145

Evolution, Medicine, and Public Health [2020] pp. 145-147
doi:10.1093 /emph/e0aa018 EDITORIAL

COVID-19 and evolutionary
medicine o

PUBLIC HEALTH

Maciej Hennebergm'T and Frank Riihli"2"

'Biological Anthropology and Comparative Anatomy Unit, Adelaide Medical School, The University of Adelaide,

Australia and ZInstitute of Evolutionary Medicine, University of Zurich, Switzerland

Both the authors contributed equally to this work.

*Corresponding author. frank.ruehli@iem.uzh.ch

The coronavirus pandemic highlights the need for
evolutionary perspectives. Evolutionary knowledge
helps to address this disaster at many levels
(Fig. 1), including at the level of the virus and in
terms of human behaviour and our coevolutionary
interactions with pathogens.

HUMAN BEHAVIOUR

Crises like the current pandemic allow us to see
clearly our evolutionary legacy in terms of behav-
iour. Human innate conduct becomes obvious in
crisis situations. It ranges from excessive altruism
to extreme selfishness. Despite the rational under-
pinnings of governmental recommendations, peo-
ple often do not follow minimal hygiene or social
distancing. Human panic reactions are uncon-
scious and irrational. They were formed by our ear-
lier living conditions where flight-or-fight
behaviours had adaptive value. Official rules often
are not effective because of natural resistance to-
wards orders that are counter-intuitive and con-
strain personal freedoms. We are not adapted to
alter our routines quickly. This is why attempts at
preventing the spread of infections will typically
slow down transmission but are often unable to
eliminate the pathogen.

Humans are not evolutionarily programmed for
sustainable behaviour reaching beyond a short
time horizon. Thus, planning reserves in the med-
ical care and political system are counter-intuitive

and, in conjunction with constant pressures on in-
stitutional economies, fails in crisis situations.
People tend to forget and neglect catastrophes
that occurred too far back in time. For example, in
Switzerland, there is a concept of a
Katastrophenliicke (‘disaster gap’, a term first used
by C. Pfister, University of Berne, in relation to the
lack of major natural disasters for more than
100years). Old catastrophic situations tend to re-
peat themselves after generational memory fades.

HOST-PATHOGEN COEVOLUTION AND
HUMAN HISTORY

Microorganisms evolve quickly due to their short
generation times and because point mutations are
expressed easily. When new microorganisms
evolve or are introduced to the human population,
they may be highly virulent or transmissible, with
further evolution shifting these parameters over
time. A lot of infections are spread by human con-
tacts. In the past, human interactions were usually
limited to local communities and their immediate
neighbours. Many pathogens that become pan-
demic are similar to gene flow, i.e., they require
close physical contact for their spread. It has been
estimated that to pass a gene (or an endemic
pathogen) from China to South Africa would re-
quire more than 10000years in hunter—gatherer
populations of our evolutionary past [1]. Thus,
rapid pandemics are a modern phenomenon. This
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Fig. 1: COVID-19 pandemics as a dynamic system.

novel global transmission dynamic amplifies the consequences
of infectious disease introductions.

A pathogen entering a local community elicits adaptive reac-
tions. These are immune responses of individuals, and gene
pool adaptations through fast-acting natural selection. Before
the advent of effective preventive methods and therapies,
opportunities for the operation of natural selection were very
large—due to premature mortality, only about one-third of indi-
viduals born had an opportunity to pass their genes to the next
generation [2]. Thus, adaptations of local gene pools to new
pathogens were fast. Because pathogen transmission via
human contact was slow, worldwide pandemics were rare.

The historically recorded pandemics were related to invasions
at the end of Classical Antiquity and in the Middle Ages. They
caused enormous numbers of deaths that destroyed economies
and altered the biological characteristics of human populations
(e.g. historical selective pressures for the CCR5-Delta 32
HIV-resistance allele). Public health measures in many of past
pandemics were very similar to those introduced in the current
pandemic, such as isolating sick individuals which was already
described e.g. in the London Privy Council Rules and Orders [3].
Yet they were not effective because the only way to eradicate a
pandemic—instead of allowing it to run its course and, through
acquired immunity and natural selection to leave behind a deci-
mated population not susceptible to the pathogen—is to find
effective means of killing the pathogen or providing immunity
to the population. To what extent the current pandemic can be
compared to previous pandemics—such as the 1918 influenza

Social
’ distancing ???

Anti-viral
drugs !!!

pandemic—will continue to be debated as this pandemic’s
course takes shape. Its dynamics is somewhat different for ex-
ample due to the level of public and scientific awareness in the
present situation.

Although the death toll of past pandemics was enormous,
they did not kill everyone. One factor that has enabled humanity
to persist involves a basic characteristic of populations: vari-
ation. Biological variability produced by mutation/selection bal-
ance, genetic polymorphisms, adaptive responses during
ontogeny, life histories and particular ways of infections and im-
mune responses results in different phenotypic characteristics
that enable some individuals to survive pandemics. In the
COVID-19 pandemic, the course of disease varies in different
patients, from completely asymptomatic to fatal. Although ini-
tial clinical observations indicate characteristics of specific sus-
ceptibility such as age, sex and some co-morbidities, it is far
from known to what extent these phenotypes reflect genetic
variation, ontogenetic adaptability and particular characteristics
of infection, such as timing of infection and viral load.
Understanding the evolutionary drivers of these characteristics
is of particular importance to public health, including because
some of these traits may be enhancing existing health
disparities.

Fast viral evolution makes it difficult for hosts to acquire last-
ing immunity to repeated infection, and not all organisms pro-
duce lasting immunity. Vaccines may therefore be only partly
effective [4]. The only way to effectively eradicate COVID-19 is to
remove its cause from bodies of individual patients and reduce
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contact with the (as yet unknown) natural reservoir. We need to
develop an efficient medication that will stop reproduction of
the virus in humans, and then use that medication in a way that
will avoid evolution of resistance by the virus. Such ‘evolution
proof solutions are another way that evolutionary medicine can
contribute to stopping the current pandemic.

A CALL FOR BROADER ACTION

Innovations appear randomly. One can foster a potentially in-
novative climate but not force an innovation. Thus, it is import-
ant to have free discussions and true collegiality in the research
community, including across disciplines. At the moment many
groups of medical scientists are working diligently and selflessly
to control COVID-19, but their communications are limited and
occur in the organizational structure of research institutions
hampered by a multitude of complex regulations and informed
by competition for commercial gain, grants and publication
scores. Individual researchers in the process of doing research
consider their incomes, professional careers and reputation.
Governments who support medical research are concerned
about appropriateness of their methods and quantities of sup-
port. Furthermore, humans did not evolve to cope with logical,
mathematical problems. To understand exponential epidemio-
logical data is beyond the primary abilities of human individu-
als, especially non-scientists making decisions in the current
situation. All this slows the response of medical science to
quickly arising global health threats.

At present (September 2020), no effective vaccines or cures
are available. In an emergency, the complex machinery of
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medical science finds it difficult to become efficient and follow
the principle of parsimony—cut out all the ‘fluff’ and go straight
to the main aim. Only by taking evolutionary perspectives into
account will we effectively solve the issue of the current and fu-
ture pandemics. This must involve communication and collab-
oration across disciplines and an open mindset.
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