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Recommended readings

Human impact on (emerging) 
infectious diseases – part 2

Lecturer: Prof. Melanie Blokesch



Outline of today’s lecture

1. Emerging infectious diseases

2. Emerging viruses.

3. Specific examples – HIV, Ebola, Zika, Corona viruses. 
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Risk of EIDs in context of Sustainable Development Goals 

Di Marco et al. (2020) PNAS
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Impacts of emerging infectious diseases (EIDs)

• Cause large-scale mortality and morbidity.

• Disrupt trade and travel networks. 

• Stimulate civil unrest.

• Impact the economy => SARS outbreak in 2003, the H1N1 pandemic in 2009, 
and the West African Ebola outbreak in 2013–2016 each caused more than US 
$10 billion in economic damages.

 

Di Marco et al. (2020) PNAS

Disease emergence correlates with human population density and wildlife 
diversity, and is driven by anthropogenic changes such as deforestation and 

expansion of agricultural land (i.e., land-use change), intensification of 
livestock production, and increased hunting and trading of wildlife.
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Global trends in EIDs

Jones et al. (2008) Nature

a, pathogen 
type

b, transmission 
type

c, drug 
resistance 

d, transmission 
mode 
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Richness map of origins of EID (1940-2004) 

Jones et al. (2008) Nature



7

Distribution of relative risk of an EID event

Jones et al. (2008) Nature

a, zoonotic pathogens from wildlife

c, drug-resistant pathogens 

b, zoonotic pathogens from non-wildlife

d, vector-borne pathogens
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Potential biases in study

• How to define ‘emerging’?

• Closely related pathogens sharing characteristics (impacts statistical analyses).

• Reporting bias.

Woolhouse (2008) Nature

Once reporting bias is accounted for => in general, most emerging 
infections are found where there are most people.

“We must expect more infectious diseases to emerge in the near future”
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Emerging viruses

• Novel viruses or genetically altered forms of known viruses often cause 
epidemics that can be disastrous.

• Numerous factors contribute to the propensity of viruses to emerge as 
pathogens: 

- High mutation rates.

- Genetic recombination.

- Host range expansion.

- Zoonotic potential.

- Ability to evade host defenses.



Epidemic/Pandemic viruses with known host jumps 

Wasik et al. (2019) Phil. Trans. R. Soc. B
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Human immunodeficiency virus (HIV)
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HIV/AIDS by the numbers
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Our World in Data



HIV/AIDS by the numbers

Our World in Data
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HIV/AIDS by the numbers

UN AIDS
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Origins of HIV
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Hahn (2005) THE PRN NOTEBOOK 



Occurrence of common chimpanzee (Pan troglodytes) 
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Hahn (2005) THE PRN NOTEBOOK 



Exposure to primate blood – bushmeat trade
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Hahn (2005) THE PRN NOTEBOOK 



Origins of HIV and the AIDS Pandemic

Sharp and Hahn (2011) Cold Spring Harb. Perspect. Med.
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• Acquired immunodeficiency syndrome (AIDS) of humans is caused by two 
lentiviruses – HIV-1 & HIV-2

• HIV-1 & HIV-2 result of multiple cross-species transmissions of simian 
immunodeficiency viruses (SIVs) naturally infecting African primates. 

• Most transfer resulted in limited spread.

• One transmission event from chimpanzees in south-eastern Cameroon gave 
rise to HIV-1 main (M) group - the principal cause of the AIDS pandemic.

• Tracing genetic changes that occurred SIVs (monkeys) -> to apes -> to 
humans provides framework to examine requirements of successful host 
switches and zoonotic risk.



Phylogeny of lentiviruses

Sharp and Hahn (2011) Cold Spring Harb. Perspect. Med.
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Origins of HIV

Sharp and Hahn (2011) Cold Spring Harb. Perspect. Med.
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Distribution of SIVcpz infections

Sharp and Hahn (2011) Cold Spring Harb. Perspect. Med.
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Distribution of SIVgor infections 

Sharp and Hahn (2011) Cold Spring Harb. Perspect. Med.

22



HIV strains and their emergence in humans

Wasik et al. (2019) Phil. Trans. R. Soc. B
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Ebola virus
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Filovirus taxonomy

Jacob et al. (2020) Nat. Dis. Primers
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Ebola pathogenesis

Jacob et al. (2020) Nat. Dis. Primers
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Ebola virus transmission

Jacob et al. (2020) Nat. Dis. Primers

27



Ebola discovery and outbreaks

Jacob et al. (2020) Nat. Dis. Primers

• Ebola virus (EBOV) discovered in 1976 in Democratic Republic of the Congo 
(DRC; then Zaire).

• At least 17 Ebola virus disease outbreaks originated in Gabon, Guinea, the 
Republic of the Congo or Zaire/DRC.

• Estimated 33,604 EBOV infections in humans, including 14,742 deaths 
(average CFR 43.8%).
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Ebola virus disease outbreaks

Jacob et al. (2020) Nat. Dis. Primers
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Ebola virus disease outbreaks

Jacob et al. (2020) Nat. Dis. Primers
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Ebola outbreak 2013-2016

Jacob et al. (2020) Nat. Dis. Primers
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Holmes et al. (2016) Nature
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Ebola outbreak 2013-2016



Holmes et al. (2016) Nature
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Ebola outbreak 2013-2016



Holmes et al. (2016) Nature
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Ebola outbreak 2013-2016 – sequencing efforts



Ebola sampling and investigation locations

Marí Saéz et al. (2015) EMBO Mol. Med.
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Ebola sampling and investigation locations

The Atlantic, 2014
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Ebola sampling and investigation locations

Marí Saéz et al. (2015) EMBO Mol. Med.
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Meliandou

burnt hollow tree



Ebola sampling and investigation locations

Marí Saéz et al. (2015) EMBO Mol. Med.
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Bottlenecks to spillover - Ebola

Plowright et al. (2017) Nat. Rev. Microbiol.

• Not been isolated from bats – definitive 
reservoir unknown.

• Pathogen released through excretion or 
slaughter => environmental survival for a 
week.

• Zoonotic exposure = bottleneck => human 
interaction with bats, bushmeat, carcasses 
of other species.

Once exposed, within-host barriers to Ebola 
viruses extremely low!
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Zika virus
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Zika virus

• Zika virus was first discovered in 1947 in a rhesus monkey in the Zika Forest 
of Uganda.

• First human cases of Zika identified in 1952 in Uganda and the United 
Republic of Tanzania.

• Virus remained confined to Africa and Asia for decades, with sporadic cases 
reported in these regions. 

• First major outbreak occurred in Micronesia in 2007. Subsequently, outbreaks 
were reported in other Pacific islands. 

• Zika virus reached the Americas in 2015, with Brazil experiencing a large 
outbreak that drew international attention.

• Rapid spread of Zika led the World Health Organization (WHO) to declare it a 
Public Health Emergency of International Concern in 2016.
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Emergence and evolution of Zika virus

Gutiérrez-Bugallo et al. (2019) Nat. Ecol. Evol.
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Zika virus disease

• Transmission: Virus is transmitted through Aedes mosquitoes, particularly Aedes 
aegypti and Aedes albopictus.

• Symptoms: fever, rash, joint pain, and conjunctivitis. Mostly mild and short-lived.

• Birth defects: Association with congenital disabilities, including microcephaly and 
other neurological complications in infants born to mothers infected during 
pregnancy.

• Preventive measures: 
- controlling mosquito populations 
- using insect repellents 
- wearing protective clothing
- implementing safe sex practices (to avoid sexual transmission).
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Vector-borne diseases
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Example of diseases transmitted to humans or other animals by blood-feeding 
arthropods such as mosquitoes, ticks, and fleas:

• Malaria
• Zika virus disease
• Dengue fever
• Chikungunya
• Yellow fever
• West Nile virus
• Lyme disease
• Japanese encephalitis
• Rift Valley fever
• Leishmaniasis
• Typhus
• Chagas disease
• Tularemia
• Onchocerciasis (River blindness)
• Filariasis
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Barba-Spaeth et al. (2016) Nature

Zika virus is closely related to Dengue virus

Phylogenetic trees of the main human pathogenic flaviviruses 



Vector-borne diseases
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Musso et al. (2015) Lancet



Reconstruction of A. albopictus and A. aegypti spread 

Kraemer et al. (2019) Nat. Microbiol.
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A. albopictus A. albopictusA. aegypti

Speed of spread in km per year 



Predicted geographical distribution by 2050 

Kraemer et al. (2019) Nat. Microbiol.
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A. albopictus

A. aegypti



Distribution of vectors naturally infected with Zika virus

Gutiérrez-Bugallo et al. (2019) Nat. Ecol. Evol.
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Distribution of hosts reported as susceptible to Zika virus 

Gutiérrez-Bugallo et al. (2019) Nat. Ecol. Evol.
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Zika virus and microcephaly cases in Brazil in 2015

Faria et al. (2016) Science
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ZIKV cases microcephaly cases 



Phylogeny of ZIKV 

Faria et al. (2016) Science
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Introduction of ZIKV to the Americas

Faria et al. (2016) Science
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Introduction of ZIKV to the Americas

Faria et al. (2016) Science
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ZIKV cases 
in FP



Zika virus vector-borne transmission

Gutiérrez-Bugallo et al. (2019) Nat. Ecol. Evol.
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Corona viruses – MERS, SARS, SARS-CoV2
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Coronavirus taxonomy and host distribution

Ruiz-Aravena et al. (2021) Nat. Rev. Microbiol.
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Distribution of reported bat hosts of coronaviruses

Ruiz-Aravena et al. (2021) Nat. Rev. Microbiol.
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Geographical distribution of reported bat hosts of CoV

Ruiz-Aravena et al. (2021) Nat. Rev. Microbiol.
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Pathways to pandemic emergence of bat coronaviruses

Ruiz-Aravena et al. (2021) Nat. Rev. Microbiol.
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Pathways to pandemic emergence of bat coronaviruses

Ruiz-Aravena et al. (2021) Nat. Rev. Microbiol.
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SARS: Chronology of the Epidemic

Enserink (2013) Science

62



SARS: Chronology of the Epidemic

Enserink (2013) Science
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SARS: Chronology of the Epidemic

Enserink (2013) Science
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Timeline of the key events of the COVID-19 outbreak

Hu et al. (2021) Nat. Rev. Microbiol.
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Phylogenetic tree

WHO
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Phylogenetic tree

Hu et al. (2021) Nat. Rev. Microbiol.
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Newest study on virome of small animals
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Virome composition in wild small mammals

Chen et al. (2023) Cell

• A large number of novel viruses were identified in wild small mammals 
from China.

• Some were of evolutionary significance or had the ability to jump 
species boundaries.

• Shrews carried the most viruses in total and in a single animal species.

• Rodents harbored most viruses with the potential be transmitted to new 
host species.
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Emerging infectious diseases

Di Marco et al. (2020) PNAS

Infectious zoonotic diseases typically emerge as a result of complex 
interactions between humans and wild and/or domestic animals

Around 70% of EIDs, and almost all recent pandemics, originate in animals 
(the majority in wildlife), and their emergence stems from complex 

interactions among wild and/or domestic animals and humans.


