Topic: Cures that Changed the World

Vaccination is one of the greatest cures that changed the world. It is hard to determine when vaccines have officially become an accepted practice due to the long and complicated history of its discovery. However, in 1796, when Edward Jenner had attempted to use inoculations for treating the highly infectious and infamous virus named smallpox, the popularity and usefulness of vaccines has grown rapidly since then. A vaccine is defined as a biological preparation which offers an active acquired immunity to either a specific malignant or infectious disease, where the effectiveness and safety of it have been comprehensively studied and verified throughout all these years. Regarding the component of a vaccine, it usually contains an agent that is made of a killed or weakened form of a particular microbe, one of its surface proteins or its toxins, resembling the disease-causing microorganism in order to stimulate the immune system in our body to destroy and recognize it.

Concerning the biomedical approach of vaccine, it works by providing a long-lasting immunity to some serious or highly infectious diseases as it can benefit our immune system to fight against infections more quickly and effectively once we have been injected with the vaccines. In other words, when our immune system detects pathogen from the vaccines, it will begin to release antibodies in order to attack, destroy or weaken the pathogen. Besides, the memory cells in our immune system can remember the pathogen. Once the pathogen invades our body again in the future, the white blood cells in our body can efficiently recognize and destroy the pathogen before it can multiply rapidly and make us feel sick. Therefore, it is undeniable that vaccination is the most effective, direct and safe way to protect and prevent us from infectious disease nowadays.

Using the smallpox virus as the case example. Vaccination and smallpox are closely related as the invention of the first vaccine to prevent smallpox infections by Edward Jenner the English physician has eventually lead to a successful eradication of smallpox globally, as well as resulting in the further development of many others life-saving vaccines in later years. 
Smallpox is a highly infectious and deadliest disease with no cure in the past before vaccine is invented. It was first found in the early 1350 BC during the study of Egyptian mummies. The smallpox virus has killed more than hundreds of millions of people throughout thousands of years, including people who are young, old, rich or poor. Approximately one in three people who were infected would lost their life. The symptoms of smallpox virus were usually severe, for instance high fever, mouth sores and vomiting, leading to lesions filled with fluid all over the body. It could also result in death in a very short period of time, typically within two weeks. Even the ones who survive will suffer from serious complications like infertility and blindness, affecting people’s health drastically.

Variolation, which is in form of inoculation was first introduced in European countries in 1721 by Lady Mary Wortley since she had been observing similar practices being done in the Ottoman Empire. At the same time in some American colonies, the technique of variolation had been publicized and widely debated for the use on humans in order to tackle the outbreak of smallpox virus in Massachusetts. Until May 1796, as mentioned in earlier paragraphs, the first vaccine was invented with the composition of a cowpox sore on the hand of a local milkmaid named Sarah Nelmes, where cowpox are believed to be fought and protected against smallpox in local communities at that time. Therefore, Doctor Edward Jenner had attempted to try the first vaccination on a boy named James Phipps, who was 8 years old. After the vaccination, Phipps had been feeling sick for a few days but successfully made a full recovery, proving that the concept of vaccines actually works. Edward Jenner had inoculated another vaccine on the boy two months later, with the composition of a human smallpox sore this time so as to test his resistance. He had remained in a good health
afterwards. Phipps had then become the first person to be vaccinated and immune to smallpox. The first invention of smallpox vaccine has been developed into better versions and various generations in later years, until the smallpox virus is fully eradicated. During the 1800s and 1900s, a variety of vaccines were invented in response to several life threatening diseases, for example tuberculosis, cholera and rabies. All vaccines basically work in similar concepts until the invention of a new technology in recent years named mRNA, which is also currently applying on the vaccines treating Covid-19 pandemic. It has no doubt that the invention of vaccine is a significant milestone in the biomedical study and development, enhancing the advancement in medical field. 

Last but not least, concerning the social approach of vaccination, it is ideal and essential to create a herd community, where the majority of the population is protected by vaccination. In this case, diseases will become less likely to be spread due to fewer susceptible citizens remaining in the society. Creating a herd community is especially important for protecting people who cannot receive vaccinations from infections, for instance infants or those with weak immune systems. Besides, with less people infected, it can reduce the burden of public hospitals and healthcare services, as well as lowering the medical expenditures of the local government, so that more money can be allocated in other aspects, benefiting the society as a whole. To conclude, by creating herd communities, the public health of different countries can be enhanced.

Apart from vaccination, another cure that changed the world is gene therapy, which is also a recent breakthrough in the biomedical field. Gene therapy works by modifying one’s genes in order to cure or treat a disease. There are several mechanisms of gene therapy. The first way is by replacing the disease causing gene with a healthy copy of the same gene. The second way is by inactivating the disease causing gene that cannot be functioned properly. While the three way is by introducing a modified or completely new gene into our body in order to combat a disease. In current years, various kinds of gene therapy products are invented in our society and are commonly used to treat different diseases such as genetic diseases, cancer or infectious diseases. 

Different types of gene therapy products will provide different biomedical functions and cures. There are five major types of gene therapy products, including plasmid DNA, bacterial vectors, viral vectors, human gene editing technology as well as patient-derived cellular gene therapy products. For plasmid DNA, the circular DNA molecules will be genetically engineered so that the therapeutics genes can be carried into the human cells. The bacterial plasmids may also bring several health benefits to our body such as heavy metal tolerance, virulence, antimicrobial resistance as well as enhancing the catabolism of some unique nutrient sources. As for the bacterial vectors, the bacteria is being modified in order to prevent them from giving rise to infectious disease and it is also used as vectors to transport therapeutic genes into human tissues. Multiple medical benefits are found in bacterial vectors, for example it increases the potential of multiple vaccine delivery routes, effectively stimulates both the innate and adaptive immune systems and provide better regulation of the in vivo localization and the amount of antigen expression. Besides, the manufacturing costs of producing bacterial vectors are relatively lower and suitable for administration in large scale. 

Regarding the viral vectors, some gene therapy products are developed from viruses as viruses have the natural ability of delivering genetic materials into body cells. However, the viruses still need to be modified in order to eliminate their ability to result in infectious diseases. The modified viruses will be used as vectors to transport therapeutic genes into human cells. By replicating the viral vectors, natural infections ca be initiated. In this case, 
cytokines and some other stimulatory molecules can be induced, providing an useful adjuvant effect as well as enhancing the cellular, mucosal and humoral immune responses. For the human gene editing technology, its main purpose is to repair mutated genes or disrupt harmful genes. The major benefits of human gene editing technology is being able to provide a more accurate and quicker diagnosis, so that targeted treatments can be carried out. Besides, it also prevents genetic disorders effectively. Last but not least, concerning the patient derived cellular gene therapy products, it works by removing specific cells from the patients. After genetically modifying the cells, they will be returned back to the patient’s body. 

Using the first gene therapy as an case example. In September 1990, the first approved gene therapy was performed by W. French Anderson and his colleagues on a four years old girl named Ashanthi de Silva, who was suffering from a severe combined immunodeficiency (SCID) due to the lack of an enzyme named adenosine deaminase (ADA) (Anderson, 1990). Due to the lack of ADA, the T cells of the girl died off, causing her unable to combat against infections. The doctors had first attempted to save the girl by injecting a synthetic ADA enzyme, but it only worked temporarily for a short period of time. Therefore, the doctors finally decided to use a disabled virus that cannot spread any disease to transfer a healthy ADA gene into the blood cells of the girl. The success of the first gene therapy case had resulted in more trials for patients with similar forms of SCID in the 1990s. Until now, Silva is still living and being active in the rare disease community. The success of the first gene therapy practice has led to more studies, development and testing in the gene therapy field.

Nowadays, all of the gene therapy products are properly regulated by the FDA’s Center for Biologics Evaluation and Research (CBER). Besides, before carrying out clinical studies of human in the United States, it is required to submit an investigational new drug application (IND) to ensure the safety of the experiments. Even though there are still risks exist in gene therapy, it is undeniable that gene therapy is significant in healing people with rare diseases as well as making a huge impact on global health. It has no doubt that gene therapy has owned an irreplaceable place in the development of modern medicines. It is crucial to provide lifelong cures for some infectious and non-infectious diseases such as sickle cell disease, HIV, heart disease, cystic fibrosis and haemophilia, which have affected many people around the world, especially those living in the low-income countries.

Last but not least, regarding the philosophy of medicine, it is a field that tends to explore and investigate fundamental issues in research, theory and practice in health science, especially the epistemological and metaphysical topics. The Hippocratic corpus and other ancient texts are likely its historical roots, and from at least the 1800s, there have been extensive scholarly discussions on the philosophy of medicine's key ideas. Since there are now specialized journals and professional organizations, a fairly well-established canon of scholarly literature, and distinctive questions and problems, it is reasonable to assert that philosophy of medicine has established itself. There have been debates in the past about whether there is a distinct field appropriately referred to as "philosophy of medicine" (e.g., Caplan 1992). Bioethics is often regarded as a separate topic and is not covered in this page (although see the entry on theory and bioethics for more information), despite the fact that ethics and values are part of many issues addressed within the philosophy of medicine. Given that it examines essential elements of medical practise that regularly come up in bioethics, such as ideas of sickness, philosophy of medicine nevertheless serves as a foundation for many discussions within the field of bioethics. The philosophy of medicine has also contributed significantly to discussions on the practical uses of scientific knowledge as well as the philosophy of science in general, particularly with regard to how explanation, causality and experimentation are understood. Finally, discussions on approaches and objectives in both research and practise in the medical and health sciences have benefited from the philosophy of medicine.
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