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Förord 

Vetenskapsrådet har en central roll för att främja forskningens kvalitet och 
förnyelse samt fördela medel till forskning av hög kvalitet. I myndighetens 
uppdrag ligger även att utvärdera forskning och bedöma dess vetenskapliga 
kvalitet och betydelse1. Dessa uppdrag kräver att Vetenskapsrådet både stödjer 
forskningens utveckling och garanterar en öppen och trovärdig kommunikation 
av forskningsresultat, såväl inom akademin som i samhället i stort. I vårt arbete 
med att utvärdera och synliggöra forskningens genomslag i samhället är 
fallstudier ett viktigt verktyg. Metoden gör det möjligt att beskriva komplexa 
förlopp på ett strukturerat och evidensbaserat sätt. 

Erfarenheter från tidigare utvärderingar visar att kvaliteten i hur lärosätena 
presenterar sina fallstudier varierar, vilket påverkar möjligheten att göra rättvisa 
och jämförbara bedömningar. Med denna vägledning vill vi därför stödja 
lärosäten i arbetet med att utveckla högkvalitativa fallstudier som på ett tydligt, 
trovärdigt och väl underbyggt sätt dokumenterar forskningens samhällsnytta. 
Genom att lyfta fram goda exempel på fallstudier och vanliga fallgropar hoppas 
vi bidra till ett gemensamt kvalitetslyft och stärka lärosätenas förmåga att 
kommunicera forskningens faktiska betydelse. 

Förhoppningen är att detta material inte bara ska stärka kvaliteten i fallstudierna 
i kommande utvärderingar, utan också stödja lärosätenas långsiktiga arbete med 
att synliggöra forskningens bidrag till samhällets utveckling. 

Stockholm, 16 mars 2026 

Katarina Bjelke 

Generaldirektör, Vetenskapsrådet 

 
1 Förordning (2009:975) med instruktion för Vetenskapsrådet. 
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Sammanfattning 

Den här rapporten syftar till att stödja lärosäten i arbetet med att utforma 
högkvalitativa fallstudier som beskriver forskningens samhällsnytta. Fallstudier 
används som en viktig del i Vetenskapsrådets modell för nationella 
utvärderingar för att fånga komplexa processer av genomslag som inte låter sig 
mätas med traditionella indikatorer. 

Dokumentet förklarar vad en fallstudie är, varför metoden är särskilt lämpad för 
att beskriva forskningens genomslag i samhället och hur en välstrukturerad 
fallstudie bör byggas upp. 

Rapporten lyfter även vanliga brister som ofta leder till sämre bedömning, såsom 
fokus på potentiell snarare än faktisk nytta, svaga orsakssamband mellan 
forskning och genomslag, samt otillräckliga bevis för påstådda effekter. Genom 
att synliggöra dessa utmaningar ges lärosäten bättre förutsättningar att undvika 
dem. 

Avslutningsvis presenteras goda exempel i form av åtta fallstudier hämtade från 
det material som lärosätena har skickat in inför vår utvärdering av medicinska 
och farmaceutiska grundvetenskaper. Dessa fallstudier utmärks av sina tydliga 
beskrivningar av faktisk samhällsnytta, sin väl underbyggda evidens samt sin 
förtydligande redogörelse för hur forskningen lett till konkreta förändringar 
utanför akademin. 
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Summary 

This report aims to support higher education institutions in their efforts to design 
high-quality case studies that describe the societal impact of research. Case 
studies are used as a key component of the Swedish Research Council's model 
for national evaluations to capture complex impact processes that cannot be 
measured using traditional indicators. 

The document explains the definition of a case study, why the method is 
particularly suited for describing the societal impact of research, and how a well-
structured case study should be constructed. 

The report also highlights common deficiencies that often result in lower 
assessments, such as focusing on potential rather than actual impact, weak causal 
links between research and impact, and insufficient evidence for claimed effects. 
By identifying these challenges, higher education institutions are better equipped 
to avoid them. 

In conclusion, examples of best practices are presented in the form of eight case 
studies drawn from the material submitted by institutions for our evaluation of 
basic medical and pharmaceutical sciences. These case studies are characterized 
by their clear descriptions of actual societal benefit, well-founded evidence, and 
clarifying accounts of how the research led to concrete changes outside of 
academia 
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1 Inledning 

Det pågår just nu en internationell reformering av hur forskning och dess resultat 
ska bedömas. Centralt i detta arbete är det globala initiativet CoARA (Coalition 
for Advancing Research Assessment), som förespråkar en större mångfald av 
bidrag och resultat i bedömningen av forskningskvalitet. Detta inkluderar att 
fånga upp forskningens faktiska genomslag i samhället. 

I linje med denna internationella sträva mot en breddad utvärdering ställer även 
den svenska regeringen allt högre krav på att forskning ska leda till tydlig 
samhällsnytta. Detta har gjort fallstudien till en central metod i nationella 
utvärderingar, eftersom det är genom fallstudien som forskningens samhällsnytta 
kan visas och konkretiseras.  

Vetenskapsrådets erfarenheter av att använda fallstudier som utvärderingsmetod 
visar dock att det finns ett betydande behov av att utveckla kvaliteten i dessa 
fallstudier. Syftet med denna skrift är därför att ge lärosäten ett konkret stöd i 
arbetet med att kommunicera forskningens genomslag. Genom att lyfta fram 
goda exempel och ge vägledning vill vi bidra till att höja kompetensen hos 
lärosätena om hur samhällelig betydelse kan dokumenteras och beskrivas. 

Bakgrund 
Vetenskapsrådet tillämpar en modell för nationella ämnesvisa utvärderingar.2 En 
bärande del i modellen är bedömningen av forskningens samhälleliga betydelse, 
vilken baseras på fallstudier inskickade av lärosätena. 

Erfarenheterna från våra utvärderingar visar dock på en stor variation i 
fallstudiernas kvalitet. Det har blivit tydligt att det ofta råder en osäkerhet kring 
hur en fallstudie ska utformas och struktureras. Brister i redovisningen innebär 
att resultaten presenteras på ett sätt som inte ger genomslaget rättvisa. 

Eftersom fallstudien har blivit ett allt viktigare verktyg i många sammanhang – 
från forskningsfinansiärers bedömningar till lärosätenas strategiska arbete – 
krävs en ökad förståelse för metoden. För att dessa processer ska kunna leda till 
konkreta kvalitetsförbättringar krävs en ökad förståelse för hur man beskriver 
komplexa förlopp så att forskningens faktiska nytta framgår tydligt i fallstudien. 
I denna rapport ger vi därför praktisk vägledning och goda råd för framtagande 
av fallstudier. Som komplement presenteras goda exempel i hämtade från 
underlaget till vår utvärdering av medicinska och farmaceutiska 
grundvetenskaper3. Trots att exemplen härrör från det medicinska området är vår 

 
2 Läs mer om nationella utvärderingar av forskningens resultat på vr.se. 
3 Quality and impact of research in basic medicine in Sweden. VR2505. 

https://www.vr.se/analys/sa-arbetar-vi-med-analys/nationella-utvarderingar-av-forskningens-resultat.html
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förhoppning att lärdomarna ska vara tillämpbara även inom andra discipliner då 
fokus ligger på själva utformningen av fallstudien.   
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2 Vad är en fallstudie? 

I utvärderingssammanhang är fallstudier en kvalitativ metod som när det gäller 
Vetenskapsrådets nationella utvärderingar av forskningens resultat syftar till att 
beskriva och förklara hur forskning har bidragit till samhällsnytta utanför 
akademin. Tanken är att en fallstudie ska ge ett tillräckligt underlag för att styrka 
sambandet mellan den bedrivna forskningen och dess faktiska genomslag. 

Att mäta forskningens genomslag i samhället är utmanande, då nytta ofta uppstår 
genom indirekta och komplexa processer och över långa tidsperioder. Eftersom 
effekterna kan vara oväntade, svåra att härleda till en specifik insats och ibland 
blir märkbara först decennier senare, krävs metoder som kan fånga denna 
komplexitet. Här är fallstudien en metod som gör det möjligt att synliggöra hur 
forskning faktiskt har bidragit till konkreta förändringar i samhället. Genom att 
beskriva dessa förlopp kan man tydliggöra samband som traditionella indikatorer 
eller statistik inte lyckas fånga. 

En välgjord fallstudie ska beskriva: 

• vilka typer av positiva effekter forskningen har lett till 
• hur effekterna har uppstått – antingen genom att forskningsresultat använts 

strategiskt eller som en följd av mer indirekta processer 
• var i samhället förändringarna skett, till exempel inom ekonomi, 

civilsamhälle, kultur, politik, offentlig förvaltning, folkhälsa, miljö eller 
livskvalitet 

• vem som påverkats, från individer till organisationer, grupper eller hela 
system 

• vilken typ av förändring som skett, som till exempel förändrade beteenden, 
förbättrade förmågor, nya arbetssätt, förstärkt kunskapsnivå, förändrade 
policybeslut eller minskade risker och kostnader 

• på vilken nivå effekten uppträtt – lokalt, nationellt eller internationellt. 
Fallstudien ska beskriva hela kedjan från forskning till samhällspåverkan, 
inklusive aktörer, sammanhang, processer och effekter. Detta gör metoden 
särskilt värdefull i situationer där genomslaget är komplext, varierande och inte 
låter sig reduceras till enkla kvantitativa mått. 

Användningen av fallstudier är en väletablerad metod och användningen ökar 
internationellt. Det mest omfattande exemplet är Storbritanniens Research 
Excellence Framework (REF), där tusentals fallstudier bedöms i återkommande 
nationella utvärderingar. Även länder som Norge, Australien och Nederländerna 
har integrerat forskningens samhällsgenomslag i sina utvärderingssystem, där 
fallstudier utgör en bärande del av metoden. 
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3 Vägledning för att skriva fallstudier 

Vetenskapsrådets instruktioner för framtagande av fallstudier vilar på samma 
metodologiska grund som Brittiska REF. Genom att använda detta beprövade 
ramverk säkerställer vi en strukturerad metod för att identifiera och bedöma 
forskningens samhälleliga betydelse. 

Eftersom bedömningen baseras uteslutande på den information som lämnas i 
fallstudien – och inte på bedömarens externa kunskap – är det avgörande att all 
efterfrågad information inkluderas. Fallstudierna ska vara upp till tre sidor långa 
och struktureras enligt följande rubriker (fullständiga instruktioner finns i Bilaga 
1): 

Omfattning och betydelse 

Här beskrivs det faktiska genomslaget i samhället de senaste fem åren. 
Bedömningen görs utifrån två dimensioner: 

• Omfattning: I vilken utsträckning har genomslaget nått vilka målgrupper? 
• Betydelse: På vilket sätt har forskningen berikat, påverkat eller förändrat 

policyer, produkter, välmående eller förståelse hos målgrupper? 
Påståenden om genomslag ska styrkas med referenser till dokument eller 
kontaktpersoner. 

Nyckelprocesser och faktorer 

Här beskrivs de tillvägagångssätt och förutsättningar vid lärosätet som varit 
avgörande för att möjliggöra genomslaget. Det kan röra sig om 
samverkansformer, finansieringsvillkor, mobilitet eller strategiska satsningar. 

Bidragande forskning 

Här redogörs för den underliggande forskning (publicerad under de senaste 20 
åren) som ligger till grund för fallet. Det ska framgå hur forskningen vid det 
aktuella lärosätet har bidragit på ett distinkt och substantiellt sätt till det 
genomslag som beskrivs. Upp till tio nyckelpublikationer ska bifogas. 

Områden som kräver särskild uppmärksamhet i en 
fallstudie 
Erfarenheter från tidigare utvärderingar visar att vissa utmaningar är 
återkommande och ofta leder till lägre betyg eftersom de försvårar en objektiv 
bedömning. Följande områden har identifierats som särskilt kritiska och bör 
ägnas extra uppmärksamhet vid utformningen av fallstudien: 
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• Fokusera på faktiskt genomslag i stället för potentiellt genomslag: En 
vanlig brist är att beskrivningen fokuserar på forskningens framtida 
potential, planerade samarbeten eller förväntad nytta. Fallstudien ska dock 
dokumentera genomslag som redan har ägt rum. Endast verifierbara och 
redan uppnådda samhällseffekter ska redovisas och läggas till grund för 
bedömningen. 
 

• Gör en distinktion mellan samhälleligt och akademiskt genomslag: Det 
har i flera fall varit svårt att separera vetenskapliga framsteg från samhällelig 
betydelse. Flera underlag har beskrivit akademiska meriter som om de vore 
samhälleligt genomslag. I detta sammanhang är sådana uppgifter endast 
relevanta som bakgrund till den bidragande forskningen, medan själva 
genomslaget måste beskriva en konkret förändring utanför akademin, till 
exempel inom relevant praktik, ekonomi eller policyutformning. 

 
• Ange tydliga orsakssamband: En kritisk brist är när kopplingen mellan den 

underliggande forskningen och det beskrivna genomslaget är svag eller 
saknas. Det måste tydligt framgå hur lärosätets specifika forskning och 
insatser har bidragit till effekten. Om de bifogade publikationerna inte är 
direkt relaterade till genomslaget försvagas fallets trovärdighet avsevärt. 
 

• Presentera tillräcklig evidens: Många fallstudier saknar tillräckliga bevis 
som styrker att de beskrivna genomslaget. Det räcker inte att ange att en ny 
medicin har lanserats eller att forskningen har legat till grund för en 
lagändring. Fallstudien måste presentera evidens för den faktiska effekten, 
såsom antal hjälpta patienter eller vilka effekter den nya lagen har haft. Här 
är det viktigt att skilja på aktivitet (att en studie genomförts eller att en 
forskare suttit med i en statlig utredning) och genomslag (den faktiska 
förändringen i samhället). All nödvändig evidens måste inkluderas i 
underlaget, då ingen extern informationsinhämtning sker för att komplettera 
beskrivningen. 



 12 

4 Fallstudier – goda exempel

I tidigare utvärderingar har lärosätena efterfrågat konkreta exempel som belyser 
kraven på kvalitet och struktur. Nedan presenteras därför åtta fallstudier från vår 
utvärdering av medicinsk grundforskning som har valts ut som goda exempel. 
Vår förhoppning är att dessa exempel ska fungera som stöd även för andra 
ämnesområden, då de tydligt illustrerar hur man kan strukturera sin berättelse, 
visa på orsakssamband och presentera evidens för genomslag 

Gemensamt för dessa fall är att de har lyckats med tre viktiga faktorer: 

• Redovisning av ett genomslag utanför akademin: De beskriver en konkret 
nytta för samhället snarare än ett vetenskapligt framsteg. 

• Redovisning av ett faktiskt och verifierbart genomslag: De fokuserar på 
effekter som redan har ägt rum och styrker dessa med evidens. 

• Beskrivning av en fullständig väg till genomslag (pathway): De ger en 
sammanhängande redogörelse för hur den underliggande forskningen har lett 
fram till den beskrivna samhällsnyttan. 

Fallstudierna är inte listade efter någon prioriteringsordning. De presenteras i sin 
helhet som de lämnats in till oss på engelska. Vetenskapsrådet har endast gjort 
justeringar för läsbarhetens skull. 

Fallstudie 1: Antibiotic pollution and resistance. Göteborgs 
universitet

Reach and significance – the referred impact on society
The research on “Antibiotic pollution and resistance”, led by Joakim Larsson, 
has greatly impacted both national and international policy on the control of 
antibiotic pollution from drug manufacturing. The ultimate aim of this research 
is to reduce the risk of developing antibiotic resistance globally, and thereby to 
protect public health and improve quality of life and the environment. 

The underlying research has been the direct trigger for several national and 
global initiatives, as listed below. 

At the United Nations (UN) General Assembly, the AMR Industry Alliance 
(with over 100 companies, including the world’s largest antibiotic 
manufacturers) committed to apply limits (as voluntary “targets”) that were 
largely based on proposed limits for 111 antibiotics published by Johan 
Bengtsson-Palme and Larsson in 2016 (key pub 8). The latest progress report 
from the AMR Industry Alliance (2023) documents real impacts4. 

 
4 Progress Report, AMR Industry Alliance.org 

https://www.amrindustryalliance.org/progress-report/
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The Access to Medicine Foundation scrutinized progress of the world’s largest 
antibiotic manufacturers in limiting pollution to reduce the development of 
antibiotic resistance (2018, 2020, 2023). Larsson was scientific advisor for the 
reports5. 

Procurement criteria for pharmaceuticals that take pollution from manufacturing 
into account were implemented in Sweden and Norway (2019). Larsson and 
Bengtsson-Palme were part of the external expert group6. 

Limiting environmental pollution with antibiotics from manufacturing has now 
become part of several national action plans on antimicrobial resistance (2017–
2024). Larsson’s research and engagement were instrumental7. 

The Indian government proposed a law with antibiotic discharge limits in 2020 
after consulting Larsson, largely based on the proposed limits from 2016. 
However, industrial lobbying has stalled the process8. 

The Swedish government decided to start a project to revise the Swedish drug 
reimbursement system to value pollution control and not only lowest price 
(2020). The final report from the Swedish Medical Products Agency was 
published in 2024 and the change will be implemented in 20259. 

Environmental labelling in Swedish pharmacies was introduced, to a large extent 
due to Larsson’s research (2020), but limitations still exist10. 

The European Union (2020, 2021), G7 (2021), and all UN bodies [UN 
Environment Programme (UNEP) 2017, 2023; World Health Organization 
(WHO), World Organization for Animal Health (OIE) and Food and Agriculture 
Organization (FAO) of the UN (2020)] are actively promoting a variety of 
actions, including increased transparency, focus on pollution during procurement 
and reimbursement of antibiotics, need for legally binding limits and 
amendments of the “good manufacturing framework” for medicines with criteria 
on pollution control. Larsson co-authored the WHO/OIE/FAO report, served as 

 
5 What steps are companies taking to help curb AMR by manufacturing responsibly? 
Access to Medicine.org 
6 Norway values pollution control during manufacturing when procuring drugs 
University of Gothenburg, gu.se 
7 CARe represented in New Delhi at high level meeting discussing India's upcoming 
national action plan on antibiotic resistance University of Gothenburg, gu.se 
8 The Indian government publish draft legislation to limit antibiotic pollution from 
manufacturing University of Gothenburg, gu.se 
9 Fortsätta att utveckla försöksverksamhet för en miljöpremie i 
läkemedelsförmånssystemet, Läkemedelsverket.se 
10 Apotekens miljömärkning blir missledande, Läkemedelsvärlden.se  

https://accesstomedicinefoundation.org/news/what-steps-are-companies-taking-to-help-curb-amr-by-manufacturing-responsibly
https://www.gu.se/en/news/norway-values-pollution-control-during-manufacturing-when-procuring-drugs
https://www.gu.se/en/news/care-represented-in-new-delhi-at-high-level-meeting-discussing-indias-upcoming-national-action-plan-on-antibiotic-resistance
https://www.gu.se/en/news/the-indian-government-publish-draft-legislation-to-limit-antibiotic-pollution-from-manufacturing
https://www.lakemedelsverket.se/sv/om-lakemedelsverket/rapporter-och-publikationer/regeringsuppdrag/fortsatta-att-utveckla-forsoksverksamhet-for-en-miljopremie-i-lakemedelsformanssystemet#hmainbody1
https://www.lakemedelsvarlden.se/debatt-apotekens-miljomarkning-blir-missledande/
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an expert to the 2023 UNEP report, and acted as personal advisor to the G7 
leadership both before and after the ministers’ meeting111213. 

British Standards Institution and the AMR Industry Alliance initiated work in 
2021 to develop an international standard to limit antibiotic pollution from 
manufacturing. Larsson was one of a small group of independent experts in the 
group developing the draft. The standard (including discharge limits as 
developed by Bengtsson-Palme and Larsson) was published in 2022, but without 
the support of the independent expert group. 

WHO initiated in 2023 the development of an independent global standard 
(“guidance”) on solid waste and wastewater management from the production of 
antibiotics. Larsson was recruited as lead scientific expert in the process. The 
final guidance was published on September 3, 202414.

A political declaration on antimicrobial resistance was approved at the UN 
General Assembly on September 26, 2024. This contained items recognizing 
antibiotic pollution from manufacturing as a driver of resistance and the need to 
adopt international pollution standards. Larsson was advisor to the Swedish 
Minister for Social Affairs and Public Health, Jakob Forssmed, and his team 
throughout the process and gave a short talk to the “Global Leaders Group on 
AMR” (mainly ministers)15. 

Key processes and factors – approaches and conditions crucial to the 
impact 
A foundation for the achieved impact has been to conduct dependable research 
combined with key collaborations. Thus, the findings of the initial report on 
exceptional antibiotic pollution were verified in several laboratories prior to 
submission as a scientific report. A key factor has been to publish high-quality 
research, exemplified by Larsson being on Clarivate’s list of the 1% most highly 
cited researchers every year since 2018. The research from University of 
Gothenburg on environmental dimensions of antibiotic resistance is regarded as 
world leading. As an example, the recent review on “Antibiotic resistance in the 
environment” published in Nature Reviews Microbiology in 2022 has rapidly 
become the key, authoritative reference in the field (cited 1,569 times: Google 
Scholar). 

Another key factor to bringing research to societal impact is to engage different 
scientific disciplines. In 2016, Larsson led the launch of the highly 
interdisciplinary Centre for Antibiotic Resistance Research at University of 

 
11 G7 ministers commit to combat antibiotic pollution from drug manufacturing 
University of Gothenburg, gu.se 
12 The European Parliament adopts resolution on pharmaceuticals in the environment 
University of Gothenburg, gu.se 
13 Explicit actions on how to reduce antibiotic pollution suggested by the WHO, FAO 
and OIE University of Gothenburg, gu.se 
14 ”Industrin sätter standard för utsläpp på egna villkor” - LäkemedelsVärlden.se 
15 FINAL Text AMR to PGA (pdf) 

https://www.gu.se/en/news/g7-ministers-commit-to-combat-antibiotic-pollution-from-drug-manufacturing
https://www.gu.se/en/news/the-european-parliament-adopts-resolution-on-pharmaceuticals-in-the-environment
https://www.gu.se/en/news/explicit-actions-on-how-to-reduce-antibiotic-pollution-suggested-by-the-who-fao-and-oie
https://www.lakemedelsvarlden.se/antibiotikaindustrins-egen-utslappsstandard-pa-deras-villkor/
https://www.un.org/pga/wp-content/uploads/sites/108/2024/09/FINAL-Text-AMR-to-PGA.pdf
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Gothenburg (CARe) with support from the UGOT Challenges initiative. In 
2023, CARe was expanded further to also encompass Chalmers University of 
Technology and today comprises around 155 members from 18 departments. 

Given that real impact only comes decades after the initial findings, a key factor 
to successful research is persistence. This applies not only to follow-up research 
but also to scientific communication and engaging with stakeholders. Larsson 
was personally involved as scientific advisor/expert in most of the initiatives 
described above. He has also participated in numerous TV documentaries and 
over a hundred stakeholder meetings, advised many governments and 
organizations, given a TEDx talk on the topic and supported journalists. In 2023, 
he was awarded the first national prize in “research communication” for this 
work16. As another sign of recognition, he was recently invited by the Nobel 
Foundation to discuss the future of health and antibiotic resistance with four 
recent Nobel Prize Laureates and other experts at the “Nobel Week Dialogue” 
2024 in Stockholm. 

Contributing research – the main content of the research that 
contributed to the impact 
The initial findings – showing that drug manufacturing, and not usage/excretion, 
was responsible for the majority of environmental antibiotic emissions – were 
published in 2007 (Larsson et al, 2007, key pub 1). In the following years, 
Larsson’s group published a series of studies documenting: (1) the exceptional 
pollution (e.g. Fick et al, 2009, key pub 3), (2) the resulting increase in antibiotic 
resistance (e.g. Kristiansson et al, 2011, key pub 4), (3) the risks for transfer of 
such resistance to 3 (4) pathogens (e.g. Flach et al, 2015), and (4) the presence of 
previously undescribed resistance genes against critically important antibiotics 
(e.g. Marathe et al, 2018), some of which were found to be already present 
among pathogens (e.g. Böhm et al, 2020). Using fecal marker tracking, 
convincing evidence was provided that antibiotic pollution, and not fecal 
pollution, was the cause of the increased resistance (Karkman et al, 2019, key 
pub 9). Recently, Berglund et al (2023) showed that wastewater is the most 
likely environment where resistance genes emerge. These studies changed the 
global paradigm with regards to how pharmaceuticals reach the environment, 
what the range of exposure levels may be, and increasing the focus on human 
health risks (from previously largely environmental risks). The studies also 
triggered massive media attention and a range of policy actions across the world, 
all with the intention to limit resistance development and thereby to protect 
effective clinical use of antibiotics. 

In addition to the studies that motivate actions, Larsson’s group has also 
published a range of studies on how to manage the risks (translational research). 
Despite the potential clinical impact and relevance, the necessary actions are 
largely at a societal policy level. The development of emission limits for 111 
antibiotics (Bengtsson-Palme and Larsson, 2016, key pub 7) was an important 

 
16 Världsledande antibiotikaforskare får nytt pris för forskningskommunikation 
Göteborgs universitet.se 

https://www.gu.se/nyheter/varldsledande-antibiotikaforskare-far-nytt-pris-for-forskningskommunikation
https://www.gu.se/nyheter/varldsledande-antibiotikaforskare-far-nytt-pris-for-forskningskommunikation
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step to implementing several of the other global initiatives described above. 
Several studies highlight the need for increasing transparency in the production 
chain (e.g. Larsson and Fick, 2009, key pub 2), as noted in the 2024 WHO 
guidance. Larsson’s team has also mapped how different actors could be 
incentivised to act (Nijsingh et al, 2019). Many of the other initiatives described 
above have evolved through discussions with stakeholders, still always 
motivated by the group’s original research. 

Only some of the publications underpinning the described impact are listed 
below. A comprehensive list can be found in the link below17

There are no ethical considerations or constraints, e.g. intellectual property 
rights, that limit public access to this case description.  

Key publications

1. Larsson DGJ, de Pedro C, Paxeus N. Effluent from drug manufactures 
contains extremely high levels of pharmaceuticals. J Hazard Mater. 148:751 
(2007). 

2. Larsson DGJ and Fick J. Transparency throughout the production chain – a 
way to reduce pollution from the manufacturing of pharmaceuticals. Regul 
Toxicol Pharmacol. 53:161 (2009). 

3. Fick J, Söderström H, Lindberg RH, Chau DNP, Tysklind M, Larsson DGJ. 
Contamination of surface, ground, and drinking water from pharmaceutical 
production. Environ Toxicol Chem. 28:2522 (2009). 

4. Kristiansson E, Fick J, Janzon A, Grabic R, Rutgersson C, Weijdegård B, 
Söderström H, Larsson DGJ. Pyrosequencing of antibiotic-contaminated river 
sediments reveals high levels of resistance and gene transfer elements. PLoS 
ONE 6:e17038 (2011). 

5. Larsson DGJ. Pollution from drug manufacturing: review and perspectives. 
Philosophical Transactions of the Royal Society B Biological Sciences. 
369:20130571 (2014). 

6. Bengtsson-Palme J, Boulund F, Fick J, Kristiansson E, Larsson DGJ. Shotgun 
metagenomics reveals a wide array of antibiotic resistance genes and mobile 
elements in a polluted lake in India. Frontiers in Microbiology. 5:648 (2014). 

7. Bengtsson-Palme J, Larsson DGJ. Concentrations of antibiotics predicted to 
select for resistant bacteria: Proposed limits for environmental regulation. 
Environ Int. 86:140 (2016). 

 
17 Publications University of Gothenburg (gu.se) 

https://www.gu.se/en/biomedicine/about-us/department-of-infectious-diseases/joakim-larsson-group/publications
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8. Bengtsson-Palme J, Kristiansson E, Larsson DGJ. Environmental factors 
influencing the development and spread of antibiotic resistance. FEMS Micro 
Rev. 1;42 (2018). 

9. Karkman A., Pärnänen K. and Larsson DGJ. Fecal pollution can explain 
antibiotic resistance gene abundances in anthropogenically impacted 
environments. Nature Commun. 80:10 (2019). 

10. Larsson DGJ, Flach C-F. Antibiotic resistance in the environment. Nature 
Reviews Microbiology 20. 257-269 (2022). 

Fallstudie 2: Neuroblastoma: preclinical breakthroughs 
with clinical impact. Göteborgs universitet 

Reach and significance – the referred impact on society 
The case entitled “Neuroblastoma: preclinical breakthroughs with clinical 
impact” is an example of successful collaborative efforts of the research groups 
of Tommy Martinsson and Ruth Palmer/Bengt Hallberg within the Institute of 
Biomedicine, University of Gothenburg. 

High-risk neuroblastoma is the most common malignancy in infants and the 
third most common cancer in children, affecting around 1 in 700 children. The 
Martinsson and Palmer/Hallberg research groups have shown that combining 
knowledge of tumor biology and state-of-the-art technology can improve patient 
outcome, including complete treatment response in a group of high-risk 
neuroblastoma patients for whom there were no other therapeutic options. Below 
are some examples of direct benefit for patients. 

Example 1. A child with high-risk neuroblastoma went through the standard-of-
care treatment, i.e. induction chemotherapy with cycled administration of five 
different chemotherapeutics. This was extremely (and unusually) toxic to the 
patient. When standard treatment was not an option, the tumor appeared 
untreatable. Tumor biopsies were sent for exome sequencing (Martinsson group) 
and for proteomics/signalling activity analysis (Palmer/Hallberg group). The 
collaborative group quickly determined why the treatment was toxic 
(undiagnosed Fanconi anemia) and identified an activating but uncommon 
mutation in the gene coding for anaplastic lymphoma kinase (ALK) in the tumor 
that could be used as a target for monotherapy. Biochemical analyses showed 
that this mutation conferred resistance to the first generation of ALK inhibitors. 
Instead, another ALK inhibitor was repurposed based on compassionate use, 
resulting in a dramatic response. The child went from having a life-threatening 
condition to living a normal life (Guan et al., 2018, key pub 7) and is still doing 
well. 

Example 2. Some neuroblastoma tumors show activation of ALK and 
downstream signalling pathways without detectable ALK mutations. This was 
the case for a child with a hard-to-treat neuroblastoma, where the presence of 
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ALK and tropomycin receptor kinase (TRK) activity was confirmed by 
phospho-proteomic analyses of tumor tissue. A combination of genomic, 
proteomic and functional analyses led to the conclusion that compassionate use 
of entrectinib (a TLK inhibitor used to treat non-small cell lung cancer) would 
offer effective treatment, and a complete response to this treatment was indeed 
observed (Treis et al., 2022, key pub 10). The rationale for this decision was 
based on a preclinical proof-of-concept showing that neuroblastoma can be 
ALK-driven even in the absence of activating DNA mutations (Borenas et al., 
2021, key pub 1). The research groups have also developed robust mass 
spectrometry protocols to analyze tumor samples from neuroblastoma patients. 
These identify signalling activity hubs in the tumor itself that can be integrated 
with current clinical and genetic analyses, thereby providing insight into 
therapeutic options. 

Example 3. To optimize the clinical translation of preclinical findings and 
expertise, the researchers participate in the “Swedish ALK group”, initiated and 
run by pediatric oncologist Dr. Torben Ek (Queen Silvia’s Pediatric Hospital, 
Sahlgrenska University Hospital/Sahlgrenska Academy, University of 
Gothenburg). The multidisciplinary group meets biweekly to discuss potential 
targeted treatments in neuroblastoma patients. This has led to the development 
and integration of clinical, genetic and proteomics data for improved treatment 
of children with neuroblastoma (Ek et al., 2024, key pub 5). In recent years, 
several children have received treatments based on the integrated approach, 
resulting in full tumor regression and minimal or low toxicity/side effects. The 
group expects to continue to develop technology and approaches to further 
improve outcome in neuroblastoma patients. 

Key processes and factors – approaches and conditions crucial to the 
impact 
The translational and collaborative approach has been a key driver for the 
clinical success of the project. Using a diverse set of techniques, the Martinsson 
group has been studying the genomics of neuroblastoma childhood tumors since 
1987. Over the past 37 years, there have obviously been parallel developments 
of relevant methodologies, starting from chromosome studies and leading to 
comparative genomic hybridization (CGH) arrays. CGH arrays can be used to 
identify copy number profiles (i.e. gain, loss and amplification) of the tumor 
genome, and today cover more than 2 million genomic positions e.g. on the 
Affymetrix high-density array. 

The Martinsson group used high-density arrays to study the genomic profiles of 
170 neuroblastoma tumors (detailed in Caren et al. 2010, key pub 3). With such 
a large set of cases, they provided convincing evidence for the presence of 
different neuroblastoma subgroups, where some genome profiles were 
associated with favourable outcome while others were associated with 
unfavourable outcome. An unfavourable outcome was seen in groups with 
amplification of MYCN, a gene that plays a critical role in cell growth and 
division. Further, another distinct unfavourable group lacked MYCN 
amplification, but instead carried chromosome 11q deletions. 
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From this detailed study of the gain and loss patterns, it was clear that many 
cases of MYCN amplification were accompanied by amplification of another 
locus on the chromosome arm 2p, i.e. ALK. This prompted the Martinsson 
group to scrutinize the DNA sequence of ALK in a large set of neuroblastoma 
tumors. This analysis not only verified the cases with ALK amplification but 
also showed that many of the neuroblastoma tumors carried dominant activating 
mutations in ALK (Caren et al., 2008, key pub 2). These mutations were 
confined to the region corresponding to the tyrosine kinase domain of the ALK 
protein. This breakthrough led to the use of ALK inhibitors – initially developed 
for a group of adult cancers – as a treatment for neuroblastoma. 

The next leap in genome analysis technology took place in 2011 when the 
Martinsson group started using sequencing techniques such as whole exome and 
whole genome DNA sequencing (WGS) on neuroblastoma tumors. The 
Martinsson group have now analyzed more than 600 cases of neuroblastoma 
with high-density arrays and >80 cases by WGS (Schleiermacher et al., 2014, 
key pub 9; Javanmardi et al., 2019, key pub 8). 

Another key driver for success is the close and long-standing collaborations of 
the Genomics (Martinsson) and the Cell Biology/Proteomics (Palmer/Hallberg) 
groups at the University of Gothenburg together with the six major pediatric 
oncology departments in Sweden. Materials from all neuroblastoma tumors in 
Sweden are sent to the research labs in Gothenburg to be processed and analyzed 
for genome profiles and ALK status (mutation, amplification, rearrangements). 
Results are sent back to the clinicians within a week, enabling precision 
treatment for all children with neuroblastoma tumors in Sweden (Ek et al., 2024, 
key pub 5). 

Contributing research – the main content of the research that 
contributed to the impact 
The original finding of ALK mutations in neuroblastoma in 2008 (Caren et al., 
2008, key pub 2) initiated a long-standing translational research project on 
neuroblastoma genomics. This has further developed into a national clinical 
service to analyze all new neuroblastoma tumors in Sweden (15-20 new cases 
per year). Proof-of-concepts are the identification of an ALK-I1171T mutation 
in one neuroblastoma patient (Guan et al., 2018, key pub 7) and of ALKAL2 
mutation in a high-risk neuroblastoma patient (Treis et al., 2022, key pub 10), 
which led to complete treatment response. The interdisciplinary analyses and 
cooperations of preclinical and clinical researchers were key factors. 

The Palmer/Hallberg group have been working on ALK since 1996. They have 
made important breakthroughs in the analysis of ALK inhibitors and ALK 
mutant variants found in neuroblastoma tumors that have impacted clinical 
decision making and patient outcome (e.g. Chand et al., 2013, key pub 4; Guan 
et al., 2018, key pub 7). The identification of the ALK ligand in 2015, and proof-
of-principle demonstration of its importance for neuroblastoma development, 
has also impacted clinical decision making and patient outcome (e.g. Borenas et 
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al., 2021, key pub 8; Fadeev et al., 2018, key pub 6; Javanmardi et al., 2019, key 
pub 8). 

Key publications
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Arefin, B., Fransson, S., Koster, J., Johansson, M., Gaarder, J., Van den Eynden,
J., Hallberg, B., & Palmer, R. H. ALK ligand ALKAL2 potentiates MYCN-
driven neuroblastoma in the absence of ALK mutation. Embo J, 40(3), e105784.
(2021).

2. Caren, H., Abel, F., Kogner, P., & Martinsson, T. High incidence of DNA
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2p rearrangements. Genes Chromosomes Cancer. (2019).

9. Schleiermacher G, Javanmardi N, Bernard V, Leroy Q, Cappo J, Rio Frio T, 
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Janoueix-Lerosey I, Kogner P, Delattre O, Martinsson T. Emergence of new 
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10. Treis, D., Umapathy, G., Fransson, S., Guan, J., Mendoza-Garcia, P., Siaw, 
J. T., Wessman, S., Gordon Murkes, L., Stenman, J. J. E., Djos, A., Elfman, L. 
H. M., Johnsen, J. I., Hallberg, B., Palmer, R. H., Martinsson, T., & Kogner, P. 
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Fallstudie 3: Rapid RNA-Extraction-Free COVID-19 
Testing: Expanding Diagnostic Capacity for Global Health 
Impact. Karolinska Institutet

Reach and significance – the referred impact on society
Impact summary

During the emergence of the COVID-19 pandemic, Associate Professor Björn 
Reinius at Karolinska Institutet (KI) pioneered the development of RNA-
extraction-free molecular diagnostics, which hugely impacted COVID-19 
clinical testing and alleviated global reagent shortages. By heat-based 
inactivation and optimized reaction chemistry, Reinius’ approach enabled 
samples to go directly into clinical RT-PCR assay without further processing, 
increasing test capacity by up to 500%. The method was used in over three 
million tests in Sweden, became widely adopted internationally, accelerated 
COVID-19 diagnostics, and aided variant tracking—including real-time 
Omicron monitoring during its surge at turn of 2021/2022. Reinius’ innovative 
method became one of Sweden’s most widely adopted academic contributions to 
clinical pandemic diagnostics, demonstrating an exceptional “real-world” impact 
for an academic initiative. 

Development of an RNA-extraction-free testing procedure 

At the onset of the COVID-19 outbreak, clinical viral testing relied on RNA 
extraction, necessitating specialized reagents and equipment that faced global 
shortage due to unprecedented demand during the early phase of the pandemic in 
2020. Reinius and his team developed testing procedures that completely 
bypassed the RNA extraction step by utilizing heat-based viral inactivation and 
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optimized chemistry in the clinical reaction, allowing for direct RT-PCR testing 
directly on heat-inactivated patient swab samples. This approach simplified 
testing dramatically, reduced processing time, and cut costs and resources 
needed for diagnosis. By meticulously optimizing each step the testing 
procedure (e.g. saliva versus swab sampling, clinical transport medium 
composition, virus inactivation and how it affects detection, detection-probe 
composition) Reinius achieved a streamlined testing procedure bypassing the 
most time-consuming steps while retaining high detection sensitivity (1, 2). The 
method notably reduced pre-PCR sample handling in clinical labs from hours to 
minutes. 

Impact on COVID-19 testing of patient samples 

Reinius’ novel approach helped to alleviate the global shortfall in supply chains 
and made testing considerably more accessible in Sweden and internationally. 
The impact was profound in several ways: 

Increased Testing Capacity: By eliminating the RNA extraction step, the 
method streamlined the diagnostic workflow, allowing laboratories to 
conduct significantly more tests in a shorter time frame. This approach 
boosted the testing capacity in several of Sweden’s largest clinical 
COVID-19 testing facilities. Over 3 million tests were performed using 
this method in Sweden alone at ABC Labs, Unilabs,and the Karolinska 
University Hospital in the Stockholm region.

• Resource Efficiency: The RNA-extraction-free method reduced the reliance
on reagents that were in short supply, helping to maintain testing even during
periods of critical shortages.

• Accessibility: This simplified testing approach made it feasible to scale up
diagnostics in regions with limited resources or where the necessary
extraction equipment was unavailable.

• Public Health Impact: Reinius' work helped accelerate COVID-19 testing,
a critical factor in identifying and isolating infected individuals, thus
contributing to efforts to curb the spread of the virus.2(

• Future Directions in Clinical Testing: Reinius’ publication (Smyrlaki et
al., 2020) is the most cited work on RNA-extraction-free COVID-19
diagnostics, inspiring future clinical testing innovations bypassing tedious
RNA/DNA-extraction steps.

Overall, Reinius’ contributions played a key role in increasing testing efficiency 
and accessibility during a crucial time in the global response to the pandemic. 
Already by April 2020, only a month after COVID-19 was declared a global 
pandemic by the World Health Organisation (WHO), the protocol was 
operational and publicly released on medRxiv.org18 (key publication Smyrlaki et 
al, 2020). The work was one of the most downloaded Nature Communications 
articles on SARS-CoV-2 published in 2020 (3) boosting more than 100,000 
downloads, underscoring its significance. Reinius’ method is distinguished as 

18ImedRxiv (medrxiv.org) 

•

https://www.medrxiv.org/


 23 

the only Swedish COVID-19 diagnostic approach, developed within an 
academic setting, to achieve broad clinical adoption.
Dr. Reinius’ method was validated and adopted by major clinical laboratories 
across Sweden for COVID-19 testing of patients, including Unilabs, ABC Labs, 
and Karolinska University Hospital Region Stockholm, enabling over three 
million clinical tests for the Public Health Agency of Sweden (5-6). Although 
precise global usage figures are difficult to obtain due to limited reporting 
outside Sweden, it is reasonable to estimate that the method facilitated hundreds 
of millions of tests worldwide, either through direct application or adaptations of 
the original approach. Reinius’ research also impacted clinical diagnostics 
during the later phase of the pandemic by developing a clinical test that could 
detect Omicron variants directly in the primary RTPCR assay – which is in 
contrast to sequencing-based variant assignment retroactively. The Omicron 
work was done in collaboration with the major testing facility ABC Labs (5). 
This information was reported in real time to authorities, including the Public 
Health Agency of Sweden19 and infectious disease control physicians across 
Swedish healthcare regions, enabling day-by-day monitoring of the ongoing 
Omicron wave. The key publication Lentini et al, 2022, was initially released as 
a preprint and later published in Med (Cell Press) as a peer-reviewed study. This 
work provided key insights into the transition from Omicron BA.1 to BA.2 
sublineages within the Swedish population, aiding public health authorities in 
understanding variant behaviour and spread. This data was crucial for adapting 
public health responses when the severity of Omicron variants was still 
uncertain.

Dr. Reinius’ approach stands out as the sole academically developed Swedish 
COVID-19 diagnostic method to gain widespread clinical adoption. In brief, his 
work significantly impacted COVID-19 diagnostics during the pandemic by: 
overcoming RNA Extraction Bottlenecks; enabling faster and more scalable 
testing; reducing the laboratory cost of testing; adoption by laboratories 
worldwide; supporting rapid response in public health, due to simplified testing; 
enabling an approach for mass surveillance and screening; inspiration for further 
research and development of commercial kits and reagents for COVID-19 
diagnostics. 

References: 

1. KI News 23 September 2020: https://news.ki.se/a-cheaper-faster-covid-19-test 

2. KI News 10 August 2022: https://news.ki.se/single-clinical-test-provides-
more-answers-about-covid-19 

3. 2020 Top 50 SARS-CoV-2 Articles. Nature communications, 12 March 2021. 
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4. Unilabs: at least 250,000 tests performed during summer of 2020, contact 
info: Annika Tiveljung Lindell, operations manager 

 
19Public Health Agency of Sweden (folkhalsomyndigheten.se) 
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(Annika.TiveljungLindell@unilabs.com  ) and Dr. Helena Ekroth 
(Helena.Enroth@unilabs.com). 

5. ABC Labs: ca 2.5 million tests, contact info: Ola Winqvist, medical director
(ola@abclabs.se).

6. Karolinska University Hospital, Region Stockholm: ca 800 000 tests
performed, contact info: Dr. Martin Ekman, molecular biologist Clinical
Microbiology. (martin.o.ekman@regionstockholm.se).

Key processes and factors – approaches and conditions crucial to the 
impact 

Swift response to the COVID-19 Crisis 

COVID-19 was declared a global pandemic on March 11, 2020 – and the first 
version of Reinius’ rapid testing protocol was released on medRxiv.org already 
by April 17, 2020, representing an extreme swiftness in Reinius’ response to the 
crisis. Key for this was Reinius’ early prediction of SARS-CoV-2’s rapid 
escalation and realizing the insufficiency of available diagnostics to handle the 
testing load. By February 2020, he shifts his research focus solely on this issue, 
starting with synthetic SARS-CoV-2 genome copies before biological samples 
were available. As the first clinical samples appeared in Stockholm, Reinius 
teamed up with Karolinska University Hospital staff to develop a working 
clinical assay. The timely collaboration between KI and Karolinska University 
Hospital was crucial, as hospital staff faced extreme workloads with the daily 
influx of samples. This left the hospital with limited capacity for methods 
development, making the partnership crucial for advancing diagnostics. The 
author list in the key publication Smyrlaki et al, 2020 reflects this teamwork, 
with shared first authorships between KI and Karolinska University Hospital. 
This cross-discipline cooperation was essential for creating a pragmatic and 
deployable method in a clinical setting, benefitting society directly rather than 
being an academic exercise. 

Reinius’ pioneering work during the COVID-19 pandemic transformed clinical 
diagnostics and showcased his creativity and resilience under immense pressure. 
His innovative solutions during the global crisis inspired peers and emphasized 
the practical impact of biomedicine. The KI research community is increasingly 
committed to translating novel technologies into real-world applications, with 
Reinius’ COVID-19 diagnostic efforts and participation in the KI Innovations 
DRIVE program serving as a key source of inspiration for this movement. 

His efforts are advancing research applications in Sweden’s medtech and health 
tech industries. As a junior PI for only 1.5 years when the pandemic hit, Reinius 
exemplified resilient dedication and innovative thinking, significantly boosting 
testing capacity and efficiency. Recently, Reinius founded SEQURNA ABIII, a 
KI Innovation-supported spin-off biotech company advancing RNA sequencing 
technologies, now serving customer laboratories in 18 countries. In the summer 
of 2024, Nasdaq Nordic-listed Genovis AB partnered with and invested in 

Mailto:ola@abclabs.se
Mailto:martin.o.ekman@regionstockholm.se
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SEQURNA, highlighting its success (7) and Reinius’ ongoing research impact 
beyond academia. 

Funding and awards 

Reinius received funding from the Swedish Research Council, the Ragnar 
Söderberg Foundation, Svenska Sällskapet för Medicinsk Forskning (SSMF), KI 
StratRegen, Faculty-funded career positions funded by KI, KI consolidator 
Fellow in Medicine. Björn Reinius is a Wallenberg Academy Fellow (Medicine 
2021), Knut and Alice Wallenberg foundation. Reinius work was also funded by 
the SciLifeLab/KAW national COVID-19 research program funded by the Knut 
and Alice Wallenberg foundation. The Svedberg Prize Award was in 2024 
awarded to Björn Reinus by the Swedish Chemical Society, for his discoveries 
regarding the gene regulation mechanisms of the X chromosome and his 
substantial impact on COVID-19 clinical diagnostics. 
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Contributing research – the main content of the research that 
contributed to the impact
The key publication Smyrlaki et al, 2020, detailing the RNA-extraction-free 
procedure, became the most consulted piece on extraction-free COVID-19 
diagnostics, has over 100,000 downloads and 450 citations, that is remarkable 
for a molecular methods paper. The study by Lentini et al, 2022 analyzed the 
shift from the BA.1 to BA.2 subvariants of Omicron in Sweden at day-by-day 
resolution. It revealed that cases associated with the BA.2 lineage showed higher 
levels of viral RNA compared to BA.1, suggesting potential implications for 
viral spread and clinical outcomes. Reinius further contributed to five other 
publications on COVID-19 published so far (Maucourant et al, 2020; 
Alekseenko et al, 2021; Rufino de Sousa et al, 2022; Vaid et al, 2023, Tayyab et 
al, 2023). The key publication by Noble et al, 2024, presents the development of 
synthetic RNase inhibitors designed to enhance the stability of RNA during 
single-cell RNA sequencing. These thermostable inhibitors improve the 
preservation of RNA integrity, enabling accurate, reliable, and environmentally 
sustainable transcriptomic analyses in various experimental conditions – crucial 
work for SEQURNA AB20. 
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20 SEQURNA AB: https://www.sequrna.com/ 

https://news.cision.com/genovis-ab/r/genovis-completes-a-strategic-investment-in-sequrna--adeveloper-of-next-generation-rnase-inhibitors,c4011493
https://www.sequrna.com/


 26 

reagents on heat-inactivated samples. Sci Rep 11, 1820.
https://doi.org/10.1038/s41598-020-80352-8

Lentini, A., Pereira, A., Winqvist, O., Reinius, B., 2022. Monitoring of the 
SARS-CoV-2 Omicron BA.1/BA.2 lineage transition in the Swedish population 
reveals increased viral RNA levels in BA.2 cases. Med 3, 636-643.e4. 
https://doi.org/10.1016/j.medj.2022.07.007

Maucourant, C., Filipovic, I., Ponzetta, A., Aleman, S., Cornillet, M., Hertwig, 
L., Strunz, B., Lentini, A., Reinius, B., Brownlie, D., Cuapio, A., Ask, E.H., 
Hull, R.M., Haroun-Izquierdo, A., Schaffer, M., Klingström, J., Folkesson, E., 
Buggert, M., Sandberg, J.K., Eriksson, L.I., Rooyackers, O., Ljunggren, H.-G., 
Malmberg, K.-J., Michaëlsson, J., Marquardt, N., Hammer, Q., Strålin, K., 
Björkström, N.K., Karolinska COVID-19 Study Group, 2020. Natural killer cell 
immunotypes related to COVID-19 disease severity. Sci Immunol 5, eabd6832. 
https://doi.org/10.1126/sciimmunol.abd6832

Noble, J.C., Lentini, A., Hagemann-Jensen, M., Sandberg, R., Reinius, B., 2024. 
Introducing synthetic thermostable RNase inhibitors to single-cell RNA-seq. Nat 
Commun 15, 8373. https://doi.org/10.1038/s41467-024-52717-4 

Rufino de Sousa, N., Steponaviciute, L., Margerie, L., Nissen, K., Kjellin, M., 
Reinius, B., Salaneck, E., Udekwu, K.I., Rothfuchs, A.G., 2022. Detection and 
isolation of airborne SARS-CoV-2 in a hospital setting. Indoor Air 32, e13023. 
https://doi.org/10.1111/ina.13023

Smyrlaki, I., Ekman, M., Lentini, A., Rufino De Sousa, N., Papanicolaou, N., 
Vondracek, M., Aarum, J., Safari, H., Muradrasoli, S., Rothfuchs, A.G., Albert, 
J., Högberg, B., Reinius, B., 2020. Massive and rapid COVID-19 testing is 
feasible by extraction-free SARS-CoV-2 RT-PCR. Nat Commun 11, 4812. 
https://doi.org/10.1038/s41467-020-18611-5 

Tayyab, M., Barrett, D., van Riel, G., Liu, S., Reinius, B., Scharfe, C., Griffin, 
P., Steinmetz, L.M., Javanmard, M., Pelechano, V., 2023. Digital assay for rapid 
electronic quantification of clinical pathogens using DNA nanoballs. Sci Adv 9, 
eadi4997. https://doi.org/10.1126/sciadv.adi4997

Vaid, R., Mendez, A., Thombare, K., Burgos-Panadero, R., Robinot, R., 
Fonseca, B.F., Gandasi, N.R., Ringlander, J., Hassan Baig, M., Dong, J.-J., Cho, 
J.Y., Reinius, B., Chakrabarti, L.A., Nystrom, K., Mondal, T., 2023. Global loss 
of cellular m6A RNA methylation following infection with different SARS-
CoV-2 variants. Genome Res 33, 299–313. ttps://doi.org/10.1101/gr.276407.121 

https://doi.org/10.1038/s41598-020-80352-8
https://doi.org/10.1016/j.medj.2022.07.007
https://doi.org/10.1126/sciimmunol.abd6832
https://doi.org/10.1038/s41467-024-52717-4
https://doi.org/10.1111/ina.13023
https://doi.org/10.1038/s41467-020-18611-5
https://doi.org/10.1126/sciadv.adi4997


 27 

Fallstudie 4: Revolutionizing cervical cancer prevention: 
from HPV screening and vaccination to cancer elimination 
strategies. Karolinska Institutet

Reach and significance – the referred impact on society

Impact summary

Professor Joakim Dillner’s research at Karolinska Institutet (KI) has led to 
transformative advancements in cervical cancer prevention through HPV 
screening and vaccination strategies. His team pioneered the use of PCR-based 
HPV screening and has shown that it is more reliable than traditional Pap smears 
and now forms the backbone of Sweden’s national program. Their research also 
supported the rollout of school-based HPV vaccination in girls, extended to boys 
in 2020, enhancing population-wide immunity. These initiatives have 
contributed to Sweden’s leadership in Human Papillomavirus (HPV) elimination 
which has the potential to eliminate HPV-associated cancers in the near future. 

Background: move from cytology to molecular screening for HPV in 

the national screening program 

The virologist and epidemiologist Professor Joakim Dillner at KI is a pioneer in 
the field of interdisciplinary cervical cancer research. Dillner’s research group 
has since the 1990’s been a key participant in the effort to eliminate cervical 
cancer – a project with international reach and a substantial significance for 
women world-wide. Each year, about 550 Swedish women are diagnosed with 
cervical cancer, and globally it causes more than 300 000 deaths. Most cases are 
caused by HPV. When diagnosed early, cervical cancer is one of the most 
successfully treatable cancers. Early detection through effective screening is 
crucial, which is why Sweden has a national organized screening program which 
invites all women age 23–70 every 3–7 years. Dillner’s group published the first 
randomized clinical trial showing that a simple PCR test more accurately detects 
HPV than the traditional Pap smear test, which relies on subjective cytological 
analysis of abnormalities in the cervical cells using a microscope (1). The PCR 
test, detecting cancer-causing HPV DNA through nucleic acid amplification, is 
more objective and reliable than the Pap smear test in the context of large 
screening programs. 

Improved cancer screening of HPV using molecular testing instead of 

microscopy 

The real-life screening utility of Dillner’s improved screening strategy published 
in 1999 was later proven in randomised trials comparing the PCR test to the 
traditional Pap smear. Dillner’s group performed the first of these trials where 
more than 12 000 Swedish women were screened and followed during a period 
of 14 years (key publications (KP) Naucler et al., 2007; Elfström et al, 2014). 
Other research groups later corroborated these findings (2). Dillner’s group 
performed a second randomized healthcare policy trial of >395,000 women 
which confirmed the utility of the PCR test (KPs Wang et al., 2024; Elfström et 
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al., 2021). Gradually the health care recommendations (3) have changed in 
Sweden and the last of the Swedish health care regions to switch to the HPV 
PCR-test did so in 2021 (4). In 2014 the World Health Organisation (WHO) 
began recommending HPV screening in their cervical cancer guidelines (5), and 
in 2018, they called for a global action to eliminate cervical cancer as a major 
health issue (6). The highest rates of cervical cancer incidence and mortality are 
in low- and middle-income countries, reflecting major inequities in access to 
screening and treatment services. The WHO’s global elimination strategy of 
2020 considers HPV screening and vaccination as key pillars to eliminate 
cervical cancer (7). 

Development of HPV vaccine and launch of vaccination programs 

In the early 2000s, the first HPV vaccine was developed by the pharmaceutical 
company MSD. Between 2010–2014, Dillner’s group initiated long-term 
registry- and biobank-based studies to follow up on phase III trials of the first 
HPV vaccines. These early studies (KPs FUTURE II Study Group, 2007; 
FUTURE I/II Study Group et al., 2010; Lehtinen M et al., 2021) by Dillner and 
his international partners demonstrated the vaccine’s efficacy and safety, leading 
to its recommendation for teenage girls at a subsidized price in 2007 and the 
launch of a school-based and free of charge vaccination program in 2012. This 
successful vaccination coverage has led to a significant decrease of cervical 
cancer cases among vaccinated young women, with an approximately 88% 
decline observed in Sweden, as shown in a seminal publication from KI (8). 
Indeed, national HPV vaccination programs are now implemented in over 140 
countries, with most developments occurring after 2018. Since 2020, 30 
countries with have joined the campaign (9). 

Extension of school-based HPV vaccination program in Sweden to 

include boys 

From 2016 to 2024, Dillner’s group conducted ground-breaking modelling 
studies that vaccination of both genders (gender-neutral vaccination, GNV) 
could significantly accelerate and strengthen the elimination of HPV and 
cervical cancer. These findings were highlighted in the key publication Lehtinen 
et al., 2019. In brief, Dillner successfully showed that if boys are vaccinated 
alongside with girls, not only will we reach elimination earlier; the vaccination 
program would also be much more resilient in terms of sudden drops in 
coverage. A a result of implementation of HPV vaccination of boys that started 
in Sweden in 2020 (10). GNV is also implemented in Denmark and Australia 
(11, 12). 

The elimination project to remove circulating HPV in young adult 

women 

The next impactful step in the Swedish cervical cancer elimination plan is to 
include the last unvaccinated group of young adult women, those born between 
1994 and 1999 who were not offered vaccination at the age of 11. Dillner made 
the original modelling that offering these women concomitant vaccination and 
screening was likely to substantially speed up the HPV elimination (KP Dillner 
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et al., 2021). The Swedish parliament decided in April 2021 (13) to implement 
this which is referred to as the elimination project21. I Baseline data have been 
published (KP Arroyo Mühr et al., 2024). 
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Key processes and factors – approaches and conditions crucial to the 
impact 

Key academic and stakeholder networking. The original design of HPV 

vaccination trials was a joint 

publication from the Dillner team and Professor Matti Lehtinen’s team at the 
University of Tampere (16). The subsequent studies listed under Key 
publications have required collaboration with a large number of investigators, 
particularly in the Nordic countries and in the USA. 

i) Expert group participation and advocacy. The Dillner group excels in
international cooperation, e.g. coordinating the Global HPV LabNet22, with HPV
reference laboratories from 13 countries. Dillner’s group served as experts
deliberating on the pivotal Swedish recommendations change from cytology to
HPV testing (8) and are expert members of the current European Commission
Initiative on Cervical Cancer, EC-CvC (17).

ii) Open Science. Sharing of successful methods maximizes impact. Dillner
shard the Swedish HPV screening trial protocol internationally, leading to
similar trials in Italy, the Netherlands and the UK. These trials were later pooled
into a joint European trial by the Dillner group (2). The open publication of the
registry-based vaccination trial design led to its adoption by many countries and
several vaccines manufacturers.

iii) Collaboration with patients and patient organisations has been an
important strategy to anchor impact and innovations for real life
implementation23. Dillner’s group spent decades working with the European
Commission and WHO on screening guidelines, but found that the international
guidelines had little impact until they started a formalized dialogue with the
patient organisations starting in the early 2010’s.

22 Global HPV LabNet: https://www.hpvcenter.se/ 
23 Gyncancer: https://www.gyncancer.se/om-oss/ 
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Funding and awards 

Several funders have been crucial in providing the stability required to reach true 
innovation and impact at the Dillner group’s Center. The major ones are the 
Swedish Research Council, the Swedish Cancer Society and the Bill and 
Melinda Gates Foundation (18). The prize “Cancer Networker of the Year” was 
awarded to Professor Joakim Dillner in 2018 by the Cancer Patient Organisation 
of Sweden and presented by the Minister for Healthcare of Sweden (Annika 
Strandhäll) (19).  
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vaccination and screening (KP Dillner et al, 2021), in a nationwide trial designed 
by the KI group (KP Arroyo Muhr et al, 2024). This has positioned the Dillner 
group at KI at the forefront of impactful science in society. 
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Fallstudie 5: Transforming prostate cancer diagnostics and 
screening. Karolinska Institutet 

Reach and significance – the referred impact on society 

Impact summary 

Prostate cancer is the most common cancer in men. Researchers at Karolinska 
Institutet (KI) have developed advanced methods combining protein biomarkers, 
genetics, clinical data, and imaging to improve the early detection and screening 
of prostate cancer. These methods have proven to be superior to traditional PSA 
testing and significantly reduces overdiagnosis of indolent prostate cancer, 
unnecessary biopsies, and health costs. This research has been validated across 
diverse populations, affected European and US guidelines, and has been 
commercialized by A3P Biomedical to bring improved prostate cancer testing to 
the market to help patients in clinical routine. 

Background 

The prevailing test for general screening of prostate cancer is prostate-specific 
antigen (PSA). PSA testing is commonly used but misses many aggressive 
prostate cancers, while also leading to overdiagnosis and overtreatment (1, 2). 
There is thus a substantial need to improve prostate cancer screening methods. 
The Martin Eklund and Henrik Grönberg research teams at KI have worked 
along two avenues to achieve that – developing risk prediction algorithms and 
incorporating magnetic resonance imaging (MRI) into the screening process. 
Both of these research avenues have generated significant societal impact. 

Stockholm3 – a newly developed prostate cancer test 

Stockholm3 is a blood-based prostate cancer test, that runs a combination of 
protein biomarkers, genetic biomarkers and clinical information through an 
algorithm to find the probability of clinically significant cancer at biopsy (Key 
publications (KP) Nordström et al., 2021; Grönberg et al., 2015; Vigneswaran et 
al., 2024). The research which includes more than 90,000 men in prospective 
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clinical studies has led to more accurate risk assessment than PSA. Stockholm3 
detects 41–89% more men with aggressive prostate cancer and simultaneously 
reduces over-detection by 37–52% compared with PSA (3–8). Stockholm3 
ensures that men with a high risk of aggressive prostate cancer, but low PSA are 
identified earlier. At the same time, Stockholm3 reduces the number of men with 
elevated PSA levels who are unnecessarily referred to MRI and prostate biopsy. 
In addition, using Stockholm3 decreases health care costs by 17–28% (9–10). A 
recent validation study of Stockholm3 was carried out at 17 institutions in the 
US and proved that Stockholm3 works well in different ethnic groups (11). 
African American men have nearly double the risk of getting prostate cancer 
compared to Caucasian men. The study is therefore expected to have significant 
impact on US uptake of Stockholm3, leading to improved prostate cancer 
diagnostics and, as a result, reduced mortality of the disease. 

Commercialization of Stockholm3 

Stockholm3 is commercialized by the KI spin-out company A3P Biomedical24. 
Stockholm3 is included in key guidelines for early detection of prostate cancer, 
including the European Association of Urology guidelines and the American 
Urological Association guidelines (12–13), and is reimbursed in Switzerland and 
Germany. The test is CE-marked in Europe since 2022 and available as a lab 
developed test in the US since 2024. More than 50,000 commercial Stockholm3 
tests have been sold since A3P started in 2020. 

Clinical implementation of Stockholm 3 

Sweden: Stockholm3 has been implemented in the regional screening by 
invitation program in Region Värmland and is being evaluated in the organized 
prostate cancer testing program (OPT) in the Stockholm and Gotland Regions 
(14). The specialized prostate cancer centre at Capio St Göran’s hospital in 
Stockholm has used Stockholm3 in clinical care since 2018 (4). A study on 
12,406 men managed at Capio St Göran demonstrates that the use of 
Stockholm3 significantly improves diagnostic precision, reduces overdiagnosis, 
enables diagnosis at low PSA levels, streamlines resource utilization, and thus 
improves health economy (4). 

Germany: Stockholm3 was recently commercially launched in Germany 
together with Labor Dr. Wisplinghoff, Germany’s largest independent 
laboratory. Stockholm3 has been independently validated by the Martini Klinik, 
the world’s largest prostate cancer center, and the leading German influencer on 
prostate cancer diagnostics and care (15). The independent results from the 
Martini study are expected to lead to an accelerated implementation of 
Stockholm3 in Germany. 

Switzerland: Stockholm3 will be launched in November 2024. In this launch, the 
three biggest labs in Switzerland with a total market share of >75% will offer 
Stockholm3 to their customers. In the UK, Stockholm3 was launched in June 
2024 together with The Doctors Laboratory (TDL) which is the largest 

 
24 A3P, a3p.com  

http://www.a3p.com/
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individual lab in the UK. In Finland, Stockholm3 is made available by Finland’s 
largest private health care provider Mehimäinen. 

The MRI research has resulted in new clinical practice and guidelines 

Magnetic resonance imaging (MRI) has transformed prostate cancer diagnostics. 
Prostate cancer was the last tumor type where biopsies were performed without 
knowing where in the organ a suspected lesion resides. MRI changed that and 
enabled both enhances the detection of clinically significant prostate cancers by 
directing biopsies to visible lesions and avoiding biopsy in men who did not 
have MRI visible lesions, thereby reducing unnecessary biopsies and the 
overdiagnosis of indolent tumor. KI researchers have demonstrated that brief 
MRI protocols suitable for high-volume screening can reduce detection of 
clinically insignificant prostate cancers with more than 60% and the number of 
men who unnecessarily need to undergo biopsy be over 70% (KPs Eklund, 
Jäderling et al, 2021 and Eklund, Discacciati et al., 2021), and that it leads to 
healthcare cost savings (Hao et al., 2022). Their research on using MRI for 
prostate cancer screening has contributed with key evidence for changing 
clinical practice on how prostate cancer early detection and diagnostics are 
performed, both in Sweden and internationally. The KI research has helped 
change clinical guidelines in Sweden (16), Europe (12), in the US (13, 17) and 
contributed with evidence for the Swedish National Board of Health and Welfare 
to recommend the Swedish health care regions to evaluate organized prostate 
cancer testing as a step towards introduction of a national screening program 
(14). Lastly, to achive high precision prostate cancer diagnostics and screening, 
risk prediction using Stockholm3 and MRI should be used in concert (KP 
Nordström et al., 2021). The combined effect of these two techniques provides 
cost- effective, accurate, and optimized processes, and is the model for prostate 
cancer screening that the Stockholm-Gotland healthcare region has chosen to 
evaluate in their ongoing organize prostate cancer testing. 
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Key processes and factors – approaches and conditions crucial to the 
impact 

Extent, type and conditions for research funding 

The research group has twice received EU funding from EIT Health. Both have 
strengthened the research and accelerated the implementation of Stockholm3 in 
several European countries. In total, more than 750 MSEK has been received (in 
cash and in-kind funding) for the research of Stockholm3. In addition, the spin-
out company A3P Biomedical has raised more than 500 MSEK for the 
commercialization of the test. 

Demonstration of clinical benefits and engagement with relevant 

stakeholders 

A key factor has been solid research results that demonstrate the clinical benefits 
of the model and workflows. Other key factors include patient and stakeholder 
engagement (such as the relevant patient organizations in Sweden 
(Prostatacancerförbundet) and Europe (UOMO))), close contacts with regulators 
(the Swedish Medical Product Agency, the European Medical Agency and the 
US FDA) and governmental bodies in Sweden and in the US as well as the 
healthcare system, data privacy and scalability (cloud based integration with the 
healthcare providers). Solid and high-quality cost-effectiveness evaluation has 
been pivotal. Independent validation studies, for example in Germany, 
Switzerland and the US have also been important. 

Contributing research – the main content of the research that 
contributed to the impact 
Effective prostate cancer screening is critical to reduce mortality but has not 
been implemented due to high rates of overdiagnosis. Our development of 
prediction and AI models combined with imaging have focused on addressing 
these problems. Key results have been published in the articles listed below (KPs 
Eklund, Jäderling et al., 2021; Eklund, Discacciati et al., 2021; Nordström et al., 
2021; Grönberg et al., 2015; Vigneswaran et al., 2024; Hao et al., 2022). 
Together, these papers address key barriers impeding implementation of 
population-based screening for prostate cancer and show a cost-effective way 
forward for helping to reduce prostate cancer mortality. Building on these 
papers, we have also shown that AI systems can be trained to detect and grade 
prostate cancer in tissue samples with the same accuracy as internationally 
leading experts uro-pathology (KPs Ström et al., 2020; Bulten et al., 2022; 
Olsson et al., 2022). Other work also includes developing precision therapies for 
metastatic prostate cancer (KP De Laere et al., 2024). These inventions have led 
to the formation of another KI spin-out company named Clinsight. 



 38 

Fallstudie 6: The discovery of the CRISPR-Cas mechanism 
for genome editing. Umeå universitet 

Reach and significance – the referred impact on society 
Gene editing using CRISPR (clustered regularly interspaced short palindromic 
repeats) – associated endonucleases has transformed the field of genetic 
engineering by allowing precise modifications to DNA with unprecedented ease 
and accuracy. The original development of this gene editing technology by 
Emmanuelle Charpentier (Umeå University) [Nature (2011) 471, 602–607.] and 
then in collaboration with Jennifer Doudna (University of California, Berkley) 
[Science (2012) 337, 816–821] enables scientists to target specific genes, 
leading to significant advancements in medicine, agriculture, and biotechnology. 
CRISPR holds the potential to treat genetic disorders, improve crop resilience, 
speed up drug discovery and combat infectious diseases. 

On the preclinical side, the ease with which CRISPR-Cas gene editing is 
programmable in previously poorly tractable mammalian cells has a profound 
impact on the drug discovery pipeline through the creation of disease models 
and identification and validation of targets (1). Among clinical applications is a 
rapidly expanding toolbox of CRISPR diagnostics, which are based on the fast, 
specific and simple detection of nucleic acids without the need for costly 
equipment and trained personnel (2). Only a decade after its discovery, 
individuals suffering from otherwise incurable genetic disorders are beginning to 
experience great benefits from CRISPR through gene therapy. In 2023, Casgevy 
became the first CRISPR therapy, licensed by the US Food and Drug 
Administration for the treatment of transfusion-dependent beta thalassemia and 
severe sickle cell disease in children -- with life changing effects (3). More than 
100 ex vivo and in vivo CRISPR therapies are currently in clinical trials for 
many different diseases ranging from cancers to diabetes and viral infections.(4). 
In agriculture and plant biotechnology, CRISPR-mediated genome editing is 
used for crop improvement and domesticating orphan crops or wild species in a 
short time with the aim of promoting global food security and reducing 
poverty.(5) Many other CRISPR applications are currently investigated, 
including as gene drive mechanisms to control mosquito populations or render 
them incapable of transmitting disease.(6). 

“CRISPR” is mentioned in >80.000 patents. Following much investment in 
recent years, the CRISPR market is estimated at >3 billion USD in 2024 and 
predicted to grow substantially as new diagnostics and therapies reach the 
market (7). 

Key processes and factors – approaches and conditions that have 
been crucial to the impact 
Emmanuelle Charpentier made her critical contributions to the discovery of the 
molecular mechanism that underpin CRISPR-Cas9 mediated gene editing when 
she was research group leader at Umeå University during 2008–2013. She 
retained a smaller team as guest professor during 2014–2017. Prof. 
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Charpentier’s recruitment to UMU was the result of two initiatives largely 
funded by Vetenskapsrådet (VR), namely the selection of Umeå Centre for 
Microbial Research (UCMR) as recipient of a 2008–2018 VR grant for the 
UCMR Linnaeus Programme (later evaluated externally as a “jewel in the 
crown” among all 40 national Linnaeus Centres of Excellence) and the 
establishment 2007/2008 of MIMS (The Laboratory for Molecular Infection 
Medicine Sweden). MIMS came into existence as the result of a successful 
national competition for a VR-funded Swedish node to join and establish the 
Nordic EMBL (European Molecular BiologyLaboratory) Partnership for 
Molecular Medicine. MIMS continues until today to recruit young group leaders 
according to the EMBL model into non-tenured positions and provides them 
with generous funding to tackle visionary research questions. In partnership with 
other Nordic EMBL nodes, MIMS also aims to leverage its links to EMBL’s 
network of European excellence centres for the benefit of Swedish science in 
molecular medicine. Charpentier’s research at the Department of Molecular 
Biology was funded primarily by VR through its core award to MIMS, with 
generous co-financing by Umeå University and additional funding from 
Kempestiftelserna. It benefited from the dynamic, international research setting 
and strong mentorship provided by the UCMR/MIMS environment. As the 
groundbreaking nature of her research became apparent, Charpentier was 
awarded numerous prizes and honours, culminating in the 2020 Nobel Prize for 
Chemistry “for the development of a method for genome editing”, jointly with 
Jennifer Doudna. Charpentier remains closely connected with UMU through an 
honorary doctorate and as patron of a programme for interdisciplinary 
postdoctoral fellowships in the life sciences. 

Charpentier holds 211 CRISPR-related patents (WIPO search Oct23, 2024). She 
has achieved notable impact as co-founder in 2013 of the biotechnology 
company CRISPR Therapeutics, which today is listed on the New York stock 
exchange. Itis one of the companies behind the first licensed CRISPR therapy 
and has at least seven ongoing clinical trials for gene therapies to treat abroad 
range of diseases (8). 

Contributing research –the main content of the research that 
contributed to the impact (9). 
Background: Many prokaryote genomes contain clustered regularly interspaced 
short palindromic repeats (CRISPR) and associated(cas)genes that have long 
been implicated as defence systems against invading foreign DNA (10–12). 
CRISPRs were known to be transcribed into long RNA molecules(pre-crRNA), 
which give rise to smaller CRISPR-RNAs (crRNAs) when processed within the 
repeat regions (13,14).These were later demonstrated to bind one or more Cas 
proteins to form an effector complex which can defend a bacterium from 
invading nucleicacids (15).CRISPR-Cas–mediated immunity was found to adapt 
readily to different bacteriophages (16) and cleavage of phage DNA rather than 
RNA was identified as the protective mechanism in E.coli and Staphylococcus 
epidermidis (17,18), two properties of the system which later turned out to be 
crucial to the versatility of the gene editing tools that were developed from it. 
Work with Streptococcus thermophilus demonstrated that a Cas9 protein with 
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two intact nuclease domains was the only protein component needed to transfer 
the CRISPR-Cas system to E. coli (19). 

Key discoveries: 

CRISPR-Cas9 was developed as a tool for genome editing from the so-
calledClass-2, Type-II system of S. thermophilus and the related human 
pathogen Streptococcus pyogenes. Working at Umeå University, Charpentier 
and her team reported that in S.pyogenesan active CRISPR locus did not only 
give rise to pre-crRNA and mature crRNA molecules, but they also identified an 
abundant RNA specie transcribed from a region 210 bp upstream of the CRISPR 
locus, on the oppositestrand of the CRISPRarray (20). They named this 
transcripttrans-encoded small RNA (tracrRNA) and demonstrated it importance 
for pre-crRNA processing. A stretch of 25 nucleotides that matched the repeat 
regions of the CRISPR locus suggested a possible mechanism, if an RNA duplex 
was needed for both molecules to be processed together during crRNA 
maturation. Charpentier’s work showed this to be the case, additionally 
identified an essential role for the Cas9 protein in processing and proposed a 
molecular mechanism (20). 

In a further important step towards creating a programmable genome editing 
tool, Charpentier and Doudna collaborated to investigate if crRNA could be used 
to direct the sequence specificity of the nuclease (21). They discovered a second 
essential role for the tracrRNA, namely, to enable the crRNA-guided to 
cleaveitstargetDNAbyCas9 (21).The collaborating researchers went on to show 
that each of the two nuclease domains inCas9 cleaved one strand of the target 
DNA, and that target recognition and cleavage were inhibited by mutations in 
the PAM sequence, as had earlier been predicted (22).After defining the minimal 
regions of tracrRNA and crRNA that were required for target DNA cleavage, 
Charpentier, Doudna and collaborators achieved another breakthrough by 
demonstrating that an artificial chimeric single-guide RNA molecule (sgRNA) 
was sufficient to guide Cas9 to its target (21). The discovery of the tracrRNA by 
Charpentier and the resulting genome editing tool developed jointly by 
Charpentier and Doudna provided the basis for all subsequent applications of the 
system for genome engineering in prokaryotes and many eukaryotic systems 
including all commonly studied model organisms. Later studies identified 
molecular mechanisms at the ultrastructural level and modified the system in 
many ways for diagnostic applications or to guide different enzymatic activities 
to nucleic acids in a highly sequence-specific and easily programmable fashion. 
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While affiliated with Umeå University from 2008 to 2017, the research of 
Emmanuelle Charpentier contributed many outstanding studies (35 peer-
reviewed published works) to significantly advance understanding of 
transcriptional and post-transcriptional regulation of gene expression in bacteria. 

Fallstudie 7: Improving legal security and increasing the 
number of solved crimes using advanced forensic DNA 
analyses. Uppsala universitet 

Reach and significance – the referred impact on society 
Research conducted by Professor Marie Allen has resulted in technological 
advancements improving the Police Authority’s chances of identifying suspects 
using very sensitive, cutting-edge DNA analyses. This has resulted in, and will 
continue to result in, more solved criminal cases and improved legal security in 
civil society. 

Professor Marie Allen is focused on improving forensic DNA analysis assays, in 
order to counteract common challenges in DNA evidence material. Allen’s 
research group has developed numerous strategies, protocols and novel 
technologies for improved sensitivity of DNA testing, allowing successful DNA 
profiling even with very small amounts of DNA (smaller stains of blood, semen, 
saliva or bits of bones). They have also developed strategies enabling successful 
DNA profiling in cases where the DNA samples have been degraded, damaged 
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or contaminated, or even mixed with DNA from another individual. Allen has 
collaborated for many years with the Stockholm Police Authority, ensuring that 
the research comes to use where it can make an actual difference. Although the 
initial collaborations have been with the Stockholm Police, the novel strategies 
have been used to assist the Police with casework analyses in the entire country. 
Some examples of specific impacts on society are described below. 

Cold cases: A cold case is an unsolved criminal investigation which remains 
open pending the discovery of new evidence. Due to the advancements in DNA 
profiling analysis driven by Professor Allen during the past 10 years, several 
cold cases have been reinvestigated, and some have been solved. An example is 
an arson case from 1998 in which Allen’s DNA analyses 19 years later were 
applied to contact traces with skin cells (so-called touch DNA). Remarkably, 
these advanced analyses were able to yield a successful DNA profiling based on 
touch DNA on the remains of the flammable liquid-drenched, burned paper 
towel that was used to start the fire (Bus et al 2016). As a consequence, positive 
identification of the main suspect was possible. Following court proceedings, 
where Allen’s DNA analyses were used as part of the evidence, the perpetrator 
was convicted in 2017, thus solving the case. Since then, Allen’s group have 
helped the police to analyse DNA in more than ten cold cases. Of these, two 
were solved as a suspect could be convicted, and three have DNA-profiles that 
can be compared to new suspects. 

The possibility to analyse old materials from cold cases using these new and 
advanced methods has however also raised issues concerning procedures for 
saving evidence materials over prolonged periods. Specifically, in many cold 
cases, evidence has been discarded, which evidently hinders the resumption of 
the case even though technological advancements would warrant a continued 
investigation. Further, even when the evidence materials are indeed saved, the 
investigation may be hindered by legal constraints to take new samples from 
suspects. This was the case in the high-profile case of the murder of Malin 
Lindström from Husum in 1996, which has been studied by Allen’s group and 
collaborators within the multidisciplinary research network EB-CRIME (Lidén 
and Allen 2023). 

Allen has been determined to tackle these obstacles, hindering the DNA analyses 
from reaching their full potential impact in society. Allen has published a 
discussion about these issues and suggested changes in legislation regarding 
saved evidence material as well as reference materials from suspects (Thiblin et 
al 2012). As a result of this discussion and internal discussions within the Police, 
in April 2024 a working group was formed within the Police Authority, called 
Preserve Forensic Material, in which Allen is a member. The aim of this group is 
to obtain a change in policies and legislation to ensure the preservation of cold 
case investigation materials and references for future analyses. The group is 
expected to present results in 2025. 

Bombings: It has become more common with shootings and detonations of 
bombs in Sweden. Professor Allen has worked together with the Stockholm 
Police and the bomb squad to improve DNA analysis of touch DNA from 
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detonated bomb pieces to identify the maker of the bomb. By identifying an 
enzyme that amplifies touch DNA from detonated items (Nilsson et al 2016), 
Allen has equipped the Police with improved DNA analysis tools to enable 
better performance in analysing evidence in gang-related crimes. The research 
group has analysed several cases involving shootings and bombings in recent 
years with the help of the enzyme that efficiently handles PCR inhibitors. 

Storage methods of evidence material: In collaboration with the Forensic 
Section and the Forensic Diving Team at the Stockholm Police, Professor Allen 
has also investigated how different methods of storing and handling certain 
challenging materials influence DNA recovery. This refers to, for example, 
evidence thrown into the water, making retrieval of DNA much more difficult. 
Allen has conducted a systematic analysis comparing different storage methods 
for different objects, body fluids, and time periods in water (Shahzad et al 2024). 
As a result, the Forensic Divers and the Police are now planning to change their 
routines from placing recovered evidence material in a box with seawater to 
freezing the evidence material directly at the recovery site, as this was found to 
yield better DNA recovery. This change in routines will likely lead to more 
cases with sea materials being solved. 

Decontamination agents: Professor Allen, together with the Police Authority, 
has also investigated differences between different decontamination agents in 
removing contaminating DNA (e.g., DNA from handlers, other evidence 
materials or previous cases) from surfaces, tools, and machines used by the 
Police Authority when examining and sampling evidence in their laboratory. The 
currently used decontamination solution was tested along with several other 
solutions to estimate their efficiencies. Based on the results, the Police are 
currently changing their decontamination solution and routine (Nilsson et al 
2022). This change in routines will lead to less problems with DNA 
contamination in future casework, and thus potentially more solved cases. 

Expert statements in court: Professor Allen and her research network are 
generally active in discussions about forensic evidence and criminal justice, and 
by that influence the use and evaluation of forensic evidence and forensic 
experts by law enforcement. For example, in 2012 they joined the discussion 
about expert statements and testimonies in court proceedings, strongly 
advocating that defence lawyers in the Swedish legal system need the support 
from forensic experts that can provide forensic medicine and genetics expertise 
(Thiblin et al 2012). Allen argued that this would lead to better criminal 
investigations, evaluation of the evidence and decision making in court. As a 
consequence, today, not only the prosecution but also the defence is asking for 
expert statements and testimonies to a larger extent, similar to practices in other 
European countries. Indeed, Allen and colleagues themselves have numerous 
times participated as experts in court hearings, both regarding their analyses and 
for second opinions about other analyses. This revaluation of how to view expert 
statements has led to better equality in the legal process and increased legal 
security. 
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Related to this theme, Allen is highly involved in the interdisciplinary research 
center EB-CRIME25, aiming to facilitate evidence-based evaluations and 
decision-making in court by, for example, prosecutors and judges. EB-CRIME 
further collaborates with the International Criminal Court (ICC) in the Hague to 
establish an international consensus on these issues. 

Historical information: The sensitive protocols and assays developed by 
Professor Allen have also proven useful for identifying individuals from 
historical remains, as well as predicting their ancestry and phenotypes. For 
example, Allen’s research group has used their DNA profiling methods in a 
fruitful collaboration with the Armed Forces DNA Laboratory in the U.S. 
(AFDIL), to show that it is possible to identify persons even if the DNA is 
heavily degraded and even from ancient remains (Margaryan et al 2020 and 
Sturk-Andreaggi et al 2022). This will be very useful after a military conflict, 
where remains have been found in mass graves, catastrophic events, or when 
missing persons need to be identified. This, in turn, will help relatives of the 
deceased as well as entire societies affected by violent conflicts to reach closure, 
by being able to bury their near and dear. 

Further, the same technique has been used on DNA samples from the human 
remains of the warship Vasa. In collaboration with the Vasa Museum, Allen’s 
extensive DNA analyses have revealed the appearance and ancestry of the 
people on Vasa as well as new knowledge about their body and health 
conditions. This new and fascinating knowledge has been adopted by the Vasa 
Museum that is planning to structure a new 

book and exhibition around these facts. In general, Allen’s DNA analyses used 
in a historical context have the power to yield broader knowledge of historical 
persons and life in the past, providing such information to museums or other 
beneficiaries supporting cultural activities. For example, the putative remains of 
Nicolaus Copernicus, Saint Bridget of Sweden, and Carin Göring have also been 
analyzed for individual identification (Nilsson et al 2010). 

Key processes and factors – approaches and conditions crucial to the 
impact 
The research that has led to the described impact is inherently multidisciplinary. 
Thus, long-lasting national and international collaborations across disciplinary 
domains within the academy as well as outside academia have been crucial. To 
mention a few, Allen is working together with the Stockholm Police, the U.S. 
Armed Forces DNA Laboratory, representatives from the Vasa Museum, as well 
as researchers in a range of areas (e.g., law, criminology, psychology, 
archaeology, osteology, history, chemistry, statistics, AI, and medicine) to 
achieve results. The valuable collaboration with the Stockholm Police has 
evolved since 2000 and gives both partners valuable input in research and 
teaching. All collaborations have been initiated with a common interest in 
societal challenges and research questions. Also, funding specifically dedicated 

 
25 EB-CRIME, uu.se 

https://www.uu.se/en/research/ebcrime
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to multidisciplinary research has been a very important driving factor for the 
achieved impact. 

Contact information to collaborators: 

Martina Nilsson, PhD, Strategic forensic coordinator, Region Stockholm, 010-56 
337 28, 0708-951430, e-post: martina.nilsson@polisen.se 

Kimberly Andreaggi, PhD, Chief (FS5), Emerging Technologies Section, 
Defense Health Agency, Armed Forces Medical Examiner System, e-post: 
kimberly.s.andreaggi.ctr@health.mil 

Anna Maria Forssberg, PhD, Vasa Museum, Senior Lecturer, e-post: 
AnnaMaria.Forssberg@smtm.se 

Contributing research – the main content of the research that 
contributed to the impact 
The traditional, routine forensic DNA analysis used for analyzing crime scene 
samples is based on parallel analysis of 20–25 short tandem repeat (STR) loci 
(sometimes including STRs on the X- and Y-chromosomes). However, in many 
cases, too small amounts of DNA are found, or the DNA is too degraded for this 
analysis. Professor Allen’s team has therefore developed and refined a range of 
DNA analyses, using other, more sensitive approaches. For example, they have 
developed approaches for utilizing mitochondrial DNA (mtDNA) which has 
more copies of DNA per cell (Bus et al 2016, Shahzad et al 2024, Nilsson et al 
2010, Andréasson et al 2006), using alternative enzymes or reagents (Nilsson et 
al 2016, Shahzad et al 2024), and provided a guide for DNA contamination 
prevention (Nilsson et al 2022). Another way to improve the sensitivity of the 
analysis for individual identification and prediction of geographic origin and 
physical appearance is to analyze single nucleotide polymorphisms (SNPs). As 
SNPs are variants in one single nucleotide, the analyzed PCR targets can be kept 
very short which helps when DNA is degraded into short fragments. To be able 
to determine whether the amount of retrieved DNA is suitable for SNP-, 
mtDNA-, or STR-analysis, Allen has developed several useful real-time PCR 
assays for DNA quantification of forensic samples allowing for accurate 
quantification of both mitochondrial and nuclear DNA in samples. This was the 
first real-time PCR assay developed for quantification of mtDNA in forensic 
samples (Andréasson et al 2006). 

Allen’s collaboration with AFDIL has resulted in the use of a new DNA marker 
panel called FORCE (FORensic Capture Enrichment) with over 5000 SNP 
markers and the entire mtDNA genome. Analysis of all markers is done by next-
generation sequencing (NGS) on the Illumina platform, and several articles 
about forensic mtDNA analysis have been published during the collaboration 
(Sturk-Andreaggi et al 2022). Allen has also modified protocols for different 
DNA sequencing technologies, including next-generation sequencing (NGS), to 
fit degraded and low-quality DNA samples. This refinement of whole genome 
next-generation sequencing protocols has been used for analysis of Viking age 
remains together with Danish colleagues (Margaryan et al 2020). 

Mailto:martina.nilsson@polisen.se
Mailto:kimberly.s.andreaggi.ctr@health.mil
Mailto:AnnaMaria.Forssberg@smtm.se
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Fallstudie 8: Pharmacometric approaches used in the 
discovery, development and usage of new medicines. 
Uppsala universitet 

Reach and significance – the referred impact on society 
Professors Mats Karlsson and Andrew C. Hooker at Uppsala University have 
developed a standardized framework for pharmacometric analyses that are 
widely adopted and enhance efficiency in drug development, eventually 
contributing to safer and more effective treatments for patients. In addition, the 
demand for Professors Karlsson's and Hooker’s expertise led them and 
colleagues to create the pharmacometrics consulting company Pharmetheus, 
which specializes in designing studies, analyzing and interpreting data, and 
guiding decision-making in drug development. 

Regulatory agencies worldwide mandate pharmacometric analyses for drug 
approval submissions. The research conducted by Professors Mats Karlsson and 
Andrew C. Hooker has set the gold standard for these analyses, as reflected in 
the current guidelines of both the U.S. Food and Drug Administration (FDA) 
and the European Medicines Agency (EMA). These guidelines, widely adopted 
by major drug developers, play a crucial role in the investigation of new 
compounds, influencing the development of most new drugs and, consequently, 
impacting much of the global population. The guidelines enhance efficiency in 
drug development as the streamlined process reduces the time and resources 
required to bring new treatments to market. Additionally, the guidelines improve 
the accuracy of dose selection by offering a rigorous, evidence-based approach. 
As a result, they contribute to the development of safer and more effective 
treatments for patients. 

For example, one important required step in drug development is to perform 
population pharmacokinetics (pop. PK) analyses. These analyses are used to 
help drug developers in determining the correct dose of a drug in different 
populations, to aid in dose adjustment, and to identify factors that affect how the 
drug is absorbed, distributed, metabolized, and excreted by the body, which 
affects the effect and duration of the drug and thereby the dosing strategy. 
Because of these important considerations, pop. PK results are typically reported 
in the label accompanying the drug, thus clearly influencing the design of any 
clinical study involving that drug, as well as the resulting use of the drug in 
clinical practice. 

Because both the design and analysis of these studies can be challenging, 
tangible directions are provided in the guidelines from FDA (FDA Pop. PK
Guideline

 
26  ) and EMA (EMA Pop. PK Guideline27). In these guidance 

documents, a significant portion of the references – 33% for FDA and 43% for 

 
26 Population Pharmacokinetics  FDA.gov 
27 Reporting the results of population pharmacokinetic analyses - Scientific guideline 
European Medicines Agency (ww.ema.europa.eu) 

https://www.fda.gov/regulatory-information/search-fda-guidance-documents/population-pharmacokinetics
https://www.ema.europa.eu/en/reporting-results-population-pharmacokinetic-analyses-scientific-guideline
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EMA – are from Professors Karlsson’s and Hooker’s research. Other similar 
guiding documents required for drug approval, such as EMA’s “Guideline on the 
reporting of physiologically based pharmacokinetic (PBPK) modelling and 
simulation” also refers to the research of Professors Karlsson and Hooker. 

Due to the widespread recognition of Professors Karlsson's and Hooker’s 
methods, drug developers from around the world have sought their expertise. In 
response, Professors Karlsson, Hooker, and eight colleagues founded 
Pharmetheus, a pharmacometrics consulting company, in 2012. Pharmetheus 
specializes in designing (primarily clinical) studies, analyzing and interpreting 
the data, and guiding decision-making in drug development. A significant 
portion of their work focuses on optimizing drug dosing and quantifying both 
therapeutic effects and potential side effects. 

Today, Pharmetheus serves a global clientele, including pharmaceutical 
companies and public health research organizations. The company has grown to 
over 100 full-time employees, with its main office in Uppsala and ten additional 
locations worldwide. Since its founding, Pharmetheus has received the Di Gasell 
Prize five times (2017, 2020–2023) from Dagens industri, recognizing it as one 
of Sweden’s fastest-growing companies. In 2024, Uppsala University awarded 
the Innovation and Entrepreneurship Prize to Professor Karlsson for his 
pioneering work in pharmacometrics and the establishment of Pharmetheus. 

Key processes and factors – approaches and conditions crucial to the 
impact 
Pharmacometrics is a dynamic applied science, bridging both academic research 
and industrial application. Thus, collaboration between Professor Karlsson’s and 
Professor Hooker’s research groups in academia, regulatory authorities and 
industry has been a key driver of the described impact. These collaborations 
have created a synergy that has fostered the advancement of model-informed 
strategies that are pivotal in drug discovery, development, and utilization (1,2). 

A second, related, driver of impact is the funding obtained for the large consortia 
that Professors Karlsson and Hooker have led and participated in, incorporating 
academy, industry and regulators. For example, since 2017 they have secured 
several large grants from FDA, EMA and Horizon Europe. 

A third driver of impact can be found in the educational engagement of 
Professors Karlsson and Hooker, providing external courses to the larger 
pharmacometrics community (3). For example, since 2009, more than 30 courses 
have been provided publically around the world as well as online, with 
participants from, for example, the pharmaceutical industry, regulatory agencies, 
academia, public health research organizations and various software/tech 
companies. Courses have also been provided on-site for many international 
pharmaceutical companies and regulatory organizations (FDA, EMA, Swedish 
Medical Products Agency, Pharmaceutical and Medical Devices Agency of 
Japan). 
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A fourth driver of impact is that both EMA and FDA have explicitly 
recommended the use of model-based analyses (such as those methods 
developed by Professors Karlsson and Hooker) for studies aimed at determining 
the appropriate dosage in drug development (4,5,6,7). This has led to increased 
attention towards Professors Karlsson’s and Hooker’s methods. 

Finally, a fifth driver of impact is the release of most published methods from 
Professors Karlsson and Hooker’s research as open source tools . This has 
contributed greatly to the wide-spread use of the methods by both academics, 
industry and regulators, culminating in their inclusion in the regulatory 
guidance’s for pop. PK from FDA and EMA, referencing the key publications 
Hooker et al 2007, Bergstrand et al 2011, Dodds and Hooker 2005 and Nyberg 
et al 2015. 

28

Contributing research – the main content of the research that 
contributed to the impact 
Developing a drug is financially demanding and time consuming. Recent 
research indicates that the average research and development expenses necessary 
for a drug to receive approval are escalating, currently standing at about 2.9 
billion U.S. dollars. Typically, the clinical stage of this process accounts for the 
lion’s share of these costs, approximately 57%, and is also the lengthiest phase, 
averaging 8 years to finalize, with indications that this duration is extending (8). 

Traditional clinical trials follow a rigid, linear approach: design, conduct, 
analyze. The gold standard remains randomized controlled trials, which provide 
causal evidence of a treatment’s effectiveness by comparing it to the standard of 
care. Typically, these trials employ straightforward statistical methods, such as 
ANOVA analysis, and focus on simple end-of-trial response endpoints (9). This 
traditional paradigm has dominated clinical research, but its limitations when 
tackling complex issues are becoming increasingly apparent, highlighting the 
need for more innovative, complex and adaptive approaches to the design and 
analysis of clinical studies in drug development. 

1 For reference, contact Nicolas Frey, Senior Leader, Clinical Pharmacometrics, 
Predictive Modeling and Data Analytics, F. Hoffmann-La Roche Ltd, 
nicolas.frey@roche.com. 

2 For reference, contact Liang Zhao, Director, Division of Quantitative Methods 
and Modeling, Office of Generic Drugs, U.S. Food and Drug Administration, 
Liang.Zhao@fda.hhs.gov. 

3 For reference, contact Malidi Ahamadi, US head of Modeling and Simulation, 
Sanofi, malidi.ahamadi@sanofi.com. 

28https://github.com/UUPharmacometrics, https://pharmpy.github.io/latest/index.html, 
https://andrewhooker.github.io/PopED/ 

https://github.com/UUPharmacometric
https://pharmpy.github.io/latest/index.html
https://andrewhooker.github.io/PopED/
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4 Musuamba, F., …, A.C. Hooker, et al., CPT Pharmacometrics Syst Pharmacol, 
2017. DOI: 10.1002/psp4.12196. 

5 FDA draft guidance for dose finding in oncology 

6 More information: PDUFA performance and goals, section J3, and for more 
general information: PDUFA VI 

7 More information: MIDD pilot program 

8 DiMasi, J. A., et al., J Health Econ, 2016. DOI: 
10.1016/j.jhealeco.2016.01.012. 

9 Friedman, L. M., et al., Cham: Springer International Publishing, 2015. DOI: 
10.1007/978-3-319-18539-2. 

Professors Karlsson and Hooker have addressed this need in their research and 
have been integral in developing approaches for shifting drug development 
towards the use of model-informed drug development (MIDD). In MIDD, 
pharmacometric models play a crucial role, integrating drug, disease, and trial 
information to streamline the drug development process and regulatory decision-
making. Specifically, pharmacometric models based on population approaches 
using nonlinear mixed-effects provide longitudinal predictions of responses 
throughout the trial, integrating individual drug concentration data and yielding a 
detailed understanding of the dose-exposure-response relationship. Professors 
Karlsson’s and Hooker’s research focus on developing and evaluating methods 
for efficient and robust pharmacometric model building, including the 
development of estimation algorithms and methods for model diagnostics 
(Hooker et al 2007, Bergstrand et al 2011, Bergstrand and Karlsson 2009, 
Johansson and Karlsson 2013, Karlsson and Savic 2007, Nguyen et al 2017, 
Savic and Karlsson 2009). They also explore how to use models to design 
studies (Dodds et al 2005, Nyberg et al 2015), decide on dosing strategies, and 
make other drug development decisions (Manolis et al 2013). This approach of 
using pharmacometric models in a MIDD framework has proven to enhance the 
efficiency of clinical trials and support quantitative decision-making in drug 
development (10). 

Key references found in regulatory guidance documents from either EMA or 
FDA published by Professor Karlsson and/or Professor Hooker are listed at the 
end of the description text and are referenced in the paragraph above. 

In recent years, Professor Karlsson and Professor Hooker have led several 
research projects in collaboration with the FDA, focusing on the development of 
more efficient methods for creating generic pharmaceuticals using 
pharmacometric-based MIDD (11,12,13,14). Additionally, they have 
participated in a research consortium with the EMA, exploring methods for 
analyzing time-to-event endpoints, such as survival, with non-proportional 
hazards in clinical trials, including the application of pharmacometric-based 
MIDD approaches (15,16). 
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11 Chen, X., …, M. O. Karlsson, A.C. Hooker, CPT Pharmacometrics Syst 
Pharmacol, 2024. DOI: 10.1002/psp4.13216 

12 Bjugård Nyberg, H., …, M. O. Karlsson, A.C. Hooker, CPT 
Pharmacometrics Syst Pharmacol, 2024. DOI: 10.1002/psp4.13217 

13 Gong, Y., …, A. C. Hooker, et al. CPT: Pharmacometrics & Systems 
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Bilaga 1 Instructions for case studies  

For each case study, the submitting HEI is to describe three different 
components (under separate headings): (a) Reach and significance – the referred 
impact on society; (b) Key processes and factors – approaches and conditions 
that have been crucial to the impact and (c) Contributing research – the main 
content of the research that contributed to the impact. 

In assessing impact described within a case study, the panel will form an overall 
view about its ‘reach and significance’ defined as below: 

Reach – Reach will be understood as the extent and/or diversity of the 
beneficiaries of the impact, as relevant to the nature of the impact. Reach 
will be assessed in terms of the extent to which the potential constituencies, 
number or groups of beneficiaries have been reached; it will not be assessed 
in purely geographic terms, nor in terms of absolute numbers of 
beneficiaries. The criteria will be applied wherever the impact occurred, 
regardless of geography or location, and whether in Sweden or abroad. 

Significance – Significance will be understood as the degree to which the 
impact has enabled, enriched, influenced, informed or changed the 
performance, policies, practices, products, services, understanding, 
awareness or wellbeing of the beneficiaries. 

Tabell 1 Table 1 Definitions of starred levels 

Level Definition 

Four star Outstanding impacts in terms of their reach and 
significance. 

Three star Very considerable impacts in terms of their 
reach and significance. 

Two star Considerable impacts in terms of their reach 
and significance. 

One star Recognised but modest impacts in terms of 
their reach and significance. 

Unclassified The impact is of little or no reach and 
significance; or the impact was not eligible; or 
the impact was not underpinned by excellent 
research produced by the submitted unit. 
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Instructions for each heading 

a) Reach and significance – the referred impact on society: 
Describe the referred impact on society, to which the research at the submitting 
HEI has contributed distinctly and substantially, and how the society has 
benefitted specifically. It is mainly this component of the case study that will be 
assessed and graded by the evaluation panel, and hence it is vital with a clear 
description of what the impact was, who or what was affected, and how. 

The impact described must have occurred within the past five years. The 
contributing research must have been published within the last 20 years and have 
been conducted by researchers employed at the submitting HEI at the time of 
publishing. (Please find further instructions for your description of contributing 
research under (c) below.) 

The impact of research on society may manifest itself in a variety of ways. The 
Swedish Research Council hence welcomes a diversity of case studies, 
indicating the impact research has had on separate as well as a multitude of areas 
of society, e.g. public health, quality of life, the economy, civil society, cultural 
activities, politics, public administration, corporations or the environment. The 
impact may involve organisations, groups or the public in general, and may refer 
to shifts or changes in activities, attitudes, understanding, behaviours, 
competences, possibilities, policies, approaches, or processes. Further, the 
impact may manifest itself locally, or at a national or international level. 

The impact on society may affect a large number of individuals/organisations 
etc. (broad reach) or be of vital importance for a smaller number of 
individuals/organisations etc. (great significance). For the panel’s assessment, it 
is important that you describe the reach as well as the significance of the referred 
impact. Please consider possible ethical aspects of your research and if some 
information is not suitable for making public, then that information should not 
be part of your case study (e.g. dual-use, intellectual property right) 

Please give references to verify the impact, i.e., to verify that this change to 
society has occurred and that research at the submitting HEI made a distinct and 
substantial contribution. References may consist of references to relevant 
documents or contact information to persons with relevant knowledge. 

b) Key processes and factors – approaches and conditions crucial to 
the impact 
If applicable, describe how your processes to promote the impact have 
contributed to the particular impact described (a). You may also include 
contextual factors (characteristics of the context where the impact occurred) that 
you judge as essential for this case. Elaborating on how these processes and 
contextual factors may contribute to learning and improve knowledge on impact 
pathways. 
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The following are a few examples of approaches and conditions for achieving 
societal impact of research: research profile and strategy; extent and type of as 
well as conditions for research funding; framework for incentives for funding 
and staffing; the composition, recruitment, career paths and mobility of research 
staff; gender equality; publication strategies; collaborations within as well as 
outside of academia, nationally as well as internationally; governance, 
management and basic values. 

We would like to stress that you are free to bring up any processes you consider 
essential to the societal impact of your research. 

Refer to relevant written evidence verifying your description, e.g. documents or 
persons (including contact information), who can confirm that the procedures 
and conditions you bring forward have indeed contributed to the impact 
described under (a). 

c) Contributing research – the main content of the research that 
contributed to the impact: 
Describe briefly the content of the HEI’s research outputs that distinctly and 
substantially have contributed to the impact described under (a). Explain how 
this content has been essential. 

The contributing research must have been published within the last 20 years and 
have been conducted by researchers employed at the submitting HEI at the time 
of publishing. The referred impact on society must, as stated above, have 
occurred within the last five years. 

Enclosed a list of up to ten key publications with authors, title, journal and year. 
Please mark authors from the submitting HEI with bold fond. 
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