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1 Conclusions from basic epidemic models
• Early growth of an epidemic is exponential.

• “Simple” (SI) epidemic growth is logistic.

• Epidemics are self-limiting. SIR epidemic without birth peaks, then declines as susceptibles are exhausted;
some susceptibles remain uninfected.

• SIR epidemic with birth; initial epidemic outbreak, followed by a “trough”, followed by population recovery.
Damped or sustained oscillations depend on details.

• When can a disease spread? If the first infected individual infects (on average) more than one person: R0 > 1.
For the SIR model, R0 = (infections/time)× (length of infection) = βN × 1

α+µ+γ

• R0 tells us other things as well. In a population with disease present, R = R0(S/N). At equilibrium, R = 1.
The fraction susceptible is therefore S∗/N = 1/R0.

• R0 determines the eradication threshold for a disease: how much do we have to vaccinate etc. to eradicate
the disease and prevent it from re-emerging? Suppose we vaccinate a proportion p of the population: then
the number of infections from a new infection decreases to (1 − p)R0. If we want (1 − p∗)R0 < 1 then
p∗ > (1 − 1/R0). (Smallpox, measles examples) Similar conclusions apply to other forms of control (culling,
quarantine, needle exchange, condoms, hand-washing). We don’t have to vaccinate everyone to eradicate (p∗ <
1); unvaccinated hosts are protected by herd immunity. (Vaccine issues.)

• effects of virulence (α): increasing the disease-induced death rate increases the number of people dying from
disease, but only up to a point: if hosts die too fast then the disease dies out too. Intermediate virulence leads to
the largest number of deaths, and the lowest equilibrium population size (good if you’re planning biocontrol).

• Age effects: if average age at infection is A and the host lifespan is L, then R0 ≈ L/A. We can use this to
estimate R0; it also implies that reducing R0 by vaccination will increase A and possibly increase the severity
of disease (chickenpox, rubella examples).

2 Variants on basic epidemic models
• Macroparasite models: have to build in a way to track average parasite burden, variability in parasite burden,

and processes like intensity-dependent mortality. May also have more complex life cycles (multiple hosts, free-
living stages, etc.).

• Transmission modes: e.g. vector-borne, sexually transmitted diseases (STDs). STDs have frequency-dependent
transmission, βS(I/N) instead of βSI , which means there is no population density threshold — disease can
persist in small populations, drive populations extinct.

• Mixing models (STDs, age-structured, geographic, . . . ) — who infects whom?

• Demography: how does disease affect population growth? Malthus; HIV/AIDS. Depends on what ages are
affected, who dies, effects on fecundity, behavioral responses.

• Ecology: how many species are in the model? Predator/prey dynamics?
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3 Estimating R0

3.1 Estimating all model parameters
In principle, all of the parameters of the model (b, µ, α, β) can be estimated from lab or field studies. The host
demographic parameters (b, µ) are basic host ecology. Virulence (α) can be determined from experimental infections
or from observational studies in the field, although both methods have their problems. Virulence might be lower in
experimental infections because of differences in nutrition or environmental conditions in the lab.

Estimating β is hard. Exceptions are vector-borne diseases like malaria (estimate (1) biting rates, (2) probability
of a mosquito being infected when it takes a blood meal from an infected host, (3) probability of a host being infected
when it is bitten by an infected mosquito) and HIV/AIDS (estimate sexual contact rates, partner change rates, and
probability of infection per partnership).

3.2 Observing epidemic curves
During the initial phase of the epidemic, the number of infected individuals should increase by a factor of R0 for
every parasite generation. For example, if R0 = 3 and the generation time is one week then the numbers of infected
individuals starting from a single infected would be 1, 3, 9, 27, . . .

Examples: AIDS, bubonic plague, foot and mouth disease in feral pigs, phocine distemper virus, smallpox, SARS.

3.3 Exposure surveys
If you know the fraction susceptible (i.e. those who have never had the disease, N − I−R), you can use R0 = N/S∗.
You can also use the age-exposure curve of a population-the cumulation fraction of individuals that have been infected
(and possibly recovered) by a given age to estimate R0, using R0 ≈ L/A (e.g. if host lifespan is 10 years and the
average at which individuals are infected is 2 years, R0 ≈ 5). In human populations we can sometimes get age-
exposure curves by following cohorts or sending out questionnaires, but serological studies are more powerful (work
for any vertebrates, if we have the antibodies).

Examples: many human diseases, brucellosis in bison.
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