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Evolutionary relationships 
based on DNA comparisons
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Distribution of great apes and humans A view of our planet captured from space reveals a stark contrast in the distribution of 
humans  and our closest living relatives. 
Humans have a range that is larger than the ranges of al other primate species 
combined. Despite the close genetic similarity between humans and two of these 
species. 
What has allowed our species to reach such a planetary dominance to the point where 
we shape the climate and cause mass extinctions?
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Global behavior: air traffic

photo:Alex Piel
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Culmination over over 100,000 years of modern human behavior 
Its not just the missing chime planes.. Chimpanzee males never leave their 
native community and jealously guard it. 
Our global behavior comes with cost: Global Warming and what happens when 
you drop a chimpanzee virus into the network…Global HIV/AIDS epidemic 

Takumasa Yokohama  Wamba bonobos



Global Behavior: Air Traffic
Thought Experiment: flight from LAX to ZRH 
with 300 male chimpanzees

How many male chimpanzees would still be alive after landing?

Before you get too positive about our species

Hiroshima, 1945 
>100,000 dead

NYC, 9/11, 2001 
~3000 dead

What humans can do with their flying machines and other advanced technology.

Uniquely human customs

A B C

X Y Z

Endless list of uniquely human activities.



The origin of ratcheting culture

Efficient transmission of novel ideas. 

High-fidelity transmission (Conformism). 

Innovation. 

Balance between innovation and conservation. 

Socio-cognitive processes including teaching 
through verbal instruction, imitation, 
prosociality, and the creation of meaning.

Kurzban & Barrett Science 2012

Building on others’ ideas, tinkering and innovating while also conforming to a 
certain degree. Language does wonders to sharing ideas. 
Silicate based cumulative material culture: Oldowan hand axe, Acheulean hand 
axe, after obsidian arrow points, pottery, glass, photovoltaic panel, computer 
chip.

Do other species read tracks?

No!

Why not!

Sikwezi a Hadza man reading tracks of his tribe member Philemon and inferring 
correctly that he must have hunted a zebra, before the local Datoga pastoralists 
came through with their cattle.

Singanallur Nagendrakumar B.et al. At Least Three Doses of Leading Vaccines Essential 
for Neutralisation of SARS-CoV-2 Omicron Variant   Frontiers in Immunology     2022   

Tracking Molecular Footprints!

in pink:
parts of the Sars-Cov2 
Virus omicron strain 
spike glycoprotein
that leave “footprints” 
in human antibody responses



The socio-cultural niche

Personal Names

Sacred Spaces

Increased capacity to cooperate with  
and compete against other groups.

Group Identity

Shared Rituals                         
Dance & Music

Kinship Terms
Tribes

Shared Symbols

Shared practices

socio-cultural winning App: no personal names, no language, no reputation!

Childhood, Adolescence & Post-reproductive Survival

Boaz & Almquist 1999

Adapted to cultural opportunities? 

Nutritional opportunities? 

Facilitated by stronger pair bonds 
between parents? 

Facilitated by allomothering? 

redrawn from Schultz 1963

Humans have delayed development, But shorter inter-birth intervals! How did 
we pull this off?

Aging and survival

(Hawkes 2010, PNAS) 

Age distribution
Wild chimpanzees  

(5 groups)
Humans 

(Hadza foragers)

Hadza grandmother at work

Post-Reproductive Life Span 
PRLS

PRLS

Humans populations have many individuals who survive long after the period of 
reproduction. In Most other animals, when reproduction ceases, most 
individuals tend to die. Due to the bias favoring female survival , many more 
older females survive. Up to 25% of living adults in a given social group can be 
post-reproductive females even if the average life expectancy is only 35 years 
(due mostly to the very high infant mortality). The grandmother hypothesis 
proposes that these females benefit their younger relatives by provisioning 
children with food, care and knowledge. 



Human migration: Climate and the peopling of the world , Peter B. deMenocal  & Chris Stringer, Nature 538, 49–50.

Planetary Takeover: timing reflected in genome patterns

possibly  30,000 years ago

stone tools in Mexican cave

Chiquihuite ~30ky

human foot prints in 

New Mexico


~23ky

Timeline of the human global dispersals shown. Timmermann and Friedrich used climate, 
vegetation and human-dispersal models to understand how climate change may have paced the 
tempo of human migrations out of Africa. 

Predicted diversity based on ecosystems

Faurby & Svenning, 2015, Diversity Distrib.

Missing Megafauna (>44 kg/97 lbs)? Where ever modern humans have migrated, there seem to be many missing 
large animals…. except in Africa, where large animals have co-evolved with 
humans 

last inter- 
glacial

Sixth Mass Extinction

Cumulative 
Extinctions



Last interglacial: 

settlement first (15 kya), then farming (11 kya)

Evolution of temperatures in the Post-Glacial period after the Last Glacial Maximum (LGM) 
according to Greenland ice cores. The birth of agriculture corresponds to the period of quickly 
rising temperature at the end of the cold spell of the Younger Dryas and the beginning of the long 
and warm period of the Holocene. 
Zalloua, Pierre A.; Matisoo-Smith, Elizabeth 201). "Mapping Post-Glacial expansions: The Peopling 
of Southwest Asia". Scientific Reports. 7: 40338.  
Diamond, J.; Bellwood, P. (2003). "Farmers and Their Languages: The First Expansions". Science. 
300 (5619): 597–603.

The Neolithic: 10 thousand years of agriculture
The Neolithic, the anthropocene

MacHugh et al. Annu. Rev. Anim. Biosci. 2017. 

How to create surplus,  

leading to complex societies and civilizations 
at immense personal cost: 

poverty, 
poor health,  
plunder,  
politics &  
power differentials.

Goose

 + 2 Ps

many new  
pathogens &  
parasites 

5 Ps


A mere blink of time in the past, the origin of agriculture, settlements and complex societies with 
all their social norms and institutions. Don’t forget, H. sapiens has existed for over 200 thousand 
years without such recent innovations.

Wildlife  and cattle in Tanzania

33 million~5 million

Large Mammalian wildlife Domestic cattle



Humans shaping the landscape

3 grasses & 1 bean

Ancient rice terraces in Yuanyang County, Yunnan 

Crowds

> half of humanity lives in cities

Populations growth, one of the many existential threats we face.

Our collective footprint on the planet Human footprints on the planet depend on numbers of people and the amount of 
energy used by those people.



Human encroachment 
Growing human populations and encroachment of wild areas lead to novel and contact.

New road in the Congo 
Laporte, Nadine & Stabach, Jared & Grosch, Robert & Lin, Tiffany & Goetz, Scott. (2007). Expansion of 
Industrial Logging in Central Africa. Science (New York, N.Y.). 316. 1451. 10.1126/science.1141057. 

Demand for natural resources: oil, gas, minerals, timber and pasture leads to ever more 
encroachment.

Consumption and waste add to the footprint

Miramar Landfill, San Diego, CA

Pacific Ocean Garbage Gyre

Shipping and recycling, e.g. car tires

Lounibos, L., O'Meara, G., Escher, R. et al. Testing Predictions of Displacement of Native Aedes by the Invasive 
Asian Tiger Mosquito Aedes Albopictus in Florida, USA. Biological Invasions 3, 151–166 (2001).

Asian Tiger Mosquito  
Aedes Albopictus 
arrived from Japan in 
old car tires to 
Huston, TX 1985!



Yellow Fever, a flavivirus Yellow fever, imported together with its transmitting mosquito by the transatlantic 
slave trade, is the only flavivirus that can be prevented with a very efficient 
vaccine.

Helmitnhs: 
Tapeworm 
Hookworm 
Spoolworm 
Filaria 
Shistosomes

Bacteria: 
E. Coli 
Salmonella 
Mycobacterium TB 
Mycobateriusm leprae 
Helicobacter 
Vibrio cholera 
Anthrax 
Neisseria meningitidis 
Neisseria gonorrhoeae 
Campylobacter 
Legionella 
Spirochete (syphillis, Lyme disease)

Viruses: 
HIV 
Polio 
Hepatitis B 
Hepatitis C 
Influenza 
Measles 
Smallpox 
Monkeypox 
Yellow Fever 
West Nile 
Zika 
Dengue 
Chikungunya 
Corona 
Ebola 
Hanta 

Protozoans: 
Plasmodium (malaria) 
Trypanosome (sleeping sickness, Chagas) 
Leishmania (leishmaniosis) 
Trichomoniasis (trich) 
Toxoplasma gondii 

What Pathogens?

Prions 
Elk wasting Disease 
Mad Cows Disease 
Kuru 
Creutzfeld Jakob’s Disease

Most emerging diseases are viral or bacterial.

Emerging Diseases

The challenge of emerging and re-emerging infectious diseases, David M. Morens, Gregory K. 
Folkers & Anthony S. Fauci Nature 430, 242-249(8 July 2004)

Global Virome Project 
Peter Daszak and Nathan Wolfe

Despite the misleading impression that humans were winning the fight against infectious 
disease in the middle of the 20th century, there is a long list of emerging diseases 
around the world. 
Many of these are due to novel contact between animals and humans.



Ancient Human Diseases: 
Spread of Tuberculosis (bacterium)

out of Africa with  
Homo sapiens

out of Europe with  
colonialism

Comas I, et al. Out-of-Africa migration and Neolithic 
coexpansion of Mycobacterium tuberculosis with modern 
humans. Nat Genet. 2013;45(10):1176‐1182.

Fire brings people together 
 and damages their lungs

Evolutionary emergence of tuberculosis 
Chisholm, R. et al. PNAS 2016, 113 (32) 9051-9056

Example of an old disease, in contrast to many of the emerging diseases. Genetic 
studies of TB reveal that it has infected humans for at least a hundred thousand years. 
TB strains infecting our African ancestors left Africa with modern humans and went 
everywhere people migrated. An estimated 1/3 of the world human population carries 
the TB bacterium, most people never get any symptoms!

Constant reintroduction: Influenza A (an RNA virus)

Rambo-Martin BL, et al. 2020. Influenza A virus field 
surveillance at a swine human interface. mSphere 
5:e00822-19.

Influenza A is a virus with an RNA genome broken into 8 segments. Many different 
strains exist in water birds and so it is impossible to eradicate this virus. Each year, there 
are new rounds of infections around the world. These viruses have sex! they can 
recombine different RNA segments into novel virus strains. 

Genetic relationship of human and swine virus lineages. Green, orange, purple, and blue 
arrows follow the evolution of hemagglutinin, while black errors follow other segments. 
Human seasonal lineages are green, classical swine-H1N1pdm09 is orange, the 
classical swine lineage is purple, and the Eurasian swine lineage is blue. In 2009, 
influenza A/H1N1Pdm09 virus displaced the previous human seasonal A/H1N1 virus 
from humans which continues circulating in swine. This virus reassorted, picking up the 
N2 segment from the triple-reassortant viruses into the A/H1N2 Other-Human (OH)-1B.2 
lineage that caused human infections in the summer of 2018. The history of this HA can 
be traced back to the avian virus that caused the 1918 pandemic, through extinction 
and reemergence, and through decades of human seasonal activity.



What a wild bird virus can do to us

Long, J.S. et al. Host and viral determinants of influenza A virus species specificity. Nat Rev Microbiol 17, 67–81 (2019). 

Very diverse pool of viruses existing in wild aquatic birds

Eradication not possible, only better surveillance  
prevention, and treatment

Influenza A viruses (haemagglutinin (HA) subtypes 1–16) circulate in the wild bird reservoir. Subtypes from this 
reservoir are able to cross into many different species, sometimes via intermediate hosts and sometimes 
requiring adaptive mutations (light blue arrows). Specific subtypes predominate in certain species (dark blue 
circles). Human-adapted influenza viruses of the H1, H2 and H3 subtypes have circulated in recent history. 
H1N1 and H3N2 viruses currently circulate whereas H2N2 viruses do not; the same three subtypes have also 
circulated in pigs. Avian influenza viruses (AIVs) of H5, H6, H7, H9 and H10 subtypes have infected humans 
following exposure to infected poultry. Viruses of these subtypes currently do not transmit between humans. 
HA subtypes H17 and H18 circulate only in bats. Influenza B viruses circulate in humans, although infections in 
seals have been described. Influenza C viruses circulate in humans and swine. The recently discovered 
influenza D viruses are found to circulate in cattle, goats and pigs1. Despite some serological evidence of 
infection in humans, the zoonotic threat to humans remains unclear. Detection of influenza virus-like RNA in 
Wuhan Asiatic toads, Wenling hagfish and spiny eels has recently been described, although their genera 
remain to be defined. Many species have been experimentally infected by influenza viruses, including ferrets, 
mice, guinea pigs, macaques and marmosets.

1918 “Spanish” Flu (H1N1): a zoonosis

Covid Deaths 
in US,
December 2022: 
> 1 million

The biggest infectious event of the 20th century killed more people than both world wars 
combined! 
Likely originated from animal-to-human infection in the USA, but there are competing 
hypotheses placing the origin in China or Europe.!  
Barry JM. The Great Influenza: the Epic Story of the Deadliest Plague in History. First. 
New York: Viking; 2004.

Zoonoses over time

Studying immunity to zoonotic diseases in the natural host — keeping it real. Andrew G. D. Bean, Michelle L. Baker, Cameron R. 
Stewart, Christopher Cowled, Celine Deffrasnes, Lin-Fa Wang & John W. Lowenthal

Nature Reviews Immunology 13, 851–861 (2013)


2016

2013-2016
Ebola West Africa
11,300 deaths

2016

2019
COVID-19
>6 Million deaths

2019-22

2016-18
ZIKA
?

A zoonosis (plural zoonoses) is an infectious disease of humans acquired from non-
human animals. 
These can get out of hand or resolve relatively quickly. 



From Genome to Phenotype

nucleus

rough ER

smooth ER

golgi

vesicle

cell surface

ribosomes

Glycocalyx

The genome is frequently called the “blueprint” for life.  
Genomes never exist in isolation.  The phenotype or phenome includes lipids 
(fats) and glycans (sugars), neither of which are directly “encoded” in the 
genome.  
Glycproteins of our cell surfaces and secretions are assembled by enzymes in 
the ER and Golgi. 
They represent the result of the interactions of many gene products and the diet.

Each cell type has its own type of sugar coat (glycocalyx)

RBC

sperm

epithelium

leukocyte
Sialic acid 
abundant 
on all cell types!

Sialic acid 
contribute to  
Self-Associated 
Molecular Patterns 

Different cell types have stage and cell type specific glycocalyx compositions. In 
vertebrates, the glycocalyx has an outer most layer rich in sialic acid.

The glycocalyx is like a cell-surface canopy, a molecular nano landscape



Varki A. 2007 Nature 

Sialic Acids: form the “outer edge” or molecular frontier 
on most Cell-Surface and Secreted Vertebrate Molecules

Influenza A virus

Vertebrate cells typically carry glycans that end with the monosaccharide sialic acid, also called N-
Acetylneuramninic acid.

A kelp forest is actually a better analogy, as the glycans constantly move in a watery environment.

Analogy for sialic acids, bobbing kelp tips in Pacific ocean.



Sialic Acids: Self-sensing and Exploitation by Pathogens

How could our 
ancestors have 
evolved protection 
from such dangerous 
molecular mimicry?

Sialic acids on the surface of body cells provide crucial information about ‘self” and are 
detected by innate immune receptors that inhibit immune cell activation, 

Parasites can use these same sialic acids to attach and invade. 
Furthermore, parasites can cover themselves with sialic acids (like wolves in sheep’ 
clothing) to undermine recognition by immune cells. 
Host immune cells have evolved counter strategies by evolving activating innate immune 
receptors…

2mya

4mya

6mya

8mya

10mya

12mya
Muchmore, E.A., et al. (1998) Amer.J.Phys.Anthro.  

Chou,H.-H. et al. (1998) PNAS 
Hayakawa,T. et al. (2001) PNAS  

Chou et al. (2002) PNAS 
Hayakawa et al.(2006) Genetics

CMAH gene Loss-of-function 
mutation caused loss of Neu5Gc 

timed by three methods: 
1. molecular clock 

2. coalescence 
3. Alu element

Human-specific loss of the sialic acid Neu5Gc ~2-3mya
Ac

Ac & Gc

Humans are knock-outs for CMAH enzyme and lack endogenous Neu5Gc

Altman and Gagneux 2019 Frontiers in Immunology

Watershed event: 
Loss of Neu5Gc and excess of Neu5Ac

Deletion of 478 pb 
in human genome 
including 92 bp of exon 6 
of the CMAH gene

X

Modification of CMP-Neu5Ac to CMP-Neu5Gc. The enzyme CMAH, encoded 
by a single gene in all mammals, catalyzes the derivatization of Neu5Ac to 
Neu5Gc in the form of their sugar nucleotides, cytidine monophosphate (CMP). 



Watershed event: 
Loss of Neu5Gc and excess of Neu5Ac

Altman and Gagneux 2019 Frontiers in Immunology

modified from : Viitala, J, Järnefelt, J.  
The red cell surface revisisted.  
TIBS. 1985 

Due to the large number of sialic acids terminating many of the glycan chains on 
the glycocalyces of most cells, the loss of function of the CMAH gene leads to a 
drastic change in the molecular identity or “flavor” of the glycocalyx, as indicated 
by a small fraction of a red blood cell membrane, redrawn and modified from 

Neu5Gc on chimpanzee but not human sperm cells 

Ghaderi et al. PNAS, 2011

(detected with anti-Neu5Gc antibody)

Illustration of species-specific “biochemical flavor”.

Altman and Gagneux 2019 Frontiers in Immunology

Parallel evolution and loss of an innate self-signal. 

~135 species

1 species

57 species 33 species

15 species

17 species

two lineages 
multiple species

1 species

Ng, et al. Nat Commun. 2014
Peri, et al. Genome Biol Evol. 2018

Springer et al.  Immunogenetics. 2014

Parallel evolution and loss of an innate self-signal. 
Minimum of 9 independent occurrences of loss of CMAH gene function during mammals 
evolution! 
 Humans cannot synthesize Neu5Gc, because human CMAH was inactivated over two 
million years ago (red). The inactivating mutation apparently fixed rapidly after originating, 
which suggests that the loss could have been adaptive — driven by pathogen 
avoidance, reproductive conflict, or a combination of the two. Independent losses of 
Cmah function have recently been found in New World Primates, Mustelids and several 
other groups. Figure modified from Springer and Gagneux 2016. In some lineages, such 
as bats and toothed whales, only certain species lost the capacity to make Neu5Gc 
(indicated by lines that are both blue and red).



What wild bird viruses can do to us

Long, J.S.,et al. Host and viral determinants of influenza A virus species specificity. Nat Rev Microbiol 17, 67–81 (2019). 

Very diverse pool of viruses existing in wild aquatic birds

All these species lack the 
sialic acid Neu5Gc

2009 H1N1 Flu 
Cal elephant seals

Does similar sialic acid biology predispose some species as reservoirs of diseases that 
can jump to humans?

Small Pox
R

0
 from 3 to 6 

(Sars-Cov2 delta variant has an R
0
  of 7)  

Fatality rate ~ 30%

Smallpox is often deadly and leave survivors with nasty scars.

Eradication of Smallpox : from 20 million in 1920 to 0 in 1978 Vaccines have allowed the eradication of infectious diseases! 
The bad news is that some countries still keep stocks of live smallpox virus for 
their bioweapons programs….



The near-eradication of Polio 
due to oral polio vaccine (OPV) 
Developed by Albert Sabin.

Another success story (almost)

Global 
Incidence  
of Polio

Hunting the last prey…..and its monkeypox….

Congo Rope squirrel (Funisciurus congicus)

African rope squirrels carry monkey pox virus. Kids hunting them have been infected.  
How was monkeypox virus introduced into the U.S.? Investigators determined that a 
shipment of animals from Ghana, imported to Texas on April 9, 2003, introduced 
monkeypox virus from the West African genetic group (clade) into the United States. The 
shipment contained approximately 800 small mammals representing nine different 
species, including six genera of African rodents. These rodents included rope squirrels 
(Funiscuirus sp.), tree squirrels (Heliosciurus sp.), African giant pouched rats 
(Cricetomys sp.), brush-tailed porcupines (Atherurus sp.), dormice (Graphiurus sp.), 
and striped mice (Lemniscomys sp.). CDC laboratory testing using PCR and virus 
isolation demonstrated that two African giant pouched rats, nine dormice, and three 
rope squirrels were infected with monkeypox virus. After importation into the United 
States some of the infected animals were housed in close proximity to prairie dogs at 
the facilities of an Illinois animal vendor. These prairie dogs were sold as pets prior to 
their developing signs of infection.



Monkey Pox in Wild chimpanzees

2016-2017

Patrono, L.V., Pléh, K., Samuni, L. et al. Monkeypox virus emergence in wild chimpanzees 
reveals distinct clinical outcomes and viral diversity. Nat Microbiol 5, 955–965 (2020). 

Great ape sentinel system for zoonoses?

Lates news on monkeypox….

CDC Dec 2022

82,021 cases  
<100 fatalities

African rope squirrels carry monkey pox virus. Kids hunting them have been infected.  
How was monkeypox virus introduced into the U.S.? Investigators determined that a 
shipment of animals from Ghana, imported to Texas on April 9, 2003, introduced 
monkeypox virus from the West African genetic group (clade) into the United States. The 
shipment contained approximately 800 small mammals representing nine different 
species, including six genera of African rodents. These rodents included rope squirrels 
(Funiscuirus sp.), tree squirrels (Heliosciurus sp.), African giant pouched rats 
(Cricetomys sp.), brush-tailed porcupines (Atherurus sp.), dormice (Graphiurus sp.), 
and striped mice (Lemniscomys sp.). CDC laboratory testing using PCR and virus 
isolation demonstrated that two African giant pouched rats, nine dormice, and three 
rope squirrels were infected with monkeypox virus. After importation into the United 
States some of the infected animals were housed in close proximity to prairie dogs at 
the facilities of an Illinois animal vendor. These prairie dogs were sold as pets prior to 
their developing signs of infection.



Kreuder Johnson, C., Hitchens, P., Smiley Evans, T. et al. 
Spillover and pandemic properties of zoonotic viruses with high 
host plasticity. Sci Rep 5, 14830 (2015).

 William B Karesh, et al.  Ecology of zoonoses:  
natural and unnatural histories 
The Lancet V380, 9857, P1936-1945, 2012

Modern Zoonoses and their dynamics Clinical relevance of disease ecology  
(A)  Transmission of infection and amplification in people (bright red) occurs after 

a pathogen from wild animals (pink) moves into livestock to cause an 
outbreak (light green) that amplifies the capacity for pathogen transmission to 
people.  

(B) Early detection and control efforts reduce disease incidence in people (light 
blue) and animals (dark green). Spillover arrows shows cross-species 
transmission.  

All other African primates have their own SIV

SIV in > 30 species of primates

Peeters et al. 2002. Emerg. Infect. Dis.

Humans only acquired 
HIV from African primates 
at the beginning of 1900s.

Most African non-human primates each have their own versions of HIV, named SIV 
(simian immunodeficiency virus, a misnomer, as most other African primate species do 
not get sick).

Perfect Storms?: How HIV/AIDS got started

Colonial brutality and mass medical campaigns Large urban centers, forced labor, and mass migrations

Intercontinental Medical Aid (Africa) Blood Commerce(USA and Haiti) 
& therapeutics (Sex) Tourism and IV Drug use

Kinshasa 1920Kinshasa 1884

Still No Vaccine

The convergence of colonial brutality, the first large urban centers (including sex 
workers), intercontinental medical aid, blood commerce (plasmapheresis businesses in 
Haiti), and sex tourism and IV drug use formed the perfect storm. Biology and human 
culture interacted in forceful ways to allow the HIV?AIDS pandemic. 



Gaétan Dugas, infamously, and wrongly, 
labeled Patient Zero.

HIV patient ZERO?

McKay RA. "Patient Zero": the absence of a 
patient's view of the early North American AIDS 
epidemic. Bull Hist Med. 2014; 88(1):161-94.“Cluster of Cases of the Acquired Immune Deficiency Syndrome: Patients Linked by 

Sexual Contact,” Amer. J. Med. 76 (1984): 487–92, 488. ©1984,

A 1984 paper linked 40 AIDS patients by sexual contact. Of those patients, 
Dugas was the first to experience an onset of symptoms of AIDS. 
But he was not patient zero!

ZIKA, a flavivirus Mosquito borne, causes massive developmental derailments in brains of 
fetuses…..microcephaly. 
Discovered when a sentinel Asian macaque was infected by it in Zika forest 
Uganda!!!

Anthroponoses, Human to Non-human Animal

Human respiratory syncytial virus 

HRSV

Human metapneumovirus 

HMPV

Köngden, S, et al. Pandemic human viruses cause decline of endangered 
great apes. Curr Biol. 2008 Feb 26;18(4):260-4.

Humans can also pass dangerous viruses to non-human primates, such as 
these respiratory viruses that caused the death of wild chimpanzees.



Bats: Mammals with active flight - bags of viruses?
Adapted to high viral loads?

Active flight shaped the immune 
system of bats.

Dr. Linfa Wang

The figure illustrates key components of the DNA damage response and DNA 
repair pathways. Whole-genome analysis of two bat species (Pteropus alecto 
and Myotis davidii) showed that a high number of genes encoding components 
of these pathways are positively selected in P. alecto and M. davidii. Many of 
these genes are positively selected in both species (these encode proteins that 
are highlighted in green), whereas others have been positively selected in only 
one of the species (these encode proteins that are highlighted in red). Professor 
Linfa Wang studies bats in Singapur for their immunity to viruses and their 
capacity to avoid cancer. 

Bats and Nipah Virus

Pteropus megabat

Nipah is a highly virulent virus carried by South East Asian bats and able top 
infect pigs and people.

SARS  MERS and other coronaviruses Severe Acute Respiratory Syndrome virus (SARS). News update, July 2013 
Since September 2012, a mysterious respiratory infection has been spreading 
through hospitals in Saudi Arabia and has popped up in nearby countries. 
MERS (Middle East Respiratory Syndrome) is a coronavirus, like SARS, and has 
health workers thinking about the devastating effects of that outbreak. So far the 
new virus, which can cause severe pneumonia and kidney failure, has infected 
64 people and killed 38. Some cases are unexplained, but many were 
contracted from other infected people in the hospital. The ease with which the 
virus spreads from person to person suggests that it has the potential to trigger 
an epidemic. 



Ebola (a filovirus)
Virus hides in plain sight and travels widely 
via fruit bat hosts who do not get sick, but 
carry plenty of viruses.
Epauletted 
fruit bat

Hammerhead  
fruit bat

Epauletted fruit bat (Epomops franqueti) and Hammerhead fruit bats 
(Hypsignathus monstrosus) have been found to carry Ebola virus but show no 
signs of disease!

Bats are affected by novel diseases themselves

greater horse shoe bat Rhinolophus

white nose syndrome in little brown bat,  
USA East Coast

Bats affected by fungal “white nose” disease shed much more corona viruses in their feces! 

Davy, C.M. et al. White-nose syndrome is associated with increased replication of a naturally 
persisting coronaviruses in bats. Sci. Rep. 2018, 8, 15508. 

Monitoring bats and their viruses
Dr. Zhengli Shi

A team of researchers from the Wuhan Institute of Virology and the EcoHealth Alliance 
have trapped bats in caves all over China, like this one in Guangdong, to sample them 
for coronaviruses. 
A research group sent fecal and other bodily samples from bats they trapped in caves to 
the Wuhan Institute of Virology to search for coronaviruses. 
As part of a long-running effort to see what viruses bats harbor, researchers in China 
examine one temporarily captured in a cave in Guandong. ECOHEALTH ALLIANC 

Professor Zhengli Shi from the Wuhan Institute of virology has long studied bat corona 
viruses. In a paper from 2019. she and her colleagues essentially predicted the current 
pandemic: 
https://www.mdpi.com/1999-4915/11/3/210



Shenzhen, China Democratic Republic of CongoN. Sulawesi, Indonesia

Wildlife trade, bush meat (wet) markets

San Diego, USA Seattle, USAWuhan, China

“Wet Markets” where animals caught in the wild are directly sold to customers 
for food. 
The Huanan wet market in Wuhan is the very likely starting point of the Covid-19 
pandemic.

Human Siglecs: fine-tuning immune responses

Lacking signaling 
motifs

IT
A

M
IT

A
M

Phosphorylated ITAMs 
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CD33/Siglec-3–related Siglecs (CD33rSiglecs)

“Brakes” 
on immune cells:

Siglecs= Sialic acid-binding Immunoglobulin related Lectins
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Immune cells carry “brakes” self and non-self sensing innate molecules that can tune 
down unnecessary inflammation.

Sialic acids, CD33 on microglia, evolutionary exploitation by 
pathogens, host escape, and cognitive maintenance

Scenario for important change in brain immunity and late life protection of cognition. 
Humans underwent a change in cell surface sialic acids. 
One of their innate receptors (Siglec 3 = CD33) adapted to binding this changed 
surface, including in the brain. 
Human pathogens infect the brain (Neisseria gonnorhoeae and Group B Streptococcus) 
by binding the innate receptor. 
Humans evolved a truncated variant of the receptor that cannot be bound by 
pathogens. 
That truncated version happened to have protective effects in late life, helping the 
microglia (immune cells of the brain) to clean up plaque and protect from 
neurodegenerative disease. 



Culture Can Change the Selective Landscape

Springer and Gagneux 2016, Médecine & Sciences

Genes with good effects early in life selected even if the same genes have bad effects late in life: —-> 
basis for aging (“antagonistic pleiotropy” George Williams)

The altered human age pyramid allows for unexpected selection late in life, mediated by help 
provided by elders to younger group members.Genetic variants that protect the aging mind can 
be selected by their effects on younger relatives, an example of kin-selection in action.

P. Gagneux redrawn from  
Hayakawa, T. and Varki, A. 2012 Post-genome Biology of Primates.

Rapid evolution of Siglecs in Humans It appears that the change in sialic acid biology triggered by the loss-of-function 
mutation of CMAH gene, was followed by a series of changes.

Genome Biol Evol, Volume 12, Issue 7, July 2020, Pages 1040–1050, https://doi.org/10.1093/gbe/evaa125 

Evolutionary changes in hominid 
SIGLEC genes. The tree represents 
phylogenetic relatedness among 
hominids and ...

Human specific changes in SIGLEC genes? Evolutionary changes in hominid SIGLEC genes. The tree represents phylogenetic 
relatedness among hominids and different types of genomic events are depicted 
according to the color codes. Siglec expression differences are based on more limited 
comparisons . 



Our Viral Natures:

Educational Broadcasting Service, South Korea, Documentary on Post Covid, December 2021.

Recent documentary by South Korean Educational Broadcasting System. 
I was asked to discuss the importance of viruses to the process of evolution.

Junk DNA or Deeper Genome???

less than 2 % protein coding DNA
26% intron DNA 
~45% Transposon DNA!!! 
8% endogenous retrovirus DNA

Endogenous viruses have evolved into very useful 
protein for placentation (Syncytin & Suppressyn) 
spermatogenesis (HERV 9 regulating Tp63)!

Two books discussing the possible functions of “junk DNA”. 
Many functional parts of our genomes have not been fully explored yet!

Endogenous retroviruses (ERV)

HERV K family
Around 8 percent of our genetic code 
stems from HERVs, the bulk of which 
integrated during primate evolution.

The Scientist Magazine 
Küry, P et al. , Human Endogenous Retroviruses in Neurological Diseases, 
Trends in Molecular Medicine, Volume 24, 2018, Pages 379-394,

These “genomic parasites” came from outside and then “went germ line” in their host.  
When a virus integrates in the genome of its host, it can become part of the host 
genome. Such viruses are known as endogenous viruses. 
HERV are human endogenous retroviruses, these are only found in humans and infected 
our germ line after the common ancestor with chimpanzees and bonobos. They have 
now become “us”. 



Summary
Humans have become a planet-altering force.

Microbes can become pathogenic after crossing into novel species: emerging disease!

Human contact with wildlife is ever more invasive: main facilitator of emerging diseases.

Wild animals can be affected by novel diseases, 
increasing the chance of them spreading pathogens to humans. 

We have to stop the uncontrolled pillaging of wild animals for human consumption.

We have to rethink how we use animals in the context of emerging diseases: spill over 
infections and antibiotic resistance in farm animals.

We can only hope that human prosocial tendencies will allow us to take better 
care of each other and the life-support systems of our planet.

Evolutionary changes in human cell surface molecules, shared by several animal species.

Thank You


