
Good morning and welcome to this morningôs talk on the history of vaccines. Iôm Dr Brittney 

Waranius, an epidemiologist with the Centers for Disease Control assigned to the Wyoming 

Department of Health



Hereôs where we are today. This is the recommended immunization schedule for 

children and adolescents, and Iôm putting it up for the big picture, so need to squint to 

see the details. This represents the protection we offer for diseases that can cause pain, 

suffering, or even death.  It can seem overwhelming for new parents and practitioners to 

navigate the vaccine landscape which includes dozens of shots in a childôs early years.

And with many of the diseases now occurring at low levels or even eliminated from the 

United States, it can be easy to lose the forest for the trees. So for the next hour, Iôm 

going to lead us through the early history of vaccines and just how important they remain 

today to prevent illness and suffering.
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disease caused by Variola Virus (pictured here). And how the first vaccine in history was 
designed to combat this incredibly lethal disease.



There is suggestive evidence for smallpox in the remains of mummies from Ancient Egypt 

and in writings from Ancient Rome. But our first really conclusion evidence comes from 

medical scholars who described the epidemiology and clinical appearance of smallpox in 

4th century China



6th and 7th Century Korea, Japan, and India 



And 10th century Iraq 



suggesting that the disease was spreading along ancient trade routes from East to West



By the Middle Ages increasing trade and increased contact from the crusades helped 

spread the disease across North Africa and Europe



European exploration and colonization continued to spread it to sub-Saharan Africa



Then the Caribbean, Central and South America



To North America



And finally to Oceania, creating a worldwide distribution by the 18th century



When Europeans brought the disease to colonial America, outbreaks were sporadic 

because the cities were small, the population density was low, and there was infrequent 

contact with Europeans. Boston as a hub for trade with Europe in particular had a series 

of outbreaks in the 1700s, and the most well known occurred in 1721 when 8% of the 

population was killed by smallpox in less than a year. 

These outbreaks happened approximately every 10-20 years when immunity would 

wane in the population, while adults may have immunity, the population of children and 

young adults would grow large enough to be vulnerable



And in areas with no immunity in adults, outbreaks could result in death tolls that were 

much higher. While Iceland had occasional outbreaks, they were few and far between. 

So when Smallpox was introduced in 1707 by a sailor, there was no immunity on the 

island. The resulting outbreak killed 25% of the Icelandic population.



All this is to say, that Smallpox was one of the deadliest diseases in the world prior to the 

invention of vaccination. Modern studies show that for every 100 people who contracted 

the disease



On average 30% would die. But death wasnôt the only possible consequence of the 

diseaseé.



For survivors, the most common long-term effect of smallpox was disfigurement. Almost 

everyone with smallpox was left with some degree of scarring and somewhere between 

65-80% of survivors would have scarring to their face.  



1/3 of the survivors with facial scarring would have severe disfigurement



Blindness was also a very common complication. Studies in the 20th century showed for 

5-9% of people who contracted smallpox, the disease would spread to their eyes, scar 

their corneas, and lead to blindness. 



Smallpox was so widespread and so common that it was reported to cause 1/3 of all of

the cases of adult-onset blindness in Europe in the 1800s



So, in our theoretical population of 100 people on my slide, in the event of a smallpox 

outbreak:  Approximately 30 would be dead. About 51 of the survivors would have some 

type of facial scarring. Of those, approximately 18 people would have severe 

disfigurement, including about 3 with corneal scarring leading to blindness. And only 

about 19 people would recover with minimal or no complications. 



This depiction showing facial scarring was from a medical textbook. This particular 

patient was not only scarred, but had her eyes removed due to pain and headache 

resulting from blindness. We almost never see this in images of the day because 

painters, usually commissioned by the wealthy, wanted to portray their patrons in the 

best light.

One historian went so far as to call painters the ñairbrush artistsò of their day because 

commissioned portraits from the 18th and 19th century almost never show smallpox scars 

even though we know they were common.



After the advent of photography, it is easier to find documentation of facial scarring, as 

can be seen in this image from the mid twentieth century of a young Indian woman. 

Although she recovered from her smallpox infection, her arms and face were 

permanently scarred.



The reason for this extreme scarring is due to the pustules that develop during the course 

of infection. This photo shows a young girl in Bangladesh at the height of her disease after 

being infected with smallpox in 1973



As the infection progressed, it would begin to scab over as we see in this image from the 

United Kingdom in 1962. 



Eventually those scabs would begin to fall off, leaving behind scars like we see on this 

on this young boy in Ghana from 1967.



And finally, those scars may create permanent pock marks in the skin, as we see in this 

patient from 1967 who also experienced lesions on his corneas, leading to permanent 

blindness.



And we can see the brutality of the disease in the 18th and 19th century from historical 

records of early modern Europe that show in areas where the disease was endemic, 

smallpox killed on average about 10% of people in major cities every year. 



Details from various countries historical records show that across Europe, it killed about 

400,000 people every year, most of them children. 



While adults could certainly die of Smallpox, it disproportionately impacted the young. In 

Sweden, records show that it killed 10% of infants every year



And the records from Russia are even worse. With 1 out of 7 Russian children dying of 

Smallpox. Every. Single. Year.



Most diseases of the day disproportionately killed the lower classes because of 

differences in things like hygiene and nutrition. But Smallpox was an equal opportunity 

killer and you were just as likely to die if you were highborn



In an 80-year span in early Modern Europe, the disease actually managed to kill the 

reigning monarchs of six different nations throughout Europe. Their wealth, power, and 

access to physicians could not save them. 



Smallpox was so common among children in London during this time period,  that 

it was said that parents did not even count their children until they had survived 

the illness. Because the chance of their child not surviving was so incredibly high. 

For children, especially those under the age of five years, the fatality rate could 

be as high as 50-60% during outbreaks.



Because of the horrors it could inflict on people, smallpox was described as unique in its 

savagery, fatality, and universality. It didnôt matter if you were a king or a peasant, an 

adult or a child, smallpox killed or disfigured millions of people worldwide. 



Against the backdrop, many civilizations developed ways to try to lessen the impact of 

the disease. Long before anyone knew about bacteria or viruses, it was common 

knowledge that people who survived smallpox were immune to the disease. As early as 

the 5th century, we have records that show that smallpox survivors in China were used to 

care for those who were infected since it was known that they couldnôt get sick again. 

This knowledge also led early civilizations to try to figure out ways to give people 

smallpox on purpose, but to give them a less severe version of the disease than through 

natural infection. One way they did this was through a technique called insufflation. 

The oldest records of this practice are from China, which describe the process of taking 

the scabs or pus from someone suffering from smallpox, drying them out, grinding them 

up, and blowing them up someoneôs nose. Sometimes a slightly different process was 

undertaken but instead of inhaling the scabs or pus, they would scratch them into the 

arm of an uninfected person. 

Records from the 1600s in India also show that when people were infected with a mild 

case of smallpox, they would take their blankets and wrap them around children who had 

never been infected with the hopes that it would get the children sick with a mild version 

of disease. 



But later another technique developed called variolation, which is the precursor to 

modern vaccination.  During this process, a needle would be used to pierce a pustule in 

someone sick with smallpox, and then that pus would be transferred into incisions made 

into the forearm or hands. 

This process was practiced throughout parts of Asia, Africa, and the Middle East, 

including the Ottoman empire



And hereôs the thing about variolation, it worked pretty well. Itôs hard to quantitatively 

define the protective effect of variolation was in places where it had been practiced for 

hundreds of years, but itôs much easier to define in places where it was introduced later. 

We can see this if we go back to the historical account of the outbreak in Boston in 1721 

which is the first year that variolation was used in the American colonies. 

The practice of variolation in colonial America is credited to a man known as Onesimus 

who was enslaved to a Puritan minister named Cotton Mather. Onesimus was from West 

Africa, where variolation was practiced and he told Mather about the procedure and how 

it made him immune to Smallpox. 

Mather heard similar accounts from other enslaved persons, and also read about similar 

methods being used in Istanbul. When Boston had its outbreak in 1721, Mather began 

advocating for its use. 



During the outbreak of 1721, over 50% of the population of Boston was infected with 

smallpox. Most physicians and citizens in Boston were against the idea of variolation 

since it was new and seemed dangerous, the idea of purposely infecting someone with 

Smallpox seemed absolutely crazy. 

Nonetheless, 287 people were variolated during that outbreak, and records show that 

only 2% of variolated individuals died. This was much better than the 15% mortality rate 

of the people who contracted the disease but were not variolated.

Records over the next century from Boston give great data about the number of naturally 

acquired smallpox cases compared to the percent of the population that was variolated. 

As we see variolation numbers increasing in the dashed blue line in the top graph, we 

can see the total number of cases decreasing in the solid blue line. 

We can also see the death toll decreasing throughout the years. The red line on the 

bottom represents the total deaths from smallpox by year. As the percentage of the 

variolated population increased, the number of cases of naturally acquired smallpox fell. 

And as those naturally acquired cases fell, so too did the percentage of the population 

that died of smallpox during each successive outbreak.



The medical establishment in England knew about variolation as early as 1714 

from travelers to Istanbul, but physicians did not want to risk trying it in England. 

At the time, they still didnôt know about bacteria or viruses, and the prevailing 

theory was that smallpox was triggered by environmental factors outside of the 

body. 

So they had concerns that variolation may not work the same on English citizens 

as it did on people from the Ottoman Empire due to the differences in climate or 

diet.



In the end, variolation in England ended up being popularized by an upperclass

noblewoman, not a physician. Lady Mary Wortley Montagu was personally victimized by 

Smallpox in several ways. First, her brother died of the disease. Then, she fell ill with 

smallpox at the age of 26. 

She had been known as a great beauty in London, but smallpox left her with noticeable 

facial scarring and she permanently lost her eyelashes. This portrait is a great example 

of how portrait artists in the 1800s airbrushed their patrons ïat the time this was painted 

Lady Mary was well known for having disfiguring facial scars, but thereôs not a blemish to 

be seen anywhere on her face.



The year after she contracted smallpox, her husband was appointed as the ambassador 

to the Ottoman Empire and they moved to Istanbul where she became familiar with the 

process of variolation. She had her own son variolated while in Istanbul, and he 

recovered with no issues which convinced her of the practice. She also had an infant 

daughter, but her daughter was too young to receive variolation while they lived abroad. 

They returned to London and a few years later a smallpox outbreak struck. Her daughter 

was 4 years old at the time, and Lady Mary invited a number of people to watch the 

process of variolation being performed on her daughter. The Kingôs Physician was in 

attendance and was impressed enough to suggest that the royal family, who had several 

young children, undergo variolation during the outbreak. 



Several successful experiments were conducted on prisoners and orphans at the 

request of the royal physician. Although wildly unethical, medical experimentation on 

these vulnerable populations was common and accepted practice during this time 

period.

The experiments were conducted by Charles Maitland, the same physician who had 

variolated both of Lady Maryôs children. After hearing Dr Maitlandôs report, the royal 

physician was convinced that the procedure was safe and effective, and the variolation 

was performed on a prince and princess. 

Newspapers followed the experiments as they occurred and covered the successful 

variolation of the royal children, which led to greater acceptance throughout England. It 

took about 30 years for variolation to become standard medical practice throughout the 

country.



While variolation generally caused mild or moderate disease that was easier to 

overcome, it could cause a severe infection. 2-3% of people who were variolated died 

from their infections. That percentage is still much better than the 30% on average that 

might die from a naturally acquired infection. 



Nonetheless many people were willing to risk death as a side effect if it meant a much 

better chance of surviving the disease. Variolation also protected against the other 

consequences for survivors of smallpox, including decreasing the chance of blindness and 

scarring. The woman pictured here are from Circassia, an area in the Caucus Mountains 

that was part of the Ottoman empire at the time. 

Its women had an international reputation for being particularly beautiful, and many of the 

imperial consorts and the mothers of Ottoman Sultans were ethnic Circassians. Variolation 

was a very common practice in the region and Circassian women built this reputation for 

beauty in part likely because they had clear complexions unmarred by smallpox scars

And while it may seem vain by todayôs standards, sort of like the Botox of its day, having an 

unmarked face could be important for the outcome of a womanôs life in this time period. 

Women with severely scarred faces were considered unfit for marriage. We see this play 

out in several famous women of the age. 



This is a painting of Archduchess Maria Elisabeth before she contracted smallpox. Her 

mother was the empress of the Habsburg Empire and her father was the emperor of the 

Holy Roman Empire. So, she was from the wealthiest, most influential family in the 

world. You likely have heard of her younger sister of Marie Antoinette. 

Even though Maria Elisabeth she was rich, well-connected, and powerful, the disfiguring 

scars she received after falling ill with smallpox left her considered unfit for marriage. 

This was particularly unfortunate for her as her family had negotiated with no fewer than 

five kings and princes to find the best suitor.

She was reportedly just 3 days away from marrying the king of France when she fell ill 

with smallpox and her marriage contract was cancelled when it became known that her 

face was severely scarred. And she is certainly not the only woman who this happened 

to, as there are similar historical accounts from Europe, the Middle East, and Asia. 

In a time when women had little to no agency outside of their marriageability, being 

marred by smallpox could impact their ability to secure a stable future. 



Another type of women that were known for their beauty and clear complexions around 

this era were milk maids in England, young women whoôs job it was to milk cows on 

dairy farms. 

This is reflected in what is referred to as an ñoldò song when it was written down in 1882. 

Called the Milkmaid, the story tells of an impoverished young man who is told by his 

mother to go and seek a RICH wife. He is infatuated by a young milkmaid in the 

countryside and considers asking her to marry him. But when asked about what type 

fortune she has, she responds òmy face is my fortune, sirò



Living in the countryside, these women had mostly never been subjected to variolation. 

Instead they attributed their immunity to their contact with cows. One unnamed milkmaid 

was allegedly quoted as saying: ñI shall never have smallpox for I have had cowpox. I shall 

never have an ugly pockmarked face.ò



Cowpox is generally a mild and self-limiting disease. Lesions appear on the udders of 

cows, and milk-maids would develop lesions on their hands after milking. Pustules were 

generally limited to areas with direct skin-to-skin contact and resolved within a few 

weeks.



Armed with the folk knowledge that a mild case of cowpox could potentially protect 

against deadly smallpox, a farmer named Benjamin Jesty deliberately infected his family 

with cowpox in 1774. Jesty used a needle to scratch pus from a cowôs udder into the 

arms of his wife and two sons. He had previously had cowpox through his farm work and 

seemed to be immune to smallpox. 

Two of his dairymaids who previously had cowpox also never got sick with smallpox 

even when exposed to family members in the same household that developed the 

disease. Jesty and his sons would later have their immunity tested through variolation. 

None of the Jestyôswould ever become sick despite having smallpox injected directly 

into their skin



It was into this context that Edward Jenner enters the history of vaccination. Jenner had 

been variolated at a young age, and went on to become a physician, first apprenticing in 

the countryside where he overheard stories of milk maids saying that cowpox made them 

immune to smallpox before entering formal studies in London. 

After finishing his medical studies he returned to the countryside to practice, and 

eventually set out to test whether cowpox actually provided immunity. He began testing 

his theory in 1796.



Armed with the folk wisdom that cowpox could provide cross-protection for smallpox, 

Jenner set out to find an infected milk maid. Cowpox was endemic to the county of 

Gloucestershire in England at the time, and outbreaks only happened sporadically. But 

in 1796 a cow named Blossom kicked off a new chapter in medical history after giving a 

young dairy maid named Sarah Nelmes cowpox. After milking Blossom, Nelmes

developed a ñlarge pustulous soreò on her hand



Jenner used pus from Sarah Nelmesô sore to inoculate an 8 year-old boy named James 

Phipps through two scratches on his arm. After Phipps recovered, Jenner gave the boy a 

standard variolation using live smallpox. The boy never developed the disease. Phipps 

would go on to have variolation performed about 20 times over the course of his life to 

see if he was still immune, and never developed a case of smallpox. 

Unfortunately for Jenner he had to wait 2 years for the cows to cooperate again. When 

Gloucestershire dairies experienced another cowpox outbreak in 1798, Jenner carried 

out a series of vaccinations in children showing that he could not only use pus directly 

from a cow, but also from the childrenôs cowpox lesions to vaccinate against smallpox.



Jenner wanted to coin a new word to distinguish his newly invented process from 

variolation. And this leads us to how cows helped give vaccines their name. The Latin 

word for cow is ñvacca.ò So he took the latin term, and added the English suffix ïine, to 

give us the word vaccine, meaning a product that comes from cows.



Jenner published his findings in 1798 with a series of 23 case histories to provide 

epidemiological as well as experimental evidence to prove that infection with cowpox 

would protect against smallpox while being much safer. This was the first systematic 

study of using an altered form of an infectious agent to provide cross-protection against a 

pathogen.

Although there was some skepticism at first, a number of different investigators had 

confirmed his theory. By the early part of the 1800s the concept of vaccination had 

spread throughout Europe and to the Americas. Millions of people were vaccinated in 

short order and many countries made vaccination mandatory. 



Not everyone was happy about this new development though, and there was backlash 

every step of the way. Lady Mary Wortley Montagu received considerable pushback 

upon introducing variolation to England, with people attacking the process, her 

character, and even her looks. 

The farmer Benjamin Jesty was ostracized in his hometown, with some in the local 

population feeling his actions went against the church and were perhaps bordering into 

witchcraft. 

And Jennerôs new vaccination was no different. Some people thought that injecting pus 

from cows might cause them to develop bovine features, as is depicted in this political 

cartoon that came out shortly after vaccination was introduced showing people with 

hooves and horns growing from their faces.



Some religious leaders felt that injecting material from animals was an affront to god, 

leading to some incredible theories like the one depicted here. Dr Benjamin Moseley, a 

vaccination critic, suggested that cowpox injections might lead women to have a 

romantic interest in bulls and produce half-cow half-human offspring. 

Some physicians also objected simply because they were losing income from performing 

variolations. The most valid opposition however resulted from problems with sanitation. 

Vaccines could be contaminated with other diseases, like Syphilis, or even with 

smallpox, because the lancets used to pierce pustules in early vaccination were often 

reused and poorly cleaned. 

Vaccine shortages were also common because cowpox outbreaks was variable and 

mostly localized to dairy herds in the county of Gloucestershire. Eventually calves were 

used as a source of material, with the animals being deliberately infected in order to

maintain a continuous supply of vaccination material.  



Militaries quickly realized that variolation and later vaccination could give them an edge 

in conflict. George Washington was an early proponent of variolation and ordered the 

Continental Army to receive the treatment in 1777 after a military loss in Quebec that 

was partly due to the fact that a large number of the revolutionary soldiers had 

developed smallpox and were too weak to fight. 

In a letter to the director of the medical department of the Army, George Washington 

wrote that they had more to dread from smallpox than from ñthe sword of the enemy.ò



By the time of Napoleonôs campaigns, vaccination was available. In 1805, just seven 

years after Jennerôs writings on vaccination, Napoleon ordered the vaccination of the 

entire French Army, and a year later required it for all French civilians as well.

By 1805 Jenner was so famous that he was able to obtain the release of several English 

prisoners of war from France by writing a letter to Napoleon, who allegedly exclaimed ñ 

Ah, Jenner, I can refuse him nothingò because he was so grateful for the invention of the 

smallpox vaccine. 


