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COVID-19 and Pulmonary Embolism: A Comprehensive Review of 

Epidemiology, Pathophysiology, and Management 
 

 
Abstract: 
 
Global public health has suffered greatly as a result of the coronavirus illness 2019 (Covid-
19) pandemic; yet when vaccinations against Covid-19 are available, they have contributed to 
the containment of the spread of SARS Coronavirus 2 (SARS-CoV-2) infection. However, 
there have been isolated reports of vaccine-induced cerebral venous sinus thrombosis (CVST) 
and vaccine-induced immune thrombotic thrombocytopenia (VITT) following viral vector 
vaccinations (Ad26.COV2 vaccine, AdOx1 nCoV-19 vaccine).One of the most effective 
ways to address the global health issue as the new SARS-CoV-2 virus spreads around the 
world is immunization against COVID-19.This condition manifests as thrombocytopenia, the 
formation of an autoantibody against platelet-factor 4,and widespread thrombosis in unusual 
places,mainly in the cerebral venous. (PF4).The human Freia receptor on platelets can be 
bound by the PF4 autoantibody, which can then cause the platelets to aggregate.This is an 
uncommon side effect that closely mimics the clinical presentation of the traditional immune-
mediated HIT illness that develops after heparin exposure.We will talk about the recently 
reported side effect known as vaccine-induced immune thrombotic thrombocytopenia 
(VITT),which can happen after receiving specific COVID-19 vaccinations, in this Spotlight. 
Since the vaccinations have been employed, questions have been raised about their safety. 
Following the COVID-19 vaccine, the most frequent side effects include local reactions at the 
injection site and general systemic symptoms like fever, headache, weariness, and myalgia. 
These side effects could appear shortly after immunization and go away quickly. 
Nonetheless, a few uncommon cases of vaccine-induced immune thrombotic 
thrombocytopenia (VITT) have been documented, mostly in relation to vaccinations utilizing 
viral vectors. Platelet expression of spike protein and subsequent immune response, platelet 
expression of other adenoviral proteins and subsequent reactions, the role of antibodies 
against platelet factor 4 (PF4), the direct interaction between adenoviral vector and platelets, 
the cross-reactivity of antibodies against SARS-CoV-2 spike protein with PF4, the cross-
reactivity of anti-adenovirus antibodies and PF4 interaction between spike protein and 
platelets. Because severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) can 
activate platelets, thrombocytopenia while rare in the first presentation may also be an 
indicator of the severity of the disease. The spike protein-angiotensin converting enzyme 2 
(ACE2) connection causes this directly, and the activation of coagulation and inflammation 
causes it indirectly. In COVID-19, dysregulation of the innate and adaptive immune systems 
is a significant contributing factor to thrombosis and thrombocytopenia. 
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Introduction: 
 
Globally,the COVID-19 pandemic has been linked to higher rates of morbidity and mortality, 
making it a significant public health concern1.The severe acute respiratory syndrome 
coronavirus-2 (SARS-CoV-2) was not significantly treated by any of the experimental and 
currently available antiviral medications1.As of this writing, the European Union has 
authorized four vaccines: two that were created using the mRNA platform (mRNA-1273 by 
Modern, Cambridge, MA, USA and BNT162b by Biotech/Pfizer, Germany, Mainz/New 
York, NY, USA) and two that were created using vector vaccines based on modified, 
replication-deficient (E1/E3-deletion) adenoviruses (AZD1222, ChAdOx1 nCov-19 by 
Oxford/AstraZeneca, UK/Sweden, and Ad26.COV2.S by Janssen/Johnson Johnson, Leiden, 
Netherlands/New Brunswick, NJ, USA)2.The results of the clinical trials have demonstrated a 
high safety profile, with the primary sources of reactogenicity being short-term local (such as 
pain, redness,or swelling at the injection site) and systemic (such as headache, fever, or 
weariness) responses3.Vaccine-induced thrombotic thrombocytopenia (VITT) is the term used 
to describe cases of thrombosis consistent with thrombocytopenia that have been discovered 
after vaccination with Ad26.COV2.S or ChadOx1 nCoV-19.Auto4antibodies against the 
platelet factor 4 (PF-4) antigen, which are comparable to those found in individuals with 
autoimmune heparin-induced thrombocytopenia (HIT), have been connected to a number of 
these cases5. As far as we are aware, Agostino et al.6 released the first of these case reports on 
April 8th. Numerous further reports were released shortly after. Furthermore, reports of 
occurrences have also been made with the Ad26.COV2. S vaccine; See et al.'s article was the 
first to do so 7,8..Although thrombosis can also occur extrapulmonary, the lung 
microvasculature is the first site of thrombus formation in COVID-19 damage. The hallmarks 
of VITT/TTS are thrombosing in the cerebral venous sinuses and splanchnic veins (portal and 
mesenteric); however, COVID-19 also increases the prevalence of these uncommon 
thromboses 9.Anti-PF4 antibodies may indicate elevated PF4, which may be implicated in 
thrombogenesis even though they may not directly cause thrombosis.In addition to platelet 
activation, PF4's physiological functions include binding to heparin sulphate and neutralizing 
the vascular   endothelium’s antithrombogenicity. It has also been demonstrated that PF4 
neutralizes heparin10. By attaching to bacteria's polyamines, PF4 further enhances the 
bactericidal action and helps the host identify11. Although the exact mechanism underlying 
VITT remains unknown, parallels with both spontaneous HIT syndrome and heparin-induced 
thrombocytopenia (HIT) have been proposed 12. The purpose of this review is to assess the 
currently suggested mechanisms and offer a possible course of action for diagnosis and 
treatment 13 . 
 
Methodology: 
 
Early in 2020,the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic 
swept over the world, having a significant negative impact on both human health and the 
economy.This was linked to a sharp rise in research papers about the coronavirus disease 
2019 (COVID-19) in an effort to quickly clarify its natural history and pinpoint diagnostic 
and treatment options.14,15.One of the four successive research steps that might lead to poorly 
conducted studies is the selection of a research topic that is pertinent to patient care,followed 
by the quality of the research design, the publication's suitability, and the quality of the 
research reports. Moreover, randomized controlled trials (RCTs) are the strongest type of 
evidence used in evidence-based medicine, whereas case series and case reports are the 
weakest 16. the methodological quality of COVID-19 studies stratified by geographic regions, 
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journal impact factor, and median time to acceptance, and the methodological quality of 
COVID-19 research utilizing known quality tools and checklists. a comparison between 
matched controls and the methodological quality of COVID-19. Here, we demonstrate the 
correlation between worse methodological quality scores and COVID-19 publications17 
When more compelling information becomes available, COVID-19 clinical trials ought to be 
reexamine 18. 
 
Purpura thrombocytopenic thrombocytopenia: 
 
SARS-related thrombotic thrombocytopenic purpura the thrombogenic consequences of 
CoV-2 infection are becoming more well acknowledged as a major source of morbidity and 
mortality in COVID-19 patients who are severely ill. Multifactorial in nature,the so-called 
"Covid-19 Coagulopathy" is caused by a maladaptive hyper-immuno-inflammatory response 
and severe endotheliosis produced by a new virus.This inflammatory assault triggers the 
activation of several complement pathways and a cross-talk in complement coagulation, 
resulting in the production of this hypercoagulable state and its hazardous consequences that 
have a negative impact on the result19,20.In addition to COVID-19 coagulopathy, certain rare 
and susceptible individuals may also have COVID-19 thrombotic microangiopathy (TMA), 
thrombotic thrombocytopenic purpura (TTP), and haemolytic uremic syndrome (a HUS 
which are rare but serious thrombotic illnesses caused by this particular virus.  
A combination of thrombocytopenia, microangiopathic haemolytic anaemia, and widespread 
clot formation in the microvasculature characterizes these two disorders 21                                                                                      

  

COVID-19:  
 
The coronavirus-induced sickness begins with respiratory, sneezing, or cough droplets from 
an infected person and manifests as an immunological response in two to fourteen days. 
Symptoms include: Fever, cough, dyspnoea, exhaustion, chills, occasionally accompanied by 
trembling; body aches; diarrhoea, vomiting; headache; sore throat; congestion or runny nose; 
loss of taste or smell 22 .The virus spreads along the respiratory system. hates the airways, 
which comprise the lungs, nose, throat, and mouth. Compared to the remainder of the 
respiratory tract, the lower airways have more ACE2 receptors.Therefore,compared to viruses 
like the common cold, COVID-19 is more likely to spread. Breathing may become difficult 
due to inflammation of the lungs 23 .Pneumonia may result from an infection of the alveoli, 
which are tiny sacs inside the lungs where oxygen and carbon dioxide exchange occurs.Acute 
respiratory distress syndrome, immune system disorders, heart problems, blood vessel 
problems, brain disorders, liver problems, eye problems, and kidney damage may also be 
brought on by this. It's still unknown how COVID-19 will affect our bodies in the long run. 

24,25 

 
Thrombosis: 
 
Thrombosis mechanisms — In addition to triggering platelets and coagulation,anti-PF4 
antibodies also trigger"pan cellular"activation, which means that they stimulate neutrophils, 
which results in enosis, monocytes, and endothelial cells, which results in tissue factor 
expression. The elevated risk of thrombosis is further increased by the activation of these 
additional cell types 26. A characteristic of VITT is thrombosis in unusual sites such as the 
splanchnic (splenic, portal, mesenteric) veins, adrenal veins (risk for adrenal failure), cerebral 
and ophthalmic veins. Thrombosis in VITT can also occur in typical sites of venous 
thromboembolism, such as pulmonary embolism or deep vein thrombosis (DVT) in the leg. 
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There have also been cases of arterial thrombosis, which include peripheral arterial occlusion 
and ischemic stroke (often involving the middle cerebral artery), frequently in people who 
also have concurrent venous thrombosis 27. Unknown is the pathophysiologic reason for these 
peculiar thrombosis sites. The distribution is comparable to other uncommon thrombophilia’s 
including myeloproliferative neoplasms and paroxysmal nocturnal haemoglobinuria (PNH). 
Numerous large and small veins are involved in catastrophic venous thrombosis, as autopsy 
studies on VITT-related deaths have shown 28 
 
Vaccine induced thrombotic thrombocytopenia: 

Although the exact mechanism underlying VITT remains unknown, parallels with both 
spontaneous HIT syndrome and heparin-induced thrombocytopenia (HIT) have been 
proposed.The purpose of this study is to assess the currently suggested mechanisms and offer 
a possible course of action for diagnosis and treatment. Qualities of VITT antibodies consist 
of the IgG class.  
●Identify PF4 attached to platelets; the PF4 epitope is distinct from the epitope identified by 
antibodies causing heparin-induced thrombocytopenia (HIT).  
●Not heparin-dependent (not induced by heparin exposure; do not require heparin for 
detection in in vitro platelet activation assays). 

●Detectable in PF4/polyanion and PF4 enzyme-linked immunosorbent assay (ELISA) and in 
functional assays. 

 ●Cause platelet activation. 

Compared to HIT antibodies,which are usually heparin-dependent,this is a significant 
distinction. Heparin inhibited platelet binding and platelet aggregation with patient sera, 
according to in vitro research. It is unknown what this means clinically, however one study 
found that the production of procoagulant indicators in an in vitro experiment was heparin-
dependent 29. Heparin treatment for VITT is changing. Thrombocytopenia and thrombosis at 
unusual sites, such as the cerebral vein, portal vein, splanchnic vein, and hepatic vein, along 
with a tendency towards haemorrhagic transformation, are the hallmarks of VITT.It reacts to 
non-heparin anticoagulants and IVIG steroids 30. 

 



 

5 
 

                     
                                  
                                                Fig 1: COVID 19 vaccine induced TTP 
 
 
 
 
Covid -19-induced TTP: 
 
Due to the existence of an ADAMTS-13 blocking antibody in circulation, the second 
condition is a de novo COVID-19 caused immunological TTP;immunosuppressants and 
plasma exchange (PEX) are required for both syndromes.Thus far in this epidemic, over 
twenty cases of de novo it has been documented.Through a potentially unique mechanism or 
even the unmasking of an occult one, their ethology has been directly linked to SARS CoV-2 
infection. This has resulted in the emergence of an inhibitor of this protease, a significant 
decrease in ADAM TS-13 activity,and a severe TMA.PEX and immunosuppressants had an 
effect on these patients 31.In addition to these, two further TTP syndromes have also been 
identified.First, there has been recent report of an uncommon and complex overlap TTP 
syndrome associated with COVID-19.A single dosage of anti CD20 monoclonal antibody 
rituximab appears to have altered the course of an underlying resistive condition in this 
complex syndrome (intolerance prohibiting its subsequent dosing).A superadded COVID-19 
infection resulted in a distinct TTP phenotype with overlapping TTP characteristics, such as 
sickness and it.The COVID-19 vaccine exposure-related therapy-related it, which requires 
PEX and immunosuppression, further broadens the spectrum. It can cause either a de novo or 
known relapse of the illness due to a novel mechanism (molecular mimicry by the spike 
antigen and an amplified T cell and B cell response)32.It is important to distinguish between 
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vaccine-induced immunity (VI-it) and another recently identified uncommon thrombotic 
condition, the vaccine-induced immune after being exposed to ChAdOx1 nCoV-19 (Astra 
Zeneca), thrombotic thrombocytopenia (VITT) occurred, adding another disease to the 
growing list of thrombotic sequelae linked to COVID-19.The latter condition lacks a history 
of previous heparin exposure and is instead an HIT (heparin-induced thrombocytopenia)-like 
sickness brought on by vaccination-induced development of antibodies against the platelet 
factor 4 (PF4) polyanion complex33 
 
Diagnosis: 
 
Treatment: A cautious and well-coordinated strategy is necessary to treat a patient with both 
COVID-19 and thrombotic thrombocytopenic purpura (TTP), addressing both disorders at the 
same time.The important therapeutic factors are as follows:  
COVID-19 Treatment 
1.Antiviral Therapies: Remdesivir is one medication that can be used to lessen the length and 
severity of an infection.  
2.Monoclonal antibodies: These are utilized, especially in high-risk individuals, for early 
outpatient treatment to prevent severe disease.  
3.Anti-inflammatory Drugs: In extreme circumstances, dexamethasone or other 
corticosteroids are used to lessen inflammation.  
TTP Treatment 
1.Plasma Exchange (PEX):To eliminate autoantibodies and restore ADAMTS13 enzyme 
levels, plasma exchange is the cornerstone of TTP treatment.  
2.Corticosteroids:Prednisone is one of the steroids used to inhibit the immune system and 
lessen inflammation.  
3.Rituximab:This monoclonal antibody is used in refractory or relapsing instances; it targets 
B cells.  
4.Caplacizumab:This antibody against the von Willebrand factor (vWF) is used to stop the 
development of microthrombi.  
Combined Treatment Approach 
1.Anticoagulation:TTP and COVID-19 both raise the risk of thrombosis. Anticoagulation 
needs to be carefully controlled to balance the risk of bleeding and thrombosis.  
2.Immunomodulation:To prevent aggravating COVID-19, immunosuppressive medication 
may need to be adjusted, particularly if steroids or rituximab are being used.  
3.Multidisciplinary Care:To properly manage these illnesses,coordination between critical 
care physicians,infectious disease specialists and haematologists is essential.  
A customized treatment regimen is necessary for each patient, taking into account the 
severity of COVID-19 and TTP as well as any other underlying medical disorders 34.  
 
Results: 
  
Up until the end of November 2021,twenty cases of iTTP following COVID-19 vaccination 
have been reported, in addition to our case. The cases consisted of 10 female and 11 male 
individuals, with a median age of 50 years (range 14–84 years) at diagnosis.There were five 
individuals (24%) who had a history of iTTP. Eighty-one percent used mRNA-based 
vaccinations, while nineteen percent used recombinant adenoviral vector-based vaccines. 
Twenty individuals showed symptoms within 30 days following the vaccine, with a median 
onset of symptoms of 12 days(range 5–37).For every patient, therapeutic plasma exchange 
was a part of the treatment. 43% (9/21) of cases received further rituximab, 14% (3/21) 
received additional rituximab, and 24%(5/21)of cases received additional treatment35 .At the 
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conclusion of the observational period, all of the surviving patients were in clinical remission, 
although one patient had a prolonged clinical course.Vaccine-induced thrombotic immune 
thrombocytopenia(VITT)is one of the differential diagnoses for immune-thrombocytopenia 
post-SARS-CoV-2 immunization36,37.The clinical presentation of VITT appears 5–30 days 
following the first dose of adenoviral-based COVID-19 vaccinations and is similar to 
spontaneous autoimmune heparin-induced thrombocytopenia (HIT).Patients diagnosed with 
VITT often present with arterial or venous thrombosis,deep venous thrombosis, and 
pulmonary embolism, often at atypical sites such as cerebral sinus veins, splanchnic, and 
portal veins38,39.Patients may also have moderate-to-severe thrombocytopenia.Acute iTTP 
episodes typically manifest as diffuse microvascular thrombosis, significant haemolysis, and 
severe thrombocytopenia (<30 G/L).Auto-antibodies against ADAMTS13 are formed in 
iTTP patients, and these antibodies either accelerate the clearance of ADAMTS13 or block its 
action, resulting in a severe ADAMTS13 deficit.Anti-platelet factor (PF) 4/heparin antibodies 
are present in VITT patients 40,41 and ADAMTS13 activity, if detected,is either normal or just 
slightly decreased 42,43.The initial mortality rate of 40–50% has decreased to less than 25% as 
a result of growing VITT awareness, early diagnosis, and effective treatment. 

                       
 
 Fig 2 : Covid 19 induced with TTP in different years  

Within a 10-month period, 21% of the cases in our cohort of newly diagnosed aTTP cases 
had a history of immunization with Sars-CoV-250.Nonetheless, under our nationwide system 
of vigilance for adverse events, no additional instance of aTTP following immunization was 
reported during the duration of our trial.The yearly incidence of aTTP previously reported in 
our region (0.2 per million) increased to an average of 17 new episodes each year (0.377 per 
million) between January 2017 and July 2022, according to our department's diagnosis data 
Here,we report 19 newly diagnosed cases of aTTP, which is marginally more than this norm, 
and was diagnosed between January and October 202144,45 

Discussion: 
 
The idea of TTP after immunization is not brand-new. Following vaccination against 
influenza, pneumococcal disease,H1N1,and rabies,there have been isolated reports of 
TTP.These were typically observed two weeks after immunization and in conjunction with 
vaccinations against viral agents.Since COVID-19 vaccines were developed quickly due to an 
urgent necessity, monitoring these immune systems has become more complex even with our 
current understanding of them Following COVID-19 vaccination, autoimmune reactions such 
as VITT,Miller-Fisher syndrome, Guillain-Barre syndrome, and ITP have been identified. 
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Similar to VITT(thrombocytopenia and thrombosis with neurological changes),TTP can 
mimic its symptoms, delaying diagnosis and treatment46.This becomes especially problematic 
when it comes to starting PLEX which is thought of as a second-line treatment for VITT as 
opposed to TTP,where it is typically the first modality administered to save lives47.Because of 
this, evaluating post-vaccine thrombocytopenia presents a serious diagnostic challenge.Given 
the fatality associated with this condition and the urgency of treatment, physicians must take 
into account the possibility of TTP, as the mortality risk of TTP without early therapy 
remains high at 80–90%. After vaccination, the pathophysiology of de-novo TTP is still 
unclear, according to two schools of thinking. One theory describes the possibility that people 
with symptoms beginning within a few days of receiving the vaccine may have undiagnosed 
occult TTP that manifests as a complete episode following a trigger (vaccine)48.A second idea 
is that autoantibodies against ADAMTS13 could develop by molecular mimicking pathways 
subsequent to an immune trigger. Furthermore, there is evidence to suggest that an acute 
recurrence in patients with recurrent acquired or congenital TTP cannot be caused solely by 
an ADAMTS13 deficit.A "second hit" in the form of inflammation or infection is necessary 
to cause acute TTP, and in these circumstances, it was thought to be these cases was 
considered to be the COVID-19 vaccine 14 It has previously been proposed that immune 
cross-reactivity between vaccine components and self-proteins, which results in the 
production of autoantibodies anti-ADAMTS13, may occur after influenza/H1N1,9-11 
pneumococcal,12 or rabies13immunization.This idea, however, is unlikely to be supported by 
the temporal correlation shown in our study and in the literature between the injection of the 
vaccination and the start of the first symptoms in certain recorded cases45,48With rates of 
0.195 per million in the United States 8 and 0.118 per million in France, they demonstrated 
that the incidence of de novo or relapse aTTP did not rise with the administration of the 
COVID-19 vaccine,taking into account only cases occurring within 30 days of immunization. 
Furthermore, recent literature research revealed no cross-reactivity between autoantibodies to 
SARS-CoV-2 S1 Spike protein binding and ADAMTS13.This may provide a better 
explanation for why TMA symptoms occurred in a few patients soon after vaccination. The 
importance of tracking the vaccine response in individuals with a history of acquired or 
congenital TTP has been highlighted [19], even though no more research supports either theory 

49,50  
 
 
Conclusion: 
 
Thrombotic thrombocytopenic purpura (TTP) is one of the consequences linked to the 
COVID-19 pandemic.Tiny clots forming in blood vessels are the hallmark of TTP,an 
uncommon blood illness that can cause haemolytic anaemia,low platelet counts,and even 
organ damage. Significant morbidity and mortality are linked to TTP related with the Covid-
19 vaccination. For this reason,in patients presenting with thrombocytopenia following 
COVID-19 vaccination, prompt diagnosis and treatment are crucial. For TTP,plasma 
exchange along with steroids is the standard of care.With insufficient response,early 
rituximab and alacizumab beginning should be taken into consideration. Although the 
advantages of the COVID-19 immunization significantly outweigh the risks, it is important to 
recognize that TTP could have a negative outcome.To assess the association between 
COVID-19 vaccines and TTP,more investigation is required.This includes comparing the 
epitope profiles of COVID-19 vaccine antigens with ADAMTS-13 and determining the 
predictive criteria for the development of TTP following COVID-19 immunization.Ninety-
nine million vaccine recipients from ten locations spread over eight nations participated in the 
Global Vaccine Data Network cohort study. For thirteen medical disorders connected to the 
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nervous system, blood, and heart,researchers compared the observed and expected rates.This 
is the first report of aTTP cases following BBIBP-CorV or Gam-COVID-Vac 
administration.These vaccinations are in addition to those that have previously been 
documented in the literature as initiating anti-ADAMTS13 autoimmunity.In the context of 
uncommon diseases,the prevalence may appear to be very low,yet awareness of these 
potential events should be widely disseminated in order to appropriately diagnose patients 
and treat them quickly. 
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