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On a November day in 1721, a small bomb was hurled through the window of a local Boston

Reverend named Cotton Mather. Attached to the explosive, which fortunately did not detonate, was

the message: “Cotton Mather, you dog, dam you! I’ll inoculate you with this; with a pox to you.’’ This

was not a religiously motivated act of terrorism, but a violent response to Reverend Mather’s active

promotion of smallpox inoculation. The smallpox epidemic that struck Boston in 1721 was one of

the most deadly of the century in colonial America, but was also the catalyst for the first major

application of preventative inoculation in the colonies. The use of inoculation laid the foundation for

the modern techniques of infectious diseases prevention, and the contentious public debate that

accompanied the introduction of this poorly understood medical technology has surprising

similarities to contemporary misunderstandings over vaccination.

The Boston Epidemic

For over a year, from the spring of 1721 until winter 1722, a smallpox epidemic afflicted the

city of Boston. Out of a population of 11,000, over 6000 cases were reported with 850 dying

from the disease. Of a series of seven epidemics in the region during the 1700s, this was the

most deadly [2]. Though tragic, the 1721 epidemic led to a major milestone in the history of

vaccination and smallpox eradication. The use of inoculation during this epidemic, and the

heated debate that arose surrounding the practice, was one of the first major applications of

inoculations in western society, paving the way for Edward Jenner to develop smallpox

vaccination by the end of the century.

The Disease and Early Inoculation

Smallpox is an ancient disease caused by the Variola virus. This virus exists in two main forms:

Variola major, which historically has a mortality rate of around 30%, and the less severe

Variola minor with a mortality rate around 1% [3]. Variola major is predominantly transmitted

either by direct or indirect contact with the respiratory droplets from an infected individual

[4]. The natural pathogenesis of Variola major begins with the infection of the mucous

the 1721 Boston Smallpox Epidemic
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membrane of the upper respiratory system, then invasion of the bloodstream, and eventually

the skin, producing the classical presentation of smallpox pustules and signifying that the

patient has become infectious. Death can result from toxins in the blood, blood clots, and

septic shock [5].

Inoculation against smallpox is believed to have been practiced in China as far back as 1000

CE, and is reported to have been common in India, Africa, and Turkey prior to its introduction

into western societies in the 18  century [1]. In China the practice was to blow dried and

ground Variola scabs into the nostrils of the patient. In Turkey, however, the technique of

inoculation involved inducing a less serious form of the smallpox disease by exposing an

incision to the Variola pus [6]. The latter is the procedure that was eventually brought to

England and colonial America. The idea was based on the basic observation that those who

survived smallpox, moderate or severe, were significantly less likely to contract the disease

again. By deliberately inducing an acute smallpox infection through a small localized wound, a

healthy person was more likely to survive the infection than if they had acquired the disease

naturally through aerosolized viral particles. Smallpox vaccination, as developed by Edward

Jenner in the late 1700s, worked on the same principle but differed in that the viral source

was the less dangerous cowpox disease (Table 1) [7]. Today, smallpox vaccination uses the

Vaccinia virus to induce immunity, and the principle of vaccination has been applied to

battling numerous other infectious diseases.

Table 1 The primary difference between the methods of inoculation and vaccination, which

both generate an immunity against smallpox, was in the viral source. Inoculation used actual

smallpox material, while vaccination used immunologically-related cowpox, and now Vaccinia

th
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virus.

Introducing Inoculation to the West

Although inoculation was already common in certain parts of the world by the early 18

century, it was only just beginning to be discussed in England and colonial America. Cotton

Mather is largely credited with introducing inoculation to the colonies and doing a great deal

to promote the use of this method as standard for smallpox prevention during the 1721

epidemic. Mather is believed to have first learned about inoculation from his West African

slave Onesimus, writing, “he told me that he had undergone the operation which had given

something of the smallpox and would forever preserve him from it, adding that was often

used in West Africa.’’ After confirming this account with other West African slaves and

reading of similar methods being performed in Turkey, Mather became an avid proponent of

inoculation [8]. When the 1721 smallpox epidemic struck Boston, Mather took the

opportunity to campaign for the systematic application of inoculation. What followed was a

fierce public debate, but also one of the first widespread and well-documented uses of

inoculation to combat such an epidemic in the West.

The Outbreak in Boston

On April 22, 1721, a British ship arrived in Boston Harbor. On board, one of the sailors had

begun to exhibit symptoms of smallpox. He was quickly quarantined, but several more

members of the crew soon fell ill with the disease. An outbreak of the disease spread quickly

through the city [1]. As the epidemic worsened, Cotton Mather reached out to the medical

community of Boston, imploring them to use the inoculation method. One physician, Zabdiel

Boylston, heeded his call, but most other doctors were hostile to the idea. At the forefront of

the anti-inoculation contingency was one of Boston’s only physicians who actually held a

medical degree, Dr. William Douglass. The arguments against inoculation were varied,

ranging from disagreement on religious grounds to scientific uncertainty. While many argued

that inoculation violated divine law, by either inflicting harm on innocent people or by

attempting to counter God’s specific will, the main argument that Douglass made was that

inoculation was untested and seemingly based on folklore. Douglas feared that unchecked

use of inoculation would only quicken the spread of disease throughout the city [8].

th
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By modern standards, this argument seems highly sensible. The use of a poorly researched

medical technique, particularly one as potentially hazardous as intentionally exposing healthy

people – including children – to smallpox, would be highly unethical today. To many

professional Boston physicians, inoculation must have appeared as unscientific as other

contemporary treatments such as bleeding and purging, which were still common practice

during the early 18  century.

But as the epidemic began to diminish in early 1722, Mather and Boylston had collected

surprisingly thorough data that made a clear argument for the effectiveness of inoculation

(Figure 1). Boylston, who had personally inoculated some 287 people, recorded that of those

inoculated only 2% had died. In comparison, the mortality rate of the naturally occurring

disease during that year was 14.8% [1].

th
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Figure 1 As inoculation became increasingly common practice in Boston during the 18

century, the incidence of smallpox fatalities steadily decreased.

Although inoculations were themselves a risky practice and carried a not-insignificant health

th
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risk, this data demonstrates that inoculations were significantly less fatal than the naturally

occurring virus. Ultimately, this helped to disprove the opposition’s fear that such a technique

would only facilitate the spread of disease. Mather and Boylston’s advocacy and observations

resulted in what was actually one of the earliest clinical trials on record, and the use of both

experimental and control groups to demonstrate the effectiveness of inoculation significantly

aided the adoption of the practice [1,9].

Smallpox continued to be a significant health threat throughout the 18  and 19  centuries,

and part of the 20 , but the introduction and success of inoculation in the early 1700s,

followed later by the much safer vaccination method developed by Edward Jenner, steadily

reduced the threat the disease posed until its eradication in 1980 (Figure 2) [10].

Figure 2 When the much safer practice of vaccination became the predominant method to

combat smallpox at the end of the 18  century, annual deaths from the disease were reduced

to only a fraction of what they were less than a hundred years prior.

th th

th

th
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Then and Now

The debate over the use of inoculation, particularly apparent during the 1721 epidemic in

Boston, still bears relevance today. Modern vaccination campaigns, most notably targeting

the eradication of polio, continue to face violent opposition in many parts of the world where

the disease is still present, particularly in Pakistan, Afghanistan, and Nigeria [11]. Just this

past November four polio vaccination workers were killed in Pakistan [12]. Even in the United

States, outbreaks among groups of unvaccinated individuals have risen in the past decade, a

trend that is often attributed to the spread of misinformation regarding the potential risks,

contents, and mechanism of vaccination [13,14]. The story of the 1721 Boston Smallpox

epidemic, and the controversy that accompanied the introduction of inoculation by Dr.

Boylston and Cotton Mather, exemplifies how opposition to inoculation and then vaccination

has been present for as long as the practices themselves. Although there is still a great deal of

work to be done in the fight against infectious diseases and enclaves of opposition remain, the

effectiveness and benefit of vaccination has been clearly demonstrated over many decades of

systemic application that began with the work of Mather and Boylston [15].

Matthew Niederhuber is a Research Assistant in the Silver Lab in Department of Systems Biology  at

Harvard Medical School.
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Eric Blair

NOVEMBER 15, 2016 AT 6:07 AM

The four polio vaccination workers killed in Pakistan were the direct result of the Americans

running a FAKE polio vaccination program trying to obtain DNA samples to find Bin Laden.

REPLY

Robert Burney MD

AUGUST 24, 2020 AT 11:01 AM

As I recall, Americans were trying to confirm information about Bin Laden’s location from

a legitimate vaccination program. Furthermore, the workers in that program were not the

ones who were killed. Children still get polio in Pakistan, because the vaccination

program has been cancelled.

REPLY
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Lauren Pease

OCTOBER 29, 2018 AT 5:01 PM

In the paragraph, “The Boston Epidemic” 5th sentence, inoculation is spelled In0oculation.

REPLY

admin

OCTOBER 29, 2018 AT 9:14 PM

Good catch. Thank you!

REPLY

Gloob

JANUARY 2, 2019 AT 5:24 PM

I guess Coton Marther wasn’t such a bad guy after all

REPLY

Lauren Pease

JANUARY 9, 2019 AT 9:47 PM

I agree Mather was trying to help his city. He isn’t the monster the people were making

him seem like, his data showed the effectiveness of inoculations, and yes a few died from
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inoculations because of their larger reaction, but the death rate decreased largely.

REPLY

Vernon

OCTOBER 27, 2020 AT 11:21 AM

The fact the Cotton got his knowledge first-hand from a captured African speaks directly

to the ongoing homeopathic vs allopathic debate.

REPLY

Eluemuno R Blyden

AUGUST 15, 2019 AT 2:59 PM

I find it interesting that the summaries of this pivotal moment in American public health

practice invariably marginalize the contribution of Onesimus and his community. If one reads

some of the original documents from which these summaries are made, there are some

fascinating conclusions one can come to about the role of African and Native American

science in maintaining public health at that time.

REPLY

Robin Travers

SEPTEMBER 4, 2019 AT 9:09 AM

Interesting! Do you have references to some of these original documents? I’d love to

http://www.afrivax.co/
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learn more.

REPLY

William Lego

MARCH 28, 2020 AT 6:46 PM

It is fascinating how such a practices as variolation and later vaccination seemed to leapfrog

by a millennium discoveries of microbes and understandings of immune systems. Maybe it

was once considered just as crackpot as blood letting and drilling holes in people’s skulls

seems now. Maybe it was simply a lucky procedure that survived to be supported by science.

REPLY

John Calvin Jones

APRIL 10, 2020 AT 8:22 PM

The mandatory vaccination program started in 1856. It also allowed for re-vaccination. Why

did the death rates increase from 3 per 100,000 without mandatory vaccination (circa 1800)

to a rate of over 50 per 100,000 (1860s) under a mandatory regime?

REPLY

Samuel J Martland

JULY 7, 2020 AT 10:48 AM

Looking at the graph, you can see that almost all of that increase took place before
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mandatory vaccination. The period ending 1855 had an average death rate in the mid 40s

per thousand. That suggests that mandatory vaccination may have been a reaction to the

increase, and took a while to bring down the death rate. Guessing at reasons for the

increase from 1800 to 1855: rapid urbanization, greater population density, more people

living in crowded conditions, growing trade, travel, in-migration from rural areas and

immigration from other countries = more chances for the disease to come to Boston and

more chances for any given person in Boston to catch it. These are all just guesses; maybe

someone has done the research, or will.

REPLY

Ayesha Sana

JULY 21, 2020 AT 3:24 AM

Really amazing words, keep writing because your article help me alot to gain knowledge.I am

interested Please sure your details.

REPLY

Chris

JANUARY 31, 2021 AT 9:25 AM

This is fascinating. Benjamin Franklin’s autobiography brought me here. “In 1736, I lost o e of

my sons, a fine boy of 4 years old, by the smallpox taken in the common way. I long regretted

bitterly and still regret that I had not given it to him by Inoculation; This I mention for the sake

of parents, who omit that Operation on the Supposition that they should never forgive

themselves if a child dies under it; my Example showing that the Regret may be the same

either way, and that therefore the safer should be chosen.-* -Benjamin Franklin
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REPLY

Elizabeth Lifschitz

JULY 31, 2021 AT 11:40 PM

I think that the statement:

“Inoculation against smallpox is believed to have been practiced in China as far back as 1000

BC,”

is not right. It should probably be 1000 AD.

That is what I am seeing in the literature.

REPLY

Nikki

SEPTEMBER 18, 2021 AT 2:25 PM

It was “1000 CE”, that’s correct.

REPLY

westin the bean master

AUGUST 30, 2021 AT 8:31 AM

small pox has been around for a long time so i am glad that it is gone
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REPLY

Elle

SEPTEMBER 11, 2021 AT 12:40 PM

There is irony upon irony in this story. During this time, Benjamin Franklin was apprenticed to

his brother James and actively participated in James Franklin’s vilification of Mather and

Boylston’s efforts. At the time, James Franklin was trying to establish his printing business

and felt thwarted by the old guard authorities like Mather. These gentlemen and their families

dominated business and politics of the city to the point where anyone not “blessed” by them

had almost no chance of having any influence. In 1721 Boston was not very large and it’s

economy was limited by the lack of any class willing or able to afford luxury items like silks,

etc.

REPLY

Elle

SEPTEMBER 11, 2021 AT 12:51 PM

Of course, Franklin escaped to the much more easy going mercantile environment of

Philadelphia where he thrived as a businessman, politician, community organizer and

scientist. As hinted at in his 1736 comments, he seems to have greatly regretted his part in

the 1721 small pox controversy. I’m not certain that he ever directly acknowledged or made

reference to his role in those events afterwards. The young Ben Franklin – by his own account

– dearly loved a good verbal brawl. His developed the more subtle, conciliatory style of

influencing others much later.

REPLY
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