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Abstract
Background: The current COVID-19 pandemic creates new clinical challenges almost daily, especially in
terms of individual prognoses, diagnostics involving newly discovered pathogenic mechanisms, and the
appearance of SARS-CoV-2 mutations. In terms of the thromboembolic complications frequently
occurring in COVID-19 patients, there is new evidence that pathognomonic COVID-19-associated
coagulopathy (CAC) differs considerably from the coagulant malfunction of common disseminated
intravascular coagulation. Thus, bleeding is a rare complication in the initial stages of the disease,
whereas thrombotic formations can be seen autopticly in the vasculature of several organs. Therefore, it
is speculated that most thromboembolic complications are thrombotic rather than embolic, and CAC is
more likely to be a pro-coagulant form of coagulopathy. The reasons for these key differences have
remained unknown until very recently. The relationship between SARS-CoV-2 infection and the virus-
related acceleration of the transcriptional nuclear factor kappa B (NF-κB)-pathway, with the accompanied
excessive downstream release of NF-κB-dependent proteins, is undisputed. Therefore, the roles of the NF-
κB-transcribed anti-�brinolytic plasminogen activator inhibitor (PAI 1) and NF-κB-dependent tissue factor
(TF) have become worthy of attention. Inappropriate TF action results in enhanced �brin clot formation,
whereas overexpression of PAI 1 prevents appropriate �brinolytic reactions. CAC is interpreted as critically
contributing to overall COVID-19 pathology and is most likely an independent risk factor for mortality.
Case report: A 49-year-old male patient was admitted for initially non-speci�c signs of a previously
detected SARS-CoV-2 infection. Despite antibiotic and anti-in�ammatory, anticoagulant such as
respiratory-supporting therapy, respiratory and in�ammatory parameters deteriorated continuously. The
COVID-19 speci�c procoagulant hemostatic disarrangement deteriorated concordantly with the
in�ammatory parameters. Finally, a pulmonary arterial obstruction was detected, and an ultima ratio
veno-pulmonary arterial extracorporeal membrane oxygenation (ECMO) was carried out, which required
additional anticoagulatory management. The next day, multiple intracerebral bleeding led to the death of
the patient. Conclusions: The usual anticoagulatory management is unlikely to avoid intravascular clot
formation without developing severe bleeding complications. The ventilation-related acceleration of NF-
κB pathway should be limited, as should procoagulatory blood �ow interventions. In order to limit the
excessive transcription of NF-κB-dependent procoagulant/anti-�brinolytic proteins with vagus nerve
stimulation should be considered as a therapeutic tool.

Background
COVID-19 has become a threat to individual health, national and global health-care systems, and
economic and social systems.

Recently, nuclear factor-κB (NF-κB) (see box I(1)) was shown to play a pivotal role in the pathogenesis of
the pulmonary damage and systemic in�ammation common to COVID-19(1). A transcriptional factor of
pro-in�ammatory cytokines (IL6, IL8, TNFα), NF-κB is excessively overexpressed by viral hijacking of its
transcription-promoting pathway(1,2).
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After cellular invasion via ACE2 receptors(3), SARS-CoV-2 ampli�es the action of the cellular IκB kinase
complex (IKK)(2), which catalyzes the proteasome-based degradation of cytosolic inhibitors (IκBs)(4) of
NF-κB subunits (p65, p50 or p52; c-Rel, RelA or RelB) leading, ultimately, to unrestricted subunit passage
through the nuclear membrane and the excessive formation of mature NF-κB(2)(see box II(1)). This, in
turn, promotes the uncontrolled downstream transcription of NF-κB-dependent proteins (i.e., SARS-CoV-
2 and proin�ammatory cytokines)(1) (Figure 1).

The physiological restraint mechanism of cellular NF-κB action is the vagally driven cholinergic anti-
in�ammatory pathway (CAP)(5–8). This pathway limits NF-κB activity via membrane-bound nicotinic
acetylcholine receptors (α7nAChR), which, after coupling to vagally secreted acetylcholine (ACh), initiate
blocking of NF-κB-mediated transcription(5–8). Thus, the balance between pro- and anti-in�ammatory
effects creates a health-preserving immune response to external assault(5–8). In severely ill patients,
vagal signaling is critically compromised, leading to inappropriate in�ammatory responses(1). This
autonomic shift is also seen in COVID-19(1,9). Moreover, SARS-CoV-2 is suspected to bind not only to
ACE2 receptors but also to nicotinic acetylcholine receptors (nAChRs)(10). Because α7nAChRs are a
pivotal part of the anti-in�ammatory re�ex arc (involving CAP), virus-related α7nAChR impairment
potentiates the NF-κB pathway acceleration evoked by vagal dysfunction and viral hijacking (Figure 1).

In almost all COVID-19 cases, we see elevated coagulation parameters, such as increased d-dimer(11–
14) and prolonged prothrombin time (PT)(12–15), as well as prolonged activated partial thromboplastin
time (aPTT)(12,13,15). Hence, disseminated intravascular clot formation can be observed(12,13,16–18)
in critically ill COVID-19 patients, whereas incidences of signi�cant hemorrhagic complications are rarely
reported(16). Several speci�c aspects of COVID-19-associated coagulopathy (CAC)(15,17) differ from
what we know about disseminated intravascular coagulation (DIC)(16). The most important differences
between CAC and DIC are the elevated �brinogen(12) serum levels, the activated complement
system(19,20), and increased concentrations of antiphospholipid antibodies(12) during CAC, compared
with the lower �brinogen concentrations, reduced complement system activity, and lower
antiphospholipid antibody serum levels seen in DIC pathology(15). Both CAC and DIC share elevated d-
dimer values, which re�ect �brinolytic activation in response to venous thromboembolism (VTE)(21).
These speci�c coagulopathic changes in CAC and the high incidence of thromboembolic complications
in COVID-19 have led to the proposed use of high d-dimer values as illness severity factors(22) and
indicators of a poor prognosis in COVID-19 cases(23). The reasons for the differing speci�city of CAC
compared with DIC have remained unclear(13,15,16,24,25) until recently.

In our recently published article, we described the importance of the accelerated NF-κB pathway in the
pathology of SARS-CoV-2-evoked COVID-19(1). Here, we focus on the fact that procoagulant tissue factor
(TF)(24,26–28) and anti�brinolytic plasminogen activator inhibitor 1 (PAI 1)(26,28,29) are transcribed in
an NF-κB-dependent manner(26,28). The promotional role of NF-κB in the transcription of two factors
(that potently move the hemostatic balance towards clot formation and impaired �brinolytic reaction)
and the viral-induced, speci�cally accelerated NF-κB pathway are the �rst reasonable explanations for the
speci�c coagulopathic pattern seen in COVID-19 (Figure 1).
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Ventilation-derived oxygen and stretch collaborate with SARS-CoV-2 to activate the NF-κB pathway:

In their review, Jacobson and Birukov (2009) pointed out that, in critically ill patients, mechanical
ventilation with hyperoxic gas concentrations is often necessary to secure adequate oxygen delivery via
an injured lung to the vital organs(30). Moreover, in most cases, the consolidated lung requires high peak
pressure values, even with the use of low tidal volumes (LTVs) due to severely decreased pulmonary
compliance(30). High peak pressures with concomitant pulmonary stretch stress together with hyperoxic
gas mixtures also result in the activation of nf-κB(30), which is known to promote the transcription of PAI
1 and TF(28,31). Impaired alveolar membrane function combined with severe decreased pulmonal
compliance are found in the COVID-19-affected lung(32). Thus, viral acceleration of the NF-
κB pathway(1,2), along with the almost unavoidable mechanical and hyperoxic stresses to pulmonary
tissue, leads to enhanced NF-κB action. Through increased �brin clot formation and severely impaired
�brinolytic potential, the concomitant extravascular activation of anti�brinolytic PAI 1 and procoagulant
TF leads to micro- and macrovascular thrombosis(30). These, together with the NF-κB-driven
enhancement of virus replication(1,2) and further release of proin�ammatory cytokines(1,2,33), explain
why this avalanche-like process is observed in critically ill COVID-19 cases.

Thrombotic assault in lung and liver:

In their recently published autoptic investigation of COVID-19 fatalities, Lax et al. (2020) described
widespread occlusions within the pulmonal arterial vasculature and hepatic vessels, whereas the injury
patterns in other parenchymatous organs were predominantly unrelated to malperfusion(17). They stated
that these pulmonary arterial occlusions were of thrombotic instead of embolic origin(17). As in the case
reported below, all cases presented by Lax et al. received anticoagulant or antiaggregant therapy or a
combination of both(17). While in the report by Lax et al., patients received only prophylactic
anticoagulant or antiaggregant therapy, every COVID-19 patient in our hospital is medicated with
therapeutic anticoagulation from day one of admittance, including the case reported below. Pulmonary
thrombotic damage was demonstrable in all samples (n = 11) reported by Lax et al. and ranged from
focal to extensive(17). Although pulmonary infarction due to thrombosis occurred in only three of the
investigated cases, the authors described the amount of thrombotic material in the pulmonary �ow path
as gross(17). Additionally, several authors have reported the association between COVID-19 and diffuse
and gross clot formation in the branches of the pulmonary artery(18,34–38). Although pulmonary
coagulopathy with �brin clot formation in the lungs due to NF-κB-activated membrane-bound TF and PAI
1(28) is typical in infectious conditions, the speci�c SARS-CoV-2-related avalanche-like acceleration of
the NF-κB pathway seems to in�uence the amount of enhanced �brin clotting and �brinolysis
impairment.

In addition to the hypoxic damage caused by thrombosis, investigators have described a plethora of
pathological changes, including edema, hyaline membrane, proliferation of pneumocytes and �broblasts,
macrophages, lymphocytes, plasma cells, neutrophils, and collagen, with a heterogeneous
distribution(17,18,39,40), which are summarized as diffuse alveolar damage (DAD)(17). The amount of
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thrombus consolidation is correlated with the duration of the disease(17). Thrombotic clots were
detectable in small to mid-sized pulmonary arterial vessels, whose walls were in�ltrated by neutrophils,
and the adjacent lung tissue showed hemorrhaging and infarction(17). Even in one patient with grossly
recognizable pulmonary infarct demarcation, Lax et al. (2020) considered the occlusion to be of
thrombotic rather than embolic origin due to the completely thrombotic clot-�lled lumen of the affected
pulmonary arterial vessels(17). The absence of clot �xation to the arterial wall, as well as the fact that
histological consolidation of some of the clots had not yet occurred, led the authors to estimate that
these clots formed just a few hours(17) before death. The investigation by Lax et al. (2020) of hepatic
tissue in COVID-19 fatalities showed there was massive hepatocyte necrosis in 73% of the cases from
chronic congestion of single cells (predominantly pericentral) or a focal or panlobular pattern(17). Finally,
in one case, central hepatic vein thrombosis was described(17). Moreover, other histological hepatic
changes, such as steatosis (70%), cholestasis with canalicular bile plugs (62%), and portal changes
(lymphocytic in�ltrate, mild nuclear pleomorphism of cholangiocytes, and ductular proliferation with
portal or incomplete septal �brosis) were seen in nine (82%) of their subjects(17).

Case Report
On December 22, 2020, a 49-year-old male patient was admitted to our hospital with initial signs of fever,
a nonproductive cough, and limb pain for 6 days. An outpatient ward PCR test revealed a case of SARS-
CoV-2 infection. Since the day before admittance, the patient had felt severe dyspnea. Despite two
episodes of transitory ischemic cerebral attacks leading to prophylactic treatment with acetylsalicylacid,
and a former smoking history, no accompanying medical condition or prescribed medication was
detectable.

Initially the patient showed nonspeci�c symptoms, including an oxygen saturation of 75% on pulse
oximetry under spontaneous breathing of air, as well as stable cardiocirculatory conditions and mild fever
(38.3 °C). An electrocardiogram revealed no pathological �ndings.

The �rst chest x-ray showed a pronounced homogenous, partly stained decrease in transparency on both
sides with well delimited diaphragmatic thighs, no evidence of pleural effusion, and standard caliber
thoracal vasculature with a normal heart silhouette (Figure 2).

The initially su�cient oxygen supply of 2 L per minute had to be increased rapidly to up to 6 L per minute.
Treatment with dexamethasone (6 mg/day) and antibiotics (ampicillin/sulbactam) due to heightened
serological in�ammation signs (Table 1) was started. Because oxygen saturation did not improve (SpO2

below 80%), the patient was transferred to our ICU the following day.

In the ICU, we applied intermediate noninvasive mechanical ventilation (CPAP/ASB) with equally
intermediate prone positioning. This initially led to improvements in both respiratory function and
serological in�ammation signs (Table 1). From day four of treatment, respiratory function worsened, and
serological in�ammation signs began to re-emerge. We escalated the antibiotic regime
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(piperacillin/tazobactam) and gradually increased FiO2; meanwhile the patient needed continuous
noninvasive augmented respiratory ventilation (CPAP/ASB). In the following period, we saw
improvements in infection signs and stable respiratory conditions that made short interruptions of
mechanical ventilation possible. On day 13, the in�ammatory parameters again increased, leading us to
further escalate antibiotic treatment (meropenem). Ventilatory support became insu�cient on day 13,
thus we decided to intubate for controlled ventilation (Figure 3). During the intubation procedure, the
patient experienced a low �ow phase, which required the application of epinephrin and two single chest
compressions. After cardiocirculatory stabilization, the patient was moved to the prone position, and
ventilatory parameters (FiO2, peak pressure) could be gradually decreased. Because of the unimpaired
renal function, the patient received therapeutic anticoagulation with low molecular weight heparin
(LWMH; enoxoparin sodium 80 mg two times daily) over the whole treatment period. Because of sedation
compensation, the patient received low dosage norepinephrine, which could be reduced further over the
days following intubation.

Considering the progressing severity of the illness, the overall good prognosis of the young patient, and
the absence of extracorporeal membrane oxygenation (ECMO) facilities in our hospital, we decided to
transfer the patient to a hospital with ECMO capacity on day 16.

Until the transfer, the ventilation parameters had to be increased to 65% for FiO2, 40 mbar for peak
pressure, and 10 mbar for positive end expiratory pressure.

At the hospital with ECMO provision, the �rst transthoracic echocardiography (TTE) revealed severe right
heart burdening. Under the suspicion of a pulmonary arterial embolic event, a thoracic CT with
radiocontrast agent was performed (Figure 4). This showed a central lymphadenopathy in addition to the
commonly described signs of COVID-19 pneumonia (according to the RSNA consensus 2020)(41).
Moreover, there was evidence of bilateral central pulmonary arterial embolism with consecutive closure of
the segmental arteries plus distinct signs of right heart burdening with deviating ventricular septum and
d-shape of the left ventricle.

After an interdisciplinary consultation, the decision to proceed with an ultima ratio ECMO implantation
was made, and the procedure was performed immediately and without complication. Venopulmonary
arterial ECMO was performed that required anticoagulant management with high molecular weight
heparin (HMWH). Additionally, the salvation of a gross thrombus from the left pulmonary artery was
possible.

Afterwards, the patient was retransferred to the ICU, where the ventilation parameters were deescalated to
lung-protective ventilation under therapeutic anticoagulation and ECMO. Serological coagulation
parameters were observed frequently, and blood transfusion was performed by indication and under
consideration of present antibodies.
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day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17  

17*
 

18*
d-dimer (µg/ml) 1.09 0.73   1.08 1.06 0.81 0.97           >4 3.90     >4  

9.01
 

aPTT (s) 32.2 31.532.3 32.6 29.6 29.2 30.0 32.2   29.231.031.4 36.4 39.7 39.7 30.0 37.8  

88.0
 

112.0
TZW (%) 108 103 110 107 105 92 86 81   79 84 75 64 51 82 81 100  

95
 

79
Antithrombin (%)   113                                

74
 

71
INR 1.0   0.9 1.0 1.0 1.1 1.1 1.2   1.2 1.1 1.2 1.4 1.6 1.1 1.2 1.0  

1.1
 

1.15
fibrinogen (g/l)       7.5 7.9 6.9 8.3           8.2 9.2     6.3  

3.8
 

                                       

Leucocytes (Gpt/l) 6.9 7.4 9.2 9.7 11.1 12.4 13.0 13.6 13.4 13.216.519.6 30.8 35.9 23.4 18.1 37.8  

44.7
 

32.1
PCT (µg/l) 0.13 0.13   0.13 0.10 0.10 0.12 0.30 0.34   0.230.20 0.25 0.41 0.24 0.20 0.40  

1.71
 

2.73
CRP (mg/l) 118.290.5   119.1145.078.1114.3185.7196.7   72.288.9215.2261.3175.2177.4140.3  

155.0
 

162.0

Table 1 Courses of laboratory data for inflammation parameters, such as leukocytes, procalcitonin (PCT), and c-reactive protein
(CRP), in comparison to the coagulation laboratory data, including d-dimer, activated thromboplastin time (aPTT), Quick (TZW),
antithrombin activity, Quick international normalized ratio (INR), and fibrinogen. The comparison of coagulant and inflammation
parameters shows they changed in a corresponding manner.

The next day, the patient had a right-sided wide and �xed pupil, which had not been seen in previous
frequently performed examinations. An emergency skull CT scan showed multiple intracerebral bleeds
together with a global edema, a midline shift, and the initial signs of acute compression of the brain stem
(Figure 5). The immediate neurosurgeon declared the prognosis to be infaust because of a lack of
therapeutic options.

The relatives were immediately informed of the acute worsening followed by a change in the
therapeutical goal to palliation, which was performed su�ciently until the death of the patient on January
8, 2021.

After a condoling report to the relatives, they did not agree to an autopsy.

Discussion
Procoagulant disarrangements in the hemostatic balance between �brin clot formation and �brinolytic
action are obviously important contributors to overall COVID-19 pathology. In severe cases, they are
probably an independent risk factor for fatality(17, 23, 42). Attempting to control this procoagulant
hemostatic catastrophe with the application of antithrombin III (ATIII) enhancers or factor Xa inhibitors,
i.e., HMWH and LMWH, respectively, as we currently do, seems to have no real e�ciency(17, 43). With
regards to the reported case, the recently proposed use of thrombolytic therapeutic regimes(44) has to be
deemed equally as risky.
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In our demonstrated case, we saw severe thromboembolic occlusion of the bilateral, central pulmonary
arterial branches, despite therapeutic anticoagulant therapy. At the same time, the patient underwent a
multi-localized intracerebral hemorrhage event. This evidence seems to show that a gap between
insu�cient anticoagulation with clot formation and severe bleeding in CAC does not exist.

Until recent days, our search for solutions to combat COVID-19 focused mainly on the hyper-in�ammatory
aspects of this fateful disease with its elusive pathological pattern(1). The herein described speci�c
mechanisms of COVID-19-related coagulopathy and the reported case illustrate that disseminated
hypoxic organ dysfunction may be explained not only by hypoxemia from severe pulmonary dysfunction
but also by micro- and macrovascular thrombotic vessel occlusion(11, 12). Thus, microvascular
thrombotic damage is observed in the tissues of the heart, liver, kidneys, gastrointestinal tract, skin,
adrenal gland, prostate(11), brain, and limbs(12). The described multi-focal thrombotic occlusions are a
critical part of the multi-organ pathology observed in severe COVID-19 cases. The acceleration of the NF-
κB pathway due to viral hijacking of ubiquitination machinery(45), ventilation-associated NF-κB
enhancement(28, 30, 31), and the pathognomonic impairment of vagal signaling(1) seems to be the
central reason for the highly activated thrombogenesis (TF). This, in combination with inappropriate
anti�brinolytic action (PAI 1), causes CAC, which ultimately leads to thrombotic organ injury. The reasons
behind the similarly enhanced concentrations of prothrombotic antiphospholipid antibodies(12, 16) and
the facilitation of clot formation by complement system(19, 20) activation, as well as their impact on
CAC, remain to be investigated.

The interaction between the virus-related acceleration of the NF-κB pathway and ventilation-evoked
activation of NF-κB, both of which lead to the severe activation of coagulation (TF) and severe
impairment of �brinolysis (PAI 1) as well as enhanced virus replication and cytokine distribution, presents
a profound dilemma during the treatment of critically ill COVID-19 patients. The key to resolving this
con�ict seems to be controlling NF-κB activity. This is, as previously described, a domain of vagal nerve
signaling(1, 5, 7, 46).

The newly discovered thrombotic complications in connection with several vaccines(47) seem to be more
COVID-19 related, than vaccine-speci�c. Therefore, CAC must be considered a part of the hemostatic
dysfunction due to vaccination.

Thus, an unrecognized SARS-CoV-2 infection before vaccination could have led to additional acceleration
of NF-κB evoked prothrombotic and anti�brinolytic hemostatic disarrangement. Likewise, the speci�c
immune reaction to the vaccine may have resulted in NF-κB activation with its hemostatic consequences.

Conclusions
Considering the aforementioned hemostatic pathological constellation in COVID-19 and the current
therapeutic options, we should restrict ventilation parameters(48) to a degree that guaranties a su�cient
oxygen supply and decarboxylation for vital organs, without exceeding a certain blood oxygen partial
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pressure limit (e.g., 60 mmHg). This would maintain oxygenation while minimizing further ventilation-
related damage to the lungs(48) and coagulant system(30).

Additionally, in relation to hyper-coagulant hemostasis in COVID-19 patients and the limited treatments
available to counteract clot formation, any additional procoagulant intervention (i.e., central venous
catheters) should be applied prudently and restrictively.

Because controlling the activity of NF-κB is the only causal therapeutic option, and this can be
physiologically promoted by vagus nerve signaling(5, 7), vagus nerve stimulation (VNS) is proposed as a
serious candidate for the treatment of severe COVID-19 cases(1). Indeed, Guarini et al. (2003) showed
that VNS is able to blunt inappropriate NF-κB activation(49).

In light of the described relationships between SARS-CoV-2 infection (COVID-19), the NF-κB-dependency
of COVID-19-related hemostatic disarrangements, and NF-κB promotion of virus replication and cytokine
distribution, we strongly believe that VNS must be taken into consideration as a viable option for the
treatment of this di�cult to manage disease.
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List Of Abbreviations
ACE2

ACE2 is an enzyme which lowers blood pressure by catalyzing the hydrolysis of angiotensin II (a
vasoconstricting peptide) into angiotensin (a vasodilating peptide). ACE2 is attached to the cell
membranes of cells in the lungs, arteries, heart, kidney and
intestines.                                                                                                       4, 5, 20

CAP

The cholinergic anti-in�ammatory pathway is involved in the regulation of the innate immune response to
injury, pathogenic assault, and ischaemic injury. It is the efferent arc of the in�ammatory re�ex, the
vagally driven neural circuit controlling cytokin release via acetylcholin coupling to nicotinergic
acetylcholinreceptors.         4, 5
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COVID-19

Coronavirus disease 2019 is a highly contagious disease caused by severe acute respiratory syndrome
virus 2019 (SARS-CoV-2) with variable symptoms including fever, cough, loss of smell and breathing
di�culties, which in severe cases improve up to pneumonia with severe impairment of respirators
function and multiple organ failure (MOF).                                                           1, 2, 3, 5, 6, 7, 9, 10, 11, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23

IKK

The IκB kinase is a complex that is involved in promoting the cellular response to in�ammation. 4, 8

IL 6

Interleukin 6 is an important mediator of fever and of the acute phase response and is secreted by
macrophages in response to speci�c microbial molecules, referred to as pathogen-associated molecular
patterns (PAMPs)    8

IL 8

Interleukin 8 is a chemokine secreted by macrophages and other cells, such as epithelial cells, airway
smooth muscle cells, and endothelial cells. IL-8 acts as a chemokine, encouraging immune cells to
migrate.   8

NF-κB

nuclear factor kappa-light-chain-enhancer of activated B cells) is a protein of complex structure that
controls DNA transcription, cytokine production and cellular survival. 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 17, 18, 19,
20, 22

RSNA

Radiological Society of North America                                                                                                      14, 15,
24

SARS-CoV-2

Severe acute respiratory syndrome coronavirus 2 is the virus causing coronavirus disease 2019 (COVID-
19), the infectious disease responsible for the current pandemic.     1, 2, 4, 5, 6, 7, 8, 10, 11, 19, 20, 21, 22

TNF α

Tumor necrosis factor alpha is a cytokine that promotes systemic in�ammation and induces the acute
phase reaction. It is mainly produced by activated macrophages but can be produced by many other cell
types.      8
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α7nAChR

The nicotinergic alpha7 acetylcholin receptor is involved in restriction of cytokin liberation and
in�ammation control, as well as long-term memory. It consists of pentamerically composed α7 subunitis
and is part of the cholinergic driven
neuromudulation.                                                                                                                     5
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Box 1 And 2
box I: Transcriptional factor nf- κB – the key     to pathology

NF-κB (nuclear factor kappa-light-chain-enhancer of activated B cells) is a protein of complex structure
that controls DNA transcription, cytokine production and cellular survival. NF-κB can be found in almost
all animal cell types and promotes cellular reaction to stimuli such as stress, cytokines, free radicals,
heavy metals, ultraviolet irradiation, and microbial antigens. NF-κB plays a principal role in regulating the
immune response to infectious assault. Regulation disorders of NF-κB have been linked to viral infection,
septic shock, hyperin�ammatory and autoimmune diseases, cancer, and disturbed immune maturation.

Finally, NF-κB has also been shown to be implicated in mechanisms of synaptic plasticity and memory.
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box II: Proteins regulating cellular clearance -dysregulated by viral invasion

Inhibitors, called IκBs (Inhibitors of κB), sequester the NF-κB homodimers in the cytoplasm of
unstimulated cells. They do so by using multiple copies of a sequence called ankyrin repeats. By virtue of
the ankyrin repeat domains, the IκB proteins mask the nuclear localization signals (NLS) of homodimeric
NF-κB proteins. Thus, nuclear translocation of NF-κB dimers is prevented keeping them sequestered in an
inactive state in the cytoplasm.

As subunits of NF-κB the homodimers of p65, p50 and p52 (non-Rel-dimers) are, in general, repressors of
κB transmission. Homodimers with a RelA, RelB or c-Rel-domain (Rel-dimers) and an additional
transactivation domain function as activators of NF-κB related transcription after heterodimerization with
non-Rel-dimers. Practically heterodimerization between all the homodimers is possible. But only
heterodimers composed of non-Rel- and Rel-dimers have transcription activating function.

Proteasomes are large (1700 kDa) cytosolic protein complexes which degrade unneeded or damaged
proteins by proteolysis which is a key function in cellular homeostasis and survival. To allow proteolytic
degradation, the target proteins are tagged with small (8,5 kDa) proteins called ubiquitins. This tagging is
catalyzed by enzymes called ubiquitin ligases. In the case of IκBs the viral induced IκB kinase complex
(IKK) functions as ubiquitin ligase promoting cleavage of IκB- NF-κB-homodimer-complexes thus,
allowing nuclear translocation of NF-κB subunits to form NF-κB.
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Figure 1

(Key Figure) Cellular viral (SARS-CoV-2) invasion involving viral hijacking and ampli�cation of the nuclear
factor kappa B (NF-κB) pathway for viral replication with the additional excessive release of pro-
in�ammatory cytokines as well as plasminogen activator inhibitor 1 and tissue factor The cytoplasmatic
subunits (p65, p50 or p52, c-Rel, RelA or RelB) of NF-κB, the transcriptional factor of numerous cellular
proteins, are bound by inhibitor proteins of NF-κB subunits (IκB) in the cytoplasm, guaranteeing the
regulation of NF-κB production. Invasion of SARS-CoV-2 via the ACE 2 receptor ampli�es the activity of
the IκB kinase complex (IKK), which catalyzes the proteasome-driven proteolytic degradation of IκB. The
liberated NF-κB subunits can now translocate to the nucleus unrestricted, where they form mature NF-κB.
NF-κB binds to nuclear DNA to enhance virus replication and the synthesis and release of pro-
in�ammatory cytokines (i.e., IL 6, IL 8, TNF α) as well as procoagulant tissue factor (TF) and anti-
�brinolytic plasminogen activator inhibitor 1 (PAI 1). Vagally secreted acetylcholine (ACh) binds to α7
nicotinic acetylcholine receptors (α7nAchRs) at the cell surface and blocks NF-κB action, thereby
controlling virus replication, cytokine release, and the synthesis of procoagulant/anti-�brinolytic factors.
Afferent vagal nerve stimulation leads to improved vagal representation in a hypersympathetic,
imbalanced autonomic nervous system (ANS), which can reestablish the physiologically restrained NF-κB
activity.



Page 18/21

Figure 2

Initial chest x-ray: pronounced partly stained regions of impaired transparency on both sides, particularly
in the middle �elds, were observed. Overall slight inspirational hold. Both diaphragmatic thighs were
clearly de�nable. There was no evidence for pleural effusion. With regard to de�nition, the vascular
structures were of standard caliber, and the cordial silhouette was not broadened. This x-ray picture
displays the initial clinical situation, which was su�ciently treatable with oxygen supply (up to 6 l/min)
and intermediate ventilatory support (NIV/CPAP/ASB).
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Figure 3

Chest x-ray showing worsening signs on day 13, before intubation: compared with the preliminary
examination, there were progressive peripherally pronounced bilateral in�ltrations. For differential
diagnostics, a mixed picture of in�ltrates and pulmonary congestion must be taken into consideration.
New: left-sided jugular central venous catheter with inconspicuous projection to the superior vena cava.
Everything else remained unchanged compared with the preliminary examination. This x-ray picture
corresponded to a sharp increase in clinical severity. In particular, the respiratory situation was no longer
manageable with oxygen supply or noninvasive ventilation strategies, and we were forced to perform an
intubation with controlled mechanical ventilation.
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Figure 4

Chest CT scan with radiocontrast agent in the initial phase at the collaborating hospital: (1) A typical
�nding for COVID-19 pneumonia (according to the RSNA consensus 2020(41)). Multiple frequently
described signs of COVID-19 pneumonia were displayed with an additional mediastinal
lymphadenopathy. (2) Proof of a bilateral central pulmonary arterial emboly with concomitant occlusion
of related segmental arteries. Pronounced right heart burdening with deviated septum and d-shape sign
of the left ventricle. (3) Struma nodosa.

Figure 5
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Emergency skull CT scan: (1) Large, fresh intraparenchymatous bleeding in right-hand frontoparietal lobe
with global brain edema, midline shift, and entrapment within the tentorial slit. (2) Additional bleeds in the
region of the right basal ganglia and the right cerebellar hemisphere. There was also subdural bleeding
along the falx cerebri and above the tentorium cerebelli.

Supplementary Files

This is a list of supplementary �les associated with this preprint. Click to download.

graphicalabstractimage.jpg

Linktoentirectdataimage4.docx

Linktoentirectdataimage5.docx

https://assets.researchsquare.com/files/rs-382537/v2/122197db2b98f59f2d1f837e.jpg
https://assets.researchsquare.com/files/rs-382537/v2/13dd468590954ddfd79b83af.docx
https://assets.researchsquare.com/files/rs-382537/v2/461c954b5b5017dbbedddd2e.docx

