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Model Analysis & Results

Smallpox Model

The smallpox and poliomyelitis (polio) viruses were at a
time one of the largest threats to global public health.
Millions of individuals were killed by these viruses until
global eradication campaigns were put into effect. On the
one hand, the world saw the successful eradication of the
smallpox virus within a span of twenty years. However,
while the polio virus was widely eradicated for most of the
world, it continues to persist in endemic levels for some
regions. A myriad of factors including government will,
funding, public trust, and vaccination distribution contribute
to this anomaly. At the heart of this issue is the biology of the
viruses and their different modes of transmission. In this
project we will explore this biological question using
ordinary differential equations to model the transmission of
polio and smallpox to shed light on why smallpox was
eradicated and polio still persists.

Params

Units

Value

β
ε
1/r1
1/r2
1/γ
1/δ
µ
Π
ν

1/(ppl × day)

10−6
0.975
10–2
2–4
28
0.3
population dependent
population dependent
policy dependent

days
days
days
days
ppl/day
ppl/day

In the following analysis we used the city of Sargodha, Pakistan as our base
population with population size N = 659, 867, µ = 1.2 × 10−4, and Π = 5.2 × 10−4.

Definition
Transmission rate
Vaccine efficacy
Infectious rate
Quarantine rate
Recovery rate
Smallpox death rate
Natural death rate
Birth rate
Vaccination rate

Solutions to the these systems of differential equations were generated using the
NDSolveValue function in Mathematica, Version 12.2.
All simulations use an initial condition of 5 infectious individuals (i.e., I1(0) = 5 for
smallpox; I(0) = 5 for polio) and the remainder of the population susceptible (i.e.,
S(0) = N − 5 for both smallpox and polio). Additionally, smallpox simulations are run
for 120 years and polio simulations are run for 100 years.
Smallpox Results
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▶

ν = 0: 650,805 total deaths; I1(t) + I2(t) < 1 for t ⩾ 107

▶

ν = 0.95: 32,000 deaths averted; I1(t) + I2(t) < 1 for t ⩾ 107

▶

ν = 0.95, Z(0) = 300,000: 350,662 deaths averted; I1(t) + I2(t) < 1 for t ⩾ 140
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Biology of Smallpox
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Poliomyelitis Model
Params
Units
Value
Definition
βh
1/(ppl × wk)
0.7
Human transmission rate
βw
1/wk
6 × 10−4
Water transmission rate
ϵ
cells/mL
10
Contamination rate of water
c
1/wk
0.077
Disinfection rate
1/d
wk
4.3
Decay rate of virus
1/κ
wk
6
OPV vax virus excretion rate
1/γ
wk
2.9–7.1
Non-vaccinated recovery rate
1/r1
wk
1.7–5
IPV contagious recovery rate
1/r2
wk
2
OPV time to immunity
1/ρ
wk
1
IPV time to immunity
1/δ
wk
0.0002
Polio death rate
µ
ppl/wk
population dependent Natural death rate
Π
ppl/wk
population dependent Birth rate
ν1
policy dependent IPV vaccination rate
ν2
policy dependent OPV vaccination rate

Image of smallpox virus.
▶ Transmitted through coughing and sneezing or contact
with contaminated objects.
▶ Incubation period of 12 days – flu-like symptoms.
▶ Next enter the early rash stage – red spots near throat.
▶ Last stage of infection, develop pustules and are infectious
until they scab over and fall off.
▶ Smallpox vaccine is made from vaccinia - a poxvirus, so
individuals cannot contract smallpox from the vaccine.
▶ Eradication campaign began in 1959. Smallpox was
eradicated in 1980.

Polio Results
▶

ν1 = 0 and ν2 = 0: 657 total deaths; I(t) < 1 for t ⩾ 67

▶

ν1 = 0 and ν2 = 0.95: 0 deaths averted; I(t) < 1 for t ⩾ 67

▶

ν1 = 0, ν2 = 0.95, and Z(0) = 300, 000: 297 deaths averted; I(t) < 1 for t ⩾ 64

Biology of Poliomyelitis
▶ Transmitted through respiratory droplets from sneezing or
via faecal contamination.

VSI

▶ Two types of vaccines – oral poliovirus vaccine (OPV) and
inactivated poliovirus vaccine (IPV).
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▶ OPV produces lifelong immunity and is administered via a
tablet. The vaccine virus can replicate in the intestine – can
potentially infect other individuals with polio.
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Endemic regions are in red and outbreak areas in orange.
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Conclusions
The difference between both viruses’ eradication timelines appears to be due to
differences in vaccines and vaccination strategies.
▶ Vaccination does not work fast enough to end an outbreak while it is happening –
vaccination before an outbreak is the most effective route to prevent deaths.
▶ More simulations need to be run on the affect IPV has on the spread of the disease.
▶ Future research could incorporate the addition of an isolation state in the polio model.
▶ This model could also be adapted to examine other diseases that have the potential to
be eradicated, i.e. measles.
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▶ IPV consists of a killed poliovirus that is administered via a
shot. Reinfection is still possible.

▶ Eradication campaign began in 1988. Currently, 20% of the
world’s population live in regions at risk of endemic polio.
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