
 

Heterogeneous populations develop herd
immunity quicker
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Comparison between potential courses of an epidemic wave in a populations of
various heterogeneity. The curves share the same initial rapid growth,
characterized by R0=2,5. The more heterogeneous a population is, the quicker
the epidemic becomes self-limiting. The curves show the course of infection
numbers in an epidemic without containment measures. (R0: Reproduction rate
of the epidemic, meaning the number of new infections that an infected person
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causes on average). Credit: Neipel et al. 2020

In rapidly spreading epidemics such as the current coronavirus
pandemic, it is usually expected that a majority of the population will be
infected before herd immunity is achieved and the epidemic abates. The
estimate of when the threshold for this is reached is usually based on
models that assume all individuals in a population are identical.
Researchers at the Max Planck Institute for the Physics of Complex
Systems in Dresden have used a new model to demonstrate that herd
immunity can be achieved at a lower threshold if some individuals are
more easily infected than others.

Most epidemics abate before the majority of the population becomes
infected. What exactly determines this turning point, and the extent of
the epidemic, is not yet well understood. Many epidemic models are
based on the assumption that individuals in a population are essentially
identical. However, in an actual population, every person is different.
For example, some people are less likely to become infected through
contact with an infected individual, perhaps due to a more effective
immune system, or better hygiene.

A team led by Frank Jülicher from the Max Planck Institute for the
Physics of Complex Systems has been investigating the influence of this
heterogeneity on the spread of an epidemic. When individuals differ in
their susceptibility to an infection, it is primarily the most susceptible
who become infected first. This leads to a rapid increase in infection
numbers at the beginning of an epidemic. However, this highly
susceptible portion of the population soon becomes immune or dies.
Therefore, in the uninfected population, the average susceptibility to the
virus decreases. This slows the infection rate of the epidemic, and thus
the threshold for herd immunity can be lower than previously assumed.
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A heterogeneous population can thus achieve herd immunity even when
only a minority of people are immune. In contrast, in a homogeneous
population, herd immunity can only be achieved once a majority is
immune.

Different scenarios

According to the Dresden researchers' model, different scenarios can
yield what appears to be the same epidemic course. Specifically, two
epidemics, which have different levels of heterogeneities and
effectiveness of mitigation measures, can have the same reported time
course of infection. In a homogeneous population, immunity only plays a
significant role in impacting infection rates when a considerable fraction
of the population has been immunized. An early decline in infection
rates could therefore only be explained by other factors such as
containment measures. In contrast, for a highly heterogeneous
population, significant reductions in infections can occur when even a
small fraction of the population has been immunized.

An early decline in infection rates is not necessarily the result of
containment measures alone, but could also be attributed to the fact that
a population is approaching the heterogeneous population herd
immunity. An evaluation of the effectiveness of epidemic containment
measures must therefore consider the heterogeneity of a population.

  More information: Jonas Neipel et al. Power-law population
heterogeneity governs epidemic waves, PLOS ONE (2020). DOI:
10.1371/journal.pone.0239678
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