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ARTICLE INFO ABSTRACT

Keywords: Up to 30 % of COVID-infected patients may develop post-acute sequelae of COVID-19 (PASC), also known as
Long COVID Long COVID (LC), a syndrome characterized by a variety of debilitating symptoms lasting for more than 3
PASC

months after the acute infection. While the pathophysiological mechanisms behind PASC/LC are not completely
understood, growing evidence suggests that an important component of this syndrome may be related to
persistent microvascular inflammation causing clumping/clotting of red blood cells and platelets and thrombotic
complications. We retrospectively evaluated the plasma levels of von Willebrand factor (VWF), Factor VIII and D-
dimer in 10 gynecologic patients (60 % with an endometrial or ovarian cancer diagnosis) affected by PASC/LC vs
5 control patients (60 % harboring endometrial or ovarian tumors). We found elevated VWF and Factor VIII
levels in all 10 PASC/LC patients (means of 254 % and 229 %, respectively) vs none of the 5 randomly selected
cancer control patients (means of 108 % and 95 %, respectively), p = 0.0046 and p < 0.0001, respectively. In
contrast, no significant difference was noted in the levels of D-dimer in PASC/LC. Importantly, abnormally
elevated VWF and Factor VIII levels were found to persist for at least 2 years in patients with Long COVID
symptoms. VWF and Factor VIII but not D-dimer levels are significantly elevated in the plasma of PASC/LC
cancer patients. Abnormally and persistently elevated VWF and Factor VIII levels may represent the results of
persistent microvascular damage (i.e., spike-induced endotheliosis) and may be biomarkers of persistent
inflammation in gynecologic patients with PASC/LC.
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1. Introduction completely understood and are likely multifactorial, growing evidence

suggests that an important component of the syndrome may be related

Up to 30 % of previously healthy individuals and up to 60 % of
cancer patients recovering from COVID-19 infection and followed up for
up to 14 months may develop prolonged debilitating symptoms
consistent with Post-Acute Sequelae of COVID-19 (PASC), also known as
Long COVID (LC). These symptoms include, but are not limited to
decreased exercise tolerance, shortness of breath, brain fog, cognitive
dysfunction, fatigue, postural orthostatic tachycardia syndrome (POTS),
chest pain, chronic pain, palpitations, and gastrointestinal symptoms
(Soriano et al., 2022; Ceban et al., 2022; Dagher et al., 2023; Cortellini
et al., 2023). In many of these studies, female cancer patients were more
likely than male patients to report persistence of PASC/LC symptoms,
suggesting a gender-dependent predisposition for developing this syn-
drome (Bai et al., 2022).

While the pathophysiological mechanisms behind PASC/LC are not

to a persistent COVID-19-associated coagulopathy, triggered by the
ability of viral Spike-1 protein to cause clumping and clotting of red
blood cells and platelets (Scheim et al., 2023; Boschi et al., 2022) as well
as disruption of normal endothelial function leading to prolonged
thrombotic and microvascular complications (Kruger et al., 2022; Pre-
torius et al., 2022; Turner et al., 2023; Kell et al., 2022). Consistent with
this view, while acute COVID-19 infection typically initiates with
penetration of the virus into the respiratory epithelium to cause lung
inflammation, multiple studies have identified the vascular endothelium
as the primary target of COVID-19 pathology, causing microvascular
occlusion in lungs and other organ systems with accompanying mor-
bidities such as intravascular clotting and peripheral ischemia (Acker-
mann et al., 2020; O’Sullivan et al., 2020). Accordingly, autopsy studies
have reported widespread microthrombi disseminated throughout the
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pulmonary vasculature, demonstrating that vasculopathy is paramount
in COVID-19 pathogenesis (Wichmann et al., 2020). Taken all together,
these data suggest that endothelial cell damage may play a key role in
orchestrating not only the unusual pulmonary intravascular coagulop-
athy associated with severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) infection but also PASC/LC.

Several reports have recently provided strong experimental evidence
to demonstrate that SARS-CoV-2 may persist for a prolonged amount of
time in the body of many PASC/LC patients, including the human ol-
factory epithelium, lung cells, blood, feces and gastrointestinal tissues
after the initial diagnosis of COVID-19 (de Melo et al., 2021; Bussani
et al., 2020; Craddock et al., 2023; Zollner et al., 2022; Cheung et al.,
2022), as well as in non-classical CD16 + monocytes up to 15 months
post-infection (Patterson et al., 2022). All these infected cells may
potentially cause prolonged Spike-1 production and trigger chronic
vessels and organs’ inflammation (Kruger et al., 2022; Pretorius et al.,
2022; Turner et al., 2023; Kell et al., 2022). Taken together, these
studies suggest that multiple tissues and organs including vessels and
subpopulations of inflammatory cells such as monocyte/macrophages,
dendritic cells and mast cells (Schultheil et al., 2023) may represent not
only a potential SARS-CoV-2 viral -antigen reservoir but also a persistent
source of inflammation in at least a subset of PASC/LC patients.

In this retrospective study, we evaluated the levels of three bio-
markers of endothelial inflammation (VWF, factor VIII, and D-dimer) in
10 gynecologic PASC/LC patients vs 5 control patients with or without a
cancer diagnosis followed in our gynecologic oncology clinic. We found
a significant and persistent increase in the plasma levels of VWF and
factor VIII in PASC/LC patients vs controls while no significant differ-
ences were noted in D-dimer levels. Abnormally and persistently
elevated VWF and factor VIII levels in gynecologic patients with or
without cancer may represent novel biomarkers for PASC/LC.

2. Cases

We retrospectively evaluated the plasmatic levels of VWF, Factor VIII
and D-dimer, in gynecologic patients affected by PASC/LC symptoms (i.
e., six (60 %) with a history of gynecologic tumors and four with non-
malignant gynecologic conditions) followed in our clinic. We
compared their levels to those detected in five randomly selected gy-
necologic patients without PASC/LC symptoms (three out of five (60 %)
harboring gynecologic tumors) where plasmatic levels of VWF, Factor
VIII and/or D-dimer were collected in our clinic during the same time
periods of the COVID-19 pandemic as part of their blood work up to
evaluate the risk of thrombosis. The characteristics of the study patients
are described in Table 1. Biomarkers were pre-tested for normality and
equal variances, respectively, with the Shapiro-Wilk and folded-F tests,
then compared for group differences with Student’s t-test if normally
distributed with equal variances, with Welch’s t-test if normally
distributed with unequal variances, or with the Wilcoxon two-sample
test if not normally distributed. We considered the biomarker levels to
be elevated if they exceeded the Yale Laboratory’s reference range of
62-175 % for the VWF, the range of 66—143 % for Factor VIII and a
value > 0.50 mg/L for D-dimer. A p value < 0.05 was considered sta-
tistically significant. As depicted in Fig. 1, we found elevated VWF levels
in all 10 of the PASC/LC patients (mean + SD = 254 % =+ 71 %) vs none
of the 5 randomly selected cancer control patients (mean 4+ SD = 108 %
+ 21 %) (Wilcoxon p = 0.0046). Similarly, Factor VIII levels were
elevated in all 10 of the PASC/LC patients (mean + SD = 229 % + 63 %)
vs none of the 5 randomly selected cancer control patients (mean + SD
=95 % =+ 15 %) (Welch’s t-test p < 0.0001). In contrast, no significant
difference was noted in the levels of D-dimer in PASC/LC (mean + SD =
0.63 + 0.62 mg/L) vs controls (0.39 + 0.18 mg/L, Wilcoxon p = 0.4962)
(Fig. 1). As representatively demonstrated in Fig. 2 for PASC/LC patients
where multiple longitudinal VWF and Factor VIII blood collections were
available, prolonged abnormalities in the levels of both endothelial
biomarkers were noted. Importantly, both these PASC/LC cancer
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Table 1
Characteristics of the patients.

Number Age Race Gyn Pathology  Date of first Long COVID
COVID Symptoms
infection

1 64 White  endometrial n/a no

cancer

2 63 White  cervical n/a no

dysplasia

3 63 White  ovarian cancer 04/17/2020 no

4 46 White endometriosis 05/30/2022 no

5 69 White  ovarian cancer 07/07/2020 yes

6 70 White  endometrial 07/09/2020 yes

cancer

7 41 White  cervical 11/10/2021 yes

dysplasia

8 71 White complex 12/09/2022 yes

ovarian cyst

9 40 White  cervical 08/14/2023 yes

dysplasia

10 65 White endometrial 09/01/2023 yes

cancer

11 64 White ovarian cancer 10/01/2022 yes

12 82 Black endometrial 12/08/2020 yes

cancer

13 58 Black ovarian cancer 10/01/2020 yes

14 65 White  ovarian cancer n/a no

15 51 White  None 11/20/2020 yes

patients reported long-lasting (i.e., over 2 years) debilitating symptoms
(i.e., shortness of breath, fatigue, etc.) since the onset of the acute COVID
infection.

3. Discussion

Several studies have reported that cancer patients may be more
susceptible to SARS-CoV-2 infection and are at a higher risk of severe
COVID-19 complications than the general population (Wang et al.,
2020). Consistent with this higher vulnerability, recent data have sug-
gested that cancer patients may be more susceptible to develop long-
lasting debilitating symptoms including but not limited to shortness of
breath, decreased exercise tolerance, brain fog, cognitive dysfunction,
fatigue, dysautonomia including POTS, chest pain and chronic pain,
palpitations, and gastrointestinal symptoms after the acute infection,
with up to 60 % reported to develop PASC/LC (Dagher et al., 2023;
Cortellini et al., 2023).

The pathophysiologic mechanisms underlying the post-COVID pro-
longed and disabling symptoms remain poorly understood and are likely
multifactorial. However, several recent studies have demonstrated that
SARS-CoV-2 may remain detectable for months in a subset of PASC/LC
patients after the acute infection, hiding in multiple organs and in-
flammatory cells such as monocytes/macrophages (de Melo et al., 2021;
Bussani et al., 2020; Craddock et al., 2023; Zollner et al., 2022; Cheung
et al., 2022; Patterson et al., 2022; Schultheif et al., 2023; Wang et al.,
2020). Chronic production of spike protein in the body of PASC/LC
patients might therefore trigger a persistent state of inflammation in
vessels/organs, in particular in the microcirculation, causing a status of
chronic coagulopathy and systemic microthrombosis (Kruger et al.,
2022; Pretorius et al., 2022; Turner et al., 2023; Kell et al., 2022).
Consistent with this view, SARS-CoV-2 spike protein has been demon-
strated to mediate not only direct lung injury but also vascular damage
by inducing endothelial barrier dysfunction and inflammation (i.e.,
endotheliitis), platelet activation and formation of difficult to lyse
“fibrinaloid” microclots after the recovery from the acute infection
(Kruger et al., 2022; Pretorius et al., 2022; Turner et al., 2023; Kell et al.,
2022; Hattori et al., 2022).

Previous studies have reported elevated levels of VWF, Factor VIII
and D-dimer in the plasma of critically and noncritically ill COVID-19
patients, with a greater increase in these levels associated with critical
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Fig. 1. Levels of VWF (upper panel), Factor VIII (middle panel) and D-dimer (lower panel) in 10 PASC/LC patients vs 5 controls. The dotted vertical lines show the
lower limits (blue) and upper limits (green) of the Yale Laboratory’s reference ranges. (For interpretation of the references to colour in this figure legend, the reader is

referred to the web version of this article.)

illness (Goshua et al., 2020). These results obtained in acutely infected
patients provided biochemical evidence that endotheliopathy and
platelet activation are ubiquitous in COVID-19 patients and may lead to
the clinical prothrombotic manifestations of COVID-19-associated coa-
gulopathy, which include microvascular thrombosis even in the non-
critical (i.e., mild/moderate) form of COVID-19 infection (Goshua
et al., 2020). Indeed, since the production of VWF is exclusive to
endothelial cells and megakaryocytes (Lenting et al., 2015), and since
VWEF is secreted by endothelial cells in response to high shear stress and
other inflammatory mediators (Lenting et al., 2015), we conjecture that

resting endothelial cells may continue to release large amounts of long
VWF multimers into circulation when activated/damaged by the
persistent production/presence of spike protein in PASC/LC patients. In
addition, VWF is also known to act as a carrier—and stabilizer—of the
procoagulant factor VIII (FVIII) in circulation (Lenting et al., 2015),
which is achieved by the formation of a non-covalently bound VWEF-
FVIII complex that protects FVIII from being degraded by activated
protein C (Lenting et al., 2015). Taken all together, these studies suggest
that chronic endotheliopathy and platelet activation manifested by
chronically elevated VWF and Factor VIII factors might be important in
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Fig. 2. Longitudinal von Willebrand and Factor VIII plasma values in two representative PASC/LC cancer patients (upper panel patient #5, lower panel patient #6)
with multiple blood collection available over 2 years. Values shown in bold are above the normal reference range for both assays used.

the pathophysiology of acute as well as PASC/LC-associated coagulop-
athy. However, to our knowledge, no information is currently available
about levels of vascular inflammatory biomarkers such as VWF, Factor
VIII and D-dimer in cancer patient affected by PASC/LC.

In our retrospective analysis we found plasma levels of VWF and
Factor VIII to be significantly elevated in gynecologic patients with and
without cancer affected by PASC/LC symptoms vs controls. In contrast,
no significant differences were detected in the plasma levels of D-dimer.
These findings strongly suggest that persistently elevated VWF and
Factor VIII concentrations play a role in the pathogenesis underpinning
PASC/LC COVID-19 vasculopathy and microthrombosis in these pa-
tients. One, VWF is able to bind to platelet receptors and thus modulate
platelet adhesion and aggregation. Two, pathological VWF multimers
are responsible for thrombotic microangiopathy. Three, VWF multimers
also play a role in the pathogenesis of microvasculature occlusion in
other infectious disease causing clumping/clotting of red blood cells and
platelets as well as disruption of normal endothelial function leading to
thrombotic and microvascular complications (i.e., cerebral malaria)
(O’Sullivan et al., 2016). Importantly, in our small series, abnormalities
in the levels of VWF and Factor VIII were found to persist for at least 2
years in gynecologic cancer patients with prolonged Long COVID
symptoms. These findings are consistent with a recent report on a large
number of PASC/LC patients demonstrating that their significant ac-
tivity limitations did not significantly improve over time (Ford et al.,
2023). More importantly, the association between persistent symptoms
and a procoagulant state support the hypothesis that an ongoing process
of clumping/clotting of red blood cells and platelets thrombi formation
in combination with persistent microthrombosis may be responsible for
the main physical symptoms experienced by a large subset of PASC/LC

patients.

In conclusion, we report that VWF and Factor VIII but not D-dimer
levels were significantly elevated in the plasma of gynecologic PASC/LC
patients with and without cancer. Abnormally and persistently elevated
VWF and Factor VIII levels may represent the results of persistent
microvascular damage (i.e., spike-induced endotheliosis), and be novel
biomarkers of persistent inflammation in gynecologic patients with
PASC/LC.
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