0.86, 95% CI: 0.79—

0.91) was a useful marker predicting mortality with an

optimal cutoff of[ 332.6 units/dl (sensitivity: 96%,

specificity: 78%). Plasma D-dimer (AUROC: 0.76, 95%

CI: 0.68—0.83; cutoff[ 500 ng/ml—sensitivity: 91% and

specificity: 49%) and serum ferritin (AUROC: 0.59, 95%

CI: 0.47—0.72; cutoff[ 500 ng/ml- sensitivity: 52.4%

and specificity: 56%) had lower prognostic performance.

Correlation of study parameters with COVID-19
Severity on Day 1 of Hospital Stay

On unadjusted logistic regression, male gender, higher age,

presence of any co-morbidity and raised levels of plasma

D-dimer, VWF and serum ferritin correlated with COVID-

19 severity on Day 1. Figure 1 demonstrates the signifi-

cantly higher plasma VWF levels in patients with

increasing severity of COVID-19.

On adjusted logistic regression, raised levels of plasma

D-dimer and VWF correlated with COVID-19 severity on

Day 1 (Table 2).

Correlation of Baseline Study Parameters
with Risk of in-Hospital Death

In 143 COVID patients, on unadjusted logistic regression,

higher age and raised levels of plasma VWF and D-dimer

on Day 1 of hospital stay predicted death, (Table 3 and

Fig. 2).

On adjusted logistic regression (adjusted for SF ratio),

the only significant predictor of in-hospital death was

Table 1 Demographics and baseline clinical and laboratory characteristics of patients across COVID-19 severity groups

Mild Disease (n = 34) Moderate Disease

(n = 36)

Severe Disease

(n = 36)

Critical Disease

(n = 37)

p value

Male gender 22 (64.7) 21 (58.3) 27 (75.0) 34 (91.9) 0.008

Age (years) 35.5 (29 – 49) 60 (46.5 – 66.5) 59 (49 – 68.5) 57 (49 – 62) \ 0.001

Age C 60 years – 18 (50.0) 18 (50.0) 14 (37.8)

Symptom duration

(days)

4 (2 – 6) 5 (3 – 7) 4 (3 – 5) 5 (3 – 7) 0.501

Any co-morbidity 8 (23.5%) 28 (77.8) 24 (66.7) 29 (78.4) \ 0.001

Diabetes 3 (8.8) 19 (52.8) 19 (52.8) 22 (59.5) \ 0.001

Hypertension 2 (5.9) 12 (33.3) 11 (30.6) 15 (40.5) 0.008

Days of Hospitalization 9 (8 – 10) 10 (8 – 11) 10 (8 – 14) 15 (10 – 18) \ 0.001

SF Ratio 471 (466 – 476) 452 (444.5 – 466) 310.5 (254 – 368) 100 (90 – 153) \ 0.001

Ferritin (ng/ml) 132.8 (17 – 339.7) 390.6 (213.9 – 1015.5) 475 (293 – 827) 677.5 (390.3 – 1151.5) \ 0.001

sCD163 (lg/ml) 0.36 (0.23 – 0.45) 0.41 (0.23 – 0.6) 0.48 (0.39 – 0.67) 0.47 (0.33 – 0.63) 0.007

VWF (units/dl) 202 (131 – 253) 293.5 (231.4 – 355.2) 328.8 (272.9 – 384) 340 (297 – 389) \ 0.001

D-dimer(ng/ml) 269 (246 – 359) 543 (332 – 907) 669 (447 – 1596) 893 (698 – 1266) \ 0.001

All values are expressed either as number (%) or median (IQR)

SF ratio: oxygen saturation: fraction of inspired oxygen ratio, VWF: Von Willebrand factor

Fig. 1 Plasma von Willebrand factor antigen levels in 143 COVID-

19 patients classified as per WHO criteria for disease severity at

admission to hospital. The long horizontal lines represent the median

and short horizontal lines represent inter-quartile range (IQR)
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baseline VWF level of[ 332.6 units/dl (OR [95% CI]:

29.28 [5.2–165], p value\ 0.001) (Table 3).

After excluding 29 patients who faced therapeutic lim-

itations, in remaining 114 COVID-19 patients, on un-ad-

justed logistic regression, only significant predictor of

death was VWF level[ 332.6 units/dl on Day 1 of hospital

stay (OR [95% CI]: 56.33 [3.09 – 1024], p value: 0.006).

Multiple logistic regression could not be performed due to

inadequate events.

Discussion

Our study design- with similar number of patients in mild,

moderate, severe and critical COVID-19—provides a

snapshot of the entire spectrum of COVID-19 severity, in

patients who presented 4 (3—7) days after onset of

symptoms. Baseline plasma VWF antigen, serum ferritin,

sCD163 and D-dimer levels were elevated incrementally

with worsening COVID-19 severity; however, serum

sCD163 levels were within normal range in 97% of

patients. Plasma VWF and D-dimer levels correlated

independently with COVID-19 severity at baseline, while

only baseline plasma VWF level independently predicted

in–hospital survival.

How do we explain the lack of significant macrophage

activation in our study? It is possible that macrophage

activation syndrome occurs only in a subset of adult

patients with severe/critical COVID-19 [14]. Another

explanation is that hemophagocytic lympho-histiocytosis, a

component of macrophage activation syndrome, is a

localized phenomenon in the lungs, without systemic

manifestations in adult COVID-19 patients [14, 15].

D-dimer elevation, a typical feature of COVID-19

associated coagulopathy, indicates thrombin generation

[16]. Clinical and biological parameters in our study were

closely inter-linked.

Table 2 Analysis of baseline factors predicting severity of COVID-19 at admission

Severity of Disease Univariate analysis Multivariate analysis*

Severe and Critical (n = 73) Mild and Moderate (n = 70) OR (95% CI) p value OR (95% CI) p value

Male gender 61 (83.6) 43 (61.4) 3.11 (1.44 – 6.74) 0.004 1.95 (0.73 – 5.26) 0.185

Age C 60 years 32 (43.8) 18 (25.7) 2.22 (1.10 – 4.48) 0.026 1.14 (0.44 – 2.93) 0.786

Co-morbidity 53 (72.6) 36 (51.4) 2.47 (1.24 – 4.92) 0.01 1.11 (0.45 – 2.73) 0.814

VWF[ 332.6 37 (51.4) 11 (15.7) 5.46 (2.50 – 11.93) \ 0.001 2.77 (1.10 – 6.99) 0.031

(units/dl)

Ferritin[ 500 41 (59.4) 20 (30.3) 3.30 (1.63 – 6.69) 0.001 1.73 (0.70 – 4.28) 0.237

(ng/ml)

D-dimer[ 500 60 (83.3) 21 (30.4) 10.92 (4.95 – 24.13) \ 0.001 6.04 (2.45–14.89) \ 0.001

(ng/ml)

All values are expressed as number (%) or median (IQR). *Penalized logistic regression

VWF: von Willebrand factor

Table 3 Analysis of baseline factors predicting in-hospital outcome in 143 COVID-19 patients

Alive (n = 120) Death (n = 23) Univariate analysis Multivariate analysis*

OR (95% CI) p value OR (95% CI) p value

Male gender 84 (70) 20 (87) 2.53 (0.76 – 8.38) 0.129

Age C 60 years 35 (29) 15 (65) 4.39 (1.74 – 11.06) 0.002 1.86 (0.62 – 5.60) 0.271

Co-morbidity 72 (60) 17 (74%) 1.80 (0.68 – 4.76) 0.235

VWF[ 332.6 (units/dl) 26 (21) 22 (96) 52.92 (9.59 – 292.07) \ 0.001 29.28 (5.2 – 165) \ 0.001

Ferritin[ 500 (ng/ml) 50 (42) 11 (48) 1.39 (0.56 – 3.49) 0.472

D-dimer[ 500 (ng/ml) 2 (2) 21 (91) 8.32 (2.14 – 32.34) 0.002 3.15 (0.69 – 14.43) 0.139

All values are expressed as number (%)

*Penalized logistic regression with oxygen saturation: fraction of inspired oxygen ratio (SF ratio) included as a confounding variable

VWF: von Willebrand factor
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The main causes of acute lung injury in COVID-19 are

thought to be alveolar damage and pulmonary microvas-

cular thrombi. Our study shows endothelial factor (plasma

VWF level) to be a significant independent predictor of

death in COVID-19 patients. Apart from VWF, other

endothelial activation markers like soluble thrombomod-

ulin and angiopoietin-2 are reported to have prognostic

significance in COVID-19 [3, 17].

Studies excluding COVID-19 patients facing therapeutic

limitation help understand pathogenic mechanisms in those

who die, despite receiving maximal respiratory support

[18]. On analyzing 114 patients who received maximal

therapy in our study, VWF level remained significant

predictor of survival; however, as only seven of these

patients died, this analysis needs to be viewed with caution.

Our study suggests that raised plasma VWF levels predict

survival when data from all COVID-19 study patients was

analyzed and also, when the analysis was restricted to

patients who did not face therapeutic limitation.

It is not clear from our study if the raised plasma VWF

levels are due to endothelial injury (as the virus attaches to

or invades endothelial cells) or endothelial activation (as

part of innate immune response) or both. It is not known if

treatment with anti-virals or steroids will reduce the raised

VWF levels in COVID-19 patients. Normal levels of mac-

rophage activation markers in patients with mild COVID-19

(serum ferritin\ 500 ng/ml in 82% of patients, sCD163

levels\ 0.98 lg/ml in 100% of patients) in our study

supports the policy of not using steroids to treat mild

COVID-19 [19].

Use of plasma VWF antigen as a clinical test to guide

management in COVID-19 patients’ needs consideration.

VWF is the largest sized molecule in normal human plasma

[20]. It is possible that macromolecules and cell debris

from activated/injured endothelium in COVID-19 patients

may clog the filter formed by the pulmonary microcircu-

lation and lead to hypoxemia [21]. Further mechanistic

studies are needed to evaluate the exact role of VWF in

pathogenesis and severity of COVID-19 infection.

Although our study suggests that plasma VWF levels are

associated with poor prognosis, we do not know whether

strategies to reduce plasma VWF levels will alter the nat-

ural course of disease. Further studies on evaluating such

treatment modalities—N-acetyl cysteine [22, 23] (cleaves

disulphide bonds linking VWF dimers), fresh frozen

plasma/ cryo-supernatant infusion (provides VWF cleaving

enzyme called a disintegrin and metalloproteinase with a

thrombospondin type 1 motif, member 13 [ADAMTS13])

[24] and therapeutic plasma exchange (VWF-pheresis as

well as provides ADAMTS13 supplementation) [25, 26],

can be considered. Recent studies have explored the role of

therapeutic plasma exchange in tackling thrombo-inflam-

mation in COVID-19 patients [27].

Our study has a few limitations. We studied reticulo-

endothelial markers only at baseline, serial assays of these

markers may help better understand disease pathogenesis

and treatment response. We measured only VWF antigen

levels in our study. Other VWF assays like activity assays

(collagen binding activity, ristocetin cofactor activity) and

sizes of VWF multimers need to be studied in COVID-19.

Although in our study, VWF level predicted outcome even

after excluding patients who had therapeutic limitations

(n = 114), this sub-analysis needs to be viewed with cau-

tion due to limited events (death = 7).

In conclusion, in this study of COVID-19 patients across

the spectrum of disease severity, reticulo-endothelial acti-

vation markers increased incrementally with worsening

COVID-19 severity. Baseline endothelial activation marker

(plasma VWF) independently correlated with COVID-19

severity and death; in contrast, macrophage activation

markers did not. Better insight into reticulo-endothelial

activation at different phases of COVID-19 illness may

guide treatment and improve outcomes. In particular, fur-

ther studies into role of endotheliopathy in COVID-19

progression and therapies to counter it are needed.

Fig. 2 Baseline plasma von Willebrand factor antigen levels in 143

COVID-19 patients who were discharged alive (n = 120) compared

those who died (n = 23). The long horizontal lines represent the

median and short horizontal lines represent inter-quartile range (IQR)
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