g
4
s

/) 75

A Nk Leiden

= )

M’b The Netherlands

Evaluating the potential of novel antimicrobial strategies in
a multimodal treatment model for implant-related
infections: antibiotics, antimicrobial peptides,
bacteriophages, induction heating

Verheul, M.

Citation

Verheul, M. (2026, September 2). Evaluating the potential of novel
antimicrobial strategies in a multimodal treatment model for implant-related
infections: antibiotics, antimicrobial peptides, bacteriophages, induction
heating. Retrieved from https://hdl.handle.net/1887/4309098

Version: Publisher's Version
Licence agreement concerning inclusion of doctoral
License: thesis in the Institutional Repository of the University
of Leiden

Downloaded from: https://hdl.handle.net/1887/4309098

Note: To cite this publication please use the final published version (if
applicable).


https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/4309098

Curriculum Vitae

Curriculum Vitae

Ellen Verheul was born on March 4" 1997 in Gouda, the Netherlands. She obtained her
VWO diploma at Zuyderzee Lyceum Emmeloord in 2015, and moved to Leiden to start her
bachelor’s studies Biopharmaceutical Sciences at Leiden University in September 2015. She
completed her bachelor research internship at the Department of Biotherapeutics at Leiden
Academic Center for Drug Research (LACDR). In addition, Ellen completed the minor in Brain
and Cognition at Leiden University and the extracurricular minor Clinical Immunology at the
Leiden University Medical Center (LUMC). In February 2019, she enrolled in the research
master Biomedical Sciences at Leiden University. Under supervision of dr. Bart van Vlijmen
at the Department of Thrombosis and Hemostasis (LUMC), she completed her minor
research internship. This research focused on the influence of local tissue factor in directing
spontaneous venous thrombosis to a specific area in the mouse head. Further, she completed
the master Honours Class “Innovation Health and Well-being through Entrepreneurship.”
During the master course “Regulation of the Immune Response in Human Disease”, she
developed her interest in infectious diseases research. Subsequently, Ellen joined the
group of dr. Peter Nibbering at the Leiden University Center for Infectious Diseases (LUCID,
LUMC) to complete her major research internship. Here, she investigated the effects of
two alternative treatment approaches to eradicate bacterial biofilms on metal implants:
induction heating and antimicrobial peptides. After obtaining her master’s degree in June
2021, she directly started her PhD research in the LUMC at LUCID and the Department of
Orthopedics under the supervision of dr. Peter Nibbering (LUCID), dr. Bart Pijls (Department
of Orthopedics) and prof. dr. Rob Nelissen (Department of Orthopedics). In her doctoral
research, Ellen investigated the effects of bacteriophages, antibiotics, induction heating,
antimicrobial peptides, and their combinations on biofilm-associated Staphylococcus aureus
on metal implant surfaces in vitro.
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The PhD trajectory - an overview

Ellen’s PhD trajectory focused on assessing the effects of alternative strategies to combat
difficult-to-treat infections, with a particular emphasis on Staphylococcus aureus biofilms
associated with metal implant-related infections. During her Master’s thesis at the
Department of Infectious Diseases, she investigated the effects of non-contact induction
heating in combination with the antimicrobial peptide SAAP-148 on persister-enriched
Staphylococcus aureus biofilms (Chapter 5). This work introduced her to biofilm biology,
techniques to enrich bacterial biofilms with persisters as well as antimicrobial peptides and
induction heating as novel anti-biofilm strategies. This experience shaped her interest in
innovative, non-antibiotic treatment approaches to combat metal implant-related infections
and provided the foundation for her subsequent PhD research.

Building on this background, Ellen’s first PhD project focused on the application of
bacteriophages across different stages of the biofilm life cycle (Chapter 2). In this context,
she utilized various in vitro biofilm models to mimic the biofilm life cycle and became familiar
with experimental work involving phages. In parallel, she initiated a collaboration with the
electron microscopy facility at the LUMC. This collaboration aimed to identify the presence
of phages throughout the biofilm by visualizing phage-exposed biofilms cross-sectionally
using transmission electron microscopy. This project revealed that phages alone were
ineffective at eradicating biofilm-associated bacteria, suggesting the presence of bacterial
tolerance mechanisms. She disseminated her findings through a poster presentation
at the Gordon Research Conference on Antimicrobial Discovery, as well as through oral
presentations at the NCOH Science Café and the PhageNL symposium. These presentations
further strengthened her scientific communication skills and visibility within the field.
Additionally, Ellen supervised a student for four months and was involved in the laboratory
course Infectious Agents and Immunity.

Her next project further expanded on the abovementioned findings by exploring combination
therapies involving induction heating, SAAP-148, antibiotics, and phage ISP (Chapter 6). In
this work, Ellen investigated whether the sequence of these strategies influenced treatment
efficacy. She utilized confocal microscopy and microbiological assays to assess the effects
of these approaches on biofilms. This project reflected her growing expertise in addressing
clinically relevant questions in fundamental research. During this period, she supervised
another student for four months and continued her teaching contributions within the
Infectious Agents and Immunity laboratory course. She presented her work as a poster at
the Thesinge Biofilm Meeting and as an oral presentation at the EORS conference. Notably,
she received the best presentation award for the scientific Pecha Kucha presentation for the
general public, recognizing her ability to communicate complex topics to a broad audience.
In addition, she contributed to the development of the DARTBAC AMR Quartet Game, an
educational initiative aimed at raising awareness about antimicrobial resistance among non-
specialist audiences. These activities highlight her commitment to science communication
and public engagement.

Ellen then continued her research with a translational perspective by investigating whether
the effects of phage-antibiotic combinations on biofilms could be predicted using planktonic
phase bacteria (Chapter 4). This project evaluated the accuracy of a first-line screening tool
for selecting appropriate phage-antibiotic combinations to treat biofilm-related infections.
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She disseminated the findings of this study through oral presentations at ESCMID Global in
2023 and 2024. Ellen also initated a study to investigate the effects of phages on immune
effector functions of phagocytes. In parallel, she supervised a student for nine months
across both projects.

Throughout her PhD, Ellen was actively engaged in team science and collaborative projects
within and across institutions. Regarding the latter, Ellen contributed to a review paper
on biofilms, small colony variants, and intracellular bacteria in collaboration with the
Department of Trauma Surgery in Regensburg. In addition, she contributed to a review on
antimicrobial resistance in orthopedics, alongside colleagues from the DARTBAC consortium.
Within DARTBAC, she frequently shared data and protocols, thereby contributing to open
and transparent research practices. Ellen also took an active role in organizing departmental
social events as part of the laboratory’s internal activities committee. She co-organized yearly
summer schools and consortium meetings for DARTBAC and thereby gained experience in
coordinating academic events. As a member of the Young Board of the National Consortium
on One Health, she represented early-career researchers and contributed to national-level
interdisciplinary events.

In the final phase of her PhD, Ellen initiated a collaborative follow-up project with the M4i
institute at Maastricht University to study the mechanisms underlying the earlier-observed
tolerance of biofilm-dispersed bacteria to phages (Chapter 3). This project integrated
proteomic, microbiological, and biochemical analyses to examine this tolerant phenotype
at the molecular level. This work marked a shift toward more mechanistic and systems-
level investigations and demonstrates Ellen’s ability to coordinate interdisciplinary research
across institutions. In the final year of her PhD, Ellen also took the initiative to write a
research grant proposal.
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Chapter in this thesis: Chapter 5
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Mandatory activities

Year, month Description  Title Hours
2021, Nov  Course Leiden University Onboarding Programme Inform & 5
Connect
2022, Course Basic Methods and Reasoning in Biostatistics 42
Jan - Feb
2023, Course eBROK (Basic Course Rules and Organisation for 42
Nov - Dec Clinical Researchers)
2025, Jan Workshop Workshop Scientific Conduct for PhDs 5
Scientific courses, workshops, and other training activities
Year, month Description  Title Hours
2021, Nov  Meeting NWA-DARTBAC Consortium Meeting 16
2022, Jan Course LIFI PhD Online Course Infection and Immunity 56
2022, Apr Meeting NWA-DARTBAC Consortium Meeting 16
2022, May Conference Thesinge Biofilm Meeting 16
2022, May  Meeting NWA-DARTBAC Young Scientist Meeting 18
2022, Jul Conference Phage Futures Europe 14
2022, Jul Conference  GRC New Antibacterial Discovery and Development 40
2022, Nov Meeting NWA-DARTBAC Consortium Meeting 16
2023, Apr Conference  ESCMID Global 36
2023, May Meeting NWA-DARTBAC Young Scientist Meeting 24
2023, Nov  Meeting NWA-DARTBAC Consortium Meeting 16
2024, Apr Meeting NWA-DARTBAC Consortium Meeting 16
2024, Apr Conference  ESCMID Global 32
2024, May  Meeting NCOH Annual Scientific Meeting 8
2024, Jun Meeting NWA-DARTBAC Young Scientist Meeting 16
2024, Sep Conference EORS 24
2024, Nov Meeting NWA-DARTBAC Consortium Meeting 14
2024, Dec Symposium  Minisymposium PhageNL 4
2025, Apr Meeting NWA-DARTBAC Consortium meeting 2025 12
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Transferable skills courses, workshops, and other training activities

Year, month Description Title Hours
2021 - Teaching activity BW?2 Infectious Agents and Immunity 25
2022

2021, Course Communication in Science for PhDs 35
Nov - Dec

2021, Dec - Other Member of NWA-DARTBAC Young Scientist 60
2024, Sep Committee

2022, Apr Course Mindfulness 8
2022, Teaching activity Supervision of student 28
Mar - Jul

2023, Teaching activity Supervision of student 28
Mar - Jul

2023, Sep - Teaching activity Supervision of student 72
2024, Jun

2024, Oct Workshop Workshop Theatrical Presenting 3
2024, Apr - Other Board member of Young NCOH 56
2026, Jul
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Dissemination, acknowledgement, esteem, and other relevant scientific activities

Other scientific activities related to this thesis

2022, May

2023, Jul

2024, Apr

2023, Nov

2023, Nov

2024, Apr

2024, Sep

2024, Dec

2025, Feb

2025, Jun

Year, month Description

Presentation

Presentation

Presentation

Presentation

Awards and

Prizes

Presentation

Presentation

at LUMC

Presentation

Presentation

Title

Poster presentation Thesinger Biofilm Meeting

Poster presentation GRC New Antibacterial
Discovery and Development

Oral presentation ESCMID Global
Presentation NCOH Science Café

Pecha Kucha contest: best scientific
presentation for the general public

Oral presentation ESCMID Global

Oral presentation LUCID meeting

Oral presentation minisymposium PhageNL

Invited speaker at EURESTOP/STIMULUS
Young Researchers & Innovators Forum

Grant application

Linked to
chapter(s)

5

2,4

56

2,3

5,6
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“Ik ga nooit een PhD doen” - Ellen Verheul (2018)

Diezelfde ik kan het haast niet geloven dat ik bij het schrijven van mijn dankwoord ben
beland. Met veel trots en plezier kijk ik terug op een waardevolle en intensieve periode
waarin ik mijn promotieonderzoek heb voltooid. Dit had ik natuurlijk nooit alleen kunnen
doen: hoewel ik hieronder mensen in het bijzonder noem, zou ik graag iedereen willen
bedanken die aan deze reis heeft bijgedragen.

Allereerst mijn promotieteam. Peter, Bart en Rob, ik heb jullie begeleiding als heel prettig
ervaren. Jullie gaven mij veel vrijheid en stuurden waar nodig. Ik heb veel steun ervaren
door jullie vertrouwen en medemenselijkheid, en heb veel mogen leren van jullie klinische
en fundamentele expertise. Peter, bedankt voor de fijne brainstormsessies, je grondige
feedback en je wijze adviezen. Bart, jouw gestructureerdheid, innovatieve ideeén en
probleemoplossend vermogen hebben me altijd erg geholpen. Rob, bedankt voor jouw
aanstekelijke enthousiasme en verbindende denkwijze die elke meeting kleurrijk maken.
Tevens wil ik mijn guidance committee, Amir en Bas, bedanken voor de fijne jaarlijkse
besprekingen.

Mark, ik wil je ontzettend bedanken voor je toewijding, positiviteit en behulpzaamheid tijdens
mijn promotieonderzoek en in de periode daarna. Anne, bedankt voor je enthousiasme en
waardevolle suggesties tijdens de biofilm-meetings.

Graag wil ik ook mijn collega’s van INZI/LUCID-R, in het bijzonder de AMP-groep, bedanken
voor de fijne werkomgeving en de leuke interacties. Michella, ik heb het getroffen met
jou als buurvrouw op kantoor en in het baclab. Bedankt voor je suggesties, luisterend oor,
pogingen mij te laten pauzeren en de vele fantastische momenten: liedjes vertalen, de lab-
fotoshoot, regelmatig de slappe lach en onverhoopt miljoenen pipetpuntjes wassen in een
slacentrifuge. Bep, samenwerken met jou is een groot feest dankzij jouw enthousiasme
en vrolijkheid. Wij vormen een goed geoliede machine; ontzettend bedankt voor je harde
werk en loyaliteit. Sterre, Anne en Eva, bedankt voor jullie gedrevenheid en gezelligheid
tijdens jullie stages. Tanny, Els, Annelies, Miriam, Maureen, Jesus en Jannette: bedankt voor
jullie inzichten, belangstelling, en de leuke gesprekken. Sven, bedankt voor de gezellige
samenwerking, de nodige klaagmomentjes en het regelmatig sparren over experimenten.
Suus, bedankt voor jouw inspirerende ruimdenkendheid en humor. Giil, Amy en Eva, de
manische dagen met jullie op het ML-2 waren geweldig: bedankt voor de gezelligheid en
de fijne gesprekken. Paula, bedankt voor het lachen. Ook wil ik Suus, Arthur, Miriam, Amy,
Gul, Daaf, Eva, Michella, Gaby, Lisa en Matheus bedanken voor de fantastische borrels,
kerstdiners, spelletjesavonden en de vele andere activiteiten na werktijd.

Daarnaast ben ik veel dank verschuldigd aan mijn collega’s buiten LUCID. Aat en Roman,
bedankt voor de mooie afbeeldingen van de bacteriofagen. Christel, jouw openheid en
onze gezellige (koffie)meetings waardeer ik enorm. Ik vond het inspirerend om met jou en
Berta samen te werken. Chris en Ard, bedankt voor jullie betrokkenheid en dat ik mocht
meewerken aan de DARTBAC-kwartetset. Payal, Sanne, Christel en Candice: het was erg leuk
om samen met jullie de summerschools en consortiummeetings te organiseren. Robert en
andere mede-young DARTBACers, bedankt voor de gezelligheid. In het bijzonder wil ik de
harde kern (Julia, Elles en Martijn) bedanken voor hun doorzettingsvermogen; zelfs samen
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vormen we nog een slappe ruggengraat. Martijn, ik stel je belangstelling en gezelligheid
altijd erg op prijs.

Ook wil ik mijn mede(oud-)bestuursleden van de Young NCOH, Britt, Remy, Marina, Philip,
Jolyn en Myrthe (en de harde kern), bedanken voor de productieve meetings en de leuke
activiteiten die daaruit zijn voortgekomen.

LE'GO, Mormels, Nathalie, RachellaenIrina:jullie liefde, interesse, steun en onze vriendschap
betekenen heel veel voor mij. Koffiepauzes, dagjes uit, tranen van het lachen, borrelen en
onvergetelijke vakanties: daarna kon ik altijd weer met volle energie aan dit proefschrift
werken. Sav en Niek, met jullie als geweldige huisgenoten op de Dais heb ik een fantastische
start van dit promotieonderzoek gehad. Roos en Maartje, bedankt voor de liefde wanneer
ik erdoorheen zat.

Lieve Timo, ik koester jouw zorgzaamheid, dat je er altijd voor me bent, me aanmoedigt
en ook nog eens mijn oneindige (lab)verhalen aanhoort. Jij brengt mij in balans met jouw
rust en stabiliteit. Bedankt dat je me water en wortels geeft. Dat ik dit proefschrift in goede
fysieke en mentale gesteldheid heb kunnen afronden, heb ik grotendeels aan jou te danken.
Je bent de allerliefste.

Tot slot wil ik mijn lieve familie en schoonfamilie bedanken voor hun steun en de vele
gezellige momenten. Jacky en Michiel, jullie hartelijkheid en geloof in mijn kunnen
betekenen veel voor mij. Papa en mama, bedankt voor jullie onvoorwaardelijke liefde,
wijsheid en vertrouwen. |k draag altijd een stukje van jullie bij me: van liefde voor de natuur,
rijke fantasie, nieuwsgierigheid en doorzettingsvermogen tot de kracht om te verbinden.
Jullie nuchterheid brengt me regelmatig weer met beide benen op de grond en geeft me dat
duwtje in de rug dat ik soms nodig heb. Ik hou van jullie.
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