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Praise for The Ultimate Vaccine Timeline

“Shaz Khan’s The Ultimate Vaccine Timeline provides a tour de force overview of the history of vaccines from long before they were known as vaccines to the present. In her trajectory of events, we see the development of the vaccine industry from a pharmaceutical sidebar to today’s major moneymaker, culminating (so far) in the catastrophic, but very lucrative, rollout of mRNA gene products, the latter now threatening to become the dominant type of ‘vaccine.’ It is the vaccines that have made the pharmaceutical industry as powerful as it is today, so powerful in fact that it can dictate to the WHO and to national governments in its endless hunger to expand vaccine markets.

“I doubt that even 1 in 1000 physicians will know even a small fraction of the material in this book, but they should. Indeed, this should be required reading for any in the medical profession who deliver or counsel the use of vaccines. And it is essential reading for the rest of us as well to see how much control of our lives the pharmaceutical industry has seized. If we are to begin the process of taking back control of our own health, this book would be a good place to start.”

—Christopher Shaw, neuroscientist and professor of ophthalmology at the University of British Columbia, author of Dispatches from the Vaccine Wars, and coauthor of Down the COVID-19 Rabbit Hole

“Shaz Khan’s aptly titled book The Ultimate Vaccine Timeline is an extraordinary compilation of historical details about a particular type of pharmaceutical product that we are supposed to believe has enabled humanity to thrive, but the true history of which is riddled with fraud, corruption, deceit, harm, and state violence against bodily integrity. This book is an incredible reference illuminating why someday in the future, when humankind finally becomes civilized, people will look back on the era of coerced mass vaccination and recognize it as an age of barbarism.”

—Jeremy R. Hammond, independent journalist and author of The War on Informed Consent

“My career in pediatrics from 1985 to 2022—when I relinquished my medical license due to taking a stand for children’s right to informed consent and bodily integrity—awakened me to the challenges we have with regard to vaccine safety. Vaccines are dangerous products with virtually no proper placebo safety testing, no analysis of overall health outcomes, and no official studies comparing the health of the vaccinated to that of the unvaccinated.

“To fully understand how we got here, we now have a treasure in this book. Shaz Khan’s detailed masterpiece, The Ultimate Vaccine Timeline: A Fact-Packed History of Vaccines and Their Makers, includes a timeline of vaccine-relevant information ranging from AD 570 to the present day. This is both a vital reference work and a fascinating book to browse, containing everything you could possibly need to know about the history of vaccines in one beautiful place.”

—Paul Thomas, MD, longtime pediatrician, coauthor of The Vaccine-Friendly Plan, author of Vax Facts, founder and host of Pediatric Perspectives, and cofounder of KidsFirst4Ever.com

“The Ultimate Vaccine Timeline by Shaz Khan is indeed an accurate and timely book at this stage in vaccine history. We are at a point where new and experimental vaccines—experimental in concept, in delivery mechanisms, in immune and other mechanisms of action—have been unleashed large scale on the world’s unwitting population under great duress from powers that be, for a disease that was itself questionable. All vaccines are now under scrutiny by many who before wholeheartedly accepted them as ‘safe and effective.’ In this current time frame, the ‘grandfather of vaccines’ Dr. Stanley A. Plotkin has himself just released a paper noting that vaccines are not adequately tested for safety: ‘Postauthorization studies are needed to fully characterize the safety profile of a new vaccine, since prelicensure clinical trials have limited sample sizes, follow-up durations, and population heterogeneity.’

“Shaz has successfully, without any words herself but simply by documenting events in history, revealed the true story of vaccines, of collusion between interested parties, of governmental controls, of repeated vaccine failures and disease outbreaks following the institution of new vaccination programs.

“This book demands a place on the shelf of every person interested in the truth about vaccines and in making their own informed decisions: which should mean everyone. Having been in the health and wellness industry for over thirty-five years, I have many books on vaccination and this stands amongst the very best, deserving its own place in vaccine history. I heartily recommend it to all.”

—Robyn Cosford MBBS (Hons), retired doctor, professor of nutritional and environmental medicine, and chair of Children’s Health Defense Australian Chapter

“This book impressively organizes the history of vaccines—from both an industry and public health perspective—all in one visually stunning timeline. Seeing serious reactions in my patients and my own family, I was inspired to research vaccines to determine which were worth the risk to keep my children safe. After studying many resources, I decided no vaccines would be safe for my children. This book would have been an excellent resource to fast-track my understanding of what we are really facing— decades of industry propaganda and medical gaslighting with an appalling lack of true safety studies. Ms. Khan has done all families, doctors, nurses, and scientists a favor by giving us a clear framework to begin our exploration for truth.”

—Cammy Benton, MD, family physician
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This book is dedicated to my father, 
whose death triggered my deep dive into vaccines.
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“Those who cannot remember the past are condemned to repeat it.”

—George Santayana (1863-1952)

Spanish-American philosopher, essayist, poet, and novelist, born Jorge Agustín Nicolás Ruiz de Santayana y Borrás.

[image: images]

“Those who fail to learn from history are doomed to repeat it.”

—Sir Winston Leonard Spencer Churchill (1874-1965)

British statesman who served as Prime Minister of the United Kingdom from 1940 to 1945 during the Second World War and again from 1951 to 1955.
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“Safe and effective” is one of the most successful marketing slogans in history as it implies 100% safety and efficacy without being accountable for demonstrating either. Since that slogan has been repeated so many times by the mass media, most of us never give it a second thought. Had we questioned it, the world likely would not have blindly accepted an experimental vaccine which, as time has shown, was one of the most dangerous and ineffective pharmaceutical products in history.

Because the vaccine industry has been able to hide behind the mantra of “safe and effective,” this industry has been shielded from outside scrutiny, and an imaginary history has been created where everyone assumes each previous vaccine was perfect and without issue.

Once you start critically examining the history of vaccination, however, you will make a disturbing discovery. There have been many disastrous vaccines in the past, yet each time a disaster happened, it was swept under the rug and all we heard was “safe and effective,” so nothing was learned, and before long, the exact same thing happened again.

After I advocated for treating COVID patients with repurposed drugs which could keep them out of the hospital, I began to be deluged with requests from vaccine-injured patients who had nowhere else to turn to for help. These patients are suffering immensely and are the sickest and most challenging patients that I’ve dealt with in my career.

Searching for answers, I learned there had been many previous disasters caused by experimental vaccines which should have never been put onto the market, and as I began studying them I discovered many of the unbelievable symptoms I was witnessing had, in reality, been seen many times in the past and were very real side effects of poorly made vaccines no one ever tells us about.

The Ultimate Vaccine Timeline gives a critical window into that lost history of vaccination. As COVID-19 has shown, it is essential that we understand how vaccines work and what can go wrong with them, because if we don’t, this damaging history will repeat itself again and again.

—Pierre Kory, MD, MPA,

cofounder and president emeritus of the FLCCC Alliance
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	AAP

	American Academy of Pediatrics




	ACIP

	Advisory Committee for Immunization Practices




	AEFI

	Adverse Events Following Immunization




	AESI

	Adverse Events of Special Interest




	AFEB

	Armed Forces Epidemiological Board




	AMA

	American Medical Association




	AMRIID

	Army Medical Research Institute of Infectious Diseases (at Fort Detrick, US)




	ASPR

	Administration for Strategic Preparedness and Response




	ATCC

	American Type Culture Collection




	BARDA

	Biomedical Advanced Research and Development Authority




	BCG

	Bacillus Calmette-Guérin—live-attenuated vaccine used to prevent tuberculosis




	BLA

	Biologics License Application (US-FDA)




	BMGF

	Bill & Melinda Gates Foundation




	BSE

	Bovine spongiform encephalopathy




	BSL

	Biosafety level laboratory—levels 1 to 4 (BSL-4 being the highest security)




	CBER

	FDA’s Center for Biologics Evaluation and Research (US)




	CDC

	Centers for Disease Control and Prevention (US)




	CEPI

	Coalition for Epidemic Preparedness




	CFR

	Code of Federal Regulations (US)




	CH

	Switzerland—Confoederatio Helvetica




	CHMP

	Committee for Medicinal Products for Human Use (EU-EMA)




	CICP

	Countermeasures Injury Compensation Program (US-HHS)




	CIOMS

	Council for International Organizations of Medical Sciences (UN-WHO)




	CISA

	Clinical Immunization Safety Assessment (US-CDC)




	COVID-19

	Coronavirus disease 2019




	CPMP

	European Union Committee for Proprietary Medicinal Products




	CRADA

	Cooperative Research and Development Agreement




	CRISPR-Cas9

	Clustered regularly interspaced short palindromic repeats and CRISPR-associated protein 9




	CSM

	Committee on Safety of Medicines (UK)




	DARPA

	Defense Advanced Research Projects Agency (US)




	DHSS

	Department of Health and Social Security (UK)




	DTaP / Tdap

	Diphtheria, tetanus, acellular pertussis vaccine for pediatric use / Tdap is the reduced-antigen formulation (booster)




	DTP/DPT/DTwP

	Diphtheria, tetanus, whole-cell pertussis vaccine—DPT and DTP are used interchangeably




	DOD

	Department of Defense (US)




	EMA

	European Medicines Agency




	EPA

	Environmental Protection Agency (US)




	EUA

	Emergency Use Authorization (US)




	EUL

	Emergency Use Listing Procedure (WHO)




	FAO

	Food and Agriculture Organization (UN)




	FDA

	Food and Drug Administration (US)




	GACVS

	Global Advisory Committee on Vaccine Safety (WHO)




	GAO

	Government Accountability Office (US)




	GAVI

	Gavi, the Vaccine Alliance—formerly known as the Global Alliance for Vaccines and Immunization




	GISRS

	Global Influenza Surveillance and Response System




	GMC

	General Medical Council (UK)




	GRAS

	Generally recognized as safe




	GVSI

	Global Vaccine Safety Initiative (WHO)




	HBsAg

	Hepatitis B surface antigen




	HBV

	Hepatitis B virus




	hCG

	Human chorionic gonadotropin




	HHS

	Department of Health and Human Services (US)




	HIV / AIDS

	Human immunodeficiency virus that purportedly causes AIDS (acquired immunodeficiency syndrome)




	HPV

	Human papillomavirus




	HRSA

	Health Resources and Services Administration (US)—the agency within HHS that administers VICP




	ICAN

	Informed Consent Action Network (US)




	ICD

	International Classification of Diseases




	ICRC

	International Committee of the Red Cross




	IFRC

	International Federation of Red Cross and Red Crescent Societies




	IHR

	International Health Regulations—WHO’s legally-binding instrument of international law




	IIV

	Inactivated influenza vaccine




	IOM

	Institute of Medicine—known as the National Academy of Medicine since 2015




	IPV

	Inactivated poliovirus vaccine (developed by Jonas Salk, MD)




	JCVI

	Joint Committee on Vaccination and Immunisation (UK)




	LAIV

	Live-attenuated influenza vaccine




	LMICs

	Low- and middle-income countries




	MDL

	Multidistrict litigation




	MedDRA

	Medical Dictionary for Regulatory Activities




	MMR

	Measles, mumps, rubella vaccine




	MRC

	Medical Research Council (UK)




	MRC-5

	Medical Research Council cell strain 5—derived from human fetal lung tissue of a 14-week-old male




	MHRA

	Medicines and Healthcare products Regulatory Agency—responsible for the safety of medicines licensed in the UK




	mRNA / sa-mRNA

	Messenger RNA / Self-amplifying messenger RNA




	MSD

	Merck Sharp & Dohme (Merck & Co., Inc. in USA/Canada and MSD outside)—different from Merck KGaA




	MSF

	Médecins Sans Frontières / Doctors Without Borders




	NATO

	North Atlantic Treaty Organization




	NIH

	National Institutes of Health (US)




	NSABB

	National Science Advisory Board for Biosecurity




	NVIC

	National Vaccine Information Center (US)




	OPV

	Oral live poliovirus vaccine (developed by Dr. Albert Sabin)




	P3CO

	Potential Pandemic Pathogen Care and Oversight—policy framework for gain-of-function research, governed by HHS




	PAHO

	Pan American Health Organization




	PATH

	Program for Appropriate Technology and Health




	PCR

	Polymerase chain reaction




	PHEIC

	Public health emergency of international concern




	PPP

	Potentially pandemic pathogens




	PRISM

	Post-Licensure Rapid Immunization Safety Monitoring (US-CDC)




	SAGE

	Strategic Advisory Group of Experts—the principle advisory group to the WHO for vaccines




	SARS-CoV-2

	Severe Acute Respiratory Syndrome Coronavirus 2




	SDGs

	Sustainable Development Goals




	SIDS

	Sudden infant death syndrome




	SOC

	System Organ Class—terminology distinguished by physiological system or disease origin (MedDRA)




	SPEAC

	Safety Platform for Emergency vACcines Project (the Brighton Collaboration and CEPI)




	TBE

	Tick-borne encephalitis




	TLR

	Toll-like receptor—a class of proteins that are important mediators of inflammatory pathways




	TRIPS

	Trade-Related Aspects of Intellectual Property Rights—multilateral agreement by the World Trade Organization




	TT

	Tetanus toxoid vaccine




	UAE

	United Arab Emirates




	UK

	United Kingdom




	UN

	United Nations




	UNEP / UNDP

	UN Environment Programme / UN Development Programme




	UNFPA

	United Nations Population Fund, formerly the United Nations Fund for Population Activities




	UNICEF

	United Nations International Children’s Emergency Fund—renamed UN Children’s Fund in 1953




	US

	United States of America




	USAID

	United States Agency for International Development




	USAMRIID

	US Army Medical Research Institute of Infectious Diseases




	USPHS

	US Public Health Service




	USSR

	Union of Soviet Socialist Republics (Soviet Union)




	VAERS

	Vaccine Adverse Events Reporting System (US)




	VAPP

	Vaccine-associated paralytic poliomyelitis




	VDPV

	Vaccine-derived poliovirus—disease-causing virus that comes from live poliovirus in oral polio vaccines




	VICP

	Vaccine Injury Compensation Program (US)




	VRBPAC

	Vaccines and Related Biological Products Advisory Committee (US-FDA)




	VSD

	Vaccine Safety Datalink—managed by the CDC-Task Force for Global Health




	WEF

	World Economic Forum




	WHO

	World Health Organization




	WI-38

	Wistar Institute cell line #38 derived from the embryonic lung tissue of 3-month-gestation female




	WOAH / OIE

	World Organization for Animal Health—former OIE Office International des Épizooties




	WRAIR

	Walter Reed Army Institute of Research




	WTO

	World Trade Organization









 

 

 


Principles of Vaccination – Topley and Wilson

General principles for any vaccine
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1. Vaccination should be harmless to the healthy child.

2. The disturbance caused by the vaccine should not be greater than that of the disease itself.

3. It must be easy to administer.

4. Vaccination must provide herd as well as individual benefit.

5. Vaccine-conferred immunity should be sufficiently solid to obviate need for frequent revaccination.

W.W.C. Topley, and G.S. Wilson, The Principles of Bacteriology and Immunity (New York: William Wood & Co.), 1929.
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	Active immunity

	Refers to immunity acquired when exposed to a disease organism that triggers the immune system to produce antibodies against that disease—it may be acquired through the experience of a natural infection or achieved through the act of vaccination.




	Adjuvant

	From the Latin adjuvare (to enhance)—a substance that induces and augments an immune response in the body, and is typically added to inactivated and subunit vaccines to improve immunogenicity. The most widely used adjuvants in vaccines are aluminum phosphate and aluminum hydroxide. Merck’s proprietary aluminum adjuvant is amorphous aluminum hydroxyphosphate sulfate (AAHS) and there are also oil-in-water or water-in-oil based adjuvants, as well as the most recent CpG-containing oligonucleotide sequence termed 1018 that has been developed by Dynavax Technologies for Heplisav-B®, its hepatitis B vaccine. See page 194 for further details.




	Adsorbed

	A surface process that leads to transfer of a molecule from a fluid bulk to solid surface.




	AEFI

Adverse Event

Following Immunization

	Any untoward medical event that follows vaccination and which does not necessarily have a causal relationship with the vaccine. The adverse event may be any unfavorable or unintended sign, abnormal laboratory finding, symptom or disease, or death. The Brighton Collaboration is commissioned with standardizing these definitions and determining the diagnostic criteria for AEFI, in partnership with the WHO and CIOMS.




	Antibody

	Also called an immunoglobulin (Ig), an antibody is a protective protein produced by the immune system in response to the presence of a foreign substance, called an antigen.




	Antigen

	A substance (toxin, virus, bacteria, foreign blood cell, and/or transplant organ cell) that induces an immune response. It is usually the key active ingredient in a vaccine.




	Antiserum

	Blood serum that contains antibodies against an infective agent (such as a bacteria or virus) or toxic substance (such as snake venom) that can be used to prevent or treat an infection or poisoning. This can only provide passive immunity from disease.




	Antitoxins

	Providing passive immunity, antitoxins are produced by injecting an animal with a toxin (for example, diphtheria). The animal, most commonly a horse, is given repeated small doses of toxin until a high concentration of the antitoxin builds up in the blood. The blood is then taken to extract the resulting highly concentrated preparation of antitoxins, called an antiserum.




	Attenuation

	The process by which viruses and bacteria are made less virulent, typically through chemical or heat-based methods, so that they may be used in vaccines.




	Bacillus

	Rod-shaped bacterium.




	Bacterins

	Vaccines containing whole, killed bacteria, commonly used in the early 20th century.




	Bioinformatics

	A hybrid science that links biological data with techniques for information storage, distribution, and analysis to support multiple areas of scientific research, including biomedicine. Bioinformatics uses biology, chemistry, physics, computer science, computer programming, information engineering, mathematics, and statistics to analyze and interpret biological data. The subsequent process of analyzing and interpreting data is referred to as computational biology.




	Biologic

	A biologically active preparation made from living organisms or their products and used as diagnostic, preventive, or therapeutic agents. Kinds of biologics include antitoxins, serums, products derived from human blood and plasma, and vaccines—which is a form of immunostimulatory therapy.




	Biological weapon

	A tool of biological warfare that uses biological toxins or infectious agents, bacteria, viruses, insects, and fungi—man-made or natural—with the intent to kill, harm, or incapacitate humans, animals, and/or plants.




	Carcinogen

	Any agent, process, or action that can cause cancer, notably tumor growth, damage to the genome, and/or disruption of cellular metabolic processes.




	Chimeric

	Consisting of parts sourced from varied origins—in medicine typically refers to to a person, organ, or tissue that contains cells with different genes than the rest of the person.




	Cooperative Research and Development Agreement

	A Cooperative Research and Development Agreement (CRADA) is an agreement between a federal laboratory (e.g., NIH, NIAID, DoD etc.,) and a non-federal party (e.g., a pharmaceutical company) to perform collaborative research and development. It is frequently used as a mechanism for formalizing interactions between private industry and government. The goal is to foster mutually beneficial partnerships in order to facilitate cutting-edge research and development for commercialization and technology transfers.




	Corporate Integrity

Agreement

	A document outlining the obligations that a healthcare company in the US makes with a federal government agency like the HHS, as part of a civil settlement. There are a list of obligations that the company must fulfill that typically lasts for five years.




	CRISPR-Cas9

	A gene-editing technology that research scientists can use to selectively modify the DNA of living organisms, with the help of DNA-slicing enyzme Cas9. This method of genetic engineering can potentially be used in gene therapies, as well as utilized to generate novel biological weapons.




	CRM197

	A genetically detoxified mutant of diphtheria toxin widely used as a carrier protein for conjugate vaccines, first commercialized in the childhood vaccine HibTITER® approved in the USA in 1990. Characterized by Italian immunologist Rino Rappuoli and his team at Chiron (later Novartis), Cross Reacting Materials-197 is used in Hib, pneumococcal, and meningococcal vaccines.




	DDT

	Dichloro-diphenyltrichloroethane—a powerful pesticide and neurotoxic agent that was used extensively from the 1940s to control typhus, malaria, and polio. It was banned in the USA and Canada in 1972, with most European countries following suit. It is still used in developing nations for the control of malaria.




	DNA / RNA

Deoxyribonucleic acid

Ribonucleic acid
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Molecules within a cell that carry genetic information for the development and functioning of an organism, composed of long chains of nucleotides: adenine, guanine, cytosine, and thymine—in RNA, thymine is replaced with uracil.




	Efficacy v. effectiveness

	According to Gavi, “Efficacy is the degree to which a vaccine prevents disease, and possibly also transmission, under ideal and controlled circumstances—comparing a vaccinated group with a placebo group [which rarely occurs]. Effectiveness meanwhile refers to how well it performs in the real world.”




	Encephalitis

	Inflammation of the brain due to an infection or disease.




	Encephalopathy

	A disorder of the brain caused by damage to, or dysfunction of, the neurons.




	Epidemic

	Any sudden increase in disease prevalence in a localized population within a short period of time, within a single country. An outbreak is a disease increase on a regional level.




	Epidemiology

	The study of disease in a specific population, its determinants and patterns of occurrence and distribution. Though it is an essential cornerstone of public health, being an important tool for shaping policy decisions, epidemiological studies are insufficient to definitively prove causation of a disease.




	Escherichia coli

	E. coli is a gram-negative, facultative anaerobic (does not require oxygen for growth), rod-shaped bacterium that has been extensively used to express antigens for a large variety of vaccines, including bacteria-derived proteins, genetically modified toxins, and virus-derived peptides.




	Gain-of-function

	Scientific research that genetically alters and intentionally enhances the biological functions of a microorganism—this could mean increasing transmissibility and/or augmenting virulence. This risky gain-of-function research is justified as being essential for scientists to better predict emerging infectious diseases and to develop medical countermeasures—vaccines and therapeutics.




	Genome

	The genetic information of an organism that consists of nucleotide sequences of DNA (or RNA in RNA viruses), including protein-coding (representing only 2% of the human genome) and non-coding genes in the nuclear genome and the mitochondrial genome. The human genome is estimated to be over 3 billion base pairs (bp) that are distributed across 23 chromosomes.




	Gram-negative / positive

	Named after its inventor, Danish scientist Hans Christian Gram (1853–1938), this bacteriological laboratory technique was developed in Berlin, Germany, in 1884. This refers to a method of staining used to classify bacterial species into two large groups based on the physical properties of their cell walls: gram-positive bacteria (show blue or pink—thick cell walls) and gram-negative bacteria (show pink or red—thin cell walls). While not all bacterial organisms can be stained and classified this way (such as many species of Mycobacterium), the method remains a valuable diagnostic tool. Antibiotic resistance affects mainly gram-negative bacteria.




	Human chorionic gonadotropin (hCG)

	Human chorionic gonadotropin is a hormone for the maternal recognition of pregnancy produced by trophoblast cells that are surrounding a growing embryo, which then eventually forms the placenta after implantation.




	Hemagglutinin

	A group of naturally occurring glycoproteins found on influenza viruses that cause red blood cells to clump, or agglutinate. It is estimated that there are 16 forms of hemagglutinin (H), designated H1-H16, associated with influenza type A viruses. Together with various forms of a viral antigenic protein called neuraminidase (N), hemagglutinin is used to distinguish between subtypes of influenza A viruses.




	Herd immunity

	Also called “community immunity,” it is a concept applied to both human and animal vaccination, with the idea that if enough individuals are vaccinated, the collective protection will benefit even those who are unvaccinated. For highly contagious measles, the percentage of vaccine coverage required to acquire herd immunity was estimated at around 55-60% in the 1960s and gradually revised upward to 95% today. Herd immunity cannot be obtained from vaccination against tetanus, diphtheria, COVID-19, polio (cannot prevent its colonization in the gut), influenza (too many subtypes), and even acellular pertussis, owing to the fact that these vaccines cannot prevent infection.




	HRSA

	The Health Resources and Services Administration is an agency of the US Department of Health and Human Services located in North Bethesda, Maryland. It is the primary federal agency for improving access to healthcare services for people who are uninsured, isolated, or medically vulnerable.




	Immunity

	Protection from being infected and getting sick from a specific disease.




	Immunization

	The process and result of being protected from a specific disease or infection.




	The words “immunization” and “vaccination” are not equivalent nor synonymous despite often being used interchangeably.




	Influenza

	Also called “the flu,” influenza is an acute viral infection of the upper and/or lower respiratory system, typically affecting the nose, throat, and lungs, often accompanied by fever, chills, and fatigue and pain in the muscles. Influenza viruses that are believed to cause illness are primarily categorized into type A and type B (types C and D also exist, but are not used in vaccines), which are divided into subtypes, that are further split into strains. Subtypes of influenza A are identified mainly by two surface antigens (foreign proteins)—hemagglutinin (H) and neuraminidase (N). Examples of influenza A subtypes include H1N1 and H5N1, and are labeled with the place they were identified and the year. For example, A/USSR/92/1977(H1N1) is the influenza strain from the 1977 outbreak in Russia. Influenza B viruses are subdivided into two major lineages, B/Yamagata and B/Victoria. Vaccines mainly include influenza A subtypes, but trivalent and quadrivalent flu vaccines tend to include at least one influenza B lineage.




	Inoculation

	The act of inoculating—the introduction of an antigenic substance into the body with the aim of producing immunity to a specific disease.




	In silico

	Research conducted using a computer—such as modeling, simulation, or gene sequencing.




	Lipid nanoparticles

	LNP are nanoparticles—defined as a particle of matter that is between 1 and 100 nm, or up to 500 nm in diameter—composed of lipids (fatty acids) in which active molecules can be incorporated, that are increasingly used as a novel therapeutic drug and genetic information delivery system. They are a key component of the COVID-19 mRNA products.




	Liposomes

	Small, artificial vesicles of spherical shape that can be created from cholesterol and phospholipids, and can be used as carriers of pharmaceutically active agents.




	Mathematical models

	Described as “simplified descriptions of complex phenomena which are used to gain insights into the real world,” mathematical models are based on a series of assumptions that can provide a theoretical framework for simulating reality. Mathematical modeling has been given an increasingly important role in infectious disease epidemiology—including health-economic aspects, emergency planning, and risk assessment—by providing information to guide decisions around public health strategies, policies, and programs. Imperial College London, employer of Professor Neil Ferguson (who alerted governments worldwide with his COVID-19 models, justifying nationwide lockdowns), has been a world leader in providing “mathematical modeling of the epidemiology and control of infectious diseases of humans and animals in both industrialized and developing countries for 20 years.”




	MedDRA

	A clinically validated international medical terminology dictionary created by the International Council for Harmonization of Technical Requirements for Pharmaceuticals for Human Use (ICH). It is used by regulatory authorities and the biopharmaceutical industry during the regulatory process, from pre-marketing to post-marketing activities, and for safety information data entry, retrieval, evaluation, and presentation. It is also the adverse event classification dictionary, and is organized with a five-level hierarchy, the highest level of which is the System Organ Class (SOC). See page 284 for further details.
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	Metagenomics

	Metagenomics is both a field of study—the genomic analysis of microbial DNA from environmental communities—and a research technique that enables population analysis of unculturable or previously unknown microbes via genome sequencing. Viral metagenomics allow scientists to identify new viruses without using traditional methods of isolation, purification, electron photography, and biological characterization.




	Monoclonal antibodies (mAbs)

	Immunoglobulins that consist of proteins derived “from a cell lineage made by cloning a unique white blood cell.” Often engineered from natural sources, mAbs have emerged as a major class of therapeutics used to treat diseases such as cancer, inflammation, or autoimmune conditions, and can be found in hormones, gene therapies, insulin, and plasma-derived medicines.




	Mutagenic

	Any agent, process, or action that can alter cellular genetic material, causing irreversible and heritable changes in the DNA.




	Nanotechnology

	The branch of science and engineering devoted to designing, producing, and using structures, devices, and systems by manipulating atoms and molecules at nanoscale, i.e., having one or more dimensions of the order of 100 nanometres or less. The term “nanotechnology” was coined by a Japanese professor at the Tokyo University of Science, Norio Taniguchi—though the concept was first presented by American theoretical physicist Richard Feynman in 1959.




	Neuraminidase

	A enzyme (protein) that occurs on the surface of influenza-related viruses and is believed to play a crucial role in virus release from infected cells.




	New chemical / molecular entity

	A new chemical entity (NCE) is, according to the FDA, a novel, small, chemical molecule drug that is undergoing clinical trials or has received a first approval (not a new use) by the FDA. A new molecular entity (NME) is a broader term that encompasses both an NCE or an NBE (New Biological Entity). Vaccine candidates include antigens that are new molecular entities.




	Nucleic acid

	Large biomolecules, composed of nucleotides, that play essential roles in all cells and viruses, including storing and expressing genomic information.




	Nucleotide

	Consists of a sugar molecule (either ribose in RNA or deoxyribose in DNA) attached to a phosphate group and a nitrogen-containing base. The bases used in DNA are adenine (A), cytosine (C), guanine (G), and thymine (T). In RNA, thymine is replaced with uracil (U).




	One Health

	The One Health approach was conceptualized in 2006 as a global public health strategy that encourages interdisciplinary collaboration and communication on health at the human-animal-environmental interface. It is a multisectoral and transdisciplinary approach—working at the local, regional, national, and global levels—with the goal of achieving optimal health outcomes recognizing the interconnection between people, animals, plants, and their shared environment. The current activities are managed and coordinated by the FAO/UNEP/WHO/WOAH.




	Palindromic sequence

	A palindromic sequence is a nucleic acid sequence in a double-stranded DNA or RNA molecule, whereby reading in a certain direction on one strand is identical to the sequence in the same direction on the complementary strand.




	Pandemic

	An epidemic of disease that crosses borders and spreads internationally.




	Passive immunity

	This refers to the transfer of antibodies from one individual to another (for example, a mother to her baby) or from an animal to a human (antiserum). Passive immunity can provide immediate but short-lived protection, lasting several weeks to several months.




	Pharmacodynamics

	The study of the body’s biological reaction to drugs, notably what and how the biological processes in the body respond to, or are impacted by, a drug. Like pharmacokinetics, this study is not required for vaccine clinical trials, hence it is never analyzed.




	Pharmacokinetics

	The study of the movement of drugs through the body and what happens to the drug in regards to absorption, distribution, metabolism, and excretion—not required for vaccine licensure.




	Pharmacovigilance

	WHO defines vaccine pharmacovigilance as the “science and activities relating to the detection, assessment, understanding and communication of adverse events following immunization and other vaccine or immunization related issues, and to the prevention of untoward effects of the vaccine or immunization.” Pharmacovigilance is essentially a hypothesis-generating activity whereby suspicions of harm spontaneously reported by manufacturers, healthcare providers, and patients in reporting systems give rise to questions of causality between medicines or vaccines and adverse events. Adverse event reports are collected and pooled, and sometimes causality is assessed.




	Plasmid

	A small, circular DNA molecule found in bacteria and yeast, used extensively in biomolecular research and genetic engineering, notably in vaccine development. It is physically independent of, and can replicate separately from, the bacterium’s chromosomal DNA.




	Polymerase Chain

Reaction procedure

	Invented by Kary Mullis, PhD, in 1983, the PCR method is an enzymatic assay that can amplify a specific region of DNA*—making billions of copies—and may be used to identify the presence or absence of a known pathogen or gene, however, it cannot reliably diagnose disease.




	PRISM

	CDC’s Post-Licensure Rapid Immunization Safety Monitoring is a near real-time active surveillance system for monitoring the safety of H1N1 influenza vaccine.




	Product Development

Partnership (PDP)

	PDPs are “public–private partnerships established to develop and provide access to new health products—especially vaccines, therapeutics, and diagnostics—for poverty-related and neglected diseases.” PDPs are “nonprofit-making” and generally funded by both public and philanthropic organizations. Their origins can be traced back to the Rockefeller Foundation’s 1994 Bellagio conference, where strategies to accelerate HIV vaccine research and development were discussed. Since then, the PDP model has proven its success in advancing scientific research and development for diseases otherwise lacking commercial interest.




	Proteins

	Molecules made of amino acids, proteins are essential to the myriad of metabolic processes (hormones, enzymes, antibodies) as well as being fundamental to the structure, function, and regulation of the body’s tissues and organs.




	Public-Private

Partnership (PPP)

	Conceived in the mid-1990s and early 2000s, PPPs are long-term partnerships and business relationships between international or governmental agencies and commercial pharmaceutical companies. Public sector programs are merged with private-sector participation, creating an incentive environment that can attract private investment. “PPPs combine the deployment of private sector capital and, sometimes, public sector capital to improve public services or the management of public sector assets.” The International AIDS Vaccine Initiative founded in 1996 is one of the first examples of a PPP. Their objective is to “ensure the development of safe, effective, accessible, preventive HIV vaccines for use throughout the world.”




	Recombinant

	A term used to describe genetic material that has been lab-created by which genetic material and proteins from different species may be combined.




	Recombinant DNA (rDNA)

	rDNA are DNA molecules formed by laboratory methods of genetic engineering that bring together genetic material from multiple sources, creating sequences that would not otherwise be found in nature. The technology of recombinant DNA uses restriction enzymes that cleave DNA at specific sites, allowing sections of DNA to be inserted into plasmids or other vectors.




	Recombumin®

	A recombinant human albumin used in various preclinical, clinical, and marketed vaccines. Human and animal-origin-free, it is produced in the UK by Delta Technology from a proprietary genetically modified yeast strain Saccharomyces cerevisiae. Recombumin® is used in MMRVaxPro® and IXCHIQ® vaccines.




	Replicons (viral RNA)

	Viral RNA replicons are self-amplifying, genetically modified RNA molecules expressing proteins sufficient for their own replication, but which do not produce infectious virions. They are increasingly being investigated as platforms for next-generation vaccine delivery.




	Reverse vaccinology

	This process, pioneered by Rino Rappuoli at Chiron in 2000, utilizes bioinformatics to analyze genome sequences to determine potential vaccine antigens for candidate design. “High-throughput screening of the whole genome of pathogens [is used] to identify genes encoding proteins that exhibit excellent immunogenicity.” The first pathogen addressed using this method was N. meningitidis serogroup B, resulting in the meningococcal B vaccine Bexsero®, approved in 2013.




	Safe

	Traditionally implies “protected from or not exposed to danger or risk.” However, in the medical context, safe means “relative freedom from harmful effect” and that the benefits of a treatment or drug are determined (usually by regulatory agencies) to outweigh the potential risks.




	Serum

	Blood plasma with clotting factors removed, typically used for transferring immunity (antibodies—immunoglobulins) to another, derived from the blood or tissues of immunized animals (notably horses in the case of diphtheria serum) or humans.




	SV40

	Polyomavirus simian vacuolating virus number 40 is a known oncogenic—cancer-causing— DNA virus that can induce primary brain and bone cancers, malignant mesothelioma, and lymphomas in laboratory animals. Persuasive evidence now indicates that SV40 is causing infections in humans today and represents an emerging pathogen. It was first discovered by American scientist Bernice Eddy in the Salk polio vaccine, derived from the monkey kidney cell cultures used to produce the vaccine that was injected into around 98 million people. SV40 has been used extensively in cell research, notably in the creation of HEK293T (Human Embryonic Kidney cell line), whose genome contains the SV40 large T antigen, enabling the production of recombinant proteins within plasmid vectors containing the SV40 promoter.




	Teratogenic

	Any agent, process, or action that is a source of prenatal toxicity characterized by structural or functional defects in the developing embryo or fetus.




	Thimerosal

Thiomersal British spelling

Merthiolate Trade name

Sodium ethyl mercurythiosalicylate

	An organomercury (mercury-derived) compound that is 49.6% ethylmercury by weight.

A 0.01% solution (1 part per 10,000) of thimerosal contains 50 mcg of mercury (Hg) per 1 mL dose or 25 mcg of Hg per 0.5 mL dose. It has been used as a preservative in vaccines since 1929, after pharmaceutical company Eli Lilly discovered its antiseptic and antifungal properties. From 1999–2006, thimerosal in vaccines in industrialized countries has been phased out, replaced largely with 2-phenoxyethanol or phenol. However, thimerosal remains in many vaccines for developing nations, as well as in developed nations in some multidose vials and in “thimerosal-free” vaccines at “trace amount” concentrations of < 0.5 mcg Hg per dose. The WHO refers to “thimerosal-reduced” vaccines as containing only “residual” amounts with a reduction from 50 mcg/mL to 1-2 mcg/mL in the final product. “The effect of vaccines containing thiomersal on concentrations of mercury in infants’ blood has not been extensively assessed, and the metabolism of ethylmercury in infants is unknown.”




	Toxoid

	A bacterial toxin that is inactivated by heat or chemical (formalin), but retains its ability to produce antitoxins in the blood and stimulate the ability of the body to produce antibodies.




	Trace amounts

	






	< 0.5 mcg/μg

	micrograms per mL




	< 500 ng

	nanograms




	< 500 ppb

	parts per billion




	< 0.5 ppm

	parts per million






The Institute of Medicine Committee considers “trace amounts” to be less than 0.5 mcg/μg (500 ng) per dose, left over from the manufacturing process. The Institute for Vaccine Safety at the Johns Hopkins Bloomberg School of Public Health considers “trace amounts” to be less than 0.3 mcg/μg (300 ng). Trace amounts still count for substance that can accumulate and interact with the electrobiochemistry of interconnected systems within the human body, notably via metabolic pathways still not fully understood.




	Unavoidably unsafe products

	According to a 1985 publication Vaccine Supply and Innovation by the National Academy of Sciences: “There are some products which, in the present state of human knowledge, are quite incapable of being made safe for their intended and ordinary use. These are especially common in the field of drugs. An outstanding example is the vaccine for the Pasteur treatment of rabies, which not uncommonly leads to very serious and damaging consequences when it is injected. Since the disease itself invariably leads to a dreadful death, both the marketing and the use of the vaccine are fully justified, notwithstanding the unavoidably high degree of risk which they involve. Such a product, properly prepared, and accompanied by proper directions and warning, is not defective, nor is it unreasonably dangerous. The same is true of many other drugs, vaccines, and the like, many of which for this very reason cannot legally be sold except to physicians or under the prescription of a physician.”




	Vaccination

	Vaccination is an attempt to trick the immune system into providing protection from disease without subjecting the host to the actual illness. A live-attenuated, inactivated, or fragmented pathogen is introduced into the body with the objective to induce lasting immunity from infection. It is a process, the intended outcome of which is immunization, although the term “immunization” is most often inaccurately used to allude to vaccination.




	Vaccine

	A vaccine is a biological product, oral, intranasal, or injected, that aims to provide protection against infectious disease. Vaccines are classified as biologics, as they are active substances made from natural organisms or genetically engineered, consisting of well-characterized proteins. At present, there are six types of vaccines licensed or in development:

1. live-attenuated

measles, rubella, mumps, chickenpox, influenza, rotavirus, polio (OPV), shingles, BCG, yellow fever, mpox

2. inactivated

polio (IPV), influenza (split-virion), hepatitis A, rabies, Japanese encephalitis

3. subunit (recombinant polysaccharide and conjugate vaccines, virus-like particles, glycoproteins); pneumococcal, meningococcal, Haemophilus influenzae, HPV, hepatitis B, shingles, acellular pertussis

4. toxoid (inactivated bacterial toxins)

diphtheria, tetanus

5. viral vector (replicating and non-replicating)

Ebola, COVID-19

6. nucleic acid vaccines (mRNA, sa-mRNA and DNA—currently in development) COVID-19

Smallpox and yellow fever vaccines have also existed as live, non-attenuated vaccines, with smallpox vaccine (ACAM2000®) being the only non-attenuated vaccine still available. No vaccine has ever been evaluated for its carcinogenic or mutagenic potential, or ability to impair fertility in humans.




	Vaccine hesitancy

	The WHO defines “vaccine hesitancy” as a delay in acceptance or refusal of vaccines despite the availability of vaccination services.




	Vaccinia

	A double-stranded DNA virus from the poxvirus family, used as a source for modern smallpox vaccines. Vaccinia is also the name given to smallpox vaccine complications in vaccinated people and unvaccinated contacts, involving swollen lymphs and skin lesions that can lead to necrosis.




	Vaccinology

	The field of science (mostly empirical) that approaches disease prevention and treatment through the research and development of vaccines.




	Vaccinovigilance

	The activities relating to the monitoring, detection, assessment, understanding, and communication of AEFI and other vaccine-related issues to ensure continued safety of vaccines.




	Variolation

	The method of inoculation first used to vaccinate individuals against smallpox with material taken from a patient or a recently variolated individual, in the hope that a mild, but protective, infection would result.




	Varioloid

	In the late 19th century and early 20th century, it meant smallpox of the vaccinated. Today the definition is attributed to a mild form of smallpox that affects people who have already had the disease or have been vaccinated against it.




	Zoonosis

	Any disease or infection that is naturally transmissible from animals to humans.





*RNA can be amplified using reverse-transcriptase PCR (RT-PCR) where RNA is converted to the more stable DNA. This technique was developed after 1983.


What is a vaccine?

“A vaccine, as defined historically, is a suspension of live (usually attenuated) or inactivated microorganisms (e.g., bacteria or viruses) or fractions thereof administered to induce immunity and prevent infectious disease or its sequelae.

“A vaccine, as defined more recently, is a preventative or therapeutic agent that achieves its desired effect by stimulating the immune system of the individual.”

US Markets for Vaccines: Characteristics, Case Studies, and Controversies

Ernst R. Berndt, Rena N. Denoncourt, and Anjli C. Warner, 2009

https://www.aei.org/wp-content/uploads/2014/07/-us-markets-for-vaccines_164855346063.pdf

How are vaccines administered?

Vaccines are given as either intramuscular (IM), subcutaneous (SC), or sometimes intradermal (ID) injections—the vast majority of vaccines are given as intramuscular injections in the thigh or upper arm.

Vaccines should never be injected intravenously.

Vaccines may also be administered as oral drops for ingestion—as is the case for Sabin’s live polio (OPV), cholera, and rotavirus vaccines, or given as a nasal spray in the case of FluMist®/Fluenz® influenza vaccine. The adenovirus type 4 and type 7 vaccines for military troops are ingested as oral tablets, and the live-attenuated typhoid vaccine Vivotif® is given as oral capsules.
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Introduction 
A Brief History of Vaccination

While there are many publications that delve into the history of vaccination—covering early inoculation methods through to the novel nanotechnology and bioinformatics era of the 21st century—the goal of this thoroughly researched historical timeline is to provide a chronology of key facts on vaccines. While not all events mentioned in this timeline are specifically related to vaccines, they are included to provide historical context of the medical and societal environment at the time, and as a reminder of some important global events.

Vaccines have been around for over 200 years, and while the technology is significantly more sophisticated, the basic principle remains the same: trick the body into mounting an immune response to a particular pathogen to provide memory and protection from future infection. The efficacy of the vaccine-induced immune response is typically measured by the presence of specific antibodies or T-cells in the blood.

It is interesting to note that the healthcare industry was largely born out of the military, with the first hospitals built for the army during times of war, and health insurance established to cover the medical costs of soldiers and to provide compensation for disability. It is no coincidence that there is much military language embedded within modern medicine. Vaccines have been developed in military laboratories, universities, and companies with ties to governments, including the US Department of Defense. Many vaccines have been developed under biodefense programs (anthrax, plague, botulinum toxin, Ebola) as well as tested on soldiers, often without their informed consent. Biological warfare inherently includes vaccine research and development, as it is the primary countermeasure in case of a biological attack. Dual-use vaccine research can be used for civilian and military applications, for both defensive and offensive purposes.

The initial methods of smallpox variolation consisted of blowing dried smallpox pustule powder up the nostrils, or scaping raw infectious matter from one arm to the next, also called engrafting. These methods are thought to have originated in China and India, spreading throughout Asia in the 1500s, and then to Europe in the early 1700s, thanks to several artistocratic advocates. In the late 1790s, an English country doctor, Edward Jenner, created the first smallpox inoculation using cowpox or horsegrease, which became widely enforced worldwide. The main strategy to circulate and conserve the smallpox vaccine was arm-to-arm vaccination, also known as Jennerian or “humanized” vaccination. Children were often used as vessels to transport the vaccine, and could transmit other human diseases like syphilis through this inoculation method.

When mass vaccination began in the early to mid-1800s, many countries implemented legislation to mandate smallpox vaccine, with non-compliance punishable by fines or imprisonment. Isolation of the sick and the two-week quarantine of exposed individuals became common practice to combat contagion. The invention of the first syringes allowed a direct entry point into the body, and would soon change the administration of vaccines. Another major advance in the vaccination technique took place after 1860, when calves would be used to propagate pox materials, known as “animal vaccine.” This safer, more practical approach allowed the production of larger amounts of vaccine and led to the creation of numerous vaccine farms, mostly by medical doctors who saw an opportunity to respond to the increasing demand and to make a profit. Vaccine farms would also produce and commercialize diphtheria and tetanus antitoxins from the blood of horses and sheep.


“Popular medical treatments in the 1700s to early 1900s included bloodletting, noxious powders, mercury-based medicine (mercury cyanide*, mercuric iodide, mercury benzoate, calomel or mercuric chloride), arsenical solutions, leeches and blistering with hot irons. As a medicine, mercury was as ubiquitous as aspirin is today.”

*used for the treatment of conjunctivitis (pink eye) from the mid-1700s until the 1950s.

—Forrest Maready, The Moth in the Iron Lung (2018)



[image: images]

The late 1800s saw the explosion of bacteriology and medicine, which coincided with the acceleration of the electrical industrial revolution. Colonial regimes were the first to set up tropical public health programs, primarily to protect their investments, their labor force, upon whom many vaccines were tested and imposed.

By the beginning of the 19th century, vaccine materials were shipped globally. During this time, variolation evolved into live-viral smallpox vaccination and by the end of the century, tetanus and diphtheria antitoxins, plague, cholera, and typhoid antiserums, as well as rabies vaccines, had been developed. Pasteur Institutes were established globally. This was a period characterized by an awakening in public health and recognition of the importance of sanitation. Social reforms were implemented to improve cleanliness through the treatment of waste, access to clean water, and better living and working conditions.

In the early 1900s, laws were enacted to protect the public from contaminated and unsafe products derived from the coal-tar and chemical dye-based companies that were the predecessors to the modern pharmaceutical industry. Medical education was also transformed during this period, steering the focus away from natural remedies to petroleum-based pharmaceuticals. The First World War was the first international conflict where chemical and biological weapons were used strategically by both sides on the battlefield. The end of this war was swiftly followed by another lethal event with the global outbreak of the Spanish Flu, killing more people than the war.

By the 1920s, many vaccines were marketed and available worldwide for both civilians and the military. This era also saw the expanded use of surgery and radiotherapy. The evolution of sanitary conferences and international collaboration marked the beginning of the first global health organizations, responsible for setting standards and coordinating public health intelligence on mortality and morbidity worldwide—notably for managing shipping ports. This decade also saw the evolution of eugenics into a global movement to improve the human race, leading to the creation of sterilization laws in the following decade in the US and Europe.

In the 1930s, vaccines for pneumonia, influenza, meningitis, yellow fever, typhoid, rabies, tetanus, tuberculosis, diphtheria, and pertussis were available. Data on the uptake of these vaccines is unknown, but army troops were often the first to be injected, along with institutionalized adults and children. The electron microscope was invented, and for the first time scientists could observe nanosized organisms, leading to the identification of the influenza H1N1 strain.
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1898 Anti-tetanic serum by Parke, Davis & Co. © Division of Medicine and Science, National Museum of American History, Smithsonian Institution

The 1940s bore witness to the atrocities of the Second World War with its targeted genocide and abhorrent treatment of humans in the name of science, not only in Germany, but also in Japan. The end of the war inspired the creation of the Nuremberg Code—a set of ethical research principles designed to protect people from inhumane experimentation, highlighting the importance of informed consent. By the late 1940s, the first triple combined vaccine DTP was commercialized as well as the freeze-drying technique, which revolutionized vaccine production and storage. This decade marked the beginning of the Cold War and saw the establishment of the United Nations and the World Health Organization. It was also the the decade of the “Green Revolution” which repurposed the nitrogen-based explosives of WWII into synthetic fertilizer and pesticides for high-yield industrialized agriculture.

By the 1950s, deaths from infectious diseases were in steep decline except in countries where poverty, inadequate access to healthcare, and unsanitary living conditions prevailed. Only five vaccines—smallpox, combined diphtheria, tetanus, whole-cell pertussis, and BCG* tuberculosis—were routinely recommended. Typhoid and yellow fever vaccines were given to troops, as well as to travelers heading to Africa, South America, or Asia. Influenza vaccines were obligatory for soldiers in the US. This decade saw the characterization of DNA and the invention of cell culture methods that would change the landscape of vaccine development. Cell culture methods reduced the need for expensive live animals and paved the way for advances in molecular biology, as well as industrial mass production. Scientists would discover viral contamination in the recently released and highly publicized Salk polio vaccines with the oncogenic monkey virus SV40, and also identified other viral contaminants in mass-produced vaccines. This would influence the shift in research on viruses as the possible cause of cancer in the next decade.

The 1960s saw the development of the first antiviral drugs and the birth of psychiatry. Major advances in vaccine development allowed for the licensing of vaccines against polio (Sabin’s live oral version), measles, mumps, and rubella as well as the first inactivated split-virion vaccines against influenza. Following the thalidomide tragedy, the FDA enacted laws that required proof of efficacy from pharmaceutical manufacturers before licensing new drugs in the USA. By the late 1960s, the US military had developed a formidable biological arsenal that included numerous biological pathogens, toxins, and fungal plant pathogens to induce illness, death, crop failure, and famine. This period also witnessed the mass medication of the American people, mainly women, with benzodiazepine-based neuroleptic drugs like Valium® and Librium®.

The 1970s were defined by the acceleration of biotechnology, creation of recombinant DNA, and President Nixon’s declared war on cancer. This initiated an intensive research program into viruses and also advanced biodefense projects using viruses as possible pathogenic agents for weapons. The recombinant DNA era offered wide opportunities for the enhancement of germ warfare technology. By the end of the decade, new vaccines against meningitis and pneumonia were available, and the first “anti-cancer” vaccine, Merck’s hepatitis B vaccine, Heptavax® came into existence.

The 1980s introduced the first vaccines made from genetically modified organisms—typically bacteria and yeast—while older vaccines were updated to include synthetic biologically active substances. In the USA, vaccine makers were granted immunity from injury caused by their products in order to ensure a continued supply of vaccines, which had been threatened due to increasing litigation. There was also a paradigm shift in that vaccine manufacturers and academic researchers were now heavily invested in filing patents for their work and receiving royalties. AIDS also arrived on the scene, and despite the declaration of a vaccine being available in less than two years, after billions in funding and forty years of research, there is still no approved vaccine. By the late 1980s, new vaccines against Haemophilus influenzae type b were added to the childhood schedule.

By the 1990s, biotech and the recombinant genetic technologies had revolutionized vaccine manufacturing. The ability to file patents on taxpayer-funded inventions encouraged an increasingly aggressive attitude to the protection of intellectual property. This created an ideological move towards vaccines being a liability-free, profitable product—not just a public health tool. Several new and improved vaccines arrived promising protection from meningitis, rotavirus, pertussis, and pneumococcal infections. The childhood vaccination schedule expanded considerably with an ever-growing list of increasing doses given as combination shots. The end of the Cold War also significantly opened previously closed communist countries to vaccine manufacturers looking to expand their global markets.

By the end of the 20th century, gene editing became common practice and most vaccines on the market were genetically engineered and patented. Several new pentavalent and hexavalent vaccines were added to the vast portfolio of modern and proprietary vaccine products. Together with an accelerating biosecurity agenda, extensive public and private funds were allocated to the development of defensive biological warfare countermeasures, with it advancing research into the creation of completely non-natural pathogens.

The 21st century welcomed the new age of nanotechnology with its various applications in medicine and bioengineering. Synthetic biology, artificial intelligence, bioinformatics together with nanotechnology have defined the progress in the early 2000s, promising to advance medical treatments, as well as new biological weapons. With the recently commercialized mRNA platform, the biotech industry—in partnership with vaccine makers—has developed an impressive pipeline of vaccines for both infectious and chronic diseases (cancer) using novel technologies. The first ever synthetic DNA and mRNA vaccines were approved, opening the doorway to a “bio-nano era” of many more synthetic organisms and foreign genetic information to be included in future biologicals. The market for vaccines to prevent and treat cancer, heart disease, and autoimmune disorders is driving investment and innovation in the field of precision vaccinology, using protein engineering and in silico research, designing genetic payloads as active ingredients. These technologies have the advantage of being easily customizable and scaled-up, as well as cheaper to produce than traditional vaccines.

Every effort has been made to make the following vaccine timeline as comprehensive as possible, focusing primarily on the routinely recommended vaccines available for civilians and troops in the USA, Europe, and Switzerland—including some references to Africa, Asia, Australia, and South America.

This timeline is followed by important complementary information on discontinued vaccines, different vaccine types and schedules, along with material on vaccine safety concerns, including a summary of IOM reports. It concludes with the comprehensive illustrated timeline of vaccine manufacturers and pharmaceutical beginnings, acquisitions, and mergers up to mid-2024.


All events directly related to vaccines are highlighted in the color of this background box, and dates showing the introduction of vaccines are marked with a star. [image: images]





*Though available, BCG was never routinely recommended in the USA.







	A Chronology of Vaccination

	570–1767











	YEAR

	EVENT




	
	VACCINE-RELATED EVENT*











	570

	“Variola” a.k.a. smallpox is named by Bishop Marius of Avenches, Switzerland. The word is derived from the Latin varius meaning “stained” or from varus, meaning “mark on the skin.”




	700

	First accounts of variolation in China.




	910

	Persian physician Rhazes distinguishes measles from smallpox and notices the acquired immunity to smallpox in those who survive the disease.




	1063

	[image: images]

Smallpox inoculation, or variolation: Chinese text is written by a Buddhist nun describing the practice of grinding scabs of smallpox victims into fine powder and blowing it into the nostrils of non-immune people.




	1167

	An elaborate sewage system separating running water, rain drainage, and waste is first illustrated as a plumbing diagram by Christchurch monastery in Canterbury, UK.




	1346

	The Siege of Caffa (a Genoese-controlled seaport) is reported as being the first recorded incidence of biological warfare. Victims of the plague are used as weapons by the Mongol-Tartar army, who catapault plague-infected cadavers into the city. The disease is transmitted to the inhabitants, and fleeing survivors spread the plague from the Crimean city of Caffa (now Feodosia, Ukraine) to the Mediterranean Basin.




	1347

	Bubonic plague a.k.a The Black Death begins, killing an estimated 75 million people. It originates in Asia, spreading to Crimea, then Europe and Russia.




	1357

	The term influenza is first used in Italy to describe a disease, meaning “influence.”





*Includes events relating to variolation and inoculation.

[image: images] Vaccines introduced







	1400s

	At the end of the 15th century, the term “small pockes” is first used in England
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