
Antibiotics, or drugs produced by microbes 
that kill other microbes, especially bacteria, 
have been used to fight infections since the 
1930s.Use of antibiotics, particularly over-
use or inappropriate use, results in bacteria 
becoming resistant to antibiotics. This is a 
growing problem, and because of it people die 
from infections that cannot be treated with 
antibiotics. Katariina Pärnänen studies anti-
biotic resistance at the University of Turku. 

“When a person has been infected with 
an antibiotic-resistant bacteria, they will 
not respond to treatment with antibiotics.
These days antibiotic-resistant bacteria 
are typically  resistant not just to one but 
as many as 15 different antibiotics.”

A problem for human and  
environmental health
Antimicrobial resistance genes are a grow-
ing problem globally. They are found not just 
in the human gut but also in soil, wastewa-

ter, fish farms and animal farms. Resistance 
genes found in our environment may ulti-
mately end up in the human gut.

“Everything about microbes is of inter-
est to me. From research perspective, it is 
quite useful that I have some understanding 
of what happens in pig farms, fish farms or 
in a river flowing through a big city in Indo-
nesia. At the University of Helsinki, I studied 
the infant gut microbiome and the connec-
tion between formula or breastfeeding and 
the number of resistance genes. In a way, 
my research represents the ‘One Health’ 
approach,” Pärnänen says.

Discovery of new viral diseases and 
threats of such diseases in the early 2000s 
led to the emergence of the One Health and 
Global Health research concepts: a broad 
understanding of the need to protect human 
and animal health and the ecosystem.The 
movement initiated by physicians and vet-
erinarians represents an interdisciplinary 

approach that covers the local, regional, 
national and international levels. 

“I want to address antibiotic resistance 
as a problem that affects human health, 
animal and food production, and environ-
mental health. Previously I studied the ways 
in which resistance genes were passed on 
from mothers to children, and how the du-
ration of breastfeeding affected the num-
ber of these genes. Now my focus is on the 
various factors linked to antibiotic resist-
ance of the gut microbiota.These include 
overuse of antibiotics, living environment 
and health history. These may provide an 
indication of whether the person is likely to 
carry antibiotic-resistant bacteria.”

New sequencing techniques  
a breakthrough in the study  
of microbes
The study of environmental bacteria and 
their genes took a giant leap forward with 

Antibiotic-resistant bacteria are a global problem

Antibiotic-resistant bacteria carry resistance genes and often become dominant in microbial popula-
tions. Bacteria can also mutate and receive genes from other microbes that make them resistant to anti-
biotics. Katariina Pärnänen, post-doctoral researcher at the Academy of Finland, searches for and iden-
tifies these genes that have been collected from different environments around the world and stored in 
databases.



“In some species of bacteria, it is possi-
ble to identify genes that appear in its ge-
nome only once. By comparing these with 
genes in the databases of other species, we 
can identify the species in question. We look 
for matches with resistance genes stored in 
databases. Then we can say that the person 

has ten resistance genes in their stool sam-
ple, or that they carry a certain amount of 
coliform bacteria.”

Resistance genes are everywhere
Pärnänen was one of the researchers in a 
study where resistance genes from human 
feces were analysed.The study involved a 
comparative analysis of bacteria found 
in wastewater treatment plants in seven 
countries.Half of the world’s population 
carry the CrAssphage virus – a bacteri-
al parasite – in their intestines.The gene 
sequence of this phage was used in the 
study as a marker to indicate feces-based 
infection. 

 “The same resistance genes can be 
found all over the world. Antibiotic resist-
ance is often called an invisible pandem-
ic, because the same resistance genes are 
spreading beyond country borders. Howev-
er, certain genes are more common in some 
parts of the world than others.”

These genes may be found in larg-
er numbers in India than, for example, in 
Northern Europe. There are also signifi-
cant differences between Southern and 
Northern Europe.

the introduction of next generation se-
quencing methods. NGS is based on mas-
sively parallel sequencing, where millions 
of short DNA fragments are cloned simul-
taneously.The analysis method is referred 
to as metagenomics, as it allows the ge-
nome analysis applied to an individual spe-
cies to be used for a group of genes that 
were recovered from the environment 
and sequenced.The first metagenomics 
based study of antibiotic resistance was 
published in 2014.

“Antibiotic resistance has been studied 
for a long time, but with NGS we can now 
analyse all resistant genes from a single 
sample instead of just individual genes,” 
Pärnänen explains.

Metagenomics related studies have 
shown that antibiotic resistance genes are 
commonly found in our environment. The 
risk of these genes transferring to bacteria 
that cause infections in humans is significant. 

Pärnänen uses metagenome sequence 
data that is stored in extensive open data-
bases. She uses supercomputers at CSC – IT 
Center for Science to analyse the data,al-
lowing her to identify different species of 
bacteria and their resistance genes.

Biofilm refers to an organized structure for-
med by microbes and attached either to an 
organic or a nonliving surface. Antibiotic re-
sistant bacteria. Rod-shaped and spherical 
bacteria: Escherichia coli, Pseudomonas ae-
ruginosa, Mycobacterium tuberculosis, Kleb-
siella, and Staphylococcus aureus.



“The E. coli strains that cause urinary 
tract infections in southern Europe can be 
very resistant.”

Bacteria do not cause a serious disease 
in a healthy person, but sometimes an intes-
tinal infection may be caused by a resistant 
bacterium.

“An infection caused by resistant bac-
teria is difficult to treat. Usually the most 
difficult resistant infections found in Fin-
land are diagnosed in persons who had trav-
elled abroad.”

In 2002, stool samples were collect-
ed from Finnish adults as part of the FIN-
RISK study by Finnish Institute of Health 
and Welfare (THL), and the sequence data 
of the microbes found in the samples was 
analysed. 

“Together with THL researchers we an-
alysed samples from the Finnish population 
to see what the potential impacts of resist-

ance could be and how a large number of 
resistant bacteria would affect a person’s 
health. Are high levels of antibiotic resist-
ance genes associated with risk of death 
during the follow-up period? 

It has been predicted that in 2050 more 
people will die from antibiotic-resistant 
infections than from cancer. Infectious dis-
eases would be the most common cause of 
death.Antibiotics are currently being used 
more on farm animals than on humans, and 
at the same time our consumption of animal 
protein is growing. According to Pärnänen, 
the best way to fight the resistance crisis is 
to use antibiotics only to treat bacterial in-
fections and only when there is evidence to 
prove that antibiotics will help. Similarly, an 
appropriate diet or lifestyle may reduce re-
sistance genes in the intestinal microbiota. 

“In studies conducted recently in the 
United States, fibre intake was linked to a 

low rate of resistance genes while animal 
protein in the diet was linked to a high rate 
of genes.You could say your gut microbiota 
is what you eat.”

Katariina Pärnänen works in the re-
search team of assistant professor Leo Lahti. 
The team develops machine learning mod-
els that screen microbial groups from large 
data collections.

“Antibiotic resistance is one example of 
a research area where we use new meas-
urement methods and computing capacity 
in a way that has not been done before.This 
research naturally combines different meas-
urement environments from the human 
body to the environmental microbiome.This 
type of research generates ideas for method 
development that benefits researchers in 
various fields,” Leo Lahti comments.

Katariina Pärnänen would like to extend 
her research to the world’s entire human 
population and study the gut microbe sam-
ples that have been metagenome sequenced 
and are openly available in databases. 

“It would be interesting to discuss the 
technical feasibility of such a project with 
CSC experts.It would also promote open 
science, because the identified resistance 
genes and species found in microbiomes 
could also be stored for use by other re-
searchers.”    
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MORE INFORMATION:

CSC – IT Center for Science
is a non-profit, state-owned company administe-
red by the Ministry of Education and Culture. CSC 
maintains and develops the state-owned, centra-
lised IT infrastructure.

http://www.csc.fi 
https://research.csc.fi/cloud-computing

ELIXIR
builds infrastructure in support of the biological sector. 
It brings together the leading organisations of 21 Eu-
ropean countries and the EMBL European Molecular 
Biology Laboratory to form a common infrastructure 
for biological information. CSC – IT Center for Science 
is the Finnish centre within this infrastructure.

http://www.elixir-finland.org 
http://www.elixir-europe.org

www.elixir-finland.org

ELIXIR FINLAND

Tel. +358 9 457 2821s   ●  e-mail: servicedesk@csc.fi 

www.elixir-europe.org/about-us/who-we-are/nodes/finland

ELIXIR HEAD OFFICE

EMBL-European Bioinformatics Institute 
www.elixir-europe.org

Intestinal bacteria helps control intestinal di-
gestion and the immune system. Probiotics are 
beneficial bacteria used to help the growth of 
healthy gut flora, such as lactid acid bacteria.


