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Letter from the President

Dear colleagues,

it is early fall of 2020, in approximately one
month the elections for the new Board of the
Society will be held, and in three months the old
Board members will make place for the newly
elected ones. It is an appropriate time for a
critical appraisal of what has been done over
the past three years and how things appear on
the horizon.

I believe that it can be safely stated that the
new Board will start from a much improved gen-
eral situation with respect to what we old Board
inherited. Thanks mainly to a very success-
ful Lisbon ECMTB2018 the Society’s finances
are in good shape, even after supporting 20 or
so local meetings and schools throughout 2018-
2019-2020. After many years of interruption we
successfully restored the legal address of the So-
ciety, thanks mainly to the selfless help of the
colleagues from CHURG/SIIM at the Univer-
sité de Grenoble, Angelique Stephanou first of
all who labored through the lengthy French bu-
reaucratic process. Together with the resolu-
tion of the administrative situation, we man-
aged to open the Bank account for the Society
in Grenoble, finally achieving the long, long-due
transition of the financial management from the
tender, loving care of Andreas Deutsch, who
had sustained it from Dresden for more than
12 years: under the present arrangement, the
account is finally in the name of the Society
itself, and will not need to be changed as the
Society Administrators change, thereby obviat-
ing the problems that did plague such switches
in the past. We (Bob Planqué) switched to
the Wild Apricot membership management sys-
tem, actuating a change already advocated by
the past ESMTB Board. In the process, we
also transferred from Dresden the webpage, re-
building it entirely, changed the logo (we hope
most of you like it), and maintained the pos-
sibility of accepting payments by credit card.
We conducted one campaign for new member-
ships, with some success: unfortunately, Covid-
19 interfered with the effort of registering new
members by forcing Anna Marciniak and her

organizer team to postpone our flagship con-
ference, ECMTB 2020 Heidelberg to 2021, the
conference being the most evident aggregation
moment, being attended typically by more than
700 participants. In order to strengthen the re-
lationship between our European Society and
the rest of the world, and in order to empha-
size our investment in the new generations, a
new “Ovide Arino Outreach Award” has been
created in collaboration with the Société Fran-
cophone de Biologie Théorique. For it and
for our long-standing Reinhart Heinrich Award,
streamlined procedures have been put in place,
including mechanisms for the renewal of the re-
spective Award Committees. We have partic-
ipated in one H2020 COST project proposal
and regularly taken our place in the EMS and
ICIAM meetings, giving our small contribution
to the discussion and promotion of sensitive
societal issues impacting mathematical biology
across the Continent and the world. The ne-
gotiations with Springer Verlag, about the new
agreement regulating the relationship between
the Society and the Journal of Mathematical
Biology, are well under way and seem to be ar-
riving to a mutually satisfactory arrangement:
barring unforeseen occurrences, we ought to be
able to finalize the Agreement before December,
leaving to the new Board one less problem to be
solved.

Much remains to be done in the future: inten-
sifying the relationships between ESMTB and
national societies, improving and synchronizing
the offer of Summer Schools and other educa-
tional initiatives, achieving ESMTB-organized
EU-funded projects (particularly in collabora-
tion with European societies in other domains
such as medicine), recognizing and supporting
special-interest groups within our constituency
(e.g. cancer modeling), establishing closer
ties and fruitful interchange between theoreti-
cal biology and more computational side-fields
(such as computational genomics, bioinformat-
ics, quantitative pharmacology), giving more
space and attention in our initiatives to some-
what neglected sub-domains (such as mathe-
matical statistics) and to biological applications
of traditionally “pure” mathematical disciplines
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(for example differential geometry or fractional
differential equations). For all of this and more,
best luck to the new Board!

It has been an honor serving the Society for
these three years and it has been a real pleasure
collaborating with the colleagues of the Board
over these years.

Very affectionate regards,

Andrea De Gaetano
President of ESMTB

ESMTB Board Elections

The board of ESMTB consists of 10 members.
Each member is elected for 6 years, and board
elections are taking place every 3 years, where
half the board is being replaced. The next elec-
tions will take place in October 2020.

The European Society for Mathematical and
Theoretical Biology (ESMTB) supports and
promotes excellence activities on theoretical ap-
proaches and mathematical tools in biology
and medicine in a European and wider con-
text. This goal is pursued by encouraging
community networking and scientific collabo-
ration, as well as the organization of summer
schools and conferences, in particular of the bi-
annual European Conference in Mathematical
and Theoretical Biology (ECMTB). Applica-
tions for travel grants and prizes such as the
Reinhart Heinrich Doctoral Thesis Award and
the Ovide Arino Outreach Award are granted
every year and published on the ESMTB Com-
munications, available for download on our web-
site www.esmtb.org.

The activities of the Society are mainly con-
ducted by the elected Society Board: Board
members run for six years; half of the board is

replaced every three years to ensure an over-
lap of new and experienced board members.
The Board conducts its actions through one-
day meetings (held approximately twice a year):
a local workshop is usually organized concomi-
tantly with the Board meetings. Board meet-
ings are also held during the General Assembly
(G.A.) held on the course of the European Con-
ference in Mathematical and Theoretical Biol-
ogy. A substantial part of the work and deci-
sions are done, of course, by e-mail.

In 2020 the ESMTB members will elect
(via electronic ballots managed by the cur-
rent Board) five new Board members, whose
period of office will run from January 2021
through December 2026. The candidates are
now known. Read the statements from all ten:
https://esmtb.org/ESMTB-2020-Election-Candidates.

The election will take place between 1 and
31 October, 2020, where active members will
express a preference for up to 5 candidates via
their personal area within the ESMTB website.
All active members will receive an email with a
link to the elections page.

Results will be announced by October 31st,
2020 and a joint Board meeting will be sched-
uled for December 2020, in order to effect the
transition between the old and new Board mem-
bers.

Current (2018-2020) board members:

• Andrea De Gaetano (president)

• Máıra Aguiar (vice president)

• Ellen Baake (secretary)

• Bob Planqué (treasurer)

• Luděk Berec

• Śılvia Cuadrado

• Susanne Ditlevsen

• Torbjörn Lundh

• Anna Marciniak-Czochra

Andrea, Susanne, Torbjörn and Anna will end
their term on the board by December 31, 2020.

Máıra, Ellen, Bob, Luděk and Śılvia will stay
on until December 31, 2023.
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The Reinhart-Heinrich Doctoral Thesis Award 2019

The winner of the ESMTB Reinhart-Heinrich Doctoral Thesis Award for 2019 is Lisa Maria Kreusser,

for the thesis Anisotropic nonlinear PDE models and dynamical systems in biology. The award

will be formally given in a ceremony at the ECMTB conference in Heidelberg in 2021. The awarding

committee made the following statement: The thesis by Lisa Maria Kreusser is very comprehensive

and voluminous. [...] In summary, Kreussers thesis is very beautiful work, especially on the maths

side, and is outstanding both in quality and quantity. Each of the two parts would have been excellent

PhD theses on their own. The dissertation is appealing by its mathematical depth, exact and detailed

presentation, and the biological applications and interpretation. She did her PhD at the Department

of Applied Mathematics and Theoretical Physics (DAMTP) and at the Cambridge Centre for Analysis

(CCA), within the University of Cambridge, UK, under the supervision of Professor Peter A. Markowich

and Professor Carola-Bibiane Schönlieb. We congratulate her for her excellent and exciting work! First,

she presents herself, and then follows an extended abstract of the thesis.

Lisa Maria Kreusser Personal statement

Since my undergraduate studies at the University of Kaiser-
slautern, Germany, I have been very interested in partial dif-
ferential equations due to their wide range of applications in
biology, physics, engineering, and socio-economics. This was
further enhanced by research projects I have been involved
in at the Fraunhofer Institute for Industrial Mathematics
ITWM and at Imperial College London. My research in-
ternship at Imperial College not only sparked my curiosity
in interacting particle models which are prevalent in biolog-
ical applications, but also convinced me to move to the UK
for my PhD. I completed my PhD at the Department of Ap-
plied Mathematics and Theoretical Physics at the University
of Cambridge in 2019.

During my PhD, supervised by Prof. Peter Markowich and Prof. Carola-Bibiane Schönlieb, I
have worked on mathematical models with diverse biological applications, including the simu-
lation of fingerprint patterns and the simulation of biological transport networks such as leaf
venation or blood circulation systems. Since October 2019, I have been a Nevile Junior Re-
search Fellow at Magdalene College, Cambridge. This independent research fellowship allows
me to build my own research programme in the field of partial differential equations in biology
and data science.
The research area of mathematical biology fascinates me because it is a highly interdisciplinary
area where I can work at the intersection of significant mathematical problems and fundamental
questions in biology. Driven by my desire to pursue biological applications in interaction with
biologists, I investigate new and challenging mathematical models. For this research, I use a
wide range of mathematical tools including mathematical modelling, numerical analysis, scien-
tific computing and analysis of partial differential equations. This work gives new insights into
the properties of the models and results in a better understanding of the underlying biological
processes such as biological pattern formation.

4



European Communications in Mathematical and Theoretical Biology 2020 · No. 23

Thesis summary: ‘Anisotropic nonlinear PDE models and dynamical systems in
biology’ by Lisa Maria Kreusser

Overview The recent, rapid advances in
modern biology heavily rely on fundamental
mathematical techniques and, in particular, on
partial differential equations, an essential tool
for the mathematical modelling of biological,
socio-economic and physical processes. The
thesis deals with the analysis and numerical
simulation of anisotropic nonlinear PDEs and
dynamical systems in biology. It is divided into
two parts:

• Part I is motivated by the simulation of
fingerprint patterns and deals with a class
of anisotropic interaction equations, based
on the work in [1, 2, 3, 4, 11].

• Part II focuses on mathematical models for
biological transportation networks describ-
ing living systems such as leaf venation in
plants, blood circulatory systems, and neu-
ral networks, and is based on the research
in [5, 6, 7, 12].

Through mathematical analysis and computer
simulations, we have gained new insights into
the qualitative properties of the underlying
mathematical models which have resulted in a
better understanding of complex phenomena in
biology such as biological pattern formation.
Equally important, these new and challenging
PDE models have led to intra-disciplinary re-
search, involving modelling, PDE theory, dy-
namical systems, graph theory and numerical
simulations. This research has opened up a
whole new range of fascinating mathematical
problems, which we have studied by developing
new mathematical tools.

Simulation of fingerprint patterns

In Part I of the thesis, we focused on modelling
fingerprint patterns which is not only of great
interest in the biological community, but also
in forensic science and increasingly in biometric
applications where large fingerprint databases
are required for developing, validating and com-
paring the performance of fingerprint identifi-
cation algorithms. Besides, similar models have
proven to be very useful for modelling swarming

in nature, including flocks of birds or colonies
of bacteria/cells, and have received significant
attention in the scientific community recently
due to their great practical relevance in biolog-
ical applications.

One of the key features of many of these mod-
els is the social communication between indi-
viduals at different scales, i.e. each individual
can interact not only with its neighbours but
also with individuals further away. This can
be described by short- and long-range interac-
tions. An example of this class of models is the
Kücken-Champod model [13] for describing the
formation of fingerprint patterns.

The development of fingerprints can be de-
scribed by three phases [13]. In the first phase,
growth forces in the epidermis and shrinkage of
volar pad create compressive mechanical stress,
modelled by Kücken and Newell [14, 15]. The
second phase consists of the rearrangement of
Merkel cells from a random configuration into
parallel ridges along the lines of smallest com-
pressive stress, cf. Figure 1. This phase can be
regarded as the actual pattern forming process
and was first modelled by Kücken and Cham-
pod [13]. In the third phase, the primary ridges
are induced by the Merkel cells.

Since the first phase of the fingerprint devel-

Figure 1: Development of Merkel cell distribution

by Kim and Holbrook: Merkel cells appear at about

the 7th week of pregnancy, multiply and arrange in

lines at about the 10th week. Figure from [10].
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opment has already been successfully modelled
[14, 15] and the third phase can easily be mod-
elled based on the second phase, we focus on the
second phase where the stress field from the first
phase is assumed to be a given input. Mathe-
matically, the formation of fingerprints can then
be described as a large system of interacting
Merkel cells [13], which align themselves accord-
ing to certain interaction forces and form our
fingerprint lines.

Part I of the thesis deals with a class of
interacting particle models with anisotropic
repulsive-attractive interaction forces moti-
vated by anisotropic pattern formation in na-
ture. In most existing models, the forces are
isotropic and particle models lead to non-local
aggregation PDEs with radially symmetric po-
tentials. The central novelty in the models we
consider is an anisotropy induced by an under-
lying tensor field, cf. Figure 2(A). This innova-
tion does not only lead to the ability to describe
real-world phenomena more accurately, but also
renders their analysis significantly harder com-
pared to their isotropic counterparts. Due to
the non-existence of an interaction potential
and a gradient flow formulation, much of the
existing analytic theory does not apply to these
anisotropic interaction models and new meth-
ods are required for studying these models rig-
orously.

We studied the role of anisotropic interaction
in these biological models by considering both
the particle model and its continuum counter-
part. This allowed us to propose a bio-inspired
model to simulate realistic fingerprint patterns,
cf. Figure 2(B) for simulation results of the dis-
crete model, featuring important properties of a
biologically meaningful fingerprint development
model. We also gave a rigorous proof of the
stability of line patterns. Moreover, we inves-
tigated the role of nonlinear diffusion on the
widening of line patterns both analytically and
numerically, and simulated realistic fingerprint
patterns efficiently with the continuum model,
cf. Figure 2(C). In the following, we describe
the results of Part I in more detail.

Anisotropic pattern formation [1]: A cru-
cial step towards understanding anisotropic

(A) Anisotropy (B) Particle model (C) Mean-field model

Figure 2: Numerical simulation results for finger-

print patterns.

pattern formation in nature is to investigate
the role of the anisotropy which can be char-
acterised by one parameter in the model. We
studied the variation of this parameter, describ-
ing the transition between the isotropic and the
anisotropic model, analytically and numerically.
We analysed the equilibria of the corresponding
mean-field partial differential equation and in-
vestigated pattern formation numerically in two
dimensions by studying the dependence of the
parameters in the model on the resulting pat-
terns.

Simulation of fingerprint patterns [4]:
Evidence suggests that both the interaction of
Merkel cells and the epidermal stress distribu-
tion play an important role in the formation of
fingerprint patterns during pregnancy [9]. To
model the formation of fingerprint patterns in
a biologically meaningful way these patterns
have to become stationary. For the creation of
synthetic fingerprints it is also very desirable
that rescaling the model parameters leads to
rescaled distances between the stationary fin-
gerprint ridges. Based on these observations,
as well as the model introduced by Kcken and
Champod [13] we proposed a new model for the
formation of fingerprint patterns during preg-
nancy. In this anisotropic interaction model,
the interaction forces not only depend on the
distance vector between the cells and the model
parameters, but additionally on an underlying
tensor field, representing a stress field. This de-
pendence on the tensor field leads to complex,
anisotropic patterns. We studied the resulting
stationary patterns both analytically and nu-
merically. In particular, we showed that fin-
gerprint patterns can be modelled as stationary
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solutions for an appropriate choice of the un-
derlying tensor field.

Stability analysis of line patterns [3]:
Stable line patterns play a crucial role in the
pattern formation of the anisotropic interaction
model and are also important for the simula-
tion of fingerprint patterns. For a given spa-
tially homogeneous tensor field, we showed that
there exists a preferred direction of straight
lines, i.e. straight vertical lines can be sta-
ble for sufficiently many particles, while many
other rotations of the straight lines are unsta-
ble steady states, both for a sufficiently large
number of particles and in the continuum limit.
For straight vertical lines we considered spe-
cific force coefficients for the stability analysis
of steady states, showed that stability can be
achieved for exponentially decaying force coef-
ficients for a sufficiently large number of par-
ticles, and relate these results to the Kücken-
Champod model for simulating fingerprint pat-
terns. The mathematical analysis of the steady
states is completed with numerical results.

Role of nonlinear diffusion on pattern for-
mation [2]: For simulating fingerprint pat-
terns with a finite width an additional nonlinear
diffusion term can be considered in the mean-
field model resulting in an anisotropic, nonlocal
aggregation equation with nonlinear diffusion
which does not possess a gradient flow struc-
ture. We studied the equilibria of this model by
deriving equilibrium conditions for stationary
line patterns which can be reformulated as the
minimisers of a regularised energy functional if
the underlying tensor field is spatially homoge-
neous. For this case, we showed the existence
of energy minimisers, established Γ-convergence
of the regularised energy functionals as the dif-
fusion coefficient vanishes, and proved the con-
vergence of minimisers of the regularised energy
functional to minimisers of the non-regularised
energy functional. Finally, we proved weak con-
vergence of a numerical scheme for the numer-
ical solution of the model with any underlying
tensor field, and showed numerical results. This
numerical scheme allowed us to simulate finger-
print patterns using the mean-field modelling
approach. The resulting patterns are better

than for the associated particle model. In par-
ticular, by rescaling the forces we could vary the
distances between the fingerprint lines.

Formation of biological transport net-
works Part II of the thesis deals with trans-
portation networks which are ubiquitous in liv-
ing systems such as leaf venation in plants,
blood circulatory systems, and neural networks.
Understanding the development, function, and
adaptation of biologic transportation networks
has been of long-standing interest in the scien-
tific community due to their complexity. In-
spired by the complex biological phenomena,
mathematical models and methods have re-
cently been developed for adaptive transporta-
tion networks.

Mathematical modeling of transportation
networks is traditionally based on discrete
frameworks, in particular mathematical graph
theory and discrete energy optimization, where
the energy consumption of the network is min-
imized under the constraint of constant total
material cost. However, networks and circula-
tion systems in living organisms are typically
subject to continuous adaptation, responding
to various internal and external stimuli. For
instance, for blood circulation systems it is well
known that throughout the life of humans and
animals, blood vessel systems are continuously
adapting their structures to meet the changing
metabolic demand of the tissue. In particular,
it has been observed in experiments that blood
vessels can sense the wall shear stress and adapt
their diameters according to it. Consequently,
dynamic models are required for modelling bi-
ological transport networks accurately.

Motivated by this observation, a new discrete
dynamic modelling approach on a graph has re-
cently been introduced by Hu and Cai [8] to de-
scribe the formation of biological transport net-
works. The main mathematical interest of this
dynamical model stems from the highly unusual
coupling of a system of ODEs whose solution
is defined on the edges of a graph to a linear
system on the nodes of the graph. In particu-
lar, the linear system is only solvable under cer-
tain conditions and due to the coupled defining
equations on both nodes and edges of the graph
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it is not clear under which assumptions a limit
model can be derived.

The aim of Part II is to get a better under-
standing of the Hu-Cai model [8] for generic
biological transport networks and adapt it to
the cellular context for leaf venation. Using
methods from various fields within mathemat-
ics, we investigated the global existence of so-
lutions of the microscopic and the associated
macroscopic models, which can be written as
the unusual coupling of a linear system and a
system of ordinary differential equations on a
graph and its continuum counterpart. More-
over, we proved the rigorous limit between the
microscopic and macroscopic model for the two-
dimensional regular setting which required the
formal derivation of an appropriate macroscopic
model. These analytical results were comple-
mented by numerical simulations of the discrete
model (cf. Figure 3) illustrating the convergence
to steady states, their non-uniqueness as well as
their dependence on initial data and model pa-
rameters. Based on this model, we proposed an
adapted model in the cellular context for leaf ve-
nation, investigated the model analytically and
showed numerically that it can produce branch-
ing vein patterns (cf. Figure 4). In the follow-
ing, we discuss our results in more detail.

ODE- and PDE-based modelling [6]: To
get a better understanding about the dynamics

(A) Full graph

(B) Perturbed full graph

Figure 3: Steady states for full graph and perturbed

full graph

(A) Auxin concentration

(B) Transport activity

Figure 4: Steady states for auxin concentration and

transport activity for different background source

strengths and different grid shapes (round, oval).

in the Hu-Cai model [8], we studied the global
existence of solutions of a discrete (ODE based)
model on a graph. We proposed an adapta-
tion of this model so that a macroscopic (PDE
based) system can be obtained as its formal
continuum limit. We proved the global exis-
tence of weak solutions of the macroscopic PDE
model. Finally, we presented results of numeri-
cal simulations of the discrete model, illustrat-
ing the convergence to steady states, their non-
uniqueness as well as their dependence on initial
data and model parameters.

Rigorous continuum limit [7]: For the
analysis and simulation of complex dynamical
systems in biology, it is often very useful to
consider the associated continuum limit which
may given additional insights about the biologi-
cal transport and allows us to include additional
modelling assumptions such as network growth.
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This motivated our study of the rigorous limit
of the discrete model. For the spatially two-
dimensional rectangular setting we proved the
rigorous continuum limit of the constrained en-
ergy functional as the number of nodes of the
underlying graph tends to infinity and the edge
lengths shrink to zero uniformly. The proof is
based on reformulating the discrete energy func-
tional as a sequence of integral functionals and
proving their Γ-convergence towards the contin-
uum energy functional.

Application to auxin transport in leaf
venation [5]: The plant hormone auxin
controls many aspects of the development of
plants. One striking dynamical feature is the
self-organisation of leaf venation patterns which
is driven by high levels of auxin within vein
cells. The auxin transport is mediated by spe-
cialised membrane-localised proteins. Many ve-
nation models have been based on polarly lo-
calised efflux-mediator proteins of the PIN fam-
ily. We investigated a modelling framework for
auxin transport with a positive feedback be-
tween auxin fluxes and transport capacities that
are not necessarily polar, i.e. directional across
a cell wall. Our approach is derived from a
discrete graph-based model for biological trans-
portation networks, where cells are represented
by graph nodes and intercellular membranes
by edges. The edges are not a-priori oriented
and the direction of auxin flow is determined
by its concentration gradient along the edge.
We proved global existence of solutions to the
model and the validity of Murray’s law for its
steady states. Moreover, we demonstrated with
numerical simulations that the model is able
connect an auxin source-sink pair with a mid-
vein and that it can also produce branching vein
patterns. A significant innovative aspect of our
approach is that it allows the passage to a for-
mal macroscopic limit which can be extended
to include network growth. We also performed
mathematical analysis of the macroscopic for-
mulation, showing the global existence of weak
solutions.

Conclusion In the thesis, we studied two
complex PDE models arising in biological ap-
plications. Part I, motivated by the simulation

of fingerprint patterns, is mainly based on four
papers [1, 2, 3, 4] which are among the first
works on the analysis of anisotropic interaction
models. Using innovations on the modelling,
analysis, and computational methods, this re-
search on anisotropic interaction is a crucial
step towards the accurate description of real-
world phenomena. Part II is motivated by the
formation of biological transport networks and
is mainly based on three journal articles [5, 6, 7].
This research resulted in a better understand-
ing of the Hu-Cai model for biological transport
networks and its continuum counterpart, and
led to an adapted model in the cellular context
for leaf venation.
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Modeling COVID-19: Challenges and results

By Máıra Aguiar

Weird times we are living in. While lots of
technological, medical and scientific advances
are generated in a short period of time, we are
now fighting a pandemic, trying to stop the
spread of a new virus that has not only killed
thousands of people but has also crippled our
economies as lockdowns were implemented.

In December 2019, a severe respiratory syn-
drome (COVID-19) caused by a new coron-
avirus (SARS-CoV-2), was identified in China
and spread rapidly around the globe. COVID-
19 was declared a pandemic by the World
Health Organization (WHO) in March, 2020.
As of this writing, about 25 million cases were
confirmed with more than 830 thousand deaths
- a global case fatality ratio (CFR) of approxi-
mately 3.5%.

COVID-19 symptoms can range from mild
(or no symptoms) to severe illness, with signs
and symptoms appearing between 2 to 14 days
after exposure. With many asymptomatic indi-
viduals, everyone is at risk of getting COVID-
19. SARS-CoV-2 infection results in dis-
ease severity and death according to a hierar-
chy of risks, with age and pre-existing health
conditions enhancing disease severity [1]. If
the young and “healthy” individuals are not
severely affected, SARS-CoV-2 has put at a
greater risk our beloved parents and grandpar-
ents. An effective vaccine would be the best
way to prevent COVID-19 infections and while
its development is ongoing, epidemiologists and
public health workers are the frontline of this
battle, fighting with well known public health
surveillance strategies of testing, contact trac-
ing and isolation of infected individuals.

While the global case fatality ratio (CFR),
a measure that is often used to evaluate the
severity of the epidemics, starts to decrease
over time, there are too many unknowns about
COVID-19 dynamics. Why do we observe so
different CFR in different countries around the
globe? Are there differences in population sus-

ceptibility to SARS-CoV-2 infection and how
much would that affect the course of infection
in the population? What is the influence of
seasonality on COVID-19 transmission? Would
it be enough to contain the epidemics, such
as other Influenza Like Illnesses (ILIs), even
when traveling restrictions start to be lifted and
imported cases from the southern hemisphere
would be likely to be detected? What is the
proportion and the role of the mild and asymp-
tomatic infected individuals? Are they trans-
mitting more or less than the symptomatic se-
vere infected? And to which extent the acquired
immunity and its duration against SARS-CoV-
2 will play a role in the so called herd immunity
without vaccination? Too many open questions
that scientists are trying to answer by labo-
ratory experiments, field work and theoretical
studies.

As the COVID-19 pandemic is unfolding, re-
search on mathematical modeling became im-
perative and very influential, not only in un-
derstanding the epidemiology of COVID-19 but
also in helping the national health systems to
cope with the high demands of hospitaliza-
tions, for example, providing projections and
predictions based on the available data. Used
as a public health guiding tool to evaluate
the impact of intervention measures, govern-
ments have already taken important decisions
based on modeling results. The COVID-19 pan-
demic has resulted in an avalanche of epidemi-
ological modeling papers [2, 3, 4, 5, 6, 7, 8],
most of them using simple models such as the
SIR (Susceptible-Infected- Recovered) or SEIR
(Susceptible-Exposed-Infected- Recovered) in
mechanistic or probabilistic frameworks to un-
derstand and predict the spread of the disease in
a population. With valuable results, modeling
the dynamics of COVID-19 is very challenging,
as we still know very little about the disease.
More complex models would be able to give
more accurate projections about specific vari-
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ables such as number of hospitalizations, inten-
sive care units admissions (ICUs) and deaths,
for example, over the course of the epidemics.
However, to build useful models, good quality
empirical data and its understanding, as well as
a close collaboration among mathematical mod-
elers, field and laboratory researchers as well as
public health stakeholders are essential.

Here I present my experience, as part of the
Basque Country Modeling Task Force (BMTF),
in monitoring the development of the COVID-
19 epidemic to assist the Basque Health Man-
agers and the Basque Government during the
lockdown lifting measures.

In March 2020, a multidisciplinary task force
was created to assist the Basque Health man-
agers and the Basque Government during the
COVID-19 responses. BMTF is a modeling
team, working on different approaches, includ-
ing stochastic processes, statistical methods
and artificial intelligence. The primary BMTF
objectives were to describe the epidemic in
terms of disease spreading and control in the
Basque Country and to give projections on
the national health system necessity during the
increased population demand on hospital ad-
missions. With a valid modeling framework,
we now monitor disease transmission when the
country lockdown was gradually lifted towards
the so called “new normality”.

We use stochastic SHARUCD-type models
(susceptible (S), severe cases prone to hospital-
ization (H), mild, sub-clinical or asymptomatic
(A), recovered (R), patients admitted to the in-
tensive care units (U) and the recorded cumu-
lative positive cases (C) which includes all new
positive cases for each class of H, A, U, R, and
deceased (D)) - an extension of the well known
simple SIR model. Epidemiological data used
to validate and parametrize the models are pro-
vided by the Basque Health Department and
the Basque Health Service (Osakidetza), con-
tinually collected with specific inclusion.

In our first modeling attempt, disease sever-
ity was decided upon infection with a propor-
tion η of infected individuals going to develop
severe symptoms prone to hospitalization or
(1−η) to develop mild or no symptoms [9]. Mild

Figure 1: Ensemble of 200 stochastic realiza-
tions of the initial SHARUCD-model. Empir-
ical data are plotted as black/red dots. In a)
cumulative positive cases Icum(t), in b) cumu-
lative hospitalized cases CH(t), in c) cumulative
ICU admissions CU (t) and in d) cumulative de-
ceases cases D(t). The mean field solution with-
out control is shown as a blue line.
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Figure 2: Growth rates estimations for various
variables. In a) PCR positive cases (yellow),
hospitalizations (red) and ICU admission cases
(purple) and in b) growth rate for recovered
(green) and deceased cases (black) notified in
the Basque Country.

and asymptomatic individuals were assumed to
transmit the disease more efficiently (φβ, with
φ > 1) than the severe cases which would be
first cases identified, at least at the beginning
of the pandemic when testing capacity was low.
In this approach, hospitalized cases could re-
cover, die or go to ICU, i.e., ICU was considered
a progression in severity of hospitalized cases.
Parameter insecurities were calculated numer-
ically with likelihood functions conditioned on
the others and the data from all 5 model vari-
ables and fixed as the model was able to de-
scribe the disease incidence during the exponen-
tial phase of the outbreak. Partial lockdown im-
plemented on March 16, 2020 was shown to de-
crease disease transmission in the Basque Coun-
try, with effects observed on March 27, 2020,
well before the full lockdown on March 31, 2020.

The effect of the disease control measures was
introduced using a standard sigmoid function
which was able to describe well the gradual
slowing down of the epidemic, see Fig. 1.

Figure 3: Ensemble of 200 stochastic real-
izations of the ICU refined SHARUCD-model.
Empirical data are plotted as black/red dots.
In a) cumulative positive cases Icum(t), in b)
cumulative hospitalized cases CH(t), in c) cu-
mulative ICU admissions CU (t) and in d) cu-
mulative deceases cases D(t). The mean field
solution without control is shown as a blue line.
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Analysis of the momentary reproduction ra-
tio and momentary growth rates [10] have
shown two groups of growth behaviour in re-
sponse to the lockdown measures. Synchro-
nization of the ICU admission cases with the
cumulative tested positive cases and hospital-
izations was observed, following the sigmoidal
function behaviour, and the deceased and re-
covered cases showing a delay in response to
the control measures of 8 to 10 days, see Fig. 2.

These findings have led to the first refine-
ment of our model, with the transition into ICU
admissions changed to a ratio, with infection
causing from asymptomatic up to very severe
cases. In good agreement, the refined model
can now describe well the hospitalizations, the
ICU admissions and the deceased cases (see Fig.
3), well matched within the median of the 200
stochastic realizations from the model [11]. Al-
though the cumulative incidences for tested pos-
itive cases could only be described qualitatively,
following the higher realizations range due to
the increasing testing capacities in the Basque
Country since March 22, 2020, we now work on
further model refinements evaluating the role of
seasonal effect, the “new normality”after lock-
down lifting and the impact of imported cases
and increase testing capacity (see Fig. 4).
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ESMTB Thematic panels
The field of mathematical biology continues

to grow, and ESMTB has therefore decided to
foster interactions in subgroups, where society
members can meet and interact within more fo-
cused areas. Membership to the societys the-
matic panels is open to all members. New the-
matic panels may be formed by petition to the
ESMTB Board at any time.

Guidelines for the establishment and op-
eration of ESMTB thematic panels

The ESMTB welcomes the fostering of spe-
cialised interest groups among its members,
groups to be henceforth designated as the-
matic panels (name subject to discussion) to
inspire, advance and promote activities within
the scope of ESMTB. Thematic panels are or-
ganised within a certain theme and are hosted

by a chair. The following guidelines shall apply
to their establishment and operation.

1. Groups of at least 20 members may apply for
the establishment of a thematic panel with
the ESMTB board. Applications should be
sent to the ESMTB secretary and be signed
by the founding chair of the panel. A short
description of the scope and scientific in-
terests must be provided.

2. Affiliation to such panels is free of charge and
open to all interested members, who may
join in at any time. Membership in the
panel ends with the end of membership in
ESMTB.

3. The panel members will manage the oper-
ation of the panel on a democratic basis;
in particular, they nominate (or elect) the
chair in regular intervals. The chair is the
representative of the panel and serves as
the contact person for the ESMTB board.
When the chair changes, the secretary of
ESMTB should be informed as soon as pos-
sible.

4. ESMTB may financially sponsor (if budget is
available) the activities of the panels, upon
request by the panel’s representative.

5. ESMTB expects each panel to produce peri-
odic summary documentation reporting on
the activities of the panel and indicating
likely directions of development in the re-
search area covered by the panel.

6. The ESMTB secretary is charged with facil-
itating panel operations and briefly report-
ing to the board on current developments.

7. ESMTB will host on the society’s webpage,
in the Newsletter, the Communications,
and social media news related to the ac-
tivities of the thematic panels, as provided
by the panel representatives.

8. Thematic groups and their members con-
sent the ESMTB to store and process their
names and contact data.
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Perspectives in Mathematical and Theoretical Biology

The series “Perspectives in Mathematical and
Theoretical Biology” is published as a separate
section in the Journal of Mathematical Biology,
the official journal of the society. ESMTB in-
vites its members and colleagues to contribute
short Perspectives on topical issues in mathe-
matical and theoretical biology to be published
in the Journal of Mathematical Biology.

Perspectives highlight emerging fields and
novel developments of wide interest. They are
short contributions to highlight topical issues,
emerging fields, fundamentally new approaches,
and exciting novel developments in mathemati-
cal and theoretical biology, which are of interest
for the diverse membership of ESMTB and the
wide readership of the Journal of Mathemati-
cal Biology. Contributions should concentrate
on current awareness and promising future di-
rections: The aim is to draw attention and in-
cite interest rather than to provide comprehen-
sive reviews. Perspectives can express personal
viewpoints and can voice the author’s opinion
in debated issues. For more information, see
https://esmtb.org/Perspectives.

The contributions are peer reviewed. Per-
spectives are to be submitted via the Editorial
Manager system of the Journal of Mathemati-
cal Biology,
https://www.editorialmanager.com/jomb/.

The following
is a preprint of
a contribution
by Elisenda
Feliu published
in Journal of
Mathematical
Biology, 80,
1159–1161,
2020.

On the role of algebra in models in
molecular biology
By Elisenda Feliu1, Department of Mathe-
matical Sciences, University of Copenhagen,
efeliu@math.ku.dk

Classical reference books in mathematical bi-
ology, e.g. [7], illustrate how, in its origins, this
once emerging field essentially relied on small
models, and their thorough analysis employed
a suit of advanced techniques from dynamical
systems theory. It was often feasible to pursue
such analysis without fixing the value of model
parameters, thereby obtaining a full picture of
the possible behaviors of the model. In many
cases, the purpose of the model was to provide
a qualitative understanding of a phenomenon,
which not necessarily needed to fit exactly with
observational data.

As models have become larger and more com-
plex, and with the increasing availability of
data, in particular in molecular biology, a stan-
dard approach to analyze mathematical models
has been to first gain some insight about suit-
able parameter values, for example via estima-
tion or extrapolating from related species, and
then employ numerical methods to simulate the
models. In this way, a precise description of the
system of interest could be obtained. A prob-
lem arises when parameters are unidentifiable,
or cannot be determined with the desired pre-
cision, or when we need to take into account
that parameter values typically fluctuate, are
specific to the individual, and depend on the
environment. Then we are back to the origi-
nal problem of understanding the model in a
larger region of the parameter space. As the
complexity of the models forbid detailed hands-
on analyses, model inspection is often achieved
through a combination of parameter sampling
and numerical simulation.

Parallel to this development, some theories
have centered around systems of ordinary dif-
ferential equations that model the concentra-

1EF acknowledges funding from the Independent Re-
search Fund of Denmark.
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tion of species in an interaction network in time.
Although these models are typically associated
with chemical and biochemical reactions, the
formalism fits as well models in ecology, like
the Lotka-Volterra model, or in epidemiology:
All these have in common that the interactions
among entities drive the changes of the system.

The origin of these theories goes mainly back
to the 70’ies and 80’ies, with, to name a few, the
work of Feinberg, Horn and Jackson leading to
what is known as Chemical Reaction Network
Theory (CRNT) [6]; Vol’pert [8]; and Clarke,
leading to Stoichiometric Network Analysis [2].
Common to these theories is the search for easy-
to-apply methods concerning dynamics, by re-
lying on the structure of the interaction network
and assumptions about the rates of the interac-
tions. This has lead to simple (but powerful)
theorems on number of steady states and their
stability, to give some examples.

These theories are at one end of the spec-
trum of the level of abstraction of mathemat-
ical models. At the left end of the spectrum
we find models that are fitted to real data and
provide detailed quantitative information of a
specific system under study; and at the right
end of the spectrum, we find general theories
aimed at studying classes of models that share
some particularities and their qualitative prop-
erties. Moving from left to right we go from
models whose goal is to represent reality in de-
tail, to models seeking to identify underlying
principles. Although at first sight one might
think that the left region of the spectrum is the
one that really matters in practical scenarios,
a throughout qualitative analysis of families of
models can be valuable to guide experimental
design, to support conclusions of fitted models,
and can be helpful in synthetic biology. Fur-
thermore, it is advantageous, and at the core of
mathematics, to rely on general theories when
studying specific models.

Algebra and Interaction Networks

In recent years, these old theories about inter-
action networks from the 70’ies, mainly CRNT,
have been revised and further developed under
the umbrella of computational algebra and alge-

braic geometry. The reason behind this, is that
models arising from interaction networks typi-
cally involve polynomials and rational functions
(quotients of polynomials). Prominent exam-
ples are the mass-action assumption, yielding
polynomial differential equations, or Michaelis-
Menten type kinetics, yielding models with ra-
tional functions. In this case, the steady states
of a model are the solutions to a system of poly-
nomial equations, which is the object of compu-
tational algebra and algebraic geometry. Fur-
thermore, computational algebra is well suited
to systems with unspecified parameters, after
choosing the right coefficient field. It can for ex-
ample find relations that hold for all parameter
values at steady state, or find descriptions of the
steady states by means of a simple parametriza-
tion. However, two main drawbacks prevent
these methods to stand out: the high computa-
tional cost, and the fact that the restriction of
the steady states to positive values causes nice
results from the theory of polynomial equations
to fail. For example, any real polynomial of
degree n has exactly n complex roots counted
with multiplicity, but only some generic upper
bounds can be given for the number of real and
positive real roots.

Progress within this area has focused on solv-
ing these challenges by exploiting the fact that
the polynomials under study arise from interac-
tion networks. Through a close interplay with
real algebraic geometry, this had lead to numer-
ous strategies to count the number of positive
steady states and even understand the param-
eter space in that respect [3]. More recently,
similar ideas are being applied to study stabil-
ity and bifurcations, as these, via the Routh-
Hurwitz criterion, are also expressed in alge-
braic terms. In general, whenever the ques-
tion of interest can be reduced to understanding
the solutions to a system of polynomial equal-
ities and inequalities, then computational alge-
bra might well be the right theory to call.

Integrating the whole spectrum

Mathematical biology, and applied mathe-
matics in general, is witnessing how theory tra-
ditionally belonging to the realm of pure mathe-
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matics is finding its place in the study of math-
ematical models. This certainly applies to al-
gebraic geometry, but also to other disciplines
like topology. Despite the broad range of ex-
isting theories to analyze mathematical mod-
els in molecular biology from different perspec-
tives, the preferred choice often involves nu-
merical simulations combined with parameter
inference or parameter sampling. This is pre-
sumably driven by the numerous existing tools
that address this end of the spectrum, e.g. [1],
while we lack proper dissemination and compu-
tational tools that cover the rest of the spec-
trum, and facilitate the access to users with-
out a suitable mathematical background. With
few exceptions [4, 5], the latter is partially a
consequence of the notable challenges involved
with providing easy-to-use black-box implemen-
tations of that end of the spectrum. But with-
out these, much of the valuable theory currently
being developed to analyze families of models at
once, will remain a curiosity and its potential
use in real applications will be overlooked.

As methods, tools and theories are con-
stantly being developed to understand the
overwhelmingly-complex systems of interacting
elements, it would be desirable to have integra-
tive platforms where users, these being exper-
imental biologists or theoreticians, can dissect
models at all possible levels.
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Karl Peter Hadeler and the rise of Mathematical Biology
By Odo Diekmann

1. Introduction

During the opening session of the 2018 ECMTB
in Lisbon, I presented a Tribute to K.P. Hadeler
to commemorate the life (1936-2017) and work
of a pioneer who has been instrumental in plac-
ing Mathematical Biology on the map of sci-
ence. This text is, in essence, a written version
of the tribute (with minor updates and addi-
tions).

2. Journals

Visionary scientists often start a new journal in
order to promote their dreams. The Bulletin
of Mathematical Biology was created as early
as 1939 by Nicolas Rashevsky (under the name
Bulletin of Mathematical Biophysics). In 1967
Richard Bellman (best known for developing
Dynamic Programming) started Mathematical
Biosciences. The Journal of Mathematical Biol-
ogy was founded in 1974 by H.J. Bremermann,
F.A. Dodge and K.P. Hadeler with the credo
“The creation of this journal is a vote of confi-
dence in the future of mathematical biology”.
From 1976 on, K.P. Hadeler and S.A. Levin
served as Managing Editors and they managed
in such a way that the journal became the pre-
dominant medium for publication of papers in-
troducing high level mathematical methodol-
ogy to tackle biologically motivated problems.
For many PhD students and postdocs in the
last quarter of the previous century, the jour-
nal, together with the Springer Lecture Notes
in Biomathematics, of which S.A. Levin was
the Managing Editor, defined the landscape in
which they had to find their way.

3. Oberwolfach Meetings

Every week of every year there is a math meet-
ing at the Mathematisches Forschungsinstitut
Oberwolfach (https://www.mfo.de/) in Ger-
many’s Black Forest. If a sub-field of mathe-
matics has a certain prestige, there is, very

K.P. Hadeler at the Bauer-Jacobs-Kolloquium
Erlangen, Oberwolfach, 1988.
Oberwolfach Photo Collection

likely, an Oberwolfach meeting devoted to the
topic at (ir)regular intervals.

Under the title “Mathematische Modelle in
der Biologie” meetings were held in the years
listed below, with the listed persons as the or-
ganizers:

1971 W. Bühler, J. Gani

1975 K.P. Hadeler, W. Jäger, H. Werner

1978 K.P. Hadeler, W. Jäger, S.A. Levin

1981 K.P. Hadeler, W. Jäger

1984 K.P. Hadeler, W. Jäger

1987 K.P. Hadeler, W. Jäger

1990 W. Alt, K.P. Hadeler, U. an der Heiden

1993 K.P. Hadeler, P.K. Maini, L.A. Segel

1996 W. Alt, O. Diekmann

1999 O. Diekmann, K.P. Hadeler

2003 W. Alt, O. Diekmann, D.A. Rand

2009 E. DiBenedetto, B. Perthame, A.
Stevens
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The Mathematisches Forschungsinstitut Oberwolfach (MFO, Oberwolfach Research Institute for
Mathematics, https://www.mfo.de/).

After a long gap, a meeting on “Differen-
tial equations arising from organizing princi-
ples in biology” took place in September 2018.
It was organized by J.A. Carrillo, A. Lorz, A.
Marciniak-Czochra and B. Perthame.

In 1989 K. Dietz, K.P. Hadeler and H.W. Het-
hcote organized a meeting on “Mathematical
Models for Infectious Diseases” and in 1995 this
was repeated, with H.R. Thieme replacing H.W.
Hethcote. Then there was a name switch to
“Design and analysis of infectious disease data”
with at first N. Becker, K. Dietz and N. Keiding
as organizers and later M. Eichner, M.E. Hal-
loran and Ph. O’Neill, and meetings in 1999,
2004, 2009, 2013 and 2018.

The 1978 meeting was the first I attended
and, without exaggeration, I can say that it
opened my eyes. In a double way. First, I be-
came aware of the richness of the subject (for in-
stance, by a 16 mm movie that Günther Gerisch
brought from Basel; in those days, it took some
effort of the staff to make the projector work,
but once that was accomplished, the miracle of
Dicty’s self-organization was shown in glorious
black and white detail). Second, it proved that
authors of papers did really exist and were hu-
man beings one could talk to (in Oberwolfach I
met for the first time Simon Levin, Lee Segel,
Hans Othmer, John Rinzel, Michael Mackey,
Masayasu Mimura, Art Winfree, Don Ludwig
and many others).

A practitioner of Mathematical Biology aims
to act as a trait d’union between the two pillars

“Mathematics” and “Biology” and hence risks
to be pulled apart by opposing forces. To see
how others deal with certain dilemmas helps to
keep courage. The Oberwolfach meetings did
help a lot in this respect, they showed paragons
in action.

Specialization is as unavoidable in math bio
as it is in other fields of science. But to get
truly new ideas, one needs to look beyond one’s
’comfort’ zone. The Oberwolfach meetings of-
fered a very comfortable and stimulating way
to do exactly that. Moreover, they were in-
strumental in catalyzing contacts beyond geo-
graphical/continental borders. So I (and, I am
sure, many others from my generation) am most
grateful to Karl Hadeler and Willi Jäger for be-
ing for so many years the driving force of these
Oberwolfach meetings!

4. ESMTB

In June 1988, KP (as Karl was often nick-
named) and Wolfgang Alt produced and dis-
tributed the first Biomathematics Newsletter in
order to catalyze the formation of a European
community of researchers active in this rela-
tively new area. A little later, Enzo Capasso
and Jacques Demongeot took the initiative for
the First European Conference on Mathematics
Applied to Biology and Medicine, which took
place in l’Alpes d’Huez in 1991. During this
meeting the ESMTB was formed. The first
board consisted of Jim Murray (president), Vin-
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cenzo Capasso, Jacques Demongeot, Karl Peter
Hadeler and Willi Jäger. The list of presidents
so far is:

1991-1993 James D. Murray

1994-1996 Karl Peter Hadeler

1997-1999 Jacques Demongeot

2000-2002 Vincenzo Capasso

2003-2005 Mats Gyllenberg

2006-2008 Wolfgang Alt

2009-2011 Carlos Braumann

2012-2014 Andrea Pugliese

2015-2017 Roeland Merks

2018-2020 Andrea de Gaetano

5. A first conclusion

A journal, series of meetings, a newsletter and a
society, these formed the outfit of the scientific
youngster ’Mathematical Biology’. And for sure
KP Hadeler was among the designers, the trend
setters, the shining examples, ...

6. Research

After doing a double ’master’ in biology and
mathematics, KP followed his heart and chose
to do a PhD in mathematics under Lothar
Collatz (yes, indeed, the one of the conjec-
ture, see https://en.wikipedia.org/wiki/

Collatz conjecture). His first two papers, in
1964, were written in Russian (!) which he
learned while staying a year in Moscow, and
the next twenty or so in German. They were
devoted to Operator Theory, Spectral Theory,
Linear Algebra and Numerical Analysis. See [5]
for a recent account of how some of this work
relates to population dynamical models.

KP was an omnivore with very broad in-
terests (let me mention, incidentally, that KP
had an encyclopedic knowledge based on an ex-
ceptional memory; he had a staggering knowl-
edge of languages, history, geography, field bi-
ology and many other subjects). Much of his
subsequent work deals, in some way, with Dy-
namical Systems Arising in Biology. A non-
complete list of bio topics: population genet-
ics, spatial ecology, lateral inhibition, eco-epi

interaction, demo-epi interaction, vaccination,
core group, vector transmitted, animal orien-
tation, mimicry, plasmids, cardiovascular func-
tion, proteasomal cleavage, quiescence. A non-
complete list of math topics: travelling fronts,
(neutral) delay equations, backward bifurca-
tion, cross diffusion, parameter identification.
A bit more physical: nonlinear Schrödinger,
cellular automata (his book [4] with Johannes
Müller appeared in 2017), granular matter. For
sure KP was a multi-methodologist (by which
I mean the mathematical version of what in
music is called a multi-instrumentalist). Major
topics:

– macroparasite load as a structuring variable
(with Klaus Dietz, see [1] for a survey)

– hyperbolic submodels for movement
(correlated random walks, reaction-
telegraph/transport equations, see [3])

– pair formation in STD context; homoge-
neous differential equations (see [5])

– the impact of quiescence (diapause, tempo-
rary change of either behaviour, physiology
or habitat, see [3])

7. Teaching

In 1971 the Universität Tübingen appointed KP
Hadeler at the Lehrstuhl für Biomathematik in
the Biology Department and in 1973 this ap-
pointment was extended to the Mathematics
Department, making him a trait d’union in a
very literal sense. (With the earlier noted side
effect of being subject to opposing forces.) In
1974 Hadeler’s text book Mathematik für Bi-
ologen was published as one of the Heidelberger
Taschenbücher by Springer.

In the 1979 CIME Summerschool ’Mathe-
matics of Biology’ in Cortona, organized by
Mimmo Iannelli, Hadeler lectured about ’Dif-
fusion Equations in Biology’ (the other lec-
turers were K.L. Cooke, J.M. Cushing, S.
Hastings, F.C. Hoppensteadt and S-O Lon-
den, so various forms of delay equations re-
ceived ample attention). Many years later, in
1997, and in a different part of Italy (Martina
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Franca in Puglia) Hadeler lectured about ’Re-
action Transport Systems in Biological Mod-
elling’ during the CIME school ’Mathemat-
ics Inspired by Biology’ organized by V. Ca-
passo and myself (the other lecturers were R.
Durrett, P.K. Maini, H.L. Smith and myself).
Somewhere in between there has been a DMV
(Deutsche Mathematiker-Vereinigung) Seminar
in the small town Blaubeuren near Ulm with
lectures on mathematical methods for the study
of biological systems by KP Hadeler, Horst
Thieme and myself. And there must have been
many more such schools in which Hadeler gave
a series of lectures...

Remarkably, after his Tübingen retirement
KP Hadeler rejuvenated and moved part-time
to the new world for a second youth as Re-
search Professor at Arizona State University
in Phoenix during the period 2005-2011. The
material of many of his lectures (at both the
School of Life Sciences and the School of Math-
ematical and Statistical Sciences) is collected
in his book [3] ’Topics in Mathematical Biol-
ogy’ that appeared in 2017 in the Springer Se-
ries ’Lecture Notes on Mathematical Modelling
in the Life Sciences’. During his time at ASU,
Hadeler very actively assisted Carlos Castillo-
Chavez in the sympathetic endeavour of provid-
ing research opportunities for underrepresented
groups.

My impression is that KP Hadeler was a
warm mentor for his many students, often like
a father figure (thus, perhaps, promoting the
puberal urge for independence and freedom in
some?). He had more than 30 students and of
these, Mirjam Kretzschmar, Johannes Müller,
Thomas Hillen, Christina Kuttler and Frithjof
Lutscher are presently most active in math bio
research.

8. Conclusion

While once a naturalist observed and classified,
the present day naturalist urges the government
to protect an endangered species. Likewise a
theoretical biologist once aspired to uncover the
mechanisms underlying a certain phenomenon,
while the present day theoretical biologist ad-

vises the government about Covid-19 control.
The world has changed. But we build on what
has been achieved by the predecessors.

KP Hadeler has been instrumental in build-
ing up Mathematical Biology

– both organizationally and regarding content

– especially in Europe

– especially at the math side

– notably by pointing the way to young talent

He was a very versatile researcher, a prolific
writer and a master in inventing clever tricks
that made hopeless looking problems suddenly
amenable to analysis. His stimulating influence
and his charming personality are sorely missed
by his many old friends. Hopefully this short
note informs the younger among us about the
pioneer that helped shape the world in which
they now live, work and move on.

PS

– Please also see the special issue [2].

– It is a pleasure to thank Enzo Capasso for
helping out with ESMTB history recon-
struction, Klaus Dietz for providing infor-
mation about the later Oberwolfach meet-
ings on infectious disease epidemiology and
Susanne Ditlevsen for editorial and text
editing help!
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Reports from 2019 travel grant awardees
supported by an ESMTB travel grant

ESMTB Travel Support

The ESMTB provides travel support to
mathematical/theoretical biology events such
as meetings, conferences, workshops or
schools. Support is provided only to ESMTB
members, so that an applicant needs to be
member at the moment of submitting the ap-
plication. The maximum amount of travel
support per single application is currently 350
euro. However, funding will in most cases be
only partial, in order to support a greater num-
ber of applicants. In general, preference will be
given to:

• applicants who have been members of the
ESMTB for a longer time,

• doctoral students and post-docs, but
graduate students and senior scientists
may also apply,

• applicants who present a paper or poster
at the attended event,

• applicants who did not receive travel sup-
port from the ESMTB before,

• applicants in conditions of economic
hardship.

Details and the application form are available
at https://www.esmtb.org/Travel-Support

In 2019, nine travel grants were awarded,
with total support of 1850 EUR.

The awardees are asked to write a brief re-
port about the event. Here we present some
of the reports. The original reports are slightly
edited and shortened yet their spirit remains
unchanged.

Yvonne Krumbeck: Mathematical Biology
on the Mediterranean Conference (MBMC)
In September 2019, University of the Aegean hosted
the first Mathematical Biology on the Mediter-
ranean Conference (MBMC), located on the beauti-
ful Greek island Samos. With great efforts by the or-
ganising committee, Stelios Xanthopoulos and Jean
Clairambault, the conference has become a grand
success and was received positively by the partici-
pants. Attendees from Universities of different coun-
tries created a culturally diverse atmosphere and en-
couraged exciting exchanges.

The conference was split into 1 week of a summer
school and a 1-week long workshop, where partici-
pants could attend either one or both events. Dur-
ing the first week, 5 lectures covered a range of top-
ics in mathematical biology. The lecturers, Benôıt
Perthame, Nicolas Vauchelet, James Sneyd, José
Antonio Carrillo and Nikolaos Sfakianakis addressed
mathematical models and methods for evolutionary
and bio-chemical dynamics, cell kinetics, collective
motion and many more. For me personally, the lec-
ture on an epidemiological model for the spread of
Wolbachia bacteria in mosquito populations held by
Vauchelet was the most insightful lecture. A well-
balanced mix of lectures made the summer school
accessible for those who are more mathematically
as well as more biologically oriented students. It
offered many opportunities to ask and discuss ques-
tions and exchange knowledge of different expertise.

The workshop during the second week added more
interesting talks by researchers from various fields of
mathematical biology. Among all, Mats Gyllenberg,
Charalambos Makridakis, Anna Marciniak-Czochra,
Luigi Preziosi and Christian Schmeiser have been
invited as keynote speakers. Up to 45-min long pre-
sentations offered a great opportunity - especially
for PhD students - to speak more in depth and have
longer discussions about the research.

Unfortunately, there was only a small number of
participants who presented a poster. Thus, the ses-
sions to view and discuss them was rather short.
Nonetheless, attendees had many opportunities to
gather in small groups and discuss their research in
more depth.

Excursion days were organised to explore the is-
land Samos and learn more about its history and
culture, including the life of the famous mathemati-
cian Pythagoras. First, we visited the archaeological
site of the ancient temple of Hera, followed by a stop
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at the museum in Pythagoreio. After that, we were
offered to taste the sweet wine from Samos and learn
about its production at the wine museum. The lo-
cation of the conference close to the sea, beautiful
hiking areas and delicious local food made the over-
all experience even more enjoyable.

To conclude, interdisciplinary gatherings like
MBMC always offer a pleasant opportunity for re-
searchers from various fields to meet and exchange
their knowledge. The diversity of participants
helped to reinforce the network of those interested
in mathematical biology. After the great success of
this conference, I hope that other Universities will
follow up and soon host the next of this series.

Diana-Patricia Danciu: Mathematical Bi-
ology on the Mediterranean Conference
(MBMC) I attended the MBMC, held between 1-
14 September 2019 at the University of the Aegean,
Karlovasi on the Greek island of Samos, the island
of Pythagoras. The first week of the event consisted
of a summer school, with lectures on various top-
ics in mathematical biology presented by renowned
professors in the field. The lecturers taught com-
plementary subjects inspired by their own research:
Attractive-repulsive mathematical models in collec-
tive motion by José Antonio Carrillo, Models of
adaptive dynamics in mathematical biology and
their analysis by Benôıt Perthame, Mathematical
problems in evolutionary theory and associated nu-
merical questions by Nikolaos Sfakianakis, Topics
in mathematical physiology by James Sneyd and
Control of vector-borne diseases and their epidemics
by Nicolas Vauchelet. Not only did I learn some-
thing from each lecture, but I also had the possi-
bility to further discuss the topics with the lectur-
ers. Working with compartmental models myself, I
found the lectures by Nicolas Vauchelet particularly
interesting and helpful, and it was very rewarding
to see once again the power of relatively simple de-
terministic models when applied to specific biologi-
cal systems: in this case, modelling the dynamics of
disease-carrying mosquito populations and the tech-
niques used for preventing the spread of the disease.
On the other hand, the lectures by James Sneyd
were very entertaining, and even though there were
no similarities to my projects, I enjoyed not only
learning about the mathematical methods used and
about the importance of calcium in living organism,
but also about the importance of having a goal, a
question to answer when starting to develop a math-
ematical model a concept which I have been sup-
porting, as well. The lectures by Nikos Sfakianakis

taught me, among others, about certain optimiza-
tion techniques, and were very inspiring, showing
how certain mechanisms from physics can explain
evolution, for example how one can use the brachis-
tochrone problem to explain limb regeneration in
salamanders.

In the second week of the event, we took part in a
workshop hosting talks on various advanced topics
in mathematical biology, presented by researchers at
various stages of their career. The plenary talks, in
particular, were very interesting, offering a general
overview of methods in applied mathematics used
in understanding various biological aspects. From
among the other talks, I found those by Emeric
Bouin, Diane Peurichard and Nikolaos Kavallaris
particularly interesting, once again discovering the
impact that relatively simple mathematical models
can have in explaining biological mechanisms. I also
had the opportunity to present the work I did during
my doctoral studies and my talk was well received,
with many follow-up questions from interested per-
sons. One participant told me she would like to find
out more details, as she could use some methods
that I presented for her own project.

During the two weeks I had the possibility to in-
teract with fellow researchers and made many new
friends, extending my network of scientific connec-
tions. It was extremely rewarding to learn about
their projects and the various methods that they
use, thus paving the way towards possible future col-
laborations. I usually find it difficult to do network-
ing in big conferences, but during these two weeks
I had no such problems, as the MBMC event nicely
facilitated and encouraged the interactions through
the good organization.

In conclusion, I consider that participating in this
event was very rewarding, having had the opportu-
nity to learn many new things, to make a lot of new
connections, even friends, and to get ideas for pos-
sible future research topics.

Lin Wang: Croucher Summer Course on
Computational Genomics of Viral Evolution
and Epidemiology This summer school intro-
duced mathematical and computational concepts,
methods and analytical tools for dealing with ge-
nomic sequencing data, which are very important in
pathogen surveillance, clinical diagnosis, treatment,
vaccination, risk assessment, disease prevention, etc.
The school had three modules: Phylogenetic Infer-
ence (PI) Module, Evolutionary Hypothesis Testing
(EHT) Module, and Next Generation Sequencing
(NGS) Analytics Module. PI module focused on
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the sequence alignments and maximum likelihood
methods for building phylogenetic trees, EHT mod-
ule focused on the likelihood and Bayesian infer-
ence (e.g. coalescent theory, phylogenetics, phylody-
namics, phylogeographic analyses), and NGS mod-
ule covered more complex analysis of full genomes
and huge datasets of pathogens with a focus on Next
Generation Sequencing data.

I attended the EHT Module led by Professor
Philippe Lemey and Professor Marc Suchard. This
module not only provided a comprehensive overview
of the Bayesian inference and hypothesis testing
theory, but also instructed their computational
implementation, e.g. BEAST, HyPhy, SpreaD3,
ggTree. I also attended several lectures about the
alignment algorithms, transcriptomics, RNASeq,
metagenomics, molecular adaptation, large-scale vi-
sualization offered by the other modules. These lec-
tures have been highly relevant to my studies in the
evolution and transmission of arboviruses such as
dengue.

During the summer school, I presented a poster
‘Characterizing the dynamics underlying global
spread of epidemics’. The co-director, Pro-
fessor Anne-Mieke Vandamme, mentioned that
all poster abstracts will be published as a
special issue by the journal ‘Virus Evolution’
(https://academic.oup.com/ve). I discussed with
several course instructors about collaborations on
combining molecular evolution, phylogenetic and
epidemic dynamics together for jointly estimating
virus evolution and epidemic transmission.

In sum, “Croucher Summer Course on Computa-
tional Genomics of Viral Evolution and Epidemiol-
ogy” was very informative and provideed an excel-
lent opportunity for connecting with experts in the
fields of mathematical modelling, infectious disease
dynamics, molecular epidemiology, genomic analy-
sis, evolution, phylogenetics and phylodynamics. I
very much appreciate the ESMTB to support my at-
tendance of the Croucher Summer Course on Com-
putational Genomics of Viral Evolution and Epi-
demiology.

Chakib Jerry: Mathematical Models in
Ecology and Evolution (MEEE) The conference
was divided into several working sessions. Each ses-
sion was distinguished by a field of applied math-
ematics. I attended several plenary lectures and
presentations during various sessions where I was
able to enrich my scientific culture especially on the
different fields of applications of mathematics such
as epidemiology, evolution, decision-making, ecol-

ogy, population and ecosystems dynamics as well
as emerging trends such as population genetics and
game theory.

This conference gave me the opportunity to
meet several researchers including Johann Bauer,
Dibyendu Sekhar Mandal, Katherine Heath and Ka-
terina Stankova who are interested in my field of ap-
plication and other areas for possible scientific col-
laborations that will help me in my research and
preparation of my authorisation.

During the session “Epidemiology I”, I presented
my work entitled “Simple cancer model as con-
trolled switched system” in which we investigated a
simple mathematical population model of Prolifer-
ative/Quiescent cells interactions where chemother-
apy treatment was considered as a control variable.
The feature thing in this work is that the con-
trol variable is not considered continuous by time
but piecewise-continuous which is introduced in our
work by an impulsive control. This kind of control is
motivated by the fact that chemotherapy is not ap-
plied continuously (day by day treatment) but piece
wisely continuous (a break between two chemother-
apy applications). Furthermore, we study an opti-
mal control problem to find the best strategy to min-
imise the size of tumor cell which mean maximising
health state of the treated person. We discuss also
numerical results for chemotherapy regimens.

Several researchers and specialists attended my
presentation and at the end of it numbers of rele-
vant questions were asked mainly about tools used
to study the model, perspectives of my work and the
degree of experimentation with the results obtained.

I hope that my contribution to this conference,
as well as the many discussions held with several
researchers, will be able to contribute to possible
collaboration, in particular with Dibyendu Sekhar
Mandal, Katherine Heath and Katerina Stankova. I
hope that our Moulay Ismail University will made
more effort to give opportunities to different profes-
sors and researchers to distinguish themselves in the
international scientific world.

Lukas Eigentler: Mathematical Models in
Ecology and Evolution (MEEE) I have been
awarded a travel scholarship from the ESMTB to
partially fund my travel to and attendance of the
7th edition of Mathematical Models in Ecology and
Evolution (MMEE 2019), which took place in Lyon
from 16th July 2019 to 19th July 2019.

The meeting was the latest of a series of bi-
ennial workshops that brings together theoretical
ecologists, theoretical biologists and mathematical
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biologists to discuss their advances in the mod-
elling of problems arising in ecology and evolution.
The conference consisted of five plenary talks by
Joanna Masel (Arizona), Florence Debarre (Sor-
bonne), Thomas Hansen (Oslo), Jeremy Draghi
(New York) and Thomas Lenormand (Montpellier);
a public lecture by Steven Frank (UC Irvine); ten
minisymposia; 16 parallel sessions of contributed
talks; and a poster session.

I actively participated in the meeting by con-
tributing my talk Metastability as a coexistence
mechanisms in a model for dryland vegetation pat-
terns in one of the parallel sessions. The talk
emerged to be the foundation for many fruitful dis-
cussions afterwards, including some suggestions for
further work that may well prove to be useful in the
future.

In general, the event provided me with a good
networking opportunity, allowing me to discuss my
work with fellow researchers and learning about
their recent advances. The conference organisers
also provided a large poster with one column to
which anyone looking for postdoc positions could
add their names and a short description of their
work, while a second column was being used by se-
nior researchers to list any open postdoc positions.
I believe that this was a fantastic idea and may well
provide a good reference point as I am in the process
of funding a postdoc position.

Further, the conference allowed me to broaden
my knowledge across different topics in mathemati-
cal biology since presentations covered a wide area of
topics, some of which were completely new to me. It
was of particular interest to learn how similar meth-
ods (including methods closely related to those used
in my research) can be applied to a wide range of
different problems in ecology and biology.

I would like to kindly thank the ESMTB for the
award of this travel scholarship which enabled my
participation at the conference.

Simon Syga: Annual Conference of the So-
ciety for Mathematical Biology (SMB) I at-
tended the Annual Conference of the Society for
Mathematical Biology (SMB) in Montreal, Canada,
from July 21 to July 26, 2019 and was supported
by the ESMTB. I presented a poster titled A new
lattice-gas cellular automaton model explains plas-
ticity in breast cancer invasion, that summarized a
model that is part of a joint publication with Pe-
ter Friedl, Nijmegen, which is currently in prepara-
tion. For the outstanding poster, I was awarded a
poster prize. Besides the ECMTB, SMB is one of the

biggest and most important conferences on mathe-
matical biology, which allowed me to get in touch
with many researchers of his field working outside
of Europe.

Aleksandra Plochocka: Annual Confer-
ence of the Society for Mathematical Biol-
ogy (SMB) I would like to thank the ESMTB for
awarding me a travel scholarship to attend the An-
nual Meeting of the Society for Mathematical Biol-
ogy (SMB) in Montreal, Canada between the 21st
and 26th of July 20191. The SMB 2019 meeting was
the largest SMB gathering of researchers in Math-
ematical Biology since its foundation with over 360
attendees. A plethora of research topics meant that
many of the plenary talks were given by individuals
in research areas unfamiliar to me. This provided
a great opportunity to get a glimpse at the cutting
edge work in other fields. The highlights of these
talks for me included Lindin Wahl (bottlenecks in in-
fluenza), Arthur Sherman (reversing vs. preventing
type 2 diabetes) and Nick Monk (philosophical dis-
cussion of teaching in mathematical biology). Aside
from this, the meeting included seminar on “how to
get a tenure track position”, interactive discussion of
presenting research in short digestible formats and a
women’s lunch which discussed the unconscious bias
in academia and how to overcome it.

Personally, since I am starting a postdoc in New

York in October I found this meeting to be partic-

ularly apt for me since it enabled me to meet many

academics from North America. Through giving a

talk at the mini-symposium on intracellular trans-

port I was able to meet many academics whose re-

search formed the basis of my PhD thesis literature

review. It was exciting to discuss my research in

detail with academics such as Eric Cytrynbaum and

Adam Hendricks. Various mini-symposium’s cap-

tured my interests, with two highlights including

the ‘Mathematical modeling of normal and abnor-

mal tissue growth and development’ and ‘Multiscale

modeling of cytoskeleton-mediated cellular trans-

port and aggregation’. SMB provided a great at-

mosphere to meet both new and familiar academics

in an stimulating environment. SMB 2019 was a

truly rewarding experience, thank you.
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Models, data and statistics - why is it so difficult?

By Susanne Ditlevsen and Torbjörn Lundh

For a mathematical modeller these corona times
have been extraordinary. Never has there been
so much public interest in scientific research,
where mathematical models and their predic-
tions play a prominent role. Scientists are con-
stantly being interviewed in public media, and
researchers that have been working their entire
lives outside the spotlight has suddenly become
well-known media darlings. The public is al-
lowed to peek into the messy engine room of sci-
entific development; hypotheses, theories, anal-
yses are presented before there has been any
time to peer-review, and they are being crit-
icised, updated and improved upon in public,
as more data are arriving and more knowledge
is obtained. This is usually happening behind
the scenes, until a consensus has been reached.
Now we lay the rails while the train is running,
and this might be confusing and seem like re-
searchers do not know what they are doing if
you are not used to the scientific process.

What is a good model? And what is it
good for?

An essential tool used by epidemiologists to
describe the development of an infectious dis-
ease in a population and evaluate the effective-
ness of various countermeasures is the use of
mathematical models of various kinds. Models
have thus become very important when expert
knowledge is communicated to decision-makers
and policies are formulated and justified.

How this should be done is not entirely clear,
and many questions have been discussed during
the corona crisis. Should we rely on the experts’
knowledge or on forecasts from models? But
what if different models provide varying fore-
casts? Which model should be used and how
reliable are they really?

There are two extreme positions. One can
argue that complex models should function as
a direct basis for decision-making, so that pre-

dictions are “objective” and not based on gut
feelings. One could also argue that the sub-
ject matter experts’ knowledge should domi-
nate, because they will have the best intuition
and experiences with such problems. However,
we believe that those two positions should not
be opposed, but rather go hand in hand and
complement each other. Let’s look at some
characteristics of scientific models that are of-
ten taken for granted by researchers but rarely
discussed in the media [1].

Mathematical models, consisting of equations
describing various variables, is just one type
of models out of all types of scientific models.
When a medical doctor describes how the virus
enters a human cell through attachment to the
ACE2 receptor, then it is also a model, albeit a
verbal or conceptual one. To fully describe how
the virus interacts with human cells would re-
quire quantum mechanical explanations, which
would be accurate, but not very informative.
The different scales at which these model vari-
ants operate make it possible for researchers to
isolate and zoom in on certain phenomena of
interest.

A famous quote usually attributed to the
statistician George Box says that “all models
are wrong, but some are useful”. The point
is that models are tools for specific purposes,
and these purposes are often of a practical na-
ture. The usefulness of a model does not only
depend on how well it describes the real world.
In fact, that they work at all is exactly due
to the fact that they are simplifications of a
complicated reality. For example, the simplest
models for how a disease is spreading simply de-
scribes the number of infected, ignoring all ge-
ographical and socioeconomical information. It
will provide a rough estimate, but will be less
sensitive to misspecifications of the many un-
known parameters that invariably are needed
in a more complex and specialised model, and
might therefore, in a world of uncertainty, pro-
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vide more robust estimates than more realistic
models.

Simple or complex models?

We can compare a scientific model with a map.
A 1:1 map that completely agrees with the land-
scape it intends to describe is useless as a map.
Whether a given map is good or not depends
on the problem it is trying to describe. If you
need to find the quickest way to cross a city by
car you need a different map than if you are a
tourist searching for beautiful spots in the city
centre or a good restaurant, or if you need to
find a specific office in a large office building.

There is always (or should be!) some spe-
cific purpose or goal a model is trying to reach.
Different researchers might have different goals,
and thus, there will also be a large variety of
models. In the case of the corona pandemic,
there are very complex and detailed models
with the purpose of understanding the underly-
ing mechanisms, as well as more statistical mod-
els with the main focus of predicting number of
infected or needs for healthcare measures such
as hospital beds. This could be done by looking
at the development of the pandemic in different
countries, but without any or only very mild
assumptions on the properties of the virus or
the dynamics of the spread. These descriptions
are not contradictory, on the contrary, they are
parallel descriptions from different perspectives
that could complement each other.

The point is that the models should not be
looked upon as the truth, since they are always
simplifying and idealising. Furthermore, more
complex models are not automatically better.
The models and their predictions should there-
fore be seen as supporting tools for political
decisions, when results from different models
are combined together with the empirical ex-
pert knowledge.

So how should decision makers relate to mod-
els and their predictions in the middle of the
current crisis? There is no simple answer.
Which models are needed for a given situation
depends on various factors, but we believe that
the best result is achieved when various mod-

els are used in parallel and the predictions, ro-
bustness and “understandability” are evaluated
together with subject matter experts. Complex
models may possibly explain more than simple
models, but it is a risky business. Especially
if uncertain model assumptions and simplifica-
tions are hidden or forgotten, or even being used
for propaganda. Simpler models might provide
a better overview, be statistically more robust
because of the limited access to detailed data
to validate the more complex models, but they
might seem too arbitrary for non-experts.

Many data models that have been presented
around the world to predict the spread of covid-
19 have been very complex - despite the lack of
validated data. These models are complex in
the sense that they have many unknown pa-
rameters that are difficult to estimate or mea-
sure. Furthermore, the parameter values used
are most often not the result of training and
validation on a large and representative data
base but are instead set manually, often without
clearly justified support from empirical stud-
ies. Thus, one should be careful when interpret-
ing the outputs of these models, especially with
non-linear models where small parameter vari-
ations can cause large fluctuations in the model
predictions.

Let’s look at an example of a parameter ap-
pearing in many of the recent modelling at-
tempts of the effect of societal measures to con-
tain the epidemic. What is the effect of closing
schools on the spread of the disease? School clo-
sure, of course, eliminates the risk of spreading
infection in schools. However, it might increase
the risk in the family. The total effect then de-
pends on how you model the spread of infection
in each environment. Assuming that pupils in-
fect little or not at all in schools, the net effect
is that the spread of infection can increase after
a school closure. However, assuming the same
spread of infection as in the family and leisure
time, the spread of infection decreases signifi-
cantly. Thus, depending on the model assump-
tions, the effect of a school closure can either
be an increase or a decrease in the reproductive
rate (that represents how many individuals an
infected individual on average transmits the in-
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fection to). It can also affect how the infection
is spread between different age groups, such as
the elderly. Is it the parents who look after the
children, or grandma and grandpa?

How good are complex models compared to
simple models at predicting reality? That de-
pends to a large extend what we mean by “re-
ality”. If “reality” is the data that we have
access to, this is often limited to time series
of infected and deaths with no further infor-
mation on details like who the subject was in-
fected by, which, if any, symptoms there were,
what contact patterns the subject had adopted,
how many that person further infected etc. For
such rough data, a simple model such as the
soon 100-year-old SIR model [2] can reasonably
well recreate the time series from most coun-
tries. However, this does not necessarily imply
that it can predict future numbers well.

For a complex model to have predictive abil-
ity, it is required that its unknown parameter
values are selected on the basis of reliable and
sufficiently informative training data. In order
to reduce the risk of over-adaptation to training
data, separate validation data are also required
against which the model can be evaluated be-
fore it is put into use.

In general, but especially in a situation where
adequate training and validation data are not
available, the simplest model describing avail-
able data is preferable. This principle is the
well known Occam’s razor, or the rule of par-
simony. In addition, simple models are gener-
ally more transparent in terms of how param-
eter choices relate to outcomes, i.e. more un-
derstandable and can thus be better tools for
thoughts and discussions. However, the need
for data-supported parameter selection and val-
idation remains, even for simple models.

To sum up: Models with higher complex-
ity than what training and validation data can
support should be used sparingly as a basis for
decision-making.

What is statistics?

Mathematical models of biological phenomena
only become really interesting when we can test

the models against data. Statistics is a tool for
translating what we can observe into knowledge
about the world. Many things we want to know
about the world cannot be observed directly.
For example: How long does it take for a person
being infected with the corona virus to develop
symptoms? How does this vary from person to
person? How many don’t develop any symp-
toms, but nevertheless infect others? You can
then collect data and use statistical tools to in-
terpret data and get an estimate for the answer
to the questions you have asked.

Not all questions are easy to answer. Here are
some examples of things we can estimate from
data that go from easy to harder.
Easy: How long does the virus stay alive on
different surfaces and under given conditions?
This can be tested in a laboratory under con-
trolled conditions.
Medium: How many have been infected or are
possibly immune? This requires far more test-
ing, but if we have a test for antibodies it can
in principle be done.
Difficult: How long time passes from getting the
infection before symptoms appear, and when
does the person become infectious? It requires
that we can identify the exact time a person has
been infected, when the symptoms appear, and
in what time interval the person has been in-
fectious. This has to be done for many people,
since there is probably a great deal of variability
from person to person, and this is also impor-
tant to understand.

We need to collect data, to gain knowledge,
and not base our inferences on guesswork and
gut feelings. Frequently, our ideas about the
world is coloured by our own most recent per-
sonal experience, or a quick look at some statis-
tical table with no thorough analysis. However,
it is tricky to translate data to knowledge about
the world! For example, take the data on num-
ber of infected or deaths due to the corona virus
in different countries that we are all googling in
these times. These numbers cannot be directly
compared, because countries calculate numbers
differently, and even more importantly, have dif-
ferent strategies for testing for corona. So even
though we have nice tables that looks very “ob-
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jective”, we can not use it without a deeper
analysis.

Parameter sensitivity

As the amount of parameters and assumptions
in a model grows, so does the requirement to
validate these assumptions. Parameter values
are most appropriately validated against data;
and assumptions and results should be tested
through the usual scientific review. When
mathematical models are used to make socially
important decisions, this requirement is even
more important.

One should be aware about the uncertainty
in the statistical estimates. The more data, the
less uncertainty on estimates. Therefore, es-
timates are constantly updated because more
and more data is being collected. This has to
be done carefully, because if the data collection
process is not accounted for in the models and
data is analysed incorrectly, we get a biased
result, that is, a systematically wrong result.
If you then collect more and more data, you
will get increasingly more accurately estimates
of something wrong. This is particularly im-
portant in larger, non-linear complex models,
where small perturbations in parameters can
make huge effects on the model’s output.

High quality data – to learn about the
disease or to combat the disease?

Good estimates of model parameters are needed
to make useful predictions – and for that we
need statistics. And to do statistics, we need
data. Not only that. We need good quality
data. But what does good quality data mean
in this context?

In many countries there are a lot of discus-
sions about the best test strategy. Testing
requires resources, and therefore decisions on
whom to test have to be taken. However, there
is almost exclusively focus on one aspect of it,
namely, what is the best strategy to get as many
as possible through the crisis by containing the
infection and limit the number of deaths. This
is a very important issue, but there is another

issue that is only rarely discussed. That is the
statistical issue: What is the best test strategy
to gain the most insight into the disease? The
golden standard is randomised trials, which is
the best way to ensure reliable estimates of pa-
rameters of interest. In addition to testing indi-
viduals who have shown symptoms, we should
in parallel test a randomly selected sample of
the population, whether they have symptoms
or not, while registering important background
variables, such as gender, where they live, age,
activity level, state of health, possible symp-
toms, etc. This is the only way we can obtain
solid estimates for the disease-specific parame-
ters. Preferably, everyone in the sample should
be tested several times. It would provide a data
material to much more reliably estimate how
long it takes from infection to symptoms, how
many have no symptoms but are still infected,
the herd immunity level, the reproduction rate,
etc. If the tested are selected not randomly,
but because they have symptoms, or have spe-
cific functions like health care workers, this will
not be a random sample and estimates will be
biased. It is conceivable that they are more ex-
posed to viruses, and therefore the immunity
may develop differently. Moreover, the age dis-
tribution is probably different than in the gen-
eral population. Furthermore, it cannot inform
us about those infected without or with mild
symptoms. So we have to do randomised trials
in more than only a few countries.

We sum up this story by quoting Rutherford
D. Rogers: “We are drowning in information
and starving for knowledge”.
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Educational corner: Testing for antibodies, Bayes formula and the
difficult conditional probabilities

By Susanne Ditlevsen

In each issue we present some short educa-
tional text about a subject in mathematical bi-
ology. If you think some subject should be
treated in the next issue, please let us know.
Enjoy!

An important unknown in the current
corona-crisis is the so-called dark figure, the pro-
portion of the population that have been in-
fected with SARS-CoV-2, the virus that causes
COVID-19, and therefore is assumed immune
to the disease (which is another important un-
known! We do not yet know whether the pres-
ence of antibodies means that you are immune
to the coronavirus in the future; or if you are
immune, how long it will last). Why is that
so important? From a predictive point of view,
this number is essential because predictions of
future cases heavily depend on it - the larger
the proportion of immune and not infectious in
a population, the less spread of the disease. But
also from a personal point of view, we would
like to know if we are immune, and therefore do
not risk neither to get sick, nor to infect others.
However, it turns out that even if we can con-
duct reliable population studies that can reveal
the dark figure, it is much more difficult to es-
timate exactly who are the individuals that are
immune. This is due to a tricky and counter-
intuitive effect when small probabilities are in
play.

A COVID-19 antibody test, also known as
a serology test, is a blood test that can de-
tect if a person has antibodies to SARS-CoV-2,
and therefore has had a COVID-19 infection.
Many antibody tests are currently under de-
velopment, and by now many good tests are
available, where “good” means that they have
a high sensitivity and a high specificity. Sensi-
tivity is the probability of the test to correctly

identify a person with antibodies, also known
as the true positive rate. A highly sensitive test
will identify most people who truly have anti-
bodies, and only a small proportion of the peo-
ple with antibodies will be missed by the test
(false negatives). Specificity is the probability
of the test to correctly identify a person without
antibodies. This is known as the true negative
rate. A highly specific test will identify most
people who truly do not have antibodies, and
only a small proportion of the people without
antibodies will be identified as having antibod-
ies by the test (false positives). By now, many
tests are available with a sensitivity of nearly
100% and also a high specificity of around 95-
99% [1]. With so high probabilities, we would
indeed believe that we can trust the result of
the test! However, let’s see why that is not so.

The positive predictive value is the probabil-
ity that people who have a positive test result
truly have antibodies. This is not the same as
the sensitivity, and this is why this is so tricky.
To see this, let’s define two events: A is the
event that a person has antibodies, B is the
event that a person has a positive test result.
Then we have the following conditional proba-
bilities

Sensitivity = P (B|A)

and

Positive predictive value = P (A|B)

where P (A|B) denotes the probability that A is
true conditional on B being true, and likewise
for P (B|A). These are not the same! It is the
positive predictive value, we are interested in,
when we get tested and want to know what the
probability is that we are immune, given the
test was positive. The positive predictive value
depends on the prevalence, the proportion of the
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population that have antibodies (the dark fig-
ure) at the time of the test, that is, the marginal
probability,

Prevalence = P (A).

Bayes’ theorem states that

P (A|B) =
P (B|A)P (A)

P (B)

where we assume P (B) > 0. Thus, we see that
these two conditional probabilities are only the
same if P (A) = P (B). This is only the case
if the sensitivity and the specificity of the test
are 100%, which is rarely (if ever!) the case for
any test. Moreover, their ratio becomes quickly
very small if the prevalence is low, as is the case
for SARS-CoV-2 antibodies, at least in most
places at this stage of the endemic, so the two
conditional probabilities can be very different.
Let’s do the calculations. The probability P (B)
can be found by the law of total probabilities,

P (B) = P (B|A)P (A) + P (B|notA)P (notA)

= sensitivity × prevalence +

(1− specificity )× (1− prevalence).

Thus, the lower the prevalence, the lower the
predictive value! This means that COVID-19
antibody tests, even with high sensitivity and
specificity, used in areas with low prevalence
will have a lower positive predictive value than
in an area with higher prevalence. The preva-
lence is probably strongly varying from area to
area, but in many places, an estimate of 2-5%
is likely not far from the truth at the time of
writing. Let’s assume a test with sensitivity of
100% and specificity of 98%, used in an area
with prevalence of 2%. Then the positive pre-
dictive value is

P (A|B) =
0.02

0.02 + (1− 0.98)(1− 0.02)
= 0.5.

Even with such a good test, the chance of hav-
ing had COVID-19 is only fifty-fifty if you test
positive for antibodies!

The reason is that there are two unlikely
events in play: the probability that you are im-
mune (a small probability, given by the preva-
lence), and therefore will be tested positive

(with a large probability, in the example above
with probability one) – or the probability that
you will be tested positive, even if you do not
have antibodies (a small probability), but many
people without antibodies will be tested (be-
cause the prevalence is small), and thus, the
number of false positive will be large.

Why this is so counterintuitive is beautifully
explained in the highly recommendable book by
Nobel prize winner Daniel Kahneman [2], for
example in chapter 14, where it is shown how
we psychologically tend to forget or ignore base
rates (the prevalence) in the light of further in-
formation (the outcome of the test).

A low positive predictive value will lead to
more individuals with a false positive result,
which is dangerous, since a positive test result
most likely will make us more relaxed about
maintaining cautious behaviours to not become
infected or infect others. In this particular ex-
ample, we can be sure we do not have antibodies
if we get a negative result since the sensitivity
is 100%, so there are no false negatives.

Note than even if it is difficult to identify the
specific individuals that have antibodies, we can
use the tests to obtain good estimates of the
prevalence if we test many, since we can correct
for the expected number of false positives and
false negatives. Thus, reasonable population es-
timates are available, even if personal estimates
are not.
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European teams in mathematical biology

In each issue we present some of the European
groups working in the field of mathematical bi-
ology. We try to cover different subjects and
geography. If you think some group should be
portrayed in the next issue, please let us know.
Enjoy!

Applied Analysis and Modelling in Bio-
sciences Group headed by Anna Marciniak-
Czochra is located at the Institute of Applied
Mathematics (IAM), Interdisciplinary Center of
Scientific Computing (IWR) and BIOQUANT
Center, Heidelberg University.

Research focus: The interdisciplinary ex-
pertise of the group lies in the areas of applied
mathematics and mathematical and computa-
tional biosciences. Specifically, our field of focus
is the dynamics of self-organisation and struc-
ture formation in developmental and regenera-
tion processes and in cancer. The aim of our
research is to develop and analyse mathemat-
ical models of the dynamics of structure for-
mation in multicellular systems and to develop
new mathematical methods of modelling of such
complex processes. Accordingly, we collaborate
closely with experimentalists and clinicians, and
pursue mathematical problems arising in mod-
elling of biological processes, both analytically
and computationally.

Mathematical areas of groups focus are par-
tial differential equations, dynamical systems,
and multiscale and singular perturbation analy-
sis. Methods of mathematical analysis are used
to formulate the models and to study the spatio-
temporal behaviour of solutions, such as sta-
bility and dependence on characteristic scales,
geometry, and sensitivity to initial data and
key parameters. Our analytical research in-
cludes (1) analysis of pattern formation mecha-
nisms in the systems of reaction-diffusion type;
(2) analysis of nonlinear structured population
models; linking continuous and discrete struc-
tures; (3) derivation of effective models from
first-principles to describe transport of cells and

molecules through heterogeneous media such as
biological tissues. Particular attention is paid
to methods of model upscaling and reduction.

Applications in biology and medicine:
Mathematical models and methods developed
by the group are applied to specific problems of
developmental and cell biology, as listed further
on.

(1) Pattern formation

The first area of fo-
cus is modeling, analysis
and simulation of sym-
metry breaking and pat-
tern formation in devel-
opmental biology. To-
gether with the experi-
mental group of Thomas
Holstein (Center for Or-
ganismal Studies (COS),
Heidelberg University),
we investigate the role of different components
of the complex spatio-temporal Wnt signaling
in development and regeneration of the fresh
water polyp Hydra. We focus on models cou-
pling non-diffusive cellular processes with dif-
fusing signaling factors, which we derived using
homogenization techniques. Our results tran-
scend the classical Turing theory. We inves-
tigate how the structure of nonlinearities de-
termines model dynamics and lead to pattern
formation phenomena. We explore multistabil-
ity and hysteresis in signaling, diffusion-driven
instability or interplay between the two mech-
anisms. We also investigate a new pattern-
formation mechanism based on coupling of
chemical signaling with tussue mechanics, de-
scribed by 4th order PDEs. Numerical simu-
lations of the mechano-chemical models show
symmetry breaking and formation of patterns
similar to those observed in experiments. Cur-
rently, we work on a new approach to model
identification combining statistical methods of
parameter estimation with singular perturba-
tion analysis of the hypothetical mechanisms.
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Applied Analysis and Modeling in Biosciences Group, August 2020: Anna Marciniak-Czochra.

Moritz Mercker, Thomas Stiehl, Filip Klawe, Jooa Hooli, Chris Kowall, Johannes Kammerer, Diana-Patricia

Danciu, Alexey Kazarnikov, Christian Düll.

(2) Stem cell dynamics in development,
regeneration and cancer

The second, related, line of our studies is math-
ematical modeling, analysis, and simulation of
dynamics of stem cell self-renewal, differentia-
tion, and clonal evolution in different contexts.
In close collaboration with developmental biolo-
gists (Lazaro Centanin and Jan Lohmann, COS,
Heidelberg University), we established multi-
scale models of stem cell-initiated organogen-
esis. We built models of plant meristem devel-
opment providing mechanistic understanding of
meristem regulations and mutant phenotypes.
Furthermore, we proposed models identifying
functional heterogeneity of stem cells in devel-
opment of the fish respiratory organ.

The role of intercellular heterogeneity
is also the topic of our research in aging
and regeneration in adult neurogenesis (col-
laboration with experimental labs of Ana
Martin-Villalba, DKFZ, Heidelberg and
Francois Guillemot, Francis Crick Institute,
London). Integrating mathematical models
with experimental data allows identifying
stem cell properties that change with age
to compensate reduction of the stem cell

pool and to maintain life-long neurogenesis.

In a collaboration with hematologists (An-
thony D. Ho, Carsten Müller-Tidow and
Christoph Lutz, Heidelberg Medical Clinic),
we develop multi-compartment and struc-
tured population models that allow explain-
ing observations on regeneration processes in
hematopoiesis, development of leukemia, clonal
selection and resulting therapy resistance in
blood cancers. The study reveals different sce-
narios of possible cancer initiation and provides
qualitative hints to treatment strategies. The
models, combined with clinical data, may serve
as a tool of personalised (targeted) therapy and
provide insight into healthy and leukemic stem

33



European Communications in Mathematical and Theoretical Biology 2020 · No. 23

cell behavior in addition to molecular or biolog-
ical classification of these cells.

Different areas of applications require di-
versified mathematical methods ranging from
stochastic models to partial differential equa-
tions, integro-differential and ordinary differen-
tial equations. Development and comparison of
different models often requires new mathemati-
cal and computational approaches and leads to
new analytical results.

(3) Systems Medicine

We find it important to develop models that
may contribute not only to a mechanistic un-
derstanding of the underlying processes but also
to integration of this knowledge with experi-
mental and patient data and providing a tool
for patient stratification, risk prediction and
treatment plannig. We focus on mathemati-
cal hematology projects, working on applica-
tions of mathematical models to acute myeloid
leukemia and multiple myeloma (collaboration
with Heidelberg Medical Clinic V). Our blood
production models have been also applied to
predict onset of sepsis and SIRS in intensive
care patients. The latter is a collaboration
with Mannheim University Clinic within the
SCIDATOS Consortium (Scientific Computing
For Improved Detection And Therapy of Sep-
sis).

During recent years our research has been
supported by funding from ERC Starting
Grant, German Research Council (DFG)
through Research Collaborative Centers (SFB
873 and SFB 1324), Emmy Noether Program
and Cluster Structures of the Excellence Strat-
egy, Tschira Foundation and Humboldt Foun-
dation, Federal Ministry of Education and Sci-
ence (BMBF) and Heidelberg Academy of Sci-
ences and Humanities.

More about our research, projects
and publications can be found at
http://www.biostruct.uni-hd.de.

Meeting Reports

The International Conference “Dynam-
ical Systems Applied to Biology and Nat-
ural Sciences - DSABNS” is a well es-
tablished international scientific event, orga-
nized every year since 2010, in February. The
DSABNS conferences present both methods
from the theory of dynamic systems, stochas-
tic processes and statistical inference and prac-
tical applications to research topics in popula-
tion dynamics, eco-epidemiology, epidemiology
of infectious diseases, molecular and antigenic
evolution and other fields in the natural sci-
ences.

Without registration fee, this series of con-
ferences favours the participation of researchers
and students from different countries of the
world in order to present their recent scien-
tific results. The 11th DSABNS Conference
was held in a friendly atmosphere at the De-
partment of Economics and Management of the
University of Trento, from 4 to 7 February 2020,
with the participation of 168 researchers and
students from 40 different countries.

The Conference programme (see http://

www.dsabns2020.maths.unitn.it/index.html)
included:

• 2 Public Lectures and 10 Plenary Talks:
- Máıra Aguiar, University of Trento, Trento,
Italy & Basque Center For Applied Mathemat-
ics (BCAM), Bilbao, Spain
- Gianfranco Anfora, University of Trento,
Trento, Italy
- Konstantin Blyuss, Universty of Sussex, Sus-
sex, UK (online lecture)
- Susanne Ditlevsen, University of Copenhagen,
Copenhagen, Denmark
- Bob W. Kooi, VUUniversity Amsterdam, Am-
sterdam, The Netherlands
- Bas Kooijman, VU University Amsterdam,
Amsterdam, The Netherlands
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- Anna Marciniak-Czochra, Heidelberg Univer-
sity, Heidelberg, Germany
- Roeland Merks, Leiden University, Leiden,
The Netherlands
- Lucia Russo, Istituto di Ricerche sulla Com-
bustione, Cnr, Naples, Italy
- Constantinos Siettos, University of Naples
Federico II, Naples, Italy
- Hal Smith, Arizona State University, Tempe,
AZ, USA
- Rebecca Tyson, University of British
Columbia Okanagan, Vancouver, Canada
• 20 parallel sessions, each introduced by an

Invited Speaker, followed by a total of 82 Con-
tributed Talks.
• A Poster Session with 35 posters took place

during the welcome cocktail and 4 prizes (con-
sisting of a Diploma, a book and one year’s
membership to the ESMTB) were awarded to
the best posters.
• A Book of Abstracts with ISBN: 978-989-

98750-7-4 was published at the end of the event
and is available to download at the conference
website.

The Conference closed with a round table to
discuss the Coronavirus epidemic (COVID-19),
a great opportunity to update on the disease
and the mathematical challenges concerning the
current epidemiological scenario.

The Conference DSABNS 2020 re-
ceived financial support from:
- European Union’s Horizon 2020 research
and innovation programme under the Marie
Sk lodowska-Curie grant agreement with No
792494 “COMPLEXDYNAMICS” Project
- European Society for Mathematical and
Theoretical Biology (ESMTB)
- Basque Center for Applied Mathematics
(BCAM)
- University of Trento
- Department of Mathematics of the University

of Torino
- Gruppo Nazionale per l’Analisi Matem-
atica, la Probabilità e le loro Applicazioni
(GNAMPA-INdAM)
- SurvEthi project which is co-funded by the
Autonomous Province of Trento and the Italian
Agency for Development Cooperation

Local Organizers/Scientific committee:
- Máıra Aguiar, Università degli Studi di
Trento, Italy & Basque Center for Applied
Matehmatics (BCAM), Bilbao, Spain
- Giorgio Guzzetta, Fondazione Bruno Kessler,
Italy
- Mattia Manica, Fondazione Edmund Mach,
Italy
- Giovanni Marini, Fondazione Edmund Mach,
Italy
- Valentina Marziano, Fondazione Bruno
Kessler, Italy
- Piero Poletti, Fondazione Bruno Kessler, Italy
- Andrea Pugliese, Università degli Studi di
Trento, Italy
- Roberto Rosà, Università degli Studi di
Trento, Italy
- Mattia Sensi, Università degli Studi di Trento,
Italy
- Filippo Trentini, Fondazione Bruno Kessler,
Italy

International Organizers/Scientific
committee:
- Carlos Braumann, Évora University, Portugal
- Mimmo Iannelli, Università degli Studi di
Trento, Italy
- Bob Kooi, Vrije University Amsterdam, The
Netherlands
- Nico Stollenwerk, Lisbon University, Portugal
- Ezio Venturino, Turin University, Italy
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Science communication in (a time of) crisis

By Federica Bressan

Introduction

In normal times, science communication activ-
ities are generally associated with leisure and
entertainment. We watch a documentary out
of interest or curiosity, not for an immediate
practical return. We visit a museum or a sci-
ence fair for the same reason: we find pleasure
in learning something new while having a good
time. We don’t do it out of fear or anxiety.
There is nothing instrumental in a visit to the
planetarium: we just enjoy doing it.

In a time of crisis, it is a different story. We
do not want to be entertained. We do not watch
a documentary because we enjoy it, we watch
it because something is threatening our safety
and we want to know more, so that we can plan
for action. It is very instrumental. And we can
experience fear and anxiety.

In a time of crisis, most people who do not
work in science are not interested in the struc-
ture of a virus for the sake of being educated:
they want to know, ‘will it affect me?’ They
don’t want to know how long the virus can sur-
vive on a given surface because it’s an inter-
esting fact, they want to know, ‘if I touch the
shopping cart, can I catch it?’

In a time of crisis, we only value the infor-
mation that will help us plan for action. It is
not the case that the global population has sud-
denly developed a keen interest in virology and
epidemiology. People need this knowledge to
know what to do in order to feel safe.

And this is a problem, because science does
not tell us what to do [1]. Science informs our
decisions, but it doesn’t take them for us. In a
time of crisis, we should look at politicians and
policy makers, because they have the responsi-
bility to devise our plan for action. Unfortu-
nately, this pandemic has exposed some confu-
sion about the attribution of roles and respon-
sibilities.

Science is often expected to be a source of
definitive truths, from which should derive a

necessary code of conduct.

Much ‘bad communication’ is to be laid at the
feet of this misconception about science. The
problem is not ‘how do we communicate bet-
ter?’, but what we communicate, to whom, and
why. In a time of crisis, good science communi-
cation matters; but the best science in the world
cannot make up for a lack of political leadership.

Science or communication

Since the beginning of the pandemic, main-
stream media have been filled with technical
language that people absorbed and brought to
their everyday life. The use of some terms is
not always accurate, and the expression ‘herd
immunity’ deserves the grand prize.

The British Prime Minister Boris Johnson’s
first response to the epidemic, back in March
of this year, was to allow “a significant part of
the population to get coronavirus to build im-
munity against it in the long-run” [2]. This was
called ‘herd immunity strategy’ and cost John-
son severe backlash. There was never much am-
biguity on the meaning of the expression: the
same source explains that it “refers to the state
in which the majority of the population [. . . ]
has contracted and survived a disease, and is
therefore immune to contracting and spreading
it a second time.” Herd immunity became syn-
onym of ‘no action to contain the virus’ and ‘let
nature do its course’.

First of all, herd immunity is not a strategy:
it is a desirable condition to achieve. There are
two important things to say about herd immu-
nity: (1) when herd immunity is achieved, it
means that a sufficient percentage of the popu-
lation is immune to the disease, and this min-
imises the risk that the rest of the population
gets infected; (2) there are two ways to achieve
this: by allowing the population to develop im-
munity by contracting the disease, or via vac-
cine. This is what the ‘general public’ should
know about herd immunity. The details of how
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the percentage is calculated etc. are for techni-
cians.

Yet, the internet is covered with headlines
that reinforce the understanding of herd immu-
nity as ‘let everybody get sick.’ Some examples:

– CNN Health: A herd immunity strategy to
fight the pandemic can be ‘dangerous,’ experts
say. Here’s why [3]

– Fox News: Dr. Atlas blasts reports he backed
‘herd immunity’: ‘I’ve never said that to the
president’ [4]. In the text: “One of Donald
Trump’s top new medical advisers is urging the
White House to embrace a “herd immunity”
strategy to combat the coronavirus pandemic.
Herd-immunity strategies entail allowing dis-
ease to spread through much of the popula-
tion, thereby building natural immunity to the
deadly, highly contagious virus” [4]

– The Washington Post: “One of President
Trump’s top medical advisers is urging the
White House to embrace a controversial “herd
immunity” strategy to combat the pandemic,
which would entail allowing the coronavirus
to spread through most of the population to
quickly build resistance to the virus” [5]

Truth be told, the word ‘herd’ does not help.
It does not suggest the idea that only a per-
centage of the population needs to be immune.
And referred to human beings, it is a pejora-
tive, thus misleading many into thinking that
herd immunity is a bad thing (just like ‘herd
mentality’ has a negative connotation).

Still, I cannot comprehend why this expres-
sion is so widely misused by the majority of
the media, regardless of the political orienta-
tion. The misconception about herd immunity
is well rooted. And what about the appointed
medical advisor to the President of the United
States that publicly defends himself from the
‘accusation’ of backing herd immunity? Even
if we conceded that ‘herd immunity’ were short
for ‘herd immunity achieved by means of nat-
ural infection’, which Dr. Atlas may well op-
pose, his response should not have been to dis-
tance himself from herd immunity altogether,
but to emphasise that of course he wishes herd
immunity be achieved, only via vaccine. It is
really difficult to understand how these misun-

derstandings persist around public figures sur-
rounded by assistants, consultants, teams of ex-
perts, without someone walking up to them and
say sir, actually. . .

What is the role of scientists in this sce-
nario? What accountability should they have
when technical language is (mis)used by lay
people, including news anchors? Does it mean
that they miscommunicated in the first place,
are they the source of the misunderstanding?
Or it is outside their hands, and all they could
do is jump in and rectify the information ev-
ery time, probably coming across like pedantic
school teachers? Whether this is bad science
communication, misinformation, or an innocent
misunderstanding, I am not sure.

Learning through communication

I was one of the people who believed that herd
immunity was a bad thing. I didn’t ‘know for
sure, but’ in doubt I would have probably ab-
stained. In this sense, I am an excellent rep-
resentative of the average member of the ‘gen-
eral public’ (a rather unspecific definition). The
media reinforced my belief, of course. One day
I decided to reach out to Máıra Aguiar, bio-
mathematician I connected with through the
Marie Curie network. I wanted to pose her some
questions, hoping she could clear my doubts.

In the light of the first part of this article, I
think it is worth noting that I was not seeking
answers instrumentally, in order to know what
to do. Even if we are in the middle of a pan-
demic, I reached out to Máıra moved by curios-
ity. I was not afraid or anxious. I wasn’t un-
derstanding the news, I could not form my own
opinion, and it bothered me because I am a cu-
rious person and I want to understand. I was
hoping that maybe I would understand alone
over time, but the news were very repetitive,
not really adding useful information.

I spoke with Máıra on the phone, and very
early in the conversation I decided I wanted to
do a public interview with her. I was receiving
clear, convincing, exhaustive answers from her.
I had the feeling that I was advancing my un-
derstanding, no longer lost in a fog of doubts–
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Figure 1. Videos on COVID-19 I have produced since June 2020. Accessible on YouTube.

at last! I felt compelled to share this knowl-
edge: if even CNN can accidentally misrepre-
sent herd immunity, it is everybody’s responsi-
bility to speak up when they have good infor-
mation. So, I decided to be that voice. Máıra
brought her expertise, and I brought the ques-
tions and my platform. And this is how our first
COVID-19 video came about (Fig. 1-a) [6].

Is our video science communication? Does
it qualify as such? Like other trending ex-
pressions, ‘science communication’ is a blan-
ket term. So, the answer is yes and no. But
I like narrow definitions, so I would say no.
This video marked the beginning of a beauti-
ful friendship, and an ongoing conversation on
how to spread good information about COVID-
19, within the limits of the tools we have. Máıra
has been very patient with me, answering all of
my questions. But some questions raised more
questions. Especially about the basic reproduc-
tion number, the implications of which I found
somewhat difficult to follow. And this is how
our second video came about: What is R (Fig.
1-b).

Conclusions

People need to be informed, and they have
a right to accurate and complete information.
But beyond the science and the knowledge that
comes from it, the pandemic has a very con-
crete impact on people’s lives, an impact that
is very personal and very real. It touches us, it
has changed the way we live.

People in different situations, and around the
world, experience the pandemic in very different
ways. The science is the same, but our experi-
ences are not. That is why my third video on
COVID-19 is not about plasma therapy or self-

spreading vaccines, but about people. I was in-
terested in exploring this virus through human
eyes, and not only the eyes of science.

Living through this pandemic remains first
and foremost a human experience, no matter
how advanced our science can get.

So, I asked an Indian friend, and former pub-
lic health official, to send me a voice message
with an overview of the situation in her home
country. Her response was heartfelt but sober,
informed and accessible. I didn’t know much
about the social repercussions of the pandemic
in India. I was caught off guard. Her message
shook me. Again, I decided to use my platform
to channel that story. I asked my friend if I
could share her message, and this is how my
third video on COVID came to be (Fig. 1-c).
Is it science communication? No. But I am
convinced that it serves a purpose. It helps us
paint a more meaningful picture of the current
situation, it increases our awareness of the pan-
demic as a social crisis, and altogether it better
equips us to face the challenge.

Ultimately, people want to stay safe and meet
on the other side of this as soon as possible.
And probably forget about R numbers, or at
least learn about them out of curiosity, and not
because they feel that their lives depend on it.
The science is necessary to get us there faster
and better, but the social aspect of the pan-
demic is still the most important one. And
everybody must do their part, as citizens, sci-
entists, business owners, lay people, old and
young, or we do not have the right to point
our finger at science communication and say it
is broken. Communication is a two way street.
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Minutes of the ESMTB board
meetings

Palermo, October 25, 2019

Present: the complete board (Máıra Aguiar (MA),
Ellen Baake (EB; minutes), Ludĕk Berec (LB),
Śılvia Cuadrado (SC), Andrea De Gaetano (AdG;
chair), Toby Lundh (TL), Bob Planqué (BP), via
skype: Anna Marciniak-Czochra (AMC), Susanne
Ditlevsen (SD)

Time: 9:30–12:20, 13:30–17:30

• The informal decisions taken via email ballot since
the Heidelberg meeting were unanimously ap-
proved. The list of informal decisions is attached
to the minutes.

• News from JOMB: Helen Byrne has stepped back
as editor of the Perspectives Section, Susanne
Ditlevsen has been appointed as her successor by
the Managing Editors. The role of the Perspec-
tives editor is analogous to that of an associate
editor or guest editor. The Perspectives are re-
viewed and remain under the scientific responsi-
bility of the Managing Editor(s). A self-arxived
version may appear on the ESMTB website and
in the Communications (analogous to a preprint
on arXiv).

• The Board discusses in detail the new draft of the
Publishing Agreement with Springer and agrees
on a number of changes to be made.

• ECMTB 2020:

– ECMTB 2020 is an ESMTB endeavour finan-
cially, but SMB is an equal partner in all sci-
entific issues. SMB may also give out its own
prizes, or support plenary speakers. AdG and
AMC will draft and circulate a MOU with the
University of Heidelberg.

– We plan for 9 plenary speakers, 1 free after-
noon, no special homage. The General Assem-
bly of ESMTB will take place on Thursday af-
ternoon, separate from SMB. We may think of
an additional joint meeting with SMB about
more scientific issues. In one lunch break, we
will provide the opportunity for a meeting with
the editors of BMB; and similarly with those of
JOMB (provided the Managing Editor(s) sup-
port the idea).

– The previous agreement about the scientific
board (1st tier) is in place. AdG will clarify
with SMB the structure of scientific commit-
tee.
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• ECMTB 2022: With 1 abstention, it is decided
that an ECMTB conference will be held in Europe
in 2022 (despite the possibility of a big interna-
tional biomathematics convention coming up in
the Far East the same year; the latter is not con-
sidered a substitute for a more ‘regional’ event in
Europe, simply due to the distance). A suitable
organiser and location must now be sought. MA
will put together a list of minimum requirements
for an ECMTB, to be communicated to potential
organisers.

• ECMTB 2024: A call will be issued at ECMTB
2020 in Heidelberg.

• thematic groups: SMB has thematic subgroups
and suggests to structure ECMTB along these
themes. The themes of the SMB subgroups cover
around half of the topics present in ESMTB; an
extended list should be prepared.

SMB (which has 1500 members) accepts a sub-
group on request from at least 50 members; sub-
groups have at least 30 members and have their
own board. In ESMTB, a subgroup in mathe-
matical oncology could serve as a pilot project,
so it is suggested that a corresponding subset of
members applies for such a thematic group; the
proposal should also specify how the group will
be structured and organised.

• conference support rules, conference invoicing:

– ESMTB membership solicited via conference
fee: It is decided that, for meetings supported
by ESMTB that have a registration fee, each
participant gets a free one-year ESMTB mem-
bership upon registration. The event organ-
isers are required to transfer to ESMTB 50
EUR for each registered participant to cover
the membership fee. BP will redraft the confer-
ence support rules accordingly and add further
clarifications.

– administrative support for events: The possi-
bility of registration and payment for confer-
ences via ESMTB’s Wild Apricot system is dis-
cussed in the case of conferences supported, but
not run, by ESMTB. In this case, a board mem-
ber has to serve as a formal administrator, in
place of the genuine conference organiser. It
is discussed whether problems related to pay-
ment of value added tax may arise from such
a construction. BP will seek professional ad-
vice by an international tax consultant. If this
problem can be resolved, a pilot project will be
done.

• web page issues, emails, newsletter: BP will put
together a list of responsibilites and administra-
tive rights for the Board members. Currently, SC
takes care of emails.

• financial report: BP delivers the financial report,
which is discussed and approved. For ECMTB in
Heidelberg, we aim at a marginal profit. A prob-
lem with Paypal payment is discussed: 80 percent
of membership fees are payed this way, but cur-
rently we only have a French account because we
are a French society. This is only a temporary so-
lution; it would be desirable to have a German ac-
count linked to our French address, which requires
an officer at large for handling bank transfers in
France.

• prizes:

– Reinhart Heinrich prize: The prize consists in
the opportunity of a plenary talk at ECMTB
and coverage of the corresponding expenses.
The new procedures are approved as suggested
and will be published on the web page. He-
len Byrne and Mirjam Kretzschmar are elected
as new members in the award committee, and
Stefan Schuster is elected as new chair. Both
elections are unanimous.

– Ovide Arino prize: As with the Reinhart Hein-
rich prize, TL serves as contact person with
board. The next step will be to set up the pro-
cedures.

• 8ECM in Portoroz (Slovenia), July 2020: We are
given the opportunity to hold a society meeting
there, but decide against it (too few of the board
members will be there, and an even smaller pro-
portion of the ESMTB members; also, a society
meeting will take place in Heidelberg 2 months
later).

• reciprocal memberships: So far, we have recipro-
cal memberships with SMB, SFBT etc., but not
with EMS, although this would be desirable. SD
will find out how this works with other EMS mem-
ber societies, and work out a suggestion.

• board elections: The next board elections come
up in September 2020. Application is open to all
active members and will be solicited via a call to
all members. EB will take care of the procedure.
Candidates attending the ECMTB 2020 will have
the opportunity to present themselves during the
General Assembly. Those who will not be able
to attend the meeting will have their description
briefly presented by the Society Board.
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E-vote decisions of the ESMTB board,
March–July. 2020

• 29.04.19: Given that no one raised objections on
the matter, the Board approves by majority the
new ESMTB logo (blue butterfly, dark Lorenz).
MA will proceed to distribute it in its definitive
form.

• 29.04.19: After a brief e-mail discussion, the
Board nominates Anna Marciniak (organizer),
Maira Aguiar and Torbjorn Lundh as Orga-
nizer and ESMTB Principal Scientific Committee
Members for ECMTB2020 Heidelberg, to be as-
sociated with two Principal Scientific Committee
Members from SMB.

• 28.05.19: The ESMTB Board will henceforth use
the list of email addresses of European biomath-
ematicians, as it stands and as it will be pro-
gressively enriched by further gathering email ad-
dresses by consensus or by exploration of publicly
accessible sources (public information), in order
to send out emails inviting potential interested
prospects to adhere to ESMTB initiatives, pro-
vided that in each message the option of deleting
their names form the aforesaid list is clearly indi-
cated to the prospects.

• 28.06.19: the Board entrusts the president to dis-
tribute invitations for joining ESMTB, using the
newly prepared email list, the standard yearly
rate covering, this time only, the two years 2019
and 2020.

• 16.01.20: The Board decides to grant 1 year of free
ESMTB membership to 3-4 poster prize winnders
of DSABNS 2020 (following a request by MA).

• 26.2.20: The Board decides to grant 1500 Eu-
ros each to the workshops 1) The Helsinki sum-
mer school on mathematical ecology and evolu-
tion 2020 2) Modelling in Ecology and Evolu-
tion Meeting, Lausanne, 2020 3) Interdisciplinary
workshop on evolution and ecology (IWEE) Bath
2020

• 25.04.20: Unanimous decision taken for “ECMTB
in Heidelberg shall be postponed by one year and
take place if possible in August/September 2021”

• 07.05.20: In a zoom meeting, it is decided that
ESMTB will support this year’s online SMB meet-
ing. MA and TL are designated as contacts. With
2 votes for, 1 vote against, and 5 abstentions,

it is decided to vote in favour of ICIAM signing
the MoU concerning the gender equality initiative
STEM.

• 20.07.20: In a zoom meeting, we finalised the new
version of the contract with Springer; planned the
workflow for the elections in October 2020; and
Toby reported on the preparations for the SMB
eConference.

Ellen Baake
ESMTB Secretary
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ECMTB 2021

The 12th European Conference on
Mathematical and Theoretical Biology
has been postponed to 2021. ECMTB 2021
will be held in Heidelberg, Germany,

from 30st August to 3th September
2021. The conference will be hosted at Hei-
delberg University, in the campus located
in the old town: Neue Universitt, Univer-
sittsplatz 1, 69117 Heidelberg.

We invite all researchers and students
interested in Mathematical and Theoreti-
cal Biology and its applications to join us
on this exciting scientific event! Previ-
ously accepted proposals for ECMTB2020
have been either shifted to the eSMB2020
virtual meeting, cancelled or postponed to

ECMTB2021, as per request. The submis-
sion of proposals for new or updated Min-
isymposia, Contributed Talks and Posters
will be open soon on the Conference webpage
http://www.ecmtb2020.org.

To stay updated on the latest news on the
ECMTB2021, follow us on

Facebook @ecmtb2021
https://www.facebook.com/ecmtb2021/

and on

Twitter @ecmtb2021
https://twitter.com/ecmtb2021

Looking forward to seeing you in Heidelberg,

Anna Marciniak-Czochra
(on behalf of the Organizing Committee)
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Reinhart-Heinrich Doctoral Thesis Award

ESMTB announces the annual Reinhart Heinrich Doctoral Thesis Award to be presented to the student
submitting the best doctoral thesis within the current year 2020 in any area of Mathematical and
Theoretical Biology, see https://esmtb.org/Reinhart-Heinrich-Award.

Professor Reinhart Heinrich (1946 – 2006) started his research career in theoretical physics and then
moved into biochemistry, becoming a full professor and head of theoretical biophysics at the Humboldt
University, Berlin in 1990. He is considered a father of the field that is now named Systems Biology,
since he investigated various topics such as modelling metabolic networks and metabolic control theory,
modelling of signal transduction networks, nonlinear dynamics as applied to biological systems, protein
translocation, lipid translocation, vesicular transport, and even DNA repair. Reinhart Heinrich was
always searching for the principles that underlie observations, looking for different perspectives and
connecting theoretical abstraction with biological evidence. In this way, he inspired numerous students,
gave them insight and direction for future research in modern mathematical and theoretical biology, and
organized a large number of memorable conferences. Gratefully acknowledging his stimulating support
of our interdisciplinary field and, in particular, his way of guiding students and young scientists, the
Board of ESMTB decided to offer a Doctoral Thesis Award annually to commemorate Reinhart Heinrich
and his legacy in mathematical and theoretical biology.

Prize Awarding Committee
Reinhard Buerger, Carlos Braumann, Helen Byrne, Mirjam Kretzschmar, Stefan Schuster (former
assistant to Reinhart Heinrich)

Award

• Publication of a summary of the thesis receiving the award as lead article in the 2021 issue of the
European Communications in Mathematical and Theoretical Biology.

• Invitation to present a lecture at the forthcoming ESMTB Conference or, alternatively, a limited
travel grant by ESMTB for a scientific visit of the recipients own choice;

• 1 year’s free membership of ESMTB

• A voucher for Springer books.

Application
Potential applicants may be nominated by any ESMTB member.
To nominate a person for the Reinhart-Heinrich Doctoral Thesis Award, the following information
should be submitted to Stefan Schuster (stefanschu@gmail.com):

1. Name, address, phone number, affiliation, and email address of the nominator.

2. Name, address, phone number, affiliation, and email address of the nominee.

3. A detailed statement describing why the nominee should be considered for the award.

4. An extended summary of the thesis (ca. 2-5 pages plus eventual pictures).

5. A CV of the nominee in some form.

Closing date for nominations is 31st January 2021.

Only theses that have been accepted in 2020 can be considered. The acceptance date is the date at
which the thesis is considered by the institution as fulfilling all the requirements for the granting of the
doctoral degree, even if such degree will be formally attributed at a later date. It is the successful thesis
defense date if no changes are demanded or, when changes in the thesis are required, the date when
such changes are accepted by the institution.

Shortlisted applicants will be asked to send their full thesis.
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CALL FOR MEMBERSHIP FEES 2020

The European Society for Mathematical and Theoretical Biology (ESMTB) was founded
in 1991 during the first European Conference on Mathematics Applied to Biology and Medicine
in l‘Alpes d‘Huez, France. The mission of the ESMTB is to promote theoretical approaches
and mathematical tools in biology and medicine in a European and wider context. This goal is
pursued by the organization and support of summer schools and conferences, by the European
Communications and the information on our web-site. ESMTB annually honours the best PhD
thesis in the field of mathematical and theoretical biology with the Reinhart Heinrich Doctoral
Thesis Award. ESMTB is a nonprofit organisation. The ESMTB board organizes the activities
of the society according to the ESMTB statutes.

Membership benefits include:

• Full online subscription to the Journal of Mathematical Biology (Springer Verlag)

• Members are eligible, during a two-month period each year, for a discount of 20% on all
Springer books in the area of mathematical biology.

• Travel Support for mathematical/theoretical biology meetings

• Endowing the Reinhart Heinrich best doctoral thesis award

• Reduced fees for selected conferences and schools

• Reduced subscription rates for selected journals

• Voting in society elections

Please register at http://www.esmtb.org.

Membership Fees per year:

The Individual Annual Membership Fee is:

• 50 Euro (full member)

• 40 Euro (ISTMB, JSMB, NVTB, SFBT or SMB full member)

• 25 Euro (student, developing country or Eastern European member)

• 20 Euro (student ISTMB, JSMB, NVTB, SFBT or SMB member)

The Institutional Annual Membership Fee is: 200 Euro

The Life Membership Fee is:

1. 750 EUR (age 40 or above)

2. 500 EUR (age 50 or above)

3. 250 EUR (age 60 or above)

Further information:
Bob Planqué, ESMTB treasurer
Department of Mathematics
Vrije Universiteit Amsterdam
r.planque@vu.nl


