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Foreword  

Working in a rapidly changing research area 

 

When the protocol for this part time thesis was drafted in 2012, accepted in 2013 and commenced 

in 2014 there were no discussions about Hepatitis C elimination in the public space.  

As the World Health Organization (WHO) Global Health Sector Strategy targets on viral hepatitis 

were published in 2016(1), elimination of viral hepatitis became a focal point for discussion on 

multiple levels, from scientific publications to public health strategies and a research area in its 

own right(2-4).  

It speaks much to the credit and visionary disposition of my main supervisor Peer Christensen that 

he in 2013 suggested the title of this thesis should be “Towards Eradication of Hepatitis C” even 

though we later modified it to the more realistic “elimination”.  

The idea of the thesis was initially to explore options for making hepatitis C treatment as short and 

easy as possible for the benefit of the individual and to make large scale treatment more feasible. 

Secondly to make estimates of hepatitis C tests uptake and prevalence in different populations as 

to guide future strategies for diagnosis, linkage to care and ultimately treatment.  

The initial aims were thus to (1) explore the possibilities of reducing the length of treatment for 

hepatitis C, (2) identify predictors for being easy to cure for hepatitis C and (3) to assess the size 

and characteristics of undiagnosed HCV infections in the general population. As the new 

pharmaceuticals for hepatitis C – the direct acting antivirals (DAA) quickly proved to be extremely 

efficacious and failures few, the second aim were replaced by (4) test uptake and prevalence of 

hepatitis C in people connected to drug use treatment. Hepatitis B and HIV were also included in 

the epidemiological studies, but is in this thesis secondary.  

The thesis thus consists of 2 methodological different areas. The 4 WIDUC study is a randomized 

clinical trial on ultra-short (4 weeks) hepatitis C treatment in a target population of people who 

inject drugs (PWID) conducted at a drug treatment center (DTC). The second part is two 

epidemiological studies on key populations for hepatitis C infection in Denmark; the general older 
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Danish population at risk for nosocomial infection and the people who use drugs population 

(PWUD). 
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Summary in English 

Background 

Hepatitis C is an enveloped + strand RNA virus and member of the hepacivirus genus in the 

flaviviridae family. It was identified as a pathogen as late as in 1989. Being transmitted by 

blood the spread can largely contributed to the introduction of modern medicine and later by 

the sharing of injecting equipment among people who inject drugs (PWID). It is estimated that 

on a global level 70 million people live with chronic HCV infection (CHC). Main disease 

manifestation is liver cirrhosis that will develop in about 25 % of individuals after 25 years of 

infection, but the infection in itself can also cause symptoms and disease (extrahepatic 

manifestations). In Denmark as in the rest of the Western world, HCV is today mainly 

transmitted by injecting drug use. The epidemiological data available for Denmark date back 

to 2007 and estimate that 85% are infected by drug use and that the prevalence of HCV 

among persons with current or former drug use is 35-45%. The majority of the remaining 

population with CHC has been infected either by transfusion or injection of blood products 

prior to the introduction of blood product screening in 1993. In 2007 it was estimated that in 

Denmark as many as 21,000 persons (0.45% prevalence) had CHC and that only half of them 

were diagnosed. The undiagnosed population and the population not in care pose some of the 

greatest challenges for hepatitis C elimination. In Denmark the concomitant with transmission 

of Human immunodeficiency virus (HIV) and Hepatitis (B) with HCV is believed uncommon but 

there are no recent data on this. 

The discovery of direct acting antivirals (DAA) changed the therapeutic landscape for CHC in 

2014. Using a combination of drugs inhibiting the synthesis and assembly of new virus, it 

became possible to cure hepatitis C (defined as sustained virological response at week 12 

(SVR12)) without the use of the toxic and lengthy administration of interferon previously 

used. However the DAAs were (and still are) extremely costly and have to be taken for 12 

weeks in most cases. If persons “easy to treat” could be identified and given a shorter 

treatment without compromising efficacy it could save both human and monetary resources. 
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Aim of thesis 

The aim of the thesis is to 1) assess the magnitude and epidemiology of undiagnosed HCV 

infections in the general population 2) assess the test uptake for HCV and prevalence of CHC 

in persons connected to drug use treatment 3) explore the possibilities of reducing the length 

of treatment for hepatitis C for patient without significant liver fibrosis. 

Methods and studies 

  

1. Prevalence of diagnosed and undiagnosed blood borne infections in a random cohort 

of 10003 Danish Citizens born between 1933 and 1958. 

The 3 B study: Sero-survey with registry based follow-up. Analyzes by nucleotide acid 

amplification test (NAT) of 5,604 biobank samples amassed in 1998-2000 in a 

systematic sampled but random cohort of 10,003 individuals born 1933-1958 and 

living in the Funen region. After identifier destruction results were combined with data 

from 10 different Danish registries to elucidate; a-priori risk factors for infection, 

diagnosed liver disease and (un)diagnosed infections at end of follow-up.  

2. Test uptake and HIV, HBV and HCV prevalence in 5,483 Danish people in drug use 

treatment from 1996 to 2015 

The ODD-HEP study: Registry based cohort study. Cohort comprised all individuals 

receiving treatment for drug misuse in the Funen region 1996-2015. Data from the 

National Registry on Drug users in Treatment (NRDT) were combined with test results 

from the Department of Clinical Immunology at Odense University Hospital and the 

Death Certificate registry. Main outcomes assessed were test uptake and prevalence 

of infections and determinants for test and infection. 

3. Ultra-short treatment for chronic hepatitis C in persons without significant liver 

fibrosis:  

The 4 WIDUC study: Randomized clinical trial comparing Sofosbuvir/Ledipasvir 

+Ribavirin with or without the addition of interferon given for 4 weeks to drug users in 

treatment with chronic hepatitis C of all genotypes. Primary endpoint was SVR 12 in 

the intention to treat population. 
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Results 

In the 3 B study the prevalence of undiagnosed HIV, HBV and HCV was 0%, 0.16% (73% of HBV 

cases) and 0.08% (33% of HCV cases) respectively at end of follow-up in 2013. Combined with 

diagnosed and incident cases the prevalence of both HBV and HCV were 0.24 % (CI: 0.1-0.4) in 

individuals born 1933-1958. A history of drug and alcohol use caused participation bias so the 

population with an available blood sample ha lower odds for participation (OR 0.4-0.6). 

Undiagnosed infections were in 3 of 8 HBV cases linked to known risk factors and in none of 

the HCV cases. Of the undiagnosed HCV cases one had a diagnosis of cirrhosis. In general we 

found a low level of testing for hepatitis in persons with indicator conditions such as history of 

drug use if not connected to drug use treatment; test for HBV/HCV in 32%/26% and chronic 

prevalence in tested 4%/10% or being a migrant from a high prevalence country; test for 

HBV/HCV in 38%/32% and chronic prevalence in tested 6.1%/5.1%.  

In the ODD-HEP study the test uptake for HIV, HBV and HCV was 63%, 58 % and 55% 

respectively and prevalence in those alive at end of follow-up 0.6% 1.9% and 21.1 %. Having 

received opiate substitution therapy (OST) was the main determinant for being tested (OR 3.7; 

CI: 3.2-4.5). Hepatitis C infection was mainly found in persons with disclosed injecting or 

history of opiate substitution therapy (OST) who had a CHC prevalence of 31%. Of identified 

CHC cases 69% were still connected were identified as a population with a low test uptake 

(45%) but also a low prevalence (7%). Only 5% of entrants into drug use treatment in 2011-

2015 required OST and 17% had experience with injection. 

In the 4 WIDUC study (n=32 with n=16 in each arm), SVR 12 was 92% in the interferon 

containing arm and 75% in the interferon free arm. In per protocol analysis excluding those 

lost to follow up during or after treatment (n=5), SVR 12 was 100 and 92% respectively with 

only one patient in the interferon free arm failing treatment. There was one treatment related 

severe adverse event of asymptomatic neutropenia in the interferon arm. 

Conclusion 

We identified a number of populations where testing/screening was low and this might be 

helpful for future strategies to eliminate hepatitis C in Denmark. Especially people with 

injecting drug use outside OST needs to be tested and linked to care. Furthermore that the 
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majority of those diagnosed with HCV in the drug misuse treatment setting was still engaged 

at drug treatment centers making these centers the obvious focal point for treating HCV in the 

future. The undiagnosed HCV infections in the general population lacked common identifiers. 

We found that 4 weeks of Ledipasvir/Sofosbuvir + Ribavirin was highly efficacious in treating 

hepatitis C. The findings needs to be confirmed in larger studies but the option of shortening 

therapy is promising especially among persons in drug use where we found that even in short 

treatment loss to follow-up was an issue.  
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Danish Summary – Dansk Resumé 
Hepatitis C (HCV) er en blodbåren RNA+ virus der er en del af hepacivirus gruppen i 

flaviviridae familien. 

Hepatitis C blev i først identificeret som patogen i 1989 og var før det kendt som non-A/non-B 

hepatitis. 

Før screening af blodprodukter blev indført i 1993 i Danmark kunne HCV spredes i 

sundhedsvæsenet med blodtransfusioner og andre blodprodukter. Denne spredning foregår 

fortsat i lande uden for den vestlige verden. I 2015 blev det anslået at 70 millioner mennesker 

lever med aktiv HCV infektion på verdensplan. I Denmark som i resten af den vestlige verden 

spredes HCV i dag primært blandt personer med injektionsbrug af stoffer og det anslås at 

85 % af dem der er smittet i Danmark har erhvervet infektionen på denne måde. De 

resterende, og primært i den ældre del af befolkningen kan have erhvervet infektionen i 

sygehusvæsnet. I 2007 estimerede et registerbaseret studie at 16-21.000 personer i Danmark 

har kronisk HCV infektion men at kun halvdelen var diagnosticeret. Blandt personer med 

nuværende eller tidligere injektions brug af stoffer anslås at 35-45 % har kronisk hepatitis C. 

Hepatitis C kan ubehandlet give progredierende arvævsdannelse i leveren og efter 25 ås 

infektion vil ca. en af 4 have udviklet cirrose (skrumpelever) og af disse vil 2-5 % årligt udvikle 

primær leverkræft (hepatocellulært karcinom). Virusinfektionen i sig selv kan give symptomer 

og sygdomme der ikke er leverrelaterede – de såkaldte ekstra-hepatiske manifestationer. 

Opdagelsen og udviklingen af direct acting antivirals (DAA) har i seneste år dramatisk ændret 

behandlingsmulighederne for HCV infektion. Disse stoffer kan gives som tabletter og har få 

bivirkninger i skarp kontrast til mulighederne før 2014 hvor ugentlige injektioner af interferon 

og daglig ribavirin (tablet) var den eneste behandlingsmulighed. En behandling der var både 

langvarig (op til 48 uger), bivirkningstung og med suboptimale resultater med SVR 12 (= 

kureret for virus) på mellem 40 og 80 %. De nye lægmidler var og er stadig dyre og skal tages i 

12 uger i de fleste tilfælde. Kunne behandlingsvarigheden afkortes ville det være 

ressourcebesparende pengemæssigt, men også for såvel patienter som behandlere. 
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Skal vi eliminere hepatitis C dvs. reducere forekomsten, forhindre smittespredning og 

nedsætte sygdom relateret til hepatitis C er viden om hvor mange der er testede, forekomst 

og udbredelse i forskellige delbefolkninger med særlig risiko nødvendige. Ligeledes ville en 

kortere behandling være en fordel – specielt i mindre stabile populationer.  

Formål med ph.d. afhandling. 

1. Vurdere forekomsten af diagnosticeret hepatitis C (og HIV og Hepatitis B(HBV)) i den 

generelle danske befolkning og karakterisere den inficerede befolkning. 2. Bestemme 

testoptaget for- og prævalensen af hepatitis C blandt personer i tidligere eller 

nuværende behandling for stofbrug. 3. Undersøge effektiviteten af 4 ugers behandling 

med DAA i kombination med Ribavirin med og uden interferon hos personer i 

behandling for stofbrug uden betydende arvævsdannelse i leveren. 

Metoder og studier 

1. 3 B studiet 

Serologisk(undersøgelse af blodprøver) undersøgelse blandt systematisk, men 

tilfældigt udvalgte danskere født mellem 1933-1958 kombineret med registerdata fra 

10 forskellige danske sundhedsregistre. I 1998-2000 bidrog 5,604 ud af 10,003 

udtrukne personer med en blodprøve til fremtidig forskning. Registerdata om 

oprindelsesland, død, stof og alkohol relaterede diagnoser, psykisk sygdom, forekomst 

af skrumpelever og levercellekræft samt kendte diagnoser for HIV, Hepatitis B og C 

blev samlet på hele kohorten og data herefter anonymiserede. Prøverne i biobanken 

blev analyseret for HIV og HCV-RNA samt HBV-DNA og HBsAg. De 

pseudoanonymiserede registerdata blev herefter kombineret med 

blodprøveresultaterne og koden der forbandt dem til CPR-numre destrueret.  

 

2. ODD-HEP studiet 

Register baseret kohortestudie. Kohorten bestod af alle individer registreret i 

stofbehandling på Fyn fra 1996 til 1. oktober 2015 i det danske stofbehandlings 

register og blev kombineret med testdata fra Klinisk Immunologisk Afdeling på OUH og 

oplysninger fra det danske dødsårsagsregister.  
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3. 4 WIDUC studiet 

Randomiseret kontrolleret klinisk studie. Personer med kronisk hepatitis C i behandling 

for stofbrug blev randomiseret 1:1 til i 4 uger at modtage daglig Ledipasvir/Sofosbuvir 

og vægtbaseret Ribavirin med eller uden tillæg af en ugentlig subkutan injektion af 

pegyleret interferon. Primære endepunkt var SVR12 i intention to treat populationen 

(alle der havde taget mindst en tablet af behandlingen). 

Resultater 

I 3 B studiet var forekomsten af udiagnosticeret HIV 0%, HBV 0.16% og HCV 0.08%. Den 

samlede forekomst af diagnosticerede og udiagnosticerede HCV infektioner var 0.24% - og det 

samme for HBV. For HBV var 73 % af infektionerne diagnosticerede ved udløbet af 2013 og for 

HCV 33%. Alle udiagnosticerede HCV tilfælde (n=5 hvoraf en var død) var i personer uden 

kendt stofbrug eller baggrund i et land med høj forekomst. For HBV havde 3 af i alt 8 

diagnosticerede tilfælde kendt risiko. Blandt de udiagnosticerede var der et tilfælde af 

skrumpelever. Ekstrapoleret til nationale tal svarer det til 3-4000 antal udiagnosticerede 

tilfælde af viral hepatitis(B og C). I den samlede kohorte fandt vi at migranter fra lande med 

høj forekomst, personer med alkoholrelaterede diagnoser og skrumpelever samt stofbrugere 

uden for stofbehandlingssystemet var grupper der trods klar indikation for test og en 

forekomst på 5-15% af HCV og/eller HBV ikke var testede. Da stof og alkoholrelaterede 

diagnoser var mindre hyppige blandt dem der afleverede blodprøver er det muligt vi har 

underestimeret antallet af uerkendte hepatitis C tilfælde. 

I ODD-HEP studiet fandt vi at 55 % af alle i stofbehandling havde været testet for HCV og en 

forekomst af HIV på 0.6% , HBV 0.9%, og HCV på 21% blandt dem i live ved udgangen af 2014. 

Forekomst af HCV var primært blandt ældre personer (median alder 45 år) med rapporteret 

injektionsbrug af stoffer eller behandlet med substitutionsbehandling for opiatbrug (HCV 

forekomst bland disse 33%). Vi observerede et fald i brug af opiater blandt dem der var 

indskrevet i behandling til 5% af ny-indskrevne i 2011-2015. Den vigtigste prædiktor for at 

være testet var at have modtaget substitutionsbehandling og dermed havde specielt yngre 

med risko adfærd(injektionsbrug af stoffer), men som ikke var i substitutionsbehandling et 

lavt test optag (under 30% af dem født efter 1975 var testede). Blandt de HCV inficerede var 

69% stadig i stofbehandling i 2015. 
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I 4 WIDUC studiet fandt vi at kombinationen af 4 ugers Ledipasvir/Sofosbuvir og Ribavirin 

både med og uden stofbrug var effektivt som behandling af HCV blandt stofbrugere uden 

betydende leversygdom. Af 32 der startede, fuldførte 4 ikke behandling og/eller opfølgning. 

Blandt de 28 vi kunne evaluere for kur var der en der ikke opnåede SVR 12 i den interferonfri 

arm. Således opnåede 100% i interferon armen og 92% i den interferonfri arm helbredelse. 

Der var én alvorlig bivirkning til interferon (lave hvide blodlegemer), men uden symptomer. En 

person modtog kun en interferondosis og fortsatte uden interferon pga. subjektivt ubehag.  

Samlet konklusion og begrænsninger 

Vi fandt i vores studier flere ting der vil have betydning for en fremtidig elimination af 

Hepatitis C i Danmark. I den ældre almene befolkning forekommer udiagnosticeret hepatitis C, 

men forekomsten er lav og en evt. befolkningsscreening vil være bekostelig da personerne 

ikke tilhører oplagte risikogrupper. Vi identificerede dog flere populationer hvor screening er 

anbefalet men bør optimeres – specielt blandt personer med skrumpelever, personer med 

stofbrug og blandt migranter fra områder med høj forekomst af HCV.  

Ældre stofbrugere udgøre den største gruppe af HCV inficerede og en stor del af dem går 

stadig i behandlingscentre for stofbrug der bør være omdrejningspunkt for en fremtidig 

indsats mod HCV. 

Der er et fald i injektionsstofbrug blandt yngre i stofbehandling og forekomsten af HCV er 

faldende, men der bør være fokus på at få yngre injektionsstofbrugere testet så 

smittespredning forebygges – specielt blandt dem der ikke er i substitutionsbehandling. 

Bland stofbrugere i behandling er 4 ugers DAA + Ribavirin en lovende mulighed, men der skal 

laves større undersøgelser der kan bekræfte vores fund. Studiet understregede også at selv 

med kort behandling vil der være personer der ikke fuldfører behandling og derfor er det 

vigtigt at den er så effektiv som mulig – selv hvis givet i kun kort tid. 

  



15 

 

Hepatitis C 

Virus, infection and disease. 

The virus 

Hepatitis C virus (HCV) is an enveloped positive strand RNA virus and member of the 

hepacivirus genus in the flaviviridae family(5). The origin of the virus remains un-know but 

HCV is found in non-human primates and related virus in horses and dogs. However no direct 

link for it being a zoonotic infection has been proven(6).  

The viral genome consists of 9600 nucleotide pairs coding for structural (C, E1 and E2) and 

non-structural proteins (p7, NS3, NS4 A and B and NS5 A and B). The most important non-

structural proteins are the viral protease and helicase (NS3/NS4A region), the NS5A assembly 

and initiation complex and the polymerase (NS5B) responsible for the synthesis of a 

complementary negative RNA strand from the viral genome and subsequently a new RNA+ 

Strand(7, 8). 

The virus has several different phylogenic clades or genotypes (genotype 1-7). The genotypes 

are determined by sequencing the highly conserved and untranslated region in the 5’ end of 

the genome (the 5’UTR region) in combination with the C region (core) or in some cases the 

NS5B region(9). HCV has as other RNA virus polymerases no proof reading capacity when 

replicating RNA for new virions and quasi species are common as are chimeric virus(10, 11). 

The determination of genotype is of clinically importance for tailoring treatment both in the 

interferon (INF) and Direct Acting Antiviral (DAA) treatment era. 
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Figure 1 Organization of the viral genome 

 

Note Figure 1. Organization of the HCV viral genome and its translation into viral protein. Arrows indicate cleavage sites 

for the N2 and NS3/4A protease and solid arrowhead cleavages by the endoplasmic reticulum signal peptidase. 

Reprinted/adapted by permission from Springer Nature: Hepatitis C Virus Proteins: From Structure to Function by Darius 

Moradpour and François Penin, 2013 

  

Hepatitis infection 

Hepatitis C was identified as a pathogen in 1989, but for decades prior to this known as non-A 

non-B hepatitis mostly seen as a mild icteric disease after blood transfusion and other invasive 

procedures (12, 13). Hepatitis C virus is a blood borne virus, viable outside the body for up to 

7 days and can be nosocomial spread by multi-use vials, needles and syringes(14). Another 

well described source of spread is by blood products including clotting factors and specific 

products such as anti-rhD immunoglobulin(15, 16). In a Danish look back study on transfusion 

recipients, of anti-HCV+ blood, 80% had anti-HCV and 82% of those anti-HCV+, were HCV-

RNA+(17). Additionally HCV can survive in filters, cookers and water used for the preparation 

of injecting (illicit) drugs such as heroin or amphetamines(18, 19). 
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Hepatitis C virus has the possibility of spread from mother to child with transmission rates in a 

meta-analysis of 6-10% - highest in HIV+ women(20). Sexual transmission is mainly occurring 

with more traumatic sexual practices and in observational studies of heterosexual couples 

incidence is low at 0.0-0.1/100 persons years(21). High level sexual transmission is found in 

men who have sex with men (MSM) with incidence of 0.6- 1.3/100 person years in a meta-

analysis on persons with HIV-co infection and considerably lower at 0.2/100 person years in 

those without(22, 23).  

Establishing infection and immunity 

Hepatitis C virus is hepatotropic and replicates in the liver, but is also found in mononuclear 

blood cells and brain tissue although replication at these sights are uncertain (24, 25). In the 

liver it is causing persistent inflammation if chronic infection is established but rarely severe 

acute hepatitis as seen in adult hepatitis A and B infection(26). The acute immune response 

results in viral clearance in 20-40% of cases with production of non-protective antibodies that 

persists for years. If the infection is not cleared with-in the first 6 months of infection and 

HCV-RNA is persistently found in the blood, the person will likely have lifelong hepatitis C 

infection. Viral clearance has been described if another extreme immune activation has 

occurred – typically acute infection with hepatitis B or trauma(27). The mechanism behind 

establishing chronic infection is not well understood and until now it has not been possible to 

explain why 1/3 of patients clear the initial infection, but it is elated to HCV ability to evade or 

inhibit parts of the innate and adaptive immune system, and genetic determined host factors. 

In the adaptive immune system the neutralizing antibodies are not efficient in binding to viral 

epitopes for entry as might be expected from a RNA virus with a high rate of replication. 

Additionally virus can infect neighboring cells without entering the blood stream(28). The 

CD4+ T-cells that respond to acute infection and facilitate the response of the CD8+ T-cells are 

quickly exhausted and the CD8+ T-cells that should mediate the killing of infected cells 

become dysfunctional both in the direct binding to hepatocytes but also in the excretion of 

cytokines and interferon–gamma. The viral escape mutations in CD8+ T-cell epitopes also aids 

in escaping CD8+ T-cell killings(29). Secondly HCV in it-self inhibits expression of interferon 

stimulated genes (ISG) by inducing cleavage of mRNA from the ISG thereby numbing part of 

the host innate immune system. External stimulation by interferon to counteract this 
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mechanism was the main therapeutic option for hepatitis C for the first 2 decades of HCV 

treatment. Host factors such as polymorphisms in the INFL3 region of genes regulating the 

innate interferon response are also important. The INFL3 CC host genotype is strongly 

associated not only for spontaneous clearance of HCV infection but also predictive of 

response to INF based therapy(30-32). Other genetic host factors such as polymorphisms in 

the coding for certain human leucocyte antigen (HLA) and killer cell immunoglobulin like 

receptors (KIR) have also proved significant for viral clearance(33). Spontaneous clearance of 

hepatitis C (rate: 37.1% (ci: 23.8-52.8%) in a recent meta-analysis) is also dependent on age at 

infection (older more likely to have persistent infection), sex (male less likely), HCV genotype 

(genotype 1 more likely to clear), HIV infection (less likely to clear) and HBV infection (more 

likely). Earlier studies based on HCV acquired by blood transfusion showed a lower clearance 

rate of 80 % - likely to reflect an impact of the amount of virus the individual was exposed to 

and the immunity of persons receiving transfusions(17). Perhaps repeated exposures or 

preciously treated infection is partly protective but data on persons repeatedly infected like 

people injecting drugs has given conflicting results. This could be due to the difficulties in 

distinguishing persistent infection from repeated new infections as clinical studies with 

frequent testing find that the likelihood of clearing subsequent infections is larger than for the 

primary infection(27, 34, 35). 

Hepatitis C disease. 

Distinguishing between Hepatitis C infection and Hepatitis C disease is important in an 

elimination context and will be briefly addressed in the following.  

Traditionally Hepatitis C infection has been considered largely asymptomatic until 

development of cirrhosis or hepatocellular carcinoma (HCC). However a number of conditions 

and diseases can be attributed to the hepatitis C virus but un-related to liver disease and 

referred to as “extra hepatic manifestations”. 

Hepatic fibrosis 

The process of slowly progressive hepatic fibrosis in HCV infection might have a time span of 

25+ years and have a multitude of determinants including genetic host factors, obesity, 

diabetes, co-infections (untreated HIV and HBV) and environmental factors such as 
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concomitant alcohol or cannabis use(26, 36, 37). Females in general have a slower progression 

rate that likely accelerate once post menopause(38, 39). Some HCV genotypes (genotype 3) 

are more prone to induce steato-hepatitis and a more rapid progression of fibrosis and 

decreased glucose tolerance (40). The association between hepatitis C, diabetes and insulin 

resistance has been debated but several studies have found improvement in glucose 

metabolism in patients cured for hepatitis C both in persons with diabetes and pre-diabetic 

patients(41-43). 

Hepatocellular carcinoma and decompensated cirrhosis 

In a mortality context decompensated liver disease and HCC are the dominating causes. Once 

cirrhosis is established the risk of developing HCC is 1-5% annually depending on severity of 

cirrhosis(44, 45). This risk does not disappear when cured of the virus but evidence from 

2014-2017 in the era of direct acting antivirals (DAA) suggests a risk reduction of 70-80% as in 

a large study on 22,000 persons treated with DAA in the United States (adjusted hazard ratio 

[AHR] 0.29 (CI: 0.23-0.37)) of developing de-novo HCC(46-48). The risk of recurrent HCC 

(developing a new HCC after having been treated for HCC and relapse free for at least 6 

months and then treated for hepatitis C infection with DAA) is an ongoing debate but current 

evidence is that about one in three patients develops recurrent HCC after HCV cure(49-53). 

For patients with decompensated liver disease being cured for the virus will often result in a 

reduction of episodes with decompensation and improvement of liver function (54-59). 

However if end stage liver disease or HCC has developed prior to treatment liver 

transplantation might be the only option that affects long term mortality(60). 

Extra-hepatic manifestations 

The first conditions to be recognized as a function of hepatitis C infections were the immune 

mediated manifestations mixed cryoglobulinemia with vasculitis, membrane-proliferative 

glomerulonephritis, autoimmune thyroiditis and the skin condition porphyria cutanea 

tarda(61, 62). People with Hepatitis C infection often have auto-antibodies that are not 

associated with clinical autoimmune disease reflecting the ability of the virus to induce 

alteration in B-cell function. This is also reflected in the association to non-Hodgkin 

lymphomas with an Odds Ratio of about 2.5 for marginal zone diffuse large B-cell lymphoma 
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and and lymphoplasmacytic lymphoma in case control studies(63). Immune/idiopathic 

thrombocytopenia (ITP) is also associated with HCV infections, sometimes causing 

interpretation problems in patients with low platelet count as they might be suspected for 

having severe cirrhosis/portal hypertension(64). The conditions associated with HCV infection 

are expanding especially since the introduction of hepatitis C treatment demonstrating 

reversibility of a number of conditions. The specific immune mediated and non-specific effects 

of the infection are listed in table 1 (65-68).  

Table 1. Liver related and extra-hepatic manifestations of chronic HCV infection 

Liver Hepatitis C Virus related  

immune mediated syndromes 

Non-specific  

HCV related symptoms 

Inflammation (“transaminitis”) Porphyrea cutanea tarda Fatigue 

Liver fibrosis/cirrhosis Lichen Planus Sleep disturbances 

Decompensated liver disease Urticaria Joint pain 

Hepato celluar carcinoma Autoimmune Thyroiditis  Cognitive impairment 

Diabetes/insulin resistance Glomerulonephritis  

 Vaculitits  

 Non Hodgkin lymphoma  

 Cryoglobulinaemia  

 Vitiligo  

 Rheumatoid arthritis  

  

Cure the infection or cure the disease 

The international standard for cure for hepatitis C as an infection is HCV-RNA being below the 

lower level of quantification (LLOQ) in plasma 12 weeks after end of DAA treatment – referred 

to as sustained virological response week 12 (SVR 12). This definition reflects that HCV do not 

integrate in the human genome, and have no latent reservoir (69). A much debated Cochrane 

review in 2017, questioned this as an endpoint for hepatitis C treatment trials, and 

subsequently took the stand that it was not and advocated placebo controlled trials to prove 

the effect on mortality (70-73). This has caused much debate in the international scientific 
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community and such trials would be considered highly unethical as untreated hepatitis C in 

patients with liver disease will progress without treatment as shown in many cohorts (45).  

However the debate does illustrate the different concepts in hepatitis C, infection and 

disease. This thesis is largely focused on hepatitis C as an infection although the elimination of 

hepatitis C includes both as will be discussed in the section on HCV elimination. 

Hepatitis C epidemiology 

Global 
The spread of HCV from being a presumed rare infection to a pandemic is thought largely to 

be contributed to introduction of modern medicine. Hepatitis C has presumably for hundreds 

of years been endemic in Central Africa and infection has there been linked to circumcision 

and cultural rituals(74). 

Globally as of 2015, a model study including data from 113 countries estimated that 71 million 

people were living with chronic HCV infection, Figure 2 A+B(75). The current estimate is that 

at least 10 million people have acquired the infection by injecting drug use and the remainder 

is infected nosocomial, sexually or by vertical transmission (76). In the Western World the risk 

for nosocomial transmission is now believed to be negliable and the vast majority of incident 

infections are by injecting drug use. A recent meta-analysis estimates that 6.1 (95% 

uncertainty interval (UI); 3.4-9.2) million people with recent or current injecting drug use (IDU) 

are living with HCV constituting the population likely to transmit to others (76). Hepatitis C is 

as mentioned not highly transmissible by sex besides in men who has sex with men, limiting 

transmission in the general population. Mother to child transmission does occur and recent 

evidence from the opioid and HCV syndemic in the US confirms transmission rates of 5-10% 

depending on HIV status and additionally that children of HCV infected mothers have a poor 

test uptake (16-30% in recent publications) even in high resource settings (77-80).  
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Figure 2. Global HCV prevalence 

 

 

Note Figure 2 A+B. World maps absolute (A) and relative (B) prevalence of viremic HCV infections in 2015 made 

by the Center for Disease Analysis (CDA) and the Polaris Observatory collaborators (75).  

Reproduced by permission from the CDA foundation/Sarah Blach. 
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In the context of elimination people who actively transmit the virus and those having HCV 

related disease are groups of special interest. Identification of people in both populations 

have obvious challenges – the infected by not exhibiting disease specific symptoms until overt 

decompensated liver diseases. The transmitting population mainly by the stigma, social and 

legal barriers that people who use drugs (PWUD) especially if injecting and - in many settings- 

men who has sex with men might face(3, 81). Undiagnosed infections are on a global level the 

largest issue with the World Health Organization (WHO) estimating less than 5 % of infections 

diagnosed globally. This is mainly driven by high prevalence countries like Pakistan, Egypt and 

Russia or large population countries like China and India, accounting for more than half the 

estimated HCV cases in the world(75).  

HCV epidemiology in people who use drugs 

The epidemiology of HCV infection in PWUD has considerable variation from country to 

country due to wide difference in drug use practices and access to harm reduction (76). The 

risk for HCV in PWUD with non-injecting drug use (NIDU) is substantially lower than in PWID. 

Studies on NIDU are few but prevalence between 2.5-25.3 % has been reported in a review 

from 2007(82). Sharing snorting straws, having close relations with PWID (sexual or snorting) 

and engagement in high risk sexual practices has been identified as risk factors among PWUD 

with NIDU(83-85). However population based studies are few and whether NIDU carries a risk 

in itself for HCV infection is controversial although HCV virus is present in nasal secretions 

from people snorting drugs making transmission possible(86). 

The PWID population has in most settings the highest risk of acquiring HCV infection with a 

global viremic prevalence of 38% and antibody prevalence of 52%(76). The definition of PWID 

is problematic in itself as it refers to a behavior often implied linked with substance use 

disorder but the behavior might be ceased or infrequent. This has led to a target group of 

recent injectors, meaning having injected with in the last 6 or 12 months, depending on study 

definition. Information that can only be acquired by surveys in the target population, limiting 

its use in registry based research. The risk of infection in PWID depends on drug use practices, 

access to harm reduction such as opiate substitution therapy (OST) and needle and syringes 

programs (NSP), duration of drug use and prevalence of HCV infection in the PWID 

population(87, 88). Secondly the prevalence in PWID is affected by the culture of sharing drug 
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use paraphernalia (89, 90). The PWUD population is thus heterogeneous with regards to risk 

of infection and this is likely to reflect on test uptake for HCV (91). Better data on the 

epidemiology and demographics on HCV in PWUD have been identified as a research priority 

(92). For people with opiate use disorder access to substitution therapy like the synthetic 

opiate methadone or the partial opiate receptor antagonist buprenorphine has also proven 

protective of HCV infection (50% reduction in Cochrane review) especially if needle and 

syringes are widely available (66 % risk reduction in acquiring HCV in a European setting and 

71% if combined)(93). Many studies have demonstrated that sharing equipment among 

intimate relations or blood relatives are common and not perceived as a risk but the highest 

incidence rate is among close relations to HCV infected (94, 95). Globally a recent review 

estimated a NSP coverage of 33 sets pr. PWID/year (UI: 21-50), and 16 (UI: 10-24) OST 

recipients per 100 PWID. The same review found that less than 1% of PWIDs live in countries 

with high coverage of NSP and OST defined as more than 200 NSP sets/PWID/year and more 

than 40 OST recipients per 100 PWID(96). However in some region like Eastern Europe OST is 

often illegal and coverage subsequently low. The baseline prevalence in the population when 

preventive measures or treatment are introduced will also affect how well any intervention 

can reduce incidence or re-infection. An overview of the information above is made in table 2.  
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Table 2. Key factors in HCV epidemiology in PWID 

Factors of importance for HCV spread in PWID 

 

Note 

Baseline prevalence of HCV infection* 

 

Global 38% (76). Range in Europe 14-84%(76, 97). Denmark 

40 % in 2007(98). 

Level of diagnosis* 

 

Globally 5% diagnosed(1),  

Denmark 54% in 2007(98) 

Level of surveillance* 

 

In a treatment as prevention setting the frequency of testing 

will affect the efficacy. If infrequent- (re)infected individuals 

can transmit for a longer time(99). 

Access to clean needle and syringes 

 

High level coverage: 300 sets pr. person pr. year(1, 100).  

No current estimate for Denmark.  

Europe 15 syringes/PWID/year.  

Level of coverage /access to OST* 

 

Denmark estimated 50% (101) 

Western Europe 64% (UI: 46-95) (96). 

Programs are very heterogeneous - some with very strict 

criteria of abstinence or sobriety affecting retention and 

thereby preventive effect. 

Time from infection to diagnosis and treatment* Time spent infected=possibility for transmission. 

Local PWID networks/sharing practices 

 

Small networks can be addressed by contact tracing 

and simultaneous treatment. 

Treatment rate Model studies use a rate based on total number of PWID in 

the area instead of diagnosed infection to avoid bias from 

undiagnosed infections and reflect the population at risk. 

Note Table 2. * marks factors addressed in Study II and this thesis. 

Model studies have been instrumental to understand the dynamics of HCV transmission and 

how preventive measures can reduce transmission (3, 4, 102). The treatment as prevention 

(TaP) model or paradigm in PWID has illustrated how the factors in Table 2 affects incidence 

and prevalence (102-104). Model studies from UK and Australia have shown that TaP in PWID 

may be the only efficient way to diminish the HCV epidemic. The basic assumption being that 

by removing the pool of infected individuals transmission will stop despite ongoing risk 

behavior (105, 106). In the DIPP study by Fraser et al., modelling TaP in several European 

countries it was estimated that Denmark with current preventive measures could reduce the 
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prevalence of HCV infection from 35-45% to below 5 % in 15 years if treating 5% of the total 

PWID population pr. year in an OST setting (107). However Sweden with a very low coverage 

of harm reduction and a high CHC prevalence among PWID (60%) would only achieve a 

reduction to 40 % prevalence if treating at the same rate. A recent Swedish study on 2,300 

people using the Stockholm needle exchange program found an incidence rate of 22/100 PY in 

the absence of HCV treatment predicting a high risk of re-infection if treatment was available 

(35). 

The majority of data available on re-infection among PWID are from an era of limited access 

to treatment and selection bias among treated is very likely as “unstable” PWID were not 

likely to enter interferon based therapy or clinical trials. A 2016 review estimated a re-

infection rate of 2-6/100 PY as compared to 10-15/100 PY in HIV+ MSM, the other high risk 

group(108). As treatment reach a wider population of PWID re-infection rates are likely to 

increase making post treatment surveillance important(99). 

HIV, HBV and HIV-HCV / HIV-HBV co- infection 

Globally 37 million are living with HIV of whom 6.2% (UI: 3.4-11.9) or 2.3 mill. (IQR 1.3-4.3 

million) have been exposed to HCV (anti-HCV+) according to a 2015 review and meta-analysis 

by Platt et al.(109). For HBV a 2015 modelling study estimated that 292 million people or 3.9% 

(UI: 3.4-4.6) of the world population have chronic HBV (HBsAg+)infection (CHB) (110). HIV-

HBV co-infections rates are very dependent on geographical area. The major difference being 

that persons born in a HBV high prevalence area such as South East Asia or the Western 

Pacific region will have a high risk for being HBV infected at birth with a high chance of chronic 

infection prior to HIV acquisition whereas in a Western setting exposure as an adult will result 

in acute infection but only chronic in 10% of cases (111, 112). For both HBV and HIV the 

prevalence of infection in PWID is highly dependent on access to harm reduction and 

vaccination (97). 
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Table 3. Results from meta-analysis on HIV, HBV and HCV-HIV co-infection 

Infection General MSM PWID Source 

HIV 37 million people 

 

No exact global estimate 

Pooled data  3-25%  

17.8% 

 (UI: 10.8–24.8) 

Global meta-analysis  

2013 and 2017 (113) (114) 

HCV-HCV  

co-infection 

2.4% of HIV+ 

 (IQR 0.8-5.8) 

6.4% of HIV+ 

 (IQR 3.2-10.0) 

82.4% of HIV+ 

 (IQR 55.2-88.5) 

Global meta-analysis 2015 (88) 

HBV  

mono infection 

292 million people  

or 3.9% (UI: 3.4-4.6) 

Europe 

0.0-1.4% 

Global no estimate 

 

Europe  

0.5% - 6.1% 

Global 9.1%  

 (UI: 5.1-13.2) 

European meta-analysis(97) 

Global meta-analysis 2017 (114) 

 

Hepatitis C in a Danish public health and research context 
The most important sources of information in Denmark on the incidence, prevalence, and 

patient characteristics in hepatitis C are outlined in Table 4. The table also gives an overview 

of their possible sources of bias and under-reporting. Hepatitis C is a notifiable disease but 

under-reported to the national surveillance program at Statens Serum Insitiute (SSI) 

(estimated fraction 40%)(115). There is currently no code or system that can capture cure or 

spontaneous clearance of HBV and HCV infection as there is no national reporting laboratory 

database.  

The latest available national estimate of Hepatitis C in Denmark is based on data from 2007. It 

utilized a capture recapture strategy linking the * marked registries in Table 4 (98). In this 

work Christensen et al estimated 9166 diagnosed cases (6935 cases found and 2231 estimated 

based on the capture –recapture strategy) equivalent of a 0.2 % prevalence in +15 year olds. 

To evaluate the magnitude of the undiagnosed population, persons in drug use treatment 

(test uptake if cross referencing the DNRDT and DAN-VIR registry) was used as reference. 

Assuming the same prevalence in tested and untested a national prevalence of up to 0.4% or 

21,000 cases was reported as likely in the adult Danish population. 



  

Table 4. Key registries for epidemiology of HCV and HBV in Denmark 

Danish national/regional registries 

 

Characteristics and possible sources of error and bias 

Civil Registration System (CRS)(116) Formed in 1968, it comprises information on status (alive, deceased, migrated), registered address (and historical address at time of 

primary study) and country of origin, including origin of parents (from 1966). Important reference registry for cross referencing to exclude 

deceased and migrated from population and identify persons from high prevalence countries. 

Causes of Death (DRCD)(117) 

 

Formed in 1970 

Contains information from death certificates and is a source of information on diagnoses related to drug and alcohol use and liver disease 

such as liver related death including HCC.  

Persons who presumably die due to a drug over dose are all reported to the police and if they think it necessary reported to the coroner 

and autopsied. In 2013 the reimbursement rules changed and data on drug related deaths after this date are less accurate on drug related 

fatalities. 

Patient Registry (DNPR)(118)* Formed in 1976. Contains diagnosis according to ICD-8 and ICD-10 codes on all patients admitted to hospitals. From 1996 the data 

includes diagnosis from outpatient, emergency and psychiatric care. The positive predictive value of a medical diagnosis was 66% in 

validation studies in 1990(118).  

Not being registered in the DNRP with HCV infection is very likely if HCV was never been related to the course of the hospital contact and 

anti –HCV+/RNA- patients might be registered as having CHC resulting in “false positives”. Additionally before HCV-RNA was routinely 

implemented anti-HCV+ patients were reported as having CHC. Validating CHC diagnoses in the DNPR if possible is needed. 

Drug Users in Treatment (DNRDT)* Formed in 1996. Reporting was mandatory for all publicly funded providers and linked to reimbursement. Contains detailed information 

on current and former drug use, injecting and treatment provided (type of OST/non OST). Data are obtained by structured interviews 

following a form developed by the registry. The information is collected a-new at the initiation of each treatment episode and reported by 

the treatment center to the registry. Demographic data on living conditions, source of income and education are also reported. Data has 

been entered retrospectively for some clients so treatment start might be prior to 1996. In 2007 the system migrated to a new platform, 

reporting is no longer linked to reimbursement and as of 2018 cover only 73 of 97 communes. This is limiting the validity and quality of 

data. However all communes of Funen all reports to this registry. 



  

Table 4 – Continued  

 

 

Communicable diseases registry (SSI) For acute and chronic HCV and HBV reporting is based on physicians notifying SSI assumed completeness 40% also found in the 2007 

estimate(98, 119).  

Cases in SSI will not capture treated or resolved infections and prior to year 2000 chronic HCV and HBV was not reportable. CHC can be 

reported based on being anti-HCV+ alone especially prior to the routine use HCV-RNA (Susan Cowan pers. communication). So validation 

by another data source is preferable. 

Hepatitis Database (DANHEP)* National research database comprising patients attending hospital care for chronic hepatitis C and B. In 2007 it comprised 41 % of 

registered cases for HCV reflecting that many have not entered care – however as it is based on physician reporting, underreporting is 

likely but less so than for the SSI registry. 

If registered with a diagnosis of chronic HCV or CHB it is presumed to be valid. 

DANVIR* National laboratory HCV and HBV research database  

Voluntary collaboration between Danish laboratories testing for HCV and includes test results from 2000 onward- At time of formation 

covering 14 of 18 laboratories corresponding to 85% of population – however in the 2007 estimate only 58% of HCV case were in the 

registry. Since then all laboratories have been included but the registry has not been updated for all laboratories since 2013.
1
 

Local/Regional Laboratory Registry 

Odense University Hospital (KIA) 

Test results on anti-HCV, HCV-RNA, HBV-DNA and HBV serology and anti-HIV. 

Has exclusively covered the Funen area and electronic records are available from 1986 including all tests since 1996 and all positive tests 

since 1980. Reflex testing of HCV-RNA has been performed on anti-HCV positive samples since 2007. 

 

                                                           
1
 Personal communication from registry chairman MD and DMSci Lars Omland, Rigshospitalet 
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In Denmark the age distribution of the hepatitis C reflects the introduction of HCV virus in 1970ies 

and a period of nosocomial infection up to the early 90ies where antibody screening for HCV was 

implemented for blood and blood products and reuse of syringes and multi persons  use of 

injectable pharmaceutical vials were largely stopped(120). Hereafter the transmission has mainly 

been in persons with injecting drug use with 88% of cases reported to SSI with mentioned route of 

infection (80% of all cases) being IDU up to 2015(121). In the 2007 estimate by Christensen et al. 

56% of the cases were found in persons registered in the drug treatment registry (DNRDT) with an 

estimated prevalence in 2007 of 40% among persons receiving drug use treatment. Drug users in 

treatment had a test uptake of 54 %. The remaining population is not that well characterized but 

besides PWID never in drug use treatment includes (HIV+) MSM as mentioned above and adding 

migrants from high prevalence countries. In Denmark the age distributions of HCV-RNA+ cases 

were in the 2007 as in figure 3, and the median birth year was 1962 (IQR 1955-1970). 

Figure 3. Distribution of birth year in 6934 identified HCV cases in the Danish 2007 estimate 

 

Note figure 3. Constructed on data provided by Professor Peer Christensen 
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There are no recent data on the test uptake for and prevalence of HCV in Denmark for PWUD 

neither among those in drug use treatment (DUT) or outside but data have been reported on 

PWID. According to the European Monitoring Centre for Drugs and Drug Addiction 

(EMCDDA)/Danish Health Authorities 2017 rapport, the exposure (anti-HCV+) to HCV in the PWID 

population (in DUT) was 52.5% (122). In a Funen regional cross sectional study in 1996 the anti–

HCV+ prevalence was 83% among methadone recipients and in a similar study in 2007, 5.0% of 

non-injectors and 53.0% of injectors in DUT were HCV-RNA+(123, 124). In the context of risk of 

transmission among PWUD, time spend from risk behavior starts to drug use treatment and first 

test for infection are important. In 2014 the mean age at first heroin use was 23 and mean age at 

first drug use treatment was 36 years in Denmark, illustrating the many years a person might be 

injecting prior to entering drug use treatment (122). Of CHC cases reported to Danish national 

surveillance (n=181) in 2017, 64% stated IDU as mode of transmission and the median age was 48 

years for men and 52 years for women and only 7% of cases were in 20-29 year old(125). Whether 

the prevalence of CHC is very low in younger generations, or a result of limited testing and/or 

referral (to reporting physician) remains to be determined.  

In Denmark harm reduction measures such as NSP and free-of-charge OST are available in all 

major cities. All drug use treatment centers have an obligation to advice testing for HIV and 

hepatitis and offer hepatitis B immunization to all users (at risk) but the estimated coverage is low. 

Figure 4. Schematic figure of HCV in the Danish population
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WHO elimination targets 

The World Health Organization launched in 2016 a strategy called the Global Health Sector 

strategy on Viral Hepatitis 2016-2021. The strategy was presented at the 69th World Health 

Assembly in May 2016 and was endorsed by the member states including Denmark and thereby 

committing the member states to develop local plans and strategies to achieve the targets. 

The strategy defines elimination targets for when in any setting hepatitis can be considered 

eliminated as a public health problem (listed in Table 5).  

Table 5. The elimination targets for the WHO “Global Health Sector strategy on Viral Hepatitis 

2016-2021” 

Global status Hepatitis B target Hepatitis C target Combined targets 

Incidence 

6-10 million new infections 

every year in 2015  

95% reduction 80% reduction 90% 

0.9 million new 

infections in 2030 

Mortality 

1.4 million deaths in 2015 

 

65% reduction 65% reduction 65% reduction 

500.000 deaths in 

2030 

 

Additionally service targets for interventions or deliverables considered important are defined in 

the strategy (some outlined in figure 5). The strategy stresses that the cascade of care starts with 

the population at need of intervention and that no group should be excluded. Each country is 

asked to make their own individualized service and elimination targets based on country specific 

data for 2020. Denmark has not taken any steps to do so. 

 

 



  

Figure 5. The cascade of care with selected WHO service targets 

 - modified from the WHO Global Health Sector strategy on Viral Hepatitis 2016-2021 

 

Notes figure 5. 1. Current level 20 per PWID per year, OST is not mentioned in the strategy and is not a service target. 2. Current coverage is 82%. 3. In 2015 <5% diagnosed.  

4. In 2015<1% receiving treatment. There is no definition of “eligible”.
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The eliminations strategy in perspective 

Treating and preventing a potentially chronic infection with a fair chance of affecting the health of 

an individual as soon as detected to prevent further transmission and development of disease 

makes intuitive sense. Especially for infections where there is no vaccine. This is implemented for 

sexually transmitted diseases such as syphilis where test, contact tracing and treatment are an 

accepted strategy together with primary prevention. The case of HIV very well illustrates that 

treatment even if lifelong is effective in limiting transmission. This has been demonstrated at an 

individual level in studies on sero-discordant couples where no transmission was observed if 

partner had an undetectable HIV-RNA (126), and at a population level. This have led to the 

Undetectable=Untransmittable paradigm having a major influence in moving towards getting 

people treated as soon as diagnosed in combination with the health benefits demonstrated in the 

2015 START trial(127). Pre-exposure prophylaxes in high risk individuals or sero-discordant couples 

has also shown to reduce risk of transmission (Risk Ratio = 0.30, CI: 0.21–0.45) and thus the 

incidence of HIV in high risk populations (128). However in HIV as in HCV the undiagnosed 

infections are a threat to reducing incidence and stigma and criminalization of PWID and MSM are 

one of the underlying causes of the high HIV and HCV incidence in many settings(129). Eliminating 

HCV as a public health concern will have to address the stigma and inequality in access to health 

care these groups face (130). 

  



35 
 

Study I and II 
The focus of the two epidemiological studies in this thesis is the first three steps in the WHO 

cascade of care. They are evaluating the population in need of test, determinates test-uptake and 

estimate prevalence in two key populations – PWUD and the older general Danish population at 

risk for nosocomial infection.  

Setting and limitations for the 3 B and ODD-HEP study - Paper I and II  

Both studies are conducted on a regional Danish population - residents of the Funen province. 

For both studies data on the population size in Denmark and the Funen province were accessed at 

the Danish Statistics online databank. The population below illustrates the reference population 

for the ODD-HEP study. The reference population for the 3-B study is described in the methods 

section for Paper I. 

The Funen province comprised 385,502 persons aged 15-79 at the beginning of 2015 with 9.9 % 

being migrants or of migrant descend. Two thirds of migrants were from a non-western 

background. The major city of Odense counted 157,77 (40% of the population) (131). Odense is 

the 3rd largest city in Denmark. 

The Danish population excluding Greenland and the Faroe Islands constituted 4,457,659 persons 

aged 15-79 at beginning of 2015 with 12.1 % being migrants.  

The Funen population thus constituted 8.6% of the Danish population with a lower migrant 

population than the country average and we are hence likely to underestimate the absolute 

numbers of viral infections in migrants and this can affect general prevalence estimations 

compared to the rest of the country. 

Since 1995 there has been collaboration between the two major Funen drug treatment centers 

(Odense and Svendborg), the main prison in Nyborg and the Department of Infectious Diseases at 

Odense University Hospital. Odense and Svendborg drug treatment center (DTC) have been served 

on a regular basis since 2007 by infectious disease physicians and offers on-site HCV, HBV and HIV 

testing (Odense) or facilitated testing (Svendborg). Outreach Hepatitis Care comprises clinical 

evaluation, liver fibrosis assessment and treatment (HIV,HBV and HCV) if eligible at the DTC. The 

same has not been the case in most settings in the rest of Denmark. The longstanding focus on 
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hepatitis in the drug and prison setting can have influenced test and treatment uptake and should 

also be seen as a limitation to the generalizability of the study. 

Statistical Methods in Paper I and II  

All registry based information was anonymized and then coded and analyzed using Stata™ 14/15. 

Baseline variables and test uptake were compared using Pearson’s χ2 or Fishers exact test (if cell 

size<5) for categories and Mann Whitney U rank sum test for continuous variables – mainly age. 

Confidence intervals (95%) were calculated for means (Poisson) for population prevalence and 

proportions(Clopper –Pearson). Multiple logistic regression reporting Odds ratios with 95% 

confidence interval was performed on determinants for participation (study I) and test uptake and 

results (study II). Interactions were examined for all variables reported and stratified for if found.  
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Paper I – The 3 B study 

Aim of the 3 B study 
The aim of the study was to 1) estimate the prevalence of undiagnosed HIV, HBV and HCV 

infections in Danish citizens born between 1933 and 1958 and to 2) investigate if conventional risk 

factors for infection for HCV and HBV were predictive for undiagnosed cases. Additionally to, 3) 

evaluate if risk factors for hepatitis could cause participation bias and 4)evaluate test-uptake in 

routine care and diagnosis of viral hepatitis in patients fulfilling certain screening criteria.  

Method 3 B study 
Retrospective sero-survey on a cohort of 10,003 individuals born 1933-1958 residing in the Funen 

province of whom some provided a blood sample for future biomedical research in 1998-2000. 

The cohort was sampled from the CRS to reflect the composition of the general population with 

regards to sex, age and rural/urban residence as part of an invitational survey on gastrointestinal 

symptoms and Helicobacter Pylori (132). From this study we received the personal identification 

number (PIN) and information on available blood samples from the survey data owner. 

For the full cohort (participants and non-participants) data were requested from registries that 

could provide information on a being a- priori at risk for viral hepatitis infection defined as being a 

migrant from a high prevalence country or having a history of drug use. Additionally information 

on liver related mortality and morbidity including a diagnosis of cirrhosis or hepatocellular 

carcinoma, test uptake and results for HIV, HBV and HIV were requested. In addition factors that 

might be important for test uptake and liver disease such as use of alcohol and psychiatric disease 

were sampled. Table 6 gives an overview of registries used and main information retrieved. Details 

can be found in Paper I including coding of ICD 8 and ICD 10 codes 
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Table 6.  Registries used in the 3 B study 

Danish national/regional registries 
 

Main information derived from registry 

Civil Registry System (CRS) 

 

Country of origin, migration, death (date). Rural/urban address 

Registry of Causes of Death (DRCD) 

 

Diagnosis related to risk of drug use and liver disease such as 

over doses, liver related death including HCC, alcohol and drug 

related deaths 

Patient Registry (DNPR) Diagnosis of HIV, CHB or CHC. Diagnosis linked to drug and 

alcohol use. Diagnosis of HCC and cirrhosis. 

Cancer Registry (DNCR) Diagnosis of HCC 

Pathology Registry (DNPaR) Biopsies or lever resections with cirrhosis or HCC 

Registry of Drug Users in Treatment 

(DNRDT) 

Registered confirms history of drug use 

Registry of Alcohol Users in Treatment 

(DNATR) 

Registered confirms history of alcohol use 

Communicable Diseases Registry  Registered with HIV, CHB or CHC  

Danish Hepatitis Treatment Database 

(DANHEP) 

Registered with CHC, CHB.  

Local Laboratory Registry (KIA)  Tests, results and date on anti-HCV, HCV-RNA, HBsAg, anti-HIV 

 

Testing of Archive samples  

To make the testing for HIV, HCV and HBV feasible, archive samples were initially analyzed in pools 

of 10 and samples from positive pools subsequently tested independently until a final diagnosis 

could be made. Additionally all pools negative for HBV-DNA were analyzed for HBsAg to detect 

non-viremic infection. Samples, from a pooled sample that were reactive in the initial HBsAg 

analysis, were tested individually for HBeAg, anti-HBe and anti-HBc. (Laboratory details in Paper I) 
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Dataset formation 

The register based data were received from the Danish Data Protection Agency (FSEID-00001072) 

and information from KIA, SSI and DANHEP from the respective data owners after permission. 

Data were handled according to the laws regulating private research registries and authorized by 

the Danish Data Protection Agency (ID 13/21408). 

Data analysis 

All data received were censored at December 31.st 2013, that defined end of follow-up. All 

persons alive and with a registered residence in the country constituted the follow-up population. 

The registry data were analyzed for the complete cohort comparing those with an available blood 

sample (participant cohort) to those who did not participate(non-participant cohort) to assess 

participation bias. 

Test uptake for viral hepatitis and results in routine care were analyzed stratifying for being in 

various risk groups. To further quantify the effect of participation bias routine test-uptake was 

analyzed for each risk factor comparing participants to non-participants. 

Prevalence for diagnosed cases and undiagnosed cases of HIV, HBV and HCV were presented for 

the follow-up population excluding those dead or migrated. 

For comparison to the national population information from the Danish National Statistics bureau 

on the size of the national population born 1933-1958 as of December 31st. 2013 was used. 

(Population size 1,478,422 persons with 5.8 % being migrants or of migrant descend)(131). 

Validation of registry based diagnosis of HCV and HBV 

Diagnosis found in the SSI, DANHEP and DNPR registry were validated using the laboratory registry 

(KIA). A diagnosis of CHB or CHC in one of the three national registries was considered invalid if a 

later test result showed it to be incorrect and these cases were not included in the population 

prevalence estimates. 

Ethical considerations 

Utilizing a 15 year old biobank for a chronic infection requires consideration. We consulted the 

chairman of the Ethics Committee in the Region of Southern Denmark in 2013 and under the 

legislation at the time he waivered the need for the acquisition of a new informed consent given 

that we analyzed the archive samples in strict anonymity. This was executed so the archive 
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samples were analyzed with one code and the dataset with another and by sequential destruction 

of codes at merging; the identifiers linking the two datasets to the original cohort identifier and 

PIN were destroyed. Hence the individual could no longer be identified. However in a small 

dataset, care has to be taken as  to report on detailed data and cases of infection are therefor only 

presented in groups and with–out a detailed profile on each cases stating e.g. year of birth, sex, 

place of living, origin and history of drug and alcohol use in combination. 

 

Findings 3 B study 

Cohort  

A total of 10,003 individuals were invited for the original survey (total cohort) of whom 5,604 

(56%) provided a blood sample (= participants) and the remainder did not (=non-participants). At 

end of follow 1382 persons had died and 67 migrated. The population for follow-up was thus 

3,599 non-participants and 4,957 participants (total n=8,377). 

The participants differed from the non-participants by a lower mortality (12.6 % vs. 17.3%), liver 

related deaths (2.9% vs. 5.2%), fewer diagnoses of cirrhosis (1.1% vs 2.1%), alcohol (mis)use (4.5% 

vs. 8.9%) and drug related diagnoses (0.7% vs. 1.4%). There was no statistical difference in 

diagnosed HIV, HBV or HCV infection or migrant status. (Paper I table 2 show the details). 

Participant bias 

To assess participant bias multiple logistic regression was used examining factors such as migrant 

status and drug and alcohol use (Paper I table 3). As there was a significant interaction between 

alcohol and drug use these were analyzed stratified. The significant factors for participation was 

alcohol with concomitant drug use (OR 0.6 (CI: 0.3-1.0))or with-out drug use (OR 0.5 (CI: 0.4-0.6)) 

and drug use with no alcohol (OR 0.4 (CI: 0.2−0.7)), and living in a city OR 1.1 (95% CI: 1.0-1.2). 

Having a psychiatric diagnosis did not reach significance and was nested with-in drug and alcohol 

use. Neither did being a migrant from a high prevalence area or being a male born 1948-1958 (the 

populations with the presumed highest prevalence of HCV). 
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NAT testing 

In total 567 pools were tested with combined primers, thirty-three was positive and all positive 

pools could be solved as containing one or more positive samples when tested individually. No 

samples were positive for more than one virus. 

Table 7. Cases positive in NAT testing 

Cases HIV HBV HCV 

Positive cases 1 1 172 17 

Undiagnosed at end of follow-up 0 8 5 

Confirmed Seroconversion to 

 HBsAg- or HCV-RNA- 

- 2 0 

Case died or migrated: 

Diagnosed/Undiagnosed 

0 4/0 4/1 

A-priori at high risk of undiagnosed cases3 0 3 0 

Note table 7. 1. HIV-RNA+, HCV-RNA, HBV-DNA or HBsAg+. 2: 14 viremic and three: HBsAg+/anti-HBe+ only 3. Migrant 

from high prevalence country or history of drug use. 

HIV 

One sample was positive for HIV and this individual was diagnosed and there was on incident case 

in the participant cohort. Alive prevalence in total cohort end of follow-up was 0.02%. 

Hepatitis B  

Eight cases were undiagnosed and alive at end of follow-up giving a prevalence of undiagnosed 

HBV of 0.16% (CI: 0.07-0.32). Of all cases, eleven were in the follow–up population making 8/11 

(72%, CI:39.0-94.0) undiagnosed. Three of 8 undiagnosed cases were males born 1948-1958. And 

additionally 3 were considered a priori at high risk as shown in Table 7. 

Combined prevalence in the follow-up participant population of diagnosed and undiagnosed 

chronic HBV infections was 12 cases or 0.24% (CI: 0.12-0-42) including one probable incident 

infection.  There were no diagnosed cases of cirrhosis among the undiagnosed hepatitis B patients. 

Hepatitis C  

Four cases were undiagnosed and alive at end of follow-up giving a prevalence of undiagnosed 

HCV of 0.08% (CI: 0.02-0.21). Of all cases, twelve were in the follow–up population making 4/12 
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(33%, (CI: 9.9-65.1)) undiagnosed. Combined prevalence HCV in cohort alive and in residence of 

diagnosed and undiagnosed CHC infections was thus 12 or 0.24% (CI: 0.12-0-42). There was one 

case of cirrhosis among the undiagnosed. 

Extrapolation to national numbers 

Extrapolating the undiagnosed HBV and HCV cases to the general Danish population would yield 

2365 (95% CI: 1,034-4,730 cases) undiagnosed HBV and 1183 (95% CI: 296-3,104 cases) 

undiagnosed HCV cases in persons born 1933-1958. If setting out to screen the national 

population born 1933-1958 and assuming that the routine test uptake for HCV and HBV of at 

highest 15% (Table 8) is representative it would require testing 85% of 1,478,422 persons (2013 

numbers) not previously tested to find the undiagnosed cases with a number needed to test of 

354 individuals for each HBV or HCV case diagnosed (if testing for both infections at once). The 

number needed to test for HCV alone would be 1062 (UI: 397- 4245). 

Findings in the combined cohort of participants and non-participants 

Validation of diagnoses in source registries 

There were 12 cases of CHB in the patient registry and 50 % could be confirmed in the laboratory 

registry. In 6 of 7 of HBV cases registered only in the diagnosis registry a test result was available 

and 4 of 6 tests could prove a seroconversion or a contradictory result at later date. Three of 7 

HBV cases in SSI classified as seroconversions due to a test negative for HBsAg at a later date. In 

total 24 cases of HBV were found and 7 proved invalid or had seroconverted (29%). 

Table 8. Laboratory routine care CHC and CHB diagnoses in the follow-up population  

 Laboratory 

Diagnosis CHB or 

CHC 

N 

DANHEP 

“In care cases” 

n(% of cases) 

SSI 

“Reported cases” 

n(% of cases) 

Not in SSI or  

DAN-HEP 

n(% of cases) 

CHB 6 2 (33%) 1(12%) 4(67%) 

CHC 13 9(69%) 7(53%) 3(23%) 

  

There were 32 cases of CHC in the patient registry and 78% could be confirmed in another registry. 

For the 7 “patient registry only” HCV cases all were HCV tested and never HCV-RNA+. All tested 
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negative for anti-HCV (4) and/or HCV-RNA (3) the same year or later than entry in the diagnosis 

registry. All diagnosis in SSI and DANHEP could be confirmed. In total 38 cases of HCV were found 

and 7 proved invalid (29%). 

Table 9. Chronic hepatitis and HIV in total cohort, test uptake and result in registries 

Note Table 8. 1. Validated diagnoses 

Among the 17 verified cases HBV cases, 7 (41%) were in people from a high prevalence area and 2 

cases in persons with a history of drug use. Among the 31 verified HCV cases, 5 (16%) were in 

people from a high prevalence area and 14 (45%) of cases in persons with a history of drug use (no 

overlap between the two risk factors). 

Liver morbidity and mortality  

Cirrhosis and Hepatocellular carcinoma 

Among 152 diagnoses of cirrhosis 72 % of had an additional alcohol related diagnosis. Persons with 

cirrhosis and an alcohol related diagnosis (and do drug related diagnosis) were less likely to be 

tested for HCV than those without (53% vs. 73% p=0.03). The prevalence of CHC in tested persons 

with cirrhosis and a history of alcohol use and no drug use was 8%. Looking at the follow-up 

population alone 70% of those with cirrhosis had been tested. 

 

 Total Cohort 
n= 10,003 

 (% of cohort) 

Participants 
N=5,604 

 (% of cohort) 

Non-
participants 

N=4399 

 (% of cohort) 

p 

Tested in region for HIV 1203 (12.0) 677 (12.1) 526 (12.0) 0.85 

Tested in region for Hepatitis B 1487 (14.9) 849 (15.1) 638 (14.5) 0.37 

Tested in region for Hepatitis C 1359 (13.4) 771 (13.8) 588 (13.4) 0.57 

Population end of follow-up 8377 (85.5) 4957 (88.5) 3599 (81.1) <0.01 

CHB diagnosis in 

source registries
1 

All 17 (0.17) 9 (0.16) 8 (0.20) 0.76 

Follow-up pop. 9 (0.11) 4 (0.08) 5 (0.14) 0.41 

CHC diagnosis in 

source registries
1 

All 31 (0.31) 13 (0.23) 18 (0.41) 0.11 

Follow-up pop. 16 (0.19) 8 (0.16) 8 (0.22) 0.50 
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Table 10. Prevalence of cirrhosis and HCC in participants and non-participants including 

HCV/HBV test uptake 

Test uptake  
and results 

Total Cohort 
 

Participants 
  

Non-
participants 

  

p Hepatitis B 
Tested  

Hepatitis  
B 

HBsAg+  
Latest 

Hepatitis  
C 

Tested 

Hepatitis  
C 

Anti-HCV+/RNA+1 

P1 

 N 
(% of 

cohort) 

N  
(% of 

cohort) 

N 
 (% of 

cohort) 

 N 
(% of 

cohort) 

N 
 (% of tested) 

N 
 (% of cohort) 

N 
(% of tested) 

 

Cirrhosis 152 (1.5) 60 (1.1) 92 (2.1) <0.01 96 (63.2) 1(1.9) 91 (59.9) 15(16.5)/14(15.4) #4 

No Alcohol 

use2 

41 (27.0) 21 (48.8) 20 (51.2)   31 (75.6) 1(3.2) 30 (73.2) 4(13.3)/4(13.3) ns 

Alcohol no 

drugs 

98 (64.5) 34 (34.7) 64 (65.3)  56 (57.2) 0 52 (53.1) 4(7.7)/4(7.7) ns 

Alcohol and 

drugs3 

13 (8.5) 5 (38.5) 8 (61.5)   9 (69.2) 0 9 (69.3) 7(77.8)/6(66.7) #5 

HCC  16 (1.2) 7 (0.1) 9 (0.2) 0.32 12 (75.0) 0 10 (62.5) 1(10%)/1(10%) * 

Notes table 10. 1.For all diagnosis groups test-uptake and results were compared between part/non-part * marks that there is no difference in 

any strata (chi2 or fisher) # marks a difference. 2. P value for differences in participation in cirrhotic stratified on alcohol and drug use . 3. One 

cirrhotic had only a history of drugs and no alcohol use. 4. Participants were more likely to be tested for HBV (p=0.04) but not HCV. 5. Persons 

in the participant cohort with and drug and alcohol related diagnosis were less likely to be HCV-RNA+ if tested (p=0.05) 

Test uptake in regional laboratory in various groups of interest 

Test uptake was based on the regional laboratory and 23 of 24 and 36 of 38 registered (in any 

registry) CHB/ CHC cases were in the lab registry although results could be discordant due to 

seroconversions or probable misclassification in the patient registry as outlined above. 

Table 11 shows the test uptake and results for hepatitis in different sub-populations. Each strata 

was compared to the population without the strata characteristic. Males born 1948-1958 had a 

higher prevalence than the remaining cohort also after stratifying for drug use. Test-uptake and 

prevalence did not differ between participants and non-participants except (data not shown) 

except for males born 1948-1958 where non-participants had a higher prevalence of being anti-

HCV+ 8.7 % vs. 3.4% (p=0.05) than participants. However, this difference disappeared if excluding 

high risk individuals. All anti-HCV+ patients were RNA tested. Among people from high prevalence 

areas, no differences in prevalence or test uptake were detected including for the subgroup of 

persons from Asia (n=53 and 59% tested) who had the highest prevalence (19.4%).  

  



 
 

Table 11 Test uptake in routine care 

Populations N 

 (% of 

population) 

Hepatitis B 

Tested 

 

Hepatitis B 

HBsAg+ 

ever/latest 

P
2 

Ever 

HBsAg+ 

Hepatitis C 

Tested 

 

Hepatitis C 

Anti-

HCV+/RNA+
1 

P
2 

Anti-HCV+ 

 N= (% of cohort) N= (% of 
cohort) 

N= (% of cohort)  N= (% of cohort) N= (% of tested) N= (% of 
cohort) 

Migrant from high prevalence area N (% of migrant 

population)
 

304 (3.0) 114 (37.5) 9 (7.9)/ 7 (6.1) <0.01 98 (32.2) 5 (5.1)/ 5 (5.1) 0.09 

Drug use
 

N (% of population) 

All 100 (1.0) 43 (43.0) 2 (4.7)/ 1 (2.3) 0.07 39 (39.0) 16 (41.0)/12 

(30.8) 

<0.01 

Registered in DUT 24 (0.24) 19 (79.2) 1 (5.3)/ 0 0.15 19 (79.2) 13 (68.4)/11 

(57.9) 

<0.01 

Other drug related 

diagnosis 

76 (0.8) 24 (31.6) 1 (4.2)/ 1 (4.2) 0.25 20 (26.3) 3 (15.0)/2 (10.0) <0.01 

Males 1948-1958 All 2281 (22.8) 337 (14.7) 9 (2.7)/3 (0.9) 0.03 313 (13.7) 18 (5.6)/15 (4.8) <0.01 

 Excluding high risk
1 

2155 (22.5) 281 (12..0) 4 (1.4)/1 (0.36) 0.14 263 (12.2) 6 (2.3)/6 (2.3) 0.03 

Alcohol related 

diagnoses 

All 645 (6.5) 188 (29.2) 4 (2.1)/2 (1.6) 0.38 172 (26.7) 15 (8.7)/12 (7.0) <0.01 

 Excluding high risk
1 

586 (6.1) 164 (28.0) 2 (1.2)/1 (0.6) 0.46 150 (25.6) 4 (2.7)/ 4 (2.7) <0.01 

Psychiatric diagnoses All 229 (2.3) 62 (27.1) 1 (6.1)/ 1 (6.1) 0.89 56 (24.5) 6 (10.7)/5 (8.9) <0.01 

 Excluding high risk
1 

183 (1.9) 44 (24.0) 1 (2.3)1 (2.3) 0.24 40 (21.6) 2 (5.0)/2 (5.0) 0.01 

Note table 11. 1. High risk being from a high prevalence area or having a history of drug use. 2. P value is the chi
2
 for being anti-HCV/ever HBsAg positive if part of the population with 

noted characteristic as compared to the remaining tested without this characteristic. 
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Paper II – The ODD-HEP study 
The findings of the ODD-HEP study are presented in Paper II for HCV but included here is 

additionally a short presentation of the findings on HIV and HBV. 

Aim ODD-HEP 
The primary aim of the ODD-HEP study was to estimate (1) test uptake and (2) prevalence of HIV, 

HBV and HCV infection in persons ever engaged in drug treatment. Secondary aims were to 

identify predictors for (3) test and (4) infection and to (5) characterize changes over time in drug 

use, HCV testing (including time from risk to test) and HCV infection.  

Method ODD-HEP 
Registry based cohort study utilizing registry linkage between the Danish National Registry for 

Drug Users in Treatment (DNRDT), the regional laboratory registry (KIA) and the Danish Death 

Certificate Registry. The unique 10 digit personal identification number (PIN) was used for registry 

linkage. Data received from the DNDRT was updated until October 1st 2015 (Danish Data Protection 

Agency case nr. FSEID-00001805). Blood test results until July 1st 2016 were included to allow for 9 

months of testing post entry. Mortality data was available up-till December 31st 2014. 

Test uptake and infection status. 

Test uptake was based on being tested ever. Persons were classified as tested for HIV based on 

anti-HIV and as being HIV+ if anti-HIV test was positive. Test uptake for HBV was based on HBsAg 

and having CHB infection on latest available test being HBsAg+. Persons being anti-HBc+ were 

classified as HBV exposed, and persons anti-HBs+ as vaccinated if anti-HBc-. Test uptake for 

Hepatitis C was based on either anti-HCV or HCV-RNA. Persons was classified as being exposed to 

Hepatitis C if either anti-HCV+ or HCV-RNA+, and as having CHC if latest test was HCV-RNA+.  

Cohort description and predictors for test and infection 

From the information available in the DNRDT, three variables were constructed based on lifetime 

reported drug use, injecting and drug treatment. 

Lifetime drug use and treatment: 

Ever on OST (OST+): Having ever received OST (methadone, buprenorphine, legal heroin, other 

OST).  
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Ever reported injecting: Having ever reported injecting regardless of disclosed sharing (PWID sub-

population).  

Ever use of Hard Drugs: Having ever disclosed use of central stimulants (cocaine, amphetamines 

and derivatives) or any opiates regardless of route of use.  

Cohort participants were divided into four multiple exclusive groups’ I-IV based on the above 

variables (figure 6).  

Group I-II were a-priori considered at low risk and Group III-IV at high risk for a blood borne 

infection. 

Including OST recipients with no self-reported injecting in the high risk population was mainly to 

overcome any bias introduced by non-disclosed injecting as used in other registry based studies 

(133).  

Center variable “Outreach Hepatitis Care” 

Having ever received drug use treatment at Odense or Svendborg drug treatment center was 

classified as being connected to a center offering “Outreach Hepatitis Care”.  

Undiagnosed infections 

To make a basic estimate on undiagnosed HCV infection we made the assumption that the 

prevalence of HCV in alive subjects within risk groups would be the same for tested and un-tested 

individuals.  

Regression model 

Multiple logistic regressions reporting Odds Ratios (OR) for being tested and for having HCV 

included age, years since entry into treatment, gender, migrant status, unstable housing, ever in 

an outreach center, ever on OST and ever injecting as co-variates of interest. Years since first 

treatment episode (observation stopped at death or October 1st 2015) and age were used to 

adjust for time in drug use and treatment as it could not be established from the DNRDT. For HBV 

and HIV a simpler model not including housing was used. Test for trend in change in drug use at 

entry and HCV test exposure and prevalence by birth cohort and year of entry was performed 

using the non-parametric trend test in STATA nptrend (extension of the Wilcoxon rank-sum test). 
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Findings ODD-HEP 

Population 

As of October 1st 2015 there were 5483 persons with a valid PIN in the  DNRDT having had ever 

been registered with a drug treatment episode in Funen (62 entries excluded due to invalid PIN). 

Of these 78% had been followed in clinics with hepatitis outreach function. Median age (alive) was 

35 years (IQR 26-45) and 80% were male. Median age at death (571 persons (10.4%)) was 42 years 

(IQR 34-51). 

Comprehensive description of the cohort can be found in table 1 in Paper II. Figure 6 A and B 

illustrates the 4 risk groups. Among OST recipients 301 (9.9%) had never reported injecting. 

Opioids were the main drug for injection but 31.4 % had ever injected stimulants (42.1 % of those 

ever on OST vs. 11.7 % of those not on OST p< 0.001).   

The main findings with regards to hepatitis C are presented in Paper II, summary below 

Summary of findings HCV Test uptake 

Test uptake and results for HCV are shown in table 12 and supplement figure S2 in paper II depicts 

the results by birth cohort. HCV test uptake ever in the cohort was 52% and prevalence of current 

HCV-RNA+ status 21% in persons alive at end of follow-up. Positive predictors of having undergone 

HCV testing adjusting for age and time since entering treatment were: receiving OST (OR 3.7; CI: 

3.2-4.5), self-reported injecting (OR 2.3; CI: 2.0-2.7), female gender (OR 1.7; CI: 1.4-1.9) and having 

been connected to centers with outreach hepatitis care (OR 1.4; CI: 1.2-1.7). (Details table 5 paper 

II) 
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Figure 6 A. Risk populations formed on registered risk behavior, drug treatment and drug use 

 

Figure 6 B Cohort alive at end of follow-up. 

 

 

Risk group I 

Cannabis only 

n= 1388 (25.3%) 

 

Risk group II 

Hard drugs used  

NO injecting, Never OST 

n=1362 (24.8%) 

Risk group III  

Ever on OST  

n=1844 (33.6%) 

 (9.9 % never reported inj.)  

Risk group IV 

Reported injecting 

Never on OST 

n=889 (16.2%) 

Cohort all 

n=5483 

 

Risk group I 

Cannabis only 

n=1356 (27.6%)  

Still connected to treatment 

177 (13.1%)  

 

Risk group II 

Hard drugs used  

NO injecting,  Never OST 

n=1317 (26.8%) 

Still connected to treatment 

218 (16.6%)  

Risk group III  

Ever on OST  

n=1470 (29.9%) 

Still connected to treatment 

1107 (75.3%) 

 

 

Risk group IV 

Reported injecting 

Never on OST 

n=769 (15.65) 

Still connected to treatment 

175 (22.8%) 

 

Cohort 2015 

n=4912 
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Table 12. Test uptake and results of HCV in ODD-HEP cohort 

Notes Table 12. 1. As of Dec 31
st

 2014. 2. Including all ever tested with valid result for HCVRNA or Anti-HCV. 3. Excluding 73 (1.3%) 

of population without a valid RNA test following a pos. anti-HCV test (43 of these still alive). 4. Assuming prevalence in untested 

risk group is equivalent to tested in risk group and that exposed-chronic ratio is the same. 5. Number of untested persons that 

needs to be tested to identify one CHC. 

  

 Entire cohort Risk group I 

Hard drugs- 

OST – 

Injecting - 

Risk group II 

Hard drugs+ 

OST – 

Injecting - 

Risk group III 

OST + 

+/- injecting 

Risk group IV 

Injecting+ 

OST- 

 

N (% of cohort) 5483 1388 (25.3) 1362 (24.8) 1844 (33.6) 889 (16.2) 

Median age of alive (IQR) 
1 

35 (26-45)  28 (22-35) 28 (24-34) 44 (38-51) 32 (26-40) 

Male sex 75.2 % 73.3 % 74.6 % 76.7 % 75.9 % 

Dead N (% of group) 571 (10.4) 32 (2.7) 45 (3.4) 376 (20.3) 120 (13.5) 

HCV  

 

     

Median age at first test 

 (IQR) 

28.4 

 (22.8-26.1) 

24.4 

 (20.1-30.7) 

24.0 

 (19.7-30.3) 

31.9 

 (25.4-39.0) 

26.4 

 (21.8-32.5) 

HCV tested 

N all (% of group) 

[95% CI] 

 

3019 (55.1) 

[53.7-56.4] 

 

376 (27.1) 

[24.7 – 29.4] 

 

495 (36.3) 

[33.8-38.9] 

 

1635 (88.7) 

[87.2-90.1] 

 

513 (57.7) 

[54.9-61.0] 

Exposed to HCV
 

N all (% of tested)
 

[95% CI] 

 

1361 (45.1) 

[43.3-46.9] 

 

11 (2.9) 

[1.2-4.6] 

 

26 (5.3) 

[3.3-7.2] 

 

1132 (69.2) 

[67.0-71.5] 

 

192 (37.4) 

[33.2-41.6] 

HCV- RNA+ latest test
3 

N alive (% of tested) 

[95% CI] 

N all (% of tested) 

[95% CI] 

 

531 (21.2) 

 [19.6-22.8] 

753 (25.6) 

 [24.0-27.1] 

 

3 (0.8) 

[0.0-1.8]  

3 (0.8) 

 [0.0-1.7] 

 

7 (1.4) 

[0.4-2.6] 

13 (2.6) 

[1.2-4.1] 

 

454 (35.8) 

[33.2-38.4] 

620 (38.9) 

[36.5-41.3] 

 

67 (16.3) 

[12.7-19.9] 

117 (23.6) 

[20.0-27.5] 

CHC undiagnosed %
4 

N undiagnosed /Total 

Number needed to test
5 

 20.8 %  

139/670 

72.7 % 

8/11 

124 

76.7 % 

23/30 

66.9 

12.1 % 

62/512 

2.8 

32.8 % 

57/174 

3.0 
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High risk population  

Young people injecting drugs but not on OST had a very low test and re-test uptake as illustrated 

in Table 13.  

Table 13.  Test and retest if negative uptake in age cohorts born after 1975 

 

In persons reporting ever injecting (PWID sub population) and alive as of end 2014, test uptake, 

HCV exposure and chronic HCV infection prevalence was 77%, 62% and 33% respectively. 

Corresponding numbers for persons ever on OST but without disclosed injecting (n=301) showed 

the same test rate (77%) but a lower prevalence of exposure (15%) and chronic infection (8%). 

Time to test 

In a subgroup of 681 anti-HCV+ persons having their first treatment episode in the region and 

available age at first injection, time to first test was assessed and decreased by birth cohort with 

time from first injection to first test being 4.3 years (IQR 1.6-7.6) in persons born after 1966 as 

compared to 14.4 years (IQR 7.4-22.0) if born prior to 1966 (test for trend p<0.01).  

Birth Cohort 
 
Alive as of 31st Dec 2014 

All 
 
  

OST + 
+/- injecting  

  

OST- 
Injecting+ 

  

p 

Post 
1985 
  

N 337 62 275  

Tested for hepatitis C  
n (% of group) 

158 (46.9) 49 (79.0) 109 (39.6) <0.01 

Exposed to hepatitis C 
n (% of tested) 

22 (13.9) 20 (40.8) 2 (1.8) <0.01 

Chronic HCV-RNA+  
n (% of tested) 

11 (7.0) 9 (18.4) 2 (1.8) <0.01 

Anti-HCV negatives re-tested1 

n (% of negatives) 

36 (26.5) 14 (48.3) 22 (20.6) <0.01 

1976-
1985 

N 631 361 270 <0.01 

Tested for hepatitis C 
n (% of group) 

436 (69.1) 294 (81.4) 142 (52.6) <0.01 

Exposed to hepatitis C  
n (% of tested) 

188 (43.1) 170 (57.8) 18 (12.7) <0.01 

HCV-RNA+  
n (% of tested) 

96 (22.2) 89 (30.6) 7 (4.9) <0.01 

Anti-HCV negatives re-tested1 
n (% of negatives) 

105 (42.3) 65 (52.4) 40 (32.3) <0.01 
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Changes in HCV exposure and prevalence 

Among high risk users entering drug use treatment 2011-2015 the prevalence of HCV (cumulative 

data) exposure was 18% and of viremic HCV infection less than 10% in (figure 2 Paper II). 

Absolute numbers of first time testers for anti-HCV varied over time coinciding with hepatitis test 

projects in the region, but fraction of “first-in-person” test being anti-HCV+ in the high risk group 

decreased from 62% of those tested in 1996 to 19% in 2015 (test for trend p<0.001, figure 7 = 

supplement figure S4 Paper II). 

Figure 7.  Fraction positive in first in person anti-HCV test by test year and number of first in 

person tests.  

Note figure 7. Exclude persons with only HCV-RNA tests (no anti-HCV test recorded) 

Undiagnosed infections 

Using the simple method described in the methods section 21% of infections in the cohort were 

undiagnosed (Table 12 on HCV test and prevalence). The largest numerical number was found in 

risk group III and IV where number needed to test was 3.  

Changes in drug use 

As discussed in paper II we observed a significant change over time in the populations using drug 

treatment services as illustrated in figure 8. In persons with opiates as main drug at entry 

(n=1552), 80.2 % eventually received OST. In persons not stating opiates/or no information at 

entry, 15.3% later went on to OST.  
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Figure 8. Overview of the fraction of entrants having ever injected or been on OST.  

.  

Note figure 8. Numbers are cumulative and some took up injecting after entering. 

HCV population at end of follow-up 

Table 14 and figure 9 gives and overview of the viremic HCV population alive at end of follow-up.  

Among the 810 ever OST recipients still in drug use treatment as of October 2015 in the Funen 

province, 96% had been tested for HCV at least once and the prevalence of chronic infection was 

35%.  

In multiple regression adjusting for age, ever being on OST and injecting, HCV-RNA+ women had 

an OR of still being in treatment of 2.0 (CI: 1.2-3.7, p=0.01). Of the 363 viremic HCV cases still in 

care 76% were in Funen and the remainder in drug use treatment elsewhere.  
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Table 14. Characteristics of the viremic HCV population in the ODD-HEP cohort  

 Total Still in treatment Not in treatment p 

Total 530 363 (68.5) 167 (31.5)  

Age median (IQR) 45 (40-53) 45 (40-53) 44 (39-52) 0.5 

Female sex n (%) 127 (24.0) 99 (27.3) 264 (16.8) <0.01 

Current or former OST recipients n (%)  453 (85.5) 357 (78.8) 96 (21.2) <0.01 

Injecting but never on OST n (%) 67 (12.6) 4 (6.0) 63 (94.0) <0.01 

 

Figure 9. Age distribution of alive HCV-RNA+ individuals. 

 

Extrapolation to national numbers 

Extrapolating the prevalence of diagnosed HCV cases to the general Danish population in 2015, 

where Funen constituted 8.6% has to be corrected for cases likely to have moved to another 

region. We cannot make a precise estimate of this but based on those still in treatment or their 

last treatment, about 76% of 530 cases (= 403 cases) should be cases still in this region and 

extrapolating this would give 4684 cases. If the retention in drug treatment care is similar on a 

2.6%

22%

40%

28%

7.4%

20-29 years 30-39 years

40-49 years 50-59 years

60-69 years

n=530

Age distrubution 2015 of alive HCV-RNA+ individuals
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national level (69%), about 3200 diagnosed HCV cases should be within reach of HCV treatment at 

drug treatment centers. 

Findings on HIV and HBV in the ODD-HEP cohort 

Results HIV 

The ODD-HEP study found a HIV prevalence in persons connected to drug treatment services alive 

at end of follow-up of 0.6% or a total of 17 individuals. Prevalence was higher in the high risk 

population at 0.6% vs. 0.2 % in low risk users p=0.01.  

Results HBV 

For HBV the prevalence among those alive was 1.9% (CI: (1.9-3.0)) with 2.6% in high risk and 0.53% 

in low risk users p<0.01. Among those alive tested and HBsAg negative, 33% were anti-HBc 

positive indicating exposure and among those tested for anti-HBs 17% had a vaccination response 

(anti-HBs+ only). If combining test results 42% of those alive at end of follow-up and with an 

HBsAg test and either an anti-HBc or an anti-HBs test would be considered immune to a new HBV 

infection by having at least one antibody positive test. Among those still in treatment and at high 

risk 68% of tested would be considered immune but with a large difference between those on OST 

and those not (70% of those on OST vs. 26% on those with reported injection and no OST). 

As shown in figure 10 A and B there was a large difference in exposure to HBV by age cohort 

reflecting that spread among PWID was high in Funen prior to introduction of vaccination in the 

late 90ies(123). In multiple logistic regression adjusting for age, time since treatment initiation sex 

and migrant status being HBV exposed was highly associated to reported injecting (OR 7.0; CI: 5.1-

9.6) and receiving OST (OR 1.7; CI: 1.3-2.2). In contrast having serological evidence of being 

vaccinated (anti-HBs+/anti-HBc-) was mainly associated with being on OST (OR 2.2; CI: 1.6-3.0) but 

with no significant association to reported injecting (OR 0.8; CI: 0.6-1.1)). 

The findings for test uptake for HIV and HBV were as for HCV (Paper II table 4) associated to being 

on OST, a history of injecting and being connected to a clinic with hepatitis outreach care. Females 

had higher odds for being tested for HIV and HBV than for HCV in the logistic regression model OR 

for testing 1.7 for HCV but OR 2.9 (CI: 2.2-2.3) for HBV and OR 2.5 (CI: 2.2-2.9) for HIV when 

adjusting for OST, reported injecting, age, time since treatment initiation and center.  



56 
 

 Table 15. Test uptake and results for HBV and HIV in the ODD-HEP cohort 

 

 

 Entire cohort Risk group I 

Hard drugs- 

OST – 

Injecting - 

Risk group II 

Hard drugs+ 

OST – 

Injecting - 

Risk group III 

OST + 

+/- injecting 

Risk group IV 

Injecting+ 

OST- 

 

N (% of cohort) 5483 1388 (25.3) 1362 (24.8) 1844 (33.6) 889 (16.2) 

HIV      

HIV tested 

N (% of group) 

[CI] 

  

3460 (63.1) 

[61.8-64.4] 

 

573 (41.2) 

[38.6-43.8] 

 

665 (48.8) 

[46.2-51.5] 

 

1638 (88.8) 

[97.4-90.3] 

 

585 (65.8) 

[62.7-68.9] 

HIV+  

N alive (% of tested) 

[CI] 

N all (% of tested) 

[CI] 

 

17 (0.6) 

[0.3-0.8] 

24 (0.7) 

[0.4-1.0] 

 

2 (0.4) 

[-0.1-0.7] 

2 (0.4) 

[-0.1-0.8] 

 

2 (0.3) 

[-0.1-0.7] 

2 (0.3) 

[-0.1-0.7] 

 

11 (0.8) 

[0.3-1.3] 

18 (1.1) 

[0.6-1.6] 

 

2 (0.4) 

[-0.2-1.0] 

2 (0.3) 

[-0.1-0.8] 

HBV       

HBsAg tested 

N all (% of group) 

[CI] 

 

3172 (57.9) 

[56.5-59.6] 

 

435 (31.3) 

[28.9-33.8] 

 

555 (40.8) 

[38.1-43.4] 

 

1637 (88.8) 

[87.3-90.2] 

 

545 (61.3) 

[58.1-64.5] 

HBsAg + latest test 

N alive (% of tested) 

[CI] 

N all (% of tested) 

[CI] 

 

50 (1.9) 

[1.9-3.0] 

79 (2.5) 

[1.3-2.6] 

 

4 (1.0) 

[0.0-1.8] 

4 (0.9) 

 [0.2-1.9] 

 

1 (0.2) 

[0.0-1.2] 

3 (0.5) 

[0.0-0.5] 

 

39 (3.0) 

[2.5-4.2] 

55 (3.4) 

 [2.1-3.9] 

 

6 (1.3) 

[1.7-4.6] 

17 (3.1) 

[0.3-2.4] 

HBV immune 

N alive 

 (% of tested n= 2699) 

N all  

(% of tested n=3172) 

 

 

1132 (42.0) 

 

1438 (45.3) 

 

70 (16.7) 

 

74 (17.0) 

 

90 (18.9) 

 

99 (17.8) 

 

829 (63.8) 

 

1062 (64.9) 

 

143 (32.0) 

 

203 (37.3) 
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Figure 10. Test uptake for Hepatitis B and results. 
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Discussion on findings in epidemiological studies and impact on 

future research towards elimination of Hepatitis C 
The 3 B study and the ODD-HEP cohort were designed to provide information on the first 4 steps 

in the cascade of care – the population at need for testing or screening for blood borne infections, 

the test uptake and prevalence and determinants for these.  

Population at need of intervention or testing 

The main finding in the 3 B study is that in the general Danish population born 1933-1958 and 

responding to a general survey the prevalence of undiagnosed HCV and HBV infection was low at 

<0.2%. As only 36% of hepatitis C cases identified in the 2007 prevalence estimate were born prior 

to 1933-58, it cannot be used to calculate the prevalence in the general population. Interestingly 

only 33% of HBV and 0% of HCV cases had identifiable risk factors. We could not capture all risk 

factors for infection such as short term injecting drug use not resulting in drug related diagnosis or 

drug use treatment. Neither could we investigate intimate relations with persons from high 

prevalence areas or high risk sexual practices. The blinded design also prohibited validating the 

dataset with information from the medical records of the individuals. Screening the general 

population older population for HCV is not very likely to be cost effective with numbers needed to 

test of about 1000, and given that drug and alcohol affected participation, we might miss those at 

largest risk of infection and liver disease. However given the low test uptake in persons with drug 

related diagnosis if not in drug use treatment, considering interventions based on emergency 

rooms or psychiatric facilities might be more appropriate as shown in other settings. Ireland in 

2014 testing 10,000 emergency room contacts found a HCV prevalence of 5 % although less than 1 

% of tested received a new HCV diagnosis(134). Targeting males in the birth cohort 1950-1975 

who constituted the majority of cases in the 2007 study and in the ODD-HEP study might be more 

efficient. Combining testing with HBV would increase likely increase cost effectiveness as 40% of 

undiagnosed HBV cases were found in males born 1948-1958. 

The ODD-HEP study provided insight into those connected to drug use treatment. We detected a 

significant change away from opioids with < 5% requiring OST if entry into treatment after year 

2010. However almost 20% of recent entrants had reported injecting indicating a potential for 

transmission.  
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We utilized the drug use treatment registry (DNRDT) to categorize risk and this certainly has 

limitations due to injecting being self-reported and no data on frequency or current injecting 

available. However being registered in the DNRDT alone is not a valid predictor for HCV risk if 

information on injecting is not included. We expanded the definition of high risk to include those 

on OST with no reported injecting instead of just reporting on the PWID subpopulation and 

although the prevalence was lower (8% vs. 33%) using this approach does allow for a more 

comprehensive estimate of the low risk population.  

Injecting other drugs than opioids were prevalent with 31.4% having injected stimulants, however 

this was not a specific characteristic for those no on OST, but reporting bias is likely. 

We also identified a low risk population of persons in drug use treatment with a prevalence of < 

2% of all three infections. However it was higher than in the general population and future studies 

on this population might explore if risk of infection is due to other risk behaviors. We found no 

correlation in NIDU between the use of hard drugs such as amphetamines to HCV infection that 

could confirm that snorting drugs was a risk of transmission.  

Population engaged/ tested 

In the 3 B study we identified persons with a history of alcohol use as the group with largest 

participation bias in the survey although not directed towards infections but gastrointestinal 

symptoms. 

Although not the main aim of the 3 B study we also identified suboptimal test uptake/screening in 

persons with migrant background. This has implications for morbidity as these populations are at 

risk for disease and might benefit from treatment for viral hepatitis. The screening uptake for viral 

hepatitis in individuals with a diagnosis of cirrhosis should be enforced especially if the individual 

has an alcohol related diagnosis. Dismissing cirrhosis as solely alcohol related and not test will 

prevent some from the benefits of antiviral treatment. A larger national study will be needed to 

verify this.  

In the ODD-HEP study we identified having received OST and not reported injecting as the most 

important predictor for testing for all three infections. For HBV and HIV, female sex was an 
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important predictor indicating that some of the cohort might have accessed testing in connection 

to antenatal care where HCV is not routinely offered.  

Younger high risk drug users and especially those not connected to OST were identified as a 

population with a low test up-take even though with reported injecting.  

For HCV test uptake, being connected to a center offering hepatitis care was a significant factor. 

Test uptake was higher for HIV and HBV in all risk groups except for those on OST and this might 

reflect that people have accessed testing outside the drug use treatment setting with less 

emphasis on HCV. Given that HCV had the highest prevalence of the three infections across groups 

a larger awareness of HCV risk among persons with a history of drug use is warranted outside the 

drug use setting. 

With regards to HBV we found a very low test uptake in younger age cohorts. Our data cannot 

investigate uptake of HBV vaccination, but at least among high risk users HBV testing is standard 

of care prior to immunization. Hence the low test uptake in younger high risk users likely indicates 

that uptake of vaccination is sub-optimal which is an issue in countries where HBV vaccination is 

not a part of the child hood vaccination scheme. Immunization is offered free of charge to persons 

with drug use perceived at risk – but from a preventive perspective introducing HBV vaccine for all 

entering drug use treatment might be effective as low risk users can continue into higher risk 

practices as was the case in the ODD-HEP study where 17% not using opiates at entry later 

received OST. 

In the 3 B study we confirmed underreporting of HCV and HBV to national registries as previous 

reported. Diagnoses in the DNPR could be confirmed by later blood tests in 50% of HBV cases and 

78% of HCV cases. This is probably due to the logistics of coding in DNPR where coding is often 

done by the youngest doctors (or secretaries) and often before final laboratory results are 

available and misclassifying past or acute infections as chronic. If we had cross referenced the 

ODD-HEP cohort with DNPR, DANHEP and SSI we could have shed further light on this issue. As the 

ODD-HEP cohort will continue as a research project this is an opportunity we will pursue.  
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Tested/Diagnosed 

The ODD-HEP study found that 31% of high risk users including those ever on OST or with a history 

of injecting were viremic for HCV at last follow-up and 57% were anti-HCV+. Some of these will 

have sero- converted due to treatment and the prevalence might be different in other settings in 

Denmark. 

Compared to the last available national estimate from 2007 the prevalence of viremic HCV 

infection in persons connected to drug use treatment has dropped from 40% to now 21%. 

However this reflects the change in the population and future estimates on HCV prevalence in 

PWUD should include risk in the assessment and not base it solely on being on OST or having been 

in care. 

Comparing the prevalence of HCV in OST recipients in current care (36%) to a cross sectional 

survey in 2007 finding 53% prevalence in OST recipients at the largest drug treatment center in 

Funen gives credibility to our finding of a decreasing prevalence(124). 

In the context of implementing treatment as prevention by treating those who actively transmit 

our finding of time from first injection to first test being more than 4 years illustrates that 

interventions engaging high risk drug users in test and potential treatment of HCV will be needed. 

This is also illustrated by the low number of persons re-tested after a negative test (20-30% in 

persons born after 1975). 

Connected to care 

The studies does not produce a lot of new evidence of the proportion of HCV infected connected 

to care and is an area for future research as current estimates are that only 30-40% of cases are in 

care. However 70% of those with a diagnosis of HCV in the ODD-HEP cohort (n=357) were still in 

drug use treatment making this setting ideal for future treatment for elimination efforts. 

Extrapolating our number to a national scale and assuming that our numbers are representative, 

about 3300 HCV infected individuals should be within reach of treatment at drug treatment 

centers. Collaboration with drug treatment centers to ensure easy access to treatment for the 

marginalized OST/PWID population has proven successful in multiple studies.(135) 

In the 3 B cohort 69 % of laboratory HCV cases alive were registered in DANHEP and thereby have 

at some point accessed care. Unfortunately our design could not determine if they were still in 
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care and numbers are very small.  Nevertheless to bring all diagnosed patients into care remains a 

target to obtain HCV elimination.  
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Hepatitis C treatment  
In 2014 the treatment of hepatitis C underwent a paradigm shift that compares to the discovery of 

highly active anti-retroviral therapy for HIV, with the introduction of interferon free treatment 

based on direct acting antivirals (DAA’s). 

Treatment for hepatitis C has been available for the past 20 years but prior to the introduction of 

DAA’s in 2013 the treatment was based on (pegylated) interferon injections in combination with 

the non-hepatitis C specific antiviral drug ribavirin (RBV). This combination was fairly effective 

(80%) in patients with genotype 3 and no significant liver fibrosis but less so in other genotypes 

(40% in non-cirrhotic genotype 1 patients) (136, 137). However the therapy had multiple side-

effects, most notably hematological and psychiatric with long term use and duration of therapy 

was a minimum of (12)-24 weeks and for some 48 weeks. Additionally patient with cirrhosis, 

arguably needing treatment the most had very poor treatment outcomes (SVR 10-20%) and a 

higher chance of significant interferon associated toxicity(138).The treatment required frequent 

laboratory tests for safety monitoring and was in general considered only for patients in the 

window with moderate fibrosis. Patients with no liver disease were largely advised against 

therapy. Adherence to treatment and monitoring was also a major concern for safety reasons, 

consequently people with recent drug use were at large considered ineligible.  

The development of direct acting antivirals 

Establishing an in vitro HCV replicon, capable of completing the full replication cycle of HCV in cell 

cultures mimicking hepatocytes (Huh-7 and others) or actual human hepatocytes in 2005, was the 

first step towards the development of DAA’s(139). The replicons could be exposed to compounds 

theoretically efficient against the viral enzymes and tested for ability to inhibit viral replication. 

This discovery made the need for testing hepatitis C drugs in animals for efficacy superfluous – a 

major improvement as chimpanzees and to some extent other large primates were the only 

animals susceptible to the virus. The replicons also allowed for studying the development of 

mutations in the coding areas of the viral genome.  

 A comprehensive review of the many DAA’s moving into phase 2b trials and being abandoned for 

sub-optimal efficacy is beyond the scope of this thesis. Table 16 gives a brief overview of DAAs 
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having reached license. The majority of drugs are only marketed in fixed dose combinations (FDC) 

limiting the possibilities of across brand drug combinations.  

Figure 11 Hepatitis C virus lifecycle and potential targets for direct-acting antivirals. 

 

 

Reprinted with permission from Dove Press, Holmes J, Thompson A; Interferon-free combination therapies for the 

treatment of hepatitis C: Current insights Hepatic Medicine: Evidence and Research 2015:7 51–70 

Classes of direct-acting antivirals 

Four classes of DAAs have gone into clinical use. The NS3/4A protease inhibitors blocking the 

cleavage of the viral polyprotein. The NS5A inhibitors with a dual action of blocking the initiation 

of viral RNA replication AND the assembly of the virion. The NS5B polymerase inhibitors of which 

two variants are marketed – the nucleotide analogue Sofosbuvir being pan-genotypic with a high 

barrier to resistance and the non-nucleotide inhibitor Dasabuvir with a weaker anti-viral efficacy 

and only effective in genotype 1. 
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The therapeutic landscape in HCV 2014-2018 

Table 16. Overview of direct acting antivirals. 

Drug Short 

Form 

Class Genotype 

License 

Year of 

License1 

Studied 

with 

Interferon 

Limits 

for 

use 

FDC 

only4 

Licensing 

trials 

Telaprevir TEL NS3/4A 1 2011-

2016 

Yes A, C  (140-143) 

Boceprevir BOC NS3/4A 1 2011-

2018 

Yes A, C  (144-146) 

Asunaprevir ASV NS3/4A 1b 20143 Yes B  (147-149) 

Simeprevir SIM NS3/4A 1 and 4 2014 Yes B, D  (150-156) 

Paritaprevir/r PTV NS3/4A 1 and 4 2015 No B, C,D x (157-159) 

Grazoprevir GZR NS3/4A 1 and 4 2016 No B x (160-165) 

Voxilaprevir VOX NS3/4A All 2017 No B x (166-168) 

Glecaprevir GLE NS3/4A All 2017 No B x (169-178) 

Ledipasvir LDV NS5A 1, 4-6, (3)2 2014 Yes  x (179-182) 

Daclatasvir DCV NS5A All 2014 Yes   (183, 184) 

Elbasvir ELB NS5A 1 and 4 2016 No  x (160-165) 

Ombitasvir OMB NS5A 1 and 4 2015 No  x (157-159) 

Velpatasvir VEL NS5A All 2017 No  x (185-188) 

Pibrentasvir PIB NS5A All 2017 No  x (169-178) 

Sofosbuvir SOF Nuc-

NS5B 

All 2014 Yes E  (179, 184, 

189-191) 

Dasabuvir DSV Non Nuc 

NS5B 

1 2015 No   (157-159) 

Notes Table 16. 1. European Medicines Agency if nothing else stated 2. Ledipasvir was initially licensed for use in genotype 3 but 

this was changed late 2015. 3. Asunaprevir is used in combination with Daclatasvir for genotype 1b dominating in Japan and not 

licensed in Europe. 4. A. Side effects, B. Child Pugh B and C patients (decompensated liver disease), C. Interactions with multiple 

drugs. D. Interactions with recreative drugs. E. Glomerular filtration rate<30 mg/l 
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Hepatitis C cure 

The model for hepatitis C cure  

Several theoretical models of the dynamics of Hepatitis C cure have been developed to predict and 

explain how treatment interventions lead to cure. 

In simple terms the replication of virus needs to be suppressed long enough and efficiently enough 

for the immune system to restore and eliminate all infected hepatocytes.  

The model developed by Perelson and Guedj illustrates 2 phases of viral clearance (figure 12). 

1. Inhibition of viral replication 

a. Slope of curve depends on the potency of the drug to inhibit viral replication. 

b. The more potent the drug the steeper the first phase 

c. If the drug has intracellular activity on already produced intracellular viral RNA (as 

in the case of the NS5A inhibitors effect on the virion assembly) the drug also 

affects the second phase. 

2. Immune mediated clearance and loss of infected cells  

a. Depends on the host immune system and degree of liver fibrosis 

b. The more fibrotic the liver is the slower is the killing of infected cells and the longer 

treatment has to be. 

c. Requires sustained viral suppression to low but individual level (the immune 

boundary) 
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Figure 12 The Perelson and Guedj model for the cure of hepatitis C 

 

Notes Figure 12. Illustration from Perelson and Guedj Nature Review Gastroenterology Hepatology 2016 reproduced with 

permission from Springer/Nature. A schematic of the cure boundary. The blue circle illustrates the point where the immune system 

can contain the infection. The Orange circle marks the elimination of the last virus particle. Under the LLOQ the rate of viral decay 

can no longer be observed and might be affected by missed drug doses, emergence of drug resistance, viral reservoirs or other 

factors. The dotted line illustrates this uncertainty. 

The DAA scene in 2013-2014 

In the last 5 years there has been a major development in new drugs for hepatitis C. This sections 

focus on the 1. generation NS5A inhibitors and 2. generation NS3/4A inhibitors available at time of 

planning for the 4 WIDUC study. 

Several phase 2 and 3 studies had in 2014 been published on DAAs given with or without 

interferon (189, 192-197). For all genotypes maybe with the exception of genotype 2, combining 

two DAAs increased efficacy with a steeper first slope of viral decline than monotherapy(198). This 

possibility to reduce or omit the use of interferon was as mentioned a major breakthrough in the 

treatment of CHC. Sofosbuvir (Sovaldi®) was licensed in Denmark in March 2014, Simeprevir 

(Olysio®) - a protease inhibitor in May 2014 and Daclatasvir (Daclinza®) - a NS5A inhibitor in 

October 2014. In December 2014 Ledipasvir/Sofosbuvir (Harvoni®) was marketed in Denmark – 
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the first fixed dosed combination tablet with activity against all genotypes with recommend 

treatment duration as short as 8 weeks in easy to treat subgroups. It was the most well-studied 

combination in late 2014 with presumed an-genotypic efficacy and >90% SVR12 rates in non-

cirrhotic with a treatment duration of 8-24 weeks with or without ribavirin(179, 181, 191, 199-

201). 

Thus hepatitis C, was even in decompensated cirrhosis, now a curable disease and the somber 

predictions of increasing numbers of end stage liver diseases and liver related deaths for the next 

decades could be downscaled significantly(202, 203). The downside the remarkable development 

was the cost: The first drugs were marketed at a price of 2-400,000 dkr. for a 12 week treatment 

course making a course of two drugs extremely expensive. For comparison 24 weeks of pegylated 

interferon and ribavirin was less than 50,000 dkr. in 2013. In 2014 the benefits of reducing 

treatment length if only for monetary reasons were thus obvious. The shortest regime with 

interferon and Sofosbuvir reported in early 2014 was 8 weeks in a phase 2 trial (204) – here 10/10 

easy to treat patients (genotype 2+3) was cured with INF+RBV+SOF for 8 weeks. 

Shortening treatment  

The challenge in shortening the new DAA treatments is that cure relies on the elimination of 

infected hepatocytes or as in the model by Perelson and Guedj– to pass the immune boundary 

and stay there long enough for cure to be possible(205). The immune reconstitution is dependent 

on several factors: For one reestablishing the endogenous interferon production once the virus 

mediated inhibition of interferon genes had been stopped (206). Secondly the restoration of 

cytotoxic T- cells (CD 8+ cells) response(207). When in a course of treatment the immune 

boundary is reached is individual. Although not in the Perelson model this might be prior to virus 

being undetectable  and patients might have a low level viremia at end of treatment (EOT) or even 

week four post treatment and still achieve SVR(208). This said in DAA treated patients almost all 

reported treatment failures are relapses with in the first four weeks after EOT(209), indicating that 

the failure is not due to high level viral resistance but because of failure of immune clearance of 

infected hepatocytes. It has been possible to reduce interferon free combination DAA therapy to 8 

weeks for several regimes most convincingly for the Glecaprevir/Pibrentasvir combination licensed 

in late 2017(181), but shortening the duration to 6 weeks without interferon has uniformly 
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decreased the cure rates significantly in most studies but still patient achieved > 50% SVR in easy 

to treat patients (200, 210-212).  

As outlined above cure for hepatitis C depends on a number of patient and virus related factors. In 

a meta-analysis in 2014 by Graham Foster et al, patients receiving a Sofosbuvir containing 

regiment in trials conducted in 2012 and 2013 (some interferon containing) were pooled to 

examine the effect of negative predictive factors for SVR(213). In a multivariate analysis HCV RNA 

over 800.000 IU/ml, weight above 75 kg, cirrhosis, prior treatment, INFL3 non CC genotype and 

male sex where all predictors for a non SVR. Interestingly 3 or more factors were required before 

SVR went below 90% regardless of treatment regime. Genotype did not reach statistical 

significance as a negative predictor – age above 50 was a predictor in the univariate analysis.  

The role of resistance 

As the HCV polymerase has no proofreading capacity nucleotide substitutions are frequent and 

with as mentioned a production of 1011 virions daily to sustain a viral load in plasma of 106 

copies/ml, the potential for selecting Resistance Associated Variants (RAV) of virus resistant to a 

drug given is substantial. Parallels can be drawn to the introduction of the first protease and 

polymerase inhibitors in HIV where monotherapy with one drug would only suppress the virus for 

a limited time but combination therapy could give sustained suppression of replication and 

thereby prevent infection of new cells and allow for immune restoration (214). However the 

different drugs have different barriers to resistance and if RAVs develop and the patient ultimately 

fails treatment the viral quasi species will have different fitness and capability to persist. RAVs can 

also be present prior to treatment and convey “a-priori” drug resistance in contrast to the 

treatment emergent RAVs and will have normal replicative fitness –as in the case of the Q80K 

mutation conveying resistance to protease inhibitors Grazoprevir and Simeprevir. This has only 

limited importance in combination therapy unless NS5A RAVs are also present(215). However in 

patients with cirrhosis baseline viral resistance might be of higher importance as the immune 

boundary is harder to reach (216). Although there are within DAA class differences in barrier to 

resistance the treatment emergent NS5A RAVS are very fit and tend to persist for years where as 

treatment RAVs in the NS3A/NS4A domain tends to disappear with time(217). RAVs in the NS5B 

domain are seldom fit and rarely of importance. Although not supported by clear evidence a 15% 
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cut-off has been proposed as the significance limit to the percent of the viral population being 

RAVs. 

The RAV is described by the position an amino acid has been substituted thus is the RAV Y93H 

(conveying resistance to many NS5A inhibitors) a description of the amino acid Tyrosine (Y) that 

has been substituted with the amino acid Histidine (H) at the 93 position of the amino acid 

sequence of the protein. 

The phenotypic description of the importance a RAV have for a given drug to inhibit the replication 

of the virus with the RAV is expressed as fold increase in EC 50 (the minimal concentration of the 

drug to halve the replicative rate). However it is not possible to test the individual strain of virus 

(as they will not replicate in vivo) and thus resistance testing is by proxy on a HCV replicon with 

the substitution and thus not a test of the actual virus(218).  

The current consensus is that there is no place for baseline resistance testing but that if resources 

are available persons failing treatment should have performed “Next generation sequencing” on 

the emerging virus to identify RAV associated with phenotypic resistance. However there are no 

standardized tests for this genotypic resistance available and thus based on in house techniques 

and shared databases(219, 220). 

The role of genotypes in DAA treatment  

As the first DAAs were developed on genotype 1 replicons and the related genotype 4 they were 

not very efficient if at all against genotype 2 and 3 with the NS5B nucleotide analogue Sofosbuvir 

being a notable exception. Pan-genotypic NS3A protease inhibitors (PI) were not licensed until 

2017 – the so called 2. generation 2. wave PI’s and the same was the case for pan-genotypic 2. 

generation NS5A inhibitors. However first generation NS5A inhibitors Daclatasvir and Ledipasvir 

have activity in genotype 3 in vivo although the in vitro data in some replicons on LDV found 

almost no effect on viral replication(59, 221-223). 

Shortening treatment with DAA’s– why and how low can you go 

The discovery and introduction of DAA provided treatment options for almost all hepatitis C 

infected with very limited side-effects. Implementing this very expensive treatment to persons 

with ongoing drug use and low compliance to hospital based regimens seemed a very distant 
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possibility in early 2014. Well illustrated by the published account of the first year of DAAs in 

Denmark where 40% of persons with severe fibrosis or cirrhosis did not initiate treatment – with 

the all dominating cause being ongoing drug and alcohol use and not adhering to hospital 

appointments(224).  

So the rationale and hypothesis behind designing a trial investigating an ultra-short treatment was 

dual. If targeting the “easy to cure” and using as potent as possible combination of drugs, cure by 

a shorter treatment could be possible and hence reducing both costs AND increase the likelihood 

of people hard to engage in the hospital system for a longer period could complete a course of 

treatment. However at time of design there was for obvious reasons no data on DAA treatment in 

active drug user. Prior to the initiation of the trial the NIH-Synergy trial had demonstrated that 

persons failing ultrashort treatment could be retreated with an alternative regime or simply a 

longer duration of therapy . 

 

Ultra-short treatment 

The working hypothesis for shortening treatment to 4 weeks was thus to; 

1. Select patients with favorable baseline characteristics (shorter time to the immune 

boundary). 

2. Combining several anti-viral drugs to achieve a rapid decrease in viral load (steep first 

slope). 

3. Use ribavirin with its long half-life and missense mutation inducing capacity to decrease 

fitness of virus (reduce the risk of relapse by viral escape mutations). 

4. Add exogenous interferon to accelerate immune mediated clearance (shorter time to the 

cure boundary). 

As interferon toxicity although not pronounced in the short term, is a major limitation to its use 

investigating its added value was important. 

Conducting the trial in the target population of persons with drug use was additionally important 

as at that time almost no trials on DAA’s had included the PWID. 
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Paper III - The 4 WIDUC study 

Aim of the 4WIDUC study 
To evaluate and compare the feasibility and efficacy of Ledipasvir/Sofosbuvir and Ribavirin, 

compared to Ledipasvir/Sofosbuvir, Ribavirin and pegylated interferon in a 4 week treatment 

regime for chronic hepatitis C in injecting drug users delivered at a drug treatment center. 

Hypothesis 

Pegylated interferon, Ribavirin and Ledipasvir/Sofosbuvir given for 4 weeks, will cure the majority 

of HCV infected drug users with favorable baseline predictors.  The omission of interferon will 

result in lower cure rates. 

Method 4 WIDUC trial 
Randomized controlled open label trial  

Subjects were randomized 1:1 between 2 treatment arms:  

Design 
Arm 1: 4 weeks of LDV/SOF+RBV+INF  

Pegylated interferon alpha 2a 180 microgram sc. X 1 weekly  

Ribavirin 15mg/kg min. 800 max. 1400mg QD 

Ledipasvir/Sofosbuvir 90mg/400mg QD  

Arm 2: 4 weeks of LDV/SOF+RBV 

Ribavirin 15 mg/kg min. 800 max. 1400 mg QD 

Ledipasvir/Sofosbuvir 90 mg/400 mg QD 

 

 

Figure 13. Overview of trial design.  
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Patients were seen for a total of nine study visits – Screening, Treatment start, Treatment week 

(TW) 1, 2, 3 and 4 (end of treatment (EOT)) and post treatment week (PTW) 4, 12 and 24.  

According to protocol patients could discontinue either INF or RBV or both and still continue on 

LDV/SOF at their wish or for safety reasons. 

Protocol changes 

The first version of the protocol 1.3 of 22.12.2014 was initiated in April 2015, and patients were 

enrolled in this protocol until replaced in January 2016 by protocol 1.4 of 05.10.2015  

Besides minor formal changes the version 1.4 differed from version 1.3 in the following ways  

A. Broadening the inclusion criteria on age, viral load and body weight (see section below) 

B. Collecting whole blood for a biobank of white blood cells at treatment initiation week 

0,1,2,3,4 post treatment week 4, 12 and 24 

C. Patients who failed screening initially for version 1.3 could be rescreened for protocol 

version 1.4  

Inclusion and exclusion criteria 

Inclusion criteria 

 Persons followed in a drug treatment center in the trial 

 Chronic hepatitis C (HCV RNA quantifiable by PCR testing on at least 2 occasions within the 

last 2 years)  

 Age 18-49 [In version 1.3, Age 18-44 years] 

 Fibro scan <8 kPa or a liver biopsy with F0 or F1 (Metavir score) 

 All HCV genotypes accepted 

 Viral load <2.000.000 IU/ml [In version 1.3 viral load <2.000.000 IU/ml] 

 Weight <100 kg or BMI <30 [in version 1.3 weight < 90 kg ] 

 Compliant as judged by center and study team 

 Naïve to all hepatitis C treatment 
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Exclusion criteria 

 Risk of noncompliance with study as judged by drug treatment center and study team. 

 Insufficient venous access.  

 Clinical signs of cirrhosis (liver biopsy not required), or cirrhosis suspected by blood tests. 

 Contraindication to treatment with study drugs 

o Unstable psychiatric disease (Active psychotic or severe untreated depression) 

o Pregnancy  

o Breastfeeding 

o Refusal to use contraceptives 

o Use of medication which are strong P- Glycoprotein inducers 

o Unstable heart disease (heart failure or severe arrhythmia in last 3 months 

o Untreated or uncontrolled epilepsy ( seizure last 6 months) 

o Unstable thyroid disease ( TSH and T4 out of range) 

o Untreated Hypertension  

o Retinopathy 

o Allergy to study drug or components. 

 Autoimmune liver disease 

 Unable to understand Danish 

 Co-infection with Hepatitis B or HIV  

 Any other significant clinical illness deemed to interfere with response to treatment. 

Drugs used 

Ribavirin – Copegus® 

Ribavirin (RBV) is a guanosine analogue that inhibits the in vivo replication of a wide range of RNA 

and DNA viruses. The mechanism of antiviral activity is not fully defined, although it may involve 

alteration of cellular nucleotide pools and inhibition of viral RNA synthesis(225). Ribavirin has been 

tested together with Ledipasvir/Sofosbuvir in numerous trials and especially adds to the efficacy 

for treatment for genotype 3. Ribavirin is known to be teratogenic in animals. The main side effect 

is anemia, headache and fatigue 
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Pegylated interferon- Pegasys® 

Peginterferon-alpha-2a, PEG-IFN alfa 2a, PEGASYS®) (IFN) is the interferon-alpha-2a molecule with 

a covalent attachment of a branched methoxy polyethylene glycol moiety. PEGASYS has been used 

for more than a decade in the treatment of chronic hepatitis C in combination with initially 

ribavirin and later DAAs. The mode of action is not fully understood, but it has both antiviral and 

immune modulating effects probably enhancing the apoptosis of hepatitis C infected cells. 

Sensitivity to interferon alpha 2a varies according to the genotype of the recipient in the INFL3 

gene(226-229). There a number of contraindications to interferon therapy most importantly 

decompensated liver disease and unstable cardiac disease. Severe psychiatric illness in patients 

considered treated with interferon alpha needs to be evaluated and stabilized before initiation of 

therapy. Side effects are numerous in long term use. Side effects during the first 4 weeks of 

treatment are typically flu like symptoms after injection and fatigue. Studies on time to adverse 

events has shown that only about 1 % of subjects initiating interferon therapy has to stop due to 

side effects during the first 4 weeks (230). Most of the side effects of interferon are time 

dependent. The hematological, endocrine and psychiatric side effect in non-cirrhotic patient 

usually develops after the first 4 weeks. Across studies on SOF it has been shown that the addition 

of SOF to INF + RBV did not increase side effects (231).  

Ledipasvir 

Ledipasvir (LDV) is an inhibitor of the HCV-encoded NS5A protein essential to HCV replication, 

post-replication assembly and secretion. It has pico-molar activity against genotype 1 and 4 and 

Nano-molar activity against genotype 2 and 3 (192). It has a long half-life of 47 hours and is 

primarily excreted unchanged in feces. Ledipasvir had in 2014 been tested in combination with 

Sofosbuvir with or without ribavirin in more than 1500 subjects in the ELECTRON 1 and 2, 

LONESTAR and ION 1-3 trials (179, 191, 199, 200, 232). It has few side effects most notably fatigue 

and headache and has a limited potential for interactions. Antacids and proton pump inhibitor can 

influence the absorption of Ledipasvir.  

It has a lower barrier to resistance than Sofosbuvir, but baseline resistance associated variants 

(RAVs) are rare (<10%). Given in combination with other DAA’s the clinical consequence is small 
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(199).There is a chance that resistance mutations might develop and persist if the patient relapses 

on treatment(233).  

Sofosbuvir 

Sofosbuvir (SOF) is a phosporamidate prodrug of beta_D-2’deoxy-2’-flouro-2’-C-methyluridine 

5’monophosphate. It is a pyrimidine nucleotide inhibitor of the HCV NS5B polymerase. It has Pico 

molar activity against all hepatitis C genotypes. Interactions limited to potent P-glycoprotein 

inductors like rifampicin and carbamazepine. Sofosbuvir has a high barrier to resistance. The only 

known mutation (S282T) know to in vitro to give reduced susceptibility to Sofosbuvir has poor 

replicative fitness and is nonexistent in untreated patients, does not cause viral breakthrough and 

disappear in patient with relapse after a short time(234). Patients who fail treatment can 

therefore be retreated with Sofosbuvir in an alternative regime(235).  

Ethics and permissions 

The Study was conducted according to the research protocol, Danish Law and the international 

good clinical practice guidelines (ICH-GCP) 

Permissions were obtained from the Regional Committees on Health Research Ethics for Southern 

Denmark (S-20150025), the Danish Medicines Agency (EudraCT nr. 2014-00598-31) and the Danish 

Data protection agency. The study was monitored by the good clinical practice unit at University of 

Southern Denmark. Conducting a clinical trial on a vulnerable population with a potentially 

harmful drug like INF has to be the subject of some ethical reflection. At the time of the study the 

only treatment options for HCV infected without F3-F4 fibrosis were INF+RBV. The study thus 

offered an easier opportunity for cure if treatment was wanted. We informed subject on a chance 

of cure of 50% in the interferon free arm. We also informed subject that they could continue in 

the study without INF if needed.  

Power and Statistics 

Intended sample size was 40 persons. Study was powered to detect a 20 % difference between 

arms within a 0.05 error margin assuming a priori efficacy of 80% of the interferon containing 

regiment and a 50% efficacy of the interferon free regiment. At the end of the planned 52 week 

enrolment period 32 patient had initiated treatment of 36 screened. The trial stopped at the 
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planned end date. Further inclusion was considered futile given the (high) cure rates observed in 

both arms making conclusions on the primary aim unlikely. Data was analyzed using STATA 14. 

Baseline demographics were compared using Kruskall-Wallis test for continuous variables and Chi-

squared test for binary outcomes. Confidence intervals for proportions by Exact (Clopper –

Pearson) intervals. 

Study Endpoint 

Primary end points 

1. HCV RNA in serum measured by PCR at 12 weeks post treatment by intention to treat (ITT) 

analysis. 

Secondary end points 

2. HCV RNA in serum measured by PCR at 24 weeks post treatment by intention to treat (ITT) 

analysis. 

3. Dropout rate for nonmedical reasons (To demonstrate the feasibility of delivering HCV 

treatment at a drug treatment center) 

4. SVR 12 and 24 by per protocol analysis 

5. Proportion of patients with undetectable HCV RNA and HCV RNA< 25 IU/ml by day 7, day 14 

and day 21, end of treatment (day 28) and 4 weeks post treatment (SVR 4) 

Findings in the 4 WIDUC study 
First patient included: March 2015. Last patient included: March 2016. Last patient last end follow 

up: November 2016. Study closed December 31st 2016.  
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Figure 14. Flow of participants according to the CONSORT 2010 guidelines 
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Participants 

Included participants are described in table 1 paper III. They were predominantly male with a long 

history of injecting (median13.5-16.0 years) and 1 in 3 reported current injecting. All were on OST 

and 15 of 32 were on legal heroin. The majority (18 of 32) were genotype 3 and with the 

unfavorable non-CC IFNL4 genotype (23 of 32). Only significant difference between randomization 

groups was that the interferon arm had more genotype 3 patients (75%), than the interferon free 

arm (38%) p=0.03. 

Treatment outcomes 

Among the 32 patients in the intention to treat population including all receiving on dose of study 

drug the SVR12 rate was 94% (95% CI: 0.7-1.0) in the interferon arm and 75% (95% CI: 0.5-0.9) – 

figure 14. For the per protocol population excluding those not attending the SVR 12 visit and 

dropped out of treatment prematurely corresponding numbers were 100 % and 92%. 

Patients not achieving SVR 12 or 24 are accounted for in table 17 (similar to table 5 in the 

supplement for Paper III). On patient achieving SVR 12 did not achieve SVR 24. The patient 

reported sharing injecting equipment with is partner infected with the same genotype. 

Figure 14. Results for the intention to treat population
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Side effects 

Side effects were in general mild and are accounted for in table 2 in paper III.  

One patient in the interferon free arm received only one dose of LDV/SOF+RBV and was then lost 

to follow-up. The patient was found dead 6 days later - cause of death suicide and after 

investigation deemed unrelated to the study drugs.  

There were no RBV dose reductions due to anemia but one person stopped day 25 due to 

gastrointestinal side effects. RBV was dosed once daily in all but one person.  

Three persons (19%) had premature termination of INF. One person received an initial trial dose of 

90 µg and stopped due to subjective intolerance (completed on LDV/SOF+RBV alone) and two 

persons did not receive the week 4 dose due to safety (neutropenia and failure to comply with 

study protocol blood tests respectively). Hemoglobin decreased during treatment in both arms 

(1.0 vs. 0.95 moll/L, p= 0.76). 

There was no statistical difference in viral kinetics or RBV concentration between treatment 

groups (Table 4-supplement paper III). 

Adherence 

Adherence to treatment was lower in the interferon free arm (15 completed treatment in INF+ 

arm vs. 12 in the INF- arm). Data on adherence are accounted for in table 3 in the supplement for 

Paper III. One person in the interferon group was lost to follow up but received almost a full cause 

of treatment. In the interferon free group four persons (25%) did not complete therapy. Of these 

one remained in care (and was thus included in the PP), completed follow up and was cured (SVR 

12 and 24) even though he had a detectable HCV-RNA, at week 4 post treatment (31 IU/ml). 



 

 

Table 17.  Outcome of the six patients not achieving SVR 24  

Viral recurrence n=4, (patient 1-4), lost to follow-up n=2, (patient 5-6). Patient 4 achieved SVR 12. 

Patient 

no 

Age, 

years 

Sex Genotype 

Baseline 

Genotype 

Recurrence 

Treatment Doses 

LDV/SOF+RBV 

Recurrence 

[last negative 

VL] 

Adherent  

 

NS5A RAS at 

baseline/follow-up 

Active injecting at viral 

recurrence 

1 42 M 2a/2b 2a LDV/SOF+RBV 28 FU week 4 

[EOT] 

Yes L31M/L31M No 

2 27 M 3a 3a LDV/SOF+RBV 

+INF 

27 

+3 doses INF 

FU week 64
1 

[TW1] 

No None/None  Yes 

3 40 F 3a 3a LDV/SOF+RBV 21 FU week 6
1 

[PTW1] 

No None/None Yes
 

4 37 M 1a 1a LDV/SOF+RBV 28 FU week 24 

[PTW 12] 

Yes None/None Yes 

5 41 M 3 NA LDV/SOF+RBV 21 No 

[PTW 4 ] 

No NA -  

6 34 F 3 NA LDV/SOF+RBV 1 Died day 7 

[NA] 

No NA  - 

Notes Table 17. Out of study visits –patients were lost to follow-up during the treatment period but later returned for evaluation 
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Discussion on Paper III and directions for future research 
Designing the 4 WIDUC trial to be experimental in both population, treatment duration and use of 

LDV/SOF for all genotypes makes the results complicated. However the overall successful outcome 

also highlights the potential for short treatments. In that aspect the 4WIDUC trial was a proof of 

concept in HCV treatment for the severely affected PWID population. 

We recruited a population representative of those in need of short treatment. However it has 

later been found in multiple trials and observational studies on DAA therapy in PWID and person 

receiving OST that lost to follow-up, re-infection, suboptimal adherence and un-related deaths are 

major challenges when the primary endpoint is SVR 12(236-239). In the 4 WIDUC trial the number 

of per protocol patient became quite small due to these causes. Conducting the trial in a more 

stable population would probably have given a better retention, but the results would have been 

less applicable to our target population. 

The use of LDV/SOF for genotype 3 was according to the label at planning and initiation of trial, 

but based mainly on in vitro data – LDV/SOF was from mid-2015 no longer in the national or 

international recommendations for genotype 3. Never the less, the efficacy of LDV/SOF+RBV for 

genotype 3 was later demonstrated to give a >90% SVR12 rate in both clinical trials and 

observational studies on persons without cirrhosis (221, 222, 240). Lately the use of LDV/SOF has 

become obsolete in genotype 3 with the registration of the second generation pan-genotypic 

combinations SOF/VEL and GLE/PIB that across populations provide high cure rates without 

ribavirin in all genotypes.  

We did not stratify for genotypes in the 4 WIDUC study based on the assumption that our 

combination of drugs was pan-genotypic. Stratifying for genotype would have overcome some of 

these issues but with the pilot study nature and small sample size the impact would not have been 

substantial. However as the majority of genotype 3 patients – known from the interferon era to be 

the most receptive to the INF+RBV combination the number of genotype 3 patients getting cured 

on all oral drugs alone was small (3 patients). 

As 4 WIDUC today is still the only reported trial in the world using 4 weeks of DAA treatment with 

the addition of RBV there is no comparison for the results. Before and during the 4 WIDUC trial, 

four trials without Ribavirin was conducted on genotype 1 populations as summarized in table 18 
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with SVR12 rates in the 20-40% range(212, 235, 241). The participants in these trials were slightly 

older, with higher BMI and with higher viral load but otherwise the largest difference was the 

population of PWID and the use of Ribavirin and Interferon.  

The impact of the population 

That PWID respond very well to Hepatitis C treatment is known both in the interferon and DAA 

era. No comparative studies have to our knowledge been conducted comparing persons with 

recent or active drug use to persons infected by other routes making the impact of the population 

somewhat speculative. However based on the finding from both the interferon era and the DAA 

era, that persons having cleared or been treated for HCV infection have a high clearance rate of 

subsequent infections has been associated to higher level of neutralizing antibodies and more 

active T-cell function(32, 242, 243). Some of the current research into a HCV vaccine are based on 

this observation and explore the option of developing virus like particles mimicking infections and 

thus create a more effective response (244, 245). We did collect a large biobank of both serum 

and peripheral blood cells in this cohort and are collecting a similar material in the follow-up trial 

to 4 WIDUC. This new trial (4 RIBC) treating for 4 weeks with Glecaprevir/Pibrentasvir with and 

with-out ribavirin will be conducted in a hospital based population and includes persons infected 

by other routes. Comparing the cellular and neutralizing antibodies prior to, during and after 

treatment might add to our understanding on the effect of repeated exposures to HCV virus on 

treatment response. 

The impact of ribavirin 

Ribavirin has in almost all populations either increased efficacy of treatment or made it possible to 

reduce the length of treatment. In 2018 however Ribavirin is only in the first line treatment for 

patients with decompensated cirrhosis treated for 12 weeks and in few and selected cases of 

patients with multiple RAVs(246).  

Ribavirin has multiple side effects and is teratogenic with a long half-life making it less versatile. 

However the long half-life probably gives a prolonged reduction of the replicative fitness of the 

HCV virus by inducing mutagenesis in HCV-RNA after DAA therapy has stopped(225). Thereby 

being protective of relapse should there still be infected hepatocytes after end of treatment. 
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Ribavirin is thus likely to contribute significantly to the efficacy of the 4 week LDV/SOF regime 

used in this trial.   

The impact of interferon in combination with DAA 

That interferon boosts the efficacy of DAA have most convincingly been shown for Sofosbuvir in 

populations with unfavorable baseline characteristics like in the 2014 study where 12 weeks of 

SOF+RBV+INF (SVR12 93%) in genotype 3 was superior to 24 weeks of SOF+RBV (SVR 12 84% in 

genotype 3) (247). SOF can be given alone without development of RAV. In contrast Interferon in 

combination with both Daclatasvir and 1. and 2. generation 1. wave protease inhibitors have been 

suboptimal with SVR rates < 80% (149, 151, 156, 248). This difference is largely due to the low 

barrier to resistance in genotype 1a and patients failing this regiment often had on treatment 

failure. Additionally these trials with DAA mono therapy have been instrumental to study the 

persistence of treatment emergent NS3/4 and NS5A RAVS (249, 250). These results however 

illustrates the need for both sufficient and consistent viral suppression AND immune 

reconstitution. Case series have shown that patient with detectable virus at EOT and even 4 weeks 

post treatment can be cured as was the case of on patient in 4 WIDUC with a viral load of 31 IU/ml 

at week 4 post treatment(208).  

Discussion on 2. generation DAA’s and future research 

The 2. generation DAAs Glecaprevir, Pibrentasvir, Velpatasvir and Voxilaprevir are all characterized 

by being pan-genotypic, have fewer interaction and higher barrier to resistance than their 

predecessors. In addition, they have no additional side effects and importantly for the PWID 

populations limited interactions with recreational drugs. In a context of shortening treatment the 

combination of GLE/PIB and SOF/VEL/VOX have had good 8 week results in clinical trials but 8 

weeks of SOF/VEL achieved SVR12 rates<90% in easy to treat population (186). In studies on viral 

kinetics the combination of a protease inhibitor and a NS5A inhibitor gives the fastest decline in 

viral load by most effectively blocking the formation of new virions (251, 252). Both SOF/VEL/VOX 

and a combination of DCV/SIM/SOF have been studied for 6 weeks with SVR12 rates of 71% and 

86.5% respectively in treatment naïve non-cirrhotic patients(210, 253). Interestingly 6 weeks of 

the combination of SOF/LDV and either investigational NS3/4A inhibitor GS-9541 or non-nuke 

NS5B inhibitor GS-9669 neither of which have gone to phase 3 trials gave a 100 % / 95 % SVR 12 



85 
 

rates respectively in the NIH-synergy trials in 2014(212, 254). In the same trial 4 week treatment 

did not give SVR rates higher than 40%(212).  

Modelling done as an extension of the Perelson model on the 6 weeks arm of the NIH-trials 

hypothesize that the ability of a regime to produce non-infections virions and thereby adding an 

effect to the regime by making the virions produced in the early faces of treatment noninfectious 

might explain why short therapy does work in the majority of cases and explain why people with 

detectable virus at EOT can still achieve SVR12(255). Another reason for cure among patients 

positive at EOT is that once the immune system again produces active cytotoxic T-cells that can 

eliminate the relapsing virus with the restored endogenous interferon production.  

Discussion on lost to follow-up 

When recently Hajarizadeh et al made a review and meta-analysis of the outcome of clinical trials 

and observational studies on DAA treatment in persons with recent injecting or use of drugs – 

being lost to follow-up after EOT was the main cause of not achieving SVR but 97.5% completed 

treatment. The review included a fair amount of large commercial trials and many conducted in a 

tertiary setting. The authors does note this and the OR of achieving SVR in a clinical trial in the 

meta-analysis was 2.18 ((95% CI; 1.27-3.75) p=0.006) compared to observational studies. Some 

studies have been done on factors predictive for adherence and found that active injecting – 

especially cocaine use impacted adherence negatively while being on OST was protective for being 

lost to follow-up(239, 256, 257).  

However completing treatment was an issue in our 4 week trial. During the study we had to liaison 

with prison facilities, hospital wards and street based nurses to keep patients engaged in 

treatment and follow-up. This is a real challenge in a population with competing priorities often 

having unstable living conditions. We did not do any analysis on baseline predictors for being lost 

to follow-up and the size of the study would be too small for that purpose. However in future 

studies identifying those at risk for dropping out of treatment will be of interest and probably of 

larger importance than identifying those at risk of being lost to follow up after treatment . If 

treating for elimination we have to treat a large proportion of the infected population including 

those that will not complete treatment. Thus we need treatments that are effective even if take 

only for a short time.  
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Table 18. Previous studies on 4 weeks treatment compared to the 4 WIDUC study 

Study NIH  

Synergy 

(212, 254)
 

3 drugs 

NIH  

Synergy 

(212, 254)
 

4 drugs 

C- SWIFT 

(211)
 

FOURWARD 

(241)
 

4WIDUC 

(258) 

+interferon 

4WIDUC 

(258) 

-interferon 

Patient N 25 25 31 14 16 16 

Year 2014 2014 2015 2016 2015-2016 2015-2016 

Drug combination Ledipasvir 

Sofosbuvir  

GS-9451
1 

 

Ledipasvir 

Sofosbuvir 

GS-9451
1 

GS-9669
2
 

Grazoprevir 

Elbasvir 

Sofosbuvir 

Asunaprevir 

Daclatasvir 

Beclabuvir 

Sofosbuvir 

Ledipasvir 

Sofosbuvir 

Ribavirin 

Interferon 2a 

Ledipasvir 

Sofosbuvir 

Ribavirin 

Gender (m %) 

 

68% 76% 65% 36% 87% 69% 

Mean age (SD) 

 

54 (10) 58 (8) 52 (9.7) 

Range (23-66) 

58 (median) 

Range (21-64) 

39.0 (median) 38.5 (median) 

BMI mean (SD) 28 (5) 25 (5) NA NA 23.4 (median) 24.5 (median) 

Genotype n(%) 

 

      

1a  18 (72) 16 (65) 26 (84) 11 (79) 2 (13) 6 (38) 

1b  7 (28) 9 (36) 5 (16) 3 (21) 2 (13) 3 (19) 

2     0 1 (6) 

3     13 (75) 6 (38) 

Liver Fibrosis n(%)       

F0-F1 

F2 

F3 

19 (76) 

6 (24) 

20 (70) 

4 (16) 

1 (4) 

25 (87) 

F2 Included 

above 

4 (13) 

12 (86) 

F2 Included 

above 

2 (14) 

16 (100) 16 (100) 

SVR 12 40% 20% 32% 

 (1 LTFU) 

29% 

 

ITT 94% 

 (1 LTFU) 

PP 100% 

ITT 75% 

 (3 LTFU  

1 relapse) 

PP 92% 

SVR 12  

6 week arm 

100% 95% 

 (No GS-9451) 

87% 57%   

Notes Table 18.
 
1. NS3A inhibitor Vedroprevir 

 
2.Non nuke NS5B inhibitor Tegobuvir  
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Conclusion and impact of all 3 studies on future work towards 

elimination of hepatitis C. 
 

Although this thesis does not cover all the steps in WHO cascade of care it adds information and 

inspiration for further studies.  

Four weeks of treatment will not be for everyone with currently available drugs, but the prospect 

and utility are worth pursuing especially as cost reducing outside high resource settings and in 

populations where a short course of treatment is preferable even if side effects are more 

pronounced. Currently another trial using 4 weeks of DCV+SOF and Pegylated Interferon-2a is 

conducted. It is recruiting non-cirrhotic PWID of all genotypes including HIV co-infected in 

Bilaspur, India by Johns Hopkins Blomberg School of Medicine (clinicaltrials.gov NCT03480932). It 

is comparing the 4 week regiment to various ways of delivering 12 weeks of DCV/SOF treatment as 

a previous trial on 12 weeks had found lost to follow-up and low adherence being a major issue 

despite intense efforts to ensure adherence.  

Predicting who can be cured with an ultrashort treatment regime could probably be further 

qualified looking at makers for immune control and reconstitution and a lot of research has been 

done in this field enhancing our understanding of HCV natural history. This is however unlikely to 

be practical in large scale treatment but advancing our understanding of the premises for HCV 

cure might lead to even more efficient treatment regimes. Long acting injectable depot 

formulation of DAA’s might be a solution for HCV as for HIV where a drug like Cabotegrevir are 

entering phase 3 trials HIV infected patients (259-261).  

Although limited by the regional design the epidemiological findings give some guidance for future 

efforts towards elimination of Hepatitis C.  

From a research perspective the National Danish Helath Registries provided data for Hepatitis B 

and C prevalence, but only a laboratory based national reporting system will enable researchers 

and public health offices to track hepatitis C prevalence, incidence and re-infection in a reliable 

matter. Data can be collected and analyzed retrospectively but a higher level of reporting and 
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frequent updating is required if we want to keep track of Danish hepatitis C elimination efforts and 

as treatment by November 1st 2018 became available for all infected the time for action is now. 

With regards to reducing incidence testing persons that might transmit the virus and offer 

treatment not only for them, but also injecting partners are of outmost importance. We found 

that almost 70 % of HCV infected ever in drug use treatment were still connected to the services, 

making drug treatment centers the obvious site for treatment as prevention. However within the 

same centers we identified a population with a low test uptake – the young non-opioid dependent 

injectors as the consequence of OST being the main predictor for test and retention. Although HCV 

prevalence was low outside those ever on OST, engaging all at risk of infection and transmission is 

important – especially in an elimination context. Information on HCV test uptake and results needs 

to be closely linked to the drug treatment setting enabling providers and researcher to track 

uptake of HCV test and treatment and monitor re-infection. However utilizing alternative methods 

of testing such as Dried Blood Spots or rapid point of care tests will probably be needed to remove 

barriers for testing(135). The drug using population not (yet) in connection with drug treatment 

were also in the 3 B study identified as having a low test uptake – and ensuring test options in 

alternative settings such as in needle and syringe programs and in peer based settings will be 

needed to engage those at risk as early as possible. 

As to what extend screening in the general population will be effective and what population to 

target this thesis show that for HCV the prevalence of undiagnosed infections is very low and for 

HCV also largely confined to persons without risk factors and not likely to be cost effective. 

Additionally survey participation bias will have an impact. However enforcing testing in migrants 

from high prevalence areas, persons with drug and alcohol use and persons with liver disease is 

can be improved. Should large scale screening be initiated the 3 B study showed that pooling 

samples in a low prevalence population was feasible. 

So in conclusion –  if we want to move towards elimination of hepatitis C in Denmark we have now 

confirmed that the high prevalence population and those at risk of transmitting infection – the 

people who inject drugs can be tested and that both outreach hepatitis care and OST programs 

can facilitate this. Engaging all drug treatment centers in this effort is of vital importance and we 

need to ensure that not only those on OST can access testing and treatment. Re-engaging the 
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infected not in care and re-inforce test in high risk groups and people with liver disease is 

necessary to detect(and prevent) long term complications of HCV (and HBV) infection.  Further 

research into the optimal short DAA regime and measures to ensure successful treatment 

outcomes in the PWID population should be initiated. 
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Figure 15. The global status on HCV elimination in 2017 

 

 

Note figure 15. Denmark in red because of treatment restriction and no designated national 

strategy. Treatment restrictions were removed by November 1st 2018! 

Reproduced by the permission from the CDA foundation/Sarah Blach. 
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