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 : داءات االه 

، إن العلم نرباس    "وَقُلْ رَبِّ زِد نِي عِلْمًا   "  عباراتي ب آية قرآنية أبدأ  

ملن أسدى يل معروفاً والثناء ملن قدم  تتقدم به األمم  ف شكراً   

بأي لغة أشكركم،  . خريًا، وعظيم الثناء ملن يواصلون العطاء

وبأي ثناء أتقدم لكم به، وأي نثر هذا الذي أثين عليكم به  

فيويف حقكم، فكيف أكيل لكم الشكر والعرفان على إبداعكم  

أصحاب   لمة شكر سطرهتا لكم سادتي واساتذتيومجيل صنعكم،ك

األخالق العالية، املميزون، احملبوبون، رموز العطاء، ملست فيكم حب  

 .اخلري والعلم واملعرفة ما دفعين إىل الثناء عليكم وشكركم

 .   جوري رنا الع ة   لدكتورل فالشكر كل الشكر 

 . وسائر أعضاء اهليئة التدريسية يف كلية الصيدلية 
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Table 1 abbreviations list 

 

 

 

 

  

°C Celsius 

1st First 

2nd Second 

AD adenovirus 

ADAMTS-13 a disintegrin and metalloproteinase with a 
thrombospondin type 1 motif, member 13 

ARDS acute respiratory distress syndrome 

Chadoxin cov 19 chimpanzee adenovirus vaccine vector 

CoV Coronavirus 

COVID-19 Coronavirus Disease 2019 

CVT cerebral 

DIC disseminated intravascular coagulation 

DNA Deoxyribonucleic Acid 

DVT Deep vein thrombosis 

EMA European Medicines Agency 

EU European Union 

EUA Emergency Use Authorization 

factor XIII factor 13 

FcγIIa The platelet Fc receptor 

FDA Food and Drug Administration 

FDPs Fibrin degradation products 

ICU Intensive care unit 

ILs interleukins 

MERS-CoV-2 Middle East respiratory syndrome coronavirus 2 

mL Millilitre 

MMR measles-mumps-rubella 

mRNA messenger ribonucleic acid 

PPE Personal Protective Equipment 

PT Prothrombin Time 

PTT Partial Thromboplastin Time 

PVT Portal Vein  

rAd26 recombinant adenovirus type 26 

RNA Ribonucleic acid 

SARS-CoV-2 severe acute respiratory syndrome coronavirus 2 

TMA thrombotic microangiopathy 

TNF-α Tumour necrosis factor-α 

TTP thrombocytopenic thrombotic purpura 

USA United States of America 

VTE Venous thromboembolism 

VWFM von Willebrand factor multimers 

WHO World Health Organization 
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Table 2 vaccines summary 

 

  

Price Age Efficacy Shots Type(platform) Vaccine 

Name 

 

 

4$ 

 

 

18y 

 

 

76% 

 

 

TWO 

SHOTS 

 

 

VIRAL VECTOR 

VACCINE 

 

 

VAXZEVRIA 

 

 

30$ 

 

 

18y 

 

 

79% 

 

 

TWO 

SHOTS 

 

 

INACTIVATED 

VACCINE 

 

 

SINOPHARM 

 

 

20$ 

 

 

16y 

 

 

95% 

 

 

TWO 

SHOTS 

 

 

mRNA vaccine 

 

 

COMIRNATY 

 

 

10$ 

 

 

18y 

 

 

91.6% 

 

 

TWO 

SHOTS 

 

 

VIRAL VECTOR 

VACCINE 

 

 

SPUTNIK V 
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An Overview of COVID-19 Vaccines 

Abstract: 

Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) is a new type 

of coronavirus that causes the Coronavirus Disease 2019 (COVID-19), which has 

been considered the most challenging pandemic in this century. The current 

COVID-19 pandemic has urged the scientific community internationally to find 

answers in terms of therapeutics and vaccines to control SARS-CoV-2. Published 

investigations mostly on SARS-CoV and to some extent on Middle East 

respiratory syndrome  has taught lessons on vaccination strategies to this novel 

coronavirus. Various platforms for vaccine development are available namely: 

virus vectored vaccines, protein subunit vaccines, genetic vaccines, and 

monoclonal antibodies for passive immunization which are under evaluations for 

SARS-CoV-2, with each having discrete benefits and hindrances. The COVID-

19 pandemic which probably is the most devastating one in the last 100 years 

after Spanish flu mandates the speedy evaluation of the multiple approaches for 

competence to elicit protective immunity and safety to curtail unwanted immune-

potentiation which plays an important role in the pathogenesis of this virus. This 

review is aimed at providing an overview of the efforts dedicated to an effective 

vaccine for this novel coronavirus which has crippled the world in terms of 

economy, human health and life. 
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 COVID-19  نظرة عامة على لقاحات

 الخالصة:

التنفسية   المتالزمة  كورونا  ) فيروس  الوخيمة  من    نمط هو  (  SARS-CoV-2الحادة  جديد 

والذي يعتبر  ،   (COVID-19) 2019الفيروسات التاجية التي تسبب مرض فيروس كورونا  

لحالي المجتمع العلمي  ا(  COVID-19)   ةجائح  تحث . الجائحة األكثر تحديا في هذا العصر

  .SARS-CoV-2  على إيجاد إجابات من حيث العالجات واللقاحات للسيطرة  على  الدولي

لتنفسية  المتالزمة افيروس السارس وإلى حد ما عن    معظمها عن قدمت التحقيقات المنشورة في  

االوسط الشرق  تتوفر    فيدروساً    في  الجديد.  التاجي  الفيروس  لهذا  التطعيم  استراتيجيات 

اللقاحات   وهي:  اللقاح  لتطوير  مختلفة  بالفيروسات  منصات  الوحدات    المنقولة  ولقاحات   ،

ع  وحيدة النسيلة للتمنيع السلبي التي تخض األضدادو الفرعية البروتينية ، واللقاحات الجينية ،  

-COVID    فرض جائحةت فوائد وعوائق منفصلة.    منهاولكل    SARS-CoV-2 للتقييم لـ

، التقييم    في المائة عام الماضية بعد اإلنفلونزا اإلسبانية  لتي ربما تكون األكثر تدميراً ا،  19

المناعية  لكفاءة الحصول على المناعة الوقائية والسالمة للحد من القدرة  السريع للنهج المتعددة  

. تهدف هذه المراجعة إلى  غير المرغوب فيها التي تؤدي دورا هاما في تفشي هذا الفيروس

تقديم لمحة عامة عن الجهود المكرسة للقاح فعال لهذا الفيروس التاجي الجديد الذي أصاب  

  .العالم بالشلل من حيث االقتصاد وصحة اإلنسان والحياة
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INTRODUCTION 
A series of acute atypical respiratory infections ravaged the Wuhan city of Hubei 

province of China in December 2019. The pathogen responsible for these atypical 

infections was soon discovered to be a novel coronavirus belonging to the family 

Coronaviridae and was named as the severe acute respiratory syndrome 

coronavirus-2 (SARS-CoV-2). It was seen to be highly homologous to the SARS 

coronavirus (SARS-CoV), which was responsible for the respiratory pandemic 

during the 2002–2003 period. The respiratory illness caused by this virus was 

termed as coronavirus disease 2019 or simply COVID-19 by the WHO, and the 

outbreak was considered to have started via a zoonotic spread from the seafood 

markets in Wuhan, China. Subsequently, human-to-human transmission was 

recognised to be responsible for the community spread of the disease, being 

reported in approximately 200 countries worldwide. 
 

After being broadcast as a public health emergency on January 30, 2020, COVID-

19 was subsequently declared a pandemic on March 11, 2020, by the WHO. The 

SARS-CoV-2, which initially led to a severe pneumonia outbreak in China, has 

now rapidly spread all throughout the globe. As of August 11, 2020, there were 

almost 204,722,254 million cases worldwide, with approximately 4,325,691 

reported deaths (Figure1). 

 

Figure 1 Timeline of the key events of the coViD-19 outbreak   
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1.COVID-19 Genome Structure 
COVID-19 is a spherical or pleomorphic enveloped particles containing single-

stranded RNA associated with a nucleoprotein within a capsid comprised of 

matrix protein. The envelope bears club-shaped glycoprotein projections(Figure2 ) 
(1). 

1.1. Clinical Features of COVID-19 
Typical symptoms of coronavirus disease 2019 (COVID-19) are fever, dry cough, 

fatigue and in severer cases dyspnea. 

Many infections, particular in children and young adults, are asymptomatic, 

whereas older people and/or people with co- morbidities are at higher risk of 

severe disease, respiratory failure and death.  

Figure 2 SARS-CoV-2 virus structure and genome organization(1) 
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The incubation period is ~5 days, severe disease usually develops ~8 days after 

symptom onset and critical disease and death occur at ~16 days. (Figure 3)(2). 

 

2.Vaccine History 
Since the beginning of the coronavirus disease 2019 (COVID-19) pandemic(3), 

the world has taken significant measures to cope with this disease, from 

increasing personal protection equipment (PPE) production and emphasizing the 

importance of social distancing/masking to the Emergency Use Authorization 

(EUA) of remdesivir/therapeutic antibodies and the application of the well-

known corticosteroid dexamethasone(4-6). However, the disease is still spreading 

in an unrelenting fashion and has caused widespread health, social, and economic 

disruption. Therefore, effective vaccines are urgently needed to end this 

pandemic and help society return to normalcy. Indeed, many COVID-19 

candidate vaccines have been researched, developed, tested, and evaluated at an 

unprecedented speed. As of the end of February 2021, several vaccines have been 

conditionally approved, and others are close to such approval. It is likely that 

many more still in clinical trials will come to market in the next few years. 

Vaccination is considered one of the greatest medical achievements of modern 

civilization and the eradication of smallpox is one of the best examples of how 

vaccination stopped a deadly disease and saved millions of lives(7). Many 

childhood diseases, such as polio and measles, have also been drastically reduced 

in incidence due to worldwide adoption of vaccination(8).As that annual influenza 

vaccination is now a common practice to keep people from contracting seasonal 

flu (9-11). Vaccines are complex biological products that need to be designed for a 

wide range of healthy people. However, traditional vaccine development often 

takes 15 years or more from the initial design stage to the clinical studies, thus, 

the development and evaluation of vaccines are time-consuming because careful 

study and monitoring are necessary to ensure safe deployment of any vaccine. 

Figure 3 clinical features of COVID-19(2) 
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Clinical trials of vaccines are often costly, requiring recruitment of large numbers 

of volunteers with diverse ethnicities, ages, and health conditions. In addition, 

long-term monitoring is necessary to establish vaccine efficacy and to rule out 

rare safety issues.(12) 

3.Understanding COVID-19 Vaccine 

3.1. The Immune System 
To understand how COVID-19 vaccines work, it helps to first look at how our 

bodies fight illness. When germs, such as the virus that causes COVID-19, invade 

our bodies, they attack and multiply. This invasion, called an infection, is what 

causes illness. Our immune system uses several tools to fight infection. Blood 

contains red cells, which carry oxygen to tissues and organs, and white or immune 

cells, which fight infection. Different types of white blood cells fight infection in 

different ways: 

•Macrophages are white blood cells that swallow up and digest germs and dead 

or dying cells. The macrophages leave behind parts of the invading germs, called 

“antigens”. The body identifies antigens as dangerous and stimulates antibodies 

to attack them. 

•B-lymphocytes are defensive white blood cells. They produce antibodies that 

attack the pieces of the virus left behind by the macrophages. 

•T-lymphocytes are another type of defensive white blood cell. They attack cells 

in the body that have already been infected(12). 

The first time a person is infected with the virus that causes COVID-19, it can 

take several days or weeks for their body to make and use all the virus-fighting 

tools needed to get over the infection. After the infection, the person’s immune 

system remembers what it learned about how to protect the body against that 

disease. 

The body keeps a few T-lymphocytes, called “memory cells,” that go into action 

quickly if the body encounters the same virus again. When the familiar antigens 

are detected, B-lymphocytes produce antibodies to attack them. (12) 

 

3.2. Vaccine Work 
COVID-19 vaccines help our bodies develop immunity to the virus that causes 

COVID-19 without us having to get the illness. 

Different types of vaccines work in different ways to offer protection. But with 

all types of vaccines, the body is left with a supply of “memory” T-lymphocytes 

as well as B-lymphocytes that will remember how to fight that virus in the future. 
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It typically takes a few weeks after vaccination for the body to produce T-

lymphocytes and B-lymphocytes. Therefore, it is possible that a person could be 

infected with the virus that causes COVID-19 just before or just after vaccination 

and then get sick because the vaccine did not have enough time to provide 

protection. 

Sometimes after vaccination, the process of building immunity can cause 

symptoms, such as fever. These symptoms are normal and are signs that the body 

is building immunity(7). 

4.Type of Vaccine 
As of December 2020, there are over 200 vaccine candidates for COVID-19 being 

developed. Of these, at least 52 candidate vaccines are in human trials and there 

are several others currently in phase I/II, which will enter phase III in the coming 

months. 

Different Types of Vaccines 

There are three main approaches to designing a vaccine. Their differences lie in 

whether they use a whole virus; just the parts of the virus that triggers the immune 

system; or just the genetic material that provides the instructions for making 

specific proteins and not the whole virus.(12) 
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4.1. The whole-microbe approach 
 

 

a. Inactivated vaccine 

The first way to make a vaccine is to take the disease-carrying virus or bacterium, 

or one very similar to it, and inactivate or kill it using chemicals, heat or radiation. 

this is the way the flu and polio vaccines are made – and vaccines can be 

manufactured on a reasonable scale.  

However, it requires special laboratory facilities to grow the virus or bacterium 

safely, can have a relatively long production time, and will likely require two or 

three doses to be administered(13).  

b. Live-attenuated vaccine 

A live-attenuated vaccine uses a living but weakened version of the virus or one 

that’s very similar. The measles, mumps and rubella (MMR) vaccine and the 

chickenpox and shingles vaccine are examples of this type of vaccine. This 

approach uses similar technology to the inactivated vaccine and can be 

manufactured at scale. However, vaccines like this may not be suitable for people 

with compromised immune system(12). 

c. Viral vector vaccine 

This type of vaccine uses a safe virus (vector) to deliver specific sub-parts – called 

proteins – of the virus of interest so that it can trigger an immune response without 

causing disease. To do this, the instructions for making particular parts of the 

pathogen of interest are inserted into a safe virus. The safe virus then serves as a 

vector to deliver the protein into the body.  The protein triggers the immune 

response. The Ebola vaccine is a viral vector vaccine and this type can be 

developed rapidly(14).  

Figure 4 The whole-microbe approach(12) 
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4.2. The subunit approach 
A subunit vaccine is one that only uses the very specific parts (the subunits) of a 

virus or bacterium that the immune system needs to recognize. It doesn't contain 

the whole pathogen or use a safe virus as a vector. The subunits may be proteins 

or sugars. Most of the vaccines on the childhood schedule are subunit vaccines, 

protecting people from diseases such as whooping cough, tetanus, diphtheria and 

meningococcal meningitis(12). 

4.3. The genetic approach (nucleic acid vaccine) 
Unlike vaccine approaches that use either a weakened or dead whole microbe or 

parts of one, a nucleic acid vaccine just uses a section of genetic material that 

provides the instructions for specific proteins, not the whole microbe. DNA and 

RNA are the instructions our cells use to make proteins. In our cells, DNA is first 

turned into messenger RNA, which is then used as the blueprint to make specific 

proteins.   

And this nucleic acid approach is a new way of developing vaccines. Vaccine 

delivers a specific set of instructions to our cells, either as DNA or mRNA, for 

them to make the specific protein that we want our immune system to recognize 

and respond to.  

Before the COVID-19 pandemic, none had yet been through the full approvals 

process for use in humans, though some DNA vaccines, including for particular 

cancers, were undergoing human trials. Because of the pandemic, research in this 

area has progressed very fast and some mRNA vaccines for COVID-19 are 

getting emergency use authorization, which means they can now be given to 

people beyond using them only in clinical trials(15) 

5.Ingredients in Vaccine 
Vaccines contain tiny fragments of the disease-causing organism or the blueprints 

for making the tiny fragments, they also contain other ingredients to keep the 

Figure 5 The subunit approach(12) 
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vaccine safe and effective. These latter ingredients are included in most vaccines 

and have been used for decades in billions of doses of vaccine. Each vaccine 

component serves a specific purpose, and each ingredient is tested in the 

manufacturing process. All ingredients are tested for safety 

a) Antigen 

All vaccines contain an active component (the antigen) which generates an 

immune response, or the blueprint for making the active component. The antigen 

may be a small part of the disease-causing organism, like a protein or sugar, or it 

may be the whole organism in a weakened or inactive form (16). 

b) Preservatives 

Preservatives prevent the vaccine from becoming contaminated once the vial has 

been opened, if it will be used for vaccinating more than one person. Some 

vaccines don’t have preservatives because they are stored in one-dose vials and 

are discarded after the single dose is administered. The most commonly used 

preservative is 2-phenoxyethanol. It has been used for many years in a number of 

vaccines, is used in a range of baby care products and is safe for use in vaccines, 

as it has little toxicity in humans(16). 

c) Stabilizers 

Stabilizers prevent chemical reactions from occurring within the vaccine and 

keep the vaccine components from sticking to the vaccine vial.  

Stabilizers can be sugars (lactose, sucrose), amino acids (glycine), gelatine, and 

proteins (recombinant human albumin, derived from yeast)(17). 

 

d) Surfactants 

Surfactants keep all the ingredients in the vaccine blended together. They prevent 

settling and clumping of elements that are in the liquid form of the vaccine, they 

are also often used in foods like ice cream (17). 

e) Residuals 

Residuals are tiny amounts of various substances (as parts per million or parts per 

billion) used during manufacturing or production of vaccines that are not active 

ingredients in the completed vaccine. Substances will vary depending on the 

manufacturing process used and may include egg proteins, yeast or antibiotics 
(17). 

f) Diluent 

A diluent is a liquid used to dilute a vaccine to the correct concentration 

immediately prior to use. The most commonly used diluent is sterile water(18). 
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g) Adjuvant 

Some vaccines also contain adjuvants. Improves the immune response to the 

vaccine, sometimes by keeping the vaccine at the injection site for a little longer 

or by stimulating local immune cells(18). 

The adjuvant may be a tiny amount of aluminium salts (like aluminium 

phosphate, aluminium hydroxide or potassium aluminium sulphate). Aluminium 

has been shown not to cause any long-term health problems, and humans ingest 

aluminium regularly through eating and drinking.(16) 

6.Vaccine Development 
 

To date the development of a new vaccine has been a long process that typically 

takes anywhere from 10 to 15 years as shown by (Figure6). The fastest that a vaccine 

has been developed and approved for use is for mumps, which took 

approximately 5 years. Hence, it is clearly a challenge to develop a vaccine 

against COVID-19 in a span of 12–24 months(19). 

❖ The first stage of vaccine development is an exploratory stage involving 

basic laboratory bench research and computational modelling to identify 

natural or synthetic antigens that can be used as a vaccine candidate, which 

might help prevent or treat a disease. 

 

❖ The second stage comprises pre-clinical studies, which involve cell-culture 

or tissue-culture systems and trials on an animal model to assess the safety 

of the candidate vaccine and its immunogenicity, or ability to provoke an 

immune response. 

❖ Once safety, immunogenicity and efficacy are demonstrated on animals, 

progress is made to human clinical trials which test for safety and 

Figure 6 traditional process of vaccine development(16) 
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immunogenicity in small groups then large groups over 3 phases, as 

outlined below.(19) 

 

Phase 1 -Safety: 

 This is the first stage where the vaccine is administered to humans. It is given to 

a small number of healthy and immunocompetent individuals to primarily test for 

safety, appropriate dose and to check for immune response, as a secondary effect 
(20). 

 

Phase 2 - Expanded Safety:  

The vaccine is given to hundreds of people split into different groups by 

demographics (example: elderly vs. young). These again test primarily for safety, 

appropriate dosage, and interval between doses and check for immune response. 

This phase serves to confirm the vaccine is safe and immunogenic and determines 

the appropriate dose to be used in Phase 3 trials(20). 

 

Phase 3 - Efficacy: 

 This is a large-scale trial where the vaccine is given to thousands of people to 

evaluate efficacy. Vaccine efficacy (VE) is defined as the percentage by which 

the rate of disease incidence is reduced in vaccinated groups as compared to 

placebo. Incidence of disease at the time of Phase 3 trials impacts the sample size. 

In the case of a low incidence of disease in the population, a large sample size 

will be needed to adequately determine vaccine efficacy(19, 21). 

 

Phase 4 - Review and Approval: 

Once the human clinical trials are completed, and the safety and the clinical 

efficacy have been determined, then the vaccine will move to Normally, 

regulatory bodies, such as Food and Drug Administration (FDA) of the USA, or 

European Medicines Agency in EU, must review the results from clinical trials 

and decide if the vaccine is fit to be approved. As this process can take anywhere 

from 1 to 2 years, vaccines may be approved for emergency use in a pandemic(22). 
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6.1. Manufacturing and Post-Marketing Surveillance: 

 This is done after the vaccine is marketed for public use and monitored for 

general effectiveness within the population. They also record adverse effects that 

might be experienced after the vaccine is adopted for widespread use. 

 

6.2. COVID-19 Vaccine Development 

Given the upheaval caused by the COVID-19 pandemic and the urgent need for 

an effective vaccine globally, vaccine development can be accelerated by 

combining phases, as shown by (Figure7). An example would be combining Phases 

1 and 2 to test for safety in hundreds of people directly. Vaccines also do not go 

through the full approval process and may instead be approved for emergency use 

for quicker release for use by the most vulnerable groups(19).  

 

 

 

 

 

 

 

Figure 7 showing accelerated process of vaccine development in a pandemic(16) 
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6.3. COVID-19 Vaccine-Induced Immunity: 

There is no quick way to determine how long immunity to the SARS-CoV-2 virus 

will last, and researchers will need to monitor this closely in the coming months 

and years. 

There have been some reports of reinfection and falling antibody levels months 

after an initial bout of COVID-19, but it is still unclear how prevalent reinfection 

is. And there are signs that the immune system preserves a memory of coronavirus 

infection in the form of specialized memory cells that could kick into action 

rapidly if the virus is encountered again. And vaccines are deliberately designed 

to provoke strong responses from the immune system. 

 Still, it will be important for public health officials to monitor immunity – and to 

know when it begins to wane. One way to do that, in addition to keeping track of 

infections among people who have received the shots, is to periodically assess 

levels of antibodies and immune cells. Tracking the kinetics of these immune 

responses could give an early indication of when they are waning to worrisome 

levels, says Altmann. But the wide variation in people’s immune responses could 

make it a challenge to work out the circumstances in which a vaccine doesn’t 

work, and such studies will need to track many people(19). 
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7.VAXZEVRIA 
 

The University of Oxford partnered with the British-Swedish company 

AstraZeneca to develop and test a coronavirus vaccine known as ChAdOx1 

nCoV-19 or AZD1222. A large clinical trial showed the vaccine offered strong 

protection, with an overall efficacy of 76 percent(23). COVID-19 Vaccine 

AstraZeneca received a conditional marketing authorisation valid throughout the 

EU on 29 January 2021.The name of the vaccine was changed to Vaxzevria on 

25 March 2021 

76% vaccine efficacy against symptomatic COVID-19 

100% efficacy against severe or critical disease and hospitalisation 

85% efficacy against symptomatic COVID-19 in participants aged 65 years and over 

Vaxzevria is a vaccine for preventing coronavirus disease 2019 (COVID-19) in 

people aged 18 years and older. COVID-19 is caused by SARS-CoV-2 virus. 

Vaxzevria is made up of another virus (of the adenovirus family) that has been 

modified to contain the gene for making a protein from SARS-CoV-2. Vaxzevria 

does not contain the virus itself and cannot cause COVID-19 

7.1. Name Of the Medical Product 
Vaxzevria suspension for injection 

COVID-19 Vaccine (ChAdOx1-S [recombinant])(10) 

7.2. Type (platform) 
Viral vector vaccine 

7.3. Pharmaceutical Form 
Suspension for injection (injection). The suspension is colourless to 

slightly brown, clear to slightly opaque with a pH of 6.6.(24) 

7.4. Shelf life 
Unopened vial 6 months when stored in a refrigerator (2°C – 8°C) 

Opened vial Chemical and physical in-use stability have been 

demonstrated for 6 hours when stored at temperatures up to 30°C and 

for 48 hours when stored in a refrigerator (2°C – 8°C). After this time 

the vial must be discarded.(24) 
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7.5. Pharmacological Properties 
 

7.5.1 Mechanism of Action 

The ChAdOx1 vaccine is a chimpanzee adenovirus vaccine vector(25). This is a 

harmless, weakened adenovirus that usually causes the common cold in 

chimpanzees. ChAdOx1 was chosen as the most suitable vaccine technology for 

a SARS-CoV-2 vaccine as it has been shown to generate a strong immune 

response from one dose in other vaccines. It has been genetically changed so that 

it is impossible for it to grow in humans. This also makes it safer to give to 

children, the elderly and anyone with a pre-existing condition such as diabetes. 

Chimpanzee adenoviral vectors are a very well-studied vaccine type, having been 

used safely in thousands of subjects Figure(8)
(26). 

Coronaviruses have club-shaped spikes on their outer coats, which form a corona 

– Latin for crown – on the virus surface. Immune responses from other 

coronavirus studies suggest that these spikes are a good target for a vaccine. 

The Oxford vaccine contains the genetic sequence of this surface spike protein. 

When the vaccine enters cells inside the body, it uses this genetic code to produce 

the surface spike protein of the coronavirus. This induces an immune response, 

priming the immune system to attack the coronavirus if it later infects the body 
(26). 

❖ Entering a Cell 

After the vaccine is injected into a person’s arm, the adenoviruses bump into cells 

and latch onto proteins on their surface. The cell engulfs the virus in a bubble and 

pulls it inside. Once inside, the adenovirus escapes from the bubble and travels to 

the nucleus, the chamber where the cell’s DNA is stored(27). 

Figure 8 diagram showing how the Oxford COVID-19 vaccine works. A chimpanzee adenovirus is used in the ChAdOx1 

viral vector, engineered to match the SARS-CoV-2 spike protein (26). 
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The adenovirus pushes its DNA into the nucleus. The adenovirus is engineered 

so it can’t make copies of itself, but the gene for the coronavirus spike protein 

can be read by the cell and copied into a molecule called messenger RNA, or 

mRNA (27) . 

❖ Building Spike Proteins 

The mRNA leaves the nucleus, and the cell’s molecules read its sequence and 

begin assembling spike proteins 

Some of the spike proteins produced by the cell form spikes that migrate to its 

surface and stick out their tips. The vaccinated cells also break up some of the 

proteins into fragments, which they present on their surface. These protruding 

spikes and spike protein fragments can then be recognized by the immune system.  

The adenovirus also provokes the immune system by switching on the cell’s 

alarm systems. The cell sends out warning signals to activate immune cells 

nearby. By raising this alarm, the Oxford-AstraZeneca vaccine causes the 

immune system to react more strongly to the spike proteins(27). 

❖ Spotting the Intruder 

When a vaccinated cell dies, the debris contains spike proteins and protein 

fragments that can then be taken up by a type of immune cell called an antigen-

presenting cell. 

The cell presents fragments of the spike protein on its surface. When other cells 

called helper T cells detect these fragments, the helper T cells can raise the alarm 

and help marshal other immune cells to fight the infection (27). 

❖ Making Antibodies 

Other immune cells, called B cells, may bump into the coronavirus spikes on the 

surface of vaccinated cells, or free-floating spike protein fragments. A few of the 

B cells may be able to lock onto the spike proteins. If these B cells are then 

activated by helper T cells, they will start to proliferate and pour out antibodies 

that target the spike protein (27).  

❖ Stopping the Virus 

The antibodies can latch onto coronavirus spikes, mark the virus for destruction 

and prevent infection by blocking the spikes from attaching to other cells(27). 

7.6. Posology and Method of Administration 

7.6.1 Posology 

Individuals 18 years of age and older. 

The Vaxzevria vaccination course consists of two separate doses of 0.5 ml each. 

The second dose should be administered between 4 and 12 weeks (28 to 84 days) 

after the first dose(28). 
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7.6.2 Method of Administration 

Vaxzevria is for intramuscular injection only, preferably in the deltoid muscle of 

the upper arm. 

7.7. Special Warnings and Precautions for Use 
a. Hypersensitivity and anaphylaxis 

b. Anxiety-related reactions 

c. Concurrent illness 

d. Thrombosis with thrombocytopenia syndrome and coagulation disorders 

e. Capillary leak syndrome 

7.8. Side Effects 

1. Common Side Effects 

According to the vaccine’s safety profile within the product information, the most 

common side effects include mild-to-moderate symptoms of one or more of the 

following: 

a. headache (52.6%) 

b. fatigue (53.1%) 

c. muscle or joint pain (44% or 26.4%) 

d. fever (33.6%) 

e. chills (31.9%) 

f. nausea (21.9%) 

 

2. EMA Finds Possible Link to Very Rare Cases of Unusual Blood Clots 

with Low Blood Platelets(29) 

3. Some Symptoms Related to Thromboembolic Events Include 

a. shortness of breath 

b. chest pain 

c. leg swelling 

d. abdominal pain 

e. neurological symptoms, including headaches and blurred vision  

f. tiny blood spots beneath the skin beyond the vaccine injection site 
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8.SINOPHARM 
 

In early 2020, the Beijing Institute of Biological Products created an inactivated 

coronavirus vaccine called BBIBP-CorV. Clinical trials run by the state-owned 

company Sinopharm showed that it had an efficacy rate of 79 percent. China 

approved the vaccine and soon began exporting it to other countries. On May 7, 

the World Health Organization announced a similar efficacy estimate of 78.1 

percent. Sinopharm is a vaccine for preventing coronavirus disease 2019 

(COVID-19) in people aged 18 years and older. The SARS-CoV-2 Vaccine (Vero 

Cell) is an inactivated vaccine against coronavirus disease 2019 (COVID-19) 

which stimulates the body’s immune system without risk of causing disease. 

Once inactivated viruses get presented to the body’s immune system, they 

stimulate the production of antibodies and make the body ready to respond to an 

infection with live SARS-CoV-2. This vaccine is adjuvanted (with aluminium 

hydroxide), to boost the response of the immune system(30, 31). 

8.1. Name of the Medical Product 
Sinopharm suspension for injection. 

COVID-19 Vaccine (BBIBP-CorV)(32). 

8.2. Type (Platform)   

Inactivated virus(33). 

8.3. Pharmaceutical Form 
Fully liquid, inactivated, adjuvanted, preservative-free suspension in vials and 

pre-filled syringes. 

8.4. Shelf Life 
Store in the original packaging in a refrigerator at +2 to +8 °C. Do not store in a 

freezer. 

Unopened vials and monodose pre-filled syringes in a refrigerator between +2 

and +8 °C, 24 months or until expiry date stated on the label(32). 

8.5. Pharmacological Properties 

8.5.1 Mechanism of Action 

A Vaccine Made from Coronaviruses 

BBIBP-CorV works by teaching the immune system to make antibodies against 

the SARS-CoV-2 coronavirus. The antibodies attach to viral proteins, such as the 

so-called spike proteins that stud its surface. 
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To create BBIBP-CorV, the Beijing Institute researchers obtained three variants 

of the coronavirus from patients in Chinese hospitals. They picked one of the 

variants because it was able to multiply quickly in monkey kidney cells grown in 

bioreactor tanks.(34) 

 

❖ Killing the Virus 

Once the researchers produced large stocks of the coronaviruses, they doused 

them with a chemical called beta-propiolactone. The compound disabled the 

coronaviruses by bonding to their genes. The inactivated coronaviruses could no 

longer replicate. But their proteins, including spike, remained intact. 

The researchers then drew off the inactivated viruses and mixed them with a tiny 

amount of an aluminium-based compound called an adjuvant. Adjuvants 

stimulate the immune system to boost its response to a vaccine. 

Figure 9:A Vaccine Made from Coronaviruses(34) 
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Inactivated viruses have been used for over a century. Jonas Salk used them to 

create his polio vaccine in the 1950s, and they’re the bases for vaccines against 

other diseases including rabies and hepatitis A(34). 

 

❖ Prompting an Immune Response 

Because the coronaviruses in BBIBP-CorV are dead, they can be injected into the 

arm without causing Covid-19. Once inside the body, some of the inactivated 

viruses are swallowed up by a type of immune cell called an antigen-presenting 

cell. 

 The antigen-presenting cell tears the coronavirus apart and displays some of its 

fragments on its surface. A so-called helper T cell may detect the fragment. If the 

fragment fits into one of its surface proteins, the T cell becomes activated and can 

help recruit other immune cells to respond to the vaccine (34). 

  

Figure 10:Killing the Virus (34) 
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❖ Making Antibodies 

Another type of immune cell, called a B cell, may also encounter the inactivated 

coronavirus. B cells have surface proteins in a huge variety of shapes, and a few 

might have the right shape to latch onto the coronavirus. When a B cell locks on, 

it can pull part or all of the virus inside and present coronavirus fragments on its 

surface (34). 

Figure 11:Prompting an Immune Response (34) 
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A helper T cell activated against the coronavirus can latch onto the same 

fragment. When that happens, the B cell gets activated, too. It proliferates and 

pours out antibodies that have the same shape as their surface proteins.(34) 

 

❖ Stopping the Virus 

Once vaccinated with BBIBP-CorV, the immune system can respond to an 

infection of live coronaviruses. B cells produce antibodies that stick to the 

invaders. Antibodies that target the spike protein can prevent the virus from 

entering cells. Other kinds of antibodies may block the virus by other means (34). 

Figure 12:Making Antibodies (34) 
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❖ Remembering the Virus 

Sinopharm’s clinical trials have demonstrated that BBIBP-CorV can protect 

people against Covid-19. But no one can yet say how long that protection lasts. 

It’s possible that the level of antibodies drops over the course of months. But 

the immune system also contains special cells called memory B cells that might 

retain information about the coronavirus for years or even decades.(34)  

Figure 13:Stopping the Virus (34) 
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8.6. Posology And Method of Administration  

8.6.1 Posology 

Individuals 18 years of age and older. 

2 doses (0.5 mL each) at a recommended interval of 3 to 4 weeks: Dose 1: at the 

start date Dose 2: 21 to 28 days after first dose(35). 

 

8.6.2 Method of administration 

Sinopharm is for intramuscular injection only, preferably in the deltoid muscle of 

the upper arm.(35) 

 

8.7. Side Effects 

8.7.1 Common Side Effects 

a. Pain, swelling, redness at the injection site. 

b. Weakness or fatigue. 

c. Headache. 

d. Muscle pain or malaise.  

e. Fever or chills. 

f. Nausea(31). 

 

8.7.2 Prevalence of the General Side Effects After 1st Dose Sinopharm 

COVID-19, Sinopharm COVID-19 Vaccination Among 2 Group of 

Participants : 

a. Normal Pain at the vaccination site 42.2%. 

b. Sever pain at the vaccination site 2.6%. 

c. Tenderness 5.2%. 

d. Redness 0.7%. 

e. Induration and pruritus at the vaccination site 1%. 

f. Fever 1%. 

g. Headache 9.6%. 

h. Fatigue 12.2%. 

i. Nausea 1.5%. 

j. Diarrhea 0.7%. 

k. Cough 1%. 

l. Allergy 1%. 

m. Muscle pain 6.3%. 

n. Abdominal Pain 1.8%. 

o. Back pain 4.1%. 

p. Lethargy 9.3%. 

q. I did not get any side effect 24%(31). 
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8.7.3 Prevalence of the General Side Effects After 2nd Dose Sinopharm 

COVID-19, Sinopharm COVID-19 Vaccination Among 2 Group of 

Participants (females vs males). 

a. Normal Pain at the vaccination site 32.6%. 

b. Sever pain at the vaccination site 8.1%. 

c. Tenderness 10%. 

d. Redness 1.5%. 

e. Induration and pruritus at the vaccination site 1%. 

f. Fever 3%. 

g. Headache 10%. 

h. Fatigue 16.3%. 

i. Nausea 1.1%. 

j. Diarrhea 0.7%. 

k. Cough 0.7%. 

l. Allergy 0%. 

m. Muscle pain 6%. 

n. Abdominal Pain 1.5%. 

o. Back pain 3%. 

p. Lethargy 13.7%. 

q. I did not get any side effect 14.07%(31). 

 

 

8.8. Advantages and Disadvantages 
8.8.1   Advantages  

a. Proven technology with infrastructure required for its development. 

b. Has already been tested for SARS-CoV and various other diseases. 

c. Can be easily produced in large quantities. 

d. Strong immune response. 

e. Multivalent. 

f. Simple formulation, not requiring adjuvants. It can be used along with 

adjuvants to increase their immunogenicity(36). 

8.8.2   Disadvantages 

a. Require the booster shots to maintain the immunity.  

b. Needs the biosafety level 3 growth of pathogen (requires dedicated 

biosafety level facilities).  

c. Large amounts of viruses need to be handled and the integrity of the 

immunogenic particles must be maintained.  

d. Relatively expensive(36). 
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8.9. Contraindications for Sinopharm COVID-19 Vaccine 

a. Anyone who developed serious allergic reactions from previous 

vaccination with Sinopharm COVID-19 vaccine.  

b. Anyone who is allergic to any vaccine components. 

c. People aged below 18. 

d. Pregnant women. Sinopharm COVID-19 vaccine might be considered 

only if vaccine benefits outweigh the potential risks. 

e. People who have fever or body temperature is greater than 38.5 ‘C(32). 

 

8.10. Precautions for Sinopharm COVID-19 Vaccine  
a. Acute febrile illness. 

b. Individuals receiving anticoagulant therapy or those with 

thrombocytopenia or any coagulation disorder (such as haemophilia). 

c. because bleeding or bruising may occur following an intramuscular 

administration(35).  
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9.COMIRNATY  
 

The German company BioNTech partnered with Pfizer to develop and test a 

coronavirus vaccine known as BNT162b2. On August 23, 2021, the FDA 

approved the first COVID-19 vaccine. The vaccine has been known as the Pfizer-

BioNTech COVID-19 Vaccine, and will now be marketed as Comirnaty, for the 

prevention of COVID-19 disease in individuals 16 years of age and older. The 

vaccine also continues to be available under emergency use authorization (EUA), 

including for individuals 12 through 15 years of age and for the administration of 

a third dose in certain immunocompromised individuals(37). 

9.1. Name of the Medicinal Product  
the generic name tozinameran. 

the brand name Comirnaty(38). 

9.2. Type (platform) 
The genetic approach. 

9.3. Pharmaceutical Form 
Suspension for injection 

9.4. Degree of preservation 
transported at –94°F (–70°C)  

9.5. Posology And Method of Administration  

9.5.1 Posology  

Each vial of the vaccine contains 5 doses of 0.3 milliliters. The vaccine must be 

thawed before injection and diluted with saline. After dilution the vial must be 

used within six hours(38). 

9.5.2 Method of Administration 

A two-dose regimen of BNT162b2 conferred 95% protection against Covid-19 

in persons 16 years of age or older. Safety over a median of 2 months was similar 

to that of other viral vaccines(39). 

9.6. Pharmacological Properties 

9.6.1 Mechanism of Action 

A Piece of the Coronavirus 

The SARS-CoV-2 virus is studded with proteins that it uses to enter human cells. 

These so-called spike proteins make a tempting target for potential vaccines and 

treatments. 
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Like the Moderna vaccine, the Pfizer-BioNTech vaccine is based on the virus’s 

genetic instructions for building the spike protein(38). 

 

❖ mRNA Inside an Oily Shell 

The vaccine uses messenger RNA, genetic material that our cells read to make 

proteins. The molecule — called mRNA for short — is fragile and would be 

chopped to pieces by our natural enzymes if it were injected directly into the 

body. To protect their vaccine, Pfizer and BioNTech wrap the mRNA in oily 

bubbles made of lipid nanoparticles (38). 

 

Figure 14:A Piece of the Coronavirus (38) 

Figure 15:mRNA Inside an Oily Shell (38) 
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Because of their fragility, the mRNA molecules will quickly fall apart at room 

temperature. Pfizer is building special containers with dry ice, thermal sensors 

and GPS trackers to ensure the vaccines can be transported at –94°F (–70°C) to 

stay viable(38). 

❖ Entering a Cell 

After injection, the vaccine particles bump into cells and fuse to them, releasing 

mRNA. The cell’s molecules read its sequence and build spike proteins. The 

mRNA from the vaccine is eventually destroyed by the cell, leaving no permanent 

trace. 

 

Some of the spike proteins form spikes that migrate to the surface of the cell 

and stick out their tips. The vaccinated cells also break up some of the proteins 

into fragments, which they present on their surface. These protruding spikes and 

spike protein fragments can then be recognized by the immune system (38). 

Figure 16:Entering a Cell (38) 
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❖ Spotting the Intruder 

When a vaccinated cell dies, the debris will contain many spike proteins and 

protein fragments, which can then be taken up by a type of immune cell called an 

antigen-presenting cell(38). 

 

 

 

The cell presents fragments of the spike protein on its surface. When other cells 

called helper T cells detect these fragments, it can raise the alarm and help 

marshal other immune cells to fight the infection (38) . 

 

Figure 17:Spotting the Intruder (38) 



30 

 

❖ Making Antibodies 

Other immune cells, called B cells, may bump into the coronavirus spikes on 

the surface of vaccinated cells, or free-floating spike protein fragments. If these 

B cells are then activated by helper T cells, they will start to proliferate and pour 

out antibodies that target the spike protein(38) (same figure12). 

 

❖ Stopping the Virus 

The antibodies can latch onto coronavirus spikes, mark the virus for destruction 

and prevent infection by blocking the spikes from attaching to other cells (38) 

(same figure12). 

 

❖ Killing Infected Cells 

The antigen-presenting cells can also activate another type of immune cell 

called a killer T cell to seek out and destroy any coronavirus-infected cells that 

display the spike protein (38). 

 

Figure 18 Killing Infected Cells(38). 
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❖ Remembering the Virus 

The Pfizer-BioNTech vaccine requires two injections, given 21 days apart, to 

prime the immune system well enough to fight off the coronavirus. But because 

the vaccine is so new, researchers don’t know how long its protection might last. 

It’s possible that in the months after vaccination, the number of antibodies and 

killer T cells will drop. But the immune system also contains special cells called 

memory B cells and memory T cells that might retain information about the 

coronavirus for years or even decades(38). 

 

 

9.7. Side Effects 

9.7.1 The Most Common Symptoms 

a. injection site pain 

b. headaches 

c. flu-like symptoms 

d. fever 

e. tiredness (40). 

 

9.7.2 Less Common Side Effects 

a. a fast heartbeat 

Figure 19 cumulative incidence of COVID-19 among clinical trial participants (40) 
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b. whole body aches 

c. difficulty breathing 

d. joint pain 

e. chills 

f. drowsiness(40). 

 

 

 

9.7.3 Rare Side Effects Include 

 Bell’s palsy and lymph nodes swelling and tenderness. Flu-like symptoms were 

more common among those under 60 years of age, while injection site pain was 

more frequent among recipients who were 60 years and older. The study revealed 

a significant increase in the number of females who suffered from the vaccine 

side effects compared to males. Difficulty of breathing was more reported among 

recipients who had been previously infected with the coronavirus compared to 

those who had not been previously infected(40). 
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10.Sputnik V 
 

The Gamaleya Research Institute, part of Russia’s Ministry of Health, developed 

a coronavirus vaccine known as Sputnik V or Gam-Covid-Vac, it approved for 

use in 70 countries with a total population of 4 billion people. The vaccine is 

named after the first Soviet space satellite and the launch of Sputnik-1 in 1957 

reinvigorated space research around the world, creating a so called “Sputnik 

moment” 

Sputnik V is the world's first registered vaccine based on a well-studied human 

adenovirus vector, it use a heterogeneous boosting approach based on 2 different 

vectors for 2 vaccine shots. This approach generates a more sustainable immunity 

compared to vaccines that use the same delivery mechanism for both shots. 

amaleya published a study in February showing that two doses of the vaccine had 

an efficacy rate of 91.6 percent. (41) 

 

10.1. Name of the Medical Product 
 Sputnik V suspension for injection. 

COVID-19 Vaccine (Gam-Covid-Vac)(41). 

 

10.2. Type (platform) 
Viral vector-based vaccines  

10.3. Pharmaceutical Form  
solution for intramuscular injection(36) 

 

10.4. Shelf life  
Dose store in a dark place at temperatures around –18°C(41)  . 
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10.5. PHARMACOLOGICAL PROPERTIES 

10.5.1 Mechanism of action  

 

 

❖ Piece of the Coronavirus  

The coronavirus is studded with proteins that it uses to enter human cells. These 

so-called spike proteins make a tempting target for potential vaccines and 

treatments. 

Sputnik V is based on the virus’s genetic instructions for building the spike 

protein. But unlike other vaccine, which store the instructions in single-stranded 

DNA, Sputnik V uses double-stranded DNA(42). 

  

Figure 20 two-vector vaccine against COVID-19 (42) 
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❖ DNA Inside Adenoviruses  

The adenoviruses, a kind of virus that causes colds, the researchers added the 

gene for the coronavirus spike protein gene to two types of adenovirus, one called 

Ad26 and one called Ad5, and engineered them so they could invade cells but not 

replicate figure (23) .(42) 

. 

❖ Entering a Cell 

After Sputnik V is injected into a person’s arm, the adenoviruses bump into cells 

and latch onto proteins on their surface. The cell engulfs the virus in a bubble and 

pulls it inside. Once inside, the adenovirus escapes from the bubble and travels to 

the nucleus, the chamber where the cell’s DNA is stored. 

The adenovirus pushes its DNA into the nucleus. The adenovirus is engineered 

so it can’t make copies of itself, but the gene for the coronavirus spike protein 

can be read by the cell and copied into a molecule called messenger RNA, or 

mRNA (42). 

❖ Building Spike Proteins  

The mRNA leaves the nucleus, and the ribosomes read its sequence and begin 

assembling spike proteins. 

Some of the spike proteins produced by the cell form spikes that migrate to its 

surface and stick out their tips. The vaccinated cells also break up some of the 

proteins into fragments, which they present on their surface. These protruding 

spikes and spike protein fragments can be then recognized by the immune system 
(42). 

The adenovirus also provokes the immune system by switching on the cell’s 

alarm systems. The cell sends out warning signals to activate immune cells 

nearby. By raising this alarm, Sputnik V causes the immune system to react more 

strongly to the spike proteins(42). 

 

Figure 21 DNA inside adenoviruses (42) 
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❖ Spotting the Intruder 

When a vaccinated cell dies, the debris contains spike proteins and protein 

fragments that can then be taken up by a type of immune cell called an antigen-

presenting cell. 

The cell presents fragments of the spike protein on its surface. When other cells 

called helper T cells detect these fragments, the helper T cells can raise the alarm 

and help marshal other immune cells to fight the infection (42). 

❖ Killing Infected Cells 

The antigen-presenting cells can also activate another type of immune cell called 

a killer T cell to seek out and destroy any coronavirus-infected cells that display 

the spike protein fragments on their surfaces(42). 

 

10.6. Posology And Method of Administration 

10.6.1 Posology  

Prevention of novel coronavirus infection (COVID-19) in adults over 18 years of 

age. 

Vaccination is carried out in two stages: 1st dose 0.5 ml, then, after 3 weeks – 

 2nd  dose 0.5 ml. 

 

10.6.2 Method of administration 

The vaccine is intended for intramuscular administration only. Intravenous 

administration of the drug is strictly prohibited. The vaccine is injected into the 

deltoid muscle (the upper third of the outer shoulder)(43). 

 

10.7. side effects 
a. Fatigue (70%) 

b. Joint pain (46.4%) 

c. Headache (64.7%) 

d. Muscle ache (61.5%) 

e. Chills (45.4%) 

f. Fever (15.5%) 

g. Nausea and vomiting (23%) 

 

10.8. Advantages and Disadvantages 

10.8.1 Advantages 

a. A well-tested technology platform with substantiated, long-term safety. 
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b. Years of experience in the gene therapy field studying safety, immune 

responses. 

c. Can infect antigen presenting cells directly. 

d. Physically and genetically stable. 

e. Strong antibody and cellular responses. 

f. Show a highly specific gene delivery into the host cell with a vigorous 

immune response. 

g. Avoids handling of any infectious particle. 

h. It has been used widely for MERS-CoV-2 with positive results from the 

trials(36). 

 

10.8.2 Disadvantages 

a. Limited to presenting only a small number of CoV antigens to the host 

immune system. 

b. Risk for chromosomal integration and oncogenesis. 

c. Cannot be used in immunocompromised subjects. 

d. Potential for inflammatory adverse events. 

e. Variable immunogenicity. 

f. Significant manufacturing hurdles at scale. 

g. The host may possess immunity against the vector due to prior exposure. 

h. reducing the efficacy(36) 

 

10.9. SPUTNIK LIGHT (New Version) 
 

In May, a one-dose version dubbed Sputnik Light authorized for emergency use 

in Russia, with an announced efficacy of 79.4 percent. 

Sputnik Light is the first component (recombinant human adenovirus serotype 

number 26 (rAd26)) of Sputnik V – the world’s first registered vaccine against 

coronavirus, it has proven effective against all new strains of coronavirus, as 

demonstrated by the Gamaleya Centre during laboratory tests. 

The single dose Sputnik Light vaccine demonstrated 79.4% efficacy according to 

analysed data taken from 28 days after the injection was administered as part of 

Russia’s mass vaccination program between 5 December 2020 and 15 April 2021, 

this efficacy level is higher than that of many two-dose vaccines (41). 
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11.STUDY REVIEW 
 

COVID-19 and coagulation abnormalities 

COVID-19 may lead to coagulation abnormalities with multiple complications, 

such as disseminated intravascular coagulation (DIC) and Thrombotic 

microangiopathy (TMA). 

 several studies indicated that COVID-19 patients have a higher production of 

pro-inflammatory cytokines and chemokines in severe clinical conditions. Tumor 

necrosis factor-α (TNF-α), interleukin-6 (IL-6) and (IL-1) are the major cytokines 

that strongly inhibit endogenous anticoagulation pathways. 

In addition to cytokines, COVID-19-related infections have been reported to 

induce increased production of fibrinolytic factors, such as urokinase type and 

plasminogen. This finding supports the finding that showed Higher level of 

dimers, a fibrinolytic product; in critically ill COVID-19 patients(44). 

Deep vein thrombosis and arterial thrombosis are common complications, 

Changes in haematological parameters are also frequently observed in COVID-

19 patients. Especially, thrombocytopenia is an indicator for poor prognosis of 

the disease and is highly expected and aggravates the likelihood of death of 

COVID-19  infected individuals. (45). 

The mechanisms behind thrombocytopenia in COVID-19 patients:  

Platelets recognized COVID-19  via the surface of toll-like receptors, integrins, 

and P-selectin(46). COVID-19 may reduce platelet production by the direct impact 

of the virus on haematopoiesis, megakaryocyte maturation, the elevation of 

platelet adhesion, and activation. Platelet production could be also reduced 

because either viral abuse to the bone marrow or the viral load may affect 

thrombopoietin production and function. Thrombocytopenia could also have 

occurred after heparin therapy, known as heparin-induced thrombocytopenia 

(HIT)(47, 48). 

Heparin-induced thrombocytopenia appears when platelet factor 4 (PF4) that 

discharges from activated platelets binds to heparin. Subsequently, antibodies are 

produced against this complex (heparin-PF4). In the next step, the three 

complexes (antibody-PF4-heparin) bind to platelets via the FcγIIa receptor, this 

complex further stimulates platelet activation and aggregation. (40). 

This induces coagulation pathways and subsequent reduction of circulating 

platelets which finally leading to thrombocytopenia. A higher dose of heparin to 

treat COVID-19 patients could provoke thrombocytopenia and leads to death. 
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Therefore, other optional anticoagulants should be used to treat critical COVID-

19 patients. Another study indicated that 71.4% of the patients infected with 

COVID-19 develop thrombosis and DIC leading to higher platelet consumption 

with fatal outcomes. In other mechanisms, COVID-19 infection could also lead 

to alveolar damage that captures megakaryocytes and delays the release of 

platelets from it to the circulation after maturation(44). 

In summary, thrombocytopenia in COVID-19 patients is primarily associated 

with either immune-mediated(49) or reduced platelet production (coagulation) due 

to the direct effect of the virus on hematopoietic tissues, and increased platelet 

consumption due to increased adhesion of platelets to infected endothelial cells  . 
(44). 

Bone marrow stromal cells may be infected either directly by the virus or higher 

cytokine storm because of infection may distract the cell. Thus, in turn leads to 

bone marrow dysfunction and finally thrombocytopenia can occur. 

In addition, thrombocytopenia in COVID-19 patients might be due to lung 

inflammation which leads to platelets activation with higher consumption, 

reduction of pulmonary capillary bed and megakaryocytes fragmentation. 

Similarly, thrombocytopenia with COVID-19 infection could occur after antigen 

and antibody complexes formation to protect against the virus results to platelets 

distraction by the immune system Figure (24)
(44).  

Figure 22 Mechanisms of thrombocytopenia in COVID-19 patients (44) 
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When endothelial cells are injured, the Hageman factor is activated and leading 

to the initiation of the intrinsic clotting system. In the next step, coagulant 

phospholipids are released from injured cells, such as platelets and red blood 

cells. The final shared product for these two processes is thrombin production 

that cleaves fibrinogen and activates factor XIII. Next to this, the fibrinolysis 

system is produced by the release and aggregation of platelets. In the final 

stages of the cascade, FDPs are formed through plasmin which contributes to 

the hemorrhagic diathesis which is the hall marker in the diagnosis of DIC(50).  

In systemic infections, coagulation cascades are triggered and resulting in DIC 

when the disease is highly complicated. However, in subclinical conditions, 

DIC occurs as a result of increment in thrombin and fibrin generation(51). DIC 

was firstly found among blood cancer patients though it is also seen in intensive 

care units (ICU) COVID-19 patients and results in severe bleeding and organ 

failure nowadays(52). The study conducted by Lodigiani C et al, showed that 

development of  Venous thromboembolism (VTE )in ICU COVID-19 patients(53). 

COVID-19 patients that developed DIC showed that thrombocytopenia, 

elevated D-dimer, decreased factors, such as II, V, VII, and X, lower levels of 

plasma concentrations of antithrombin and protein C(54-56). Similarly, endothelial 

and mononuclear cells are induced by proinflammatory cytokine. Thus, tissue 

factor stimulation and unregulated thrombin generation could have occurred 

after a while(57). 

Thrombotic microangiopathy (TMA): 

thrombotic microangiopathy (TMA) is one to the hemolytic anemia that occurs 

after increment of platelets activation, aggregation, and adhesion to the veins, 

capillaries, and small arteries walls. TMA is the causes of thrombocytopenia 

due to higher consumption of platelets. It also causes organ damage, such as 

renal insufficiency, neurological disease and microangiopathic hemolysis as the 

results of microscopic blood clot formation in vascular endothelium. A 

postmortem tissue examination from COVID-19 patients showed that 

accumulation and trapping of inflammatory cells particularly neutrophils and 

deposition of platelet-rich vascular thrombotic in vessels of lungs which is 

equivalent to pulmonary TMA(57-59). 

In TMA, higher platelet interaction to the vessel wall is observed as a 

consequence of extreme-large von Willebrand factor multimers (VWFM) 

stimulation and release from injured endothelial cells. In normal conditions, 

ADAMTS-13 (a disintegrin and metalloproteinase with a thrombospondin type 

I motif-13) cleaves the VWFM. In COVID-19 patients ADAMTS-13 

concentration was reduced. Therefore, higher concentration of VWFM leads to 

increased deposition of platelet-rich-thrombi in the micro vascular area(60, 61). 
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lower molecular weight heparin could not be given to prevent stroke in COVID‐

19 patients. Anticoagulants other than heparin should use to treat severe cases. 

Prolonged PT, aPTT, and elevated D-dimer levels in serious COVID-19 patients 

lead to DIC combined with severe thrombocytopenia could be used as an alert 

for quick intervention. Hence, upon observation of these abnormalities, quick 

responses should be given to reduce death prevalence. 

Both ambulatory and hospital-admitted COVID-19 patients are highly suspected 

of VTE and stroke. Therefore, earlier management of cases is recommended 

along with blood donation. Generally, health professionals should always be 

alerted for hemorrhagic conditions in critically ill COVID-19 patients, and 

laboratory investigations related to hemorrhagic conditions should be strictly 

controlled and interpreted (44). 

laboratory investigations: 

1. D-dimer (>5mg/L) ((D-dimer tests are used to help rule out the presence of 

an inappropriate blood clot (thrombosis). Some cases where a D-dimer test 

has been used is used to help rule out what Following: 

• Deep vein thrombosis (DVT) 

• Pulmonary embolism (PE) 

• brain attack 

2. low fibrinogen (< 200 mg/dL) 

3. thrombocytopenia 

We carried out two secondary analyses: 

 First, to see whether the findings were specific to Cerebral venous thrombosis 

(CVT), we calculated the incidence and relative risks for PVT; since this is not 

coded as such in the EMA data (European medicines agency), we used 

‘splanchnic thrombosis’ for that comparison. 

 Second, the analyses were repeated after broadening the diagnostic criteria for 

CVT to include I63.6 (cerebral infarction due to central thrombosis, non- 5 

pyogenic), G08 (intracranial and intraspinal phlebitis and thrombophlebitis), 

O22.5 (CVT in pregnancy) and O87.3 (CVT in the puerperium), in line with 

recent studies that have taken this approach to CVT in other settings(44). 

As a result: 

513,284 patients with a confirmed diagnosis of COVID-19 were included 

(54.8% female, mean age [SD] 46.6). Of these, 20 were diagnosed with CVT in 

the two weeks following their diagnosis (absolute risk: 39.0 per million people, 

95% confidence interval 25.2-60.2.) The risk was significantly higher among 

patients with a history of cardiovascular disease, specifically cerebral/cerebral 

artery stenosis/occlusion, and intracranial hemorrhage. Of the 20 events, 6 were 

observed in patients under the age of 30, 4 between 30 and 39, 2 between 40 
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and 49, 2 between 50 and 59, 3 between 60 and 69, and 3 between 70 and 79. 

Three patients also had a CVT before being diagnosed with COVID-19, one 

Between 4 and 8 weeks before him, and the other two more than 8 weeks 

before. 

The risk of being diagnosed with a CVT was significantly higher in the two weeks 

after COVID-19 compared to influenza (N=172,742; 0.0 per million people, 95% 

CI 0.0–22.2, adjusted RR=6.73, P=.003) or after receiving an mRNA vaccine 

(N=489,871; 4.1 per million people, 95% CI 1.1–14.9, adjusted RR=6.36, P 

<.001. 

In the latter group, two cases were observed: 

1. was a patient after the BNT162b2 vaccine (out of 331,503 people), 

2. was a patient where it was undetermined whether they had received 

BNT162b2 or mRNA-1273. 

The risk associated with COVID-19 was also higher than: 

a) that currently reported by the EMA following vaccination with the 

ChAdOx1 nCoV-19 vaccine currently 169 cases out of 34 million people, or 

5.0 per million people, 95% CI 4.3–5.8) 

b) the overall incidence observed in the TriNetX network (0.41 per million 

people over any 2-week period),  

c) the historical incidence of CVT in the USA (range: 13.9 to 20.2 per million 

per year, or 0.53 to 0.77 per million in any 2-week period. 

Laboratory data were available for a subset of the COVID-19 patients. Although 

the data do not cover most patients with a diagnosis of CVT, they suggest that 

patients with CVT after COVID-19 were significantly more likely to have 

elevated D-dimer level than patients with COVID-19 who did not have CVT, 

whereas patients with PVT after COVID-19 were significantly more likely to 

have low fibrinogen and thrombocytopenia. The death rate among patients with 

CVT in the two weeks after COVID-19 was 20.0% (4 out of 20 patients, 95% CI 

8.0–41.6%; and that among patients with PVT after COVID-19 was 18.3% (41 

out of 224 patients, 95% CI 13.8–23.9%; and were significantly higher than 

among patients with COVID-19 who did not have those events (P<.001) 
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Discussion 

In a large electronic health records network, we report the absolute incidence of 

CVT in the 14 days after COVID-19 diagnosis and show that this is 

substantially greater than for the comparison groups. Although the magnitude of 

the risk cannot be quantified with confidence, the risk after COVID-19 is 

approximately 8-10 times that reported for the vaccines, and about 100-fold 

increased compared to the population rate. The increased rate of CVT in 

COVID-19 is notable, being much more marked than the increased risks for 

other forms of stroke and cerebral haemorrhage. The PVT data highlight that 

COVID-19 is associated with thrombotic events that are not limited to the 

cerebral vasculature(62). 

All the relative risks should be interpreted with caution. 

First, the magnitude of the COVID-19 risk versus the population baseline, or 

versus influenza, is not based on cohorts which were matched for age or other 

demographic factors. For the same reason, we cannot conclude that the mRNA 

vaccines studied here are associated with an increased risk of CVT; far larger 

samples are needed to address this question. 

Second, we have no information about diagnostic accuracy or completeness, 

though this is likely to be less of an issue for CVT or PVT compared to many 

diagnoses since radiological confirmation is typically needed. 

Third, the absence of key haematological laboratory data from many patients 

limits our ability to comment on whether the mechanism of CVT after COVID-

19 is likely to be similar or different from that observed after ChAdOx1 nCoV-

19, especially regarding anti-platelet factor 4 (PF4) antibodies. 

Finally: 

 we cannot directly compare the risks of CVT associated with ChAdOx1 nCoV-

19 with any of the other vaccines, or with COVID-19, since we are using data 

collected by the EMA monitoring system, not from the electronic health records 

network. (No patients in the network had received ChAdOx1 nCoV-19, 

reflecting the fact that the network is almost entirely US-based)(63). 
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The list of symptoms included: 

a. Breathlessness. 

b. pain in the chest. 

c. stomach. 

d. swelling or coldness in an arm or leg. 

e. severe or worsening headache. 

f. blurred vision. 

g. persistent bleeding. 

h. multiple small bruises. 

i. reddish or purplish spots. 

j. blood blisters under the skin.(64) 
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The COVID-19 pandemic has sparked a research revolution, as 

scientists are working at breakneck speed to understand the 

disease and find a cure. Scientists have demonstrated how 

rapidly they can adapt to re-emerging and emerging threats. 

Non-COVID-19 research has taken a back seat during the 

pandemic. The past year has seen rapid advances in 

understanding of the biology, pathogenesis, and clinical 

characteristics of the disease. There are still several unknowns 

about the mechanisms of SARS-CoV-2 biology and 

pathogenesis. Epidemiologists are predicting short- and long-

term projections to prepare for and potentially mitigate the 

spread and impact of the disease. However, the pandemic has 

exposed our susceptibly to microbial pathogens and gaps in our 

therapeutic arsenal. COVID-19 is not the first pandemic that 

humanity has faced, and it will not be the last. However, it has 

taught us how unprepared the world was for such an outbreak 

and provided us with lessons in preparing and responding to 

virus warnings in the future. We hope that the continued 

research will lead to breakthroughs and help us be better 

prepared for future outbreaks. In our topic, we presented a 

summary of the most common and most audible vaccines, and 

during our study we found that the best vaccine is the 

AstraZeneca vaccine in terms of efficacy and highlighting 

coagulation abnormalities. 
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