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What does the migration of bats have to do with Ebola 
epidemics? More than you (and even a lot of Ebola researchers) 
might think. In general, bats are very beneficial for us humans. 
They pollinate important food plants and also eat tons of 
insects that can either hurt us (like mosquitoes) or eat our 
crops (like caterpillars). However, like all animals, they have 
diseases and parasites, and sometimes these affect us. For 
example, some species of bats carry Ebola and, through little 

fault on their own, can pass it on to humans. Here we develop a 
mathematical model to predict how the seasonal flight patterns 
(migrations) of bats, their food sources, as well as the way they 
react to  Ebola infections might help spread the Ebola virus. We 
show that these and other factors, like seasonal changes and 
the way humans change bats’ habitats by cutting down forests, 
need to be considered when trying to understand diseases like 
Ebola.

Introduction

Abstract

Figure 1:

Ebola virus  (EBOV)

Ebola (or Ebola hemorrhagic fever, as it used to be called) is 
an extremely deadly disease. In the last major epidemic in 
2014, over 11,000 people died, mostly in West Africa. What 
makes it so dangerous is that it’s highly contagious, has a 
mortality rate of 25-90%, and has no cure or vaccine. 

Understanding how Ebola outbreaks start may help us 
prevent them or at least be better prepared. So what causes 
Ebola, and where does it come from? We know that Ebola 
is caused by the Ebola virus (Fig. 1). People can get it from 
coming in contact with the bodily fluids of infected people. 
But if that was the only way, the virus might wipe itself 
out by killing off its own host, so it must be able to survive 
outside of the human body. 

We now know that many animals act as carriers for viruses. 
For the Ebola virus, it’s mainly bats. Carriers are also called 
reservoirs because unlike humans, infected bats don’t get 
sick and die, so the virus stays inside them for a long time. 
The bats carry it wherever they go, and that means if they 
come in contact with humans, it can spread quickly, causing 
widespread epidemics.

We thought that in order to understand Ebola outbreaks 
better, it’s not enough only to look at the movement of 
infected people (like many epidemiologists do). It’s also 
important to take a look at the movement of its non-human 
carriers, such as bats.

Why don’t bats get Ebola 
fever? Interestingly, 
scientists believe that their 
ability to fly might keep the 
virus at bay. Flying uses a 
lot of energy, and produces 
a lot of heat. This might 
help fight off the virus (like 
fever helps to fight diseases 
in humans). For more info, 
go to ScientificAmerican.
com and search “Why don’t 
bats get ebola?”
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Results
Our model allowed us to study how the environmental 
pressures (food) and the seasonal changes (climate) affect 
bat migration patterns and how these can either encourage 
or interfere with Ebola virus infections. (Humans can only 
get Ebola from a bat if the bat itself is infected, and humans 
and bats have to be in the same place and interact for a 
transfer of the virus to happen). So in order to understand 
how bats can pass on the virus to humans, we have to 
know the whereabouts of infected bats. We know that bats 

sometime stay in the same area for quite some time, and 
then take off and move, sometimes over  long distances. 

Our model predicted that food availability plays a big role in 
causing bats to migrate (Fig. 2). If bats cannot find enough 
food where they live (this means their habitat has reached 
or exceeded its carrying capacity for bats), they move to 
places with more or better food. We also saw that the more 
food was available for bats, the less likely they were to be 
infected by the Ebola virus, and vice versa.
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methods
We set out to create a mathematical model that could help 
us to predict the spread of Ebola viruses by analyzing the 
migration patterns of bats.

In order to make our model more realistic (so that it could 
reflect and predict reality better), we had to include many 
different factors that might influence the migration pattern of 
bats. We considered the following factors in our calculations: 

    birth and death rates of bats

    rate of infection of bats with the Ebola virus and
    recovery rates

    mobility of bats

    seasonal changes

    environmental pressures for bats
    (including available food and shelter)

We then divided the bat populations into different “states”: 
non-infected, infected, and recovered (Fig 2). Bats may 
“jump” between these states, meaning a healthy bat can 
become infected with the virus or temporarily fight it off (no 
virus present in the bat’s body).

BATS

healthyinfected

recovered

Resources
(Carrying
Capacity)

Figure 2:
Visualization for our model that aims 
at understanding the role of bats in 
Ebola epidemics. We considered three 
possible states for bats: healthy bats, 
infected bats, and recovered bats. 
The resources (including food and 
shelter) available to bats influences 
the number of bats that can live in a 
given habitat (its “carrying capacity”). 
Therefore it’s important to consider 
changes in resources to understand 
the reasons for bat migration.
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Our model helped us to understand why and when bats 
migrate, and the likelihood of them being infected by the 
Ebola virus at any given time. Seasonal changes, differences 
in climate, and food availability are all factors that influence 
bat migration patterns, and thus need to be considered when 
trying to understand Ebola epidemics. This is crucial for our own 
survival, but also that of many other species. Take the highly 
endangered gorilla, for instance, which we are desperately 
trying to protect with large and costly conservation measures. 
Apart from us humans, diseases like Ebola are the gorilla’s 

biggest threat.

It is important to know that bats do not transfer the Ebola 
or other viruses actively, by biting or otherwise attacking 
people. Instead, people come into contact with infected bats 
by hunting them for food (“bush meat”) or getting too close to 
their roosts. Also, when people cut down forests, they reduce 
the amount of habitat or food resources available to bats. This 
forces the bats to move to new areas, often closer to people, 
increasing the risk of infection if they carry viruses like Ebola.

Discussion

Conclusion
Our study showed us that it’s important to look at the 
big picture when trying to find answers to complex 
questions. Previous epidemiology studies mostly focused 
on movement of infected people when trying to understand 
how dangerous diseases like Ebola spread. However, it’s 
equally important to consider the role other factors such 
as the movement of animal carriers of viruses, like bats. 

This opens further questions, like what causes animals to 
leave their habitat in the first place. When looking at the 
bigger picture, we discover our own role in the process: 
by cutting down forests and reducing habitats for bats and 
other animals, we not only harm them, but also increase 
our own chance of getting sick.
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Ebola (or Ebola hemorrhagic fever) – an often deadly disease for humans and other animals that is caused by the Ebola virus.

Ebola virus – a type of virus (a pathogen that needs the cells of another organism to multiply) that causes the Ebola disease.

Epidemic – the fast spread of an infectious disease among a large number of people in a short amount of time.

Epidemiology – science that aims to understand the origin and spread of infectious diseases.

Epidemiologist – scientists who study epidemics.

Host – an organism that harbors a parasite or virus.

Migration – seasonal movement of animals from one region to another.

Mortality rate – the number of deaths in a given area per unit of time.

Reservoir – a long term host for a parasite or virus. Often, these reservoir hosts do not get sick.

Glossary of Key Terms
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Check your understanding

You read in this paper that bats can transmit diseases like Ebola to people. So do we have to 
fear all bats, like many people believe? Do they mean to hurt us or make us sick?

In our study, we looked at migration patterns of bats (among other things). What other animals 
do you know that migrate, and why?

Viruses like the Ebola virus are often deadly to people. What do you think: Is it in the interest 
of the virus to kill all of its hosts?

Does the Ebola virus make bats sick too? 

What can we all do to protect bats better, and reduce their likelihood to  transmit diseases to 
humans?

1

2

4

3

5

REFERENCES
Javier Buceta and Kaylynn Johnson (2017) Modeling the Ebola zoonotic dynamics: Interplay between enviroclimatic 
factors and bat ecology. Plos One
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0179559
Anna Fagre (2016) Why Don’t Bats Get Ebola? Scientific American: Guest Blog.
https://blogs.scientificamerican.com/guest-blog/why-don-t-bats-get-ebola/
Kai Kupferschmidt (2017) Hunting Ebola Among Bats in the Congo. Science.
http://www.sciencemag.org/news/2017/06/hunting-ebola-among-bats-congo
Jim Robbins (2016) How Forest Loss is Leading to a Rise in Human Disease. Yale Environment 360.
http://e360.yale.edu/features/how_forest_loss_is_leading_to_a_rise_in_human_disease_malaria_zika_climate_change

http://journals.plos.org/plosone/article%3Fid%3D10.1371/journal.pone.0179559%0D
https://blogs.scientificamerican.com/guest-blog/why-don-t-bats-get-ebola/
http://www.sciencemag.org/news/2017/06/hunting-ebola-among-bats-congo
http://e360.yale.edu/features/how_forest_loss_is_leading_to_a_rise_in_human_disease_malaria_zika_climate_change

