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WELCOME

We are pleased to welcome participants to the Uppsala 
Antibiotics Days conference, a space for sharing ideas and 
improving networks within the field of AMR research and 
advocacy. As experts on this topic, we recognize the threat 
that AMR poses today and to future generations. Due to 
the complex nature of this problem, any lasting and tangible 
solutions require expertise from an multidisciplinary 
faculty that includes researchers, clinicians, political leaders, 
and the broader public. With this understanding in mind, 
this conference has been structured to facilitate the 
dissemination and development of ideas and innovation in 
different topics.

Over the next two days, you will hear from experts from 
a wide array of AMR-related specialties. As a way to 
maximize the take-home benefits, we invite you to take this 
opportunity to look at AMR from angles outside of your 
discipline. Above all, we hope this conference serves as a 
platform which inspires an open dialogue.  
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GENERAL INFORMATION

The registration desk is open from 8:00 on Thursday, November 24th. Make 
sure to pick up your name badge. Please wear it all the time so we can make 
sure you belong to the conference.

Welcome Desk

The plenary sessions will take place during Thursday 24th and Friday 25th in 
Room X at the University Main Building in Uppsala.

Plenary Sess ions

The poster session will take place on Thrusday 24th between 16:30 and 
18:00.  If you are presenting a poster you can find your poster number in 
this programme. Please make sure your poster is up before the end of lunch 
time on Thrusday, and removed latest at 18:00.

Poster  Sess ion

All coffee breaks, lunches and mingle during the poster session will be served 
in the area right outside of Room X at the University Main Building. Access 
to the served refreshments is limited to registered participants and speakers.

Cof fee Breaks,  Lunches & Ming le

The conference dinner will start at 18:30 -food served at 19:00- on Thrusday 
24th at Borgen Restaurant (Orphei Drängars plats 1) for those participants 
that pre-booked participation, and all invited speakers.

Conference Dinner
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We will be using the hashtag #UADays22 to cover the conference on 
Twitter. Feel free to use it to share what is happening throughout these two 
days. 

Soc ia l  Media



THURSDAY, NOVEMBER 24 TH

Registration 08:00-08:45

Opening 08:45-09:00

Linus Sandegren, Uppsala Antibiotic Center

Vice-chancellor Anders Hagfeldt, Uppsala University

Stakeholder Session (part 1) 09:00-10:20

The Uppsala Antibiotic Center, a multidisciplinary research initiative

Eva Garmendia, Project coordinator at the UAC

PLATINEA – joint actions on availability and optimised use of antibiotics

Thomas Tängdén, Project leader of PLATINEA

ENABLE-2, an antibiotic discovery platform

Diarmaid Hughes, Co-coordinator at ENABLE-2, Uppsala University

SLU research and other activities on AMR

Nils Fall, Professor in Veterinary Epidemiology at the Swedish 

University of Agriculture

Coffee Break 10:20-10:40
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Chair : Linus Sandegren, Uppsala Antibiotic Center
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Stakeholder Session (part 2) 10:40-12:00

How SVA contributes to the Swedish strategy against antibiotic resistance

Christina Greko, Veterinarian & antibiotic expert at the National 

Veterinary Institute (SVA)

ReAct’s perspectives on progress and barriers to manage the ABR challenge

Anna Sjöblom, Director at ReAct

LIF Action Plan on AMR

Bengt Mattson, Policy Manager at The Pharmaceutical Trade 

Association (LIF)

Towards the next level in the fight against AMR - repurposing and 

environmental sustainability

Björn Eriksson, Director General of the Swedish Medical Products 

Agency

Lunch Break 12:00-13:00
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KEYNOTE

Antibiotic inequality: Reality checks for an increasingly unreal world

Tim Walsh, Professor of Medical Microbiology at Oxford University

KEYNOTE

Impact of antibiotic resistance in clinical reality

Thomas Tängdén, Physician, Group Leader and Chair of the Swedish 

Strategic Programme against Antibiotic Resistance

Clinical Reality of AMR 13:00-14:35

SHORT TALK 1
Heteroresistance towards clinically relevant antibiotics in 500 blood 

stream infection Escherichia coli

Sofia Jonsson, PhD candidate at Uppsala University

SHORT TALK 2
Genomic epidemiology of carbapenemase producing and colistin resistant 

Enterobacteriaceae among sepsis patients in Ethiopia: A whole genome 

analysis

Melese Hailu Legese, PhD candidate at Addis Ababa University

SHORT TALK 3
Pharmacist-Prescriber-Partnerships to track and optimise antibiotic 

prescribing for acute cough in publicly funded primary care clinics in the 

Cape Town Metropole (PRINS Study)

Oliver Van Hecke, Senior Clinical Research Fellow at University of Oxford

Coffee Break 14:35-15:00
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Chair : Diarmaid Hughes, Uppsala University



Drug Discovery 15:00-16:30

SHORT TALK 4
Hit discovery for riboswitches as targets for antibiotics

Ruth Brenk, Professor at University of Bergen

SHORT TALK 5
Translational PK/PD for antibiotics discovery & development – A call for 

mechanistic PK/PD modeling

Caterina Bissant & William Stubbings, DMPK/PD leads at Roche 

Innovation Center

SHORT TALK 6
Beta-lactam/aminoglycoside combinations for the treatment of BSIs : A 

worrisome in vitro reality, of a common clinical practice

Nikos Kavalopoulos, Researcher at Uppsala University

SHORT TALK 7
The tale of two antibiotics – Arbekacin and Thermorubin

Suparna Sanyal, Professor at Uppsala University

Poster Session 16:30-18:00

Conference Dinner 18:30-late
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KEYNOTE

Trials and tribulation in an antibiotic discovery programme

Malcolm Page, Privatdozent for Biochemistry at the University of Basel

Chair : Anders Karlén, Uppsala University 



FRIDAY, NOVEMBER 25 TH

Social Sciences 09:00-10:30

KEYNOTE

Why culture matters in antibiotic use

Esmita Charani, Reader in Antimicrobial Resistance and Global Health at 

University of Liverpool

SHORT TALK 8
Socio-cultural determinants of antibiotic resistance: a qualitative study of 

Greeks’ attitudes, perceptions and values

Mirko Ancillotti, Postdoc at Uppsala University

SHORT TALK 9
Using theories of social practice to understand veterinary antimicrobial 

use across countries and species

Isabel Blanco-Penedo, Researcher at Swedish University of Agricultural 

Sciences

SHORT TALK 10
Gender and Antimicrobial Resistance: What Can We Learn From Applying 

a Gendered Lens to Data Analysis Using a Participatory Arts Case Study?

Nichola Jones, PhD candidate at University of Leeds

SHORT TALK 11
The value of Community Generated Data for understanding AMR 

dynamics in wildlife

Jessica Mitchell, Postdoc at University of Leeds
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Coffee Break 10:30-11:00

Diagnostics 11:00-12:30

SHORT TALK 12
Tackling the neglected disease in our midst: towards better diagnostics for 

Urinary Tract Infections at point-of-care

Emma Hayhurst, Senior Lecturer at University of South Wales

SHORT TALK 13
Rapid antibiotic susceptibility testing and species identification for mixed 

samples

Praneeth Karempudi, PhD candidate at Uppsala University

SHORT TALK 14
A multicenter evaluation of the QuickMIC rapid AST Gram-negative assay 

for blood cultures

Christer Malmberg, Chief Scientist at Gradientech

SHORT TALK 15
Circle to circle amplification for detection of antibiotic resistance genes

Darío Sánchez Martín, PhD candidate at Uppsala University

Lunch Break 12:30-13:30

KEYNOTE

AMR Diagnostics - why we need to accelerate innovation

Till Bachmann, Chair of Molecular Diagnostics and Infection at Edinburgh 

Medical School, University of Edinburgh
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Chair : Thomas Tängdén, Uppsala University



Animals & Environment 13:30-16:45

SHORT TALK 16
Antibiotic Resistance in Salmonella spp. isolated from meat and vegetable 

from local markets in Phnom Penh, Cambodia

Laingshun Huoy, PhD candidate at Swedish University of Agricultural 

Sciences

SHORT TALK 17
Global occurrence of antimicrobial TPs in surface waters and their 

evaluation regarding ecotoxicological risks and promotion of antibiotic 

resistance

Paul Löffler, PhD candidate at Swedish University of Agricultural Sciences

SHORT TALK 18
The impact of WWTPs and agriculture on ARBs, ARGs and E. coli in the 

river Wye

Sky Redhead, Lecturer at University of South Wales

Coffee Break 14:45-15:30

KEYNOTE

Global surveillance and control of antimicrobial resistance

Frank Møller Aarestrup, Professor at the National Food Institute, 

Technical University of Denmark
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Chair : Oskar Nilsson, Swedish National Veterinary Institute



Economics 15:30-17:00

SHORT TALK 19
Overcoming stagnation in NAP implementation

Chantal Morel, Health Economist at University of Bern

SHORT TALK 20
The need for new economic models to limit the use of antibiotics for 

animals

Alessandro Cinti, Post Doctoral Researcher at Università Politecnica delle 

Marche

PANEL DISCUSSION

The economic side of AMR

Led by Enrico Baraldi, Professor of Industrial Engineering and Management

With Chantal Morel, Health Economist at University of Bern, 
Alessandro Cinti, Post Doctoral Researcher at Università Politecnica 
delle Marche, Bengt Matsson, Policy Manager at The Pharmaceutical 
Trade Association, and Anders Karlén, Co-coordinator of ENABLE-2 and 
Professor at the Department of Medicinal Chemistry, Uppsala University.

Closing Remarks 17:00

KEYNOTE

Why does money matter in the fight against antibiotic resistance?

Enrico Baraldi, Professor of Industrial Engineering and Management, 

Uppsala University
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Chair : Olof Lindahl, Uppsala University



STAKEHOLDERS

UPPSALA ANTIBIOTIC CENTER
www.uac.uu.se

The Uppsala Antibiotic Center is a center for research, 
education, innovation and awareness aimed at tackling and 
finding solutions to the global challenge of antibiotic resistance. 
UAC conducts interdisciplinary research and education on 
antibiotic resistance involving all three disciplinary domains 
at Uppsala University. The goal of the center is to form the 
future AMR scientists from a multidisciplinary perspective.

PLATINEA
www.plantinea.se

PLATINEA aims to ensure availability and preserve the value 
of existing antibiotics. The project is divided in several work 
packages which handle various issues in the field of antibiotics, 
and is a multisectorial collaboration platform with 18 partners 
all around Sweden. The common goal is to ensure that the 
antibiotics are used in the best way and to ensure accessibility 
to important antibiotics that risk disappearing from Sweden.

ENABLE-2
www.ilk.uu.se/enable2

Antibacterial drug discovery platform based on the learnings 
from ENABLE (IMI Innovative Medicines Initiative) and 
is focused on the early stages of antibiotic discovery and 
development. ENABLE-2 makes an important contribution, 
filling a gap in early discovery and development, and ensuring 
there is a complete global development pipeline for new 
antibiotics.

@UAC_UU

@platinea_se
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www.slu.se

SLU is a world-class international university with research, 
education and environmental assessment within the sciences 
for sustainable life. Its principal sites are in Alnarp, Umeå and 
Uppsala, but activities are also conducted at research stations, 
experimental parks and educational establishments throughout 
Sweden. SLU has the knowledge and tools to bring about 
genuine change. We contribute to something greater and life-changing. 

SWEDISH NATIONAL VETERINARY INSITUTE
www.sva.se/en

The National Veterinary Institute (SVA) is a Swedish national 
expert authority focused on infectious diseases of animals. 
Within that mandate, SVA promotes animal and human health 
through diagnostics, research, preparedness, and advice. SVA has expertise in pathology, 
microbiology, diagnostics, risk assessment, prevention and control of contagious animal 
diseases and other transmissible hazards including zoonotic agents. SVA provides expert 
advice and monitor consumption of antibiotics and resistance in bacteria from animals 
and food. Other work lines specifically on antibiotics are strategies for prudent use, 
other strategies to reduce resistance and research. SVA is also the national reference 
laboratory for antibiotic resistance from animals and food.

REACT
www.reactgroup.org

Founded in 2005, ReAct is a global network that works as 
a catalyst to encourage action on antibiotic resistance, with 
an all of society approach. With nodes across five continents, we work on a both 
grassroot level as well as the highest political level. We stimulate global engagement and 
influence policy by collaborating with a broad range of organizations, individuals and 
stakeholders. Our multidisciplinary team works across sectors to identify, pilote and 
promote innovative and ecologically grounded solutions to manage antibiotic resistance, 
with a focus on low- and middle income countries. Our work is based on scientific 
evidence and contributes to sustainable development in several ways, including, universal 
health coverage, poverty reduction and gender equality. Guided by the views of affected 
populations – particularly in low- and middle-income countries – ReAct believes that 
equitable access to effective prevention and treatment is part of everyone’s right to 
health.

@_SLU

@SVAexpertmyndig

@reactgroup

SWEDISH UNIVERSITY OF AGRICULTURAL SCIENCES
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www.lif.se/en

Lif is the trade association for the research-based pharmaceutical 
industry in Sweden and has about 90 members. We work to 
ensure high quality care and access to new treatments by 
strengthening the Swedish Life Science sector in collaboration 
with healthcare stakeholders, politicians, civil servants and 
patient representatives. As a trade association, Lif represents 
a large number of companies in the Swedish pharmaceutical 
industry on issues of shared interest.

SWEDISH MEDICAL PRODUCTS AGENCY
www.lakemedelsverket.se/en

The Medical Products Agency is the responsible for regulation 
and surveillance of the development, manufacturing and sale 
of drugs and other medicinal products. The Agency’s task 
is to ensure that both the individual patient and healthcare 
professionals have access to safe and effective medicinal 
products and that these are used in a rational and cost-effective 
manner.

@LIFse

@LV_MPA

SWEDISH ASSOCIATION OF THE PHARMACEUTICAL INDUSTRY
LIF
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KEYNOTE SPEAKERS

TIM R. WALSH
timothy.walsh@zoo.ox.ac.uk

Prof. Tim Walsh has been studying AMR mechanisms for  
over 25 years, and publishes regularly in Nature and Lancet 
journals. He is director of BARNARDS, a Gates Foundation 
project on AMR, prospectively examining the burden of  
neonatal sepsis in Pakistan, India, Bangladesh, Rwanda,  South 
Africa, Nigeria (Abuja and Kano) and Ethiopia.  Follow up 
programs include assessing the risks of still- born infants and maternal care in sub-
Sahara Africa and assessing the impact of access to affordable antibiotics. Studies in 
Pakistan include the role of insects in post-surgical infections and the illegal global trade 
of colistin in agriculture. In addition to BARNARDS, he also has neonatal AMR studies in 
Pakistan (Karachi, Faisalabad and Peshawar) and Nigeria (Kano, Sokoto and Ebonyi), and 
has collaborative studies with MSF in Niger (Clean Kids Study) and has facilitated the 
design and construction of the MSF Microbiology/AMR lab in Jordan/Syria. He also has 
clinical studies examining the burden of AMR in the community and hospitals Sao Paolo 
(Brazil), Phitsanulok (Thailand) and Tanta (Egypt).

Walsh is also PI of DETER-XDR-CHINA, a study examining the spread and burden of 
AMR in public health sectors and hospitals in 30 provinces in China. He is also PI of CUT-
SEC, a ‘one-health” project in China and Thailand. 

Recently, he has moved to University of Oxford, and co-established the Ineos Oxford 
Institute of Antimicrobial Research (£100M gift from Ineos) where he is Co-Director 
and Biology Lead.  Walsh has also been appointed to the Fleming Fund expert advisory 
panel – a rolling UK government AMR capacity building program in LMICs. He is also 
advisor to the Chinese CDC and MSF. Walsh is also advisor to the Foundation Merieux 
AMR teaching program and has recently been appointed on the WHO Strategic and 
Technical Advisory Group for Antimicrobial Resistance (STAG-AMR).  In 2020, he was 
awarded an O.B.E for “Microbiology and International Development”. 
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THOMAS TÄNGDÉN 
thomas.tangden@medsci.uu.se

Infectious disease physician and research group leader, chair 
of the Swedish Strategic Programme against Antibiotic 
Resistance (Strama), project leader of PLATINEA 2.0 – a 
collaborative project promoting availability and individualized 
use of antibiotics, chair of the ESCMID PK/PD study group 
(EPASG), and medical advisor of the global resistance network 
ReAct. His research is based on medical needs and includes randomized and observational 
clinical trials, interventions to improve antibiotic use at hospitals, pharmacokinetic studies, 
metagenomic analyses of the microbiome, and in vitro studies to find new diagnostic and 
treatment strategies to overcome multidrug resistance. The overall aim is to generate 
new knowledge that can support optimized use of antibiotics to maximize their efficacy 
while reducing the risks of side effects and resistance development.

MALCOLM PAGE
mgppage@gmx.ch

Malcolm Page, PhD, studied Biochemistry in the U.K. and 
worked at the EMBL Heidelberg and the Biozentrum, Basel. 
He joined Hoffmann-La Roche, Basel, in 1990, working on 
the discovery of β-lactamase inhibitors and anti-MRSA 
cephalosporins. He became responsible for exploratory 
projects in the Infectious Diseases therapeutic area and 
worked on the validation and screening of novel targets for antibiotics. Later, he led the 
Discovery Technologies group at Roche, developing new approaches to high throughput 
screening, assay development and natural product fermentation and screening. In 2000, he 
joined Basilea Pharmaceutica as Head of Biology and continued to work on the discovery 
of new antibiotics until he retired in 2015, since when he has acted as a consultant to 
the pharmaceutical industry and academic institutions. He is a member of the scientific 
advisory committees of several organizations, including the Global Antibiotics Research 
& Development Partnership (GARDP). Malcolm Page is author of over one hundred 
original research articles, numerous posters as well as patents, reviews and book chapters. 
He is a “Privatdozent” for Biochemistry at the University of Basel and a visiting lecturer at 
the Department of Organic Chemistry of Bern University. Honours include appointments 
as Honorary Professor in Biological Sciences at Birmingham University in the UK and as 
Wisdom Professor of Medicinal Chemistry and Chemical Biology at the Jacobs University, 
Bremen in Germany.
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ESMITA CHARANI
e.charani@imperial.ac.uk

Esmita is a Reader in Antimicrobial Resistance and Global 
Health at University of Liverpool. She is also the Research 
Lead for Practice, Design and Engineering at the NIHR 
Health Protection Research Unit for Healthcare Associated 
Infections and Antimicrobial Resistance within the faculty of 
Medicine at Imperial College London. She is an honorary 
Associate Professor at the University of Cape Town and a visiting Researcher at Haukeland 
University Hospital, Bergen Norway, and Adjunct Professor at Amrita Institute of Medical 
Sciences, Kerala India, where she is involved in helping implement and investigate national 
antibiotic stewardship programmes.

Her work in AMR has been recognised through the Academy of Medical Sciences UK-
India AMR Visiting Professor award. She is an expert advisor to the Commonwealth 
Pharmacy Association and a Global Health Fellow with the Office of Chief Pharmaceutical 
Officer, England. She is involved in mentoring and supporting clinical pharmacists across 
different healthcare settings and economies in implementing antimicrobial stewardship 
interventions. Her doctoral thesis investigated antimicrobial stewardship across India, 
Norway, France, Burkina Faso and England. 

After completing her post-graduate training in Cambridge University Hospitals and 
ten years of experience as a clinical pharmacist in hospitals, Esmita began her research 
career. She is an investigator in a NIHR Invention for Innovation award investigating 
the development and use of a point of care personalised clinical decision support 
tool for antimicrobial prescribing. In her academic career the focus of her research 
has been behaviour change interventions in the field of antimicrobial stewardship and 
the application of social science research methods to develop contextually relevant 
solutions. She is co-investigator on the ESRC award (2017-2021): Optimising antibiotic 
use along surgical pathways: addressing antimicrobial resistance and improving clinical 
outcomes (in England, Scotland, Rwanda, India & South Africa). Esmita completed her 
Masters (MPharm Hons) in Pharmacy at University College London, her MSc in Infectious 
Diseases at LSHTM and her PhD from Imperial College London.

@e_charani
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TILL BACHMANN 
till.bachmann@ed.ac.uk

Professor Till Bachmann is the Chair of Molecular Diagnostics 
and Infection and the Deputy Head of Infection Medicine at 
the Deanery of Biomedical Sciences at Edinburgh Medical 
School, University of Edinburgh. Till is the AMR Strategy Lead 
for Edinburgh Infectious Diseases, the network of infectious 
disease researchers and clinicians in Edinburgh. Building on 
his PhD on biosensors from research at University of Stuttgart and the University of 
Tokyo and a German Habilitation in Analytical Biotechnology, he is an expert in point of 
care detection of infectious diseases and antimicrobial resistance, conducting research 
at the interface of biomarkers and rapid diagnostics including for COVID-19. Till is the 
coordinator of the UK-India project ‘DOSA - Diagnostics for One Health and User 
Driven Solutions for AMR’, and the JPIAMR-VRI Network AMR Dx Global, succeeding 
the JPIAMR Transnational Working Group on Rapid Diagnostic Tests. Till fulfils a range of 
industrial and institutional advisory roles worldwide. As such he is Chair of the Scientific 
Advisory Board of the Joint Programming Initiative on Antimicrobial Resistance (JPIAMR), 
panel member for the Longitude Prize on Antibiotics, Scientific Advisory Board member 
of CARB-X, BIRAC (Biotechnology Industry Research Assistance Council) for Devices 
& Diagnostics under National Biopharma Mission of the Department of Biotechnology 
of the Government of India, and the German Institute for Bioprocessing and Analytical 
Measurement Techniques.

@BachmannTill

FRANK MØLLER AARESTRUP
fmaa@food.dtu.dk

Prof. Aarestrup’s research has primarily targeted the association 
between use of antimicrobial agents to farm animals and the 
emergence and spread of antimicrobial resistance including 
the human health consequences. It has become increasingly 
clear that bacteria do not respect traditional borders and 
with the increased globalisation a problem in one country 
has become a problem for all countries. Thus, the research has increasingly been directed 
towards global spread of initially foodborne, but now also other pathogenic bacteria.

The research has contributed to the internatioanl standards for detection and monitoring 
of antimicrobial resistance in food borne pathogens and had major influence on the ways 
antimicrobial agents are used worldwide. The global focus is also documented by the 
fact that the research has been conducted with more than 400 co-authors, in more than 
135 institutions in more than 35 countries. Furthermore, DTU-Food has partly based 
on the research  that has been appointed by WHO and EU reference laboratory for 
antimicrobial resistance in foodborne pathogens.
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ENRICO BARALDI
enrico.baraldi@angstrom.uu.se

Enrico Baraldi is Professor of Industrial Engineering and 
Management at Uppsala University. His research covers 
industrial networks, product development, innovation 
management, business strategies, science & technology 
studies (STS), academic entrepreneurship and industrial and 
research policy. He is also involved in identifying, developing 
and promoting solutions to address the challenge of antibiotic resistance.

He has been leading the collaboration platform PLATINEA for innovation of existing 
antibiotics (www.platinea.se) and has worked in the DRIVE-AB project about new 
economic models to stimulate antibiotics R&D. Enrico Baraldi also studied universities’ 
commercialization strategies, and the utilization of science in society and industry. His 
research is published in, among others, Academy of Management Perspectives, California 
Management Review, European Management Journal, Technovation, Industrial Marketing 
Management, Journal of Business Research, Science& Public Policy, Current Opinion in 
Microbiology, and The Lancet Infectious Diseases.
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SHORT TALKS

In the following pages you can find the abstracts 
of the short selected talks to be presented at each 
scientific session, organized by order of presentation.
The presenting author/s are indicated with bold 
and underlined type. 
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SHORT TALK

1
SHORT TALK

1
Heteroresistance towards clinically relevant antibiotics 
in 500 blood stream infection Escherichia coli

Sofia Jonsson, Karin Hjort, Hervé Nicoloff and Dan I. Andersson
Uppsala University, Department of Medical Biochemistry and Microbiology

Bacterial antibiotic heteroresistance (HR) is a phenotypic phenomenon, where in a 
susceptible population of bacteria, subpopulations of cells with decreased susceptibility 
are present at low frequencies. Although model prediction and animal experiments 
have shown possible treatment failure caused by the phenomenon, absence of precise 
definitions has hindered the understanding of the clinical impact, even though reports of 
HR date back to the 1940s. HR has been observed in many different bacterial species, 
towards most antibiotic classes and can be caused by several different types of genetic 
mechanisms. Furthermore, the frequency and resistance level of the subpopulations have
been shown to vary between isolates.

In this study, the aim was to investigate HR frequency towards three clinically relevant 
antibiotics; Piperacillin+tazobactam, cefotaxime and gentamicin, in 500 Escherichia coli 
blood stream infection strains isolated during 2014-2015 at the Uppsala University 
Hospital. The prevalence of HR varied between the three different antibiotics included 
in the study. For piperacillin+tazobactam, 17% of isolates showed HR phenotype, while 
the corresponding result for cefotaxime was 1%, and for gentamicin 20%. The level of 
resistance and frequency of the subpopulation varied extensively between the isolates. The 
results are troublesome in a clinical context, since all three antibiotics are clinically relevant 
for the treatment of blood stream infections caused by E. coli, and HR may increase the risk 
of treatment failure in patients as shown by both modeling and animal experiments.

Continued work will include two directions: Patient journal data analysis, with the aim of
understanding the impact of HR on infection treatment success, and genomic mechanistic 
analysis.
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SHORT TALK

2
Genomic epidemiology of carbapenemase producing 
and colistin resistant Enterobacteriaceae among 
sepsis patients in Ethiopia: A whole genome analysis 

Melese Hailu Legese,a,b,c,d  Daniel Asratd,  Adane Mihretb,d, Badrul Hasanc, Amaha 
Mekashae, Abraham Aseffab,Göte Swedbergc

aDepartment of Medical Laboratory Sciences, College of Health Sciences, Addis Ababa University, 
Addis Ababa, Ethiopia. bArmauer Hansen Research Institute, Addis Ababa, Ethiopia. cDepartment 
of Medical Biochemistry and Microbiology, Biomedical Centre, Uppsala University, Uppsala, 
Sweden. dDepartment of Microbiology, Immunology and Parasitology, College of Health Sciences, 
Addis Ababa University, Addis Ababa, Ethiopia. eDepartment of Pediatrics and Child Health, 
College of Health Sciences, Addis Ababa University, Addis Ababa, Ethiopia.

Sepsis due to carbapenemase producing and colistin resistant Enterobacteriaceae is 
a global health threat.  A multicenter study was conducted between October 2019 
and September 2020 at four hospitals located in central, southern and northern 
parts of Ethiopia. From a total of 1416 sepsis patients, blood culture was performed. 
Enterobacteriaceae were confirmed using MALDI-TOF. Carbapenem & colistin 
susceptibility testing was performed using disk diffusion, broth microdilution and E-test 
strip. Enterobacteriaceae (n=301) were subjected for whole genome sequencing. SPAdes 
version 3.9 was used for genome assembly. Carbapenem and colistin resistance genes, 
chromosomal point mutations, sequence types (ST) and plasmid replicons were identified 
using tools at Center for Genomic Epidemiology. Phylogeny structure was constructed 
using CSI Phylogeny 1.4. Visualization of trees and metadata was done using iTOL version 
6.5.2. 

Among 301 Enterobacteriaceae, 22 K. pneumoniae, 2 K. variicola and 3 E. cloacae showed 
reduced susceptibility to meropenem. blaNDM-1, blaNDM-5 and blaOXA-181 were 
carbapenemase genes detected. Co-occurrence of blaNDM-5 and blaOXA-181 was 
detected with 4 K. pneumoniae. MLST analysis of K. pneumoniae (n=22) showed 11 STs 
where one was a novel ST and ST14 and ST437 (4 of each) were high-risk clones. All 
ST14 carried blaNDM-1 and all ST437 carried all cases of blaNDM-5 and blaOXA-181 
concurrently.  K. pneumoniae and K. variicola showed chromosomal alterations of 
ompK36 and ompk37. Plasmid incompatibility (Inc) groups Col, IncC, IncHI, IncF, IncFII IncR 
and IncX3 were identified among carbapenem resistant K. pneumoniae and E. cloacae. 
Two mcr-9 genes were detected from Salmonella species and K. pneumoniae. 

The dissemination of carbapenemase producing Enterobacteriaceae in all hospitals is 
worrying. Multiple carbapenemase genes were detected with blaNDM variants as most 
frequent. High-risk clones of K. pneumoniae that carried carbapenemase genes were 
identified frequently. The occurrence of colistin resistant Enterobacteriaceae among sepsis 
patient is critical. Implementation of effective antimicrobial stewardship is urgently needed.
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SHORT TALK

2
SHORT TALK

3
Pharmacist-Prescriber-Partnerships to track and 
optimise antibiotic prescribing for acute cough in 
publicly funded primary care clinics in the Cape Town 
Metropole (PRINS Study)

Van Hecke, Oliver1; Coetzee, Renier2; Johnson, Yasmina3; von Pressentin4, Klaus; 
Namane4, Mosedi; Mendelson4, Marc; Butler, Chris1;
1University of Oxford, UK; 2University of Western Cape, South Africa; 3Western Cape Government 
Health, South Africa; 4University of Cape Town, South Africa; 

Promoting evidence-based antibiotic prescribing through successful antimicrobial 
stewardship (AMS) programmes are critical to preserve the effectiveness of antibiotics 
for common infections in primary care. This requires a coordinated multidisciplinary effort. 
Although South Africa has shown much progress with major shifts in policy towards 
combatting antibiotic resistance, there is limited published research and evaluation of 
antibiotic prescribing in primary care, especially in the public sector.

To assess the implementation of a pharmacist-prescriber partnership (PPP) to track and 
optimise antibiotic prescribing for patients presenting with acute cough in publicly funded 
primary healthcare clinics in the Cape Town Metropole, South Africa. A pharmacist-driven 
quality improvement study with real-time feedback for prescribers. We are collecting 
prospective observational data including antibiotic prescribing data for acute cough. 
Pharmacists will assess the proportion of antibiotics prescribed for acute cough that are 
concordant with local prescribing guidance and provide real-time feedback to individual 
prescribers through a clinic mobile phone messaging platform. The primary outcome 
is a change in guideline concordant antibiotic prescribing for acute cough. Secondary 
outcomes are subsequent contacts with health services and hospital admission within 7 
days of the initial consultation.

Interim findings presented. Eight out of every ten patients are prescribed an antibiotic for 
‘acute cough’ (n=211). Community-acquired pneumonia is the top clinical indication for 
which an antibiotic was prescribed. Our real-time messaging feedback was used in 42% 
over cases with relatively low agreement with the local prescribing guidance (40%).

This prospective prescribing study provides key data to accurately assess what 
problems there are in terms of access to, and excess of, antibiotics in socioeconomically 
disadvantaged communities across the Cape Metro region. This is critical to inform a 
benchmark for evidence-based initiatives around antimicrobial stewardship and future 
collaborations around the clinical and cost-effectiveness of point-of-care testing for acute 
cough.
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Hit discovery for riboswitches as targets for antibiotics

Ruth Brenk1, Vipul Panchal1, Fahimeh Khorsand1, Illimar Rekand1, 
Muhammad Zeeshan2, Daniel Lafontaine3, David Sedlák4, Petr Bartunek4 
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1Department of Biomedicine, University of Bergen, Jonas Lies Vei 91, 5020 
Bergen, Norway. 2Department of Chemistry, University of Bergen, Allégaten 
41, 5007 Bergen, Norway. 3University of Sherbrooke, Department of Biology, 
2500, boul. de l’Universite Sherbrooke Quebec J1K 2R1, Canada. 4Institute 
of Molecular Genetics of the Czech Academy of Science, CZ-Openscreen, 
Vídeská 1083, 142 20 Prague 4, Czech Republic

To combat the looming antibiotic crisis we need new drugs that act on new targets. 
One potential class of new targets for antibiotics are riboswitches. Riboswitches are 
cis-acting gene regulatory elements located in the 5’ untranslated region of mRNAs. 
Their widespread occurrence in bacteria combined with their regulatory role on gene 
expression through binding of small molecules makes them potential drug targets against 
a range of bacteria.

We have developed a structure-based druggability predictor (called DrugPred_RNA) to 
facilitate prioritization of RNA targets for drug discovery. Further, we have used virtual 
screening for hit discovery of the flavin mononucleotide (FMN) riboswitch and are 
currently conducting a high-throughput screen against the thiamine pyrophosphate (TPP) 
riboswitch.

A number of riboswitches have been predicted to contain druggable binding sites using 
DrugPred_RNA. Among those, we have focused our efforts on the FMN and TPP 
riboswitches. For the FMN riboswitch, we have discovered a new class of ligands using 
virtual screening. Hit optimization has resulted in a ligand with low micromolar binding 
affinity and high ligand efficiency (0.38 kcal/mol/heavy atom). To support further hit 
optimization, we have also dissected a previously reported drug-like FMN riboswitch 
ligand into smaller fragments to identify hot spots in the binding site. For the TPP 
riboswitch, we have developed an in vitro transcription assay which performs very well in 
a 1536 wells plate format (Z’=0.56). This assay is currently used to screen the 
CZ-Openscreen compound library for new ligands of this riboswitch.

Riboswitches are emerging as promising targets for new antibiotics. We have 
implemented hit discovery methods to exploit these targets. Optimization of hits for the 
FMN riboswitch has been initiated and resulted so far in a new compound class displaying 
high ligand efficiency. Further hit discovery and optimization is ongoing.
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Translational PK/PD for antibiotics discovery & 
development – A call for mechanistic PK/PD modeling

Caterina Bissantz1, William Stubbings2, Claudia Zampaloni2
1Pharmaceutical Sciences, 2Immunology, Infectious Diseases and Ophthalmology (I2O), Roche 
Pharma Research and Early Development, Roche Innovation Center Basel, F. Hoffmann-La Roche 
Ltd, Grenzacherstrasse 124, 4070 Basel, Switzerland

There is an urgent global need for new antibiotic solutions, in particular, for novel 
antibiotic scaffolds which are not susceptible to pre-existing resistance mechanisms. 
However, major challenges exist for the discovery, development and providing access of 
new antibiotic agents. As a consequence, no new class of Gram-negative antibiotic has 
been introduced in over 60 years. 

Preclinical tools based on PKPD have been developed based on established antibiotic 
classes and are essential for selecting the appropriate dose. Nevertheless, it is as 
important that the PK/PD relationship of new agents is well described since we otherwise 
risk losing these precious new agents due to either unnecessary safety issues linked with 
over-dosing or due to lack of efficacy and resistance development linked with under-
dosing. 

Traditionally, PK/PD analysis for antibacterial agents is based on determining a PK/PD 
index correlating with in vivo efficacy and its required magnitude. This approach is well 
accepted by drug regulators. However, reducing PK/PD to such a simplified index risks 
missing important aspects of the relationship potentially leading to inappropriate decisions 
and human dose selection.

In the first part of this presentation, we will describe examples encountered across our 
projects that highlight limitations of the traditional PK/PD index approach. In the second 
part, we will outline current practice to address some of these limitations and discuss 
drawbacks of this practice. Based on this, we will finally discuss how applying mechanistic 
PK/PD modeling as complementary approach can best address these limitations.
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Beta-lactam/aminoglycoside combinations for the 
treatment of BSIs:  A worrisome in vitro reality, of a 
common clinical practice 

Nikos Fatsis-Kavalopoulos1,  Lex Roelofs1 and  Dan I. Andersson1,2

1Uppsala University, department of medical Biochemistry and Microbiology. 2Uppsala Antibiotic 
Center.

Treatment of Blood Stream Infections (BSIs) with a combination of a beta-lactam and 
an aminoglycoside antibiotic is widely used in intensive care units (ICUs) around the 
world. However, no studies have systematically examined how these drugs interact and 
potentially influence the antimicrobial efficacy of the overall treatment.  We collected 
500 E. coli isolates from the Uppsala University hospital that were isolated from blood 
of patients with suspicion of infection. Of those we tested the efficacy of combinations 
of 2 common beta-lactam antibiotics (Ampicillin and Cefotaxime) combined with 2 
common aminoglycosides (Gentamicin and Tobramycin) on 254 isolates. The efficacy 
of all 4 pairwise combinations in inhibiting bacterial growth was then examined on all 
susceptible strains. That was done by quantifying the Fractional Inhibitory index (FICi), a 
robust metric for antibiotic combinatorial behaviour, of all possible treatments on every 
strain.  When non additive interactions were identified, results of the original screen were 
verified with time kill assays. Finally, combination behaviours were analysed for potential 
cross correlations.

Out of the 4 antibiotic combinations screened none exhibited synergistic effects on 
any of the 254 strains. On the contrary all 4 exhibited important antagonistic effects 
on several isolates. Specifically, the combinations of AMP-GEN and CTX-GEN were 
antagonistic in 1.97% and 1.18% of strains respectively. Similarly, the combinations of AMP-
TOB was antagonistic on 0.78% of all strains. PCA analysis revealed that an important 
factor on the responses to the combination treatments was the choice of a specific 
aminoglycoside over another. Subsequent cross correlation analysis revealed that the 
interaction profiles of combinations including the same aminoglycoside are significantly 
correlated (Spearman’s cross correlation test p<0.001).

This study encompasses the largest antibiotic interaction screening performed on clinical 
isolates. The findings of this study elucidate potential risks of the common combination 
treatment for blood stream infections as well as previously unquantified metrics on how 
antibiotics in combination therapies are not interchangeable with others of the same class. 
Finally, they reiterate the need for case-by-case testing of antibiotic interactions in a clinical 
setting. 
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The tale of two antibiotics – Arbekacin and 
Thermorubin

Suparna Sanyal, Narayan Parajuli, Soneya Majumdar and Andrew 
Emmerich
Department of Cell and Molecular Biology, Uppsala University

Many clinically used antibiotics target ‘ribosomes’ in the bacterial cells and act by inhibiting 
protein synthesis. However, knowledge about their exact mode of action is sparse. We 
have recently revealed complete molecular mechanisms of action of two chemically 
unrelated ribosome-targeting antibiotics, Arbekacin and Thermorubin, using fast-kinetics 
and cryo-EM.  Our results show that both the antibiotics inhibit bacterial protein synthesis 
by exerting pleotropic effects. 

The new-generation semisynthetic aminoglycoside arbekacin binds to the canonical 
binding site of the aminoglycosides at h44 of 16S rRNA at the decoding center of the 
ribosome. As a consequence, it blocks EF-G mediated tRNA translocation as well as 
release factor mediated peptide release and induces severe miscoding errors by accepting 
near/non-cognate tRNAs . Owing to the amino-hydroxybutyric (AHB) moiety it binds 
much tighter to the ribosome and has significantly long dwelling time than the classical 
aminoglycosides, which explain its much higher potency among all aminoglycosides. 
Thermorubin is a tetracyclic antibiotic that binds at the ribosomal inter-subunit space and 
tethers the ribosomal subunits. As a result, thermorubin inhibits ribosome recycling and 
allows pre-mature association of the 70S ribosome. 

Altogether, these studies provide important insights into bacteriostatic and bactericidal 
activities of the aminoglycosides, refute an earlier incorrect concept about thermorubin 
action, and provide quantitative data for ribosome binding by these two and other 
antibiotics. Our results would facilitate rational design of novel antibiotics in future.
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Socio-cultural determinants of antibiotic resistance: a 
qualitative study of Greeks’ attitudes, perceptions and 
values

Mirko Ancillotti1, Erik Malmqvist2,3 & Dimitrios Papodimou4

1Centre for Research Ethics and Bioethics, Uppsala University. 2Centre for Antibiotic Resistance 
Research (CARe). 3Department of Philosophy, Linguistics and Theory of Science, University of 
Gothenburg. 4The Sahlgrenska Academy, University of Gothenburg

Antibiotic resistance is a multifaceted phenomenon heavily influenced by social, cultural, 
behavioral, and economic factors. Recent research has highlighted norms and values’ role 
in explaining behaviors contributing to resistance development. Although Greeks are 
relatively aware of the connection between antibiotic misuse and antibiotic resistance, 
antibiotic consumption in Greece is among the highest in Europe, both at the community 
and healthcare levels. Thus, lack of awareness per se does not explain non-judicious 
behavior as it may relate to other factors specific to Greek society. The present study 
aimed to explore attitudes, perceived norms, and values about antibiotics, to improve 
understanding of socio-cultural determinants of antibiotic resistance in Greece.

Four online focus group discussions took place in 2021. Twenty participants were 
recruited through purposive sampling, aiming for as heterogeneous groups as possible 
regarding gender (12 women, 8 men), age (range 21–55, mean 33), and education level. 
Interview transcripts were analyzed inductively using thematic content analysis.

Participants considered antibiotic overconsumption a consolidated habit influenced 
by the ease of access, social expectations, and cultural practices. While critical of such 
norms and practices, participants opposed stewardship measures prioritizing the 
societal interest in maintaining antibiotic effectiveness over individual needs. Participants 
considered responsibility for antibiotic resistance to be shared by the whole society, but 
they emphasized the role of government actors, health professionals, and food producers. 
Notably, the prospect of effectively managing antibiotic resistance in Greece was met with 
skepticism.

The study makes explicit attitudes, perceived norms, and values that, besides limited 
awareness, may contribute to non-judicious antibiotic use in Greece. These socio-cultural 
determinants of antibiotic resistance warrant further research and should be considered 
when designing measures to mitigate this problem.
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Using theories of social practice to understand 
veterinary antimicrobial use across countries and 
species

Isabel Blanco-Penedo1,5, Rita Albernaz-Gonçalves2,4, Henry Buller3, Maria J Hötzel4, 
Miguel Angel Moreno5, Ulf Emanuelson1, Nils Fall1, Gabriela Olmos Antillón1

1Swedish University of Agricultural Sciences, Sweden; 2Instituto Federal Catarinense - Campus 
Santa Rosa, Brazil, 3Exeter University, UK; 4Universidade Federal de Santa Catarina, Brazil; 
5Universidad Complutense, Spain; 6Universidad de Lleida, Spain 

Central to addressing the antimicrobial resistance (AMR) crisis is the need for effective 
interventions to rationalise antimicrobial use (AMU) based on a contextualised 
understanding of daily practices. However, individualistic theories of human behaviour 
change, focusing on increasing awareness, attitudinal shifts or regulatory and policy 
imperatives, have tended to define such rational interventions. In the meantime, we fail to 
understand the contrast in veterinary AMU from individual health points to structural and 
infrastructural drivers and how these translate back to the everyday practices of animal 
caretakers (owners, veterinary professionals). 

We present an ongoing project whose goal is to situate the understanding of veterinary-
AMU practices under an alternative paradigm framed by social practice theories. We 
discuss the relevance of such an approach focusing on the life course of veterinary-AMU 
across four clinical conditions in two contrasting species (i.e. food production animals - 
dairy cattle, and pets - dogs) in countries with high (Brazil and Spain) and low (Sweden) 
veterinary-AMU. The approach forces us to consider the material and symbolic elements 
of which veterinary-AMU is comprised (e.g. problem observation, diagnosis, treatment 
decision and outcome), and it follows how these elements interact and change across 
species and countries’ veterinary health cultures/services. We are thus providing a 
situated understanding of how the veterinary profession successfully forms and reconciles 
practices in entirely different scenarios — identifying roads for improving such practices 
and aiding in safeguarding antimicrobials.

Initial results from interviews (n=83) with cross-country, cross-species experts, clinicians 
and owners indicate that AMR/AMU national programs have a fragmentary impact 
on ongoing veterinary practices at points of care. Instead, veterinary health services 
alignment and cohesiveness, veterinarian: owner ratios, availability of AMU guidelines and 
local diagnostic services, the robustness of financial models of veterinary services, species 
value, historical beliefs around human and animal health relationships and community 
trust in the veterinary profession are significant determinants of veterinary-AMU 
practices.
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Gender and Antimicrobial Resistance: What Can 
We Learn From Applying a Gendered Lens to Data 
Analysis Using a Participatory Arts Case Study?

Nichola Jones1, Dr Jessica Mitchell1, Professor Paul Cooke2,  Dr Sushil Baral3, Abriti 
Arjya3,  Ashim Shrestha3, Dr Rebecca King1

1University of Leeds Nuffield Centre for International Health and Development. 2University of 
Leeds Faculty of Arts and Humanities. 3HERD International Nepal  

There is a dearth of literature that links gender to behaviours that impact AMR despite 
gender being a widely accepted factor that impacts all aspects of health experiences. 
There is evidence showing sex-based trends in AMR-related topics, though these studies 
often conclude that further research is needed to better understand the behavioural 
mechanisms that cause these trends. This presentation aims to highlight the potential value 
of applying a gendered lens to future AMR research, using an example of  a community 
engagement project based in Kathmandu Nepal. 

Participants in two locations in Kathmandu co-produced films on AMR through a series 
of Participatory Video workshops. Data collected includes transcripts of workshops, 
interviews and FGD’s alongside videos. Thematic analysis was guided by an adapted health 
systems research framework that asked, in the context of antimicrobial resistance; who 
has what, who does what, how values are defined and who decides. 

Participants, within workshops and films, presented multiple gendered behaviours that 
drive AMR at the community level. Differences in male and female behaviour patterns 
highlight gendered opportunities and challenges to local behaviour change in relation to 
AMR. The analysis also found interesting contradictions in responses from participants, 
particularly when comparing workshop transcripts to films.  

Responses from participants identify possible areas of focus for later research and 
interventions (access to information/services, childcare etc.) and highlight the gendered 
differences in multiple behaviours around the seeking and use of antibioitcs. Future 
projects should, though, carefully consider the implicit and explicit messaging included 
within films and aim to unpack any gendered norms with participants during workshops. 
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The value of Community Generated Data for 
understanding AMR dynamics in wildlife

Jessica Mitchell
University of Leeds Nuffield Centre for International Health and Development

Because AMR knows no geographic or species boundaries, current dialogue stresses 
the need to take a One Health lens. However, global AMR guidance does not currently 
discuss wildlife or habitats beyond those linked to people and livestock. This seems 
counterintuitive considering the recent COVID-19 pandemic has brought home the risk 
of human-wildlife interactions and infection spread.  We have limited understanding of 
the role wildlife play in the spread of drug resistant infections or how drivers of AMR or 
resistant infections themselves could impact wildlife health and survival. This is important 
because wildlife holds important cultural, functional, nutritional, economic, and emotional 
values in people’s lives. Indeed, expertise in wildlife health is often found within the 
communities of people living closest to national parks and protected areas. However, 
these sources of knowledge have not yet been considered in relation to AMR.

Here we explore the use of Community Generated Data (CGD) to understand the 
potential drivers and impacts of AMR on wildlife health in Queen Elizabeth National Park, 
Uganda. We used rapid research methods and community mapping exercises to engage 
with stakeholders in conservation, health, education, and environmental sectors.

Stakeholders and community members identified the changing climate in Uganda as a 
major driver of antimicrobial and pesticide use in small holdings and agriculture. They 
raised concerns over how such chemicals could be impacting upon wildlife health, which 
were verified by conservation sector stakeholders and a rapid review of the literature. 

Combining CGD with a rapid situation analysis has revealed potential drivers and impacts 
of AMR in wildlife-rich areas of rural Uganda. This shows the capacity for CGD to 
formulate new research questions and address gaps in the current One Health landscape 
of AMR research.
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Tackling the neglected disease in our midst: towards 
better diagnostics for Urinary Tract Infections at point-
of-care

Emma Hayhurst, Jeroen Nieuwland, Ali Roula, Ayako van der Goes
University of South Wales/Llusern Scientific 

Urinary Tract Infections (UTIs) are one of the most common bacterial infections globally, 
with over 150 million infections every year. Despite this, and despite the fact that they are 
a common cause of hospitalization and sepsis especially in the elderly, no good diagnostic 
tools are available at point of care (POC). Over diagnosis is common, with as many as 
50% of all patients presenting with UTI symptoms receiving an antibiotic unnecessarily, 
exacerbating the spread of resistance. Conversely, missed infections can go on to cause 
severe complications and recurrent UTIs. There is a clear need for better diagnostic tests 
at POC. We have developed a novel molecular POC test for bacterial UTIs which is 
rapid, accurate and affordable. Our technology consists of a Loop-Mediated Isothermal 
Amplification (LAMP) reaction mixture specific to each uropathogen and an electronic 
reader device which converts the reaction data into a clinically ‘positive’ or ‘negative’ result 
using an internal algorithm. Here we present the latest results of our UTI test’s clinical 
verification, in humans and in animals.

550 clinical urine samples were analysed using the Llusern Scientific E.coli LAMP assay 
and compared to standard culture results. Each sample was added directly to the E.coli 
assay tube and run on Llusern’s LodestarDX reader device. A smaller number of samples 
were run using assays for other uropathogens – S.saprophyticus, Klebsiella spp., Proteus 
mirabilis, Pseudomonas aeruginosa and Enterococcus spp. 47 canine urine samples were 
also analysed for E.coli in the same way and compared to culture results.

Sensitivity of our E.coli assay in human urine was 93.3%, specificity 99.2%. Our test was 
also able to detect the other five uropathogen species. In canine urine, sensitivity was 
94.4% and specificity 96.6%.

Our UTI test shows promising results. Using our test at POC would allow clinicians and 
veterinarians to make evidence-based treatment decisions.
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Rapid antibiotic susceptibility testing and species 
identification for mixed samples

Praneeth Karempudi*, Vinodh Kandavalli*, Jimmy Larsson & Johan 
Elf
Dept. Cell and Molecular Biology, Uppsala University, Sweden

Antimicrobial resistance is an increasing problem on a global scale. Rapid antibiotic 
susceptibility testing (AST) is urgently needed in the clinic to enable personalized 
prescription in high-resistance environments and to limit the use of broad-spectrum 
drugs. Current rapid phenotypic AST methods do not include species identification 
(ID), leaving time-consuming plating or culturing as the only available option when ID is 
needed to make the sensitivity call. Here we describe a method to perform phenotypic 
AST at the single-cell level in a microfluidic chip that allows subsequent genotyping by in 
situ FISH. By stratifying the phenotypic AST response on the species of individual cells, it 
is possible to determine the susceptibility profile for each species in a mixed sample in 2 
h. In this proof-of-principle study, we demonstrate the operation with four antibiotics and 
mixed samples with combinations of seven species.
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A multicenter evaluation of the QuickMIC rapid AST 
Gram-negative assay for blood cultures

Jessie Torpner1, Emma Davies1, Amanda Åman1, Jenny Fernberg1, Linnea 
Flinkfeldt1, Jonas Ångström1, Håkan Öhrn1, Teresa Fernandez Zafra1, 
Cecilia Johansson1, Christer Malmberg1,2

1Gradientech AB, Uppsala, Sweden
2Department of Medical Sciences, Uppsala University, Uppsala, Sweden

The rapidly changing landscape of antimicrobial resistance highlights the need for fast 
antibiotic susceptibility diagnostics to guide treatment. Commonly used phenotypic 
methods for antibiotic susceptibility testing (AST) of bacteria are comparatively slow and 
with high variability. The QuickMIC system is a lab-on-a-chip system for rapid AST using 
an exact, linear gradient. Here we evaluate the performance of QuickMIC with regards to 
speed, precision and accuracy in comparison to traditional diagnostic methods.

A total of 473 clinical or spiked Gram-negative isolates derived from blood cultures 
were tested with the QuickMIC system and compared with BMD for 12 antibiotics at 
three sites. Logistic regression analysis was applied to explore factors affecting assay 
performance. To investigate repeatability, a defined set of 10 clinically derived isolates were 
run in triplicate at each site. Discrepancy resolution testing was performed using either 
QuickMIC or BMD on discrepant results.

Of the collected strains, 43.6% were wildtype, 56.4% resistant to at least one tested 
antibiotic and 35.3% resistant to at least 3 antibiotic classes (MDR). The mean QuickMIC 
turnaround time was 26h (SD: 10.2h) and the mean analysis time was 3h 18min (SD: 30.5 
min). The overall essential agreement and categorical agreement between QuickMIC and 
BMD were both 94.7%. VMD, MD and mD rates were 1.3, 0.8 and 3.2% respectively. Inter-
laboratory reproducibility between the three sites was high at 99.1%, using the acceptable 
standard of ±1 log2 unit. Regression analysis indicated that the QuickMIC method is 
robust with regards to initial inoculate and time after blood culture positivity, except for 
meropenem where accuracy decreases after 8h of waiting time after positivity.

 We conclude that QuickMIC can be used to rapidly measure MIC directly from blood 
cultures in a clinical setting, with a very high reproducibility, precision and accuracy 
between different sites, users and instruments.
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Circle to circle amplification for detection of antibiotic 
resistance genes

Darío Sánchez Martín1, Marie Wrande2, Linus Sandegren2, and Teresa 
Zardán Gómez de la Torre1
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Nanotechnology and Functional Materials, Uppsala University, Ångström 
Laboratory. 2Department of Medical Biochemistry and Microbiology, Uppsala 
University

Detection of antibiotic resistance is paramount for accurate and effective treatment of 
infectious bacterial diseases. There is a growing interest for methods making it possible 
to identify the specific genes giving rise to antibiotic resistance. Molecular detection 
approaches have evolved to the point where many techniques can be performed 
in clinics, bedside setups or implemented in microfluidic chips as they require little 
equipment and training. Rolling circle amplification (RCA) is an isothermal DNA 
amplification technique that amplifies synthetic circular DNA probes that have been 
hybridized to a complementary target present in the sample. To increase the number of 
amplification products, several rounds of RCA may be performed on a single sample. This 
technique is denoted as circle-to-circle amplification (C2CA).

We have developed a method to detect such products from RCA and C2CA. Our 
method uses hybridization between magnetic nanoparticles (MNPs) functionalized with 
oligonucleotides complementary to the generated amplified products. When these 
products are incubated in a high salt, high temperature environment and mixed with the 
functionalized MNPs, the DNA and particles form tight aggregates. The aggregates are 
visible by the naked eye and require no analysis for a qualitative diagnostic. However, 
the DNA concentration in each sample can be quantified by two analytical techniques; 
absorbance spectroscopy and AC susceptometry. The MNP solution has a dark coloration, 
and upon aggregation the color of the solution changes to lighter hues and consequently 
the absorbance decreases. AC susceptometry measures the Brownian relaxation 
frequency of the particles, which changes upon binding the large DNA products.

We have added a 5-minute aggregation step to the C2CA protocol, which ensures 
successful aggregation and visual detection of presence of target genes down to 1 
attomole. The C2CA and aggregation take less than 2 hours and can be performed on 
bacterial DNA samples.
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Antibiotic Resistance in Salmonella spp. isolated from 
meat and vegetable from local markets in Phnom 
Penh, Cambodia

Laingshun Huoy1, 2, 3, 4, Dengrachda Put3, Lyna Aong1, Kongkea Phan3, Leila 
Nasirzadeh4,Siteng Tieng1, Erik Bongcam Rudloff4, Susanna Sternberg Lewerin2, Sofia 
Boqvist2

1Department of Bioengineering, Faculty of Engineering, Royal University of Phnom Penh, 
Cambodia. 2Department of Biomedical Science and Veterinary Public Health, Swedish University 
of Agricultural Sciences. 3Department of Food Chemistry, Faculty of Science and Technology, 
International University, Phnom Penh, Cambodia. 4Department of Animal Breeding and Genetics, 
Bioinformatics, Swedish University of Agricultural Sciences.

The occurrence of antibiotic resistant Salmonella spp. in fresh food products pose serious 
challenges for food safety and public health in Cambodia. There are few published reports 
on the prevalence of Salmonella spp. and associated antibiotic resistance in the food chain. 
At the same time, the number of hospitalizations caused by antibiotic resistant Salmonella 
spp. has been increasing. This study aimed to determine the antimicrobial susceptibility 
profiles of Salmonella spp. among food samples collected from local markets in Phnom 
Penh, Cambodia. 144 Salmonella strains were isolates from meat, vegetables, water and 
soil, and further tested for antibiotic susceptibility using a panel with 12 antibiotics.

The result showed that 72 % of the isolates were resistant to at least one antibiotic, and 
58% (n=61)/appeared as multi-drug resistant (MDR). The highest resistance was recorded 
for Azithromycin (39%), followed by Oxytetracycline (33%), Ampicillin (24%), Amoxycillin 
(23%), Chloramphenicol (17%), Sulfamethoxazole-Trimethoprim (17%), Cefuroxime 
(14%), Gentamicin (12%), Doxycycline (9.7%), Ciprofloxacin (8.3%), Aztreonam (7.6%), 
and Imipenem (3.5%), respectively. In addition, the antibiotic resistance profile were 
grouped into four groups including resistance to at least two antibiotic (19/61), three 
antibiotic (9/61), four antibiotic (11/61), and more than five antibiotics (25/61).One of the 
61 isolates showed resistance to 11 antibiotics.

The results indicate that there is a potential risk for human health related to antibiotic 
resistant Salmonella spp. in the food chain. This risk can likely be associated with 
unrestricted use of antibiotics in the livestock sector, poor hygiene and sanitation practices 
from production to consumption.  This study points out the need for a control strategy to 
reduce levels of antibiotic resistance in Salmonella in the food value chain. Further studies 
are needed to identify the genes involve with these antibiotic resistance and investigation 
of clonal diversity by using molecular base and sequence base techniques.
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Global occurrence of antimicrobial TPs in surface 
waters and their evaluation regarding ecotoxicological 
risks and promotion of antibiotic resistance

Paul Löffler1, Beate I. Escher2,3, Christine Baduel4, Marko P. Virta5,6, Foon Yin Lai1
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(SLU). 2Department of Cell Toxicology, Helmholtz Centre for Environmental Research, Leipzig, 
Germany. 3Eberhard Karls University Tübingen, Environmental Toxicology, Department of 
Geoscience, Tübingen, Germany. 4Université Grenoble Alpes, IRD, CNRS, Grenoble, France. 
5Department of Microbiology, Faculty of Agriculture and Forestry, University of Helsinki, Finland. 
6Multidisciplinary Center of Excellence in Antimicrobial Resistance Research, Finland

The uncontrolled release and spread of antimicrobial chemicals and their transformation 
products (TPs) to the environment may lead to antimicrobial resistance (AMR). Recipient 
aquatic environments are particularly vulnerable to anthropogenic activities with 
continuous release of antimicrobial chemicals and their TPs from different direct and 
indirect sources. Antimicrobial (parent) chemicals have been the main focus of the existing 
hazard evaluations, while TPs have rarely been considered. Our analysis is based on the 
observation that TPs with chemical structures similar to the parent chemical may exert 
similar biological activity and environmental behavior. While monitoring studies on aquatic 
concentrations of TPs exist in the literature, laboratory experiments have been essential 
to examine transformation processes and identify TPs. A global overview of the identified 
antimicrobial TPs and their occurrence in the aquatic environments worldwide revealed 
that the majority has used target analysis (69 out of 79 studies) while the minority (10 
out of 79 studies) used suspect and non-target approaches to screen for antimicrobial 
TPs.

In total 60 antimicrobial TPs were identified in global surface waters. Large knowledge 
gaps on the distribution of antibiotic TPs exist in Middle & South
America and Asia and information on antiviral and other antimicrobial TPs is limited to 
Europe. Macrolide TPs were identified most often to pose a risk to aquatic organisms, 
followed by tetracycline TPs. Furthermore, 14 of the 60 TPs detected in surface waters 
showed a risk for resistance selection. We propose a tiered scoring system to rank the 
hazard of TPs in comparison to their similarity to their parent chemical according to the 
categories mobility, persistence and bioconcentration, human toxicity (mutagenicity and 
carcinogenicity) and predicted no-effect concentrations (PNECs) for Aliivibrio fischeri, 
Pseudokirchneriella subcapitata, and Daphnia magna. The workflow for metadata analysis 
has clearly outlined algorithms and can be performed using only open-source software.
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The impact of WWTPs and agriculture on ARBs, ARGs 
and E. coli in the river Wye

Dr. Sky Redhead and Dr Emma Hayhurst
University of South Wales, Pontypridd, UK

The river Wye forms much of the border between England and Wales and is a site 
of special scientific interest. However, in recent years, the Wye has received significant 
attention due to levels sewage pollution. With this in mind, this study examined the 
impacts of human wastewater and agriculture on antibiotic resistant genes (ARGs) in the 
river Wye.

Samples of water and sediment were collected from 24 sample sites along the Wye 
including upstream and downstream of nine wastewater treatment plants (WWTPs) and 
five tributaries. Water samples were filtered through 0.4 µm filters. DNA was extracted 
from the water and sediment samples. qPCR was performed to enumerate 10 ARGs, 
intI1 and indicators of human (Hubac) and ruminant (Rubac) bacterial contamination. 
nThe remaining volume of water was used to quantify levels of 23 chemicals including 
some heavy metals.

There were ARGs detected at all 24 sites. Total ARG load significantly increased 
downstream of four WWTPs and decreased downstream of one. An increase in 
ARG levels was observed downstream of one tributary and a decrease was observed 
downstream of another. Downstream of all WWTP and tributaries tested there were 
increases in at least one chemical. Positive correlations were observed between specific 
chemicals and ARGs; dfrA12 positively correlated with 12 chemicals including lead and 
aluminium. Chemicals were found to exceed environmental limits at some sample sites, 
for example mercury exceeded environmental limits at six sample sites, zinc at 10 sites. 
Hubac were detected downstream of all but one WWTP.

There was significant contamination of the river with ARGs. WWTPs added significant 
ARGs to the river, this varied by site. Human waste is a major contributor of ARGs, but, 
it is hypothesised, agricultural and industrial pollution create conditions which select for 
ARGs in the river.
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Overcoming stagnation in NAP implementation

Chantal Morel, Mirfin Mpundu, Chisomo Msefula, Lloyd Matowe, 
Luigia Scudeller, Nola Leonard, Tomi Kostyanev, Raphael Chanda, 
Edward Masoambeta, Tikulirekuti Banda, Mwitwa Chileshe, Charity 
Mkwanda, Jobiba Chinkhumba, Melvin Chanda Nkatya, Fiamma Bozzani

For many countries, especially LMIC, 4-5 years have passed since the approval of their 
National Action Plans (NAPs) for implementing an agreed upon list of measures to stem 
the growth of antibiotic resistance. Yet progress on NAP implementation remains very 
limited. This appears to be in large part due to:
1. Incomplete perception of the losses associated with AMR 
2. Insufficient funding

These factors play out in a vicious cycle that is – and will likely continue – to prevent 
progress on AMR. 

The SNAP ONE Project, funded via the JPIAMR, intends to help break this cycle by 
collecting the evidence necessary to understand more clearly how AMR is affecting 
LMICs (two in particular : Zambia and Malawi), examºining the full economic burden. This 
data -- as well as the highly collaborative exercise needed to collect it – will help build the 
necessary political will needed at national level to prioritize AMR and implement NAPs. 
Together the evidence collected and the enhanced political support will be leveraged to 
bring in the necessary funding to support these efforts.

This project utilizes a mix of methods ranging from epidemiological and cost surveys to 
bottom-up service modelling, through to wider macro-economic modelling. 
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The need for new economic models to limit the use of 
antibiotics for animals

Alexandra Waluszewski1, Alessandro Cinti2 and Andrea Perna1,3

1Department of Economic History, Uppsala University, Uppsala, Sweden. 
2Department of Management, Università Politecnica delle Marche, Ancona, 
Italy. 3 Department of Civil and Industrial Engineering, Uppsala University, 
Uppsala, Sweden

The need for new economic models able to stimulate antibiotic drug development is a 
recognised issue in the pharmaceutical industry and in global policy circles. However, in 
policies aiming to limit the use of antibiotics for food animals; representing about 2/3 of 
the world consumption, the need for new economic models supporting systemic change 
is less highlighted.

The contemporary use of antibiotics in animal-based food settings creates economic 
benefits to a number of direct and indirect related organisations and individuals; for 
animal pharma, at farm level, for logistics, food-processing and marketing firms, the retail 
industry and the consumers. At the same time, the use creates severe negative long-
term consequences; on human and animal health, in the health care setting, and the 
environment.

Limiting the use of antibiotics for food animals is a cornerstone in contemporary EU 
policy. Since 2006 marketing of antibiotics and for growth promotion and nutrition has 
been banned, and since January 2022 antibiotics cannot be used preventatively as a 
compensation to investments in precautionary animal health, hygiene and welfare. Still, 
the usage patterns differ significantly among the EU members states. Hitherto, ‘minimised’ 
of use of antibiotics for animals and successfully combatting of resistance outbreaks have 
been achieved in a few Nordic countries.

The presentation draw attention to the economic circumstances behind the different 
antibiotic usage pattern within EU, with a specific focus on the Swedish animal-based food 
setting (with the most restricted use within EU) respectively the Italian setting (one of 
the most extensive within EU). It highlights the need for new economic models able to 
distribute the costs of change, when the main costs appear close to the direct users of 
antibiotics, and the main benefits appear in settings distantly from both direct and indirect 
supplier-customer interfaces.  
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Adherence to antibiotic treatment guidelines at Bærum 
hospital, Norway

Ane Kristine Natvik1, Birgitte Søby Weum2, Else Johanne Rønning3, Ellen 
Sannes Risvoll4, and Kristine Dahl Hamnvik5

1Dpt. clinical microbiology and infectious diseases, Bærum sykehus, Norway, 2Dpt. 
general medicine, Bærum sykehus, Norway, 3Dpt.infectious diseases, Bærum 
sykehus, Norway, 4Dpt. Pharmaceutical Services, Bærum sykehus, Norway, 5Dpt. 
general surgery, Bærum sykehus, Norway,

In 2015, The Norwegian Health Department issued a national goal to reduce the use of 
broad spectrum antibiotics by 30 percent within 2020 compared to 2012 numbers. The 
consumption of antibiotics at Bærum hospital has been at a high level compared to the 
Norwegian average. We wanted to examine to what extent clinicians adhered to the 
national guidelines for antibiotic use, and if it was possible to decrease the use of broad 
spectrum antibiotics in our hospital.

In the summer of 2019, we implemented several measures, including the twice – weekly 
registration of  5 parameters, performed by our team of clinical pharmacists and 
infectious diseases consultants:
1) Adherence to national guidelines  
2) If dissent from national guideline: is it well founded?
3) Is the choice of antibiotic reconsidered within 72 hours?
4) Are microbial test results assessed on a daily basis?
5) Do prescribing physicians follow recommendations from the specialist team regarding 
a change of antibiotics or dosage?

Prescribing physicians were given direct feedback and advice from our team twice weekly. 
We also distributed a pocket sized version of the national guideline to all medical doctors, 
and implemented the use of a distinct check point for antibiotics on the white board in 
every department.

We could measure a 37.4% reduction in use of broad spectrum antibiotics from 2012 
to 2020. The decline started before implementation of our strategies for antibiotic 
stewardship, but fell even more after our intervension. Adherence to antibiotic treatment 
guidelines improved, and documentation of dissent from guideline ameliorated.

Our findings suggest that a close collaboration with prescribers and the antibiotic 
stewardship team is necessary to achieve optimal antibiotic use in hospitals.
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Resistance development in NDM-1-producing Klebsiella 
pneumoniae during treatment with aztreonam and 
avibactam

Elin Fermér1, Linus Sandegren2, Pernilla Lagerbäck1, Thomas Tängdén1

1Department of Medical sciences, Uppsala University, Sweden
2Department of Medical biochemistry and microbiology, Uppsala University, 
Sweden

The main driver of resistance against beta-lactam antibiotics in Gram-negative bacteria 
is the production of beta-lactamases, enzymes with the ability to hydrolyze the beta-
lactam antibiotic and thereby inactivating the drug. With the increased prevalence of 
bacteria expressing beta-lactamases from multiple clinically important groups at the 
same time, such as Extended-spectrum-beta-lactamases (ESBLs) and carbapenemases, 
the usage of beta-lactams in combination with beta-lactamase inhibitors has become of 
greater clinical importance. The beta-lactamase inhibitors inactivate the beta-lactamase 
enzymes, protecting the incoming antibiotic. A concerning group of beta-lactamases are 
the metallo-beta-lactamases (MBLs) such as NDM-1, differing from the other classes 
by exerting its hydrolyzing activity via zinc ions. There is no beta-lactam/beta-lactamases 
combination in clinical practice today with activity against the MBLs. However, MBLs lacks 
the ability to hydrolyze monobactams, such as aztreonam.

The objective of the study is to examine the in vitro selection of resistance against 
aztreonam (ATM) combined with the beta-lactamase inhibitor avibactam (AVI), in clinical 
NDM-1-producing Klebsiella pneumoniae. The combination is in phase III clinical trials and 
provides a broad spectrum of activity against all classes of beta-lactamases, including the 
MBLs.

By single step selection, the frequency of mutants will be evaluated, and the mutants 
will be characterized in regard to MIC values (monotherapy of ATM, the combination 
ATM:AVI in a 3:1 ratio and ATM with a fix concentration of AVI at 4 mg/L) and whole 
genome sequencing. Preliminary results indicates that mutants are rarely obtained at 
concentrations > 2x the parental MIC, but broth microdilution suggests an increase in 
MIC values up to 8-fold. This together with a noticeable decrease in MIC for aztreonam 
as a monotherapy, constitutes interesting results, and mutants will be genetically 
characterized with whole genome sequencing.
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Adding Pharmacovigilance databases to the antimicrobial 
stewardship toolbox

JMV Habarugira1; A. Figueras2

1European & Developing Countries Clinical Trials Partnership (EDCTP), 
The Netherlands 2Senior Consultant - Pharmacovigilance and Antimicrobial 
Consumption (WHO, PAHO, WB), Spain 

Antimicrobial resistance (AMR) has become a real public health concern, challenging 
all existing prevention and treatment options, and requiring multidisciplinary innovative 
solutions. Health systems in developed countries can rely on the well-established 
laboratory services that can carry out microbial cultures and drug-susceptibility tests. 
However, for many low- and middle-income countries (LMICs) with limited laboratory 
resources, it still requires long-term investments into health have systems that provide 
laboratory-based AMR monitoring activities. 

Based on codes and terms used to collect and store data on adverse drug reactions 
(ADR), we explored the potential use of the global network of Pharmacovigilance 
centers and databases in the process of mapping and estimating the AMR burden. 
Preferred Terms and corresponding codes were retrieved from global and national 
pharmacovigilance databases.

From the global pharmacovigilance database (VigiBase), we shortlisted 17 MedDRA 
codes that are relevant to antimicrobial stewardship. Records on 86 drugs were retrieved 
with a total of 1 170 751 ADR reports submitted between 1968 and 2018. Seventeen PTs 
suggesting suspected resistance, ineffectiveness, inappropriate use, or medication error 
were used to code 15 250 reports. In a country-specific pilot study, we confirmed the use 
of the AMR-relevant MedDRA codes in a national database. 

Data mining technologies can be used to pull out important information on suspicion of 
antimicrobial resistance and suspected cases of inappropriate use of antimicrobials. As 
next steps, we raise awareness about these codes, and will deploy the tool to healthcare 
workers, national regulators and pharmacovigilance centers. If successfully adopted, this 
will lead to a symbiotic connection between efforts to the strengthen Pharmacovigilance 
systems and the growing need to close the AMR data scarcity, especially in resource-
limited settings.
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Impact of the bacterial genetic background on plasmid-
borne antibiotic resistance

Jennifer Jagdmann1, Cristina Saubi Puignau1,2, Dan I. Andersson1, and 
Hervé Nicoloff1
1Uppsala University, Department of Medical Biochemistry and Microbiology, 
Uppsala, Sweden, 2Institut de Recerca i Tecnologia Agroalimentàries (IRTA), 
Department of Ruminant Production, Caldes de Montbui, Spain

As many resistance genes are carried on plasmids, understanding plasmids and the effect 
that plasmid and host diversity may have on antibiotic resistance is crucial. We therefore 
attempted to include intra-species diversity to the best of our ability by selecting 16 
diverse Escherichia coli isolates as hosts for seven multiresistance plasmids. These plasmids 
carried a variety of resistance genes (25 different genes and variants in total) and were 
successfully transferred into between eight and 16 hosts. Loss of innate plasmids as well 
as the effect on growth rate and MICs for a set of relevant antibiotics were analyzed. 

The ability to acquire additional plasmids and the effect of plasmid incompatibility varied. 
Most hosts with many innate plasmids did not accept many plasmids of interest. However, 
in one host with six innate plasmids, acquisition of new plasmids was possible but 
accompanied by a fitness cost for six of the seven plasmids. 

We observed an apparent impact of the host genetic background on MICs, as well as 
differences in resistance levels between plasmids carrying the same resistance gene 
(e.g., tet(A) and blaTEM-1B). We also observed cases where MICs could reach above 
the clinical breakpoint for some hosts and not for others carrying the same plasmid. 
Additional interesting findings include the trend of different plasmids in one isolate 
(DA44557) often leading to low final MICs. One host also had an unpredicted ability to 
reach high level aminoglycoside resistance with the carriage of plasmids. 

In this study, we observed a complex interplay between hosts and plasmids which could 
impact antibiotic resistance. The effects of plasmid carriage in one isolate are not entirely 
indicative of the full spectrum of effects in a species. Acknowledging intraspecies variation 
is crucial, especially considering the potential clinical relevance. 
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Evaluation of in vitro activity of double-carbapenem 
combinations against KPC-2-, OXA-48- and NDM-
producing Escherichia coli and Klebsiella pneumoniae

Lisa Allander1, Karin Vickberg1, Pernilla Lagerbäck1, Linus Sandegren2, 
Thomas Tängdén1

1Department of Medical Sciences, Uppsala University, Sweden.
2Department of Medical Biochemistry and Microbiology, Uppsala University, 
Sweden.

Double-carbapenem combinations have shown synergistic potential against 
carbapenemase-producing Enterobacterales, but data remain inconclusive. This study 
evaluated the activity of double-carbapenem combinations against 51 clinical KPC-2-, 
OXA-48-, NDM-1 and NDM-5-producing Escherichia coli and Klebsiella pneumoniae, and 
against constructed E. coli strains harbouring genes encoding KPC-2, OXA-48 or NDM-1 
in an otherwise isogenic background.

Two-drug combinations of ertapenem, meropenem and doripenem were evaluated in 
24-hour time-lapse microscopy experiments with subsequent spot assay, and in static 
time-kill experiments. An enhanced effect in time-lapse microscopy experiments at 24 
hours and synergy in the spot assay was detected with one or more combinations against 
4/14 KPC-2-, 17/17 OXA-48-, 2/17 NDM- and 1/3 NDM-1+OXA-48-producing clinical 
isolates.

Synergy rates were higher against meropenem- and doripenem-susceptible isolates and 
against OXA-48 producers. NDM production was associated with significantly lower 
synergy rates in E. coli. In time-kill experiments with constructed KPC-2-, OXA-48- and 
NDM-1-producing E. coli, 24-hour synergy was not observed; however, synergy at 
earlier time points was found against the KPC-2- and OXA-48-producing constructs. 
Our findings indicate that the benefit of double-carbapenem combinations against 
carbapenemase-producing E. coli and K. pneumoniae is limited, especially against isolates 
that are resistant to the constituent antibiotics and produce NDM. 
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Antibiotic resistance analysis by microencapsulation of 
Salmonella enterica single cells

María Antonia Sánchez-Romero, Rocío Carvajal-Holguera, Rocío 
Fernández-Fernández & Josep Casadesús
Department of Microbiology and Parasitology - Faculty of Pharmacy
University of Seville (Spain)

Antimicrobial resistance remains a serious threat to public health around the world due 
to increased morbidity and mortality. The majority of antibiotic resistance mechanisms 
are genetically stable, where all cells in a population from a specific isolate show the 
same resistance phenotype. However, occasionally one observes isolates where different 
subpopulations within a particular isolate exhibit different susceptibility to a particular 
antimicrobial agent. 

We have exploited new technologies based on single-cell encapsulation to study the 
contribution of phenotypic heterogeneity to antibiotic resistance. We have developed a 
protocol to encapsulate individual cells of S. enterica in order to obtain one bacterium 
per alginate microcapsule. This protocol, easily reproducible in laboratories, allows the 
monitoring of the growth of microorganisms to study the bacterial proliferation under 
antibiotic exposure. 

The results of this work reveal the existence of phenotypic heterogeneity in the presence 
of various antibiotics with different mechanisms of action (carbapenems, aminoglycosides 
and polymyxins). We observe diversity in colonies size within alginate microcapsules 
in presence of antibiotics, suggesting the existence of an enormous bacterial cell 
heterogeneity. These phenotypes are reversible with a high frequency. Although mutational 
resistance cannot be ruled out, the high frequency of resistant subpopulations could be 
indicative of non-mutational resistance. In short, this study opens us the possibility of using 
alginate microcapsules as a novel method, alternative and complementary to traditional 
methods in order to investigate how the phenotypic heterogeneity and non-genetic 
mechanisms contribute to the antibiotic resistance.
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Antibiotic susceptibility of Klebsiella pneumoniae mutants 
with increased biofilm formation capacity

Patrícia Coelho1,2, Ingrid H. Waade1, Thomas Tängdén2,3, Linus 
Sandegren1,2

1Department of Medical Biochemistry and Microbiology, Uppsala University, 
Sweden; 2Uppsala Antibiotic Center, Uppsala University, Sweden; 3Department of 
Medical Sciences, Uppsala University, Sweden

Bacterial biofilms are aggregates of cells enclosed in an extracellular matrix that consists 
of polymeric substances produced by the bacteria, which confers protection from 
antibacterial agents and the host immune system. This results in more complicated 
infections, need for longer treatments and increased risk of treatment failure. Additionally, 
the decline in antibiotic research and development has accentuated the necessity 
to reintroduce previously abandoned antimicrobial agents and design new antibiotic 
combinations.

In this project, we are using Klebsiella pneumoniae, a nosocomial pathogen that poses an 
increasing threat due to biofilm formation and transmission of multiresistance plasmids. 
Recent studies in our lab show that there is a selection of populations with an increased 
biofilm capacity during infection, creating subpopulations with different virulence and 
potentially different antibiotic susceptibility. We will study how such mutations affecting 
fimbriae and capsule production impact susceptibility to clinically relevant antibiotics.

Following determination of minimum biofilm eradication concentration (MBEC), biofilm 
formation of evolved mutants from two clinical isolates, C3091 and IA565, was assessed 
in the presence of ten antibiotics of different classes at concentrations ranging from 1/8x 
to 8x the MIC. After treatment, biofilm biomass and cellular growth were evaluated by 
crystal violet staining and CFU/peg determination, respectively.

Overall, mature biofilms were fairly tolerant to the majority of antibiotics tested, and 
changes in fimbrial adhesion structures seemed to result in increased antibiotic tolerance. 
Moreover, most antibiotics appeared to induce biofilm formation at sub-inhibitory 
concentrations at a strain and antibiotic specific manner, while high concentrations of 
some antibiotics resulted in emergence of populations with distinct colony phenotypes, 
which could potentially contribute to its increased tolerance to treatment.

These findings coincide with already described antibiotic tolerance mechanisms used by 
pathogens to overcome treatment, once again forewarning treatment challenges as the 
major burden of biofilms in a clinical perspective.



52

Prevalence and Mechanisms of Heteroresistance in 
Gram-positive bacteria

Sheida Heidarian1, Karin Hjort1, Hervé Nicoloff1, Dan Andersson1 
1Department of Medical Biochemistry and Microbiology, Uppsala University, 
Uppsala, Sweden

Heteroresistance (HR) refers to a phenotype where a subpopulation of a clonal bacterial
population presents a lower antibiotic susceptibility level than the main population. This is 
a cause of concern among clinicians when prescribing an appropriate antibiotic since HR 
could lead to the selection and growth of antibiotic-resistant bacteria during treatment.

The majority of HR phenotypes are unstable and the most common molecular 
mechanism attributed to this transient nature is tandem gene amplifications mainly of 
known antibiotic resistance genes. In the absence of antibiotics, the fitness cost associated 
with gene amplification is significantly higher for these phenotypes compared to in the 
presence of the antibiotic. As a result, heteroresistance due to gene amplifications easily 
reverts and shows a cell population with similar antibiotic susceptibility pattern in the 
absence of antibiotic pressure. Therefore, HR isolates might not be detected in antibiotic 
susceptibility tests and could result in treatment failure, due to the undetected resistant 
sub-population that could increase rapidly with antibiotic treatment.

The main goals of our study are to investigate the prevalence of HR in clinical isolates of 
Gram-positive bacteria against a set of different antibiotics and to determine the genetic 
mechanism behind HR. Initial results indicate that prevalence of HR varies between 
different antibiotics and it is common for gentamicin, oxacillin and daptomycin among S. 
aureus isolates. In addition, gene amplification was not the main mechanism of HR among 
our clinical isolates, instead point mutations in chromosomal genes conferring resistance 
toward each antibiotic was dominating.
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Generation of hybrids from clinical strains with the ability 
to transfer chromosomal DNA

Talía Berruga-Fernández, Oksana Koshla, Douglas L. Huseby,  Anum 
Shaukat, Diarmaid Hughes
Department of Medical Biochemistry and Microbiology, Uppsala University, 
Sweden

Conjugation of genetic material between bacteria is a common means for the spread 
of antibiotic resistance, and allows bacteria to transfer genetic mobile elements such as 
plasmids, which may carry resistance genes. Alternatively, the integration of a conjugative 
plasmid into the chromosome can result in the formation of an Hfr strain which will have 
the ability to transfer chromosomal DNA to other bacteria, generating a chromosomal 
hybrid following homologous recombination in the recipient bacteria. Two major 
pathogens recently identified as having hybrid chromosomes are believed to have arisen 
by this mechanism, ST1193 (Escherichia coli) and ST258 (Klebsiella pneumoniae). Both 
are multidrug-resistant, highly virulent, and globally widespread, with at least 20% (>1 Mb) 
of their chromosome originating in a separate strain of the same species.

We sought to test the hypothesis that clinical strains, which usually carry several plasmids, 
can become Hfr strains (temporarily or stably) and give rise to chromosomal hybrids. 

To test this hypothesis, we carried out conjugations between E. coli clinical strains, used as 
donors, and E. coli laboratory strains, used as recipients. Resulting hybrids were analysed 
through whole genome sequence (WGS). 

A total of 120 clinical strains were tested as donors, of which 40% produced at least 
one hybrid. So far, over 125 hybrids have been selected for WGS and analysed. Genetic 
architecture varies widely between isolates, with transferred segments ranging from 20 
bp to >1 Mb. Roughly, half of the hybrids have acquired one single contiguous segment 
from the donor, and half contain a mosaic genome, with several non-contiguous areas 
of homologous recombination, and this seems to be dependent on the donor. Analysis 
of the hybrids is ongoing, as well as experiments to determine which plasmids are 
responsible for chromosomal DNA transfer. 
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FusB-type resistance to fusidic acid, a factor-assisted 
mechanism of antibiotic resistance

Adrián González-López, Daniel Larsson and Maria Selmer
Department of Cell and Molecular Biology, Uppsala University, Uppsala, Sweden

Antibiotic resistance is commonly mediated by efflux pumps, mutations or modifications 
of the target, degradation or modification of the drug, or factor-assisted protection. 
Factor-assisted protection mechanisms involve the expression of a protein that interacts 
with the target of the antibiotic and provide resistance without direct interaction with the 
drug. These mechanisms are the least understood and only a few have been identified. 
One such mechanism is FusB-type resistance to fusidic acid.

Fusidic acid is an antibiotic effective mainly against gram-positive bacteria and it is 
commonly used against Staphylococcus aureus infections. Fusidic acid stalls protein 
synthesis by binding to elongation factor G (EF-G) after translocation and prevents its 
release from the ribosome. 

FusB-type resistance to fusidic acid is mediated by the expression of FusB, a 25 kDa 
protein that binds with high affinity to EF-G (1). Crystal structures are available of FusB 
(2) and EF-G (3). Additionally, a recent NMR study showed that binding of FusB to a 
truncated version of EF-G leads to increased flexibility of domain III of EF-G (4). However, 
many aspects of the resistance mechanism are still unclear.
In this project, we aim to clarify the detailed mechanism of FusB-mediated release of 
EF-G from the fusidic-acid locked ribosomes. Our data from cryo-EM, small-angle X-ray 
scattering, and limited proteolysis support a mechanism where FusB increases the 
flexibility of domain III of EF-G.

References:
1. G. Cox et al., Proceedings of the National Academy of Sciences. 109, 2102–2107 
(2012).
2. X. Guo et al., Open Biology. 2, 120016 (2012).
3. Y. Chen, R. K. Koripella, S. Sanyal, M. Selmer, FEBS Journal. 277, 3789–3803 (2010).
4. J. H. Tomlinson, A. P. Kalverda, A. N. Calabrese, Proceedings of the National Academy of 
Sciences. 117, 25523–25531 (2020).
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Mining of the Gut Microbiota for New Anti-Infectives

Alexandra Florbrant1, Amanpreet Kaur2, Jens Eriksson1, Daniel 
Globisch2 and Mikael Sellin1

1Department of Medical Biochemistry and Microbiology, Uppsala University, 
Uppsala, Sweden.
2Department of Chemistry, Uppsala University, Uppsala, Sweden.

For many years, there has been very limited proactive work in the field of antibiotic 
therapy. While few new classes of drugs make it to the market, the massive consumption 
of the already available antibiotics has resulted in accelerated emergence of resistance. 
Consequently, few or no efficient treatment options remain for certain bacterial 
infections. To meet the increasing threat of antibiotic resistance, alternative non-antibiotic 
approaches need to be considered. Notably, the gut microbiota serves as a first line 
defense against pathogen colonization in the intestine, hence providing a natural resource 
in the hunt for new anti-infective agents that prevent infection.

To study microbiome – pathogen – host cell interactions, we have developed a scalable 
intestinal epithelial infection platform based on the model pathogen Salmonella enterica 
serovar Typhimurium (S. Tm). S. Tm is a prototypical enteropathogenic bacteria that use a 
type three secretion system (T3SS) to invade into the gut epithelium. Hence, the anti-
infective efficiency of a compound can be evaluated based on its effect on the frequency 
of S. Tm invasion events. Using this assay, we have initiated a screening of a library of 
metabolites present in fecal material.

Preliminary results from the screen have revealed an anti-infective potential for several 
classes of gut metabolites, including fatty acids, indoles, bile acids and vitamins. As a next 
step, we will perform follow up studies on the potential anti-infective candidates to 
characterize their mechanism of action and hopefully identify specific molecules with 
therapeutic potential.
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Structure-based drug design of Pseudomonas 
aeruginosa’s 1-deoxy-D-xylulose 5-phosphate 
reductoisomerase inhibitors
Bruna Schuck1,2; Vipul Panchal1; Ruth Brenk1,2.
1Department of Biomedicine, University of Bergen, Bergen, Norway
2MepAnti consortium

Antibiotic resistance looms as a serious threat to our well-being, health care systems 
and, consequently, the global economy as we continue to overuse and misuse antibiotics. 
Therefore, the discovery and development of new antibiotics are urgently needed. The 
non-mevalonate pathway  generates precursors of terpenoids, natural products essential 
for many human pathogens, and is absent in humans, making its enzymes attractive targets 
for new antibiotics.

In this project, we work with 1-deoxy-D-xylulose 5-phosphate reductoisomerase 
(DXR), the second enzyme of the pathway, from Pseudomonas aeruginosa (PaDXR) 
and Mycobacterium tuberculosis (MtDXR). MtDXR is used mainly as a comparator 
since almost no data is available for PaDXR and much is already known about MtDXR. 
A plasmid for each was designed with a 6xHis-tag, Avi-tag, and TEV protease cleavage 
site. After a successful transformation in E. coli strains, the proteins were expressed and 
purified. Subsequently, the process was optimized and the best buffer conditions for each 
protein were established. The enzymatic activity for PaDXR was confirmed by a DXS-
DXR coupled assay that measures the consumption of NADPH, DXR’s coenzyme.

Next, binding experiments using bio-layer interferometry (BLI) were performed. The 
conditions were optimized for PaDXR, using MgCl2 as the salt, in order to reproducibly 
determine the binding of a series of known ligands. So far, only binding for the coenzyme 
could be determined (NADPH, KD = 11.9 ± 1.6 µM; NADP+, KD = 42.0 ± 1.4 µM). As 
the molecular weight of fosmidomycin (183 g/mol), known inhibitor of DXR, is close to 
the detection limit of BLI, the enzymatic assay is currently being used as an orthogonal 
binding assay. Once the binding affinity of fosmidomycin can be asserted using the 
coupled assay, a fragment screening of in-house libraries available at the University of 
Bergen will be carried out.
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Microfluidic platform for tracking protein synthesis in 
living bacterial cells in real time

Filip Ilievski, Mikhail Metelev, Ivan Volkov, Jimmy Larsson, Gerrit Brandis, 
Magnus Johansson
Department of Cell and Molecular Biology, Uppsala University, Uppsala, Sweden

The bacterial translational machinery is one of the most important targets for antibiotics. 
A third of the clinical antibiotics target various steps in bacterial protein synthesis. 
Structural studies have mapped the binding sites of antibiotics, and their inhibitory actions 
have been investigated using in vivo and in vitro methods. However, there are gaps in 
knowledge, on systems level, of how several of these antibiotics prevent bacterial cell 
growth or proliferation. 

This work builds on our single-molecule fluorescence-based experimental system 
(Metelev et al,2022, Nat Commun) to investigate the dynamic effects of antibiotic drugs 
on bacterial protein synthesis directly in living cells. 

Currently, we have found that a microfluidic system is suitable for single-molecule tracking 
of genomically labeled ribosomes. Metelev et al have previously genomically fused the L9 
ribosomal protein to a self-labeling protein that can selectively bind a fluorophore with 
superior photophysical properties. This setup can be used for measuring the average 
translation and re-initiation time on mRNAs, as well as the proportion of ribosomal 
subunits bound to mRNAs at any given time in living cells. The single-molecule tracking 
data of this genomically labeled E. coli strain in a microfluidic chip reproduces the data 
obtained on agarose pads in Metelev et al. Moreover, a photoactivable dye can be 
delivered to cells, which allows us to measure the response of antibiotic treatment on the 
protein synthesis machinery at the single-cell level for several hours and generations.

A key question we should be able to answer is whether drug treatment results in a 
general slow-down of translation due to slower ribosomes, or due to a lower fraction 
of active ribosomes. With the photoactivable dye, we will also be able to connect the 
gradual response of single cells to drug treatment, with ultimate cell fate.

D R U G

DISCOVERY



58

Antibiotic Thermorubin Tethers Ribosomal Subunits and 
Impedes A-site Interactions to Perturb Protein Synthesis 
in Bacteria
Narayan Prasad Parajuli, Andrew Emmerich, Chandra Sekhar Mandava, 
Michael Y. Pavlov, Suparna Sanyal
Department of Cell and Molecular Biology, Uppsala University, Uppsala, Sweden

Thermorubin (THB) is a long-known broad-spectrum ribosome-targeting antibiotic, but 
the exact mechanism of its action is unclear.

Our precise fast-kinetics assays in a reconstituted Escherichia coli translation system, 
and 1.96 Å resolution cryo-EM structure of THB-bound 70S ribosome with mRNA and 
initiator tRNA, independently suggest that THB binding to the intersubunit bridge B2a 
near decoding center repositions C1914 of H69 that interferes with the binding of A-site 
substrates including aminoacyl-tRNAs, class-I release factors, and ribosome recycling 
factor and causes impediment of elongation, termination and ribosome recycling.

Furthermore, THB acts as an anti-dissociation ‘glue’ that tethers the ribosomal subunits 
and completely blocks ribosome recycling, subsequently reducing the pool of active 
ribosomes. Our results refute the earlier notion that THB is an initiation inhibitor and 
provide complete mechanism of THB inhibition of bacterial protein synthesis. This in-
depth characterization of THB action will hopefully aid in development of new antibiotics 
against drug-resistant bacteria. 
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Overexpression of the penicillin resistance determinant 
MurM is toxic in MurN deficient pneumococci

Ragnhild Sødal Gjennestad1, Maria Viktoria Heggenhougen1, Vegard 
Eldholm2, Morten Kjos1, Daniel Straume1

1Faculty of Chemistry, Biotechnology and Food Science, Norwegian University of 
Life Sciences, Ås, Norway 2Department of Bacteriology, Norwegian Institute of 
Public Health, Oslo, Norway 

Streptococcus pneumoniae is an opportunistic pathogen that causes serious infections of 
the lower respiratory tract as well as bacteremia and meningitis. It kills around one million 
individuals annually. Historically, penicillin have been the preferred treatment of respiratory 
tract infections. However, during the past decades, increased numbers of infections are 
caused by penicillin non-susceptible pneumococci.

Resistant isolates have mainly three characteristics; expression of low-affinity penicillin 
binding proteins (PBPs), a branched cell wall structure and an altered MurM version. 
MurM and MurN are responsible for adding Ser-Ala or Ala-Ala to the lipid II cell wall 
precursor causing the branched peptide structure of the pneumococcal cell wall. 
MurM is known as a resistance determinant in highly resistant isolates, since its removal 
resensitizes many isolates to penicillin. In this study, we examined phenotypical traits of 
mutants overexpressing murM. We found that overexpression of murM was toxic in 
DmurN mutants. When overexpressing murM in DmurN mutants, the cells displayed 
slower growth and abnormal cell morphology. We hypothesize that the deletion of 
murN combined with overexpression of murM cause the pneumococci to incorporate 
high levels of single amino acid-branched muropeptides. High levels of single-branched 
muropeptides are probably not well tolerated in S. pneumoniae, explaining the toxic 
effect of murM overexpression in DmurN mutants.

We also suggest that single-branched muropeptides interact differently with the PBPs 
and alter the competition between the transpeptidation reaction and penicillin binding, 
causing higher affinity towards penicillin. The overall results suggest that S. pneumoniae 
depends on MurN for the penicillin resistance determinant MurM to produce a branched 
structured cell wall compatible with a resistant phenotype. Understanding pneumococcal 
resistance mechanisms are essential for discovering new antibiotic targets and we believe 
that further knowledge about the molecular mechanisms behind resistance development 
is a good step in this direction. 
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A nanosized drug delivery platform for optimal intestinal 
absorption of poorly permeable oral antibiotics

Xiguo He1,2, Madlen Hubert1, and Christel A.S. Bergström1

1Drug Delivery Group, Department of Pharmacy, Uppsala University, Uppsala, 
Sweden. 2Uppsala Antibiotic Center, Uppsala, Sweden

Global antibiotic consumption has increased significantly and this trend is expected to 
continue. The most convenient administration of antibiotics is via the oral route since 
it results in improved patient compliance. An emerging class of advanced materials for 
drug delivery as nanocarrier is non-lamellar liquid crystalline nanoparticles (LCNPs, 
e.g., hexosomes and cubosomes) that can be customized to target particular medical 
applications.

To improve the oral bioavailability of antibiotics that are stable in the Gastro-Intestine 
Tract (GIT), efficient solubilized, highly membrane-permeable with minimal intestinal 
side effects for drug delivery to the systemic circulation. In this study the potential of 
phytantriol (PHY) serve as nanocarrier lipid vehicles for a model poorly-permeable 
antibiotic, vancomycin hydrochloride, was characterized and assessed digestibility. 

Small-angle X-ray scattering and Cryo-TEM was used to confirm the nanostructure of the 
liquid-crystalline matrix in the presence of the vancomycin hydrochloride. Differences in 
the digestibility and stability of formulations under digestion conditions were investigated 
using an in-vitro lipolysis model. 

PHY provides a dramatic stability for vancomycin hydrochloride on oral administration, 
which is linked to gastric retention of the formulation and its ability to resist digestive 
processing.
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To treat or not to treat? Exploring Swedish healthcare 
professionals reflecting on the optimization of antibiotics 
in hospitals

Isis Lindfeldt
Department of Sociology and Uppsala Antibiotic Center (UAC); University of 
Uppsala

The global antibiotic stewardship depicts antibiotic use and antibiotic resistance as constituting a 
global public health threat that has implications for global health, the global economy, global security 
and sustainability. Prudent and wise use of antibiotics have been recognized in global measures and 
interventions that are designed to optimize antibiotics worldwide. However, these programs tend 
to overlook the social aspects and dynamics of antibiotic usage, which has important repercussions 
for the successful implementation of antimicrobial stewardship. 
Sweden has been acclaimed internationally for its particular approach to antibiotic stewardship. 
The country has a low rate of antibiotic prescription and use in comparison with its European 
counterparts. However, despite Sweden’s commendable efforts towards a robust and well-
funded antibiotic stewardship, there are still controversial moments where clinical imperatives 
and stewardship goals are in conflict with one another.  Given the difficulties of setting priorities 
that encompass both stewardship and clinical goals, even in the well-resourced Swedish context, 
research into the social and contextual dimensions of antibiotic usage in situ is warranted.

This study explores contexts where antibiotic usage is high and clinical imperatives are demanding 
to explore how clinicians weigh up and interpret the various competing imperatives in their 
daily clinical practice. The study seeks to understand how healthcare professionals in emergency 
healthcare units, Medicinsk Intermerdiärvårdavdelning (MIVA) and Medicinskt Akutvårdsavdeldning 
(MAVA) at various Swedish hospitals reflect upon rational use of antibiotics and antibiotic resistance 
in their daily work. Moreover, the study explores how healthcare professionals at these emergency 
units relate to evidence- based guidelines on rational use of antibiotics and antibiotic resistance in 
hospitals.

The preliminary results presented in this study were obtained using mixed methods: focus 
groups, participant’s observation and semi- structured interviews with 73 healthcare professionals 
representing various specialties in different Swedish hospitals. The results indicate that healthcare 
professionals conveyed different types of rationalities in managing AMR issues in their daily 
practice. Moreover, it was revealed that healthcare professionals held different views in relation 
to compliance of AMR clinical guidelines. Furthermore, healthcare professionals maintained that 
collegial collaboration was crucial for the optimization of antibiotic use. However, the results 
illustrate that some healthcare professionals view doctors as bearing more responsibility for the 
optimization of antibiotic use in hospitals. Finally, healthcare professionals identified a number of 
challenges for the optimization of antibiotic use in their daily practice that will be presented and 
discussed.
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Swedish COVID-19 and Pandemic Preparedness Portal 
expands focus to include AMR

Katarina Öjefors Stark, Liane Hughes, Senthilkumar Panneerselvam, 
Arnold Kochari, Hanna Kultima and Johan Rung. 
SciLifeLab Data Centre, Biomedical Center, Uppsala University, Uppsala Sweden

The COVID-19 pandemic has been a central focus of society over the last few years. Like 
COVID-19, antimicrobial resistance (AMR) is widespread and poses a real and present 
danger to public health. However, AMR receives considerably less attention and has thus 
been termed ‘a silent pandemic’.

In June 2020, Sweden launched the first national portal of the European COVID-19 
platform. It aimed to accelerate research efforts by making Swedish COVID-19 data 
more open and FAIR, and quickly became a hub for relevant guidelines, tools, and other 
resources. In 2022, the portal became part of the SciLifeLab Pandemic Preparedness 
Program and was renamed ‘the Swedish COVID-19 and Pandemic Preparedness Portal’ 
(https://pandemicpreparednessportal.se ), The scope of the portal was also expanded to 
include diseases and pandemic preparedness topics other than COVID-19, such as AMR.

The portal’s content is organised modularly to maximise ease of use. There are sections 
that focus on different aspects of data sharing including services, guidelines, and tools for 
the research community. The portal team collaborates with researchers to promote their 
work by, for example, writing data-centric articles (data highlights), developing custom 
dashboards, or promoting existing resources. The content can now be filtered by different 
pandemic preparedness ‘topics’, like AMR, in order to easily locate relevant content. The 
portal team will build close collaborations with the AMR research community to expand 
AMR-related content.

The portal has been incredibly successful. Since its launch, there have been >70,000 
unique visitors and >250,000 page views (currently 200 daily visits). To build on this, we 
will add new content, primarily targeted at the research community, further improve user 
experience, and implement a promotion strategy to maximise attention. We strongly 
encourage those in the AMR community to contact us regarding collaboration.
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How can we work towards antibiotic-smart communities?

Rosa Peralta1, M. Pränting1, K. Stewart1, H. M. Ali2, P. Mathew2

ReAct – Action on antibiotic resistance*, 1Department of Medical Sciences, 
Uppsala University, Sweden, 2ReAct Asia Pacific, Christian Medical College, Vellore, 
India
*ReAct is a global independent network that works as a catalyst to stimulate 
global engagement and influence policy for action on antibiotic resistance.

For a sustainable response to antibiotic resistance, it is critical that communities are 
involved and take preventative measures. Currently, ReAct is engaged in two initiatives 
exploring ways to engage the broader society in becoming “antibiotic-smart”. Antibiotic 
Smart Sweden is a mission-oriented initiative led by the Swedish Public Health Agency 
and RISE in collaboration with ReAct Europe and STRAMA. By 2030, the aim is to have 
1 million antibiotic-smart inhabitants, 100 antibiotic-smart municipalities, 21 antibiotic-
smart regions, and 10 international collaborations. Antibiotic Smart Communities, led by 
ReAct Asia Pacific, seeks to engage communities in Asia through the use of an indicator 
framework to monitor antimicrobial resistance-specific and antimicrobial resistance-
sensitive changes on the ground.

In close dialogue with experts and professionals, both initiatives have developed 
criteria for becoming antibiotic-smart. These serve to generate commitment and 
highlight critical areas to be addressed within each context. In Sweden, criteria are 
being developed for pre-schools, schools, long-term care facilities, primary care centers, 
hospitals, and wastewater treatment plants, as well as on governance levels for regions 
and municipalities. Pilot testing of the criteria is now ongoing in five wastewater 
treatment facilities, ten pre-schools, two schools, and nine long-term care facilities. In 
Asia, a novel 15-indicator framework and scoring-system covering the human, animal, 
and environmental domains has been developed and tested in an 11,000-inhabitants 
community in Kerala, India. Based on base-line scores for the community, an action agenda 
was developed and implemented. The indicator framework was piloted in communities 
in other states of India to test feasibility and ease-of-application in multiple socio-cultural 
settings and found to be adoptable.

While evaluation of the approaches is still underway, the initiatives have proven useful in 
the engagement of wider stakeholders. Preliminary results from India show the indicator 
framework can help objectively monitor changes on the ground.
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Rapid and simple therapeutic drug monitoring of 
antibiotics using SERS biosensors

Haipeng Li, Mikael Rhen, and Georgios A. Sotiriou
Department of Microbiology, Tumor and Cell Biology, Karolinska Institutet, 
Stockholm, Sweden

Antibiotics are intensively used in clinics to prevent and treat bacterial infections. However, 
the misuse and overuse of antibiotics cause human health concerns due to antibiotic-
resistant infections. For example, 2.8 million antibiotic-resistant infections including 35.000 
deaths occur each year in US [1], and over 25.000 deaths are caused by antibiotic-
resistant bacteria each year in EU [2]. Therapeutic drug monitoring (TDM) of antibiotics is 
an efficient approach to prevent and control the spread of antibiotic resistance. Recently, 
surface-enhanced Raman scattering (SERS) biosensors have demonstrated promising 
application in the field of TDM of antibiotics, because of their advantages of label-free, 
high sensitivity, rapid diagnostic, simple operation, and point-of-care potential [3]. However, 
the practical application of SERS biosensors in clinical practice is still restricted by their 
sensing substrates, due to the challenges of poor-reproducibility and high-cost.
 
In this work, we used flame spray pyrolysis (FSP), an aerosol nanofabrication process 
famous for its scalability and reproducibility, to examine the massive and economic 
manufacturing of paper-based SERS biosensors. Totally around 2500 sample/hour can be 
manufactured and the fabrication cost is estimated as 1 cent euro/sample. The results 
have demonstrated that the fast and quantitative Raman measurements of beta-lactam 
antibiotics in 1xPBS solutions can be achieved within 5 min using our SERS biosensors, 
offering a proof-of-concept for the TDM application in clinical practices.

1. Cristea C., Tertis M., Galatus R., 2017. Magnetic nanoparticles for antibiotics detection. Nanomaterials 7: 119.

2. Düzgünes N., Sessevmez M., Yildirim M., 2021. Bacteriophage therapy of bacterial infections: the rediscovered 

frontier. Pharmaceuticals, 14: 34. 

3. Jaworska A., Fornasaro S., Sergo V., Bonifacio A., 2016. Potential of surface enhanced Raman spectroscopy 

(SERS) in therapeutic drug monitoring (TDM). A critical review. Biosensors, 6: 47.
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Figure 1. Fast and label-free 
detection of ampicillin molecules using 
our SERS nano-biosensors. 
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Designing an IL-6 biosensor for the early detection of 
sepsis

Ivana Suchánková, Giorgio Scattolini, Evangelia Anagnostou, Favour 
Nzekwe, Chiara Dalla Santa, Jesper Berglund Eklind, Mallika Chaukar, 
Joel Leufstadius, Kristian Eriksson, Jácome Toste, Paolo Zucchetti, Paula 
Camargo Romera, Qingyu Yang, Chiara Dalla Santa, Jasmine Dahlberg, Luc 
Villibord

Sepsis is a life-threatening condition that accounts for 20% of global deaths. The current 
diagnostic routine of sepsis is acutely slow and is based on non-specific symptoms. 
Interleukin 6(IL-6) is a proinflammatory cytokine that plays a vital role in the body’s 
immune response. Among other molecules, Il-6 was found to be a potent biomarker for 
detecting early-stage sepsis. 

Our team developed a biosensor prototype for the rapid detection of IL-6 in blood 
plasma. To achieve this, we successfully adapted an electrochemical-aptamer-based 
detection principle. We immobilized Il-6-specific aptamers to recognize and bind IL-6 
from the patient’s plasma sample. Upon binding to IL-6, the aptamers change their 
conformation. The conformation change allows us to measure IL-6 concentration using 
electrochemical impedance spectroscopy.

We can measure the concentration of Il-6 within the dynamic range of 1-2000 pg/mL of 
Il-6 in blood plasma under 5 minutes. Our device scored in the top three at the SensUs 
international biosensor competition.
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Performance of a rapid phenotypic AST System for 
susceptibility testing of Gram-negative Bacteraemia 
directly from positive blood culture bottles
Jenny Göransson1, Martin Sundqvist2, Jan Gorm Lisby3, Ehsan Ghaderi4, 
Lloyd Ellis1, and Jonas Melin1

1Q-linea, Uppsala (Sweden) 2Department of Laboratory Medicine, Clinical 
Microbiology, Faculty of Medicine and Health, Örebro University - Örebro 
(Sweden) 3Department of Clinical Microbiology, University of Copenhagen, 
Hvidovre Hospital - Hvidovre (Denmark) 4Department of Bacteriology, Uppsala 
University Hospital - Uppsala (Sweden).

Rapid coverage of antimicrobial treatment is paramount in the treatment of bloodstream 
infections (BSIs) including sepsis, and rapid AST results are essential. In response to 
this need, Q-linea has developed the ASTar® System, a rapid phenotypic AST device 
which recently became available to the European market (CE/IVD). We here report the 
performance of ASTar when assessed according to the ISO 20776-2:2007 standard for 
performance evaluation of in vitro AST devices.

ASTar uses a broad panel of 23 antimicrobials across a wide range of 6 to 14 two-
fold dilutions. Concentration determination to produce a controlled final inoculum 
directly from positive blood cultures. Broth microdilution and microscopy is performed 
continuously and generates MIC values within 6 hours. The performance of ASTar was 
assessed against the ISO standard broth microdilution (Sensititre) reference method. 
Testing was performed across three sites, with results from 412 contrived blood cultures 
and 74 clinical blood cultures. 23 antimicrobials were tested against 14 Gram-negative 
bacterial species (fastidious and non-fastidious), resulting in a total of 222 antimicrobial-
bacteria combinations. The ASTar System was also tested for reproducibility, involving the 
use of three instruments across two days, with triplicate testing of 11 strains.

The study included 8650 datapoints and the isolates were tested against a broad 
concentration range of the included antimicrobials. The ASTar system demonstrated an 
overall EA of 95,8% [91,6 – 98,6%] and CA of 97,6% [91,6 – 100%]. Reproducibility was 
high (> 98% for 22 of 23 antimicrobials).

This study shows that the ASTar system delivers reproducible results with an overall 
EA of more than 95%. Prior studies have shown that ASTar can generate MIC results in 
~6 hours directly from positive blood cultures. The ASTar System’s high agreement to 
broth microdilution coupled with rapid MIC results and high automation, could improve 
laboratory workflow, and is expected to improve patient outcomes.

POSTER

22
DIAGNOSTICS



67

The Pandemic Laboratory Preparedness (PLP) Network

Staffan Svärd
SciLifeLab and Department of Cell and Molecular Biology at Uppsala University, 
Sweden

The COVID19 pandemic has shown that we need extra laboratory support structures 
to handle samples for diagnosis and research during pandemics. SciLifeLab has been 
commissioned by the government to build laboratory capacity to assist in future 
pandemics (program 2021-2024, in total 130 MSEK). 

The assignment is to through research (focused on diagnostics, analysis of infection, 
immunity, and resistance development related to viruses, bacteria and other disease-
causing organisms), competence and technology development (focused on sequencing, 
genetic analysis, immunological methods and management of big data) optimize SciLifeLab 
operations to support and complement other societal functions such as authorities, 
municipalities and regions in pandemic laboratory preparedness.

Eight primary focus areas have been defined for SciLifeLab towards future work in 
Pandemic Laboratory Preparedness (PLP):
 • Focus on research support – research is needed during pandemics
 • Support and coordinate team-science efforts during pandemics
 • Support techniques and technology development important for the study of  
    pandemic pathogens and their effects
 • Operate nationally and in collaboration with other research infrastructures
 • Work to facilitate the flow of patient samples to infrastructure platforms
 • Support data management, sharing and open publication during pandemics
 • Support training in pandemic laboratory preparedness
 • Make a permanent investment in pandemic laboratory preparedness within  
    SciLifeLab
Currently 24 different work-packages exists in the PLP network (see https://
covid19dataportal.se/). 

The main focus of PLP is now the COVID19 pandemic but the work-packages will be 
developed further and integrated into the SciLifeLab infrastructure until 2024 in order to 
be available for research  generally in infection biology and most of all as a tool to fight 
the overlooked pandemic of antimicrobial resistance.  

DIAGNOSTICS

POSTER

23



68

PAIRWISE: Dispersal of antibiotic resistant bacteria and 
antibiotics in water ecosystems and how it influences 
livestock and aquatic wildlife
Anna Olsson1, Peter Akoll2, Jonas Bonnedahl3, Stefan Börjesson4, Andy J. 
Green5, Pawel Krzeminski6, Olfa Mahjoub7, Yosra Mani8, Wejdene Mansour8, 
Victor Martin5, Charles Masembe2, Johnson Mayega2, Aziza Messaoudi8, 
Robinson Odong2, John Omara2, Maria Rincón Gracia1, Thomas Rosendal1, 
Carsten Schwermer6, Robert Söderlund1, and Hanna Woksepp9

A One-Health approach is not limited to the healthcare setting, as microbes that can infect humans 
and animals are found in almost all environments, including soil and water. Thus, the transnational 
research project PAIRWISE was initiated, including Norway, Spain, Sweden, Tunisia and Uganda, 
representing countries with low, high and very high antibiotic usages.
The overall objectives are to gain increased knowledge on:
 I. Dispersal of antibiotic resistant bacteria, antibiotic resistance genes and   
 antibiotics in surface waters downstream of WWTPs
 II. Carriage of antibiotic resistant bacteria and antibiotic resistance genes in livestock linked    
   to surface waters influenced by WWTPs 
 III. Role of aquatic birds in dispersal of antibiotic resistant bacteria and antibiotic resistance  
    genesº
Four sampling campaigns during 2022/2023 covering seasonal differences are included. Samples 
from surface waters, WWTP influents and effluents, as well as faecal material from grazing cattle 
and aquatic birds are collected. Isolation of Extended Spectrum Beta-Lactamase (ESBL)-producing 
and carbapenem resistant Enterobacterales is performed and all isolates are subjected to antibiotic 
susceptibility testing, species determination and genetic characterization using whole genome 
sequencing. In addition, a High-Throughput quantitative PCR (HT-qPCR) panel including 384 
resistance genes and crAssphage will be utilized.

High-performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS) will identify 
antibiotic residues in water. The level of faecal pollution is assessed using Microbial Source Tracking 
(MST). Finally, a SOS-response assay will be used as a measurement of the level of horizontal gene 
transfer. Short- and long-distance dispersal of antibiotic resistance by birds are also studied using 
GPS satellite platform transmitter terminals (PTTs).

The PAIRWISE project exemplifies an international research initiative with a One Health concept 
by studying the role of WWTPs, grazing cattle and waterbirds in the spread of antibiotic resistance. 
The comprehensive analysis of the samples collected illustrates the complexity of the multifactorial 
issue of antibiotic resistance.
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 The Importance of Membrane Microdomains for 
Antibiotic Tolerance of Soil Bacteria
Jonatan Persson, Ireny Abdelmesseh Nekhala, Michaela Wenzel, Ann-britt 
Schäfer, Anuntxi Monsalve Iguiniz. 
Division of Chemical Biology, Department of Biology and Bioengineering, 
Chalmers University of Technology

Soil bacteria, such as Bacillus subtilis are constantly exposed to rapidly changing 
environmental conditions including a plethora of toxic substances, such as pesticides, 
herbicides, environmental pollutants, and antibiotics. The major interface between bacterial 
cells and their environment is the cytoplasmic membrane, where cells sense external 
stress and induce appropriate adaptation mechanisms.

Recently, it was discovered that B. subtilis membranes contain microdomains that are 
characterized by high membrane fluidity, so called regions of increased fluidity (RIFs) and 
play an important role for cell envelope synthesis.

Preliminary data suggest that RIFs are also involved in sensing membrane and cell wall 
stress. Thus, they may play an important role in antibiotic resistance. We aim to examine 
the role of membrane microdomains in strategically important soil bacteria, including 
antibiotic producers, plant pathogens, and symbionts.
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Isolation of antibiotic resistant bacteria from biogas 
digester using aerobic and anaerobic cultivation
Lisa Ahrens, He Sun, Anna Schnürer
Department of Molecular Sciences, Swedish University of Agricultural Sciences, 
Uppsala, Sweden

Digestate produced in biogas processes represents a potential transmission route of antibiotic 
resistance to the environment when used as biofertiliser. Consequently, several studies have 
investigated antibiotic-resistant bacteria (ARB), antibiotic-resistance genes (ARGs) and mobile 
genetic elements (MGEs) throughout biogas processes. Such studies have been obtained by aerobic 
cultivation, instead of the anaerobic environment from which the biogas digestates originates from.

The aim of this study was to investigate ARB from biogas digester using culture-dependent methods 
under aerobic as well as anaerobic conditions. Biogas digestates were obtained from laboratory 
reactor operating with food waste. To screen for ARB, plates of Vegetable Peptone agar containing a 
single antibiotic at the time were used. Six antibiotics were selected: Chloramphenicol, clindamycin, 
erythromycin, meropenem, metronidazole, and tetracycline. The digestate samples were diluted in 
a 10-fold serial dilution in sterile saline solution (0.9% NaCl) and 100 µL aliquots of each dilution 
were dispended onto the agar plates and incubated in darkness at 37 °C aerobically respective 
anaerobic. After 24-72 h of incubation, morphologically different colonies were selected for sub-
cultivation and classification. Sanger sequencing based on 16 S rRNA was used to identify bacterial 
species.

157 single colonies had an identity above 97 % as well a query cover above 97 %, when compared 
to the reference NCBI database. 75 were identified under aerobic condition and belonged to 
32 different bacteria species. 82 were identified under anaerobic condition and belonged to 21 
different bacteria species. The dominating genus found under aerobic cultivation were Bacillus with 
11 species identified.  There were no dominating genera under anaerobic cultivation. Four species 
were identified under both condition. The results indicate the importance for investigating ARB 
under both aerobic and anaerobic conditions since there is a variation in the ARB communities 
between the two different conditions. 
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Horizontal transfer of antibiotic resistance genes in a 
synthetic gut-bacterial community
Pilar López-Hernández1, Moritz Buck2, Stefan Bertilsson2, and Klas 
Udekwu3

1Dept. of Molecular Biosciences Wenner-Gren Institute, Stockholm University and 
Swedish University of Agricultural Sciences, Uppsala, Sweden, 2Dept. of Aquatic 
Sciences and Assessment, Swedish University of Agricultural Sciences, Uppsala, 
Sweden, 3Dept. of Biological Sciences, University of Idaho, USA

While most studies in antibiotic resistance have been done with single or co-cultures, we 
know that bacteria live in multi-species communities where many interact with each other. 
Interspecies relationships like horizontal gene transfer are key factors in the evolution and 
spread of antibiotic resistance genes. 

In this study, we built a system of bioreactors simulating the human-gut environment. 
These bioreactors were inoculated with a poly-microbial community from a stool sample 
and cultured until reaching a steady state. Later on, a donor strain carrying a plasmid 
conferring resistance against trimethoprim (TMP) was added to the steady state cultures. 
During this part of the experiment TMP was also pumped into the bioreactors with the 
liquid medium.

16S rRNA amplicon sequencing and long read metagenomics were used to monitor the 
whole community along the experiment.

HGT was detected through a dual fluorescence system within the plasmid and donor 
cells allowing us to identify both, donors and transconjugants. Transconjugants were then 
extracted from the whole population using fluorescence activated cell sorting (FACS) and 
identified via 16 rRNA gene sequencing. 
Preliminary analyses highlight that the HGT is pervasive among members of this 
community with a significant proportion of taxa containing the plasmid by the end of 
the experiment. This single-cell resolution understanding of HGT at a community level 
provided via this study will enable us to resolve ecological impact of antibiotic on the 
whole community.
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Analytical Methodology for measurement of 
antimicrobial chemicals in wastewaters, groundwater and 
surface water using liquid chromatography coupled with 
tandem mass spectrometry

Valentina Ugolini and Foon Yin Lai
Department of Aquatic Sciences and Assessment, Swedish University of 
Agricultural Sciences (SLU), Uppsala, Sweden

Dissemination of antimicrobial chemicals from wastewater discharges to the aquatic systems is of 
great concern. Their presence in the recipient environment could promote antimicrobial resistance 
and also deteriorate the quality of drinking water resources. Herein, we developed an analytical 
methodology for the determination of different antimicrobial chemicals in various water matrices, 
with an overall aim to study the spread of these chemicals from wastewater source to recipient 
aquatic environment. We selected our target antimicrobial chemicals according to their usage in 
Sweden, their occurrence in Swedish effluent wastewater and also the EU watch list. 

The methodology, comprising solid phase extraction (SPE) and liquid-chromatography coupled 
with tandem mass-spectrometry (LC-MS/MS), has been optimized and validated for identifying 
and quantifying a total of 35 antimicrobial chemicals in influent wastewater, effluent wastewater, 
groundwater and surface water. This included 21 antibacterial, 4 antifungals, 5 antivirals and 5 human 
metabolites. These chemicals showed a satisfactory recovery of 50-150% in the water matrices. The 
method quantification limits ranged between 0.24-56.83 ng/L in groundwater, 0.32-75.10 ng/L in 
surface water, 2.48-464.92 ng/L in effluent wastewater and 9.04-647.96 ng/L in influent wastewater.

ºThere were 10 antimicrobials that underperformed, in which only qualitative detections 
are considered. Our study provides a robust analytical methodology to assess trace levels of 
antimicrobials in various water matrices, as well as a better understanding of their stability in the 
waters and related preserving methods, which will be useful for environmental monitoring studies 
in the future.  
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Multinational corporations (MNCs) joining multi-sectoral 
partnerships for antibiotic innovation: a case study from 
Sweden
Carla Sacchi
Business Studies Department, Uppsala University

Multinational corporations (MNCs) are participating into multi-sectoral partnerships 
(MSPs) against grand challenges, i.e., multifaceted and complex issues that burden the 
society and the environment globally, such as climate change and antibiotic resistance. 
MSPs are cooperative initiatives involving actors from different sectors, such as public, 
private, and civil society organizations. Therefore, MSPs often rise in the joint effort to 
respond to these grand challenges by the different actors affected by them, in order to 
develop innovative solutions that cannot be reached by any single actor on its own.

This study aims at exploring the cooperation in a Swedish MSP for antibiotic innovation 
and its outcomes for the participating companies. It explores the following research 
questions: How are actors from different sectors cooperating within the MSP? How are 
the potential outcomes, such as sharing and creating knowledge, learning and innovation, 
affected by the different motivations of the partners?

We are carrying out an explorative single-case study with qualitative methods. Data are 
collected via semi-structured interviews with key stakeholders, document analysis and 
silent participation to meetings. Data will be analyzed with thematic analysis.

The study brings in an important theoretical contribution by expanding current theories 
of inter-firm cooperation to the context of multi-sectoral cooperation. In addition, the 
study is expected to provide insights on multi-sectoral cooperation in particular for 
antibiotic innovation, but such results could be potentially relevant for grand challenges 
in general, and thus support and drive current and future cooperative efforts in this and 
other areas.
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