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Can we smell malaria?

Abstract
Malaria is one of the deadliest diseases in the world. People 
get infected through a mosquito bite after which the 
symptoms can vary from a mild feverish disease to a deadly 
one. There are some people though who don’t develop any 
symptoms - but they can still transmit malaria. This makes 
it more difficult to control the disease as there are more 
infected people out there than it appears. Other researchers 
have discovered that malaria can change people’s odor in 
order to attract mosquitoes. We wanted to see if we could 

use these changes to identify malaria cases. We collected 
odor and blood samples from approximately 400 children 
from Kenya. We observed different odor patterns in children 
who were infected with malaria and showed symptoms, 
those who were infected but did not have symptoms, and 
uninfected children. Using these patterns we were able to 
predict who has malaria and who does not, regardless of 
whether they showed symptoms.
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Introduction
Malaria is one of the deadliest diseases in the world – every 
year it kills more than 400,000 people. Tiny parasites, which 
mosquitoes transmit when biting, cause this dangerous 
disease (Fig. 1). The symptoms include fever, fatigue, 
headaches, and vomiting, but in severe cases, malaria 
can cause seizures and coma. Sometimes though, people 
are asymptomatic, which means they don’t develop any 
symptoms but can still transmit the disease. These people 
don’t feel ill, so they don’t seek treatment. This poses a 
problem when it comes to malaria control. Health officials 
want to administer drugs to all sick people to eliminate the 
disease, but they would miss the infected people who show 
no symptoms.

So how should we identify asymptomatic malaria cases? 
There are some existing methods such as microscopy and 
rapid diagnostic tests (RDT) but both of them are not very 
good at identifying malaria when there are extremely low 
levels of parasites in the body. Searching for the parasite’s 
DNA is a much better method as it doesn’t miss any 

asymptomatic infections, but it costs a lot and takes more 
time. This is why we wanted to think of a new sensitive 
method that didn’t require taking blood samples.

Figure 1:
One of the causative agents of malaria (Plasmodium falciparum) in human blood.

Source: Centers for Disease Control and Prevention
 https://www.cdc.gov/dpdx/malaria/index.html

https://www.cdc.gov/dpdx/malaria/index.html
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methods

results

We interviewed approximately 400 children under the age of 
12 in Kenya for the presence of any symptoms and collected 
two kinds of samples from them:

1    Blood samples – to establish if they had malaria 

2  Odor samples from one foot and one arm – to test 
      our idea

For the curious: to collect odor samples we sealed the 
children’s feet and arms in plastic bags, ran air through the 
bags and collected the chemicals from their odor on a filter 
(Fig. 2).

We tested the blood samples for malaria using RDT, 
microscopy and parasite DNA analysis. We then used mass 
spectrometry and gas chromatography to analyze the 
different odor chemicals. To visualize these differences we 
constructed patterns of the amounts of the odor chemicals. 
From these patterns, we created models which could help 
us predict if a person has malaria or not based on the odor 
emitted. We used the created patterns of one-third of the 
children’s samples to see if we could predict the malaria 
status of the other two thirds – only based on their odor!

Previous research has shown that malaria parasites alter the 
odors of infected people (and other animal hosts), possibly 
to attract mosquitoes that will carry them to new hosts.This 
happens even in asymptomatic people infected with malaria. 

What if we could track the changes in people’s odor due 
to this infection? Could we use this as a diagnostic tool to 
find malaria cases, even asymptomatic ones? That’s what 
we wanted to find out.

Please see
Figure 3 Page 3

Figure 2:
Children’s arms
and feet were sealed
in plastic bags, and
air run through the 
bags collected the 
odors from their
skin on filters.

Source: ETH Zürich

After the interviews and blood sample tests, we chose any 
samples in which the microscopy and DNA testing were both 
positive or both negative and then divided the children into 
three groups:

Uninfected – 134

Symptomatic – 134

Asymptomatic - 62

The results from the gas chromatogram – mass spectrometer 
showed us that each of the three groups – uninfected, 
symptomatic, and asymptomatic – had a different chemical 
pattern in the odor samples (Fig. 3).

It turned out that the chemical patterns are very reliable as 
a diagnostic tool – using our model we were able to identify 
95% of the children with malaria. Our model could also help 
us distinguish asymptomatic malaria cases from symptomatic 
ones.

Our results also showed us that foot odor was a bit better 
than arm odor to use as a diagnostic tool.
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conclusion
Malaria is just one of many mosquito-borne infections. In fact, 
mosquitoes are the deadliest animals on Earth, transmitting 
diseases that kill more than 700,000 people every year. No 
specific cure or vaccines exist for most of these diseases. 
This is why the best prevention against mosquito-borne 
infections, is to avoid mosquito bites:

Use repellents! (remember there are species of mosquitoes 
that bite during the day as well)

Wear long sleeves

Use mosquito bed nets if sleeping in a malaria-endemic 
region

Don’t leave stagnant water outside – it’s a paradise for 
mosquitoes.

Figure 3:
Differences in odor chemicals from arm and foot among 
uninfected children and children with symptomatic and 
asymptomatic malaria infections. Points represent individual 
samples, colors represent malaria status.

Our research shows that malaria definitely affects human 
odor. Children who were uninfected, infected with symptoms 
or infected without symptoms emitted different odor patterns. 
Using these patterns, we were able to tell which children had 
malaria and which did not – even if they didn’t show any 
symptoms. 

Our model for predicting malaria infections using odor showed 
great results. It detected more cases than the existing rapid 
diagnostic tests used for malaria detection. This is why we 
believe our method can be very useful for massive screening 
for malaria detection and help better control this deadly 
disease, as it can accurately detect both symptomatic and 
asymptomatic cases.

Discussion

https://doi.org/10.1073/pnas.1801512115
https://www.cdc.gov/malaria/about/faqs.html
https://www.epa.gov/insect-repellents/find-repellent-right-you
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Glossary of Key Terms

How can a person get infected with malaria? And what symptoms can occur?

Why are asymptomatic cases a problem for malaria control?

Why can we use odor as a malaria detection method?

How does our method compare to other existing mass screening methods?

How can you protect yourself against malaria and other mosquito-borne diseases?

Check your understanding
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Asymptomatic – an infection in which the infected person doesn't show any signs of being sick.

Gas chromatography – a method of separating and analyzing a mixture of different volatile chemicals (gases).

Mass spectrometry – a method for identifying the chemical constitution of a substance by analyzing the mass-to-charge ratio of 
its ions.

Microscopy – in this case, looking at blood samples under a microscope.

mosquito net – a sort of curtain which keeps mosquitoes and other insects at a distance. Some nets are covered with insecticides 
which kill any mosquito that touches them.

Parasite – an organism (e.g., flatworms, roundworms, and many others) that lives inside or attached to another organism, called 
the host. The relationship is always the same – good for the parasite, bad for the host. The malaria parasites are from the genus 
Plasmodium.

rapid diagnostic tests (rDts) – tests which show whether you have a disease (like malaria) in about 20 minutes. RDT may be 
less sensitive or accurate than reference methods.

repellent – a chemical that is used to stop insects (and sometimes ticks) from biting you. The most commonly used repellent 
chemical for mosquitoes is DEET.

transmission – the passing of a disease from one individual to another.


