SLIDES AND NOTES

History and Epidemiology of Global Smallpox
Eradication

From the training course titled "Smallpox: Disease, Prevention, and Intervention"
(www.bt.cdc.gov/agent/smallpox/training/overview)

Slide 1

History and Epidemiology of Global

Smallpox Eradication

e Discuss history and epidemiology of smallpox eradication
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Slide 2

Smallpox

Mummies
1570-1085 BC

Ramses the Vth
Died 1157 BC

e Smallpox is thought to have emerged in human populations about 10 thousand years
BC.

e The earliest evidence of smallpox is believed to be the vesicular skin lesions seen on
the mummy of Ramses V, who died in Egypt in 1157 BC.
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Slide 3

Early Written Descrlgtlon of Smallpox

India 4
“Severe pain is felt in the large and small joints,

palate, lips, and tongue are dry with thirst and no
appetite. The pustules are red, yellow, and white
and they are accompanied by burning pain. The
form soon ripens ...the body has a blue color and
seems studded with rice. The pustules become
black and flat, are depressed in the centre, with
much pain.”

4 CDC

e Written descriptions occurred as early as 400 AD
e This is an early written description of smallpox from India, 400AD
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Slide 4

Smallpox and History

In the Elephant war in Mecca 568 AD,
smallpox decimated the Ethiopian soldiers

Introduction of smallpox into the new world
(Carribean 1507, Mexico 1520, Peru 1524,
and Brazil 1555 ) facilitated Spanish conquest

Smallpox destroys Hottentots (1713)

In 1738, smallpox killed half the Cherokee
Indian population

Smallpox disrupted colonial army in 1776

4 CDC

e Throughout the centuries, smallpox was directly responsible for many history
changing events
e These are just a few examples
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Slide 5

Smallpox Control Strategies

Smallpox hospitals (Japan 982 AD).

Quarantine 1650s.
Home isolation of smallpox in Virginia 1667.
Inoculation and isolation (Haygarth 1793).

Jenner and widespread practice of vaccination
throughout Europe and rest of the world.

Mass vaccination.
Surveillance containment.

4 CDC

e Multiple methods have been used to try and control the spread of smallpox including:

o Use of designated hospitals for care of smallpox cases

o Quarantine and home isolation measures

o Variolation with smallpox virus to try and induce milder disease leading to
lifelong immunity

o Larger scale vaccination initially utilizing the cowpox vaccine created by
Jenner then vaccinia vaccine produced through other, more stable methods

o And ultimately the addition of thorough surveillance for cases coupled with
isolation and targeted vaccination to bring about the ultimate eradication of
the disease
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Slide 6

Variolation Inoculation
with Smallpox Pus

* Observations:

— Pocked marked persons never affected with
smallpox

— Persons inoculated with smallpox pustular
fluid or dried scabs usually had milder disease

* Not ideal control strategy
— Case fatality rate still 2%
— Can transmit disease to others during illness

4 CDC

e One if the first attempts to induce immunity to smallpox was through variolation or
the intentional inoculation of infected material from a smallpox scab into an
individual’s skin to produce a less severe infection than naturally acquired smallpox

e Several observations led to the use of variolation to try and prevent smallpox and
control the spread of this disease

o First, persons skin pock marks, evidence of previous smallpox disease, did not
come down with the disease again

o And second, person inoculated through the skin with smallpox material
usually had a milder form of the ililness compared to those who were infected
naturally

e Was not an ideal control strategy as this still had a case fatality rate of 2% and
people infected by this method could transmit the disease to others.

e A better method to induce immunity to this disease was needed.
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Slide 7

The 15 Smallpox Vaccination
Jenner 1796

Cowpox lesions on the hand of Sarah Nelmes
in Jenner’s Inquiry), from which
<en for vaccination of Ja

£ erial was tak 0
H Phipps below in 1796

2

e Edward Jenner demonstrated that immunity to smallpox could be produced by
inoculating a human with material from a lesion on the udder of a cow. Jenner called
this infectious material vaccine, and the procedure came to be called vaccination.

e The material Jenner used for his vaccine probably contained cowpox virus, a virus
related to variola but not as virulent.

e Taking pus from the lesions on the hands of a diary maid, Sarah Nelmes, Jenner
inoculated James Phipps. Phipps was later challenged with smallpox and had no
response.

¢ Jenner predicted the eradication of smallpox with his discovery.
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HIStO\I;y of Smallpox

accination

Growth of virus on the flank of a calf in Italy.

"Publicity about vaccine productionata | y about vaccine production at a
medlcal congress.

After WWI Most of Europe smallpox free.

After WWII | Transmission interrupted in Europe and
North America.

1940’s Stable freeze-dried vaccine perfected by
Collier.

* Henderson DA, Moss M, Smallpox and Vaccinia in Vaccines, 3 edition, 1999 (ﬁ CDC

e Significant events in the history of smallpox vaccination include the growth of the
vaccine virus on the flank of a calf in Italy, which led to the main method for vaccine
production

e At some time during the nineteenth century, the virus used for vaccination changed
from cowpox to vaccinia. Vaccinia is in the same family as cowpox and variola, but is
genetically distinct from both. The origin of vaccinia, and how it came to replace
cowpox virus in the vaccine is not known.

e With the use of vaccine produced from the flank of cows, most of Europe became
smallpox free after WWI

e After WWII endemic transmission was completely interrupted in Europe and North
America

e With the development of a freeze-dried vaccine that was more stable in higher
temperature and humidity climates, vaccine was available for wider use throughout
the world.
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Smallpox Endemic Areas 1945

Endemic smallpox (@ CDC

e In 1945, most of the countries in the world still had endemic smallpox cases.
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HistoIrEy of Smallpox

radication

Pan American Sanitary Organization
decides to undertake eradication

emispnhere-wide.

World Health Assembly adopts goal to
eradicate smallpox.

World Health Assembly decides to
intensify eradication and provide more

4 CDC

e In 1950, the Pan American Sanitary Organization, the predecessor to the Pan
American Health Organization, undertook a hemisphere-wide smallpox eradication
program.

e The first proposal for global eradication was made to the World Health Assembly by
the USSR in 1958. They proposed a worldwide vaccination program to be completed
in a 3 to 5 year period. Some progress was made during the next 7 years, but the
results overall were disappointing.

e Finally, in 1966, the World Health Assembly decided to intensify the eradication
program by providing a special budget of $2.4 million per year specifically for this
effort.
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Principal Indicators of Eradicability

* Humans essential for the life cycle.
* Practical diagnostic tools.

+ Effective intervention capable of
interrupting transmission.

bR * Dowdle WR, Hopkins DR, The Eradication of Infectious Diseases, John Wiley =
i? & Sons, Chichester 1998. pp47-59 (ﬁ CDC
— 2

e The reasons that smallpox could be targeted for eradication when many other
infectious diseases could not include:
o Humans are the only known reservoir for the disease, therefore, if

transmission from human to human could be stopped, the disease could be
eliminated as there is no animal reservoir that would contribute to continued

circulation.
o Practical diagnostic tools were available to assist in the diagnosis and
confirmation of smallpox cases

o A vaccine was available that could effectively protect individuals from disease
for several years (or longer if repeated), therefore, interrupting transmission

was possible
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Smallpox Endemic Areas 1967

Endemic |l Importations Transmission Interrupted (ﬁ CDC
2

e The Intensified Global Eradication program began in 1967

e An estimated 10 - 15 million smallpox cases still occurred in 31 countries where the
disease was endemic. More than 1 billion people lived in these areas.

e A major reservoir was Africa, where most countries south of the Sahara were
infected.

e A second major reservoir was in Asia, extending from Bangladesh through India,
Nepal, Pakistan, and Afghanistan.
The third was the Indonesian archipelago,
The fourth was Brazil, which compromised half of South America.
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R & D Contributions

/| /4 Bifurcated Needle
N 98%+ take

#reeze—Dried
Smallpox Vaccine

4 CDC

e Two technical advances laid the foundation for smallpox eradication:
o The development of a freeze dried vaccine which retained its potency at
tropical temperatures, allowing use of the vaccine in more areas of the world.
o The development of the bifurcated needled for vaccination.
e The bifurcated needle had a nhumber of advantages over previous methods of vaccine
administration:
1. The method could be easily taught to almost any individual in 5-10 minutes.
2. Vaccination using this technique resulted in nearly 100% successful vaccine
takes
3. The dose held between the prongs was about 1/100 the the vaccine that was

required by the previous methods of vaccination, therefore, more vaccine was
available
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Smallpox Eradication Strategy

. Mass vaccination campaigns in each
country, using vaccine of ensured
potency that would reach >80% of
population.

. Development of a system to detect
and contain cases and outbreaks.

1 Henderson DA, Moss B, Smallpox and Vaccinia in Vaccines, 3 edition, 1999

4 CDC

e The initial eradication campaign was based on a two-fold strategy.
o First, mass vaccination campaigns in each country, using vaccine of ensured
potency and stability, that would reach at least 80% of the population.
o Second, the development of surveillance systems to find cases and outbreaks
so that more focused containment measures could be implemented.
e Of the two strategies, the second - case detection and containment - proved to be
the more crucial. However, both strategies were necessary overall to bring about the
eradication of smallpox.
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e In 1966, the Smallpox Eradication Measles Control Program was initiated in 18 West
African Countries to move toward eradication in this endemic area. At that time,
Sierra Leone, had the highest infection rates in the world.

¢ Using vaccination guns, government resources, and, most importantly, traditional
health authorities, large humbers of people were vaccinated. The program
administered over 100 million vaccinations in a 5 year period. Surveys showed that
90% of the population had been vaccinated. Smallpox rates fell as a result of these
efforts.

e The program had to overcome numerous problems, including lack of organization in
national health services; epidemic smallpox among refugees fleeing areas stricken by
civil war and famine; shortages of funds and vaccine; and a host of other problems
posed by difficult terrain, climate, and cultural beliefs.

e Ultimately, this program taught us many things about smallpox and disease
eradication
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Herd Immunity

Sustained [ —p = —>
transmission III
Transmitting Susceptible Transmitting Susceptible

case case

°
Transmission — —
terminated

Transmitting Immune  Susceptible
Case (A) (B) (C)
(Indirectly
Protected)

@ 4 CDC

e The mass vaccination campaigns allowed health authorities to achieve “herd
immunity”.

e The theory behind the development of “herd immunity” is: in diseases that can be
passed from person to person, it is more difficult to pass that disease easily when
there are those who are immune to it. The more immune individuals there are, the
less likely it is that a susceptible person will come into contact with someone who
has the disease

e For example, if “"Person A” had smallpox and exposed “Person B” who was immune
because of vaccination, “Person B” would not get ill and could not pass on the
disease to “"Person C.” when he comes into contact with him. So even if “Person C” is
not vaccinated, he gets indirectly protection from the disease.
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Herd Immunity Thresholds for Selected
Vaccine-Preventable Diseases

Immunization Levels

Disease 1999 1997-1998
19-35 Pre-School

*4 doses

1 Modified from Epid Rev 1993;15: 265-302, Am J Prev Med 2001; 20 (4S): .
88-153, MMWR 2000; 49 (SS-9); 27-38 (ﬁ CDC
&

e This slide shows the estimated herd-immunity thresholds needed to stop
transmission for several communicable diseases.

e The R,, or the number of usual secondary transmissions from a single case of the
disease, for several vaccine preventable diseases

e Notice that smallpox is actually less “transmissible” than measles and pertussis

e What this slide doesn’t show is the fact that even if desired herd immunity levels can
be reached, outbreaks of the disease can and still do occur, though not to the extent
they occurred before larger-scale immunity was achieved

e Because outbreaks of disease can still occur even when a high level of herd immunity
is achieved, other measures were ultimately also needed to accomplish the
eradication of smallpox
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Assumptions About Smallpox
Prior to Eradication Program

* Vaccine-induced immunity short-lived

* High vaccination coverage needed to
meet herd-immunity threshold

e Prior to starting the eradication program, it was thought that smallpox was highly

contagious

e It was also thought that any immunity provided by the vaccine would be short-lived
e Because of these assumptions, it was thought that a fairly high herd immunity level

was needed in order to eliminate the disease
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What Was Learned about Smallpox
Transmission During the Eradication Program

» Common transmission: Airborne by droplets
— Close, face-to-face contact

* Rare transmission: Airborne over long distance

— More frequently seen in hospital associated
outbreaks where cough was present

* No carrier state

* Rare transmission: fomites
— Bedclothes, linens, blankets.

* No evidence transmission by: food, water.

4 CDC

e We learned from studies done during the eradication program that smallpox wasn't

quite as contagious as previously assumed.

e Other things that were confirmed included the fact that humans were the only
natural host for variola virus, and there was no chronic carrier state.

e Studies on transmission of smallpox showed that the majority of transmission

occured by the respiratory route through inhalation of respiratory droplets containing

variola virus, expressed over short distances by an infected person.

o The overwhelming majority of secondary transmissions could be traced to

close, prolonged contact with a smallpox case
o Rarely, transmission occurred from contact with infected fomites or from
travel of infected airborne droplets over greater distances.
o No cases of smallpox were linked to food or water transmission
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What Was Learned about Smallpox
Transmission During the Eradication Program

Vaccine can provide protection for several

Vaccination soon after exposure can still
provide some degree of protection
Transmission did not occur before onset of
symptoms

Surveillance and targeted vaccination could
significantly decrease transmission during
outbreaks

£ bC

e Studies showed that vaccine can provide full protection against smallpox but that the
degree of protection decreases over time

e Because more was learned about the incubation period of smallpox and the immune
response to vaccine, we learned that vaccination even a few days after exposure
may still prevent disease or can at least decrease the severity of the illness

e Transmission of smallpox did not occur during the incubation period, before the
onset of symptoms, like it can for other transmissible diseases

e Good surveillance for cases with targeted vaccination of those around the cases
significantly decreased the transmission of disease, even in areas with low herd
immunity rates from vaccination
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Factors Influencing Smallpox Spread

Temperature/Humidity — Lower

Intensity and duration of contact
Length of contagious period
Coughing/sneezing

Discovered that several factors can influence how well smallpox spreads.
Experiments show that the viability of variola and vaccinia viruses was less
prolonged at higher temperatures and higher humidity.

o Outbreaks of smallpox seemed to follow a seasonal pattern that supported
this finding, higher transmission of the disease occurred during the cooler
months of the year

The intensity and duration of contact and the severity of the illness in the case also
contributed to higher rates of secondary transmission

Also learned that although a person is contagious until the rash of smallpox was
completely resolved, which could be several weeks, they were much more contagious
in the early part of their illness than they were during the later part

In outbreaks where airborne transmission over greater distances occurred, the initial
case exhibited a greater degree of coughing or sneezing which contributed to the
creation and distribution of airborne particles
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Exposure Factors for Smallpox
West Pakistan, 1968-1970

Contacts | Cases
Exposure Factor (N) (N) (%

T R O —
Same house
Same compound

Pattern of exposure
Constant
Daily

Duration of Exposure
> 7 days
<7 days

e Comparisons of how smallpox spread demonstrated that closeness and duration of
contact were very important in the transmission pattern of the disease

e Highest attack rates occurred in close family contacts of overt cases of smallpox that
had constant exposure (e.g. mothers of young children with smallpox) as opposed to
those whose exposure was only daily.

e Residents of the same house or people who lived in the same compound also had
higher attack rates. Those who lived in the same compound would often have visited
the house of the patient, increasing their risk of contracting the disease.

e Those who had contact over a 7 or greater day period had a much higher attack rate
than those who had some degree of contact over less than 7 days
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Secondary Attack Rate for Smallpox
Among Unvaccinated Household Contacts

| 7 AttackRate(%) | #Studies |
%9-47
733-884

Average for vaccinated KR
(1.2-26.2)

DR T Adapted from Fenner F et al. Smallpox and its Eradication, pp200 e
@ & CDC
= &

e Studies during the eradication period also demonstrated that smallpox may not be as
easily transmitted as originally believed as the overall attack rate was less than 60%
in unvaccinated household members

e Attack rates in previously unvaccinated household members were less than 50% in 5
of 8 studies

e 3 studies had unvaccinated household transmission rates of greater than 70% which
may have been related to more favorable environmental conditions (low temperature,
low humidity) that existed during the time periods for these studies

e The average attack rate for previously vaccinated household contacts was 3.8%,
demonstrating the efficacy of vaccination
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Examples of Slow Smallpox
Transmission Within a Single Compound

Interval between onset of
Contacts in Contacts symptoms in index case and
addition to without history onset of symptoms in last
Source index case of vaccination compound case
I

— s
[Noera(Abakall) | 21 | 4 | 3Tdays |
Nigeria (Abakaliki)
47 days

I
Nigeria (Abakaliki)
14 5 51 days
United Rep. of
Cameroon (N'Game) ? Approx. 53 days
Nigeria
(Adepe-Ipiga) 30 27 Approx. 60 days

Approx. 80 days

Bull WHO 1975; 52: 209-222

e Other outbreaks of smallpox in close, defined populations demonstrated that the

disease didn't spread as rapidly through the population as might be expected if
smallpox were as easily transmitted as previously believed.

e These studies show the long interval between the onset of symptoms in the initial

case and the onset of symptoms in the last case of the outbreak.

e Also notice the relatively low number of secondary cases over the long interval which
often spanned several incubation periods and generations of cases. If smallpox were
easily transmitted, one would expect there to be more cases appearing during these

longer periods from the beginning to the end of the outbreaks
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Examples of Slow Smallpox
Transmission Within a Single Compound

Susceptibles | Smallpox case | Cases per 100
Exposed Susceptibles

Nigeria 27 12
(abakaliki)

United Rep. of (0]

Cameroon

(N'Game)

Nigeria (Gerere) - i

Bull WHO 1975; 52: 209-222

¢ Even when smallpox cases had close contact, as in these outbreaks occurring in
close-knit compounds, transmission was not always that easy to achieve in
susceptible individuals

e Transmission rates in the outbreaks reported here were less than 50% in contacts
thought to be susceptible to disease (no previous history of smallpox or not
protected by previous vaccination)
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§ “1 Presumed infectious [ H
83  period of index case while - r I r orne
at Meschede Hospital m
N -

s W A\ g Spread of
[I! T2 Iu:ffl:;‘ g’ 20" :z 21130427619 ;:H!:vlu‘n' ORI IE! 'qu‘n 19 Smallpox

J— e Meschede
2l Hospital

Fenner. 1988.Fig. 4.9

e Even though it is very rare, airborne infection over longer distances did sometimes
occur.

e Two hospital outbreaks in Germany seem to have secondary cases arising from
airborne spread.

e In this hospital associated outbreak in Meschede, Germany, a case of smallpox had
been confined to his room before being diagnosed with smallpox and later
transferred to the smallpox hospital. In spite of his isolation 19 further cases of
smallpox occurred on all three floors of the building in which the index case had been
housed before transfer to the smallpox hospital.

o Confined to private room as a suspected typhoid fever case

o Smoke studies showed fairly brisk air currents created by heating currents
within the hospital that may have contributed to the distribution of air from
the patient’s room

o Patient had prominent cough

e Today'’s infection control practices and hospital ventilation engineering controls are
more strict and should prevent transmission by preventing circulation of air from an
isolation room to other areas of the hospital if implemented appropriately.
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Recovery of Variola Virus from the
Vicinity of Smallpox Patients

Recovery of variola virus from the vicinity of patients with variola major

Number of Number of Positive

Source of Sample patients Specimens

Number %

Impinger, near

mouth 29 47 5 "
Settling-plate, near

mouth 13 30 12 40
Circumoral swab 32 58 42 72
Pillow Swab 40 67 41 61
Impinger, near

bedclothes 9 15 5 33
Settling-plates, nera

bedclothes. 13 20 n 55
Bedclothes Swab 1l 16 15 94
Back Swab 35 66 25 38
Urine 16 34 17 50

2Based on on Downie et al. (1965a.).

¢ Smallpox was occasionally transmitted by other means

e Transmission to laundry workers by infected bedding has been reported during
several outbreaks by Dixon and others.

e Although the vast majority of smallpox cases can be traced back to close, face-to-
face contact and not to fomite contact, this study by Downie et al. demonstrated that
live variola virus could be recovered from bedding and clothing used by smallpox
patients and therefore could serve as a possible source of infection

e The environment immediately around the patient (e.g. pillow, bedclothes) had the
highest percentage of positive cultures. This would correspond to areas where
respiratory droplets would be most likely to settle and where pustule drainage
contamination would be the greatest.
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Secondary Attack Rates by

Pre-exgosure Vaccination Status
West Pakistan, Sheikhupura District

years
previously

tAdapted from Mack et al, Summarized in Fenner et al. Smallpox and its eradication, pg 688

g

e Also learned that vaccine could provide protection for several years, but the
protection decreased over time

e A study by Mack, et al. on the secondary attack rates based on time interval since
vaccination showed that individuals that were never vaccinated had a much higher
attack rate when compared to persons vaccinated within 10 years of their exposure.

Even those vaccinated more than 10 years previous had a significantly lower attack
rate.
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Duration of Protection

] RS sty
Age Group Infancy Case-Fatality Rate
o4 | N | 4%
514 | N | t0s% |

%20 | N0 | 139 |
049 | N0 | s2% |

tFrom Outbreak in Liverpool, England, 1902-1903 In Fenner F et al. Smallpox and its .-

Eradication, pp53 (ﬁ CDC

e Although full immunity from vaccination does not last forever, some degree of
protection against death from the disease may last for many years.

e This data published by Hanna in 1913 from an outbreak of smallpox in Liverpool,
England, in 1902 to 1903, illustrated the ameliorating effect of childhood vaccination
on the severity of smallpox.

o There was a striking difference between vaccinated and unvaccinated patients
in all age groups, both in the spectrum of severity and in case-fatality rates.

o Protection decreased with age —-with increasing intervals since vaccination -
but was substantial even in those aged more than 50 years.

Page 29 of 40



Slides and Notes: "History and Epidemiology of Global Smallpox Eradication"
(continued from previous page)

Slide 30

Case-Fatality Rate of Smallpox After

Importations into Western Countries
1950-1971

Successfully Vaccinated | Case-Fatality Rate
L c
Only after the exposure

0-10 years before exposure
11-20 years before exposure
> 20 years before exposure

TIn Fenner F et al. Smallpox and its Eradication, pp53

e Other studies supported that vaccination had a longer lasting effect than originally
thought

e Data collected by Mack from Western countries with importations of smallpox
between 1950 and 1971 showed the case-fatality rate was 52% in never vaccinated
individuals, 1.4% in those vaccinated 0-10 years before exposure, and still only 11%
in those vaccinated over 20 years before exposure.
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Effects of Post Exposure Vaccination

2° Attack
Rate

(Rao 1968) Primary vaccination post exposure 29.5%

(Helmer 1971)  Vaccinated or revaccinated <7 days
Never Vaccinated

e Even during the Intensified Smallpox Eradication Programme, it was difficult to
obtain accurate and reliable data on the level of protection against smallpox provided
by vaccination. Immunity was determined by the presence of a scar. And many of
these scars were caused by bacterial infections, rather than the vaccine.

e The best available information, which probably underestimated the protection
afforded by post-exposure vaccination, came from several sets of data on secondary
attack rates among vaccinated and unvaccinated family contacts of smallpox cases in
Bangladesh, India and Pakistan.

e Although the numbers are small and not statistically significant in the individual
studies, all the analyses showed a lower rate of occurrence of smallpox in previously
unvaccinated family contacts who were vaccinated after exposure when compared to
contacts who were not vaccinated at all following exposure.

e The level of protection was even greater when previously vaccinated subjects were
included (Helmer 1971).

e Even when post-exposure vaccination did not prevent the occurrence of smallpox, it
often mitigated its severity.
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Surveillance and Containment
Strategy

» Search for cases

» Containment of spread
by vaccinating primary
contacts and their
contacts

Most efficient strategy

Contacts to Contacts

e It was possible to have an great impact on smallpox transmission even in areas
where overall vaccination coverage was low by using a strategy called surveillance
and containment

e This strategy became the key strategy in the global eradication program

e The principle behind this strategy is to identify cases of smallpox, vaccinate their
household and other close contacts, then also vaccinate the close contacts of the
primary household and close contacts to the case. Then, if the primary contacts
developed smallpox despite vaccination, their close contacts would already be
protected and the chain of transmission would have been broken,

e Special surveillance teams were recruited and trained to search for smallpox cases
and vaccinate their contacts. They visited each health unit in an area of endemic
smallpox to ensure that each week the health officer submitted a report indicating
the number of cases seen

e When cases were reported, the teams worked with local health staff to find additional
cases and to contain the outbreaks by vaccinating the contacts.

e A special WHO smallpox recognition card was printed and distributed to help in the
search for cases
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Progression of Smallpox
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e We also learned a more about the pathogenesis and progression of the disease

¢ Following an incubation period of about 12 days, an average of 7 to 17 days, the first
symptoms of illness — the prodrome, characterized by fever and other symptoms,
begins

e In the skin, the virus localizes in small blood vessels of the dermis and in the oral
and pharyngeal mucosa. The result is the characteristic rash that appears 1-4 days
after the onset of the prodromal period.

e This graph shows the timing of the fever and rash phases of smallpox infection and
the progression of the rash stages
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Progression of Smallpox
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e Studies showed that viremia began at about the 8" day of the incubation period and
then lead to the first symptoms of illness — the prodrome on about day 12.

e Virus localized to the skin and mucosal blood vessels during this time

e Virus titers in saliva were highest during the first week of the skin rash when oral
mucosal lesions were present and shedding virus, this corresponded to the period
where patients are most infectious

e Viral titers in the saliva decreased as the oral mucosal lesions healed over and were
much lower after the first week of the rash, although the other skin lesions were still
in the pustular or scab stages and contained infectious material
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Last Village with Variola Major
uralia, Bhola

e Although setbacks occurred, the surveillance and containment strategy proved to be
the strategy that finally brought about the eradication of smallpox throughout the
world.

e By the end of 1975, smallpox persisted only in the Horn of Africa.

e Conditions were very difficult in Ethiopia and Somalia, where there were few roads.
Civil war, famine, and refugees made the task even more difficult.

e With the interruption of smallpox transmission in Asia, more resources were made
available in Africa, including more staff and transport.

e Just as it seemed that the last outbreak had been controlled, nomads in Somalia
disseminated the disease throughout the southern part of that country.
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Last Cases of Smallpox™*
S,

/ .
Rahima Banu — 16 October 1975 Ali Maow Maalin — 26 October 1977
Variola Major-Bangladesh Variola Minor-Somalia

** Two laboratory acquired cases occurred in UK in 1978 (ﬁ CDC
s

¢ An even more intensive surveillance and containment and vaccination program was
initiated in the spring and summer of 1977. As a result, the world’s last indigenous
patient with smallpox on earth was a hospital cook in Merka, Somalia, on October 26,
1977 with variola minor.
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e Searches for additional cases continued in Africa for more than 2 years, during which
time thousands of rash illnesses were investigated. None proved to be smallpox.

e Although 2 cases of smallpox occurred in England in 1978 as a result of a laboratory
accident, smallpox was gone as a naturally transmitted disease.
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WORLD HEALTH

THE MAGAZINE OF THE WORLD HEALTH ORGANIZATION « MAY 1880

The World Health Organization officially certified that smallpox had been eradicated
on December 9, 1979, 2 years after the last case in Somalia.

In 1980 the World Health Assembly recommended that all countries cease routine
vaccination.

Page 38 of 40



Slides and Notes: "History and Epidemiology of Global Smallpox Eradication"
(continued from previous page)

Slide 39

Why Worry About Smallpox?

* Allegations that
Soviet BW program
produced smallpox
virus for use in
bombs and ICBMs

» Concerns that
smallpox virus could
be obtained and
used by others as
terrorist weapon

JAMA 1999; 281: 2127-2137

¢ Following eradication, the World Health Organization also requested that all
laboratories either destroy their remaining stocks of variola virus or transfer them to
one of two WHO reference laboratories - the Institute of Viral Preparations in
Moscow, or the Centers for Disease Control and Prevention in Atlanta. All laboratories
were believed to have complied with this request.

e In 1993, the former deputy director of the civilian branch of the Soviet Union’s
Bioweapons program reported that his government had produced large quantities of
variola virus for use as a biologic weapon.

e With the breakup of the Soviet Union and unemployment of many of the program’s
scientists, there is concern that both the virus and expertise to produce it may have
become available to other governments or terrorist groups who might wish to use
this virus as a weapon.

e The deliberate reintroduction of smallpox into the world community would be an
international crime of unprecedented proportions. Although this has not occurred, we
can not afford to ignore this possibility.
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. '!'he Faces of Smallppx

¢ Smallpox is a devastating disease that can kill up to 30% of its victims and leave
numerous others scarred for life.

e It is critical that physicians and other front line health care providers become, once
again, familiar with the disease. Vigilance for suspected cases must be maintained as
long as there is a threat of its possible use as a weapon of terrorism.

o It is also critical that public health and medical response plans be in place should a
case occur. Such planning should occur now, not after an outbreak has occurred.

e The global eradication of smallpox ranks as one of the greatest triumphs in medicine.
The outbreak control strategies identified and successfully used in that program
would be essential once again should smallpox re-emerge.

e Although we hope the need to respond to a smallpox emergency never arises,
current day planning efforts should incorporate these successful outbreak control
strategies and still maintain the flexibility that is paramount to all emergency
response plans.
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