Smallpox Eradication

At least 3,000 years ago, the variola virus (smallpox virus) emerged and began causing illiness and
deaths in human populations, with smallpox outbreaks documented in the historical record from time
to time. More than 300 million people died from smallpox in the 20t century alone. Thanks to the
success of global vaccination and disease surveillance programs in the 1960s and 1970s, the World
Health Assembly declared smallpox the first disease to be globally eradicated in 1980.

Terms to Know

Bioterrorism the use of biological agents for the purpose of terrorism (ex: anthrax, smallpox)
Endemic the regular presence of a disease or infectious agent in a population
Epidemiology study of the distribution and conftrol of health-related issues, including diseases
Eradicate/ the reduction to zero of an infectious disease's presence in the global host
Eradication population

Poxvirus brick or oval shaped viruses with large double-stranded DNA strands; includes

smallpox, monkeypox, and several others

Reservoir the habitat in which an infectious agent normally lives, grows, and multiplies;
can be human, animal (hon-human), or environmental

Understanding Smallpox

Smallpox is a serious infectious disease caused by the variola virus. It is contagious, meaning it can
spread from one person to another, but is only carried and spread by humans. People with
smallpox have a fever and a distinctive, progressive skin rash that usually begins on the tongue or
in the mouth. Most people with smallpox recover, but about 3 out of every 10 people with the
disease die. Many smallpox survivors have permanent scars over large areas of their bodies,
especially their faces, and some people are left blind.

Thanks to the success of vaccination, smallpox was eradicated, and no cases of naturally
occurring smallpox have happened worldwide since 1977. The last natural outbreak of smallpox in
the United States occurred in 1949. Smallpox research in the United States continues and focuses
on the development of vaccines, drugs, and diagnostic tests to protect people against smallpox
in the event that it is used as an agent of bioterrorism.

@@ Think About It
1. What resources do you think were required to eradicate smallpox from the world?
2. The first smallpox vaccine was infroduced in 1796. Why was it almost 200 years before
smallpox was eradicated from the planet?
3. Why is smallpox considered to be a serious bioterrorism threat?
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https://www.cdc.gov/smallpox/history/smallpox-origin.html
https://www.cdc.gov/poxvirus/index.html

@ Smallpox and the Centers for Disease Control and Prevention (CDC)

The global smallpox eradication program started with CDC'’s venture in West and Central Africa in
1966. Funded by the U.S. Agency for International Development, CDC worked with governments
and health workers in 20 countries to eradicate this ancient disease. CDC recruited a group of
young physicians and public health advisors, who for the most part were unskilled in international
work. Not only did they help the countries achieve disease eradication for the first time, but they
also developed the technique of containment that would be used to eradicate smallpox in the
rest of the world. The eradication campaign required massive mobilization of resources and
coordination with local communities. Each campaign was always seen as the country’s program,
with CDC staff giving technical advice and providing vaccines, fransport, and encouragement.

Based on success in West Africa, CDC provided technical expertise and personnel to the World
Health Organization (WHO) as the campaign to eradicate smallpox proceeded. In 1967, smallpox
was endemic in Brazil, West and Cenftral Africa, eastern and southern Africa, a block of countries
across southern Asia, and Indonesia.

The two countries that posed the greatest obstacle to smallpox eradication were India and
Bangladesh. CDC assigned full-time staff to both countries and hundreds of CDC staff members
served short-term assignments. The eradication strategy evolved from mass vaccinations to
improved surveillance and containment, vaccinating vilages and communities on a case-by-
case basis. Both countries were declared smallpox-free in 1975. The last naturally occurring
smallpox case in the world was observed in Ali Maow Maalin, a 23-year-old Somali hospital cook.
He became sick on October 26, 1977 after transporting several children with smallpox to an
isolation center. He survived and later became an important member of the polio eradication
team in Somalia. WHO declared global eradication of smallpox in May 1980.
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During the first year of the West African campaign, 1966-67, an astounding
25 million people were vaccinated against smallpox. The smallpox
vaccine is made of live vaccinia virus, a weaker form of poxvirus. Because
vaccinia is similar to smallpox, its presence causes an immune system
response that also provides smallpox immunity. One challenging aspect of
smallpox vaccination is that it must be administered just under the outer
skin layer, not with a fraditional needle. As such, the U.S. Army developed
a tool called the Ped-O-Jet for CDC field use. It was a foot-driven injector
that used intense pressure instead of needles to deliver the vaccine to the
correct skin layers. The operator used a foot pump to apply pressure, and
the vaccine would shoot out intfo the patient’s skin in only a fraction of a
second. It was quick and effective, but it was also large and bulky.

As the eradication strategy changed, mass vaccinations were phased out in favor
of house-to-house procedures. Bifurcated needles were developed for the
smallpox vaccine as a more portable vaccine delivery tool. The single needle split
into two sharp points. These double-pronged needles were dipped in vaccine vials.
The vaccine stuck to the space in between the two prongs and was administered
to the skin through a series of shallow pokes to the surface of the skin.

Cultural and Religious Considerations in Public Health

Approaching global public health issues requires an understanding of
local cultural and religious practices that may impact the way in which
measures are received. Strong partnerships with locals make for more
effective interventions. In the case of smallpox, religion played a role in
eradication.

In Nigeria, Shapona is the god of smallpox, worshipped among the Yoruba
people. Shapona was given control of the earth by his father. He
nourished humans by giving them all the grains of the earth, but when he
punished, he caused those grains people had eaten to come out on their
skins. Thus, smallpox was an indication of divine displeasure. The statue of
Shapona is traditionally decorated with a monkey skull, cowrie shells, and
the tail of a bush porcupine. The figure pictured was commissioned in 1969
to commemorate the efforts of public health officials and to remind us of
the challenges CDC faces in adapting to and respecting local beliefs as it
fulfills its global mission.

In Hinduism, Shitala Mata is the dreaded goddess of smallpox. She holds a
pitcher of water in one hand and a broom in the other. It is believed that
whenever Shitala Mata shakes her head, she spills grain and each grain
turns into a smallpox pustule, leading to an outbreak of the disease.
Affected people survived if she used the water from her pitcher to clean
the spilt grain; they did not survive if she used her dry broom.
Representations of Shitala Mata could be found in shrines dedicated to her
around the countryside in northern India.

@@ Think About It
1. What role does communication play in eradicating a global disease?
2. Why did the tools used for vaccinations change over time?
3. Why must epidemiologists always consider cultural and religious factors when
developing plans to stop an outbreak of disease?




From the Expert:

May 8, 2020 marked the 40t anniversary of the declaration of smallpox eradication. Listen to a clip
from this date in which Dr. Tedros Adhanom Ghebreyesus, World Health Organization Director-
General, speaks about the monumental achievement that is smallpox eradication. Looking
ahead to current and future public health threats, we must still remember and apply the lessons
learned during the smallpox campaign. hitps://youtu.be/FZY3aHKigDU

Call to Action ﬁ)

In order to understand how an infectious disease can be eradicated, it is essential that people
understand strategies of disease surveillance. You can help by following these three steps:

individuals working together with a common goal using the principles of epidemiology.
These disease detectives used data to stop outbreaks. Now it's your turn! Use CDC's Solve

g 1. Solve the outbreak. Smallpox was eradicated through the hard work of thousands of
the Outbreak game to stop up to 20 outbreaks using disease surveillance.

2. Write a field handbook or case study. After solving the outbreaks, you have a choice of
product. Option 1: Write a field epidemiology manual for new disease detectives
describing the strategies you used to solve the outbreaks. Option 2: Write a case report
for one of the 20 investigations you completed.

3. Share your findings. One of the ways CDC communicates information is through social
media. Your demonstrations can help CDC communicate the work they have done to

Q
C\ eradicate smallpox across the globe.

M Why Participate? A Message from CDC

Although smallpox no longer occurs naturally, the threat of smallpox remains. There are concerns
that variola virus, the virus that causes smallpox, may exist outside of the two World Health
Organization (WHO)-designated collaborating centers in the United States and Russia. The risk for
an intentional or accidental release of the smallpox virus is believed to be low, but the effects of
such an event could be devastating. These potential consequences make planning for a
smallpox emergency critical. In a smallpox emergency, the entire community would need to
respond in a coordinated and planned manner. No single organization could take care of the
sick, stop the spread of disease, deliver supplies, give vaccinations, and handle everything else
that would be required. Partnerships within communities and across regions would be essential to
a successful response to bioterrorism or accidental release.
https://www.cdc.gov/smallpox/bioterrorism-response-planning/index.html

@@ Think About It
1. Why are vaccines so important in stopping a disease epidemic/pandemic?

2. In the video, Dr. Tedros issued a rallying cry for nations to come together to defeat
COVID-19 just as we did to beat smallpox. How do you think we are doing?

3. What training would you suggest for public officials learning to stop outbreaks?2


https://www.cdc.gov/smallpox/bioterrorism-response-planning/index.html
https://youtu.be/FZY3aHKigDU

Public Health Approach

The public health approach below is a general method that can be used to study and
solve public health problems. While this is a simplified version, it provides a good general
framework.

For more detailed information about the public health approach, check out CDC's Public Health 101
training course. hitps://www.cdc.gov/training/publichealth101/public-health.html

Survey and monitor health events and
behaviors among the population.

Surveillance
e How widespread is the problem?

What is the problem? e Who is affected? What are their symptoms?

Risk Factor Determine if certain members of the
|deI’1TifiCCITiOﬂ population are more aft risk than others.

o What risk factors do affected individuals have in
WhCIT iS The COUSGQ common with each other?

| N Te rven T| on Brainstorm intervention ideas that might work
to solve the problem.
¢ What interventions have worked in the past?

Evaluation

What works? o What interventions might work in this situation?

. Implement the intervention selected.

| m p | e m e ﬂ TO TI O n e Which method will work the best given the resources
. and limitations in this situation?

How do we do ite e What challenges might this program face?



https://www.cdc.gov/training/publichealth101/public-health.html

Solve the Outbreak

Although smallpox has been globally eradicated, many other infectious diseases that

could potentially be eradicated, such as measles and polio, have not. The epidemiology
principles used on smallpox are currently being used worldwide to eradicate diseases like polio and
to control outbreaks of other diseases that cannot be eradicated due to the presence of disease
reservoirs. Training programs on these principles are needed to prepare healthcare workers and
other public health officials in epidemiology.

The Epidemic Intelligence Service (EIS) was created in 1951. Originally part of the U.S.
government’s efforts to detect biological warfare during the Korean War, its success
in detecting and responding to outbreaks led to it continuing today. Now, it is a 2-
year training program for health professionals interested in the practice of applied
epidemiology, or the study of diseases in populations. During their fime at CDC,
these professionals are called EIS officers. EIS Officers earned the nickname of
“disease detectives” because they practice “shoe-leather” detective work, wearing
down their shoes as they go door-to-door to investigate outbreaks.

CDC has created a disease detective game for students to solve disease outbreak mysteries. You will
study a disease outbreak just as an EIS officer would and determine a plan to treat the affected
individuals and to stop the outbreak from spreading. There are 20 different outbreaks for you to
explore. See how many you can completel

https://www.cdc.gov/mobile/applications/sto/web-app.himl

Level 1 Level 2
12 Outbreaks 8 Outbreaks

[————x [———————

18,000 out of 18,000 points 12,000 out of 12,000 points

TAP A VIRUS ABOVE TO SELECTALEVEL

»
4 _p‘ " ~ outbreak [out-breyk]
‘) A \ SOLVE THE OL{TBREAK the occurrence of illness or disease in a

specific location and time period that is
BECOME A DISEASE DETECTIVE greater than the expected rate.

Ml LEARN @ SCoRES &% aBoUT



https://www.cdc.gov/eis/index.html
https://www.cdc.gov/mobile/applications/sto/web-app.html

/0 Write a Field Handbook or Case Study

You have two possible summary projects to choose from for this task: write a field
handbook for epidemiologists or write a case study for one of the cases you explored.
Though each of the 20 cases is very different, they do have things in common. Using their disease
detective skills, epidemiologists can systematically narrow down the possibilities to isolate the
pathogen or other agent responsible. The public health approach has four general steps:

1) Surveillance — What is the problem?

2) Risk factor identification — What is the cause?

3) Intervention evaluation — What works to solve the problem?
4) Implementation — How will you solve the problem?

As you reflect on the cases, how did you use these four steps to stop the disease in its tracks?

You may choose to make a physical handbook or a digital one. Whichever format you choose, be
prepared to share it with others.

Option 1: Field Handbook

While you were working your way through the cases, you gained skills that helped you solve the
outbreaks. This task asks you to write a field handbook for epidemiologists that summarizes what
you learned to help those who come after you.

In your handbook, you will also want to include:

¢ Interview Guidelines: Who should you interview? What information do you need to collect?

¢ Analyzing Interview Data: Once you have completed interviews, how do you analyze the data?

o Aftack Rate: How do you calculate the attack rate? How do you use it to identify the source of the illness?2

e Epidemic Curves: Why might you want to make an epi curve? What can it tell you?

¢ Identifying the Cause(s): What steps might you take to identify the cause using the data you have collected?

¢ Stopping the Spread: How do you work with organizations in the area to implement your plan to stop the spread?
¢ Preventing Further Cases: What other measures might be needed to prevent the outbreak from reoccurring?

Option 2: Case Study Report

Reporting your findings after investigating a disease outbreak is a critically important task. The next
time an outbreak of this disease occurs, case notes from previous outbreaks can prove to be
valuable tools for preventing illiness and saving lives.

Choose one of the available outbreak case studies and create a summary report.

e Summary: Start with a quick 2-3 sentence intfro summarizing the entire case study.

¢ Affected Individuals: Who was affected?2 How many people?2 Describe their demographics.

¢ Symptoms: What symptoms did the affected individuals show?

o Common Factors: What did all the affected individuals have in common?

e Data: What tests did you rune What data did you analyze? Include screenshots of tables or graphs used.
e Cause: What did you determine to be the cause of this outbreak?

¢ Treatment Plan: How did you treat the affected individuals? Did they survive?2

¢ Prevention Plan: What measures were put in place to prevent this from happening again?




Share Your Findings

@ The David J. Sencer CDC Museum uses award-winning exhibits and innovative
‘ programming to educate visitors about the value of public health and presents the rich
heritage and vast accomplisnments of CDC. Your work could be a valuable contribution!
Share your demonstration with the CDC Museum on Instagram using @CDCMuseum.

The National Center for Emerging and Zoonotic Infectious Diseases (NCEZID) works to
protect people at home and around the world from emerging and zoonotic infections
ranging from A to Z—anthrax to Zika. We are living in an interconnected world where an
outbreak of infectious disease is just a plane ride away. Share your demonstration with
NCEZID on Twitter @CDC_NCEZID.

‘lwstagnam = <  CDC Emerging Infections @
. 16.6K Tweets
cdemuseum ¢ (23
BAVID J: SES'ECUE& David J. Sencer CDC Museum
.A,Pustmu G | The official museum of @cdcgov

in association with @smithsonianaffiliates
cdc.gov/museum

Emerging and Zoonotic,
Infectious Diseases

| Follow )

CDC Emerging Infections @

EN @CDC_NCEZID
TRIVIA NE\;:L51XER Hls‘\'ORY

NCEZID works to protect people from emerging and zoonotic infectious diseases,
from anthrax to Zika.

TRIVIA NEWSLETT... HISTORY © United States (§ cdc.gov/ncezid Joined March 2013
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| / I Reflections
Now that you have completed this investigation, think about what you learned about
smallpox and epidemiology. Answer the questions below.

1. What effects did vaccination have on the instances of smallpox worldwide?

2. How did the tools used to vaccinate people against smallpox change over time2 Why?

3. What are some possible sources of local and/or global conflict that might arise when
fighting an epidemic with such a broad reach?

4. Live samples of smallpox are currently only stored in two locations: Russia’s State Research
Center of Virology in Koltsovo, and the U.S. Centers for Disease Control and Prevention in
Atlanta. Why are the samples being kepte Should they be destroyed?

5. The original strategy of vaccinating everyone for smallpox was gradually changed in favor
of vaccinating only those people around confirmed cases. Do you think this was a good
strategy or are there dangers in having an unvaccinated world populatione Explain.

6. As a field epidemiologist, what do you think should be your number one priority when first
analyzing an outbreak?2 Why is this most important to you?




	Smallpox Eradication 
	Terms to Know 
	Understanding Smallpox 
	Think About It 

	Smallpox and the Centers for Disease Control and Prevention (CDC) 
	Cultural and Religious Considerations in Public Health 
	Think About It 

	From the Expert: 
	Call to Action 
	Why Participate? A Message from CDC 
	Think About It 

	Public Health Approach 
	Surveillance - What is the problem?
	Risk Factor Identification - What is the cause?
	Intervention Evaluation - What works?
	Implementation - How do we do it?

	Solve the Outbreak 
	Write a Field Handbook or Case Study 
	Option 1: Field Handbook 
	Option 2: Case Study Report 

	Share Your Findings 
	Reflections 
	1. 
	2. 
	3. 
	4. 
	5. 
	6. 





