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Science and Scientists 

 
 
Science is asking and seeking answers to questions about the natural world. The knowledge that 
scientists have gained over the centuries is like a video game.  Learning about one thing (solving one challenge) 
“unlocks” new areas to investigate (new levels), poses new questions, and provides scientists (or gamers) with the 
“tools” (knowledge, skills, and sometimes actual tools) to begin solving the next challenges.  For the non-gamers, 
it is like learning to read – first you had to master the alphabet, phonics, and sight words. Then you began to 
read sentences, then paragraphs, and eventually books. Now you are reading this. 
 
Scientists are curious and creative. Scientists are also very observant and skeptical. When scientists 
address a new question, they use their knowledge and experience to look at the question from different 
perspectives. They interact with each other, study what others have learned in the past (science is an enterprise), 
ask lots of questions, develop hypotheses, and perform experiments in their search for answers.  This involves 
asking the right questions to seek answers to the unknown. 
 
Scientific progress is made by asking meaningful questions and conducting careful investigations that lead to 
new knowledge and new evidence. 
 
Scientific knowledge is based on empirical evidence. 
 
Scientists often use hypotheses to develop and test theories and explanations. Scientists all over 
the world follow the Scientific Method, a universally accepted process. Scientists, who may live on the other side 
of the world and speak a different language from one another, can understand the process, replicate the 
procedure, and verify the results.  
 
Scientific investigations use a variety of methods, tools, and techniques to revise and produce 
new knowledge. Each field of science may use different tools and techniques, but the process is the same.  For 
example, a medical researcher studying the Ebola Virus in gorilla populations will use microscopes, blood 
samples, and ask questions about transmission, incubation, and outcomes. A zoologist studying gorilla behavior 
will use field observation, cameras, tagging, and ask questions about family hierarchy, troop movement, and diet 
perhaps. 
 
  



 
Edward Jenner's discovery of vaccination is an excellent example of the  
Scientific Method – observation, hypothesis, experimentation, 
data analysis, and conclusion – and ranks as one of the most 
important medical advances of all time. 
 
It represents the first scientific attempt to control and prevent an 
infectious disease by the deliberate use of vaccination and established 
the groundwork for all future study in virology, vaccination, and 
disease prevention. 
 
Strictly speaking, Jenner did not “discover” vaccination, but was the 
first person to pursue its scientific investigation.  For many years, he 
had heard the inherited knowledge among milkmaids that they were 
protected from the deadly disease, smallpox, if they had caught and 
recovered from cowpox (carried by the cows they milked).  Jenner 
hypothesized that cowpox not only protected against smallpox, but that 
it could be taken from a cow and transmitted to a person, and to 
another, to provide protection against future exposure to smallpox 
without these individuals having to work or associate closely with 
cows (as the milkmaids did).  
 
He tested his hypothesis in May 1796, with the help of the milkmaid, 
Sarah Nelms, who had a fresh case of cowpox.  Jenner used pus from 
her sores [lesions] to inoculate [introduce the pus into a cut] a young 
boy, James Phipps. The boy developed mild fever but recovered 
quickly.  In July, Jenner inoculated the boy again, this time with pus 
from a fresh smallpox lesion. He did not get smallpox, and Jenner 
concluded that he was protected. Jenner called this new procedure 
vaccination – [ from the Latin word for cow – vacca, and cowpox – 
vaccinia].   
 
In the two hundred years following Jenner’s discovery, many people 
continued to die from smallpox who were not vaccinated – an 
estimated 300 million people died from smallpox in the 20th 
century alone – but many were also vaccinated and did not contract 
smallpox.  Eventually, the smallpox vaccine was developed and given 
via a hypodermic needle – no need for pus!  Have you ever noticed 
round scars on the upper arms of people who are about 50 and 
older?  These are smallpox vaccination marks.  With more and more 
people being vaccinated, fewer and fewer people had smallpox, and 
fewer people were exposed to it.  Eventually, no one had it, and therefore, no one could catch it.  On May 8, 
1980, the World Health Assembly announced that the world was free of smallpox and recommended that all 
countries cease vaccination.  Smallpox is one of only two diseases that have been totally eliminated.  The other  
  

The Nature of Science and Virology 

The Scientific Method 
 
 
• It is an ongoing process.  
• It is collection of techniques or 

practices for investigating 
phenomena, correcting or 
revising current, or gaining 
new, knowledge. 

• It is based on measurable 
evidence. (Quantitative) 

• It is based on observations. 
(Qualitative) 

• It tests ideas and items via 
experiments. 

• It uses a variety of methods. 
 

To be termed “scientific”, an 
inquiry must be based on 
empirical (information acquired 
by means of observation or 
experimentation) and 
measurable evidence. 



is Riderpest, a cattle disease. (Technically, smallpox still exists on Earth – as virus samples in deep freezers in 
laboratories in the US and Russia).  Read more about Smallpox and the World Health Organization’s work to 
eliminate it. 
 
Class Discussion: Describe ring vaccination and herd immunity. How do they work? 
 
Smallpox is an infectious disease. An infectious disease results from the presence of a pathogen – like viruses, 
bacteria, fungi, or protozoa – within a living system. Unlike genetic diseases (that are in your genes at birth), an 
infectious disease is transmitted from an outside source. This transmission can occur in a number of different 
ways: some diseases like the flu, tuberculosis, and meningitis are commonly acquired through contact with 
aerosolized droplets, spread by sneezing, coughing, talking, or kissing (hence the common name of 
mononucleosis as “The Kissing Disease”).  Other infectious diseases, like Cholera or those caused by E. Coli, 
are often transmitted and acquired by eating or drinking contaminated food and water. Some infectious 
diseases, like HIV, Ebola, or Hepatitis C are spread as a result of contact with a contaminated object like used 
hypodermic needles, or contaminated human fluids, like blood.  Other infectious diseases like West Nile, Zika, 
Malaria, Lyme Disease, or Typhus involve a “vector” like a mosquito, flea, or tick that transmits a disease from 
one person to another via bites.  Most of us have immunities to many infectious diseases (like mumps, measles, 
polio, and tetanus) due to vaccinations.  
 
Vector-Borne Disease 
Vectors are living organisms that can transmit infectious diseases between humans or from animals to humans. 
Many of these vectors are bloodsucking insects, which ingest disease-producing microorganisms during a blood 
meal from an infected host (human or animal) and later inject it into a new host during their subsequent blood 
meal.  
 
According to the World Health Organization, vector-borne diseases account for more than 17% of all 
infectious diseases, causing more than 1 million deaths in the world annually.  Malaria alone causes more than 
600,000 deaths globally every year, most of them children under 5 years of age.  
 
Lyme disease is one of the fastest-growing vector-borne infections in the United States. The Center for Disease 
Control (CDC) estimates that there are 300,000 new cases of Lyme disease each year in the U.S. 

Mosquitoes are the best-known disease vector. Others include ticks, flies, sandflies, fleas, triatomine bugs, and 
some freshwater snails.  

Examples of Vector-Borne disease 
Bubonic Plague 
Chagas Disease  
Chikungunya  
Crimean-Congo Hemorrhagic Fever  
Dengue  
Hanta Virus 
Japanese Encephalitis  
Leishmaniosis  
Lyme Disease  
Malaria  
Nipah Virus 
Schistosomiasis 
Typhus 
Yellow Fever  



 
Class Discussion:  Why haven’t these microbes and viruses been eradicated like smallpox? 
 
According to the World Health Organization, infectious diseases are the leading cause of 
deaths of children and adolescents, and one of the leading causes in adults worldwide. 
Since infectious diseases come from outside sources, many can be prevented, and 
biomedical research is working to find preventions, or cures to the others that are now 
known, and are ready to confront the appearance of new infectious diseases.  
 
The Discovery of Viruses 
Smallpox is also caused by a virus.  The name “virus” was coined from the Latin word 
meaning slimy liquid or poison. Viruses are so small they cannot be observed through most 
microscopes.  While bacteria were “discovered” (they had of course existed for eons before 
a scientist saw them under the microscope) viruses were not known to be a separate thing 
until almost the beginning of the 20th century.   
 
In 1892, Dmitri Ivanovsky, provided the first evidence for the existence of a non-bacterial 
infectious agent when he was studying Mosaic Tobacco disease.  Ivanovsky (and in 
experiments repeated in 1898 by Martinus Beijerinck) found that infected sap from a 
tobacco plant still remained infectious even after being processed through unglazed 
porcelain filters (the standard procedure for removing contaminates at the time).  When he 
found that his “filtered” product still had contaminants, Ivanovsky began to understand 
that something remained in the “slimy liquid” – that viruses existed.  This is generally 
accepted as the beginning of Virology – the study of viruses. 
 
The Beginnings of Virology 
The first human virus to be isolated was Yellow Fever, a devastating disease that has killed 
tens of millions of people. Yellow Fever was thought to be caused by the mosquito, but it 
was not until 1901 that Walter Reed (a military doctor and researcher) discovered that 
yellow fever was caused by a virus. The discovery of mosquitoes as the virus carrier (vector)  
led to the introduction of aggressive mosquito control, as well as the beginning of the study 
of vector-borne diseases.  
 
Scientific knowledge has a history that includes refinement of, and changes 
to, theories, ideas, and beliefs over time.  Scientists built upon the new knowledge 
of viruses rapidly.  With this new knowledge they were able to learn more about diseases 
they had known about and studied for a long time, but now could now understand the 
cause, biologic processes, and transmission of the diseases. Within 30 years of discovery 
that viruses even existed, scientists had isolated many others including, Rabies in 1903, 
Variola (smallpox) in 1906, and Poliovirus in 1908.  This knowledge then led to the 
development of vaccines, and new treatments.  
 
Technological advances have influenced the progress of science, and science 
has influenced advances in technology. In fact, it was not until 1930 that the first 
virus was actually seen by the human eye. The invention of the electron microscope helped 
scientists to vaguely see what a virus looks like. The continued development of the study of 
virology required a string of other new technical developments from the progressive 
refinement of the electron microscope, to high-speed sequencing of RNA and DNA, to the 
Level 4 Biosafety Laboratories of the CDC.   
 
  



The discovery of new viruses and the development of new vaccines continues to the present.  Since the 1970s, 
about 40 NEW infectious diseases have been discovered, including SARS and MERS (both Coronaviruses), Ebola 
(a Filoviridae), Chikungunya (an Alphavirus), Avian and Swine flu (Orthomyxoviruses).  Many vaccines have been 
developed – a new Influenza vaccine every year, vaccines for HPV, Hepatitis B, Rotavirus, Haemophilus 
influenzae Type B, Pneumococcal, Varicella (chickenpox), Hepatitis A, and Meningitis, among others.  A new 
vaccine for Ebola Virus is being tested now. 

 
 
 
Scientific findings are based on recognizing patterns. Look at the names of these viruses. They appear 
strange, but they are actually organized carefully by scientists into categories.  Taxonomic orders arrange like 
things together – mammals with other mammals, grasses with other grasses, viruses with other viruses, and then 
separate these groups into even smaller groups, felines with other felines within the mammals; grains within the 
grasses; Filovirus with other Filovirus.  In this case, it is a small group.   Filoviridae is the taxonomic home of 
several related viruses that form filamentous infectious viral particles. Ebola is one. Marburg Virus is another.  
Being able to characterize viruses and bacteria was a great step for the advancement of medical research and 
care.  The discovery of Lyme Disease is a good example of why.  
 
Class Discussion: Why does organizing things help science? 
 
Lyme Disease is caused by the bacteria Borrelia burgdorferi (it wasn’t officially classified until 1981) discovered by a 
scientist who was studying Rocky Mountain Spotted Fever that is caused by the bacteria Rickettsia rickettsii 
(transmitted by a tick bite).  He noted similarities with the disease afflicting people in the area of Lyme, CT to 
Rocky Mountain Spotted Fever. By understanding that scientific knowledge follows natural laws and present 
patterns, he hypothesized that the diseases were connected or similar. His understandings lead to the important 
information that like Rocky Mountain Spotted Fever, Lyme Disease was being transmitted via tick bites.  This 
helped with future disease identification and control. 
 
How Are Vaccines Developed? 
In developing a vaccine, scientists must understand the way the virus works, how it is transmitted, and develop a 
compound that will initiate an immune response inside a living body (human or animal depending on the virus).  
The College of Physicians of Philadelphia has an excellent site that details the process of vaccine development 
and how a vaccine works. 
 
Once researchers have a vaccine they understand will work to generate an immune response inside a body, the 
compound must be tested in the laboratory in pre-clinical trials.  Pre-clinical trials involve animal models that 
assist researchers in furthering knowledge about the interaction of the disease and the effectiveness of the trial 
vaccine.  Since animals are biologically similar to humans and are susceptible to many of the same disease and 
health problems – for example, ferrets are an excellent model for vaccine research – animal models are critical 
for scientists to evaluate efficacy (how effective a new drug is) and safety (what are the side-effects). In addition to 
the scientific benefit of pre-clinical trials, for ethical reasons, the U.S. government requires that researchers 



conduct such tests with animals before new drugs, devices, and treatments are allowed to be tested on humans 
during the clinical trial phase.  Clinical trials take place in hospitals and clinical settings and involve informed 
human volunteers to study the safety and effectiveness of drugs, vaccines, medical devices, or surgical 
procedures.  There are a number of rules and laws about who can participate in such trails.  Within this stage, 
there are three phases, all done in careful coordination and with the approval of the federal Food and Drug 
Administration (FDA). 
 

 
 
Many decisions are not made using science alone but rely on social and cultural contexts to 
resolve issues. Sometimes the process of scientific research touches on issues that society finds controversial.   
Stem Cell research, genetically modified organisms (GMOs), therapeutic cloning, human testing, and animals in 
medical research are examples of “science-based societal issues”.  The role of animal models in medical research 
can be a controversial societal-based issue.  It is unethical to try new drugs on humans without thorough testing 
to gain a broad and deep understanding of how a human may react and respond. It is also federal law that 
human studies can only begin after exhaustive studies and regulatory evaluation, including pre-clinical trials, 
have been conducted. 
 
 
Class Discussion: Why don’t medical researchers just test on humans first? 
 
 

 
 
 

THE 3 Rs of Biomedical Research 
Researchers work to practice humane and ethical research and to take into consideration such issues.  The 3 
Rs is an example of how researchers practice humane and ethical pre-clinical research that include animal 
studies. 
 
Researchers avoid the use of animals in research whenever possible and are constantly searching for 
alternative methods.  They subscribe to "The 3 Rs" – (Reduction, Refinement, Replacement).  They look for 
ways to reduce the number of animals necessary to obtain valid scientific results. This, in some studies, eliminates 
the use of animals. Researchers also refine experimental techniques and existing research methods.  This 
includes new and more effective anesthetics and analgesics, species-appropriate housing, and enrichment 
activities. And researchers seek to replace animal models with alternative research methods whenever possible. 
Computer models or cell and tissues cultures are examples. 
 
In fact, the development and validation of alternatives to animal models in research, and the refinement of 
existing research methods, is part of federal regulations governing the role of animals in medical research, and 
it is a high priority within the research community for scientific, humane, and economic reasons.  
 
Learn more about the 3Rs. 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Classroom Lab Activities 

Simulating an Epidemic and Finding Patient Zero 

K-12 Microbiology Lessons 

1918 Flu Classroom Activity  

Disease Detectives On-Line Activities  
 
 
Links 
 
Learn more about biomedical research  
 
Read about the process of drug development – Benchtop-to-Bedside 
 
Visit the World Health Organization to learn about diseases & health conditions 
 
A Short History of the Discovery of Viruses  
 
Read about Disease Detectives at the CDC 
 
Consider a Career as a Biomedical Researcher 
 
 

PO Box 19340 
Sacramento, CA 95819 
916.558-1515 * info@ca-biomed.org 
www.ca-biomed.org/csbr 


