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Abstract
A Mathematical Model of how Smallpox can be used as a Biological Weapon 

This thesis focuses on why smallpox is considered as a possible biological 

weapon and why the world needs to be aware of its existence in the laboratories. The 

models are based on how smallpox affected the Native American populations of both 

North America and South America and on the findings of other experts especially the 

World Health Organization and the Center for Disease Control. With the gathered 

information, a model is used in order to help predict how the population would be 

affected if a community were to be attacked with smallpox. The model considers the 

manner in which the infection is spread before it is diagnosed as the smallpox virus. To 

emphasize the model three different scenarios are used, which then help to give 

suggestions on how or if the attack might be contained.
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Chapter One -  The Introduction

“There is increasing concern that biologic weapons might be deployed in warfare 

or for terrorist purposes. Until recently, smallpox was considered an unlikely agent of 

bioterrorism because of the high level of population immunity to the disease, the 

availability of a vaccine, and the knowledge that vaccination of patients’ immediate 

contacts could rapidly control outbreaks. Circumstances have changed” (New England 

Journal of Medicine 556). In this paper the hope is to convince the reader that smallpox 

is a viable option for terrorists to take and that it needs to be considered as a threat to 

humanity. Smallpox can be used as a biological warfare weapon because it has the 

capability to spread without recognition for a two-week period of time, because it is a 

known endemic killer, and because there is no cure to this virus, only a vaccination that 

has been out of production for twenty years.

Biological Warfare

Biological warfare uses biological weapons, or B-weapons, which include 

bacteria, viruses, and fungi that cause diseases. These tiny microorganisms are capable 

of mass reproduction in a small period of time and only a handful of them are needed to 

infect entire populations. These microorganisms are also incredibly cheap, “especially 

£  when compared to the cost of building nuclear weapons -  ‘a dollar a death,’ as one

analyst puts it” (“Biological Weapons” 1). Microorganisms are also extremely small, in 

the micrometer range, which enables them to be easily hidden when being smuggled. 

Although “biological weapons are banned by international treaties, their development and 

manufacturing bears so close resemblance to usual medical and biochemical research that 

these agreements are almost impossible to control” (“Biological Weapons” 2).



Biological weapons are not only a threat of the future; they have also been a threat 

in the past. Throughout history warfare has been an excuse to use humans as guinea pigs 

for experiments. World War II is a prime example. In the concentration camps of both 

Japan and Germany, experiments were applied on human beings. Some tests included 

injecting a deadly disease in order to watch from the beginning how it affected the 

subject and how it spread from person to person (“History of Chemical Warfare and 

Current Threat” 7). Other tests tried to find out how much water it takes to kill a person 

from bloating, how much electricity one person can stand, and what radioactivity does to 

a human being (Christopher 414). All of these tests have brought new understanding to 

how biology interacts with the human species but all of them were inhumane, taking 

prisoners and using them as guinea pigs in the name of science.

The fear of the new century is what the next major war will look like. Will the 

next war be one that is fought by computers, will it be one that includes nuclear warfare, 

or will it be one that is fought biologically and chemically? Each of these suggestions is 

considered to be a good possibility, but the deciding factor depends on economics and 

who is involved in the war. Nuclear warfare and computer warfare are very expensive 

and imply that the first world countries would be fighting. Biological warfare, however, 

is very inexpensive. Any terrorist group or rogue country could easily declare war with 

this technique.

In recent history, the threat of biological warfare has increased. Multiplying a 

virus would take a standard lab, and standard lab materials, which most countries have. 

The cost of this type of warfare is the cheapest out of any method. It takes a million 

dollars to produce a nuclear weapon that would destroy one square kilometer of area. It



takes one dollar to produce a virus that would infect one square kilometer of area 

(“Biological Weapons” 3).

Biological weapons are very powerful. Countries look for an agent that has the 

following properties:

The agent should be highly lethal and easily produced in large quantities. 

Given that the aerosol route is the most likely for a large-scale attack, 

stability in aerosol and capability to be dispersed (17|im to 5 J im  particle 

size) are necessary. Additional attributes that make an agent even more 

dangerous include being communicable from person to person and having 

no treatment or vaccine. When the potential agents are reviewed for these 

characteristics, anthrax and smallpox are the two with the greatest 

potential for mass casualties and civil disruption. (Kortepeter 525) 

Smallpox has been used as a biological weapon before. Smallpox was used 

during the British campaign against the North American Indians during the Pontiac’s 

Rebellion (Christopher 413). British General Jeffrey Amherst ordered a captain to give 

the Indians smallpox-infested blankets (Christopher 413). The general got his desired 

effect when the tribe was too weak to fight back and many died. The Native American 

population began to fear the British settler and the disease he brought with him 

(Christopher 413). In fact smallpox turned the tide on many war outcomes. The Spanish 

conquistadors would not have gotten any foothold in South America and North America 

had it not been the devastation smallpox brought. It killed about one-third of the eight 

million strong Aztec civilization and destroyed many other civilizations (Behbehani 34).
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Biological warfare has been used and documented since around 400 B.C. with the 

Spartans and the Greeks (Fenner 240). It also has the capability of becoming more of a 

threat in the future. Biological warfare is a threat for the world and needs to be taken 

seriously.

Smallpox:

For more than three thousand years, smallpox had been a terror of the human 

species, spreading across the world as new populations became exposed. Because of the 

high fatality rate, it was universally feared. To a virgin population, smallpox would 

wreak havoc and in some instances destroy the community to such an extent that it 

became extinct. In the towns and cities of Asia and Europe, where records were kept, it 

caused on average ten percent of all deaths each year (Fenner 239). Inoculation was a 

method tried for centuries and often it provided minimal success against smallpox. In 

1796, a man named Edward Jenner discovered a vaccination that protected against 

smallpox (Behbehani 36). This next table shows the difference the vaccination made in 

the destruction smallpox had on the world population.
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Table 1

Clinical Type Unvaccinated Subjects Vaccinated Su ejects
Number 
of Cases

Percentage 
of total

Mortality 
Rate (%)

Number of 
Cases

Percentage 
of total

Mortality 
rate (%)

Ordinary type: 3147 88.8 30.2 2377 70 3.2
Confluent 808 22.8 62 156 4.6 26.3
Semiconfluent 847 23.9 37 237 7 8.4
Discrete 1492 42.1 9.3 1984 58.4 0.7

Modified Type: 76 2.1 0 861 25.3 0

Flat Type: 236 6.7 96.5 45 1.3 66.7

Haemorrhagic
type:

85 2.4 96.4 115 3.4 93.9

Early 25 0.7 100 47 1.4 100
Late 60 1.7 96.8 68 2 89.8

Total 3544 100 35.5 3398 100 6.3

This table presents the different types of smallpox (variola major) and the numbers are 

based according to vaccination status (presence of a scar) in hospitalized patients in 

Madras in 1972 (Fenner 5). In this table one can see the difference in the mortality rate 

of smallpox, the unvaccinated infected people have a higher mortality rate than the 

vaccinated infected people. The spread of the virus, however, is not influenced by 

vaccination for status. Smallpox is still able to infect the same amount of people whether 

or not they have been vaccinated. The difference the vaccination makes, as said before, 

is apparent in the mortality rates. This table shows a factor of ten or a thirty percent 

difference in between the vaccinated subjects and unvaccinated subjects. The level of 

significance (from a z-score test) is zero percent. Smallpox, once a feared virus, became 

a controllable threat with the vaccination.



The World Health Organization (WHO) was established in 1948 and from its 

inception successive World Health Assemblies urged member states to take all measures 

to control smallpox (Fenner Forward). In 1958, the Organization decided to accept 

responsibility for a global eradication program (Fenner Forward). In 1966, the World 

Health Assembly established an Intensified Smallpox Eradication Programme (Fenner 

Forward). The mission was to vaccinate eighty percent of the world so that the number 

of people susceptible to the disease would be reduced. When the mission was complete 

the WHO wrote a document to mark the success of the mission and this excerpt is part of 

that document. “Thanks to the effort of numberless national health staff in the endemic 

countries, the enthusiastic devotion of international workers, and the masterly 

coordination of the effort by the WHO Smallpox Eradication unit, the goal of global 

eradication was achieved in just over ten years” (Fenner Forward). The result was that on 

May 8, 1980, The Thirty-third World Health Assembly adopted a resolution that 

smallpox has been eradicated globally, and despite intensive surveillance, no case of 

endemic smallpox has been detected anywhere in the world since the last case in Somalia 

in October 1977 (Fenner Forward). The vaccination and the World Health Organization 

gave the world a breath of fresh air because smallpox was eradicated and could only be 

found in two laboratories for further study. The United States Center for Disease Control 

(CDC) has one of the two viruses, and a national laboratory in Moscow, Russia has the 

other of the two viruses (Henderson 538). Because smallpox is in the two labs, WHO 

does not feel that the threat of smallpox being used as a weapon is very practical.

However, smallpox has the capability for mass casualties and civil disruption.

This passage shows the qualifications smallpox has as a biological weapon;
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1) 30% of unvaccinated patients infected with variola major could die. 2) 

It is stable for transmission in aerosol and capable of large-scale 

production. WHO was concerned that smallpox might be freeze-dried to 

retain virulence for prolonged periods. 3) It has been developed as agents 

in state programs. A Soviet defector has reported that the former Soviet 

Union produced smallpox virus by the ton. 4) Use of the agent would 

have a devastating psychological effect on the target population, 

potentially causing widespread panic. This is in part due to the agents’ 

well-demonstrated historical potential to cause large disease outbreaks.

5) Initial recognition of smallpox is likely to be delayed. This is given 

because few U.S. physicians have any clinical experience with the disease, 

many would confuse it for more common diseases early on, and allowing 

for second-generation to spread. 6) Availability of vaccines for smallpox 

is limited. Routine smallpox vaccination was discontinued in the United 

States in 1971. Recent estimates of the current number of doses in storage 

at CDC range from 5 to 7 million, but the viability of stored vaccine is no 

longer guaranteed. (Kortepeter 526)

Obtaining smallpox virus as opposed to other agents (e.g., anthrax, plague, and 

botulinum toxin) would be difficult, but if obtained and intentionally released, smallpox 

could cause a public health catastrophe because of its communicability (Kortepeter 524). 

Smallpox can be spread in three different ways: by coughing (sometimes by even 

breathing), by an aerosol mist, or by live virus being present within the scabs. Coughing, 

specifically, can be potentially dangerous because every face-to-face contact with the
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infected person results in the spread of the disease. Because of this, a single case could 

lead to ten to twenty others (Henderson 11). This next passage demonstrates that the 

population is prime for a reintroduction because of the lack of immunity; “It is estimated 

that no more than twenty percent of the population has any immunity from prior 

vaccination. There is no acceptable treatment, and the communicability by aerosol 

requires negative-pressure isolation. Therefore, these limited isolation resources in 

medical facilities would be easily overwhelmed” (Kortepeter 526). This estimation may 

seem small but because the vaccination has not been given anywhere in the world since 

1979 and the immunity only lasts for approximately forty years the estimate of twenty 

percent of the population has immunity is an accurate approximation.

When a small percentage of the population of the world has immunity to a deadly 

disease that disease has the potential to destroy many civilizations. This could be 

possible with smallpox. In an article from USA Today (October 12, 2000), the author 

tells us the United States government has reason to believe that Russia has been selling 

some of its viruses to terrorist countries of the United States. Smallpox was listed as one 

of the suspect viruses being sold. In an effort to protect the world from another outbreak 

of smallpox the United States government has ordered forty million civilian vaccines to 

be ready as soon as possible. The company filling this order has projected the order will 

be finished by the year 2004 which leaves the world at the mercy of an attack for three 

years. As one can see, smallpox is a viable option for biological warfare and the world 

would be defenseless against the attack. This information is verified by James W. LeDuc 

and Peter B. Jahrling in Emerging Infectious Diseases published by the CDC (Leduc, 4).
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Chapter Two -  How Populations Have Been Affected 

Smallpox with a Virgin Population

A virgin population, in reference to a disease, is a population or civilization that 

has never been introduced to a disease. Whenever people travel all over the world, their 

stomachs do not react favorably to the food and water because of the different parasites 

that exist in the new environment. To a living body, this foreign organism wreaks havoc 

because the body is trying to not only gain the good nutrients from the food and water but 

to destroy the bad. Sometimes, if the organism leads to a disease, the body does not have 

enough strength to fight the disease, so the body dies. Often the effects of the disease are 

most severe on a virgin population, meaning if the body survives the first attack, it will 

develop immunity and will know how to fight the invader.

This is the case with smallpox. To a virgin population, smallpox is devastating. 

As previously mentioned it has been documented throughout history that when smallpox 

arrived in a new area, the civilization would be severely and adversely affected. The best 

example of this decimation is the effect smallpox had on the Americas. Ancient 

civilization and other cultures also provide good examples.

Ancient civilizations have been drastically affected by the virus. Smallpox started 

out 3000 years ago supposedly in Egypt where it crossed over into India. It remained in 

India as an endemic human disease for some 2000 years (Fenner 244).

In the first century AD it was introduced into China and in the 6th century 

carried to Japan. As populations grew in India, China and Europe, 

smallpox became established in the cities and more populous areas as an 

endemic disease affecting mainly children, with periodic epidemics that



killed up to 30% of those infected. Its impact steadily increased, and by 

the 16lh century it was an important cause of morbidity and mortality in 

Europe, southwestern Asia, India, and China. The occurrence of the 

disease in Europe was of special importance, for this served as the focus 

from which smallpox spread to other parts of the world. (Fenner 244) 

The most documented effect smallpox had on a virgin population was the 

invasion of the Americas. The Spanish conquistadors invaded South America in search 

of the untold riches they had dreamed about. In addition to the introduction of 

gunpowder and a new religion the conquistadors brought slaves who carried smallpox 

(Fenner 236). Smallpox did not only weaken the Aztec empire and the surrounding 

civilizations but it literally destroyed the civilization by killing millions of people as 

shown by this passage: “Some say that half the population of Mexico died within 6 

months; other estimates put the population at 25 million before the conquest and 16.8 

million 10 years later. At least half of the Aztecs who caught smallpox died of it” 

(Fenner 237). In addition to being such a killer to Mexico and the Aztec empire, 

smallpox infected all the other regions as shown in this passage:

No part of the continent was spared -  not even the interior of Brazil, 

whose inhabitants were exposed through the enthusiasm of Jesuit 

missionaries for converts. As late as 1660, after the Jesuits had 

established missions along the banks of some of the great rivers, where 

some 100,000 Indians had been assembled, a smallpox epidemic killed

44.000 of them, to be followed by another 9 years later, which claimed

20.000 victims. (Fenner 238)



In North America the devastation did not arrive as quickly. Because the North 

American Indians were more hunter and gatherer types instead of city dwelling, smallpox 

did not have a chance to be introduced until the settlers came. In this next passage it is 

recorded that even though smallpox came later to North America it was just as 

devastating. “Smallpox followed the settlers, the first epidemic in 1617-1619 killing 

many of the Indians on the Massachusetts coast, thus clearing a place for the settlers who 

arrived from Plymouth in 1620” (Fenner 238). Smallpox not only cleared a place for the 

settlers when arriving, but the virus also almost destroyed many civilizations of Native 

Americans in the process as shown here:

During the 1630s and into the next decade, smallpox, the most fatal of all 

the recurrent Indian killers whipsawed back and forth through the St. 

Lawrence -  Great Lakes region, eliminating half of the people of the 

Huron and Iroquois confederations. In 1738 smallpox destroyed half the 

Cherokees, and in 1759 nearly half of the Catawbas. During the American 

Revolution it attacked the Piegan tribe and killed half its members. It 

ravaged the plains tribes shortly before they were taken under United 

States jurisdiction by the Louisiana Purchase, killing two-thirds of the 

Omahas and perhaps half the population between the Missouri River and 

New Mexico. In the 1820s smallpox devastated the people of the 

Columbia River area, erasing perhaps four-fifths of them. In 1837 

smallpox returned to the plains and destroyed about half of the aborigines 

there. (Fenner 238)

As these examples clearly illustrate, smallpox is very deadly to virgin populations.



Who and Where

A population is usually introduced to smallpox by a traveler that passes the 

disease by face-to-face contact. After a population or a civilization has been exposed to 

smallpox, the disease becomes cyclic, meaning that about every ten years the disease 

would arrive in force again (Cook 944). Sometimes smallpox never leaves a community 

and about every ten years has a very large effect on the population. After a while most of 

the older community becomes immune to its effects because all the older people still 

living have survived smallpox and therefore are immune to catching the virus again. So 

after smallpox has been in a community for a while, the people who are mainly infected 

with the disease are the children and this is why smallpox became known as a children’s 

disease (Fenner 54).

Another part of the population that is drastically affected by the disease is 

pregnant women. Pregnant women usually do not survive (Fenner 55). We can speculate 

this effect is because the women at the time of pregnancy have a compromised immune 

system and cannot handle a powerful disease such as smallpox.

Smallpox targets the weakest ones in a community first but anyone can be 

infected. The age factor needs to be considered and this chart and graph help to explain 

this effect. The age distribution and case-fatality rates of smallpox in India between the 

years 1974-1975 are the next chart. This chart includes both vaccinated and unvaccinated 

subjects.
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Table 2

Age group 
(years)

Vaccinated Unvaccinated

Cases Mortality 
rate (%)

Cases Mortality 
rate (%)

Number 
of Cases

% of
infected

Number 
of Cases

% o f
infected

0-4 114 13.3 10.5 725 36.8 45.7
5-14 277 32.4 5.1 897 45.5 12.4
15-39 348 40.7 4.9 265 13.4 20.7
>=40 116 13.6 8.6 84 4.3 29.8

Total 855 100 6.2 1971 100 26.5
*The mortality rate is based on the number of cases.

Figure 1
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This information is relevant to the understanding of how indiscriminant smallpox can be 

between ages when everyone is vaccinated, but smallpox is more likely to be fatal to 

children when the population is unvaccinated. This could be due to the fact that the 

unvaccinated smallpox patients, when they get older have already been exposed to 

smallpox and so the population has an active immunity. The age incidence of smallpox 

depends mainly on the acquired immunity of the exposed population as explained in this 

passage: “In the absence of protective immunization, the age incidence reflected the level 

of endemics. Thus, when populations were first exposed to smallpox, persons of all ages



and both sexes were affected” (Fenner 195). However, the greatest mortality rate of an 

endemic community has traditionally been in the very young and the elderly. There is no 

discrimination on ethnicity or race. However smallpox may have exerted selection for 

more resistant genotypes within a population in which it had been endemic for centuries 

(Fenner 195).

Smallpox also drastically affects those people who are malnourished. Smallpox 

seems to spread significantly in areas where the population is densely concentrated (due 

to its communicability) and nutritional deficiencies are apparent (Fenner 199). The 

complications of smallpox such as blindness often happened to subjects that were 

malnourished (Fenner 199). The WHO wrote worked very hard to understand smallpox 

and one of the studies is where this information comes from: “Epidemiologists working 

in India during the eradication campaign formed the impression that cases of smallpox 

were more severe and deaths more frequent among the ill-nourished villagers and 

refugees than in better-nourished subjects” (Fenner 196). Once again this fact helps to 

emphasize that smallpox affects everyone but feeds on the weak of the society. This 

doesn’t mean, however, that people who have clean water, live in a “better 

neighborhood,” and are not as crowded as others will not fall to the virus. Smallpox is 

not discriminating and attacks a human body, not the conditions surrounding the body. 

The immune response is the most important factor here because a person who is better 

nourished has a better immune response and will be able to fight the disease and limit its 

effects.

Climate can definitely affect how fast smallpox spreads. Seasonal conditions are 

not enough to predict epidemics, but according to Roger’s study, smallpox would appear



in a dry season after a wet season with high humidity (Fenner 196). This effect happens 

when the monsoon rains had a dry year; the chain of smallpox transmission is faster. 

When there is a dry year more people travel and more people visit the marketplace, which 

allows for smallpox to infect many more people than the disease would have infected if 

the weather included heavy rains and poor traveling conditions. This seasonal effect can 

be due to the fact “that countries with definite dry and wet seasons are less mobile during 

the rainy season and smallpox is less confined and more mobile during the dry season 

where travel to markets, religious festivals, fairs and similar gatherings enhanced the 

opportunities for the widespread seeding of cases into previously unaffected 

communities” (Fenner 181). Also the season of smallpox peaks when winter is ending, 

which happens to be in the middle of the flu season (see the top row of figure 2). The flu 

season can lower the immune response and smallpox has an easier time infecting the 

body.

Figure 2



The lower row of the figure shows the monthly temperature (the right hand scale), 

the seasons of smallpox infections, and the amount of rainfall (the left hand scale) in 

millimeters for each country (Fenner 181). The number of cases of smallpox followed 

the rainy season as is clearly shown in the Rio De Janeiro picture. This figure helps to 

explain the seasonal effect smallpox has per year.

How Smallpox Spreads

Smallpox is contagious only after the rash appears. One of the first places that the 

rash appears is the mouth, and this is the means of viral spread between people. The rash 

on the mouth releases large amounts of highly infectious virus into the saliva (Behbehani 

37). From the saliva the virus is released into the air by either coughing or even just 

breathing. From here the little droplets of saliva filled with the virus travel until they find 

a new host. Usually, the virus cannot stand to live outside the body for very long when it 

is in the saliva or aerosol form (Wehrle 678). The maximum time limit is around one 

day; however, smallpox only needs a couple of minutes to attack (Wehrle 676). This one 

day period is a large amount of time compared to some viruses and means that the 

possibility of catching the disease remains when patients have left the room but the virus 

can still be around ready to infect someone else. It has been found that a single viable 

virus particle could initiate infection. The virus then enters the nose or mouth, other than 

in food or drink, either by inhalation or by implantation on the oral or nasal mucous 

membrane by contact with contaminated fingers (Fenner 40).

Usually a viral infection spreads, especially through people that are coughing and 

sneezing, by aerosol over short distances. However, some, like foot-and-mouth disease, 

may be spread by the wind over long distances of several kilometers. Smallpox seems to



use both modes of traveling. Smallpox can travel throughout a hospital especially in a 

room with circulating air, and it can travel distances as wide as 400 yards by the wind 

(Siergrist 506).

Conditions Today

9  Today, the conditions are perfect for a reintroduction of smallpox. The

vaccination is in low supply. An estimated number of forty million vaccinations are 

needed to control an epidemic of fifty people as the initial carriers (Henderson 17). As of 

today the CDC has about seven million vaccinations in storage, and these vaccinations 

are very old so their usefulness is questionable (Henderson 538). High-density areas are 

very susceptible to smallpox, and with six billion people the world is more crowded than 

ever before. In the first-world countries, especially areas like the United States of 

America, the housing in most places is not very crowded; however in many other 

countries people are packed into little rooms to survive. The large, crowded population 

gives a tremendous boost to the spread of smallpox because the hosts are readily 

available. The last factor that increases the rate of spread is the fact that the world has 

had smallpox eradicated for the last twenty years and people have not been vaccinated for 

smallpox. Therefore the immune system has no active immunity against smallpox. The 

vaccination has not been given since 1971 for most of the first world countries and 1979 

for the rest of the world (Behbehani 36). There are at least two generations that have 

never felt the effects of smallpox and therefore are a feeding ground for smallpox to 

reappear. All of these circumstances are a reality, and with six billion people on this 

earth, smallpox needs to be feared because of the mortality rate of a virgin population 

infected with smallpox.
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Chapter Three -  The Math

The purpose of this chapter is to help the reader understand the likelihood of the 

use of smallpox as a biological weapon. If one side could guarantee minimal damage to 

its side, smallpox would be a popular option in the war of biological weapons. In order 

to explain the damage the world would suffer, I am going to hypothesize a few scenarios 

of whom smallpox would affect. The first scenario looks at one person as the initial 

infector and depending, on whether or not the person lived, whom smallpox reaches 

before it is controllable. The second scenario looks at a conference of around fifty people 

being infected with an aerosol attack and how many people would be affected before the 

epidemic becomes controllable. The third scenario involves an aerosol attack over a city 

especially focused on an area of dense population and how many people would be 

affected before the epidemic would be controllable, if it could become controllable.

There are a few facts to keep in mind about smallpox. An important factor when 

trying to identify the virus is the incubation period and the general time of infection. This 

graph helps to explain the day-by-day scenario.

This graph presents how the virus affects a human body.

Figure 3 

Time after infection

days of infection

* For the first 12 days the person infected has a normal temperature of 37.1 (C).
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This is a graph based on various sources that describes how the infection spreads 

throughout the body and the time scale the infection usually takes. The incubation period 

is through the first twelve days until a fever starts. The rash or papule starts about three 

to four days after the fever begins, and it starts forming into a vesicle on about the 

nineteenth day after infection. The days of the crucial illness start at the fever and 

continue through twelve days and then the scabbing period takes place. The death from 

the illness usually occurs two weeks after the symptoms appear. If the infection has 

located itself in a major organ, it causes swelling and bleeding in which case death 

usually occurs right after the symptoms appear. The temperature of the infection lets the 

doctor know how the virus is progressing. Also when considering the days of infection it 

is important to consider the minimum and maximum days that the symptoms could occur. 

This next graph helps to explain this factor.

Figure 4 
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This data is summarized data from sixteen outbreaks of variola major and two outbreaks 

of variola minor, occurring in several European countries between 1927 and 1960 and 

involving 898 cases (Fenner 41). This histogram supports the widely expressed opinion 

that the variola major (the more common form of smallpox) incubation period is usually
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ten to fourteen days but, in rare instances, as short as seven days or as long as nineteen 

days. This graph is trying to show that symptoms usually begin anywhere from seven to 

nineteen days, which can help identify where an outbreak started.

Another factor is the way in which the virus spreads. The first generation, initial 

people who have the virus, spreads the virus only when they have the rash, which as seen 

in the graph shows up around fifteen days after the initial infection. The virus can spread, 

however, over a long range with the wind, and only one virus is needed to infect. The 

infection expands by a factor of ten to twenty times or more with each generation and the 

next generation targets mainly the family members and people in doctors’ offices and 

hospitals. These next two graphs help to look at the days until the next generation begins 

to feel the symptoms. Based on Mr. Mack’s research (1972) these two graphs explain the 

interval between the first possible exposure to a case of smallpox imported into Europe 

by air and the onset of symptoms in first generation indigenous cases, in family and 

hospital environments (Fenner 199).

Figure 5
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In the hospital environment, the mean interval between the point at which a case 

first became infectious and the onset of symptoms in contacts was in the same range as 

estimates of the incubation period. In households, transmission took place a few days 

earlier, but in both situations the great majority of cases appeared within the first three 

weeks after the initial exposure. The only way to kill smallpox is through vaccination 

and isolation. There is no cure, and initial vaccination prevents smallpox for only a few 

years. When a person has been vaccinated twice the interval of immunity lasts for about 

forty years. If it has been over forty years since the last vaccination, smallpox could 

infect and kill many. Smallpox is known to kill about thirty-five percent of the 

population it infects but can kill more than fifty percent of a population that has not been 

exposed to the virus (Fenner 54, 237).

In developing a model for using smallpox as biological weapon, the model must 

take into account the number of people unvaccinated today and how they will be affected 

(the estimated death total) should smallpox ever be used as a biological weapon. In 

addition the model should account for the seasonal effects. These effects have been 

verified by the WHO.

The first model is based on a general exponential population model

A

y  =  1 + B e ~ ct . In this model, as time (/) approaches infinity the population reaches its 

maximum A. The variable (y) represents the number of deaths over the time period (t 

(months)). The constant B represents the constant that affects the model when t is very 

small (especially when t = 0). When t = 0 the exponential term attached to B (e~ct) is equal 

to one, which means that at time zero the number of deaths is equal to A/l+B. Since the 

initial number of deaths should be one, B needs to equal A-l. When time approaches



infinity the A term takes over the equation and dominates the model. As time is increased 

the equation of the model reaches the maximum number of deaths that the population 

experiences, which is A. The c term represents the rate in which the population is 

affected by the disease. This term affects the mortality rate (usually in months) of 

smallpox. This model is based on the standard logistic model but instead of reaching a 

maximum population the model reaches a maximum number of deaths. In theory the 

maximum number of deaths would be one hundred percent, however, from the data I 

have researched the number of deaths never reaches the one hundred percent; it has 

however in the extreme reached ninety-eight percent. Normally the population loses to 

death a little less than a third of the infected population. To a virgin population the 

number of losses approaches fifty percent of the infected population. Instead of trying to 

use this equation to build a model I used it to help explain the data I was given about the 

North and South American populations. This model tries to explain how populations 

were affected by smallpox when the vaccination was not around. As you can see some of 

the populations are drastically effected.

Figure 6

•Pink= Mexico City between October 22 and 
December 18, 1779.
•Dark Blue= The Mandan Indians who started 
with a population of 1600 and ended with 1. 
•Red= The Blackfeet Indians who started with a 
population o f 30,000 and lost 6,000 to 8,000. 
•Green= The Crow Indians who started with 
4,500 and lost 1000.
•Light Blue= The population of Iceland between 
1707 and 1709 lost 36% of their population.
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There are errors in this type of model.

1. The death rate for the model will most likely never reach the maximum and so 

another model should be looked at.

2. The graphs clearly show that once the maximum is reached the death population 

continues on as a constant at the maximum. This phenomenon does not happen 

because the death rate is constantly in flux depending on seasons and the number 

of uninfected hosts.

3. This type of graph also does not give a clear picture of the incubation time. The 

incubation time would make the graph a step function instead of a continuous 

function.

A new model is given, which is the second model. It follows a tree pattern, which 

means that if we start with one person and he or she infects ten other people who all in 

turn infect ten other people.... This type of generational work is how the model is 

mapped and can give a more clear explanation of how smallpox is affecting the 

population.

This table shows without bound how many generations it would take before 

reaching the maximum number of people and how many it would kill.
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Tabic 3

Number of Number of people Number of people
Number of deaths using the infected with the infected with the
people estimate of 30% first generation Number of first generation Number of
infected infected being 50 ideaths being 500 <deaths

1 0.3 50 15 500 150
10 3 500 150 5000 1500

100 30 5000 1500 50000 15000
1000 300 50000 15000 500000 150000

10000 3000 500000 150000 5000000 1500000
100000 30000 5000000 1500000 50000000 15000000

1000000 300000 50000000 15000000 500000000 1.5E+08
10000000 3000000 500000000 150000000 5000000000 1.5E+09

100000000 30000000 5000000000 1500000000 50000000000 1.5E+10
1000000000 300000000 50000000000 15000000000 5E+11 1.5E+11

10000000000 3000000000 5E+11 1.5E+11 5E+12 1.5E+12
1E+11 30000000000 5E+12 1.5E+12
1E+12 3E+11

This simplified of a model does not fit very well because the number of deaths in 

real life does not grow without bounds. For instance the number of available hosts needs 

to be considered which means there is a cap at three billion people. There are also the 

seasonal effects that need to be considered, and the curb because of vaccination on the 

number of people after the second generation is infected. (The number of days between 

generations is fifteen and seventeen on average.) The number of vaccines available to 

control the outbreak needs to also be considered. The number of people infected is 

dependent on a number of factors and the model cannot keep them all in consideration at 

this juncture.

The final model is the one that fits the data and the facts the best. This model 

tries to take into account the initial population shock, the seasonal effect, and the 

maximum number of people. This graph especially focuses on how to model the



seasonal effect of the virus. The vims is seasonal yearly and the virus is cyclic about

every ten years. The model used to help understand this is the model of a pendulum or a

spring. One knows that a spring never swings as far as it did the swing before. This is

the same for smallpox. The mortality rate is never as high as the rate of a virgin

41 population once the community has been hit.

x"[t] + 1.9x'[t] +35x[t] =100e-°n Sin[68t] +400

This is the general equation used to model the behavior of smallpox and the graph below 

represents the solution to this differential equation. The equation is a simple second 

order differential equation, which means that it takes the mortality rate and the rate of the 

mortality rate into consideration. The t represents time in years whereas the graphs and 

charts before measured time in months. The variable x[t] represents the percentage of 

the population who die. The left hand side of the equation represents the seasonal effect 

the virus has during a year. It helps to model the oscillations per year. Even though the 

graph does not show the oscillations throughout time the function is continually 

oscillating as the virus does. The sine function was used to represent the long-term cyclic 

pattern smallpox shows. As mentioned before, smallpox is a virus that reoccurs more 

virulently about every ten years. The ten years is found in the literature numerous times. 

The exponential function in front of the sine function explains the dampening effect over6
time. As time moves on the mortality rate approaches ten percent and is found by 

dividing four hundred by thirty-five (which is found in the left hand side of the equation). 

This division gives the equilibrium factor of the equation, which is eleven percent. This 

percentage is a value that is expected as time goes on, or until a vaccine is found and 

routine vaccination is being done. As time moves on the population never reaches the
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mortality percentage of the virgin population and smallpox approaches a constant 

mortality rate.

Figure 7
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As you can see in the model the number of deaths significantly increases within 

the first year and heads toward the maximum (of a thirty percent mortality rate).

However, as with most viruses such a high death rate cannot be supported for a long 

period of time (a long period is usually a couple of years). The number of deaths peaks 

and then the rate starts to decrease. This rate is decreasing but in about five years the rate 

starts to pick up again. Within each little peak the rate increases and decreases each year 

according to the season. What this graph is trying to show is that at the beginning the 

death rate of smallpox is very high because of the virgin population. As time goes on the 

number of people that can be infected goes down and so the smallpox virus has less of a 

population to gather from and therefore the number of people that die from smallpox also 

goes down. But since the smallpox is such a deadly killer, people will still consistently 

die from it until the number of deaths approaches a constant. This is seen as the function 

is dampened. This is consistent with the gathered information. Every virgin population



was severely affected by smallpox for the first couple of seasons (for example the Aztec 

empire). After smallpox has been in an area for a while the death rate becomes a constant 

(for example in England smallpox was the cause of one out of every ten deaths in the 

1800’s). The vaccination is what destroys the bound and allows the death rate to 

approach zero until the virus is isolated and destroyed. This model helps to give the 

scenario’s some accuracy.
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Scenario One

A developer, Mark Watson is looking at a site where he is considering 

^  construction for a new mall. He starts excavating the area a little, and when digging to

test the soil he happens upon a body. Hoping that he has not found a graveyard, he uses 

his cell phone to call his crew to let them know of this development. He leaves the area 

for a day or two until the authorities get someone to come and see if this area is a 

graveyard and heads off to look at other areas he is considering for the development.

Day Twelve

8:00 a.m.

Mark Watson heads off to work, not feeling well. He hopes that he does not have 

the flu; today is the day he has inspectors coming to a couple of his sites and he cannot 

afford to be sick.

11:00 a.m.

Mark heads home because he cannot ignore the signs anymore. He has the flu 

and not just any flu but a bad case. He has a severe headache, in fact his whole body 

aches, and his fever is quite high to the point at which he is getting the chills. He knows

he would not be of any help to any of his workers today. All he needs is to go home and 

sleep it off. Maybe tomorrow he will be feeling better.

Day Zero

i
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A rash starts to show up, located in the region of the abdomen, chest, and back. 

Mark starts to get a bit worried that this is something more than the flu but decides to 

wait one more day before going to see the doctor.

Day Fourteen

Mark’s wife and family finally convince him to see the doctor and make sure that 

this is not something serious. The doctor tells him he has just got a bad case of the flu 

but to call him if it does not clear up in a couple of days.

Day Fifteen

Mark feels better and decides to go back to work to try and catch up on what he 

missed. His rash is fading and the fever is reduced. He is still not one hundred percent 

better but he is able to work for a couple of hours to keep on top of his schedule.

Day Seventeen

The rash reappears along with the fever. Mark is a little concerned because the 

rash has moved from his chest area to his feet and has turned into a bumpy rash, but he 

just considers it a setback from his flu. He hopes it is not the chicken pox because his 

children just had chicken pox. When he was young he had a mild case, but his doctor 

said he might get it again because it was so mild.

Day Thirteen



Day Eighteen

Mark feels worse and the rash is moving up his body towards his chest and face. 

He thinks it is the chickenpox and makes an appointment to see the doctor because he 

knows that in an adult chicken pox can be much worse than in a child.

1:00 p.m.

Mark’s doctor is fairly sure he has the chickenpox and tells him to stay home and 

rest and to let him know if he gets worse. The doctor is a little bit curious at the papules 

on his body because they look a little different from the garden-variety chicken pox but 

what else could it be?

The doctor’s office is a busy place with at least twenty people present. There is 

the doctor and his partners, the nurses and staff, and at least five patients in the waiting 

room at any one particular time.

Day Twenty-Eight

Mark begins to recover from his awful chickenpox. He was in a great deal of pain 

and the rash practically closed his eyes shut it was so bad. He is starting to feel better 

today, and the rash scabs are beginning to go away. He knows that the rash will leave 

scars, and his whole body will be covered. What an awful experience, one he never 

wants to repeat.

Day Thirty

Mark’s family members (wife and two children) begin to feel sick, and he hopes 

that they are not catching what he had. Whether it was the flu or the chicken pox or 

maybe a combination of both, he does not want his family to experience the same thing.



Nor does he want them to be scarred as he is. He wonders whether his face and body will 

ever recover from the scarring.

The doctor and his office staff are beginning to feel sick. He cannot abandon his 

patients because it seems as if everyone in his office is taking a sick day. He decides he 

will do a half-day and just take care of the emergency patients, then recommend any 

other patients to either visit another clinic or visit the ER if it is an emergency. He thinks 

the flu season is hitting fairly hard this year.

The total infected in the second generation is twenty-five people.

Day Thirty-Two

The doctor and his office staff, along with a couple of his patients, are very sick 

and the rash starts to appear. Mark’s family is very sick and his parents are helping him, 

trying to take care of them. His sister is stopping by to fix meals so that everyone can 

eat. Mark knows that whatever he had his family now has; all of the same symptoms are 

there. He just hopes that the scarring is not as bad as his.

Three of the patients in the doctor’s office go to the hospital and wait in the 

emergency room for some assistance. There is a waiting list of approximately three 

people, along with the two doctors, about four nurses and a handful of other staff. One of 

the doctors is a little confused by having three patients with the same symptoms with 

rash, fever, and muscle aches. He knows that it can only be chickenpox, but it seems to 

be a very virulent strain.

Day Thirty-Three

The ER doctors are a little concerned at how fast this chickenpox has spread 

because seven more people have showed up complaining of the same symptoms. They



are confused by the virulent strain but there is not much they can do. They have placed 

some of the patients in the isolation ward to keep an eye on them because they are very 

sick. They put a word out to all of the schools in the area to keep every child home that 

might have chickenpox to help stop the spread.

Day Forty

There are seven people dead. One child in Mark’s family died; they did not get 

him to the hospital soon enough and his wife is starting to fade quickly. Six of the people 

in the doctor’s office died including one of the nurses and some of the staff. The hospital 

requires that an autopsy be done on the bodies, and the examiner comes back with very 

frightening news. The patients died from smallpox.

The doctors quickly lock all of the doors to keep anyone else from coming into 

the hospital. They call the Health Department in their community, and the Department 

immediately requires more sophisticated testing to be done. They call the CDC in 

Atlanta, Georgia to warn them that what was “impossible” has happened.

The CDC calls the President so that the government can start preparing for mass 

panic. The CDC heads toward this small city of 100,000 people to try to measure the 

damage. Everyone who was in contact with Mark and his family, the doctor and his 

office, and the rest of the patients is gathered together and put in the hospital to be 

isolated. All the vaccines in storage are brought out and being tested to make sure that 

they still work.

Day Forty-One

The smallpox test comes back confirming the initial suspicion of smallpox. The 

community is sent into immediate panic with people trying to leave their homes. The city



is blocked off; the National Guard is called in. The CDC starts the emergency 

vaccination program on all health care workers at clinics or hospitals that might receive 

patients; on all other essential disaster response personnel, such as police, firefighters, 

transit workers, public health staff, and emergency management staff; and on mortuary 

staff who might have to handle bodies. All of the contacts especially the ones who have 

been face-to-face with the patients after the onset of the rash must be vaccinated. A place 

is set up for them where they can be watched away from the hospital where temperatures 

are checked at least once each day until the fever appears.

The hospital predicts a minimum of a hundred people infected in the hospital 

alone, not to mention the cleaners that comes to take all of the sheets to wash or anyone 

who visited in the interval of the patients staying in the hospital when they were 

infectious.

In the meantime the world is looking at this small town wondering how this 

happened. Was it a biological warfare attack; was it a terrorist, a serial killer? Who 

could have done such a thing? How was Mark infected? Mass vaccination is required 

but the vaccination is starting to be a concern. Is it still good? How long does it take to 

make up new batches?

Day Fifty-Three

Everyone in the city is confined to his or her home and vaccines are being used 

sparingly. The supply can only be used in conjunction with measures to implement rapid 

isolation of smallpox patients. Because few people have immunity to the virus, the U.S. 

is concerned that this will spread and start to kill thousands of people.



Other communities are starting to be infected, and the vaccine will only go so far. 

The company hired to start making more vaccines will not be finished with the needed 

forty million doses for four more years. Travelers cannot come in or out of the United 

States.

A total of forty people are dead and more are continuing to feel sick.

Aftermath

Smallpox, with Mark as the initial one attacked, received from the old smallpox 

cemetery he found on a site inspection, infected hundreds of people. At least thirty-five 

percent of those people died and probably more because the population had a small 

number of people previously exposed to smallpox or vaccinated for smallpox, and so the 

resistance to the virus was low. With the initial attack, the virus can end up killing at 

least fifty percent of the population infected. But because there was only a single 

attacker, the virus should be under control within a matter of years.

The community, state, and the rest of the country are recovering economically. 

People are afraid of catching the virus and therefore trains, planes, and automobiles head 

in the opposite direction in order not to catch and spread the virus. The exports out of the 

country are non-existent and mass panic around the world arises. The country is in an 

uproar as to how this could happen. Smallpox is not supposed to exist. Doctors are not 

taught what the symptoms are, and vaccines were never prepared in case of an 

emergency.

The world is not ready for a re-entrance of smallpox, even on a community scale.
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Scenario Two

There is a youth leadership conference in the metropolitan area of Denver, 

Colorado with about fifty high school students attending. When they are in the football 

stadium of the high school hosting the students, a plane flies overhead dropping behind it 

an aerosol mist. The students do not notice the plane because they are having too much 

fun and do not see the aerosol attack over their heads. After they have released some 

energy the group goes back inside and finishes the conference. Each of the students head 

back home feeling refreshed and ready to tackle the world’s problems. They are from all 

along the Front Range of Colorado. Each of these students while playing on the field has 

inhaled the smallpox virus.

Day Twelve

About twenty of the students begin to feel sick. They have the flu and stay home 

from school.

Day Thirteen

The rest of the students (thirty) begin to feel sick and reason it is the flu and also 

stay home.

Day Fifteen

A couple of the students go to see the doctor to make sure they are not sick with 

something other than the flu. The doctors send the students home with the assurance it is 

the flu, but if the rash does not disappear in a couple of days to call them and make 

another appointment to come in.

Day Zero



Day Seventeen

Many of the students are starting to worry over the rash that is beginning to 

appear on the face and feet. They do not feel well, and their families begin to worry that 

this is something very serious. Many go to the hospital where the doctors proclaim it 

looks like a very bad strain of either chickenpox or the measles. The doctors take some 

blood samples to make sure and send the students home.

Day Twenty

The hospitals are now alarmed because more and more students are showing up 

with the same symptoms, and the lab reports all come back negative in reference to 

chickenpox or measles. The lab technicians are afraid to mention what it might be 

because the idea of smallpox is “impossible”. Where in the world could a smallpox virus 

come from? Five out of the fifty students die today, one of them by bleeding through all 

of his extremities. An autopsy is ordered for the victims while hospital administrators 

hold their breath on the outcome.

Day Twenty-one

The autopsy comes back, and smallpox is the virus identified as killing the 

students. The state and local health departments are called, and they in turn call the CDC 

and the FBI. The governor of Colorado is notified and in turn holds a press conference to 

minimize the public panic. He says he is as baffled as the rest of the state as to how this 

could happen. Five more students die.

Day Twenty-two

The CDC and the FBI are hard at work trying to identify the source and therefore 

who could possibly be infected. All contacts of the students are notified and isolated.



Mass vaccination is warranted among all emergency workers, especially health care 

workers at clinics or hospitals, police, firefighters, transit workers, public health staff, and 

emergency management staff; and mortuary staff who might have to handle bodies. It is 

estimated the “amount needed to control the attack for the first 4 to 8 weeks after the 

attack is 40 million doses of vaccine and a standby manufacturing capacity is set up to 

produce more for the critical need.” (17) However, the United States only has 500,000 

doses made and so the vaccination distribution is very slow.

Day Twenty-four

The FBI discovers the attack probably happened while all of these students were 

at a leadership conference in Denver, and the area surrounding the high school is 

quarantined. The President of the United States wants to consider quarantining the entire 

state of Colorado but knows that that is impossible to enforce. The economics of the 

state have taken a nosedive around the country and the world. Mass panic has 

commenced, and many if they can are leaving their homes trying to get out of the state. 

Anyone who is staying is either safely tucked up at home or looting the city.

The second generation of people infected is starting to feel the symptoms of fever, 

aches, and rash. Doctors and nurses that have been vaccinated are closely monitoring the 

second generation in emergency shelters. The second generation is estimated to be 

between five hundred and one thousand people. All over the state people are beginning 

to develop the symptoms, and doctors are trying to make sure that everyone is accounted 

for. The most exposed contacts of the second generation are starting to receive 

vaccinations that will curtail the magnitude of the destruction.
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The government is now looking at who could have done an aerial attack over the 

school. The investigators hope to have suspects within the week.

Day Twenty-eight

The second generation is starting to develop the rash, and many are worried about 

who will survive. Doctors are also worried that there are some people who are sick and 

still at large within the communities of Colorado and that the disease could have already 

passed the borders of Colorado and started to infect the neighboring states. All contacts 

have been notified to report, but there are too many gaps to be controllable.

This day marks four weeks after the attack. Twenty-five of the students are dead 

and the rest are recovering and trying to deal with their loss.

Day Thirty-four

There are a hundred new deaths within the past day, and mortuaries have closed 

their doors. Only a couple morticians have been vaccinated and therefore can handle the 

cremation of the bodies. All of the clothes, bedding, anything used by the dead patients 

is being autoclaved and then burned so that the air does not carry the scabs of the 

patients.

The FBI has announced its agents have some good suspects for the attack and 

some of the suspects are terrorists that have connections to Iraq. The President has 

promised that justice will be served and the WHO has stepped in to help deal with the 

politics.

Day Thirty-six

There are now a total of four hundred twenty five deaths, and the infection is 

starting to show up in other states. Unfortunately England is worried that it has spread
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there. There are two patients that are starting to show similar symptoms who had 

recently spent time in the United States. Because of this development International travel 

is shutting down. Pilots of planes, bus drivers, and train conductors are refusing to travel 

for their own health.

The vaccination doses are half gone and the government is worried about running 

out of vaccination before smallpox can be controlled.

Aftermath

The government ends up not having nearly enough vaccine to control the attack 

and therefore is not able to control the smallpox with vaccination or isolation. New 

outbreaks continue to appear all over the world, and it is official that smallpox has been 

reintroduced into the world. The WHO is discussing whether or not to re-open the 

eradication program without the help of an adequate supply of vaccine.

The total number of deaths continues to rise at an exponential rate. However, it is 

expected that without the vaccinations the total numbers would be in the hundreds of 

thousands if not millions in the next two years. The only hope is to try to isolate the 

contacts in order to minimize the damage until the vaccinations are ready. And once the 

vaccinations are ready, it will take years before smallpox is under control again and back 

on the road to eradication.
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Scenario Three

A major political convention is being held in Washington D.C. in support of the 

new Democratic candidate. About five hundred people from around the United States 

and from other parts of the world are attending. At the end of one of the candidate’s talks 

when everyone is clapping, an aerosol mist of smallpox is released through the 

circulating air vent. All five hundred are infected along with the convention center’s staff 

and the catering staff serving the meals for the convention. A total of six hundred people 

are infected.

Day Thirteen

Everyone from the convention has traveled to his or her prospective home 

whether it is within the United States or elsewhere. The travelers are now starting to feel 

sick. Some doctors fear a new type of flu and some fear a virulent strain of the measles. 

Day Sixteen

Now the patients are beginning to feel very sick, and the rash has raised and 

started to fill with fluid both on the feet and the face. Some are checked into hospitals 

and some are told to go home while testing is being done to figure out what it is.

Day Seventeen

The testing has revealed smallpox, and the CDC, FBI, and WHO have been 

called. All are worried about how spread out the disease is and how they are going to 

control it with only 500,000 doses of vaccination.

Day Zero



Day Twenty-four

There are at least two hundred dead in the past two days, and the world has been 

sent into a panic. There is nowhere to go because all travel has ceased in order to try to 

quarantine those who might be carrying the virus. In some of the major cities, especially 

in the Washington D.C. area, schools are closing down and hospitals are closed. People 

are told to stay in their homes and rationing of food has begun.

Day Twenty-eight

The second generation has started to feel the symptoms and are told that as soon 

as they start to become ill to stay at home and call the health care center as soon as 

possible. The news stations are announcing what those symptoms are and people are told 

that there is a huge fine for prank phone calls. The estimated number of people infected 

at this point is between five thousand to ten thousand people. Already the number is 

beyond the control of the stored vaccinations. Only emergency personal are receiving 

vaccinations and people are told to stay isolated.

Aftermath

With this many people infected, there is the possibility of reducing the world’s 

population by one-third without any slowing. The whole world is affected, and the 

countries with the greatest population densities suffer the most. It is very hard to isolate 

people when there is nowhere to put them except in their own homes. If they share a 

home with one hundred other people because of how crowded apartment complexes can 

be, those one hundred people are at risk of catching the virus when the patient is 

coughing.



Conclusion

These three scenarios paint a grim picture of how the world is not ready for an 

attack using smallpox. The United States government is one of the few countries that 

have vaccines stored. But there are not enough vaccines if the initial population is either 

larger than ten people or the virus is so spread out that there are only enough vaccinations 

to give to the emergency personnel. The world is too susceptible and too low on 

vaccination to defend that kind of attack.



Chapter Four - The Ramifications

Even though the world has eradicated smallpox, the fact that it still exists in at 

least two laboratories should give us cause for concern. We have looked at what viruses 

are used in biological attacks and concluded that smallpox would be a prime candidate. 

We have hypothesized what the damage would be if smallpox were used depending on 

the extent of the attack. We have also looked at the fact that smallpox is a hard disease to 

isolate and defeat. In response, hopefully the reader is persuaded of the fact that until 

smallpox is destroyed the world needs to aware of the possibility of an attack and to be 

prepared for such an event.

The possibility of an attack is very plausible. As mentioned in the first chapter 

there is reason to believe that Russia has the capability and the resources to mass produce 

smallpox (by the barrels) and has possibly sold that information to terrorist countries of 

the United States (i.e. Iraq). It is feared that when Russia was involved in the cold war 

that the virus was experimented on to make a more deadly strain. This result would have 

been what Iraq bought and could possibly use in a terrorist attack. It would not be that 

hard to smuggle into the country because of the way medicine is shipped today. A person 

can keep it cool and have it shipped overnight to any destination guaranteed next day 

delivery by FedEx. Therefore the means of transporting smallpox to its destination from 

anywhere in the world is very plausible.

The possibility of an aerosol attack can also be done with a few small 

indistinguishable tools. It would be easy to distribute smallpox around an air vent that 

travels to each room because state of the art buildings have centralized air. The air would 

spread it to each room and all of the occupants in the room would inhale the virus and



therefore be infected. It is estimated that if fifty people are initially infected the world 

would need forty million vaccines to be able to control it with minimal damage. The 

United States has seen to it that forty million vaccines are being made but the order will 

not be completed till 2004. So until 2004 the United States and the world are in a very 

vulnerable position. If anyone were to attack the world would be at the mercy of 

smallpox once again.

If an attack were to arrive the mass panic of the populations would follow.

Human nature makes us weary of people and areas that are infested with a contagious 

disease. People do not think rationally when they are faced with a life-threatening 

disease. There only thought is to flee, and if they cannot flee they are like animals caged 

and violent in their attempt to get out. Transportation would shut down and countries and 

states would close their borders. The whole world would feel trapped and would lash out 

at their certain doom.

In order to control this reaction the world needs to be prepared for an attack. 

Doctors, especially emergency room physicians need to be aware of the symptoms of 

smallpox in order to not mistake the virus for something similar. The whole medical 

community and emergency responders need to be drilled on how they would handle an 

attack. A plan needs to include information such as where to put the isolation facilities 

and how to handle the mass panic. It is important to keep the education of how to handle 

this type of situation alive. Without the education too many people will not know what to 

do or what will be effective.

In conclusion, smallpox is a very dangerous option for biological warfare and the 

only way to keep it under control is to teach the warning signs of an attack and to teach



methods on how to handle the situation. 1 hope that awareness will follow this paper 

because according to my model and other experts the world is in a vulnerable position.
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