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Measles in the Faroe islandsI) Measles in the Faroe 
Islands



The Faroe Islands

• Isolated islands 
• Small population 
• Inhabitants scattered across islands



Measles virus

• Morbillivirus, causes measles in humans

• Time from infection to recovery typically less than 3 weeks

• Infection confers lifelong immunity

• Highly contagious,  R0 ≈15



What can we learn about the 
epidemiology?

England and WalesFaroe Islands

• Regular, periodic outbreaks  
• Variable size, but comparable 
• Cases reported every month

• Erratic, infrequent outbreaks  
• Highly variable sizes 
• Long periods with no reported 

cases



Purpose of the lecture
• Stochasticity in infectious disease dynamics can 

change the outcomes of an epidemic 
• Explore how outbreak size depends on population size 

through fade-out 
• Further look at the epidemic transition at R0 = 1 and 

introduce the concept of critical slowing down 
• Show how critical slowing down is manifest in the 

outbreak size distribution 

 
use this to understand measles 

transmission in the Faroe Islands



What is a disease outbreak?



What is a disease outbreak?

• Outbreak started by an index case 
• Outbreak consists of connected chains of transmission 
• Outbreaks ends when there are no longer any infected 

individuals in the population 

A disease outbreak is the occurrence of cases of disease in excess of 
what would normally be expected in a defined community, geographical 

area or season. 
WHO definition

For measles in the Faroe islands:



Identifying disease 
outbreaks

etc.



The outbreak size 
distribution



How can we understand these 
violent outbreaks? (1)
Simple SIR model with birth and death

Equilibrium solution gives the fraction of the population infected



How can we understand these 
violent outbreaks? (2)

2x106

3x105

1x105

Population size

• Fluctuations cause the number of infected individuals to drop to zero. 
This is known as fade out. Fade out is a stochastic event 

• Time series simulated using SIR model with frequency dependent 
transmission, Black McKane (2011) 

endemic equilibrium



How can we understand these 
violent outbreaks? (3)
What happens after fade-out? Deterministic behaviour is:

In the absence of infectious individuals population 
slowly becomes fully susceptible via birth and death



How can we understand these 
violent outbreaks? (3)



What does the outbreak 
distribution look like?

Simulate the SIR model with birth, death and repeated introductions



What does the outbreak 
distribution look like?

R0 = 15 
 N = 25000



How does the outbreak size distribution 
for the SIR model compare with the Faroe 
Islands?

Rhodes and Anderson (1996)

Although qualitatively similar, the stochastic SIR model
 is incapable of reproducing the data



The hidden ingredient: 
spatial separation

• The stochastic SIR model was helpful: we now 
understand how the the small population of the Faroe 
Islands leads to disease fadeout 

• Fadeout drives the violent outbreaks in the data 

• However small population size alone is not enough to 
explain the power law outbreak size distribution 

• Another demographic feature of the Faroe Islands is 
needed: spatial separation of the population 



Lattice models of spatial 
separation

Lattice simulation

Faroe Islands data



II Critical slowing down



The epidemic transition
epidemic transition



What is the epidemic 
transition?
• The epidemic transition separates two distinct regions of 

parameter space, example of a critical transition 

• Below the epidemic transition (R0 < 1) the disease 
cannot establish itself in the population. Dynamics are 
characterized by short, stuttering chains of transmission. 
Sustained prevalence is only possible due to external 
introduction. 

• Above the epidemic transition (R0 > 1) the disease is 
capable of sustained transition: large scale outbreaks 
are possible, and the disease may become endemic.



Subcritical dynamics: R0 < 1
R0 = 0.82 R0 = 0.82



Supercritical dynamics:  
R0 > 1

R0 = 15
N = 2500



What happens near the 
transition?
• Near the transition the 

largest eigenvalue of the 
dynamical system goes to 
zero 

• This means that the 
relaxation time (how long a 
system needs to recover 
from perturbations) 
becomes increasingly large 

• This phenomenon is known 
as critical slowing down



What does critical slowing down 
mean for emerging diseases?

• A disease is emerging if it 
is increasing in incidence 
in a population 

• The increased relaxation 
time comes from the 
increased probability of 
long chains of 
transmission



Transmission chains

Increased probability of large transmission chains 
implies increased probability of larger outbreaks 



Outbreak size distribution for 
subcritical disease



What happens to the 
outbreak size distribution?

R0 = 0.36 R0 = 0.82

As R0 approaches one the outbreak size distribution 
approaches a power law



What happens to the 
outbreak size distribution?

R0 = 0.82 R0 = 0.93

As R0 approaches one the outbreak size distribution 
approaches a power law



Final remarks on critical 
slowing down

Even though the 
disease will 
eventually fade 
out, there is a 
possibility of very 
large outbreaks



Conclusions
• Demographic stochasticity can lead to fade out of 

infectious diseases in smaller populations 

• Combined with replenishment of the susceptible 
population, this provides a mechanism for repeated 
epidemics as seen with measles in the Faroe Islands 

• Critical slowing down occurs as R0 gets closer to one. 
The outbreak size distribution becomes a power law 

• Insight into outbreaks is gained through studying the 
outbreak size distribution


