
To work in the field of evolutionary biology 

means to deal with questions that are dyna-

mic, challenging and often with unexpected 

solutions. To do biomedical research, on the 

other hand, implies tackling issues that have 

direct effects on people’s health using very 

high research standards. But what about 

combining these two fields? I was fortuna-

te to realize the importance and pleasure of 

applying evolutionary thinking to medical 

problems while I was studying medicine at 

Damascus University and have therefore de-

cided to pursue a career in evolutionary me-

dicine research. This year, I have joined the 

Institute of Evolutionary Medicine in Zurich 

as a Ph.D. candidate working on the diffe-

rence in the immune system between women 

and men. This difference has been well docu-

mented in medical literature but the evoluti-

onary reasons behind it have not been fully 

understood yet. There seem to be trade-offs 

between susceptibility to infections and the 

risk to develop autoimmune diseases which 

apparently cause differences in the immuno-

competence between the two sexes. 

There are several possible explanations for 

the differential regulation of the immune 

system. Since each sex occupies a different 

reproductive role, the two sexes use different 

strategies to maximize their reproductive fit-

ness. According to one hypothesis, females 

invest more resources than males in each 

progeny they produce. Therefore, females 

use slower but steadier reproductive strate-

gies which require more investment in main-

tenance and longevity. Males, on the other 

hand, invest less in longevity and more in re-

production following a “live fast, die young” 

strategy. These different strategies result in 

sex-specific optima for investment in both 

longevity and reproduction rates. We think 

that this contributes to the different immu-

nocompetence levels between the two sexes. 

Moreover, the physiological and anatomical 

differences between females and males im-

ply different costs of certain diseases. Many 

diseases can be more costly to women than 

men and vice versa. We predict that each sex 

invests more in fighting the diseases more 

costly to it. Testing these hypotheses requires 

interdisciplinary, theoretical and empirical, 

approaches.

We want to use mathematical modeling, 

formulating ideas in mathematical equa-

tions rather than words, to make predictions 

about the effects of the mentioned factors 

on the immune system. We can then collect 

empirical data to test these predictions. In-

cidence rates, recovery times, viral loads, and 

other measurements may prove us right or 

wrong! The two sexes may have different in-

terests in combating certain pathogens depen-

ding on their life cycles and impacts; therefore, 

we can test our predictions by comparing the 

immune response against these pathogens. 

Research in evolutionary medicine has a di-

rect impact on people’s health. We hope that 

our research will shed more light on the diffe-

rence in immunity between women and men 

and the evolutionary reasons behind that. We 

hope that this understanding will help design 

more effective prevention and treatment pro-

tocols that take into account any potential dif-

ference in treatment efficacy and side effects. 

Many current medical practices are tested on 

small samples that are sexually and ethnically 

biased. Nonetheless, there is a growing inte-

rest now in more personalized approaches that 

take into consideration the individual needs 

of the patient. We hope that our research will 

inform the field of personalized medicine bet-

ter and help develop it further in the nearby 

future.
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The effect of sex on our immune system

A schematic representation of a classical Susceptible-Infectious-Reco-
vered (SIR) model that considers disease spread by contact with infec-
ted individuals. The level of immunity of individuals in the popula-
tion should modify the transmission and recovery rates by affecting 
susceptibility and infection time.
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We are a leading international and globally 

connected research, teaching and service 

institute which is part of the medical facul-

ty at the University of Zurich. We analyse 

ancient biological material and associated 

data to better understand modern human 

health issues and diseases. Due to specialist 

scientific expertise, excellent infrastructure 

and state-of-the-art methodologies, we are 

able to work on various interdisciplinary 

research questions in the context of the field 

of Evolutionary Medicine. Our core compe-

tencies include: 

• In the area of morphology: Clinical Ana-

tomy; Variability and adaptation of body 

morphology as a function of sex, robust-

ness, time (Microevolution), socio-econo-

mic factors (etc.); Macroevolution of joint 

pathologies.

• In the area of imaging: application of mo-

dern imaging techniques (MRI, terahertz) 

on historical tissues; Radiological diagnosis 

of pathologies.

• In the area of ancient DNA: Co-evolution 

of diseases and the human genome (evoluti-

on of human pathogens, microbiome analy-

ses etc.); Service for Archaeology/Historical 

Anthropology (paternity testing, sex deter-

mination). 

• Maintaining a novel medical museum for 

the public and a medical history object coll-

ection for the scientific community. 

• Ethical considerations for research on his-

torical human tissues.

We will increase the recognition of the re-

search field of Evolutionary Medicine and 

expand academic teaching of the subject 

within and outside the Faculty of Medicine. 

This will be of a sustainable value for our sta-

keholders at the University of Zurich, in the 

research community of evolutionary medici-

ne and adjacent areas, to the economy and 

ultimately for society in general. 

IEM organigram

Vision and mission statement
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The field of Palaeomicrobiology - the microbiological study of an-

cient material, is changing by the day. Thanks to high-through-

put sequencing methodologies, the retrieval of DNA from human 

remains is no longer limited to skeletal samples, and soft tissues 

have become an important source of ancient biomolecules. Ex-

amples of this kind of elements vary from coprolites to mummi-

fied tissues – both natural and artificial, medical and museum 

collections or autopsy material. The power of analysis is such 

that allows reconstructing not only whole genomes of pathogens, 

but entire symbiotic bacterial communities or microbiomes. 

In fact, the understanding of this inner ecological world is a who-

le field by itself. All the surfaces of the human body are covered 

by thousands of microbes, including skin, mouth, the urogenital 

tract, and viscera. An immense number of microbial cells inhabit 

the human body, ascending to almost 40 trillion living in com-

plex, dense and balanced communities. They help us in diges-

tion, nutrition, immune system and also neural development. 

So important is for health, that changes in the host environment 

that disrupts the microbiome may cause or aggravate diseases 

like obesity or inflammatory bowel disease. As with many other 

conditions of today, a look into the past can shed light into the 

path of better diagnoses and treatments, and the research of an-

cient human microbiota can provide a deeper understanding of 

the ancestral human microbiome and how it has changed during 

human evolution.

My PhD project at the IEM is part of the University Research Pri-

ority Program “Evolution in Action”, and I will use innovative 

Next Generation Sequencing (NGS) methods on preserved soft 

tissues – from Egyptian Canopic Jars and medical collections - to 

study the evolution and diversity of the human microbiome. The 

project is also part of the multipronged interdisciplinary Cano-

pic Jar Project, funded by the Swiss National Science Foundation, 

that focuses in generate data of great importance to the research 

fields of medicine, human genetics and Egyptology. 

I am a biologist by training and I completed my Master degree 

at the University of Barcelona in Biological Anthropology, spe-

cialized in Ancient DNA laboratory work. Last March, I had the 

opportunity of joining at the IEM as a new PhD student, and I 

am looking forward to do my contribution in such a multidisci-

plinary group. 
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Spotlight on our activities

Words from a new member of the IEM

The IEM 3D Full Body Scanner during the 
Zurich Science Days «Scientifica 2017».

Enrique Rayo, MSc.
PhD Student Ancient Biomolecular Group
Institute of Evolutionary Medicine
University of Zurich
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New IEM-members
The IEM is happy to welcome the following 
members to the institute:

•	 Enrique Reyo, MSc. (PhD Student Ancient 
Biomolecular Group)

•	 Lafi Aldakak, MSc. (PhD Student Evolutio-
nary Morphology and Adaptation Group)

•	 Linda Vinci (Master-Student ETHZ,  
Evolutionary Morphology and Adaptation 
Group)
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Editorial:

Dr. Kaspar Staub
Institute of Evolutionary Medicine, 
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Upcoming events
•	 Meeting of the German Society for An-

thropology (GfA), Geislingen a. d. Steige, 
September 18-22, 2017

•	 Special Seminar Series on Evolutionary 
Medicine, Max Planck Institute for Evolu-
tionary Biology, Plön, November 16, 2017

•	 Swiss Public Health Conference, Basel, No-
vember 22-23, 2017


